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RESUMEN

La tasa de supervivencia del cdncer de
mama se ha incrementado de forma
exponencial durante los ultimos afos,
principalmente debido a los avances en la
deteccién precoz y en los tratamientos
médicos y quirurgicos habituales. De esta
manera, el cdncer de mama ha pasado a
considerarse una enfermedad crdnica. Sin
embargo, este aumento de la supervivencia
ha conllevado un  correspondiente
incremento de los afios de vida ajustados
por discapacidad, principalmente debido a
los efectos secundarios a largo plazo que
suelen  experimentar estas mujeres,
principales afectadas de esta patologia.
Ademds, un elevado ndmero de
supervivientes de cdncer de mama no se
adhieren a las recomendaciones
internacionales de estilos de vida
saludables, siendo el desequilibrio
energético un factor de riesgo para la
aparicion de recidivas, segundos cdnceres e
incluso mortalidad por cdncer. La
denominada salud a distancia o telesalud son
un conjunto de herramientas que se han
postulado como medidas complementarias
y costo-efectivas dentro del soporte
oncoldgico. Sin embargo, muchas son las
limitaciones que se plantean en la literatura
cientifica acerca de su validacidn,
adherencia y eficacia. Por otro lado, la
rehabilitacién oncoldgica puede paliar
estas secuelas mencionadas anteriormente,
sin embargo, la evidencia cientifica es
bastante limitada acerca de los beneficios

de determinadas disciplinas como la terapia
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ocupacional. Por lo tanto, los objetivos de la
presente Tesis Doctoral Internacional
fueron i) proporcionar una nueva
herramienta de monitorizacidn del balance
energético mediante una aplicacién mévil
de salud en mujeres supervivientes de
cdncer de mama, comprobando su
fiabilidad y factibilidad (seccién 1) y ii)
desarrollar e implementar un programa de
rehabilitacion  presencial de terapia
ocupacional para mujeres supervivientes de
cdncer de mama, asi como comprobar su
eficacia junto con la herramienta de salud
movil propuesta (seccion 2). Para ello,
hemos desarrollado la aplicacién mévil de
salud BENECA (Balance ENErgético en
CAncer), comprobando que su fiabilidad en
términos de dieta y actividad fisica en
comparacién con el gold estdndar (estudio I).
Ademds, hemos comprobado que se trata de
una herramienta factible en términos de
adherencia, usabilidad y satisfaccidn, y
hemos valorado su efecto en la calidad de
vida de estas mujeres (estudio IT). Al mismo
tiempo, hemos explorado la hipdtesis de la
asociacién entre el wuso de nuestra
herramienta de salud mdvil y posibles
cambios bioldgicos en términos de
inflamacidn sistémica (estudio III). Por
otro lado, se desarrolld un programa de
rehabilitacion oncoldgica presencial de
terapia  ocupacional para  mujeres
supervivientes de cdncer de mama que,
junto con la aplicaciéon mdvil, formaron
parte de nuestro programa integral de
soporte para estas mujeres (estudio IV). Por
ultimo, estudiamos la eficacia de dicho
programa en la mejora de la calidad de vida

y variables funcionales en mujeres
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supervivientes de cdncer de mama (estudio
V).

Los resultados de esta Tesis Doctoral
Internacional aportan evidencia cientifica
que apoya el uso de una nueva herramienta
mévil de monitorizacion del balance
energético en cdncer, vdlida y fiable. Se
muestra también una posible asociacién
entre su uso y la reduccién determinados
marcadores de inflamacién sistémica,
presentando algunas variables predictoras
de dicho cambio. Por ultimo, estos
resultados mejoran nuestro conocimiento
sobre las diferentes formas de abordar las
secuelas de las mujeres supervivientes de
cdncer de mama, planteando la necesidad
de incluir la terapia ocupacional como parte
del equipo multidisciplinar de

rehabilitacion oncoldgica.



ABSTRACT

The survival rate of breast cancer has
increased exponentially in recent years,
mainly due to advances in early detection
and usual medical and surgical treatments.
In this way, breast cancer has been
considered a chronic disease. However, this
increase in survival has led to a
corresponding increase in disability-
adjusted life years, mainly due to the long-
term side effects these women usually
experience. Oncological rehabilitation can
alleviate these consequences; however,
scientific evidence is quite limited in
certain disciplines such as occupational
therapy. In addition, a high number of
breast cancer survivors do not adhere to the
international recommendations of healthy
lifestyles, with energy imbalance being a
risk factor for recurrence, second cancers
and even cancer mortality. The so-called
distance health or telehealth is a set of tools
that have been  postulated as
complementary and cost-effective
measures within the cancer support.
However, there are many limitations that
arise in the scientific literature about its
validation, adherence and

Therefore, the

efficacy.
objectives  of  this
International Doctoral Thesis were i) to
provide a new tool for monitoring the
energy balance through a mobile health
application in breast cancer survivors,
verifying its reliability and feasibility
(section 1) and ii) develop and implement a
face-to-face rehabilitation program of
occupational therapy for breast cancer

survivors, as well as verify its effectiveness
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together with the proposed mobile health
tool (section 2). For this, we have developed
the mobile health application BENECA
(ENERGY Balance in Cancer), checking
that it is reliable in terms of diet and
physical activity compared to the gold
standard (study I). In addition, we have
verified that it is a feasible tool in terms of
adherence, usability and satisfaction, and
we have assessed its effect on the quality of
life of these women (study II). At the same
time, we have explored the hypothesis of
the association between the use of our
mobile health tool and possible biological
changes in terms of systemic inflammation
(study III). On the other hand, a face-to-
face occupational therapy oncology
rehabilitation program for breast cancer
survivors was developed and, together with
the mobile application, was part of our
integral support strategy for these women
(study IV). Finally, we studied the
effectiveness of this program in improving
the quality of life and functional variables
in women survivors of breast cancer (study
V).

The results of this International Doctoral
Thesis provide scientific evidence that
supports the use of a new mobile tool for
monitoring energy balance in cancer, valid
and reliable. It also shows a possible
association between its use and the
reduction of certain markers of systemic
inflammation, presenting some predictive
variables of this change. Finally, these
results improve our knowledge about the
different ways to address the sequelae of

breast cancer survivors, raising the need to



include occupational therapy as part of the
multidisciplinary ~ team  of  cancer

rehabilitation.
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INTRODUCCION GENERAL

Cdncer, también denominado tumor maligno
o neoplasia maligna, es un término genérico
que hace referencia a un amplio grupo de
enfermedades que pueden llegar a afectar a
cualquier parte del organismo. Se trata de la
segunda causa principal de muerte a nivel
mundial'. La incidencia mundial de cdncer
aumentd hasta los 18.1 millones de casos
nuevos en 2018, con 9.6 millones de muertes
en dicho afo. La Organizacion Mundial de
la Salud (OMS) concluye que uno de cada
cinco hombres y una de cada seis mujeres
en todo el mundo desarrollardn cdncer a lo
largo de su ciclo vital. De la misma manera,
uno de cada ocho hombres y una de cada 11
mujeres mueren a causa de esta
enfermedad. La prevalencia a los cinco afios
a nivel mundial, es decir, el nimero total de
personas que siguen vivas a los cinco afos
tras el diagndstico de cdncer se estima en

43.8 millones?.

Son muchos los factores atribuibles a la
creciente incidencia del cdncer, incluido el
crecimiento de la poblacion o el
envejecimiento, pero estas cifras se han
visto incrementadas en los ultimos afios
debido, ademds, a otros factores vinculados
al desarrollo social y econdmico, incluida la
dieta, la nutricidén y la actividad fisica®. De
hecho, por ejemplo, Europa representa el
23.4% de los casos mundiales de cédncer, y el
20.3% de las muertes por cdncer, aunque
solo constituye el 9% de la poblacién
mundial®. A tenor de estos datos, se hace
necesario reflexionar sobre cdmo los estilos

de vida directamente relacionados con el

indice de desarrollo humano pueden influir
directamente en el crecimiento del cdncer;
con el objetivo de poder adoptar y favorecer
patrones de dieta y actividad fisica que
puedan reducir la carga del cdncer en el

futuro.

El proceso oncoldgico no solo afecta de una
forma orgdnica o sistémica, sino que la
repercusidn del cdncer y de su tratamiento
médico y quirdrgico habitual en el
desempefio ocupacional diario de las
personas que lo padecen, puede afectar a
todas las esferas de la vida cotidiana de los
seres humanos, desde un punto de vista
biopsicosocial® 5. El rdpido avance en los
métodos de deteccidén precoz y diagndstico,
asi como el tratamiento oncoldgico, han
favorecido que lo que antes se consideraba
una enfermedad aguda, hoy en dia, en
muchas de sus variantes, se puede llegar a
considerar como una enfermedad crdnica,
debido a las altas tasas de supervivencia®.
Cuando se habla de superviviencia en
céncer, se hace referencia al tiempo de vida
libre de enfemerdad tras terminar el
tratamiento oncoldgico’, aunque si bien es
cierto que el término es muy discutido®. Los
supervivientes de cdncer experimentan una
importante morbilidad fisica, psicoldgica e
incluso social que hace que minimizar su
grado de discapacidad sea una prioridad en
las politicas de salud. Requieren, por tanto,
una atencién continuada que esté
coordinada y centrada en la prevencién y
vigilancia, mientras se minimizan vy
manejan los efectos a largo plazo del

tratamiento y otras comorbilidades’.
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Situacién actual del cancer de
mama

El cincer de mama es el cdncer mds comun
entre las mujeres a nivel mundial, uno de
cada cuatro de todos los nuevos casos de
cancer diagnosticados en mujeres es cdancer
de mama. En 2018, aproximadamente 2.1
millones de nuevos casos fueron
diagnosticados, lo que consitituye el 11.6%
del total de la incidencia de cédncer. De
hecho, incluso haciendo una diferenciacién
geogréfica entre paises, el perfil de los
canceres diagnosticados con  mayor
frecuencia en las mujeres estd marcado por
su naturaleza dicotdmica, con el cdncer de
mama como el mds frecuente en términos
de nuevos casos en la mayoria de paises,
siendo el cdncer de cuello de ttero el mds
frecuente entre las mujeres en los paises
restantes’. Sin embargo, las tasas de
incidencia de cdncer de mama presentan
una marcada tendencia geogrédfica de
evolucion en las ultimas décadas: han
aumentado en la mayoria de los paises en
transicion, y algunos de los aumentos mads
rdpidos se produjeron en paises donde las
tasas  habifan  sido  histdricamente
relativamente bajas, como paises de
América del Sur, Africa y Asia'. Estas
tendencias objetivas son probablemente un
reflejo de una combinacién de factores
demograficos asociados al desarrollo social
y econdémico, como el aumento en la
deteccién 'y concienciacién, factores
relacionados con la menstruacién (edad
temprana en la menarquia o avanzada en la
menopausia), la reproduccidn (nuliparidad,

edad tardia del primer nacimiento), la
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ingesta de hormonas exdgenas, o los
mayores niveles de obesidad e inactividad

fisical.

El cdncer de mama es también la principal
causa de muerte por céncer en las mujeres
(15%), seguido del cdncer de pulmdn (13.8%)
y cdncer colorrectal (9.5%)% A pesar de esto,
las tasas de mortalidad han ido
disminuyendo desde la década de 1970%
debido principalmente a las mejoras en el
screening y en el tratamiento adyuvante' .
Como pone de manifiesto un articulo de
2019, el tratamiento oncoldgico es mds
efectivo cuanto mds temprana es la
deteccion. En este estudio, con mujeres de
entre 40y 69 afios, se demostrd que aquellas
que  participaban en  mamografias
organizadas tuvieron una reduccidn del
riesgo de morir del 60% durante los 10 afios
posteriores al diagndstico, y del 47%
durante los 20 afios posteriores al
diagndstico, en comparacién con las
mujeres que no participaron en la
detecciéon®™. En este sentido, en la
actualidad, el cdncer de mama presenta una
tasa de superviviencia a los 5 afios superior
al 90%, situdndose unicamente por detrds
del cancer de prdstata (99%), tiroides (98%) y

melanoma (93%)°.

Centrandonos en Espafia, el nimero de
nuevos casos de cdncer de mama en 2018 en
la mujer fue del 32,825, lo que supone un
28.7% del total de casos de cdncer, siendo el
mds incidente?. De la misma manera que a
nivel mundial, la tasa de superviviencia a
los 5 afios del cdncer de mama en la mujer
fue del 85.2%, siendo el que mejor

prondstico presenta al afo tras el
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diagndstico con un 95% de superviviencia®.
Terminando de delimitar esta patologia en
el contexto demogréfico que concierne a
esta Tesis, cabe destacar los datos
publicados a nivel provincial, en Granada.
Los datos del ultimo estudio publicado en
2018 sobre un registro de cdncer de base
poblacional en Granada muestran una
tendencia creciente en la incidencia del
cdancer de mama entre 1985y 2012, situando
la tasa de incidencia en 83.4 casos x 100,000
mujeres en 2012. Esta misma tendencia
creciente es observable en la tasa de
supervivencia a los 5 afios, aunque se sitda
ligeramente por debajo de la media
nacional, con un 83.7%, llegando a alcanzar
una tasa de superviviencia a los 5 afios del
96.6% en las mujeres diagnosticadas en

estadio I.

En definitiva, la incidencia del cdncer de
mama estd aumentando: un vivo reflejo de
la evolucién y propagacidn de los factores
de riesgo y el aumento de la presidn
diagndstica de los ultimos  afos.
Afortunadamente, los datos también
muestran un aumento equiparable de la
tasa de supervivencia, de la mano de un
incremento considerable de los afios de vida
ajustados por discapacidad (AVAD)®. Los
AVAD secundarios a la superviviencia del
cdncer estdn asociados con un coste
sociosanitario muy elevado, as{ como con
la pérdida de productividad, derivada de la
temprana edad del diagndstico, y los efectos
secundarios a largo plazo (comorbilidades,
trastornos emocionales y riesgos de
recaida), relacionados con el propio cancer

o con el tratamiento recibido®. Todo esto

plantea nuevas necesidades de abordaje
tras la cronificacion de esta patologia, que
abracen todas las esferas del quehacer
diario de estas mujeres, con el objetivo de
disminuir la morbimortalidad, mejorar las
secuelas biopsicosociales y, en definitiva,

su calidad de vida.

Equilibrio Energético y Cancer.
Una tarea pendiente

El exceso de grasa corporal, que caracteriza
principalmente el sobrepeso y la obesidad,
se considera en la actualidad uno de los
principales problemas de salud publica.
1,970 millones de adultos viven con
sobrepeso u obesidad en el siglo XXI, y
segun las estimaciones parece que la
tendencia va en aumento® ?!. Esta creciente
prevalencia de sobrepeso y obesidad tiene
implicaciones econdmicas globales, tanto
directas (como el coste sociosanitario
generado), como indirectas (fruto del
aumento del absentismo laboral)?2. Ademads,
todo parece indicar que tanto el inicio del
sobrepeso como el de la obesidad se estdn
produciendo cada vez en edades mads
tempranas, lo que aumenta la exposicidn de

por vida a todos los riesgos derivados®.

El mantenimiento del peso corporal en la
edad adulta depende de la estrecha relacién
a largo plazo entre el gasto de energia (en
términos de funciones bdsicas de nuestro
organismo y la actividad fisica) y la ingesta
de energia (mediante alimentos y bebidas).
Es lo que se denomina equilibrio

energético®.
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Ademads de diversos factores que influyen
en el mantenimiento del equilibrio
energético (como la genética, epigenénica,
microbiota intestinal, o los factores
psicosociales, politicos y del entorno), éste
es el resultado de una interaccién compleja
entre los sistemas neurofisioldgicos y
gastrointestinales que influyen en la
regulacion de la ingesta de alimentos?. El
nivel de actividad fisica, principal
determinante modificable del gasto
energético, influye directamente en el
apetito, que a su vez promueve una mayor
ingesta de alimentos y sefales enddgenas,
como respuesta a la cantidad y
caracteristicas de los alimentos y bebidas
consumidas. Como respuesta a la
composicién  de  éstos, numerosas
hormonas son secretadas por el tracto
gastrointestinal para estimular o inhibir el
sistema central del apetito en el cerebro.
Esta secrecion de hormonas también estd
mediada por la actividad fisica, es decir, un
aumento del gasto energético conduce a un
aumento, en proporcidn, del apetito. Dado
que las sefales que promueven el hambre
(como consecuencia de una reduccidn de la
ingesta o un aumento del gasto) son mds
potentes que las que la suprimen (como
consecuencia de una reduccidn del gasto de
energia o un consumo excesivo de la
misma), ante un reducido gasto energético,
la regulacion afectiva del apetito se ve
comprometida aumentando la probabilidad
de un consumo energético excesivo,
principio que puede verse influenciado por
la exposicion a factores que tienden a
promover el consumo excesivo, como

alimentos y bebidas de mayor densidad
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energética. Por otro lado, el sistema central
del apetito también estd directamente
influido por el aprendizaje, la memoriay la
heddnica de alimentos, que a su vez estdn
fuertemente modulados por el entorno y las
experiencias, pudiendo estimular o inhibir
el deseo de comer. Finalmente, la
composicién corporal influye en el gasto
energético total (modificando el gasto
energético en reposo) y la ingesta
energética (modificando la demanda de
energia y el impulso de comer)® %. Por lo
tanto, se alcanza el equilibrio energético
cuando la ingesta de energia coincide con la
demanda de energia, y parece ser el
resultado de una compleja interaccién
entre diversos factores enddgenos y
exdgenos, de los cuales algunos son

modificables.

El desequilibrio energético positivo ocurre
cuando la ingesta de energia excede el gasto
energético. En nuestra sociedad actual,
también con un marcado cardcter
demografico, el aumento del consumo de
alimentos ricos en calorias, por la facilidad
de acceso a comida de alta densidad
calérica y baja calidad, junto con la
reduccién del gasto energético como
consecuencia de la baja actividad fisica y/o
al estilo de vida sedentario, provocan un
desequilibrio energético positivo. Este se
manifiesta como un aumento de peso, y estd
implicado en el desarrollo y la progresién
de varios tipos de cdncer mds prevalentes
en la actualidad: el cdncer de colon, el
cdncer de mama, de eséfago, renal, de
higado o pancredtico, asi como algunos
Ademds,

linfomas?. investigaciones
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recientes han identificado una asociacién
entre la obesidad y el peor prondstico en
algunos pacientes con cancer,
particularmente aquellos con cdncer de
mama, préstata, higado y colon. Se cree que
el exceso de peso corporal contribuye a una
de cada cinco muertes relacionadas con el
cédncer. De hecho, el exceso de peso se ha
asociado con una mayor mortalidad por
todos los cdnceres combinados y por
cdnceres de varios sitios especificos. Un
panel de expertos del American Institute of
Cancer Research (AIRC) y del World Cancer
Research Fund (WCRF) ha estimado que una
reduccidn del consumo energético podria
prevenir hasta el 40% de los casos de cancer
a nivel mundial®. Los riesgos relativos de
los metaandlisis o de los andlisis agrupados
alcanzaron entre el 1.2 y 1.5 para el
sobrepeso y entre 1.5y 1.8 para la obesidad
con respecto al cancer de colon® %, vesicula
biliar®, riién®, cardias gédstrico®®, higado*
y pancreas®, llegando a alcanzar el 4.8 para

el adenocarcinoma esofdgico®.

En cuanto al cdncer de mama, la asociacidén
positiva entre el cdncer de mama
posmenopdusico y el exceso de peso
corporal se ha demostrado en numerosos
estudios, con un riesgo relativo de 1.1
especialmente en tumores de receptores de
estrégeno positivo® ¥. La grasa corporal
afecta directamente a los niveles de varias
hormonas circundantes, como la insulina y
los estrdgenos, lo que crea un ambiente
favorecedor de la carcinogénesis y la
supresion de la apoptosis. En estas mujeres
en las que la produccién de estrégenos ha

disminuido drdsticamente, la conversidn de

andrdgenos dentro del tejido adiposo se
convierte en la principal fuente de
estrégenos. Como consecuencia, las
mujeres con sobrepeso u obesidad van a
tener niveles circulantes de estrégenos mds
elevados, lo que estd ampliamente asociado
con el desarrollo de cédncer de mama. Por
otro lado, la elevacion de los niveles de
insulina circulante se ha relacionado con el
aumento de riesgo de cdncer de mama. En
este sentido, el sobrepeso y la obesidad
también se  han  asociado  con
hiperinsulinemia y resistencia a la insulina,
por lo que se puede generar un circulo

vicioso de riesgo de cdncer de mama.

La actividad fisica, entendida como gasto
energético, constituye, como se ha visto con
anterioridad, el otro eslabdn para tener en
cuenta en el equilibrio energético. Existe
evidencia que respalda una asociacién
inversa entre la actividad fisica y la
incidencia y mortalidad por cdncer. El
mecanismo fisioldgico que explica el efecto
inhibitorio de la actividad fisica en el
proceso cancerigeno incluye la reduccién
de las reservas de grasa, los cambios
relacionados con la actividad en los niveles
de hormonas sexuales, el efecto sobre la
insulina y los factores de crecimiento
similares a la insulina, la funcién inmune
alterada, la generacién reducida de
radicales libres y el efecto directo sobre el
tumor®#, Un estudio realizado por Moore
et al. en 2016 en 1.44 millones de adultos
asocié la prictica de actividad fisica en
tiempo libre con un menor riesgo de al
menos 13 tipos diferentes de cdncer*!. De la

misma manera, estudios epidemioldgicos
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proporcionan evidencia de una reduccién
dependiente de la prdctica de ejercicio
fisico en el riesgo de recurrencia del cdncer

de mama, colon y cdncer de prdstata*?*.

Obesidad y sedentarismo también se han
asociado con la denominada inflamacién
crénica de bajo grado. Se entiende por
inflamacidn crénica de bajo grado a aquella
inflamacidn constante y de bajo nivel que se
produce en todo el cuerpo, segun se juzga
por un pequefio aumento en los marcadores
del sistema inmunitario que se encuentran
en la sangre o en los tejidos®. La obesidad
promueve que el tejido adiposo secrete
citoquinas y adipocinas proinflamatorias,
que pueden promover el desarrollo de
cdncer de mama. En concreto, estd
caracterizada por una elevacion en los
niveles circulantes de proteinas de fase
aguda y citoquinas con actividad
inflamatoria, como la proteina C reactiva
(PCR) y las interleucinas 1y 6 (IL-1, IL-6,
respectivamente)®.  Asimismo, se ha
demostrado que la inflamacidn crdnica de
bajo grado produce, como se ha comentado,
niveles altos de factores inflamatorios y
células inmunes infiltradas, pero al mismo
tiempo, no se exhiben alteraciones
estructurales o pérdida de funciones
primarias¥. De la misma manera, la
actividad fisica estd vinculada a Ila
proteccién contra el cdncer a través de
reducciones en los factores de riesgo de
cdncer dependientes del ejercicio, como las
hormonas sexuales, la insulina y los

marcadores inflamatorios®.

Existe una relacién bidireccional entre la

inflamacidon crénica de bajo grado y el
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cancer de mama ya que, por un lado, el
tumor produce un ambiente inflamatorio y,
por ende, una respuesta inmune sistémica,
pero a su vez, la inflamacién crénica
también puede preceder y promover el

desarrollo del cdncer®™ #.

Hahan vy
Weinberg identificaron seis sedales
distintivas de esta enfermedad
amplicamente  reconocidas  por la
comunidad cientifica®, y se habla de que la
inflamacidn crdnica de bajo grado se puede
considerar como la séptima caracteristica
habilitadora del cdncer en general y del
cdncer de mama en particular®. Los niveles
circulantes de PCR, IL-1 e IL-6, asi como el
factor de necrosis tumoral son
biomarcadores de inflamacién sistémica
ampliamente utilizados. Se ha demostrado
que la presencia simultdnea de niveles
elevados de PCR e interleucinas se asocia
con un mayor riesgo de cdncer colorrectal,
pulmén y de mama, en una poblacién de
84,000 sujetos con un periodo de

seguimiento de 5 afios®.

En definitiva, parece existir una sélida
evidencia sobre el cardcter determinante
del equilibrio energético, en términos de
dieta y actividad fisica, en el riesgo de
recidiva, segundos cdnceres y mortalidad
por cdncer, asi como su relacién con
diversos parametros sistémicos
favorecedores o protectores de la
inflamacién. De igual modo, son
numerosos los estudios que apoyan la
eficacia y seguridad del ejercicio fisico en
esta poblacidn, asi como la dieta saludable
para mejorar la calidad de vida y reducir los

efectos secundarios del tratamiento del



INTRODUCCION GENERAL / GENERAL INTRODUCTION

cancer®*®. Sin embargo, los supervivientes
de céncer, y en concreto, las supervivientes
de cdncer de mama (SCM) manifiestan la
existencia de dificultades para adherise y
mantener un adecuado estilo de vida y, por
lo tanto, conseguir el equilibrio energético,
especialmente debido a las limitaciones
fisicas asociadas a los efectos secundarios
del tratamiento  oncoldgico®. El
conocimiento parece disponible, pero
existe una clara debilidad a la hora de
conseguir un calado social para una
solucién que aparenta ser sencilla: comer
menos y moverse mds®. A pesar de la
aparente simplicidad del mensaje, una
investigacion reciente seflala como, incluso
conociendo los  beneficios de las
intervenciones dirigidas a promover el
equilibrio energético entre los
supervivientes de cdncer, es poco realista
esperar que la mayoria de ellos, con un
marcado hdbito sedentario, se ajusten a las
gufas actuales de buenas précticas
relacionadas con el ejercicio y la nutricién

en esta poblacién®.

Por otro lado, existen factores no
achacables a los pacientes, que hacen
referencia a las lagunas existentes a nivel
asistencial y en la practica clinica, en el
manejo de diferentes tipos de cdncer, con
respecto a la prescripcién de programas
basados en el ejercicio y la nutricién
saludable®. Las razones potenciales para
esta debilidad incluyen, entre otras, la
impresion entre los clinicos de que el
ejercicio puede incrementar el riesgo de
lesion, fatiga y exacerbacién de los

sintomas; escasez de recursos en los

programas clinicos, restricciones de
espacios fisicos y, sobre todo, la falta de
clinicos con una formacidn y experiencia
adecuada en relacién a ejercicio y
rehabilitacion oncoldgica®. La principal
salida a esta falta de adherencia terapéutica
parece pasar por promover la prescripcién
indivudal de recomendaciones sobre
equilibrio energético, basadas en el perfil
especifico del paciente®. Esta necesidad de
promover intervenciones individualizadas
exige una aproximacién urgente desde la
investigacion que pueda ajustarse a las
necesidades de los pacientes de una manera

costo-efectiva.

Sin lugar a duda, un reto estimulante en la
investigacion de nuestros dias es entender
los principios de relacién entre el
desequilibrio energético y la génesis del
cdncer, pero sin duda otro no menos
relevante es conseguir hacer llegar al
principal afectado, el paciente, todo el
conocimiento desarrollado para reducir el
impacto en la calidad de vida de esta

enfermedad.

Estilos de vida saludables a
través de las nuevas
tecnologias: mHealth.

El cambio demogréfico, la creciente
incidencia de enfermedades crdnicas y las
necesidades insatisfechas de una atencion
mds personalizada son tendencias que
exigen un nuevo enfoque integral de la
atencién sanitaria y social. Durante la
ultima década del siglo XX, y el inicio de
este nuevo siglo XXI, las denominadas

Tecnologias de la Informacion y la
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Comunicacion (TIC) han visto un
crecimiento exponencial en todo el mundo,
impulsado principalmente por el incesante
avance tecnoldgico, la inversién econémica
y los cambios sociales y culturales que han
facilitado la integracién de las TIC en
nuestra vida cotidiana® % En el sector de la
salud, las TIC se han convertido en una
piedra angular de servicios eficientes y
efectivos, principalmente debido a Internet,
brindando una nueva oportunidad para
lograr la integracion de la atencidn.
Internet estd cambiando drdsticamente la
forma en que los consumidores interactian
con los servicios de salud, tanto en el acceso
a la informacidn, como en la capacidad de

adquisicién de productos o servicios®.

No existe una definicién que esté
globalmente aceptada sobre el término
telemedicina (en inglés, telehealth). Tomando
su significado literal, se podria definir
como «salud (atencidn) a distancia», por lo
que puede representar una atencién de
cualquier dmbito de las ciencias de la salud
en tiempo real o de forma asincrdnica. De
hecho, el término telemedicina ha sufrido
una gran evolucion a lo largo de su corta
historia: desde su forma original se ha
convertido sucesivamente en telesalud, salud
en linea, salud conectada.. Un esquema de
telesalud bien disefado puede mejorar el
acceso a la atencidn sanitariay la obtencién
de resultados, particularmente para el
tratamiento de enfermedades crdnicas y
para grupos vulnerables. No solo reducen la
demanda de instalaciones con personal,
sino que favorecen el ahorro de costes y

hacen que el sector de la salud sea mads
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resistente®®. El envejecimiento de la
poblacidn, el desajuste geogrifico o la
cronificacién de las patologias
proporcionan una indudable justificacién
para la implementacién y expansion de los
servicios de telesalud, especialmente en

oncologia®.

De entre los diferentes sistemas de
telesalud disponibles, la salud mdvil o
mHealth se ha postulado como una
herramienta critica para la atencién
sanitaria y, en concreto, para oncologia,
desde la prevencion® hasta los cuidados
paliativos®”. La tecnologia mHealth, a
menudo vinculada a aplicaciones mdviles
en teléfonos inteligentes, incluye una gran
gama de recursos que pueden brindar a los
pacientes compromiso, apoyo,
monitorizaciéon y entrenamiento
continuo®. Ademds, presenta muchas
ventajas sobre los diferentes sistemas de
telesalud disponibles, entre las que destacan
la posibilidad de recibir un feedback
instantdneo y personalizado, la
recopilacidn en tiempo real y automatizada
de gran cantidad de datos, el uso de
interfaces mds atractivas e intuitivas, la
eliminacién de algunos sesgos como el
sesgo del evaluador o la reduccidn de costes
derivada de la disminucién de los

procedimientos presenciales®.

Se han desarollado multitud de aplicaciones
méviles de salud en oncologia. En concreto,
mds de 2,500 aplicaciones mdviles se
definen en la actualidad como aplicaciones
relacionadas con el cdncer, pero esta
relacidon puede ser periférica o basarse en

afirmaciones no comprobadas, como las
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aplicaciones de yoga y naturopatia que
dicen ayudar a prevenir o incluso curar el
cancer®. A pesar de este gran nimero de
aplicaciones destinadas a poblacién con
cancer, en una reciente revision sistematica
en la que se consideraron 539 aplicaciones
se concluyé que la efectividad de la mayoria
de ellas no habfa sido validada
cientificamente, de las que el 47% estaban
dedicadas a profesionales de la salud, el
31.5% a poblacion general y el 21.5% a
pacientes en particular’®. Ademds, junto
con éste, Collado-Borrell et al. en otra
revisién sistemdtica publicada en 2016
también mostrd la falta de participacién de
profesionales de salud cualificados en el
desarrollo e implementacion de estas
aplicaciones mdviles’ 7. Es curioso
destacar, en este sentido, que en el afio
2017, solo el 15% de los estudios realizados
sobre telesalud en todo el mundo estaban
destinados a la salud digital oncoldgica, y el
75% de estos estudios se realizaron en los

Estados Unidos®.

En la literatura cientifica se pueden

encontrar  aplicaciones  mdéviles  en
oncologia con diferentes objetivos o dianas
terapéuticas como, por ejemplo, mejorar la
adherencia a la medicacién’ realizar
terapias grupales en adultos jévenes con
cdncer’®, evaluar el cuello uterino después
de una deteccién anormal’™ facilitar el
acceso a informacién sobre cuidados en
oncologia’ ¢ mejorar la calidad de vida de
pacientes con cdncer a través del uso de las
redes sociales”’, monitorizar algunos
sintomas’® o modificar estilos de vida en

términos de dieta y actividad fisica”.

Centrandonos en este dltimo aspecto, son
numerosas las aplicaciones mdviles
destinadas a promover estilos de vida
saludables que se pueden encontrar en las
diferentes tiendas de las plataformas
moéviles mds extendidas en la actualidad
(PlayStore, de Google, y App Store, de
Apple), muchas de ellas con base cientifica.
En los dltimos afios se puede observar un
gran incremento en el ndmero de
publicaciones cientificas acerca
aplicaciones mdviles y estilos de vida
saludables, principalmente para poblacién
general. Se pueden encontrar diversos
estudios que evaluan y/o sacan partido de
las diferentes herramientas disponibles a
través del mHealth. Algunos ejemplos en
este sentido se resumen a continuacién: el
estudio realizado en 2016 por Keer et al. en
el que utilizaron mensajes de texto para
promocionar la ingesta de frutas y verduras
en jévenes adultos sanos®; el efectuado por
Du et al. (2016) en el que se desarrolld una
aplicacién de mHealth llamada Fittle para
potenciar el apoyo grupal en un programa
de ejercicio y nutricién con el objetivo de
producir cambios positivos en el
comportamiento alimentario, la actividad
fisica y el nivel de estrés en adultos sanos®;
en la Universidad de Salamanca han llevado
a cabo recientemente un estudio
multicéntrico, en colaboracién con otras
universidades del territorio espaiiol, en el
que desarrollaron una aplicacién mévil de
asesoramiento estandarizado para
aumentar la actividad fisica y el
cumplimiento de la dieta mediterrdnea a
largo plazo®%; en 2019 se ha publicado un

trabajo del Karolinska Institutet en el que
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implementaban una plataforma de mHealth
multimodal con servicios en las dreas de
dieta, actividad fisica, hdbitos de suefio,
estrés, consumo de alcohol y tabaco,
estableciendo objetivos semanales®. Pero
no solo se han desarollado en poblacién
sana o aparentemente sana, sino que
también son diversas las aplicaciones
mdviles que se han presentado en la
comunidad cientifica para promover estilos
de vida saludables en algunas patologias: en
cardiopatias, tanto para aumentar el nivel
de actividad fisica complementaria a la
rehabilitacion presencial como se muestra
en el estudio de Antypas et al. (2014)%, como
para  potenciar la adherencia a dieta
saludable y otros estilos de vida, como en el
estudio de Lunde et al. (2019)%%; en personas
con sobrepeso u obesidad, Hass et al. (2019)
evaluaron la eficacia de una plataforma
mHealth que facilita la comunicacidn entre
dietistas e individuos para el asesoramiento
sobre pérdida de peso®, y en la misma linea
se desarrolla el trabajo publicado por
Alnasser et al. (2019) para mujeres saudies
con sobrepeso u obesidad®; en diabetes,
como los estudios realizados por Yan et al.
(2018)% y Sun et al. (2019)¥ en los que se
implementaron dos sistemas mHealth de
manejo de sintomas y promocidn de estilos
de vida en poblacidn asidtica; o en patologia
fisica, como el trabajo realizado por
Rimmer et al. (2013) en Estados Unidos, en
el que presentaron POWERS, una
aplicacién mdvil para el control de peso de
personas con diversas patologias fisicas y/o
neuroldgicas, entre las que se incluian
esclerosis multiple, espina bifida, pardlisis

cerebral, dafo cerebral o lupus®.
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Focalizando en poblacién oncoldgica,
también son varios los estudios de
aplicaciones méviles de salud destinadas de
una u otra forma a la promocidn de estilos
de vida saludables en estos pacientes. Un
estudio realizado por Ormel et al y
publicado en 2018 evalud la viabilidad de la
aplicacién Runkeeper (publica y gratuita en
las diferentes plataformas), para mejorar el
nivel de actividad fisica en pacientes con
cancer, sin resultados concluyentes e
instando a seguir investigando en el drea’.
Por otro lado, en 2016 Duman-Lubberding
et al desarrollaron y validaron una
aplicacién denominada Oncokompas para
mejorar la supervivencia de pacientes con
cdncer en general”®, y posteriormente
adaptado a cdncer de mama en particular’®,
mediante recomendaciones personalizadas
sobre diversos aspectos de calidad de vida,
fatiga y suefio, que inclufan un apartado de
estilos de vida, pero no una monitorizacién
de los mismos. En la Universidad de
Carolina del Norte, en Estados Unidos, se
llevé a cabo un ensayo clinico utilizando
Facebook a través del mévil para promover
una intervencion de actividad fisica
moderada e intensa en 86 adultos jévenes
supervivientes de cdncer, con el que
consiguieron demostrar el potencial de esta
red social para este objetivo®. Utilizando la
misma red social, en conjunto con un
dispositivo portdtil de seguimiento de
actividad fisica (Fitbit Flex), con el objetivo
de promover una intervencidn de actividad
fisica, un estudio del Seattle Children’s
Research Institute, en Washington, demostré
la fiabilidad y aceptabilidad de este tipo de

intervenciones en nifios supervivientes de
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cdancer”. Sin embargo, a pesar de toda la
evidencia cientifica disponible que afirma
que las intervenciones mHealth son
efectivas para la promocidn de la actividad
fisica y hdbitos dietéticos saludables™, son
varios los estudios y revisiones sistemadticas
recientes que ponen de manifiesto, por un
lado, la dificultad para determinar el
impacto especifico de las estrategias
mHealth destinadas a promover estilos de
vida saludables en poblacién oncoldgica y,
por otro, la necesidad de desarrollar
recursos especificos para esta poblacién®
%8, Ademds, desde nuestro conocimiento,
ninguno de estos estudios hace hincapié en
el equilibrio energético, ni especifica una
monitorizacién de este, con un feedback
instantdneo basado en la evidencia
cientifica mds actualizada. Las unicas
referencias encontradas en este campo del
equilibrio energético a través de mHealth

han sido realizadas con poblacién sana®®

100 101
)

nifios y adolescentes'™, mujeres
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embarazadas'®® pacientes hospitalizados'®,

104 o

pacientes con cirugia cardiaca
diabetes'®. Tan solo un estudio, realizado
por Stubbins et al. y publicado en diciembre
del 2018 desarrolld una aplicacién mdvil
(denominada MOCHA por las siglas del
hospital en el que se desarrollé: Houston
Methodist Hospital) creada para el refuerzo
personal de pacientes con cdncer para
asumir patrones de vida mds saludables en
términos de contabilidad diaria de
actividad fisica y nutricién. Sin embargo,
tan solo utilizaron un periodo experimental

de 14 dias con 33 mujeres SCM'® y sin

resultados concluyentes.

Parece ser, por tanto, que las aplicaciones
méviles se han instaurado en nuestro
quehacer diario, habiéndose convertido en
parte de nuestras vidas. Sus ventajas en el
mundo de la salud digital son numerosas, y
sus beneficios estdn siendo sostenidos por
el crecimiento de publicaciones cientificas
de los ultimos anos. Sin embargo, existe un
vacio en lo que se refiere a aplicaciones
méviles destinadas a monitorizar el
equilibrio energético en cdncer y promover
una retroalimentacién instantdnea con
recomendaciones basadas en las guias
clinicas mds actualizadas y reconocidas a

nivel mundial.

Cancer de Mama: secuelas y
rehabilitacion

Las cifras de superviviencia en el cdncer de
mama son totalmente favorables. Sin
embargo, esta ganancia en esperanza de
vida no estd exenta de un elevado coste, ya
que las SCM tienen riesgo de presentar una
amplia gama de posibles efectos a largo

plazo,  secundarios al tratamiento

107 Estos incluyen no solo riesgo

oncoldgico
de recidiva, aumento de morbilidad y
mortalidad por enfermedades
cardiovasculares, esqueléticas, etc., sino
que también pueden aparecer innumerables
efectos fisicos como reduccién de la
amplitud del movimiento articular,
principalmente en el brazo afectado,
linfedema, fatiga, dolor, problemas
psicosociales que pueden afectar a
relaciones laborales, familiares y sociales o

108

problemas cognitivos!® pudiendo provocar

limitaciones en las actividades de la vida
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diaria, asi como en la participacién en
actividades laborales, deportivas y de
ocio'®. Esperar que la calidad de vida vaya
a mejorar tras el tratamiento oncoldgico
puede, en muchos casos, no ser una
suposicidn correcta, ya que mas de la mitad
de las SCM tienen sintomas persistentes
que son similares a los que tuvieron durante
el tratamiento activo, siendo la fatiga, el
dolor y la depresidn el cluster de sintomas
mds comun'® ", Un estudio realizado por
Schmitz et al. (2012) en Australia demostré
como mds del 60% de las SCM
experimentaban uno o mds efectos
secundarios al afio tras el tratamiento
oncoldgico, todos ellos susceptibles de

recibir rehabilitacion?.

Secuelas funcionales

En cuanto a las limitaciones fisicas; la
cirugia y la radioterapia pueden provocar
complicaciones en la pared tordcica y
senos, como fibrosis o necrosis de la piel y
tejidos blandos, o reduccidn de la movilidad
del brazo'®. La radioterapia, ademds, puede
agravar el dolor relacionado con la cirugiay
la restriccién motora, tanto a corto como a
largo plazo. Los cambios musculo-
esqueléticos posteriores a la cirugia,
principalmente en los casos de
mastectomia, suelen aparecer tanto en el
lado afecto como en el no afecto'™. Estos,
incluyen, entre otros, alteraciones en la
inclinacién y alineacién en reposo de la
escdpula, que suelen conllevar una cascada
de cambios en las articulaciones del
hombro y zonas conlindantes, lo que

aumenta el riesgo de pinzamiento y
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115, Ademds,

patologia del manguito rotador
puede mostrarse falta de coordinacién
escapular y pérdida de fuerza muscular'> 11
que pueden aparecer incluso 6 afios tras la
cirugial”?. Todo este torrente de
alteraciones se debe, en parte, al efecto
directo de la cirugia sobre los tejidos,
seguido de fibrosis, inflamacién y
cicatrizacion, como parte del proceso de
curacidon normal; ademds, la angiogénesis
secundaria a este proceso de curacién se
asocia con inflamacidn, lo que resulta en
aumento del dolor local y regional con la
consecuente restriccion del movimiento de
la zona afectada'; y por otro lado, la
radioterapia provoca muerte celular con la
consiguiente liberaciéon de citocinas
inflamatorias, dafio tisular y fibrosis, lo que
aumenta significativamente la disfunciény
el dolor a largo plazo'®. Otra de las
complicaciones frecuentes es el linfedema,
tanto de inicio temprano como tardio, que
puede afectar al seno, el térax y la
extremidad ipsilateral’. La cirugia
conservadora de seno o la mastectomia con
diseccién de ganglios linfdticos axilares, as{
como la radioterapia ganglionar completa
estdn relacionados con una tasa mds alta de

121, El dano del sistema linfdtico

linfedema
depende de la cantidad de ganglios
linfaticos extirpados y se asocia con un
mayor riesgo de alteracién y disfuncién en
el hombro y brazo, linfedema y dolor'? 12,
El dafio a nivel nervioso, principalmente del
nervio intercostobraquial, asi como de
otros del plexo braquial, puede ser una
complicacién de la cirugia, especialmente

si se realiza diseccion de los ganglios

linfaticos axilares, y puede verse empeorado
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con la radioterapia'®. Este dafio provoca
alteracion de la sensibilidad en la pared
tordcica, axila, parte superior del brazoy, a
veces, en la parte superior de la espalda,
costado y mano'® %, Tanto el linfedema,
como el dolor y la restriccién de movilidad
del hombro y del brazo se han asociado
significativamente con peor calidad de vida
a largo plazo en mujeres SCM, por lo que
estos problemas deberian ser
diagnosticados y tratados con el objetivo de
mejorar la calidad de vida de estas
mujeres'®,

Secuelas

emocionales

cognitivas Y]

Si bien es cierto que el grado de alteracién
asociado con wuna posible disfuncién
cognitiva secundaria al tratamiento
oncoldgico, principalmente a la
quimioterapia, no estd bien caracterizado,
los datos sugieren que se trata de un
problema real en las SCM'7'® Es el
denominado deterioro cognitivo
relacionado con el cdncer, y los pacientes lo
describen como olvidos frecuentes (de
nombres, fechas, nimeros de teléfono, ...),
problemas para concentrarse o realizar
tareas simultdneas, o dificultades a la hora
de encontrar la palabra adecuada®™ !, Un
estudio realizado por Schmidt et al. en 2016
con un amplio tamafio de muestra (n=3108
supervivientes de cdncer) puso de
manifiesto que mds de la mitad de las SCM

deterioro 182,

manifestaban cognitivo
Ademds, de acuerdo con varios estudios,
hasta el 75% de las pacientes de cdncer de

mama experimentaron deterioro cognitivo

relacionado con el cdncer durante el
tratamiento activo (como la quimioterapia o
el tratamiento hormonal)?® 3 y un estudio
reciente publicado por Lange et al. de 2019
mostré que mds del 70% de las SCM
presentaban algin grado de deterioro
cognitivo'®. De entre todos los procesos
cognitivos, los mds frecuentemente
afectados son la memoria (sobre todo la
memoria de trabajo), fluidez verbal,
velocidad de procesamiento, funcidn
ejecutiva y atencion®™ ¢, En este sentido,
estudios de neuroimagen sugieren que la
terapia adyuvante contra el cdncer puede
inducir una regulacién anormal en los
centros nerviosos del cerebro,
principalmente el hipocampo y la corteza
prefrontal'®'*, Asi encontramos, tanto en
estudios con humanos como con animales,
asociacion entre el tratamiento
quimioterapéutico y una variedad de
cambios anormales en el hipocampo,
incluida la pérdida de sustancia blanca y
gris, disminucién de la neurogénesis,
aumento de muerte celular y dafio en los
vasos sanguineos*1*2. Ademds, un estudio
reciente realizado por Apple et al. reveld
una pérdida importante de volumen del
hipocampo, vital en diversos procesos
cognitivos como la memoria, en SCM
sometidos a terapia adyuvante en
comparacién con controles sanos, y
demostraron que el hipocampo es
vulnerable al efecto del tratamiento contra
el cancer™. Otro estudio del mismo grupo
de investigacién publicado en 2018 revelé
cortico-

una  mayor  conectividad

hipocampal relacionado con tareas
funcionales en SCM en comparacién con
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controles sanos, lo que sugiere que esta
conectividad puede ser un mecanismo
compensatorio en el deterioro cognitivo
relacionado con el cdncer'*. Este deterioro
suele ser invisible en la vida diaria de las
mujeres, pero supone un gran impacto en
su calidad de vida y su desempeno diario',
lo que pone de manifiesto la necesidad de
un soporte de apoyo rehabilitador y plantea
el reto de generar protocolos de

intervencidn adaptados a estas pacientes.

Desde el punto de vista psicoldgico, el
cdncer de mama se asocia con una
morbilidad psicoldgica significativa. Tras
el tratamiento oncoldgico, la literatura
cientifica revela que hasta el 90% de las
mujeres tiene al menos una preocupacién
emocional, hasta el 80% miedo a la
recurrencia del cdncer y hasta el 60% puede
sentir pena, problemas de identidad e
imagen corporal y angusta emocional'!® 4,
Ademds, la ansiedad y los trastornos
depresivos son dos patologias psiquidtricas
comunes en pacientes con cdncer de

147

mama'¥’| y casi la mitad de las mujeres

supervivientes experimentan algun
trastorno de ansiedad o depresidn tras el
tratamiento oncoldgico®. Una revisién
sistemdtica reciente sugiere, ademads, que al
afio tras el diagndstico se experimenta un
aumento de los sintomas de depresidn en
este tipo de pacientes, y que pueden ser
persistentes hasta 5 o 10 afos segun la

4 De hecho, en un

bibliografia consultada
estudio realizado en 2015 por Stanton et al.
con 460 mujeres evaluadas a los 4 meses del
diagndstico de cdncer de mama y seguidas

hasta un afio tras el tratamiento oncoldgico
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con 7 evaluaciones en total, el 17% de las
mismas cumplid criterios de diagndstico de
depresion mayor'. Diferentes factores de
riesgo se han asociado con la aparicidn de
este tipo de sintomas, como la presencia de
comorbilidades previas, la cirugia y su
afectacion en la imagen corporal,
problemas financieros, los dos primeros
afios de supervivencia, historia previa de
depresidon, soledad o estilos de vida
sedentarios™. En este sentido, el apoyo
social  percibido adquiere un rol
fundamental como moderador de la
aparicion de los denominados
pensamientos intrusivos y angustia
psicoldgica en mujeres SCM, asi como en la
aparicion de algun sintoma o patologia de

cardcter psicoldgico™.

Secuelas sistémicas

Finalmente, en cuanto a los sintomas de
cardcter sistémico, el dolor, la fatiga y la
disminucién de la capacidad
cardiorrespiratoria son muy frecuentes,
especialmente en las mujeres tratadas con
un inhibidor de la aromatasa'>®. La fatiga
relacionada con el cdncer es uno de los
efectos secundarios mds comunes, definido
por la American Society of Clinical Oncology
(ASCO) como «una sensacién angustiante,
persistente y subjetiva de cansancio o
agotamiento fisico, emocional y/o cognitivo
relacionado con el cdncer y/o el tratamiento
del mismo, que no es proporcional a la
actividad reciente e interfiere en el

habitual»™*.

Aproximadamente una de cada cuatro SCM

funcionamiento

padece fatiga severa, y se ha relacionado su
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aparicién o empeoramiento con el estadio
tumoral, asi como con el tratamiento
oncoldgico: quimioterapia y radioterapia
con o sin tratamiento hormonal’. Debido
a que la fatiga es un sintoma complejo que
implica el aporte de wvarios sistemas
fisioldgicos, y su cardcter subjetivo, no se
conoce muy bien el mecanismo bioldgico
para la aparicién de la fatiga relacionada
con el cdncer, habiéndose propuesto varios
mecanismos como anemia, hipotiroidismo,
insuficiencia suprarrenal, desregulacion de
serotonina, alteraciones en el metabolismo
celular y disfuncién neuroendocrina'™® %7,
Sin embargo, hasta la fecha, el mecanismo
mds ampliamente aceptado y apoyado
empiricamente es la inflamacién. Esta
hipdtesis se basa en la propuesta de que el
cdncer y/o su tratamiento conducen a la
liberacién de citocinas proinflamatorias,
que luego actian sobre el cerebro para
provocar una respuesta de comportamiento
de enfermedad, incluidos los sintomas de
fatiga!>® 138, Estos niveles mds elevados de
fatiga se han asociado con peor calidad de
vida, peor funcionamiento y capacidad de
trabajo, con sintomas depresivos, ansiedad,
trastornos del suefio, niveles mds bajos de

159

actividad fisica y el dolor’®. Ademds, la

fatiga provoca una interrupcion
significativa de las actividades
ocupacionales, sociales y de ocio, lo que
afecta a la capacidad de realizar las
actividades diarias y al desempefio

ocupacional'®,

En cuanto al dolor, el denominado
sindrome de dolor crénico es otra de las

complicaciones mds experimentadas de las

SCM, generalmente de origen

161 Estd definido como «un

neuropatico
dolor crénico, no maligno y constante,
inmediatamente después de la cirugia de
cdncer de mama, que afecta al térax, la axila
y/o la parte medial del brazo»'*. Debido a
que no hay consenso sobre el tiempo
durante el cual debe estar presente el dolor
para considerarse crdnico, la prevalencia
tiene un rango del 4% al 100% de mujeres
que padecen dolor poscirugia, segin el
criterio, el disefio del estudio y el marco
temporal'®. Entre los factores de riesgo
para su desarrollo se incluyen la diseccién
de los ganglios linféticos axilares, cualquier
procedimiento quirurgico, la edad, el indice
de masa corporal elevado y la
radioterapia'”. Finalmente, entre las
complicaciones del cdncer de mama, el
sistema  cardiovascular puede verse
afectado, principalmente por el tratamiento
adyuvante, como la quimioterapia, que
puede afectar a la fraccidn de eyeccién
cardiaca a través del estrés oxidativo,
dafiando la membrana plasmdtica de las
células cardiacas y promoviendo la
apoptosis'®. La definicidén mads
ampliamente aceptada sobre la alteracién
cardiaca relacionada con la terapia del
cdncer es la propuesta por la American
Society of Echocardiography y la European
Association of Cardiovascular Imaging que la
definen como «una disminucién en la
fraccion de eyeccién del ventriculo
izquierdo de mds del 10% por debajo del
limite inferior de la normalidad, que se
considera de 53%» %%, A pesar de que la
prevalencia es del 10% entre supervivientes
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del cdncer'®, también se ha demostrado
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que, aun sin presentar alteracidon cardiaca
relacionada con la terapia del cédncer, es
decir, con funcién cardiaca normal, las
mujeres SCM  tienen  deficiencias
significativas y marcadas en la funcién
cardiopulmonar. Casi un tercio de las SCM
tienen un consumo méximo de oxigeno (el
gold standard de la aptitud
cardiorrespiratoria) por debajo del umbral
de independencia funcional (15.4 mL - kg -1
- min-1), por lo que, por definicidn, es poco
probable que puedan realizar tareas
domésticas pesadas o subir y bajar
escaleras, viendo mermado su desempefio

diario'®.

Por lo tanto, se ha demostrado que las SCM
experimentan una serie de dificultades que
pueden afectar a su calidad de vida general,
a su desempefo ocupacional y a sus
actividades de la vida diaria, lo que plantea
la necesidad de intervenciones disefiadas y
dirigicas especificamente a este tipo de
pacientes, basindose en la mds alta
evidencia cientifica’®. Sin embargo, la
derivacién a profesionales de rehabilitacion
en el proceso oncoldgico no estd incluido en

el soporte estdndar a estos pacientes'®.

Rehabilitacion oncolégica

Los cuatro pilares de la atencidén en la
supervivencia del cdncer son: el
seguimiento y la prevencidn de recurrencia
y segundos cdnceres, la intervencidn en las
consecuencias  del  tratamiento; la
prevencién de comorbilidades, y Ila
coordinacidn del soporte entre la atencién
primaria, la oncologia y otros especialistas

y miembros del equipo rehabilitador'®®.
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Actualmente se estd planteando la
necesidad de definir un nuevo modelo de
rehabilitacion integral del cdncer, que
involucre a un equipo multidisciplinar de
profesionales que tenga como objetivo
optimizar el funcionamiento fisico,
psicoldgico, vocacional, funcional y social
de estas pacientes, debido a los limites
impuestos por los efectos secundarios
crénicos o tardios del tratamiento y de la

patologia oncoldgical®.

Es mucha la evidencia cientifica que apoya
el beneficio de las diferentes técnicas y
disciplinas en el proceso rehabilitador del
cdncer y, en concreto en la fase de
superviviencia, aunque, a su vez, también
son muchas las limitaciones y
controversias. En cuanto al ejercicio
terapéutico y/o el entrenamiento de fuerza,
son varias las revisiones sistemdticas con o
sin metaanalisis que apoyan su eficiacia en
la mejora de diferentes sintomas en la fase
de superviviencia. Una revisién sistemdtica
realizada por Hanson et al. en 2016 con el
objetivo de  examinar el  efecto
independiente de los programas de
entrenamiento de resistencia para reducir o
revertir los efectos del tratamiento
oncoldgico concluyé que, a pesar de
encontrar diferencias significativas en el
grupo intervenido, el efecto independiente
del entrenamiento de fuerza es todavia
limitado, debido principalmente al bajo
numero de estudios disponibles en la
literatura’”®, M4s recientemente, una
revisién sistemdtica realizada por Neil-
Sztramko et al. en 2019 cuyo objetivo fue

analizar la aplicacién de los principios del
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entrenamiento con ejercicios en la
prescripcién de ejercicio terapéutico en
SCM, concluyé que es elevada la evidencia
y los beneficios que aporta el ejercicio
terapéutico, con 80 ensayos clinicos
incluidos y un total de 6,878 mujeres'.
Estos datos muestran una abrumadora
evidencia sobre los beneficios del ejercicio
durante y después del tratamiento y en fase
de supervivencia en una variedad de
secuelas psicosociales y relacionadas con la
salud. Sin embargo, también ponen de
manifiesto la necesidad de identificar la
mejor dosis de prescipcién de ejercicio para
mejorar los resultados especificos en un
determinado momento del tratamiento. En
la misma linea, pero centrdndose en el
linfedema, Nelson publicé en 2016 una
revision sistemdtica sobre los beneficios del
ejercicio de resistencia en la movilidad del
brazo sin aumentar el riesgo de aparicidn o
empeoramiento del linfedema'?. Con seis
ensayos clinicos incluidos corrobord la
seguridad del entrenamiento de resistencia
de alta intensidad para la ganancia de
fuerza en mujeres SCM sin desencadenar

cambios en el estado del linfedema.

Por otro lado, un metaandlisis realizado por
Ye et al. en 2018 para examinar la eficacia
de la terapia cognitivo-conductual en la
mejora de la calidad de vida y la salud
psicoldgica de SCM, concluyd que esta es
razonablemente efectiva, con tamafios del
efecto clinicamente significativos, pero con
pocos estudios incluidos en el mismo'3. En
la misma linea, pero con el objetivo de
valorar el efecto de las terapias de cambio

de comportamiento a distancia para

mejorar el nivel de actividad fisica en estas
pacientes y secundariamente, su calidad de
vida, Groen et al. publicaron una revisién
sistemdtica con metaandlisis en 2018 en la
que se incluyeron 29 ensayos clinicos,
obteniendo un tamafio de muestra total de
5,218 participantes. Sus conclusiones
fueron desafiantes, ya que el efecto de la
intervencion fue pequefio, planteando
limitaciones de los ensayos como disefios
metodoldgicos deficientes, tamafos de
muestra pequefios, falta de poder
estadistico u homogeneidad de las
muestras; e instando a seguir investigando

acerca del tema”.

En 2017, la Organizacién Cochrane realizd
una revisién sistemdtica sobre programas
multidimensionales en domicilio para
SCM, que incluyeran al menos terapia
fisica, educativa y psicoldgica. En dicha
revision incluyeron 22 ensayos clinicos
controlados y aleatorizados y cuatro
cuasiexperimentales con 2,272
participantes. Concluyeron que estos
programas parecen tener un efecto
beneficioso a corto plazo en la mejora de la
calidad de vida especificay global, asi como
parecen estar asociados con una reduccién
de la ansidad, la fatiga y el insomnio
inmediatamente después de la
intervencidn. Sin embargo, también ponen
de manifiesto de nuevo la baja calidad

cientifica de los articulos incluidos'’4.

En cuanto al manejo de las secuelas
cognitivas, la evidencia cientifica también
plantea resultados contradictorios. Una
revisién sistemdtica realizada por Chan et

al. en 2015 con el objetivo de valorar la
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efectividad de intervenciones
farmacoldgicas y no farmacoldgicas para
controlar las alteraciones cognitivas
asociadas al tratamiento del cdncer de
mama, en la que se incluyeron 13 estudios y
1,138 participantes, puso de manifiesto que,
segun la evidencia actual, el tratamiento
farmacoldgico parece no estar indicado
para el manejo de estas alteraciones
cognitivas y que las intervenciones no
farmacoldgicas, como el entrenamiento
congitivo y la actividad fisica parecen
prometedoras, pero con muchas
deficiencias metodoldgicas. De hecho, de
los 13 estudios incluidos en la revisién, 11
presentaron un riesgo de sesgos elevado y
en dos no estaba claro'. Mids
recientemente, y mediante el uso de
aplicaciones mdviles, Vergani et al
publicaron en 2019 una revisién sistemdtica
para comprobar si estas herramientas
pudieran ser utiles para contrarrestar el
deterioro cognitivo en estas pacientes.
Incluyendo un total de 819 participantes
procedentes de once estudios, destacan la
falta de evidencia empirica sobre la eficacia
de las aplicaciones disponibles para

entrenar la funcidn cognitiva'’®.

También parece existir evidencia sobre el
efecto de otras terapias complementarias,

77 o el Taichi”® en

como el vyoga
determinados sintomas secundarios al
cdncer de mama en fase de superviviencia
como la fatiga o, en términos generales,
sobre la mejora de la calidad de vida. Sin
embargo, las conclusiones de las revisiones
sistemdticas analizadas son muy limitadas,

con un tamafio de muestra pequefio,
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tamaifios del efecto reducidos y resultados

contradictorios.

En conclusidn, son muchas las disciplinas o
herramientas  terapéuticas que han
demostrado su eficacia tanto clinica como
estadistica en la rehabilitacién de las
secuelas del cdncer. A pesar del elevado
numero de referencias disponibles a nivel
mundial, son muchas las controversias y
queda claro el objetivo comun: continuar
investigando en la misma linea con el

objetivo de delimitar las mejores

intervenciones disponibles!”.

Terapia
oncologia

Ocupacional en

La terapia ocupacional, estd incluida dentro
de las guias de practica clinica de la
rehabilitacidn del cdncer, en general y del
céancer de mama en particular, sin embargo,
tanto su aprovechamiento como parte del
equipo multidisciplinar de rehabilitacidn,
asi como su evidencia cientifica en el
campo oncoldgico, es limitada'® %, El
campo de actuacion de los terapeutas
ocupacionales incluye centros oncoldgicos
de rehabilitacién, la comunidad o los
cuidados paliativos, y su objetivo general va
a ser mejorar la calidad de vida del paciente.
La piedra angular de la terapia ocupacional
es la ocupacién, por lo que las
intervenciones de estos profesionales
utilizardn la ocupacién como medio
terapéutico para mejorar el desempefio
ocupacional®. Ademds del entrenamiento
en actividades bdsicas de la vida diaria cuyo
desempeno se haya visto mermado tras el

proceso de enfermedad, los terapeutas
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ocupacionales pueden favorecer al paciente
oncoldgico desde la educacion en estilos de
vida saludables, el fortalecimiento de las
debilidades secundarias al tumor o su
tratamiento, el control y paliacién de los
posibles sintomas cognitivos asi como la
mejora de la fatiga y la resistencia
cardiorrespiratoria, siempre desde un

punto de vista holistico e integral'®

La evidencia cientifica sobre

intervenciones o propuestas de
intervencion en poblacién oncoldgica
basadas en terapia ocupacional es muy
limitada. Debido al amplio tamafo de
muestra y su disefio metodoldgico, destaca
la intervencién propuesta por Sampedro
Pilegaard et al, en 2018, denominada Cancer
Home-Life Intervention, en la que llevaron a
cabo una intervencién de terapia
ocupacional basada en la ocupacién en
personas con cancer avanzado que tuviesen
limitaciones funcionales. A pesar de que los
resultados no obtuvieron diferencias
significativas (debido principalmente a que
la intervencidn solo planteaba una visita
domiciliaria y un contacto telefénico)
pudieron demostrar la factibilidad y coste-
efectividad de realizar un programa
domiciliario de terapia ocupacional en esta
poblacidn y concluir que la mayoria de los
participantes manifestaban la necesidad de
una intervencién de terapia ocupacional'®®
8¢ De la misma manera, destaca el estudio
realizado por Akel et al. y publicado en 2019
cuyo objetivo fue evaluar el efecto de un
programa de rehablitaciéon cognitiva
funcional hospitalaria desde la terapia

ocupacional en la percepcidn de fatiga y la

independencia en cdncer pedidtrico. En
este caso si que se encontraron mejoras
estadisticamentes significativas tras el
periodo  experimental tanto en la
disminucidn de la fatiga percibida como en

la independencia funcional'®.

En cdncer de mama, tan solo se han podido
identificar seis estudios publicados con un
disefio experimental en el que se utilizase
una intervencién de terapia ocupacional, de
los cuales, tres se realizaron con mujeres
SCM.

En 2010, McClure et al.’® llevaron a cabo un
ensayo clinico controlado y aleatorizado
con el objetivo de comprobar la mejora de
sintomas fisicos y emocionales de mujeres
SCM (estadios I y II) con linfedema. Con un
tamafio muestral global de 32 participantes
divididos en dos grupos, y un periodo de
seguimiento domiciliario de tres meses, la
intervencion del grupo experimental
consistié en 10 sesiones de una hora de
duracién (dos sesiones a la semana),
durante  cinco  semanas, mediante
informacién audiovisual de ejercicios de
movilidad del miembro superior y técnicas
de relajacién. El grupo control no recibié
tratamiento o informacidn alguna. Tras el
periodo experimental, los resultados del
estudio demostraron que el programa
proporciond un efecto significativo en la
disminucién del volumen del brazo
afectado y mejoras en la movilidad del
hombro, estado de dnimo y calidad de vida,
aunque el efecto disminuyé con el

seguimiento de tres meses.
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En 2011, Hegel et al'™ estudiaron la
viabilidad de realizar un ensayo clinico
controlado y aleatorizado en la mejora de
secuelas funcionales en poblacién rural
(n=31), mediante una intervencién
telefénica de resolucién de problemas y
terapia  ocupacional, mostrando la
viabilidad del estudio. A pesar de Ila
aclaracién en el titulo del trabajo de
mujeres SCM, no queda claro a lo largo del
estudio si se consideré el criterio de
superviviencia de haber finalizado el
tratamiento activo, ya que parece intuirse
que fueron participantes recibiendo
quimioterapia durante la fase experimental
del mismo. Posteriormente en 2015, el
mismo grupo de investigacién publicaba
los resultados de este ensayo clinico, con el
mismo tamafio muestral, pero con un
disefio cuasiexperimental pre-post!®® 1%, La
intervencion consistid en nueve sesiones
telefénicas de las que seis se realizaron una
vez por semana durante seis semanasy tres
fueron de seguimiento mensual. Estas
sesiones siguieron la guia de resolucién de
problemas basada en el Modelo de Persona,
Entorno y Ocupacidn, que incluye seis
pasos: 1) identificiacion de ocupaciones
significativas, 2) establecimiento de metas,
3) lluvia de ideas de posibles soluciones, 4)
andlisis de soluciones y su viabilidad, 5)
eleccidn de soluciones y 6) implementacién
de las soluciones. Encontraron un efecto
principal significativo en la mejora de la
calidad de vida general, el afrontamiento
activo, planificacién y disminucién del

sentimiento de culpabilidad.
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En conclusidn, a pesar de que la terapia
ocupacional ha demostrado eficacia en
patologias o secuelas similares a las que
puedan aparecer en las mujeres SCM
mediante ensayos clinicos controlados y

aleatorizados™%1%

, en general, la evidencia
cientifica existente sobre intervenciones de
terapia ocupacional en esta poblacidn es
escasa y no concluyente. Los estudios
analizados carecian de poder estadistico,
presentaban tamafios de muestra muy
limitados o se centraban en pruebas de
viabilidad en lugar de evaluar el efecto
general de las intervenciones, 'y
presentaban problemas de reclutamiento o
pérdidas en el seguimiento. Sin embargo,
también indican que es factible llevar a
cabo intervenciones de rehabilitacién
basadas en esta disciplina en poblacidn con
cancer. Todo esto sugiere que la evidencia
actual de la terapia ocupacional oncoldgica,
en este caso centrada en el cincer de mama,
se encuentra aun en una fase de desarrollo

muy prematura, planteando nuevos retos de

investigacion.
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OBJETIVOS

Los objetivos principales de esta Tesis
Doctoral Internacional fueron: disefar,
desarollar, validar e implementar en un
contexto clinico real un sistema mévil de
salud de monitorizacion del balance
energético (BENECA) en SCM (Seccion 1);
desarollar un programa presencial de
rehabilitacidon de terapia ocupacional para
mujeres supervivientes de cancer de mama,
y examinar la eficacia de una estrategia de
soporte integral (programa de
rehabilitacidn de terapia ocupacional junto
con el uso del sistema mdvil de salud) frente
al uso del sistema mdvil exclusivamente,
para mejorar la calidad de vida de de
supervivientes de cdncer de mama a corto'y

largo plazo (Seccidn 2).

Para responder a estos objetivos, esta Tesis
estd organizada en cinco estudios,
basdndose en los siguientes objetivos

especificos:

Seccién 1: Balance ENErgético en CAncer
(BENECA).

1. Estudio I. Desarrollar y estudiar
la fiabilidad del sistema mévil de
salud BENECA, comprobando la
capacidad del sistema en relacidén
con pruebas gold estdndar en dieta
y actividad fisica.

2. Estudio II. Estudiar la factibilidad
en una situacion clinica real del
sistema mdvil de salud BENECA
en términos de reclutamiento,
aceptacion, uso, adherencia vy

satisfaccién; y examinar el efecto

OBJETIVOS/ AIMS

del uso de la aplicacién en la
calidad de vida, la composicién
corporal y la actividad fisica de
mujeres superivivientes de cdncer
de mama.

3. Estudio IIl. Explorar la posible
relaciacion entre el uso de una
aplicacién mévil de salud de
monitorizacién del equilibrio
energético y la reduccion de la
inflamacidn sistémica en mujeres
supervivientes de cdncer de
mama.

Seccidén 2: Programa integral de soporte a

supervivientes de cdncer de mama.

4. Estudio IV: Diseiar la estrategia
de soporte integral para mujeres
supervivientes de cdncer de mama
basada en la aplicacién mdvil de
salud BENECA y un programa de
rehabilitacion  presencial  de
terapia ocupacional.

5. Estudio V: Comparar la eficacia
clinica de la aplicacién mévil de
salud BENECA frente a la
estrategia integral de soporte que
incluye también el programa de
rehabilitacion  presencial  de

terapia ocupacional, en la mejora

de la calidad de vida y la
funcionalidad de mujeres
supervivientes de cdncer de

mama.
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AIMS

The major aims of the present International
Doctoral Thesis were: design, develop,
validate and implement in a real clinical
context a mobile health system for energy
balance monitoring (BENECA mHealth) in
breast cancer survivors (Section 1); develop
a  supervised occupational therapy
rehabilitation program for breast cédncer
survivors, and examine the effectiveness of
an integral support strategy (occupational
therapy rehabilitation program together
with the use of the mobile health system)
versus the use of the mobile system
exclusively, to improve quality of life of
breast cancer survivors in short and long

term (Section 2).

To meet these aims, the present Thesis is
organized in five studies, based on the

following specific aims:

Section 1: Energy Balance on Cancer
(BENECA):

1. Study L. To develop and study the
reliability of the mobile health
system BENECA, checking the
capacity of the system in relation
to gold standard tests in diet and
physical activity.

2. Study IL. To study the feasibility in
a real clinical situation of the
mobile health system BENECA in
terms of recruitment, acceptance,
use, adherence and satisfaction;
and to examine the effect of using

the application on quality of life,

OBJETIVOS/ AIMS

body composition and physical

activity of breast cancer survivors.

3. Study IIL. To explore the possible

relationship between the use of a

mobile health application for

energy balance monitoring and

the reduction of systemic

inflammation in breast cancer
Survivors.

Section 2: Integral support strategy for

breast cancer survivors.

4. Study IV: To design the integral
support strategy for breast cancer
survivors based on the mobile
health application BENECA and a
supervised occupational therapy
rehabilitation program.

5.  Study V: To compare the clinical
efficacy of the mobile health
application BENECA versus the
integral support strategy that also
includes the supervised

occupational therapy program, on

improving the quality of life and
functionality of breast cancer

survivors.
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Table 1: Summary of the characteristics of the published articles included in the present

International Doctoral Thesis.

Article Design Participants Variable Studied
Section 1: Energy Balance on Cancer
I. Monitoring Energy ~ Descriptive 20 BCS, 11 Physical activity

Balance in Breast test-restest

Cancer Survivors reliability
Using a Mobile App:  study
Reliability Study

II. A Mobile System Prospective

to Improve Quality of  test-restest

Life Via Energy quasi-
Balance in Breast experimental
Cancer Survivors

(BENECA mHealth):

Prospective Test-

study

Retest
Quasiexperimental
Feasibility Study

II1. Mobile health
strategy and

Prospective

test-restest

biological changesin  quasi-
breast cancer experimental
survivors: a possible study

association?

right breast
affected side;
age: 47.5+7.07
years; BMI:
26.51+3.06
kg/m?.

80 BCS; age:
51.80+8.64
years; BMI:
29.11+4.77
kg/m?.

73 BCS; age:
51.35+8.58
years; BMI:
28.86+8.58
kg/m?.

(accelerometry).

Dietary Habits (24-hour
dietary recalls and dietary

records).

Adoption, usage and

Attrition rates

Quality of BENECA mHealth
(MARS).

Barriers and Facilitatos if use

Quality of life (EORT QLQ-
C30).

Self-Efficacy and Motivation
in Relation to Physical
Activity (EAF).

Physical activity

(accelerometry).

Body Composition (DXA).
Salivary inflammatory
markers (IL-6 and CRP).

Quality of life (EORT QLQ-
C30).

Quality of BENECA mHealth
(MARS).

Physical activity

(accelerometry)

Weigh and Height
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Section 2: Integral suport strategy in Breast Cancer Survivors

IV. Integral strategy
to supportive care in
breast cdncer
survivors through
occupational therapy
and a m-Health
system: design of a
randomized clinical
trial.

Mobile health and
supervised
rehabilitation versus
mobile health alone
in breast cancer
survivors: randomized

controlled trial

Protocol Study
ClinicalTrials
ID:
NCT02817724

Assessor-
blinded
randomized
controlled

study

80 BCS; 40 in
Integral group
(BENECA +
OT supervised
rehabilitation
program) and

40 in BENECA
group.

80 BCS; age:
51.80+8.64
years; BMI:
29.11+4.77
kg/m?.

Quality of life (EORT QLQ-
C30 and BR23).

Body Composition (DXA).

Muscular strength

(dynamometry).

Upper body functionality
(DASH).

Active range of motion
(goniometry).

Cognitive function (WAIS-IV
and TMT).

Anxiety and depression
(HADS).

Physical fitness (VREM, EAF

and Accelerometry).
Lymphedema (upper body
volume).

Quality of life (EORT QLQ-
C30 and BR23).

Upper body functionality
(DASH).

Active range of motion
(goniometry).

Muscular strength

(dynamometry).

Body Composition (DXA).

Abbreviations: BCS, breast cancer survivors; BMI, body mass index; CRP, C-reactive protein; DASH,

Disabilities of the Arm, Shoulder and Hand questionnaire; DXA, dual-energy X-ray absorptiometry; EAF,
Self Efficaty Scale for Physical Activity; EORT QLQ-C30/BR23, European Organization for Research and
Treatment of Cancer Quality of Life Questionnaire Core 30 / Breast Cancer Module 23; HADS, Hospital

Anxiety and Depression Scale; DIL-6, Interleukin 6; MARS, mobile app rating scale; mHealth, mobile health;
TMT, trail making test VREM, short version of the Minnesota Leisure Time Physical Activity; WAIS-1V,
Wechsler Adult Intelligence Scale.
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METHODS, RESULTS & DISCUSSION

Study I. Monitoring Energy Balance in Breast Cancer Survivors
Using a Mobile App: Reliability Study

Abstract

Background: The majority of breast cancer
survivors do not meet recommendations in
terms of diet and physical activity. To
address this problem, we developed a
mobile health (mHealth) app for assessing
and monitoring healthy lifestyles in breast
cancer survivors, called the Energy Balance
on Cancer (BENECA) mHealth system. The
BENECA mHealth system is a novel and
interactive mHealth app, which allows
breast cancer survivors to engage
themselves in their energy balance
monitoring. BENECA was designed to
facilitate adherence to healthy lifestyles in

an easy and intuitive way.

Objective: The objective of the study was to
assess the concurrent validity and test-
retest reliability between the BENECA
mHealth system and the gold standard
assessment methods for diet and physical

activity.

Methods: A reliability study was conducted
with 20 breast cancer survivors. In the
study, tri-axial accelerometers
(ActiGraphGT3X+) were used as gold
standard for 8 consecutive days, in addition
to 2, 24-hour dietary recalls, 4 dietary
records, and sociodemographic
questionnaires. Two-way random effect
intraclass correlation coefficients, a linear
regression-analysis, and a Passing-Bablok

regression were calculated.

Results: The reliability estimates were very
high for all variables (alpha=.90). The lowest
reliability was found in fruit and vegetable
intakes (alpha=.94). The reliability between
the accelerometer and the dietary
assessment instruments against the
BENECA system was very high (intraclass
correlation coefficient=.90). We found a
mean match rate of 93.51% between
instruments and a mean phantom rate of
3.35%. The Passing-Bablok regression
analysis did not show considerable bias in
fat percentage, portions of fruits and
vegetables, or minutes of moderate to

vigorous physical activity.

Conclusions: The BENECA mHealth app
could be a new tool to measure energy
balance in breast cancer survivors in a
reliable and simple way. Our results
support the use of this technology to not
only to encourage changes in breast cancer
survivors' lifestyles, but also to remotely

monitor energy balance.
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Introduction

Although the relationship between diet,
physical activity, and health is widely
known, excess energy intakes (diet) and
sedentary lifestyles are common negative
habits in cancer survivors [1]. This energy
imbalance may not only be highly
associated with the increased risk of
incidence of some of the most frequent
types of cancer, but they may also be
determinants in the appearance of new
cancers, the increase of relapses, and even

mortality due to cancer [2,3].

International  guidelines for cancer
survivors include maintaining a healthy
weight, limiting the consumption of high-
calorie foods, and engaging in physical
activity [4,5], together known as energy
balance. Unfortunately, only 20% to 32% of
cancer survivors adhere to these standards
[6,7]. Thus, the development of feasible,
reliable, and accurate diet and physical
activity assessment methods, as well as the
promotion of cost-effective personalized
behaviors are necessary to improve

adherence to healthy lifestyles.

Currently, the gold standard instruments
for measuring physical activity levels and
diet in different populations include
accelerometry and direct observation, daily
records, and 24-hour dietary recall,
respectively [8,9]. Despite their widespread
use, new evaluation strategies are necessary
to ensure that they (1) are less time
consuming for patients and researchers;
and (2) do not require the presence of a

specialist.
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Information and communication
technologies are emerging as new methods
to accurately and remotely evaluate
different pathological processes [10-13],
including oncology [14]. Literature has
reported the use of electronic health
(eHealth) tools that collect data on or that
promote healthy lifestyles using the
internet and Web-based programs [15-20].
Even though some eHealth programs were
used in studies with patients with cancer
[21-24], none of them quantified energy

balance.

Mobile health (mHealth) apps offer many
advantages over eHealth systems, including
(1) instantaneous and personalized
feedback; (2) self-directing data collection;
(3) user-friendly interfaces; (4) evaluator
bias reductions; and (5) lower costs by
reducing face-to-face procedures [25]. To
date, several mHealth apps have been
developed to promote healthy lifestyles in
the general population [26-30], and for some
pathologies, such as cardiac rehabilitation
[31], weigh loss interventions for
endometrial carcinoma [32], and exercise
and nutrition counseling for breast cancer
survivors [33]. However, no mHealth app
has been developed specifically for breast
cancer survivors that simultaneously
records energy balance (intake and physical

activity) and provides immediate energy

balance feedback.

The Energy Balance on Cancer (BENECA)
mobile app, developed to help breast cancer
survivors  overcome energy balance
challenges, aims to motivate and sensitize

breast cancer survivors to adhere to fully



personalized physical exercise programs
and nutritional plans in compliance with
the international guidelines for cancer
survivors. Here, we describe the
development of the BENECA system, its
test-retest reliability, and concurrent
validity against the gold standard methods

to assess diet and physical activity.

Methods

Overview

A descriptive reliability study was used to
test inter- and intrarater responses for a
novel mhealth assessment app for energy
balance in breast cancer survivors. The app,
BENECA mHealth system, was developed
by the CUIDATE research group.

Participants,
Procedures

Sample, and

Breast cancer survivors were enrolled from
the Complejo Hospitalario Universitario in
Granada, Spain, following their
oncologist’s suggestion to join the test-
retest reliability study between September
2016 and December 2016. Cancer survivors
were eligible if (1) they had been diagnosed
with breast cancer (estrogen-receptor-
positive [ER+]); (2) had a body mass index
(BMI) higher than 25 kg/m2; (3) were
between 30 and 75 years old; (4) had basic
abilities to use mobile apps; and (5) had
completed their cancer treatment (adjuvant
therapy) at least 6 months prior. The
participants were excluded if they had
chronic diseases or orthopedic issues that
could interfere with their ability to walk.

The project followed the Declaration of

METHODS, RESULTS & DISCUSSION

Helsinki guidelines and Law 14/2007 on
biomedical research [34]. The study was
approved by the local ethics committee of
the Andalusian Health Service. All
participants provided written informed

consent.

A total of 20 patients was estimated to be
necessary to achieve 90% power, to identify
a correlation coefficient of 0.8 between the
evaluation methods (gold standard versus
the BENECA mHealth app), and to have an
alpha error of 5%. Previous studies on the
agreement between remote assessment
methods had comparable sample sizes
[12,14,35]. Taking into account potential
study dropouts, 25 patients were invited to
participate in this study. A pilot study was
carried out with 10 healthy participants to
develop, test, and improve the BENECA
mHealth system. The data from the pilot

study were not included in this study.

The participants attended the Sport and
Health Center in Granada. A member of the
research team downloaded the BENECA
mHealth system app to the patient's mobile
phone. The patients were asked to use the
mHealth app at least once in the presence
of a research team member to ensure the
correct use of the system and ask questions
if needed. Each participant was also
equipped with a tri-axial accelerometer
(ActiGraphGT3X+, Pensacola, FL, US). A
specialized nutritionist with 3 years of
experience with patients with cancer
recorded the participant's
sociodemographic data and their diet from
the previous day using 24-hour dietary

recalls. The participants also received 4
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daily dietary record questionnaires, which
they completed on 4 of the working days.
When necessary, a member of the
CUIDATE group telephoned participants
if they were having difficulties with the
BENECA mHealth system.

Gold Standard Methods

Physical Activity

An accelerometer was used to assess the
level of physical activity of the participants
following a previously published protocol
[36]. The patients received a daily
questionnaire and were equipped with pre-
programmed  accelerometers  (tri-axial
ActiGraphGT3X+,

Pensacola, FL, US). They were instructed to

accelerometer,

wear the accelerometer for 24 hours for 8
consecutive days. Only records obtained
from 4 or more days of use (excluding the
first day) and at least 10 hours of recording
(1-minute intervals) per day were analyzed.
The accelerometer data were blinded to the

participants.

Dietary Habits

The gold standard method for measuring
diet is direct observation. However, in this
study, direct observation of the
participants’ dietary habits was not
feasible. Therefore, together with the diet
information, 24-hour dietary recalls and
dietary records were used as references [9].
With 4dietary records and 2, 24-hour
dietary recalls, the intake of 6 days, with 5
eating occasions per day, could be

collected.
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Twenty Four-Hour Dietary Recalls

The 24-hour dietary recalls were obtained
through interviews. The participants did
not know in advance when they would be
contacted. The specialized nutritionist
asked, either in person or by phone [37],
about their dietary intakes on the previous
day. On the day of the evaluation, an
dietitian)
detailed

information on the diet in the preceding 24

interviewer (trained

systematically collected
hours. The nutritional value (energy and
macronutrients) was evaluated using the
Alimentacién y Salud software, version 2.0
(Instituto de Nutricién, Universidad de

Granada, Spain).

Dietary Records

Due to their validity, dietary records are
considered one of the best systems to
evaluate dietary intake. These records are a
kind of diary in which the patient must log
all the food and beverages consumed during
a full day [9]. Four dietary records were
completed, coinciding with the

accelerometer wearing time.

Description of the BENECA Mobile
Health System

The BENECA system was developed by the
CUIDATE group, which consists of
physiotherapists, occupational therapists,
physical activity professionals,
nutritionists, and a sports physician.
BENECA is a native-Android mobile app
(Figure 1), with a commercial server and

centralized data storage. Its internal



technological development has been

described previously [38].

On first use, the users of the app record
their personal and anthropometric data,
such as weight, height, age, and type of
cancer. They are then asked to record what
they ate (every item) and what they did (in
terms of physical activity) the day before.
Regarding intake, BENECA uses a dietary
record questionnaire, structured with 6
consumption times. On each day, for each
period, users report all food and beverages
taken. The app limits the food and drink
options that can be selected, based on an
internal, predefined list adjusted from the
Spanish food database (Agencia Espafiola
de Seguridad Alimentaria y Nutricion/Base
de Datos Espafiola de Composicién de
Alimentos v1.0; 2010). The users are asked
to record the most alike possibility offered
if the food or drink is not on the predefined
list.

The BENECA mHealth system was created
from the validated Spanish version of the
Minnesota Leisure-time Physical Activity

Questionnaire [39]. The patients can record

METHODS, RESULTS & DISCUSSION

the activities completed during the day
(intensity and duration), from 3 possible
time periods (morning, afternoon, and
evening). BENECA only records those
activities that have a duration of at least 10
minutes. Internally, the app assigns a
metabolic equivalent value (MET) to each
activity based on the Compendium of

Physical Activities [40].

Once the diet and physical activity are
the

straightforward notification about their

recorded, users receive a daily
energy balance, detecting if there has been
an imbalance. Moreover, considering their
individual profile and the information
entered onto the BENECA mHealth app,
the users can also obtain physical activity
and dietary recommendations based on the
guidelines of the World Cancer Research
Fund International (WCRF), the strategies
for physical activity and diet in patients
with cancer from the American College of
Medicine [41], the

recommendations of the American Cancer

Sports and
Society [42]. A tutorial video of the
BENECA mHealth app can be found in
Multimedia Appendix 1.

Figure 1. Screenshots of the Energy Balance on Cancer (BENECA) mobile health system.
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Statistical Analysis

For each outcome measure—minutes of
moderate-to-vigorous physical activity,
number of portions of fruits and vegetables,
and percentage of fat—the agreement
between gold standard assessment methods
and the mHealth system was calculated. To
evaluate a systematic change in the mean
(bias) from test to retest, the mean
difference with 95% CI was used. Moreover,
we used 2-way random effect intraclass
correlation coefficients (with their CIs) to

the interrater reliably trials.

The agreement between diet (foods and
drinks) recorded by BENECA and those
reported in gold standard diet evaluation
approaches were estimated based on the
analysis reported previously by Hillier et al
[10,11]. Match rates (food or drink items
reported in gold standard methods that had
also been recorded by the BENECA
mHealth system), and phantom rates (items
reported in gold standard methods that had
not been recorded by the BENECA
mHealth system), were calculated following

the formulas described by Hillier et al [10].

Mean daily values of percentage of fat,
portions of fruits and vegetables, and
moderate-to-vigorous  physical activity
reported by BENECA were calculated for a
concurrent validity analysis. The accuracy
of the mHealth system was calculated using
a linear regression analysis, and the
correlation coefficient was determined.
Finally, a Passing-Bablok regression was

used to
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control bias [10]. IBM SPSS version 20 was
used for all analyses (IBM Statistical
Program for Social Sciences SPSS Statistic,
Corp., Armonk, NY), and XLSTAT was
used for Apple computers (2016 version,
Addinsoft SARL).

Results

Test-Retest Reliability

The data obtained with each assessment
method (gold standard versus BENECA
mHealth system), and the mean differences
are shown in Table 1. The mean difference
of each outcome measure (gold standard
versus BENECA mHealth system) and its
alpha reliability estimate are also shown in
Table 1. The reliability estimates in all
analyses were high (alpha=.90); portions of
fruits and vegetables achieved the lowest
reliability estimate with an alpha value of
.94. The interrater intraclass correlation
coefficients for each gold standard method
and the BENECA mHealth system showed
evidence of very good interrater reliability
coefficient=.90)

(intraclass  correlation

(Table 1).

Concurrent Validity

A total of 21 breast cancer survivor
participants were recruited for this study.

Of the participants, 1 (1/21, 5%) could not be
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Table 1. Cronbach alpha reliability estimates and interrater reliability between the gold standard measurement and the Energy Balance on Cancer

(BENECA) mHealth system. ICC: intraclass correlation coefficient.

Variable Mean difference between methods in  Cronbach alpha reliability Interrater reliability ICC
units of measurement, 95% CI estimate interrater
p? 95% CI
Percentage of fat
Total 0.15(-1.44 to 1.74) 956 916 0.80 to 0.97
Dietary record 1.32(0.23t0 2.4) 957 918 0.81 t0 0.97
24-hour dietary recall 0.29 (-0.99 to 1.59) 985 971 0.93 t0 0.99
Portions of fruits and vegetables
Total 0.01 (-0.22 to 0.23) .982 964 0.91 to 0.99
Dietary record -0.07 (-0.44 to -0.30) .948 901 0.77 to 0.96
24-hour dietary recall 0.26 (-0.11 t0 0.63) 970 941 0.85t0 0.97
Minutes of moderate-to-vigorous physical activity ~ 8.89 (6.16 to 11.64) 991 982 0.95 to 0.99

3CC (p) was calculated using a 2-way mixed effect model.

included in the final sample because the
Android version of her phone was not
compatible with the BENECA system.
Therefore, the final study sample consisted
of 20 participants, with a mean age of 47.5

(SD 7.07) years.

The mean BMI of the sample was 26.51 (SD
3.06) kg/m2. Of the participants, 12 (12/20,
60%) had higher education, of which only 2
(2/20, 10%) had sick leave. The most
commonly affected side was the right
breast (11/20, 55%), and both breasts were
affected in only 10% (2/20) of the survivors.
Most of the participants were right-handed
(18/20, 90%). Of the participants, 55% (11/20)
had stage II breast cancer, and 20% (4/20)
had stages I and IIIA.

A unilateral mastectomy and a lumpectomy
had been performed on 40% (8/20) and 50%
(10/20) of the participants, respectively.
Only 2 (10%, 2/20) participants underwent a
bilateral mastectomy. In addition, 75%
(15/20) received postsurgical adjuvant
radio-chemotherapy, and 75% (15/20) were
also receiving hormonal therapy (the

estrogen receptor antagonist tamoxifen).

Compliance with Methods

Paired data for the comparison between the
BENECA mHealth system and the dietary
records or accelerometer were collected for
all participants. The compliance rates for
all assessment methods were very high. All
participants completed the BENECA
system on the 6 requested days. In addition,
18 participants (90%, 18/20) completed the
BENECA system on more days than
requested. Similarly, compliance with the
gold standard assessment methods was
100%. Breast cancer survivors completed
the 4 dietary records and the 2, 24-hour
dietary recalls; they also wore the
accelerometer for the 8 requested days.
Compliance with the accelerometer was
very good; there were no incomplete sets of
data, and the participants did not report any
problems with the device (ie, allergic skin

reactions).

The BENECA mHealth system showed
excellent agreement with both dietary
evaluation approaches (Table 2). The
dietary records and 24-hour dietary recalls

showed high match rates and low phantom
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rates. There were 30 intake times and 1630
diet items recorded; only 106 items were not
recalled in the BENECA system (omitted or
forgotten). “Vegetables” was the most
frequently ignored item, followed by
biscuits and crisps. Of the total, there were
21 (1.29%, 21/1630) occasions in which the
food was not available on the BENECA
system. In most of these cases the food
items were replaced by an appropriate
alternative from the BENECA food option
list. However, some food items, such as
“couscous,” were not replaced, and the
choices were entered as “matches” for
replaced items. Fifty nine “phantom” items
were recorded in the BENECA system
without being recorded in the gold

standard dietary assessment methods, with

biscuits and sweets being the most

« »
common phantom 1tems.

No significant differences were found
between the BENECA mHealth system and
the gold standard assessment methods
regarding percentage of fat compared to

the 24-hour dietary recall (Table 3).

The linear regression analysis revealed
coefficients of .93 (95% CI 0.88-1.34), .97
(95% CI 0.86-1.10), and .92 (95% CI 0.74-
1.14), with respect to percentage of total fat,
24-hour dietary recalls, and dietary records,
respectively. The coefficients for the
portions of fruits and vegetables consumed
were .97 (95% CI 0.95-1.22) for the total
means, .94 (95% CI10.82-1.19) for the 24-hour
dietary recalls, and .93 (95% CI 0.59-0.86) for

Table 2. Food item agreement between the Energy Balance on Cancer (BENECA) app and the gold standard dietary instruments.

Day Match rate Phantom rate
Dietary record (%)

1 94.41 5.63

2 88.87 2.53

3 89.04 2.02

4 94.01 19.10

Mean (SD) 91.58 (9.55) 7.32 (14.96)
24-hour dietary recall (%)

1 (working day) 97.82 1.46

2 (holiday) 98.61 2.69

Mean (SD) 98.21 (2.68) 2.08 (2.88)
Global, mean (SD) 93.51 (6.36) 3.35(433)

Table 3. Agreement between the Energy Balance on Cancer (BENECA) mHealth system and each gold standard assessment method.

Variable BENECA mHealth System, Gold standard method, Difference of means 95% Cl

mean (SD)

mean (SD)

Percentage of fat
Total 38.46 (8.97)
Dietary record 37.44 (5.81)
24-hour dietary recall 38.17 (11.50)

Portions of fruits and vegetables

Total 3.66 (1.91)
Dietary record 3.09 (1.56)
24-hour dietary recall 3.89(2.24)

Minutes of moderate-to-vigorous physical activity ~ 85.51 (23.07)

38.61(7.59) -0.15 -1.74to 1.44
38.76 (5.69) -1.32 —2.411t0-0.23
38.47(11.38) -0.29 -1.59t0 0.99
3.66 (1.71) -0.01 —0.24t00.22
3.03 (1.96) 0.07 —0.30 to 0.44
4.15(2.10) -0.26 -0.63 t0 0.11
86.91(22.57) -1.40 -3.34t00.55
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Table 4. Passing-Bablok regression variables of the Energy Balance on Cancer (BENECA) mHealth system versus the 24-hour dietary recall, dietary

records, and accelerometer.

Variable Slope 95% CI Intercept 95% CI
Percentage of fat
Total 1.22 1.03 to 1.65 -1.85 —24.58 to
-1.19
Dietary record 1.05 0.87to 1.38 -2.84 -15.28t04.13
24-hour dietary recall 1.04 0.92 to 1.20 -1.17 -8.19t02.94
Portions of fruits and vegetables
Total 1.11 0.98 to 1.20 -0.27 —0.58 t0 0.02
Dietary record 0.84 0.70 to 1.05 0.61 -0.01to 1.07
24-hour dietary recall 1.05 0.86 to 1.25 -0.19 -1.19t0 0.45
Minutes of moderate-to-vigorous physical activity 0.97 0.87 to 1.07 11.2 1.37t0 16.93

the dietary records. The model also showed
a coefficient of .98 (95% CI 0.91-1.09) for the
minutes of moderate-to-vigorous physical

activity.

The Passing-Bablok regression analysis did
not show considerable bias in percentage of
fat (dietary record and 24-hour dietary
recall), or portions of fruits and vegetables
(Table 4). Only in terms of the percentage of
total fat and minutes of moderate-to-
vigorous physical activity did the analysis
reveal a fixed bias without a substantial
proportional bias. However, a substantial
proportional bias, but not substantial fixed
bias, was revealed when analyzing the
percentage of total fat or moderate-to-
activity in each

vigorous  physical

assessment method (Table 4).

Discussion

Principal Results

The BENECA mHealth system can be used
to assess the energy balance behaviors in
survivors. It is a

breast cancer

straightforward, fast, and consistent
assessment system, as shown by the results

presented here. Although the BENECA

mHealth system has been validated for use
in breast cancer survivors, it could be used
with other cancer survivors (ie, prostate or
colon) because it is based on International

Guidelines.

Comparison with Prior Work

The results of this study highlighted the
positive agreement between the BENECA
mHealth system and daily, 24-hour dietary
recalls, as well as accelerometer data (high
match rate, low phantom rate). Moreover,
intraclass correlation coefficient data
suggested satisfactory reliability, with high
coefficients for the average of the
measurements. To our knowledge, since
this is the only strategy that has been
developed to assess energy balance in
cancer survivors, it is difficult to compare
our results to other investigations. Hillier et
al (2012) designed SNAPA, a Web-based
computer platform that can evaluate the
dietary and physical activity conducts in
grown-ups. However, our results were not
in agreement with this study, which had a
match rate of over 75% and a phantom rate
below 8.6%. Our results displayed greater a

match rate and a lesser phantom rate than
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other studies, which reported match rates
between 51% and 73% [10,11,15], and
phantom rates between 20% and 55%
[15,43]. One possibility is that these women,
who felt neglected after their medical
intervention, adhered better to new
technologies [44,45]. Nevertheless, the

protocols and evaluation were not similar.

Similar to what has been observed with the
SNAPA platform, the most commonly
forgotten food in the BENECA mHealth
system was “healthy” food, such as
vegetables or fruits. It could be that fruits
and vegetables were often forgotten
because of how the dietary questionnaire in
BENECA system was designed. The
participants had to introduce each food
separately making it easy to forget about
fruit and vegetable accompaniments. In
contract to our observations, there is a
collective perception that people tend to
record more “healthy” food and tend to
forget “unhealthy” food [10]. Moreover,
compared with other assessment methods
that use communications and information
technologies in different populations, the
BENECA mHealth system shows equal or
higher reliability [12-14].

Strengths and Limitations

One of the advantages of the BENECA
mHealth system is making the main gold
standard methods to assess diet and
physical activity readily available to
patients. Moreover, the BENECA mHealth
system is simple to install, compatible with
commonly-used Android systems (in the
future BENECA will be developed for 10S),
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and ease of access (Google Play Store in the
future). Importantly, an internet
connection is not required for its use.
Despite these advantages, participants
found it difficult to introduce the diet data
into the BENECA system, where the grams
of each individual food had to be entered.
Other disadvantages included: (1) a
requirement for basic mobile phone
capabilities; and (2) it is only available in
Spanish. Our goal is to address these
disadvantages and improve future versions

of the app.

Given that one of the inclusion criteria to
participate in the study was to be able to use
mobile apps, the average age of the
participants ~ was  relatively  young.
Technology capacity is more common in
younger breast cancer survivors, so perhaps
these results may not be generalizable to
older breast cancer survivors. Future
studies should be conducted to clarify this
issue, including a population with a higher

average age.

Clinical Implications

We believe it would be interesting to
combine BENECA with some objective
measurement instrument of physical
activity, such as an automatic monitoring
bracelet, in order to fully automate the
recording of physical activity. BENECA is
not only useful in clinical research to
evaluate the instantaneous energy balance,
but it could also be used as a tool to
remotely evaluate the time change in this
balance after different intervention
procedures.

procedures or  surgical



Moreover, BENECA could be used to
facilitate the incorporation of physical
exercise programs and healthy diet into the
care system of cancer survivors. It is
possible that the triangulation generated
between the methods used in this trial to
monitor physical activity and diet
(BENECA, accelerometers, professionals)
could have an educational and motivational
impact on the patient. However, due to the
simplicity of the app, not having to
combine it with other components could
produce even better results by decreasing
the time required to monitor physical
activity with accelerometers. Moreover, it
could promote patients’ autonomy from
health care professionals, lower sanitary
costs, and supply motivational support

through its real-time feedback system.

Conclusions

Our preliminary results showed that the
mHealth app BENECA may be a new tool
to measure physical activity and intake in
breast cancer survivors, in a reliable and
simple way. Not only will the real-time
feedback system used in BENECA enable
positive changes in the lifestyles of breast
cancer survivors, it can be used to motivate

them to maintain these changes over time.
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Study II. A Mobile System to Improve Quality of Life Via Energy

Balance in Breast Cancer

Survivors (BENECA mHealth):

Prospective Test-Retest Quasiexperimental Feasibility Study

Abstract

Background: Energy balance is defined as
the difference between energy expenditure
and energy intake. The current state of
knowledge supports the need to better
integrate mechanistic approaches through
effective studies of energy balance in the
cancer population because of an observed
significant lack of adherence to healthy
lifestyle recommendations. To stimulate
changes in breast cancer survivors’
lifestyles based on energy balance, our
group developed the BENECA (Energy
Balance on Cancer) mHealth app. BENECA
has been previously validated as a reliable

energy balance monitoring system.

Objective: Based on our previous results,
the goal of this study was to investigate the
feasibility of BENECA mHealth in an
ecological clinical setting with breast
cancer survivors, by studying (1) its
feasibility and  (2)

differences with regard to breast cancer

pretest-posttest

survivor lifestyles, quality of life (QoL), and

physical activity (PA) motivation.

Methods: Eighty breast cancer survivors
diagnosed with stage I to IIIA and with a
body mass index over 25 kg/m2 were
enrolled in this prospective test-retest
quasi-experimental study. Patients used
BENECA mHealth for 8 weeks and were
assessed at baseline and the

postintervention period. Feasibility main

outcomes included percentage of adoption,
usage, and attrition; user app quality
perception measured with the Mobile App
Rating Scale (MARS); satisfaction with the
Net Promoter Score (NPS); and barriers and
facilitators of its use. Clinical main
outcomes included measuring QoL with
the European Organization for Research
Cancer QoL
Questionnaire Core 30 (EORT QLQ-C30),

PA assessment with accelerometry, PA

and  Treatment of

motivation measure with a Spanish self-
efficacy scale for physical activity (EAF),
and body composition with dual-energy x-
ray absorptiometry. Statistical tests (using
paired-sample t tests) and Kaplan-Meier

survival curves were analyzed.

Results: BENECA was considered feasible
by the breast cancer survivors in terms of
use (76%, 58/76), adoption (69%, 80/116), and
satisfaction (positive NPS). The app quality
score did not make it one of the best-rated
apps (mean 3.71, SD 0.47 points out of 5).
BENECA mHealth improved the QoL of
participants (global health mean difference
[MD] 12.83, 95% CI 8.95-16.71, P<.001), and
EAF score (global MD 36.99, 95% CI 25.52-
48.46, P<.001), daily moderate-to-vigorous
PA (MD 7.38, 95% CI 0.39-14.37, P=.04), and
reduced body weight (MD -1.42, 95% CI
-197 to -0.87, P<.001). Conclusions:
BENECA mHealth can be considered
feasible in a real clinical context to promote

behavioral changes in the lifestyles of
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breast cancer survivors, but it needs to be
enhanced to improve user satisfaction with
use and functionality. This study highlights
the importance of the use of mobile apps
based on energy balance and how the QoL
of breast cancer survivors can be improved

via monitoring.

Introduction

There is a direct relationship between
energy imbalance and an increased risk of
not only multiple cancers but also cancer
mortality, and a worsening of the effects of
the disease [1-3]. Energy balance is defined
as the difference between energy
expenditure and energy intake [4]. Energy
intake that exceeds energy expenditure is
the main driver of weight gain; thus,
balancing both helps weight maintenance

[5].

A panel of experts from the International
Agency for Research on Cancer and the
World Cancer Research Fund agreed that
16 types of cancer are probably associated
with one of the more relevant consequences
of energy imbalance, excess fat
accumulation in the body, making obesity
the second leading cause of cancer
worldwide [1,6]. Moreover, since the first
decade of the 2000s, the scientific evidence
on the benefits of physical activity (PA) in
the quality of life (QoL) of cancer survivors
(known as “oncological exercise”) has
grown exponentially, generating dozens of
systematic reviews, several international
guidelines, and the recommendation to
include programs of exercise in cancer

survivors care [7]. Dietary and exercise
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interventions can alter the energy
imbalance associated with cancer and
potentially decrease the QoL of cancer
survivorship [5]. However, the literature
shows that despite strong evidence of this
association, an insurmountable barrier
prevails between “what needs to be done”
and “what patients really do,” observing a
significant lack of adherence to the

preceding interventions [1].

In today’s progressively technical world,
the use of mobile apps in smart devices has
become the norm. In the same way, patients
increasingly use therapeutic mobile apps
related to some form of cancer treatment
[8]. More than 2500 mobile apps are defined
as apps related to cancer, but this
relationship is peripheral or based on
unproven claims, such as apps for yoga and
naturopathy that claim to help prevent or
even cure cancer [9]. In 2017, 15% of studies
conducted worldwide were aimed at digital
health, with 75% of these studies being
conducted in the United States [9].
Recently, 539 apps were considered in a
systematic review, which concluded that
the effectiveness of most of them had not
been validated scientifically [8,10]. Duman-
Lubberding and colleagues [11] have
developed Oncokompas, an eHealth app to
facilitate access to supportive cancer care
and monitor cancer patients’ QoL [12],
specifically in the case of breast cancer [13].
Another study by Gietema and colleagues
[14] assessed the feasibility of the
Runkeeper app to improve the level of PA
of cancer patients. They concluded that

there is a need to increase research in the



area. Different studies and meta-analyses of
cancer patients show the benefits of
mHealth, which include reducing fatigue or
pain [15,16], distance PA programs with
inconclusive results for and against [17-19],
the use of social networks by patients of
some types of cancer to improve QoL [20],
and monitoring of symptoms [21,22].
However, none of these studies refers to
monitoring and providing high-quality
research feedback to restore the energy
balance in cancer patients. The only
references found in this field were in
healthy populations [23,24], children and
adolescents [25], pregnant women [26],
hospitalized patients [27], and cardiac
surgery [28] and diabetes [29] patients.
Furthermore, monitoring using globally
extended systems, such as Fitbit
wristbands, is being questioned [30]. A
recent systematic review of 67 studies
concluded that, except for the measurement
of steps in adults, there are a limited
number of situations in which these devices
provide accurate measurement for use in
research [30].

In an attempt to stimulate changes in
breast cancer survivors’ lifestyles based on
energy balance, we developed the BENECA
mHealth app: Energy Balance on Cancer
[31,32]. BENECA mHealth aims to monitor
the energy expenditure and energy intake
of breast cancer survivors and provide
instantaneous, simple, and clear feedback
on the users’ energy balance, along with
recommendations on how to improve it.
This strategy was based on a recent

systematic review of behavior change
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techniques for increasing PA in cancer
survivors [33], as well as another study
carried out by Hillier et al [34], who
developed a Web-based program to assess
energy balance in healthy adults. The first
essential step, to develop and validate our
tool, was to ensure the reliability of the
BENECA mHealth monitoring system. The
results of our previous study showed that it
is a direct, rapid, and consistent evaluation
system [32]. Based on these results, the goal
of this study was to investigate the
feasibility of BENECA mHealth in an
ecological setting with a population of
cancer survivors after they are discharged

from their oncology treatment.

This involved studying the adoption of the
app, its usage, user app quality perception,
and the barriers and facilitators of its use.
In addition, we gained insight into pretest-
posttest differences with regard to breast
cancer survivors’ lifestyles, QoL, and PA
motivation. This investigation was based
on the hypothesis that using the BENECA
mHealth app for 8 weeks would help
increase the motivation of breast cancer
survivors to adhere to healthier lifestyles,

thereby improving their QoL.

Methods

Study Design and Patient
Recruitment

A prospective test-retest quasi-

experimental study was carried out with 80
breast cancer survivors. The breast cancer
survivors were selected based on the

following eligibility criteria: (1) breast

n
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cancer stage I, II, or IIIA, (2) 30 to 75 years
old, (3) body mass index (BMI) over 25
kg/m2, (4) wuser-level skills for app
management, and (5 completed the
adjuvant treatment at least 6 months before
being included in the study. Eligible
participants were excluded if they had
mental or physical health conditions that
prevented them from walking and/or
participating in the assessment or if they
did not sign the informed consent form. In
addition, participants had to have access to
a mobile device or tablet with an internet
connection and an Android operating
system. The research team loaned out two
devices in cases where this was not possible
or the operating system was incompatible
with the app. All participants were
recruited through the oncology unit from
the University Hospital Complex of
Granada, Spain, after being informed about
the study and being referred by their
respective  oncologist. ~ All  eligible
participants were contacted via telephone,
screened using the inclusion and exclusion
criteria, and if they were interested in
participating, cited for the baseline

assessment.

This study was approved by the ethics
committee of the Andalusian Health
Service (FIS, PI114-01627; Granada, Spain)
and it was performed in accordance with
the Helsinki Declaration for biomedical
(14/2017)  [35].

completed informed consent forms before

research Participants

the assessment.
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BENECA mHealth

The CUIDATE research group developed
the Energy Balance on Cancer (BENECA)
mHealth app to monitor and provide
feedback to breast cancer survivors on
healthy eating and PA. A description of the
BENECA mHealth System [31,36] and a
reliability study for the same [32] were
previously published. After the baseline
assessment was performed, a member of
the research group downloaded the app on
a patient’s mobile phone and taught them
how to use it. The patient then had to prove
that she understood the instructions by
using the app in the presence of the
researcher. Patients had to use BENECA
mHealth for 8 weeks during the study.
Physical activity (duration and intensity)
and diet (food and drink intake) data were
recorded via the app (self-recorded). Intake
was recorded using a dietary record
questionnaire; BENECA is structured with
six consumption times. On each day, for
each period, users report all food and
beverages consumed. For PA, BENECA
incorporated the Minnesota Leisure-time
Physical Activity Questionnaire. Patients
had to record intensity and duration of
activities each day; BENECA only recorded
those activities with a duration of at least 10
minutes. Using this information, the app
sent a notification to the user of their daily
energy balance, offering recommendations
on diet and PA, which were based on the
guidelines of the World Cancer Research
Fund International, the strategies for PA
and diet in patients with cancer from the

American College of Sports Medicine [37],



and the recommendations of the American
Cancer Society [38]. Users receive a
straightforward daily notification if there
has been an energy imbalance; any
difficulties in handling the app were
resolved via calls and text messages
between the researcher and patient
(Multimedia Appendix 1). BENECA had
been developed based on the theories of
learning, Goal-Setting Theory, and Social
Cognitive Theory to include techniques
such as reinforcement, facilitation, self-
monitoring, goal setting, feedback on
performance, and reviewing goals, which
have demonstrated to be promising in
increasing PA in different populations
[33,39]. A video tutorial was made available

to the patients to review the use of the app.

Outcome Measures

Patient demographic and clinical data were
obtained at the beginning of the study
using a study-specific survey. Baseline data
were gathered at the start of the study and
again after 8 weeks of using BENECA
mHealth. The outcomes measured are

presented subsequently.

Feasibility of Main Outcomes

BENECA mHealth was considered feasible
for use by breast cancer survivors as long as
it met the following criteria, established
based on previous studies with eHealth
apps [11,13,40,41]: adoption and usage rate
over 50%, a positive Net Promoter Score
(NPS), and a Mobile App Rating Scale
(MARS) score of up to 3.73 out of 5.

METHODS, RESULTS & DISCUSSION

Adoption, Usage, and Attrition

The adoption rate was the percentage of the
number of breast cancer survivors that
agreed to participate in the study and
completed the initial  assessment,
demonstrating the intention to use
BENECA mHealth, out of the total number
invited to participate in the study. The
usage rate is the percentage of breast
cancer survivors that used BENECA
mHealth, which was determined through
the logging data of the app. Both the
adoption and usage rates were calculated
based on the methods used in a previously
published study [13]. The attrition rate is
the percentage of breast cancer survivors
that stopped using BENECA mHealth and
did not use it again, as per Eysenbach’s
definition [42]. To assess the safety of the
process, any adverse effects reported by the
patients were recorded through a patient’s

daily diary.

BENECA mHealth Quality

The MARS was used to assess the quality of
BENECA mHealth. The MARS is
composed of 23 items grouped into
different sections: engagement,
functionality, aesthetics, and information
quality (with which the overall average
score of the scale is obtained). There are
also two optional sections: subjective
quality (with four items) and app-specific
quality (with six items). Each item was
assessed independently based on a Likert
scale from 1 (inadequate) to 5 (excellent),
and the mean score was calculated for each

section. This scale has been validated and
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has proven to be simple, objective, and
reliable to assess the quality of mHealth
apps [43]. Similarly, the NPS was used to
measure satisfaction based on responses to
the following question: How likely are you
to recommend BENECA mHealth to other
breast cancer survivors? The responses
were recorded using an 11-point Likert
scale in which 0 indicates “not likely” and
10 indicates “very likely.” The percentage of
detractors (those whose scores were from 0
to 6) and promoters (those whose scores
were from 9 to 10) were calculated, and each
group was given a score between -100 and
100. A positive score is considered good; a
negative score is considered bad [44]. This
methodology has been used as a predictor
of growth and an indicator of customer
satisfaction in for-profit industries, and it
provides insight into the client experience

in nonprofit health care settings [45].

Barriers and Facilitators

After the participants used BENECA
mHealth for 8 weeks and completed the
corresponding assessment, a trained
member of the research team interviewed
each participant using a standardized set of
interview questions based on a previous
study [13]. This interview focused on three
main elements: overall experience with
BENECA mHealth, congruence between
expectations and reality with BENECA
mHealth, and the perception and added
value of BENECA mHealth. For cases in
which the app was no longer used, the
participants were asked about their reasons

for not using the app and the preferences or
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needs that would prompt them to use it.
Each interview was read several times and
transcribed by the same researcher, and the
barriers and facilitators reported by the
breast cancer survivors were synthesized
[46].

Main Clinical Outcomes

Quality of Life

The European Organization for Research
and Treatment of Cancer QoL
Questionnaire Core 30 (EORTC QLQ-C30)
version 3.0 was used to assess the QoL of
the participants. This questionnaire is
intended to measure general aspects of QoL
specific to cancer patients. It contains five
functional scales (physical, role, cognitive,
emotional, and social functioning), a global
health status scale, and symptom scales of
fatigue, nausea and vomiting, pain,
dyspnea, insomnia, appetite loss,
constipation, diarrhea, and financial
problems. It is scored using a four-point
Likert scale (from 1=“not at all” to 4="very
much”) and the raw scores are transformed
into a 0 to 100 scale. The higher the score
on the functional scales, the better the QoL,

but the higher the score on the symptom
scales, the poorer the QoL [47,48].

Self-Efficacy and Motivation in
Relation to Physical Activity

A Spanish self-efficacy scale for physical
activity (EAF) was used to measure the self-
efficacy and motivation of the participants
to engage in PA and incorporate it into
their daily activities. It consists of three

domains: scheduled physical exercise, PA



in daily life activities, and walking, which
determine a person’s perception of their
abilities to engage in PA (self-efficacy for
PA) [49].

Physical Activity

Data on PA and the sedentary lifestyle of
the breast cancer survivors were collected
using accelerometry based on a previously
published protocol of use and analysis [50].
A preprogrammed triaxial accelerometer
(ActiGraph GT3X+, Pensacola, FL, USA)
was used by each patient for eight
consecutive days. The participants received
a questionnaire diary and an instruction
sheet on how to use the device. Only the
records of more than 4 days and of at least
10 hours per day were included in the

analysis.

Body Composition

Dual-energy X-ray absorptiometry
densitometer from Hologic, QDR 4500W)
was used for assessing BMI, the percentage
of fat mass, and bone mineral density, as
previously used for breast cancer patients
[51] in accordance with protocol of use [52].
The height and weight of the participants
were also measured at baseline as well as

hip and waist circumferences.

Statistical Analysis

All analyses were performed using SPSS
Statistics version 24 (IBM Corp, Armonk,
NY, USA). Statistical significance was
assumed when P<.05. The logging data
from BENECA mHealth were obtained on

METHODS, RESULTS & DISCUSSION

request from the computer engineers

responsible for the development of the app.

First, descriptive measures were used to
report the data on adoption, use, attrition,
and quality, as well as to report on the
clinical and anthropometric variables of the
participants. A Kaplan-Meier survival
curve was used to visually examine the
survival curve of the entire cohort to
determine the attrition. In the analysis, an
“app survivor” was defined as a breast
cancer survivor that maintained logging
practices using BENECA mHealth until at
least 3 days before the last day of the
experimental period. Those defined under
“app death” were those who missed five
consecutive daily loggings (based on a
previous study [53]). A Kaplan-Meier
estimator with right-censored data was
used. This type of data was used because it
best fit our study results. As most of the
breast cancer survivors “survived” until the
end of the experimental period, we do not
know how long they would have continued
using BENECA mHealth after this period.
Then, a Cox proportional hazard model was
used to examine if age, marital status, and

employment had any effect on the attrition.

Second, to assess the pretest-posttest
differences in the main outcomes, an
analysis of paired-sample t tests was used
and, when appropriate, Wilcoxon signed
rank tests were conducted. Moreover, the
effect size (ES) estimate was determined
and interpreted using Cohen’s guidelines of
0.1=small effect, 0.3=medium effect, and

0.5=large effect.
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Table 1. Participant demographics (N=80).

Variables Participants
Age (years), mean (SD) 51.80 (8.64)
Body mass index, mean (SD) 29.11 (4.77)
Marital status, n (%)
Single 16 (20)
Married 50 (63)
Divorced 10(13)
Other 4(5)
Education, n (%)
No education 1(1)
Primary studies 23(29)
Secondary studies 25(31)
Higher education 31(39)
Employment, n (%)
Homemaker 18 (22)
Employee 32 (40)
Low 10(13)
Unemployed by the disease 20 (25)
Cancer stage,n (%)
1 10 (13)
1l 40 (51)
mA 28 (36)
Surgery,n (%)
Lumpectomy 24 (30)
Quadrantectomy 13 (16)
Unilateral mastectomy 27(34)
Bilateral mastectomy 16 (20)
Medical treatment, n (%)
None 6(8)
Radiation therapy alone 10 (13)
Chemotherapy alone 6(8)
Chemotherapy and radiation therapy 48 (60)
Adjuvant chemotherapy 70)
Neoadjuvant chemotherapy 3@

Third, to assess differences between
“users” and “nonusers” and the patients’
perception of BENECA mHealth quality, a
Mann-Whitney test was used for
categorizing the breast cancer survivors
according to the cut-off used in the survival
analysis. A simple linear regression was
used to examine the influence of age on the

perception of BENECA mHealth quality.

Our data contained a few missing values

(5%, 4/80 of the total number of cases), but
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these can be considered random and
inconsequential [54]. Hence, no multiple
imputation method was necessary

(casewise deletion was used).

Results

Demographic Characteristics

The baseline demographic and clinical
characteristics of the participants (mean

age 51.80, SD 8.64 years) are presented in



Table 1. Of the 80 breast cancer survivors,
50 (62%) were married, 31 (38%) had a higher
education, and 40 (50%) were diagnosed
with stage II breast cancer, followed in
frequency by stage IIIA (28/80, 35%). All
participants received instructions on how
to use BENECA mHealth to monitor
energy intake and expenditure. Four
participants were unable to be assessed
postintervention (dropouts); three were not
assessed due to changes in their health
status unrelated to the study, and one

decided to discontinue.

Feasibility Outcomes

Adoption, Usage, and Attrition Rates

The study design is shown in Figure 1. The
adoption rate of BENECA mHealth was

METHODS, RESULTS & DISCUSSION

69%; 80 of 116 breast cancer survivors who
were invited to participate intended to use
BENECA mHealth, filled the informed
consent form, and were assessed at
baseline. The reasons for not participating
in the study included lack of interest (too
busy; n=14), incompatibility of the user’s
mobile operating system with BENECA
mHealth (n=11), and failed initial contact
(eg, wrong phone number or no answer;
n=11).

The usage rate was 73% (58/80) including
dropouts and 76% (58/76) excluding
dropouts. The reasons for stopping using
BENECA mHealth included technical
issues, such as difficulty in finding specific

foods (n=6), app blocks (n=4), difficulty in

Figure 1. Flow diagram of the study design. EAF: self-efficacy scale for physical activity; EORT QLQ-C30: European Organization for Research and
Treatment of Cancer Quality of Life Core Questionnaire 30. *N=75 for accelerometry analyses (one broken device on preassessment).

Institutional approval for human
research and competitive Spanish
government grant

l

Development of the internal
architecture of BENECA mHealth
app

Validation of the reliability of
BENECA mHealth

)

Recruiting participants for
feasibility study

/ Not eligible (n=36)

Eligible breast cancer survivors

n=116

- Notinterested: 14

l

- Mobile phone incompatible: 11
- Unable to contact: 11

Patients recruited for baseline
assessment (n=80)

/\

Patients lost to postassessment:
(n=4)

Patient completed pre-post study
(n=76)

!

Data analyzed: EORT-QLQ €30,
accelerometry*, anthropometric
variables, EAF
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Figure 2. “Survival” of BENECA app participants as shown by a Kaplan-Meier survival curve with 95% Cls (dashed lines).

1

08

06

04

Percent of Subjects Remaining

02

Table 2., Coefficients for the Cox proportional hazards model.

30 35 40 45 50 S5
Time (Days)

Coefficients Coefficient estimate (95% CI) P value
Age 1.12 (1.04-1.19) 001
Marital status®
Married 0.88 (0.25-3.18) 85
Divorced 0.77 (0.15-4.04) 76
Other 2.52(0.35-18.26) 36
Employment'J
Employee 0.46 (0.13-1.59) 22
Low® 1.12 (0.27-4.62) 87
Unemployed due to the disease 0.46 (0.12-1.67) 24

“Marital status reference category: single.
bEmployment reference category: homemaker.
“Unemployed/on leave.

calculating proportions of diet registration
(n=9), or lack of motivation (n=3). We
examined attrition using the Kaplan-Meier
survival curve and Cox proportional
hazards model. Figure 2 illustrates the
attrition curve of the study participants
with their respective 95% Cls. The curve is
flat at the beginning, begins to get steeper
after the first month, and flattens again
with time. The Cox proportional hazards

model was used to assess the differences in
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the survival rate using covariables that
could affect this rate from the clinical point
of view based on a priori knowledge. The
results obtained using this model with the
covariates were significant at P=.02; the

coefficients are shown in Table 2.

Patients’ Perception
mHealth Quality

of BENECA

The mean MARS quality score for the app
was 3.71 (SD 0.47) out of 5, and the NPS was
positive (6.58 in range of -100 to 100),
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Figure 3. Mobile App Rating Scale (MARS) mean scoring. Data show differences between completed and noncompleted users and global mean scoring.
Completed users are defined as those who used the BENECA mHealth app until study completion (n=58). Noncompleted users are defined as those
who stopped using the BENECA mHealth app study completion (n=22). ¥*P<.001. UMARS: User Version of the Mobile Application Rating Scale.
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Engagement Functionality Esthetics

Information Global App Quality App Subjective App Specific

Quality
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consisting of 24% (19/80) detractors, 30%
(24/80) promoters, and 46% (37/80) passives.
On average, the best-rated MARS category
was app-specific change (mean 4.30, SD
0.37), followed by information (mean 4.22,
SD 0.51), app subjective quality (mean 3.73,
SD 0.46), and functionality (mean 3.71, SD
0.52). The worst-rated section was
aesthetics, with a mean of 3.25 (SD 0.63).
The specific scores for each section of the
MARS are illustrated in Figure 3. The
participants were divided according to the
cut-off used in the survival analysis. It
shows how the participants who used
BENECA until the end of the experimental
period scored higher and were statistically
significant in all sections (P<.001). Linear
regression showed that the older the
patient, the lower the app quality score
(beta=-0.29, t75=-2.64, P=.01).

Barriers and Facilitators

In summary, seven barriers and five
facilitators were quoted five times or more
when the participants were interviewed.
Among the barriers, the most common was
“BENECA does not have some food items”
followed by “difficulty at the time of
introducing the intake.” Among the
facilitators, the most common was
“BENECA provides relevant information to
the patient” followed by “patient considers
it important to know BENECA’s feedback
on energy balance.” Table 3 summarizes the

barriers and facilitators mentioned.

Main Clinical Outcomes

Quality of Life

The results of the main pre-post analyses of
EORT QoL C30 are shown in Table 4.
Statistically significant differences were

observed after the experimental period with
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Table 3. Barriers and facilitators toward the feasibility of the BENECA mHealth app (N=77).

Barriers and facilitators n (%)

Barriers
Extension of BENECA 29 (38)
BENECA does not have an added value for the patient 9(12)
BENECA does not have some food items 59 (77)
BENECA does not have some physical activities 8 (10)
BENECA feedback is limited 17 (22)
Difficulty at the time of introducing the intake 42 (55)
The patient’s perception of BENECA's contribution to her health is negative 203

Facilitators
The usefulness of BENECA in general 32 (42)
Ease of introducing physical activity 27 (35)
Patient considers it important to know BENECA'’s feedback on energy balance 55(71)
BENECA is easy to use 18 (23)
BENECA provides relevant information to the patient 51 (66)

moderate to large effects as follows: general (t75=-2.905, P=.005, d=0.32). An

QoL (t75=6.592, P<.001, d=0.87), physical
(t75=5.312, P<.001, d=0.63),
emotional functioning (t75=2.981, P=.004,

functioning

d=0.23), cognitive functioning (t75=5.575,
P<.001, d=0.75),
(t75=6.619,  P<.001,
(t75=-6.003,  P<.001,  d=0.85),
(t75=-2.017, P=.047, d=0.23), dyspnea
(t75=-5.190, P<.001, d=0.61), and insomnia

social  functioning

d=0.82), fatigue

pain

improvement in the scores of all these
items, as well as a reduction in some
symptoms, was observed after 2 months of
using BENECA mHealth.

Self-Efficacy and Motivation for
Physical Activity and Accelerometry

The results of the main pre-post analyses

using the self-efficacy scale for PA and

Table 4. Within-group pre-post effects on mean quality of life scores on the European Organization for Research and Treatment of Cancer Quality of

Life Core Questionnaire 30 (EORTC QLQ-C30).

EORT QLQ-C30 variable Study group, mean (SD) Mean difference (95% CI) P value®
Pre (n=76) Post (n=76)
Global health 58.54 (14.40) 70.83 (11.26) 12.83 (8.95to 16.71) <001
Physical functioning 75.25 (15.88) 85.35 (13.16) 10.88 (6.80 to 14.96) <001
Role functioning 66.45 (26.45) 70.83 (24.36) 5.26 (-1.99 to 12.52) 15
Emotional functioning 59.06 (19.31) 64.04 (19.82) 5.59 (1.86 t0 9.33) 004
Cognitive functioning 62.5(22.11) 80.26 (21.38) 17.98 (11.56 to 24 41) <.001
Social functioning 66.88 (23.94) 86.62 (20.00) 20.17 (14.10 10 26.25) <001
Fatigue 425 (23.64) 23.68 (15.95) —-19.59 (-26.09 to —13.09) <001
Nausea 2.29 (6.35) 2.19(5.67) -0.22(-1.54to 1.10) 95
Pain 4458 (26.22) 38.6 (20.59) —-6.35 (~12.64 to -0.08) 047
Dyspnea 2792 (25.13) 12.72 (19.60) -15.35 (-21.24 t0 -9.46) <.001
Insomnia 46.25 (36.16) 35.09 (32.61) —12.28 (-20.70 to -3.86) 005
Appetite loss 9.58 (15.18) 7.46 (15.00) -2.19 (-6.38 to 1.99) 30
Constipation 21.67 (28.11) 19.74 (29.40) -1.75 (-8.78 t0 5.27) 62
Diarrhea 10.83 (19.68) 1272 (18.83) 1.31 (-1.85 to 447) Al
Financial difficulties 19.17 (28.94) 16.67 (24.65) -2.19(-5.99to 1.61) 25

%Paired-sample ¢ test or Wilcoxon signed rank test as appropriate. Analyses were performed on only those patients that followed-up.
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accelerometry are shown in Table 5. There
were significant statistical differences after
the experimental period with a moderate ES
on the EAF scale as follows: daily PA
(t75=5.369, P<.001, d=0.56), walking
(t75=6.228, P<.001, d=0.55), and total EAF
(t75=6.423, P<.001, d=0.67). For

accelerometry, there were only significant

score
differences in weekday moderate-to-
(MVPA;
t75=2.106, P=.04, d=0.26), observing trend in
global MVPA (t75=1.917, P=.06), weekday
steps (t75=1.779, P=.08), and global steps

vigorous  physical  activity

METHODS, RESULTS & DISCUSSION

(t75=1.647, P=.10). Therefore, after using
BENECA mHealth, the users felt more
motivated to increase the levels of PA in

their daily lives.

Body Composition

The results of the main pre-post analyses of
the anthropometric variables are shown in
Table 6. Statistically significant differences
were observed after the experimental
period with a moderate ES as follows:
weight (t75=-5.050, P<.001, d=0.12) and BMI
(t75=-4.804, P<.001, d=0.12). In addition, a

Table 5. Within-group pre-post effects on mean scores on the self-efficacy scale for physical activity (EAF) and accelerometry.

Variable Study group, mean (SD) Mean difference (95% CI) P value®
Pre (n=76") Post (n=76)
EAF
Scheduled PAS 81.70 (33.08) 87.71(19.22) 6.08 (-1.08,13.24) 10
Daily live PA 50.06 (22.67) 62.63 (17.64) 12.22 (7.69, 16.76) <001
Walking 15.20 (9.03) 20.34 (7.95) 5.12(3.48,6.76) <001
Total EAF score 146.96 (53.36) 184.61 (48.52) 36.99 (25.52,48.46) <001
Accelerometry
MVPAY weekday 50.68 (25.83) 58.07 (26.05) 7.38(0.39,14.37) 04
MVPA weekend 41.77 (24.55) 4277 (21.51) 0.99 (-4.62,6.62) a3
MVPA global 48.14 (24.31) 53.69 (21.85) 5.55(=0.22,11.34) 06
Steps weekday 7488.97 (3142.34) 8268.41 (3230.87) 779.44 (-94.35, 1653.22) 08
Steps weekend 6218.50 (3147.26) 6316.87 (2875.87) 98.37 (-678.14, 874.88) .80
Steps global 7125.97 (2935.94) 7710.82 (2672.78) 584.85 (-123.09, 1292.78) 10
Paired-sample 7 test or Wilcoxon signed rank test as appropriate. Analyses were performed on only those patients that followed-up.
bAccelerometry analyses was perform on 75 participants because there was one more dropout on preassessment (broken device).
PA: physical activity.
IMVPA: moderate-to-vigorous physical activity.
Table 6. Within-group pre-post differences on anthropometric and body composition variables.
Variable Study group, mean (SD) Mean difference (95% CI) P value®
Pre (n=76) Post (n=76)
Weight (kg) 7309 (11.14) 71.67 (10.90) -142(-1.97,-0.86) <001
BMI® (kg/mz) 29.11 (4.78) 28.51 (4.73) -0.57 (-0.81,-0.34) <001
Waist circumference (cm) 87.45(9.26) 86.97 (9.00) -0.84 (-1.71,0.04) 06
Hip circumference (cm) 107.94 (14.23) 107.71 (13.11) -0.64 (-1.93,0.63) 32
Body fat (%) 4144 (6.23) 39.78 (7.34) -1.57(-3.18,0.04) 06
Bone mineral density (g/cmZ) 102 (0.11) 1.04 (0.14) 0.02 (-0.02,0.05) 31

“Paired-sample ¢ test or Wilcoxon signed rank test as appropriate. Analyses were performed on only those patients that followed-up.

BMI: body mass index.
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trend was observed in waist circumference
(t74=-1.900, P=.06) and body fat (t75=-1.946,
P=.06). No differences were observed for hip
circumference (t74=-1.007, P=.32) and bone
mineral density (t75=-1.019, P=.31). After 2
months of using BENECA mHealth, a
reduction in users’ body weight was
observed, which could lead to a reduction in

the hip circumference and percentage of

body fat.

Discussion

Principal Results

According to our initial hypothesis, after
using BENECA mHealth for 8 weeks, the
app was considered feasible by the breast
cancer survivors in terms of use, adoption,
and satisfaction, although the app quality
score did not make it one of the best-rated
apps. BENECA mHealth was associated
with changes in the QoL of breast cancer
survivors, as well as their self-perception of
effectiveness and motivation for engaging

in PA in their daily life.

Comparison with Prior Work

The adoption rate in this study was 69%,
and the usage rate was 73% to 76%. These
results can be explained by the technical
characteristics of BENECA mHealth and
its functionality, such as user-friendliness,
the wuse of internationally accepted
measures, and the visual feedback. The
results of this study are comparable with
those obtained by Melissant et al [13] for a
supportive care app for breast cancer
survivor, which had an adoption rate of 75%

and usage rate of 75% to 84%. Another study
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of a lifestyle intervention with a mobile app
for endometrial and breast cancer survivors
recorded a 75% usage rate [55]. However,
Duman-Lubberding et al [11] obtained an
adoption rate of 64% and a usage rate of 75%
to 91% for a similar app for head and neck
cancer survivors. The somewhat lower rate
of use in our study for the latter may be due
to how these data were obtained (ie, by the
number of log-ins—objective measure—
instead of the self-reported data of those
studies—subjective measure). With regard
to “app survival,” we found that in a study
by Springer et al [53] to test an mHealth app
targeting healthy eating behavior in the
general population, they obtained a survival
rate less than 60% using the Kaplan-Meier
survival curve. The higher survival rate in
our study (over 70%) can be explained by the
type of population studied. In general,
patients with some type of pathology will
be more predisposed to be involved in this
type of study than the general population
[56]. In addition, experiencing cancer
treatment may be a stimulus to use the app,
as patients may feel the increased need to

learn more about the treatment.

Taking into account the barriers perceived
by the participants in the use of the app, the
barriers reported by BENECA mHealth
were in line with a recently published
review on the adherence to online
psychological interventions [57] as well as
with those in a study by Melissant et al [13]
with the Oncokompas app to monitor the
QoL of breast cancer survivors (eg,
“Oncokompas is too extensive”). The

reported mean satisfaction score of the



quality of BENECA mHealth, although it
may seem not very high, is in line with a
recently published study on the quality of
18 mobile apps for pain management using
the same MARS quality scale [41]. In
addition, the low scores in some sections
can be explained by the barriers reported by
the patients, such as the difficulties in
inputting the intake that makes it very
extensive to fill in the app. This barrier was
also reported in another feasibility study on
head and neck cancer patients [11].
Considering that the minimum score to be
considered a best-rated app based on the
MARS scale is 3.73 (according to a previous
study [41]), BENECA mHealth can be
regarded as an app with average ratings.
BENECA is currently being improved in an

attempt to address the reported barriers.

The benefits of PA for cancer patients have
been amply demonstrated [58], although a
(2013-2018)  of

distance-based PA behavioral change

recent  meta-analysis
interventions  for  cancer  survivors
concluded that the effects of interventions
on PA were small [18]. In addition, although
efficacy cannot be discussed in a study such
as this, according to the literature, a
difference of 8 points between assessments
of QoL measured with the EORT QLQ-C30
is the minimum clinically significant
difference required to discuss the clinical
relevance of the findings [59]. The QoL
findings in this study reinforce these
preceding conclusions and are consistent
with the results of the EAF scale and those
observed via accelerometry. Changes are

observed in the participants with more
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motivation to do PA, and it seems that
using BENECA mHealth is associated with
changes that lead to a positive feedback
chain that improves physical and emotional
functioning. The significant differences in
cognitive functioning can be explained by
the actual use of the mobile device, as there
is evidence of the cognitive benefits of
using electronic devices [60]. Our findings
are in agreement with those reported by
Pope et al [20], who used a mobile app and
social media for 10 weeks to improve the
QoL of breast cancer survivors, with a
sample size much smaller than ours.
However, they differ from the conclusions
of McCarroll et al [55], who assessed the
effectiveness of a public mobile app
(LoselIT) for dietetic intervention for 4
weeks in breast and endometrial cancer
survivors. They did not find significant
changes in the QoL of the patients. It is
possible that the experimental period of 4
weeks and lack of stratification of the type
of cancer could explain these differences,
despite the use of a powerful questionnaire
to assess QoL. Lastly, we only found
statistically significant differences in the
MVPA of the data obtained via
accelerometry, although we observed an
improvement in other variables after the
use of BENECA mHealth. These results are
consistent with those of a clinical trial
published in 2018 that used smartwatches
and social media PA behavioral change
over a 10-week intervention to determine
the health outcomes for breast cancer
survivors, in which no significant
differences in the accelerometry variables
were observed [61].
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Finally, one of the main challenges not only
with cancer patients but with the general
population is the maintenance and
reduction of body weight [5,62]. Different
studies of lifestyle interventions have
shown beneficial results, such as the one by
von Gurenigen et al [63] in which they
evaluated the effectiveness of a face-to-face
intervention on diets in obese patients with
endometrial cancer, achieving a reduction
of approximately 5%. Similarly, McCarroll
et al [55] achieved a reduction of
approximately 6% from baseline weight.
The literature indicates that a weight
reduction of 5% is sufficient to reduce
medical comorbidities [62]. In our study, an
average weight loss of approximately 2%
was achieved, which is below the
recommendations. This may be because
BENECA mHealth is not really a lifestyle
intervention mobile app, but rather one
that tries to incite behavioral change in
users by monitoring their energy balance
and making them aware of it. Therefore, we
believe that the results obtained can be
considered a first step, although future
research should corroborate these results.
The internal architecture of BENECA
mHealth can also be extrapolated to suit

patients with other types of cancer.

Strengths and Limitations

It is important to recognize some of the
limitations of this study. The main one is its
design. It is a nonrandomized, single-arm
exploratory study; therefore, the results
should be taken with caution. The ideal

study would have been a randomized
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controlled trial (RCT); nevertheless, it was
mandatory to develop a feasibility study for
this sensitive population before carrying
out an RCT. Moreover, due to the nature of
the design of this study, the reported results
must be confirmed in a larger RCT because
the observed changes may not be
attributable to the intervention. Secondly,
BENECA was only developed for the
Android operating system, but we are
currently working on the next version of the
BENECA app to solve this limitation.
Thirdly, BENECA was designed to monitor
energy balance and then propose
recommendations based on international
guidelines of clinical practice, systematic
reviews, and meta-analysis to ensure the
recommendations can be generalized.
However, we believe that it is a good
starting point, especially for very sedentary
people. Finally, the generalization of results
is limited due to the design of the study, the
use of restrictive inclusion and exclusion
criteria and the recruitment strategy (the
participants were referred by their
oncologists), which may involve a bias of
the threat of regression to the mean. In
addition, another added difficulty could
refer to the use of the app by older people in
southern Spain, who may not even have
mobile phones adapted to the app.
Therefore, future studies should be
conducted with a larger sample size; a
controlled and randomized clinical trial
design comparing the use of BENECA
with, for example, a face-to-face
intervention; and including biomarker

measurements such as those for



inflammation or development/ recurrence

of breast cancer.

Despite these limitations, this study also
has strengths. These include the wide range
of ages of the participants, which makes it
possible to generalize the results; the use of
energy balance as a means of changing
behavior, which has not been studied much;
its ease of use; it has high adherence; and it
has no adverse effect on the prior validation
of BENECA mHealth [32], which

guarantees its reliability.

Conclusions

BENECA mHealth can be considered
feasible in a real clinical context and has
been associated with behavioral changes in
the lifestyles of breast cancer survivors, but
it needs to be enhanced to improve user
satisfaction with use and functionality.
Having assumed that BENECA is usable
and applicable in a real clinical context, as
well as having the first data of its
applicability and clinical efficacy, the next
step will be to confirm these results
through a larger study with a control group.
In addition, efforts should focus on
overcoming the barriers reported by the
participants and developing a new version
of BENECA mHealth in which these
improvements will be implemented.
Finally, future research could focus on its
generalization for application to other
oncological  processes.  This  study
highlights the importance of the use of
mobile apps based on energy balance and
how the QoL of breast cancer survivors can

be improved via monitoring. The results of
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this study could garner support for the use
of this type of strategy in the projected 29.5

million cancer patients in 2040 [64].
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Abstract

Background: There is a bidirectional
relationship between chronic low-grade
inflammation and cancer. Inflammatory
markers, such as interleukin-6 (IL-6), have
been associated with both the malignant
transformation of epithelial cells and tumor
progression, thus linking low-grade
inflammation with a higher risk of cancer
and recurrence in the survival phase.
Therefore, they are considered valuable
prognostic biomarkers. Knowing and
finding appropriate primary prevention
strategies to modify these parameters is a
major challenge in reducing the risk of
cancer recurrence and increasing survival.
Different therapeutic strategies have
shown efficacy in the modification of these
and other biological parameters, but with
contradictory results. There are apparently
no strategies in which telemedicine, and
specifically mobile health (mHealth), are
used as a means to potentially cause

biological changes.

Objective: The objectives of this study were
to: (1) check whether it is feasible to find
changes in inflammation biomarkers
through an mHealth strategy app as a
delivery mechanism of an intervention to
monitor energy balance; and (2) discover
potential predictors of change of these

markers in breast cancer survivors (BCSs).

in Breast Cancer Survivors:

Methods: A prospective quasi-
experimental pre-post study was conducted
through an mHealth energy balance
monitoring app with 73 BCSs, defined as
stage [-11IA of breast cancer and at least six
months from the completion of the
adjuvant therapy. Measurements included
were biological salivary markers (IL-6 and
C-reactive protein [CRP]), self-completed
questionnaires (the European Organization
for Research and Treatment of Cancer
Quality of Life Questionnaire Core 30, the
user version of the Mobile Application
Rating Scale [uMARS] and an ad hoc
clinical and sociodemographic
questionnaire) and physical objective
measures (accelerometry, weight and
height). In addition, using the logging data
of the mHealth app, the rate of use (in days)
was recorded during the entire
experimental phase of the study. Using
Stata software, a paired two-tailed t test,
Pearson and Spearman correlations, and a
stepwise multiple regression analysis were

used to interpret the data.

Results: Analyzing changes in
inflammatory biomarker concentrations
after using the mHealth app, differences
between preassessment CRP (4899.04
pg/ml; SD 1085.25) and IL-6 (87.15 pg/ml; SD
33.59) and postassessment CRP (4221.24
pg/ml; SD 911.55) and IL-6 (60.53 pg/ml; SD
36.31) showed a significant decrease in both

markers, with a mean difference of -635.25
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pg/ml (95% CI -935.65 to -334.85; P<.001) in
CRP and -26.61 pg/ml (95% CI -42.51 to -
10.71; P=.002) in IL-6. Stepwise regression
analyses revealed that changes in global
quality of life, as well as uMARS score and
hormonal therapy, were possible predictors
of change in CRP concentration after using
the mHealth app. In the same way, the type
of tumor removal surgery conducted, as
well as changes in weight and pain score,
were possible predictors of change in IL-6

concentration after using the app.

Conclusions: In conclusion, through the
results of this study, we hypothesize that
there is a possible association between an
mHealth energy balance monitoring
strategy and biological changes in BCSs.
These changes could be explained by
different biopsychosocial parameters, such
as the use of the application itself, quality
of life, pain, type of tumor removal surgery,

hormonal treatment or obesity.

Keywords: mHealth; interleukin-6; C-
reactive protein; breast cancer survivors;

low-grade inflammatory.

Introduction

There is a bidirectional relationship
between chronic low-grade inflammation
and breast cancer, as a tumor can produce
an inflammatory environment and
therefore a systemic immune response, but
chronic inflammation can also both
precede and promote the development of
cancer [1]. There is even talk of considering
inflammation to be an enabling feature of

breast cancer, or the seventh hallmark of

the disease along with the six hallmarks
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already identified by Hanahan and
Weinberg [2,3]. Inflammation is a process,
or bodily response, secondary to infection
or sudden injury, and it is associated with
the activation of various molecular
mechanisms [4]. This response can be local
or systemic, depending on the severity, and
both indicate an imbalance of the
metabolism of the affected tissues. This
metabolic imbalance in the lesion is
produced by an increase of immune cells as
well as inflammatory parameters of great
clinical importance, such as C-reactive
protein (CRP) and its inducer interleukin-6
(IL-6) [4,5].

Once the inflammatory response ends,
tissue metabolism is normalized. If this
process of remission is interrupted by some
circumstance, such as pathogens, toxins or
other stimuli, healthy tissue could be
damaged and produce what is known as
persistent low-grade inflammation, or
chronic inflammation [6]. It is the result of
an immune system that overreacts so that
the concentrations of inflammatory factors
are higher than in a healthy population [5].
This systemic and chronic inflammation is
widely associated with chronic diseases [6]
and even symptomatology, as there is a
positive association between increased
levels of CRP and excess of adipose mass
(excess weight and obesity), which is a
factor that could be potentially modified
with physical activity and diet [4,7].
Moreover, inflammatory markers such as
IL-6 have also been associated with the
malignant transformation of epithelial cells

and tumor progression, associating low-



grade inflammation with a higher risk of
cancer and recurrence in the survival phase.
Thus, these factors are considered valuable
prognostic biomarkers in the population of
those with cancer [1,89]. Therefore,
knowing and finding appropriate primary
prevention strategies to modify these
parameters is a major challenge in the field,
so as to reduce the risk of cancer recurrence

and increase survival.

Different therapeutic strategies have
shown efficacy in the modification of these
and other biological parameters, but with
contradictory results. The beneficial effects
of physical exercise as a means of
controlling low-grade inflammation have
been amply demonstrated [10,11], even in
breast cancer survivors (BCSs). A study
conducted by Jones et al, in which they used
a physical exercise program in BCSs, found
a significant reduction of IL-6 [12].
Additional studies have evaluated other
strategies, such as manual therapy [13], tai
chi [14], mindfulness [15], or yoga [16], to
reduce inflammation markers in different
cancer populations. However, scientific
evidence about strategies based on
telemedicine are scarce, and they are
practically nonexistent for cancer. A study
conducted by Haggerty et al assessed two
lifestyle

technology-based,  6-month,

interventions  (telemedicine or  text
messaging) in obese women with
endometrial hyperplasia, showing a
reduction of some biomarkers such as IL-6
after the intervention [17]. Another study by
Frank et al examined the effectiveness of

telehealth coaching promoting nutrition

METHODS, RESULTS & DISCUSSION

and exercise in soldiers, evaluating
biomarkers of bone health [18]. There are
also some clinical trial protocols with no
published results at present [19-21].
Therefore, at the moment there are no
strategies in which telemedicine, and
specifically mobile health (mHealth), are
used as a delivery mechanism for
interventions that could cause biological

changes.

Low-grade inflammation is  highly
influenced by aspects such as obesity,
fatigue or a sedentary lifestyle [22-24], and
its relationship with chronic pathologies
has been demonstrated. However, the issue
of association, or the factors that influence
its regulation through nonpharmacological
and distance-based intervention strategies,
remain unresolved [6]. In the
biopsychosocial context that encompasses
a subject with cancer, promoting changes
through mHealth strategies in
psychological, physical or social aspects is
not entirely complicated (eg, quality of life)
[25]. However, biological parameters have a
high intersubject variability and are not
usually addressed in these types of studies
[24]. Therefore, understanding what factors
can influence these parameters can help to
develop mHealth-based strategies, thus
increasing patient empowerment in regard

to their health.

To the best of our knowledge, scientific
evidence is scarce in regard to mHealth-
based strategies related to tracking
biomarkers of inflaimmation, and the
importance of low-grade inflammation in

cancer recurrence has already been
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demonstrated. Thus, the objectives of this

study were to:

1. Check whether it is feasible to find
changes in inflammation biomarkers
through an mHealth strategy as a
delivery mechanism of an
intervention to monitor energy
balance.

2. Discover potential predictors of
change of these markers in breast

cancer survivors.

Methods

Study Design, Participants, and
Description of the Mobile Health

App

A prospective quasi-experimental pre-post
study was conducted through an mHealth
app to monitor energy balance (BENECA
mHealth app) with 73 BCSs, defined as
stage [-11IA of breast cancer and at least six
months from the completion of adjuvant
therapy (only hormonal therapy was
allowed). Participants were recruited from
the oncology units of San Cecili University
Hospital and Virgen de las Nieves
University Hospital, both in Granada,
Spain, through their reference oncologists.
All participants received oral and written
information  about the assessment
protocols, mHealth app characteristics, and
risks and benefits of the study, and then
written consent was obtained from all of
them. The Ethics Committee on Human
Research (CEIH) from Granada province,
Spain, approved this study (FIS, PI14-

01627), which was performed in accordance
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with the Declaration of Helsinki [26]. The
inclusion and exclusion criteria for this

study are shown in Textbox 1.

After the initial assessment, all participants
were invited to use the mHealth app for two
months. In summary, the mHealth app was
developed to help breast cancer survivors
overcome energy balance challenges and
aimed to both motivate and sensitize breast
cancer survivors to adhere to fully
personalized physical exercise programs
and nutritional plans, in compliance with
the international guidelines for cancer
survivors. On first use, the users of the app
recorded their personal and
anthropometric data such as weight,
height, age, and type of cancer. They were
then asked to record what they ate (every
item) and what they did (in terms of
physical activity) the day before. Regarding
food intake, BENECA uses a dietary record
questionnaire structured with 6
consumption times. Regarding physical
activity, patients could record the activities
they completed during the day (intensity
and duration) from 3 possible time periods
(morning, afternoon, and evening).
BENECA only records those activities that

have a duration of at least 10 minutes.

Based on all this information, the mHealth
app provided automatic feedback about a
person’s energy balance or imbalance as
well as nutritional information about what
was ingested. In the presence of energy
imbalance, it provided useful and simple
tips to improve this imbalance. All these
straightforward, daily notifications were

based on the guidelines of the World



Textbox 1. Inclusion and exclusion criteria.
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Inclusion criteria:
«  Between 30 and 75 years of age.

*  Body mass index >25 kg/mz.

«  Stage I-IIIA of breast cancer.

Exclusion criteria:
«  No medical clearance to participate.

¢ Any physical health condition that prevents them from walking.

«  Any physical or mental health condition that prevents them from participating in assessments.

«  No access to any mobile device or tablet with an internet connection.

Cancer Research Fund International [27],
the strategies for physical activity and diet
in patients with cancer from the American
College of Sports Medicine [28], and the
recommendations of the American Cancer
Society [29,30]. The mHealth app was
developed based on the theory of Learning,
on Goal-Setting Theory, and on Social
Cognitive Theory so as to include
techniques such as  reinforcement,
facilitation, self-monitoring, goal setting,
feedback on performance and reviewing
goals, which have proven to be promising in
increasing physical activity in different
populations  [31,32]. The technical
characteristics of the mobile application
[33], as well as validation of the energy
balance monitoring system [34] and its
feasibility [35], have been previously
published.

Participants were able to contact a
researcher at any time via WhatsApp, in
case of technical problems or to discuss any
doubts they had. In addition, an online

video tutorial was available at any time.

Outcomes Measures

To assess changes after use of the mHealth

app, all measurements were taken at

baseline and 8-weeks after having used it.
Participants were called via phone for pre
and postassessments and invited to Cuidate
Support Unit for Oncology Patients, a
clinical research center from the University
of Granada, Spain. Measurements taken
included  biological  markers,  self-
completed questionnaires, and both
anthropometric and physical objective
measures. In addition, using the logging
data of the mHealth app, the rate of use (in
days) was recorded during the entire

experimental phase of the study.

Biological Markers: Main Outcomes

Two salivary inflammatory markers were
obtained: IL-6 and CRP. Salivary
biomarkers have previously demonstrated
the potential to be used for screening and

research purposes [36].

Sample Handling and Preparation: Salivary
Interleukin-6  and  C-reactive  Protein

Concentrations

On the day of sample collection, the
participants were informed of the
requirements: they were not allowed to eat,
drink or brush their teeth during the two
hours prior to the collection, and they were

not allowed to visit the dentist 24 hours
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before sampling, with the aim of reducing
the risks of contamination. They were also
not allowed to consume alcohol during the
12 hours prior to the collection of the
sample, or to take acidic or high sugar
foods. The saliva sample collection was
done between 10:00 and 11:30 in the
morning, and an attempt was made to
match the time in the postassessment. Ten
minutes before the collection of the sample,
participants were asked to rinse their
mouths with water. Saliva was collected by
unstimulated passive drool for 3 minutes
using a polypropylene vial. Participants
were instructed to lean their heads forward,
allowing the saliva to accumulate on the
floor of the mouth. Immediately after
collection, the sample was centrifuged at
3000-3500 rpm for 15 minutes (to remove
mucins and other particles that might
interfere with the results), and then the
supernatant was stored in 200 pL tubes
(total of 5 per participant). Finally, it was
frozen and stored at -80°C for no longer

than 3 months.

Sample Analysis (Enzyme Linked

Immunosorbent Assay Procedures)

Once the sampling was completed, it was
thawed completely until reaching room
temperature prior to the completion of the
solutions. The necessary sample was
pipetted into dissolution tubes, and the
residual saliva not analyzed was frozen
again. The following enzyme linked
immunosorbent assay (ELISA) kits were
chosen: the Salimetrics C-Reactive Protein
ELISA Kit (Kit number 1-3302, which is an

enzyme-linked immunoassay specifically
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designed and validated for the quantitative
measurement of salivary CRP), and the
Salimetrics IL-6 ELISA Kit (Kit number 1-
3602, which is a sandwich immunoassay
specifically designed and validated for the
quantitative measurement of salivary IL-6).
Both have been designed and optimized for
salivary research in humans. All analyses
and calculations were performed following
the manufacturer’s protocol, as described
by Salimetrics. A total of 15 uL and 60 uL of
saliva were required for the analyses of CRP

and IL-6, respectively.

Once the reagents were prepared, we
designed the plate where 100 pl of the
samples were added, as well as the
successive dilutions of the standard of each
marker that would be used for the design of
the standard curve. The sample was covered
with an adhesive and incubated for two
hours at room temperature before mixing at
the mix plate at 500 rpm. Then, the plate
was washed 4 times with wash buffer by
filling and emptying the wells to remove the
solution by either aspiration or plate
inversion.  After washing, antibody
conjugate solution was added (100 pL/well)
and then diluted in blocking buffer in a
series of twofold dilutions. Then the plate
was sealed and incubated for 2 hours at
room temperature. After the incubation, we
repeated the washing as described above.
Once the wash was completed, the
substrate solution was added, and the plate
was incubated in the dark at room
temperature for 30 minutes before then
mixing for 5 minutes on a plate rotator at

500 rpm. Then, we stopped the reaction by



adding the stop solution (50 pl). The
solution was mixed at the plate rotator for 3
minutes at 500 rpm. The absorbance was
then measured with a spectrophotometer
(Biotek ELx800) at 450 nm, according to kit
manufacturers. Results were compared
with a standard curve that was previously
designed. All standards, controls and

samples were analyzed in duplicate.

Self-Completed Questionnaires

The European Organization for Research
and Treatment of Cancer Quality of Life
Questionnaire Core 30 (EORT QLQ-C30)
version 3.0 was used to measure quality of
life of the participants. It is a questionnaire
specifically designed to evaluate general
aspects of quality of life of patients with
cancer. It is composed of a global scale of
health status, five functional scales (in
which the higher the score, the higher the
quality of life reported) and eight symptom
scales (in which the higher the score, the
greater the symptoms reported). This
instrument has shown adequate reliability
[37,38].

The user version of the Mobile Application
Rating Scale (uUMARS) was used to measure
the satisfaction and quality of usage of the
mHealth app. This questionnaire is
composed of 23 elements grouped into
different sections, each of them evaluated
independently through a Likert scale of 1 to
5 points (5 being excellent). Finally, the
average score is calculated. This scale has
been validated and has proven to be simple,

objective and reliable [39].

METHODS, RESULTS & DISCUSSION

An ad hoc questionnaire was used to collect
clinical and sociodemographic
characteristics of participants, including
the stage of breast cancer, the type of tumor
removal surgery, and the medical treatment
and hormonal therapy. The stage of breast
cancer could be I, II or III-A, the type of
surgery was categorized in increasing order
according to invasion of the surgery
method (lumpectomy, quadrantectomy,
unilateral mastectomy and bilateral
mastectomy), the medical treatment was
either a neoadjuvant or adjuvant treatment,
and the hormonal therapy was registered as
either taking or not taking hormonal

treatment, as well as its typology.

Anthropometric and
Objective Measures

Physical

A preprogrammed triaxial accelerometer
(ActiGraph GT3X+, Pensacola, Florida) was
used to collect data on participants'
physical activity over 8 consecutive days,
together with a questionnaire diary based
on a previously published protocol of use
and analysis [40,41]. Only the records of
more than 4 days, and of at least 10 hours
per day, were included in the analysis.
Minutes of vigorous-to-moderate physical

activity (MVPA) were recorded.

Weight (kg) and height (cm) were measured
with light clothing and without shoes.
Weight was measured using an electronic
scale (model SECA 869, Hamburg,
Germany), and height was measured in the
Frankfort plane using a stadiometer (model
SECA 213).
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Statistical Analysis

Measures of central tendency and
dispersion were wused for continuous
variables with a normal distribution.
Categorical variables were reported as
proportions (%). The Kolmogorov-Smirnov
test was used to check the normal
distribution of the data. To evaluate the
differences in the biological variables (CRP
and IL-6) between baseline and after 8
weeks of use of the app, a paired two-tailed
t test was used. To analyze the correlation
between the different variables, Pearson
and Spearman correlation were applied as
appropriate. In this correlation analysis, the
change wvariable (difference between
postassessment and preassessment) was
used with quantitative variables: biological
variables, quality of life (EORT QLQ-C30
global score, fatigue and pain), satisfaction
with the app (uMARS global score), use of
the app (in days), MVPA (accelerometry)
and weight. The change variable was also
used to measure changes in clinical
variables such as type of tumor removal
surgery, stage of breast cancer, medical
treatment and  hormonal  therapy.
Dispersion diagrams were used to study the
assumptions of normality, linearity and
homoscedasticity. To determine which
variables could explain the variation in CRP
and IL-6 concentrations, a stepwise
multiple regression analysis was used. For
the regression model with the dependent
variable of CRP, the score changes in
general quality of life, hormonal treatment,
quality and satisfaction were considered

independent variables.
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For the regression model with the
dependent variable IL-6, type of tumor
removal surgery, and score changes in both
perceived pain and weight were considered
independent variables. To be included in
the multiple regression analysis, the
independent wvariables had to have a
correlation coefficient of r>0.20 between
the dependent variable and the
independent variable, and they had to be
significant [42]. The possible collinearity
between the independent variables was
studied, and then the final model was
validated using bootstrapping (the start-up
method was carried out with repeated
samples of the same size to replace the
original samples). Two thousand
repetitions were produced to estimate the
confidence intervals accelerated and
corrected for the starting bias. For
statistical analyses, the level of significance
was set at P<.10. All analyses were
performed using the software Stata version
14 (Statacorp, College Station, Texas). At
least two experiments were performed in all

assays.

Results

User Statistics and Clinical

Characteristics

Participants were, on average, 51.35 (SD
8.58) years of age, with a body mass index
(BMI) of 28.86 (SD 8.58). A total of 64% of
the BCSs listed their civil status as married
and 21% as single, with 41% having an
educational status of higher education and
31% having unfinished studies or primary

school. Table 1 summarizes clinical and



sociodemographic participants’

characteristics.

Participants showed moderate quality of
satisfaction (score range=0-5) with the
mHealth app (mean 3.71 points; SD 0.47
points), high app usage (mean 47.9 days; SD
10.40; max=56 days), and moderate to low
scores (range 0-100) in general quality of life
(mean 57.6; SD 14.07), fatigue (mean 23.14;
SD 15.46), and pain (mean 45.66; SD 25.91).
Finally, mean weight was 72.56 kg (SD 10.85
kg) and the mean MVPA was 47.27 (SD

Table 1. Participants’ demographics (N=73).
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23.41). Analyzing changes in inflammatory
biomarker concentrations after using the
mHealth app, differences between
preassessment CRP (4899.04 pg/ml; SD
1085.25) and IL-6 (87.15 pg/ml; SD 33.59) and
postassessment CRP (4221.24 pg/ml; SD
911.55) and IL-6 (60.53 pg/ml; SD 36.31)
showed a significant decrease in both of
them, with a mean difference of -635.25
pg/ml (95% CI -935.65 to -334.85; P<.001) in
CRP and -26.61 pg/ml (95% CI; -42.51 to -

10.71; P=.002) in IL-6.

Variables Participants
Age (years), mean (SD) 51.35(8.58)
Marital status, n (%)
Single 15 (20.6)
Married 47 (64.4)
Divorced 7(9.6)
Other 4(5.5)
Education, n (%)
No education 1(14)
Primary studies 22 (30.1)
Secondary studies 20 (27.4)
Higher education 30(41.1)
Employment, n (%)
Housewife 18 (24.7)
Employee 28 (38.4)
Low 10 (13.7)
Unemployed by the disease 17(23.3)
Cancer stage,n (%)
1 8(11.3)
I 37(52.1)
A 26 (36.6)
Surgery, n (%)
Lumpectomy 24 (32.8)
Quadrantectomy 12(16.4)
Unilateral mastectomy 26 (35.6)
Bilateral mastectomy 11 (15.1)
Medical treatment, n (%)
None 5(6.9)
Radiation therapy alone 6(8.2)
Chemotherapy alone 5(6.9)
Chemotherapy and radiation therapy 48 (65.8)
Adjuvant chemotherapy 6(8.2)
Neoadjuvant chemotherapy 34
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Correlation Analyses

Significant negative correlations were
changes in CRP
concentration and EORT QLQ C30 general
quality of life (r=-0.281; P=.03),
hormonal therapy (r=-0.235; P=.07), with
uMARS score (r=-0.284; P=.02) and with

mHealth app usage (r=-0.263; P=.04). In

found between

with

were found between change in IL-6
concentration and EORT QLQ C30 pain
(r=0.404; P=.01), with weight (r=0.301; P=.06)
and with type of tumor removal surgery
(r=0.311; P=.05).

In addition, significant correlations existed

among the independent variables (Table 2)

but was only high between uMARS score

addition, significant positive correlations and mHealth usage (r=0.907; P<.001).
Table 2. Pearson product-moment correlation matrix for study variables.
Variable A’CRP® AIL-6° AC309 AC30 AC30 AWeight AMV- Age Stage  Surgery Hormonal MARS" mHealth!
QoL® Fatigue  Pain pAf BCE  type therapy use
ACRP 1.00 _i - - - - - - - - - - -
AIL-6 0.191 100 — — — — — — — — — — —
P value 28 — — — — — — - — — — — —
AC30 QoL -0.281 -0.168 100 — - — - - - - - - -
Pvalue 03 30 - - - - — - — — — - -
AC30 fatigue 0054 0208 -0527 100 — — — - - — — — —
P value 68 20 <001 — - - - - - — - - -
AC30 pain 0.153 0404 -035 0678 100 — — - - - — — —
Pvalue 24 01 002 <001 - — — — — — - - —
AWeight 0088 0301 -0.183 0088 004 1.00 — — — — — - —
Pvalue .50 06 12 46 73 — — — - - - - -
AMVPA 0099 0011 -0023 0.135 0.187 -0.116 100 — - - - - —
P value 47 95 85 29 .14 .36 - - - —_ . — —
Age -0.139 004 0259 -0314 -0301 020 -0304 100 — - - - -
Pvalue 28 8 03 01 01 09 01 — — — — — —
Stage BC 0075 0.143 0055 0079 0083 -0045 -0.101 0.143 100 — - - -
Pvalue 57 38 65 51 49 a1 43 23 - - - - -
Surgery type -0.158 0311 0092 0023 0.009 -0023 -0.191 0.110 0.282 1.00 - - -
P value 22 05 A4 84 93 85 13 35 02 - - - -
Hormonal -0.235 -0001 0.142 -0.161 -0.161 0088 0018 0285 0052 0247 1.00 - -
therapy
P value 07 >99 24 18 18 46 88 02 .66 04 - — -
uMARS -0.284 -0.086 -0.105 0.09 0.188 -0028 0.101 -0309 -0.167 0.147 0049 1.00 -
Pvalue .02 57 38 45 11 81 42 01 .16 23 .68 - -
mHealthuse -0.263 -0.127 -0.101 0.112  0.18¢ -0026 0081 -0402 -0.122 0.144 0014 0.907 1.00
Pvalue .04 43 40 35 12 82 .52 <001 31 22 91 <.001 -
“A: change between pc and p

YCRP: C-reactive protein.

€IL-6: interleukin-6.
4C30: EORT QLQ C-30 questionnaire.
€QoL: quality of life.
'MVPA: minutes of vigorous-to-moderate physical activity.
£BC: breast cancer.
"MARS: user version of the Mobile Application Rating Scale.

imHealth: mobile health.
iNot applicable.
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Therefore, considering multicollinearity
possible (defined as r>0.70), only uMARS
score was included in the regression

analyses.

Regression Analyses

Stepwise regression analyses revealed that
changes in global quality of life, as well as
uMARS score and hormonal therapy, were
possible predictors of change in CRP
concentration after using the app (Table 3).
In the same way, the type of tumor removal
surgery, as well as changes in weight and
pain scores, were possible predictors of
change in IL-6 concentration after using
the app (Table 4). For both tables, r? denotes
the variability of change in biomarker

concentration by the predictors in percent.

METHODS, RESULTS & DISCUSSION

Discussion

The objective of this study was to
determine the preliminary results of the
possible association between the use of an
mHealth strategy app as a delivery
mechanism to monitor energy balance in
cancer and the reduction of systemic
inflammation markers, as well as to suggest
possible predictors of this change. Current
findings suggest that after two months of
use of the app, a significant reduction of
these markers can be observed. Thus, there
could be a possible association between the
two. In addition, the change in weight, pain
and quality of life, as well as the type of
tumor removal surgery, hormone therapy
and the uMARS score, can have a
contribution in the changes found in the

concentrations of CRP and IL-6.

Table 3. ary of stepwise regression analyses to determine predictors of change in C-reactive protein concentration (r2=19%).

Independent variables ~ Unstandardized ~ 95% CI for f

coefficients, p*

Bootstrap BC ‘AP 959, c] Bootstrap, B Standardized t P value

coefficients, B

Interceptil 2496.949 218.504-4775.395 4.641-4989.268 2496.949 _c 22 03
Hormonal therapy -110.304 -286.447 to 65.839 -272.774 to 52.166 -110.304 -0.155 -125 22
UMARS score ~728.786 ~1338.675t0—118.898 ~1396.04 to ~61.533 ~728785 0289 239 02
AGlobal QoLf -18.601 —36.253 to -0.945 -37.022t0-0.177 -18.605 -0.261 =211 .04

B: regression coefficient.

PBCAL: bias-corrected and accelerated.

“Not applicable.

9uMARS: user version of the mobile application rating scale.

€A: change between pc and pr 1ent

fQoL: quality of life.

Table 4. S y of stepwise regression analyses to determine predictors of change in IL-6 concentration (11=26%).

Independent variables ~ Unstandardized ~ 95% CI for B

coefficients, B*

Bootstrap BCAh, 959, C] Bootstrap, B Standardized t P value

coefficients,

Interceptil -36.498 —68.898; —4.098
Type of surgery 8.219 —4.604;21.04
AdWeighl 4.456 -1.263;10.176
APain score 0.667 0.054; 1.279

=71.773;-1.223 -36.498 _c 228 03
-5.383; 21.821 822 0.194 13 20
-0.582;9.495 4455 023 1.58 .08
0.003; 1.33 0.667 0.328 221 .03

8. regression coefficient.

PBCA: bias-corrected and accelerated.
“Not applicable.

da: change between p and

P
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A system of monitoring energy balance
through an mHealth app seems to reduce
the biological parameters of systemic
inflammation (CRP and IL-6). Our results
suggest that after two months of use of the
mHealth app, based on the monitoring of
energy balance (in terms of diet and
physical activity), the concentration of CRP
and IL-6 are significantly reduced in BCSs.
In fact, this change has a moderate effect
size in CRP (Cohen d=-0.640; 95% CI -0.985
to -0.293) and a high effect size in IL-6
(Cohen d=-0.805; 95% CI -1.225 to -0.379).
A study by Skogstad et al was the only one
found with a design similar to ours, as it
used a virtual internet physical activity
motivation strategy in which some
biological parameters were measured [43].
In this study, participants were included in
a motivational physical activity program in
which they measured their steps using a
wrist-band accelerometer. However, unlike
our study, no differences were found in
CRP concentration after the intervention,
perhaps because their study target
population were healthy workers without
pathology. The effect size reported for both
our biomarkers supports the hypothesis
that these changes are not due to time, but
it is important to remark that the quasi-
experimental pre-post design of our study
does not allow us to affirm that the changes
found are only attributable to the use of the
app. Therefore, a controlled and
randomized clinical trial should be carried

out in the future.

Biological  parameters of  systemic

inflammation can be mediated or modified
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by lifestyles changes such as physical
activity and diet [4,6,7]. This study is the
first  to  examine  clinical  and
anthropometric factors that affect changes
in these biological parameters, after using a
mobile strategy to monitor energy balance
in breast cancer survivors. Because
rehabilitation strategies focus on face-to-
face or distance physical activity and diet
programs, understanding the potential
determinants of reducing inflammation
markers can help design more effective

intervention strategies.

The results of our study show that possible
moderators of a reduction in CRP
concentration include not receiving
hormonal therapy, as well as having higher
satisfaction and changes in quality of life
(the higher quality of life change, the lower
the CRP concentration). The role of
estrogen in inflammation is poorly
understood, the mechanism is not well
studied, and its relationship is very complex
[44], and

contradictory results depending on

different  studies  show

different pathologies, with some showing
they are associated with an inflammatory
activity, =~ while  others  show a
proinflammatory role [44]. The differences
found in pre and postmenopausal women
suggest that the peripheral production of
estrogens plays an important role in these
differences [44-47]. Our results provide new
evidence in this regard, since not having
received hormone therapy may be a
predictor of a greater reduction in CRP
concentration in female survivors of breast

cancer. However, estrogen’s relationship



with quality of life has been considered
from another point of view. We understand
that it is not that a higher perception of
quality of life is a predictor of a reduction of
proinflammatory markers but rather the
other way around, that the diminished
inflammatory state is associated with an
increase in the quality of life [48,49].
Ultimately, our results suggest a higher
score in uMARS as a predictor of the
change in CRP concentration. In addition,
there is a strong association between
satisfaction and quality with the amount of
time spent on the mHealth app. If women
with the highest score in uMARS use the
mHealth app more, then the reduction in
inflammatory markers could be due to the
direct relationship caused by a healthier
lifestyle [6,50,51].

The results of our study also show possible
moderators of the reduction in IL-6 include
the type of tumor removal surgery (less
invasive surgery), as well as changes in both
weight and pain (the greater the reduction
of these factors, the greater the reduction of
IL-6). These results are consistent with the
known bidirectional relationship between
obesity and low-grade inflammation, which
contributes  to  systemic  metabolic
dysfunction that is associated with obesity-
linked disorders [4]. In the same way, an
inflammatory reaction is also mediated by
the classic cardinal signs of inflammation

(eg, pain) [52].

Therefore, it is logical to think that a
reduction in pain reported by breast cancer
survivors can be a predictor of a reduction

in IL-6 concentration such as that observed

METHODS, RESULTS & DISCUSSION

in our results. Finally, there is a lot of
scientific evidence to support the use of
minimally invasive surgical techniques
since they don’t raise inflammatory
reactants as much, and these findings may
support the relationship between IL-6 and
the type of tumor removal surgery found in

our results [53-56].

It is worth highlighting some strengths and
limitations of the present study. The main
strength lies in the nature of the study. To
the best of our knowledge, this is the first
study that proposes a mobile strategy to
monitor energy balance as a mediator in the
reduction of proinflammatory markers in
BCSs. If future research supports our
results, we will have found another support
strategy for cancer survivors that is low cost
and accessible to everyone and which could
reduce markers highly related to the risk of
recurrence. However, there are also many
limitations to be noted. The main
limitation lies in the design of the study, as
well as the sample size, which prevents us
from speaking in terms of causality and
effectiveness. In addition, the r? obtained in
the multiple regression models was low.
However, we must not forget that we are
trying to explain biological parameters with
nonbiological variables. Our results may
support the biopsychosocial model, since it
shows how biology can be modified
through these variables. Other biological
parameters that can justify the rest of the
variability that has remained to be
explained should be taken into account in

the future.
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In conclusion, through the results of this
study, we hypothesize that there is a
possible association between an mHealth
energy balance monitoring strategy app
and biological changes in BCSs. These
changes could be explained by different
biopsychosocial parameters such as the use
of the application itself, quality of life, pain,
type of tumor removal surgery, hormonal
treatment or obesity. Future studies should
be carried out with a specific focus on all
these biological parameters, and with an
appropriate study design, to support these
findings.

Acknowledgments

The study was funded by the Spanish Ministry of
Economy and Competitiveness (Plan Estatal de
[+D+I 2013-2016), Fondo de Investigacion Sanitaria
del Instituto de Salud Carlos III (P114/01627), Fondos
Estructurales de la Unién Europea (FEDER), and by
the Spanish Ministry of Education (FPU14/01069
and FPU17/00939). This study took place thanks to
additional funding from the University of Granada,
Plan Propio de Investigacion 2016, Excellence
Actions: Units of Excellence; Unit of Excellence on
Exercise and Health. This work was part of a PhD
thesis conducted in the Clinical Medicine and
Public Health Doctoral Studies of the University of

Granada, Spain.

Conflicts of Interest

None declared.

Abbreviations

BCS: breast cancer survivor

BMI: body mass index

CEIH: Ethics Committee on Human Research
CRP: C-reactive protein

ELISA: enzyme linked immunosorbent assay

106

EORT QLQ-C30: the European Organization for
Research and Treatment of Cancer Quality of Life

Questionnaire Core 30
IL-6: interleukin-6

MVPA: minutes of vigorous-to-moderate physical

activity
RCT: randomized controlled trial

uMARS: user version of the mobile application

rating scale

WCRF: World Cancer Research Fund International

References

1. Allin K, Bojesen S, Nordestgaard B. Inflammatory
biomarkers and risk of cancer in 84,000 individuals
from the general population. Int J Cancer 2016 Oct
01;139(7):1493-1500 [FREE Full text] [doi:
10.1002/ijc.30194] [Medline: 27194008]

2. Colotta F, Allavena P, Sica A, Garlanda C, Mantovani
A. Cancer-related inflammation, the seventh hallmark
of cancer: links to genetic instability. Carcinogenesis
2009 Jul;30(7):1073-1081. [doi: 10.1093/carcin/bgp127]
[Medline: 19468060]

3. Hanahan D, Weinberg R. Hallmarks of cancer: the next
generation. Cell 2011 Mar 04;144(5):646-674 [FREE Full
text] [doi: 10.1016/j.cell.2011.02.013] [Medline: 21376230]

4. Ouchi N, Parker J, Lugus J, Walsh K. Adipokines in
inflammation and metabolic disease. Nat Rev Immunol
2011  Feb;11(2):85-97 [FREE Full text] [doi:
10.1038/nri2921] [Medline: 21252989]

5. Pietzner M, Kaul A, Henning A, Kastenmiiller G, Artati
A, Lerch M, et al. Comprehensive metabolic profiling
of chronic low-grade inflammation among generally
healthy individuals. BMC Med 2017 Nov 30;15(1):210
[FREE Full text] [doi: 10.1186/s12916-017-0974-6]
[Medline: 29187192]

6. Minihane A, Vinoy S, Russell W, Baka A, Roche H,
Tuohy K, et al. Low-grade inflammation, diet
composition and health: current research evidence and
its translation. Br J Nutr 2015 Oct 14;114(7):999-1012
[FREE Full text] [doi: 10.1017/S0007114515002093]
[Medline: 26228057]

7. Bruun J, Helge J, Richelsen B, Stallknecht B. Diet and
exercise reduce low-grade inflammation and
macrophage infiltration in adipose tissue but not in
skeletal muscle in severely obese subjects. Am ] Physiol
Endocrinol Metab 2006 May;290(5):E961-E967 [FREE
Full text] [doi: 10.1152/ajpend0.00506.2005] [Medline:
16352667



10.

11.

12.

13.

14.

15.

16.

Chan D, Bandera EV, Greenwood DC, Norat T.
Circulating C-Reactive Protein and Breast Cancer
Risk-Systematic Literature Review and Meta-analysis
of Prospective Cohort Studies. Cancer Epidemiol
Biomarkers Prev 2015 Oct;24(10):1439-1449 [FREE Full
text] [doi: 10.1158/1055-9965.EP1-15-0324] [Medline:
26224798|

Dossus L, Jimenez-Corona A, Romieu I, Boutron-
Ruault M, Boutten A, Dupré T, et al. C-reactive protein
and postmenopausal breast cancer risk: results from
the E3N cohort study. In: Cancer Causes Control. C-
reactive protein and postmenopausal breast cancer
risk: Results from the E3N cohort study. Cancer Causes
Control Internet Springer International Publishing;
Apr 2014:533-539.

Mathur N, Pedersen B. Exercise as a mean to control
low-grade systemic inflammation. Mediators Inflamm
2008;2008:109502 [FREE Full text] [doi:
10.1155/2008/109502] [Medline: 19148295]

Petersen A, Pedersen B. The anti-inflammatory effect
of exercise. ] Appl Physiol (1985) 2005 Apr;98(4):1154-
1162 |[FREE Full text| |doi:
10.1152/japplphysiol.00164.2004] [Medline: 15772055]
Jones S, Thomas G, Hesselsweet S, Alvarez-Reeves M,
Yu H, Irwin M. Effect of exercise on markers of
inflammation in breast cancer survivors: the Yale
exercise and survivorship study. Cancer Prev Res (Phila)
2013  Feb;6(2):109-118 [FREE Full text] [doi:
10.1158/1940-6207.CAPR-12-0278] [Medline: 23213072]
Diaz-Rodriguez L, Ferndndez-Pérez AM, Galiano-
Castillo N, Cantarero-Villanueva 1, Ferndndez-Lao C,
Martin-Martin LM, et al. Do Patient Profiles Influence
the Effects of Massage? A Controlled Clinical Trial. In:
Biol Res Nurs. Los Angeles: SAGE Publications; Oct
2016:489-497.

Campo R, Light K, O'Connor K, Nakamura Y, Lipschitz
D, LaStayo P, et al. Blood pressure, salivary cortisol, and
inflammatory cytokine outcomes in senior female
cancer survivors enrolled in a tai chi chih randomized
controlled trial. J Cancer Surviv 2015 Mar;9(1):115-125
[FREE Full text] [doi: 10.1007/s11764-014-0395-x]
[Medline: 25164513

Lengacher CA, Reich RR, Paterson CL, Shelton M,
Shivers S, Ramesar S, et al. A Large Randomized Trial:
Effects of Mindfulness-Based Stress Reduction (MBSR)
for Breast Cancer (BC) Survivors on Salivary Cortisol
and IL-6. Biol Res Nurs 2019 Jan;21(1):39-49. [doi:
10.1177/1099800418789777] [Medline: 30079756]

Bower J, Greendale G, Crosswell A, Garet D, Sternlieb
B, Ganz P, et al. Yoga reduces inflammatory signaling
in fatigued breast cancer survivors: A randomized
controlled trial. Psychoneuroendocrinology 2014
May;43:20-29. [doi: 10.1016/].PSYNEUEN.2014.01.019]

17.

18.

19.

20.

21.

22.

23.

24.

25.

METHODS, RESULTS & DISCUSSION

Haggerty A, Huepenbecker S, Sarwer D, Spitzer J,
Raggio G, Chu C, et al. The use of novel technology-
based weight loss interventions for obese women with
endometrial hyperplasia and cancer. Gynecol Oncol
2016 Feb;140(2):239-244. [doi:
10.1016/j.ygyno.2015.11.033] [Medline: 26644265

Frank L, McCarthy M. Telehealth Coaching: Impact on
Dietary and Physical Activity Contributions to Bone
Health During a Military Deployment.
Medicine 2016 May;181(5S):191-198. [doi:
10.7205/milmed-d-15-00159]

Suchy C, Massen L, Rognmo, Van Craenenbroeck EM,

Military

Beckers P, Kraigher-Krainer E, et al. Optimising
exercise training in prevention and treatment of
diastolic heart failure (OptimEx-CLIN): rationale and
design of a prospective, randomised, controlled trial.
Eur ] Prev Cardiol 2014 Nov;21(2 Suppl):18-25. [doi:
10.1177/2047487314552764] [Medline: 25354950]
Schakel L, Veldhuijzen D, van Middendorp H, Prins C,
Joosten SA, Ottenhoff THM, et al. The effects of a
psychological intervention directed at optimizing
immune function: study protocol for a randomized
controlled trial. Trials 2017 May 26;18(1):243 [FREE Full
text] [doi: 10.1186/s13063-017-1983-7] [Medline:
28549484]

Dobson R, Whittaker R, Jiang Y, Shepherd M,
Maddison R, Carter K, et al. Text message-based
diabetes self-management support (SMS4BG): study
protocol for a randomised controlled trial. Trials 2016
Apr 02;17:179 [FREE Full text] [doi: 10.1186/s13063-016-
1305-5] [Medline: 27039300]

Orre 1, Reinertsen KV, Aukrust P, Dahl AA, Fossa SD,
Ueland T, et al. Higher levels of fatigue are associated
with higher CRP levels in disease-free breast cancer
survivors. ] Psychosom Res 2011 Sep;71(3):136-141. [doi:
10.1016/j.jpsychores.2011.04.003] [Medline: 21843747]
Ariza-Garcia A, Galiano-Castillo N, Cantarero-
Villanueva I, Ferndndez-Lao C, Difaz-Rodriguez L,
Arroyo-Morales M. Influence of physical inactivity in
psychophysiological state of breast cancer survivors.
Eur ] Cancer Care (Engl) 2013 Nov 25;22(6):738-745. [doi:
10.1111/ecc.12101] [Medline: 23889104]

Barbaresko J, Koch M, Schulze M, Né6thlings U. Dietary
pattern analysis and biomarkers of low-grade
inflammation: a systematic literature review. Nutr Rev
2013 Aug;71(8):511-527. [doi: 10.1111/nure.12035]
[Medline: 23865797
Galiano-Castillo N, Cantarero-Villanueva 1,
Ferndndez-Lao C, Ariza-Garcia A, Diaz-Rodriguez L,
Del-Moral-Avila R, et al. Telehealth system: A
randomized controlled trial evaluating the impact of an
internet-based exercise intervention on quality of life,

pain, muscle strength, and fatigue in breast cancer

107



STUDY III

26.

27.

28.

29.

30.

31.

32.

33.

34.

108

survivors. Cancer 2016 Oct 15;122(20):3166-3174 [FREE
Full text] [doi: 10.1002/cncr.30172] [Medline: 27332968
Government of Spain. [Law 14/2007, 3 July, on
biomedical research (BOE, 4 July 2007)]. Rev Derecho
Genoma Hum 2007(26):283-325. [Medline: 18201045]
Stull V, Snyder D, Demark-Wahnefried W. Lifestyle
interventions in cancer survivors: designing programs
that meet the needs of this vulnerable and growing
population. J Nutr 2007 Jan;137(1 Suppl):243S-248S.
[doi: 10.1093/jn/137.1.243S]| [Medline: 17182834]
Schmitz K, Courneya K, Matthews C, Demark-
Wahnefried W, Galvdo DA, Pinto B, American College
of Sports Medicine. American College of Sports
Medicine roundtable on exercise guidelines for cancer
survivors. Med Sci Sports Exerc 2010 Jul;42(7):1409-
1426. [doi: 10.1249/MSS.0b013e3181e0c112] [Medline:
20559064]

Demark-Wahnefried W, Rogers L, Alfano C, Thomson
C, Courneya K, Meyerhardt J, et al. Practical clinical
interventions for diet, physical activity, and weight
control CA Cancer ] Clin
2015;65(3):167-189 [FREE Full
10.3322/caac.21265) [Medline: 25683894]
Kushi L, Doyle C, McCullough M, Rock C, Demark-
Wahnefried W, Bandera EV, American Cancer Society

in cancer survivors.

text] |doi:

2010 NutritionPhysical Activity Guidelines Advisory
Committee. American Cancer Society Guidelines on
nutrition and physical activity for cancer prevention:
reducing the risk of cancer with healthy food choices
and physical activity. CA Cancer ] Clin 2012;62(1):30-67
[FREE Full text| [doi: 10.3322/caac.20140] [Medline:
22237782]

Finne E, Glausch M, Exner A, Sauzet O, St6lzel F,
Seidel N. Behavior change techniques for increasing
physical activity in cancer survivors: a systematic
review and meta-analysis of randomized controlled
trials. Cancer Manag Res 2018;10:5125-5143 [FREE Full
text] [doi: 10.2147/CMAR.S170064] [Medline: 30464612]
Vollmer Dahlke D, Fair K, Hong YA, Beaudoin CE,
Pulczinski J, Ory MG. Apps seeking theories: results of
a study on the use of health behavior change theories in
cancer survivorship mobile apps. JMIR Mhealth
Uhealth 2015 Mar 27;3(1):e31 [FREE Full text] [doi:
10.2196/mhealth.3861] [Medline: 25830810]
Lozano-Lozano M, Moral-Munoz ], Galiano-Castillo
N, Martin-Martin L, Ferndndez-Lao C, Arroyo-Morales
M, et al. Designing BENECA m-Health APP, A Mobile
Health Application to Monitor Diet and Physical
Activity in Cancer Survivors. In: Rojas I, Joya G, Catala
A, editors. Advances in Computational Intelligence.
IWANN 2017. Lecture Notes in Computer Science.
Cham: Springer; 2017:70.

Lozano-Lozano M, Galiano-Castillo N, Martin-Martin

L, Pace-Bedetti N, Ferndndez-Lao C, Arroyo-Morales

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

M, et al. Monitoring Energy Balance in Breast Cancer
Survivors Using a Mobile App: Reliability Study. JMIR
Mhealth Uhealth 2018 Mar 27;6(3):e67 [FREE Full text|
[doi: 10.2196/mhealth.9669] [Medline: 29588273
Lozano-Lozano M, Cantarero-Villanueva I, Martin-
Martin L, Galiano-Castillo N, Sanchez M, Ferndndez-
Lao C, et al. A Mobile System to Improve Quality of Life
Via Energy Balance in Breast Cancer Survivors
(BENECA mHealth):
Quasiexperimental Feasibility Study. JMIR Mhealth
Uhealth 2019 Jun 25;7(6):e14136 [FREE Full text| [doi:
10.2196/14136] [Medline: 31237570]

Rathnayake N, Akerman S, Klinge B, Lundegren N,

Prospective Test-Retest

Jansson H, Tryselius Y, et al. Salivary biomarkers for

detection of systemic diseases. PLoS One
2013;8(4):e61356 [FREE Full
10.1371/journal.pone.0061356] [Medline: 23637817

Aaronson N, Ahmedzai S, Bergman B, Bullinger M,

text] [doi:

Cull A, Duez N, et al. The European Organization for
Research and Treatment of Cancer QLQ-C30: a quality-
of-life instrument for use in international clinical trials
in oncology. ] Natl Cancer Inst 1993 Mar 03;85(5):365-
376. [doi: 10.1093/jnci/85.5.365] [Medline: 8433390]

Shih C, Chen C, Sheu C, Lang H, Hsieh C. Validating
and improving the reliability of the EORTC qlq-c30
using a multidimensional Rasch model. Value Health
2013;16(5):848-854.  [doi:  10.1016/j.jval.2013.05.004]
[Medline: 23947980]

Stoyanov SR, Hides L, Kavanagh D], Zelenko O,
Tjondronegoro D, Mani M. Mobile app rating scale: a
new tool for assessing the quality of health mobile apps.
JMIR Mhealth Uhealth 2015 Mar 11;3(1):e27 [FREE Full
text| [doi: 10.2196/mhealth.3422] [Medline: 25760773)
Cain K, Sallis J, Conway T, Van Dyck D, Calhoon L.
Using accelerometers in youth physical activity studies:
a review of methods. ] Phys Act Health 2013;10(3):437-
450 [FREE Full text| [Medline: 23620392]
Carbonell-Baeza A, Ruiz ], Aparicio V, Ortega F,
Munguia-Izquierdo D, Alvarez-Gallardo IC, et al.
Land- and water-based exercise intervention in women
with fibromyalgia: the al-Andalus physical activity
randomised controlled trial. BMC Musculoskelet
Disord 2012 Feb 15;13:18 [FREE Full text| [doi:
10.1186/1471-2474-13-18] [Medline: 22336292]
Tabachnick B, Fidell L. Using Multivariate Statistics
(7th Edition). California: Pearson; 2019.

Skogstad M, Lunde L, Skare , Mamen A, Alfonso ],
Qvstebe R, et al. Physical activity initiated by employer
and its health effects; an eight week follow-up study.
BMC Public Health 2016 May 04;16:377 [FREE Full text]
[doi: 10.1186/s12889-016-3035-8] [Medline: 27146485]
Straub R. The complex role
inflammation. Endocr Rev 2007 Aug;28(5):521-574. [doi:
10.1210/er.2007-0001] [Medline: 17640948]

of estrogens in



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Schmidt M, Weidler C, Naumann H, Anders S,
Scholmerich J, Straub R. Androgen conversion in
osteoarthritis and rheumatoid arthritis synoviocytes--
androstenedione and testosterone inhibit estrogen
formation and favor production of more potent Salpha-
reduced androgens. Arthritis Res Ther 2005;7(5):R938-
R948 [FREE Full text| [doi: 10.1186/ar1769]| [Medline:
16207335]

Simard J, Gingras S. Crucial role of cytokines in sex
steroid formation in normal and tumoral tissues. Mol
Cell Endocrinol 2001 Jan 22;171(1-2):25-40. [Medline:
11165008]

Purohit A, Reed M. Regulation of estrogen synthesis in
postmenopausal women. Steroids 2002 Nov;67(12):979-
983. [Medline: 12398994]

Kim J, Kim H, Song S. Associations among
inflammation, mental health, and quality of life in
adults with metabolic syndrome. Diabetol Metab Syndr
2018;10:66 [FREE Full text] [doi: 10.1186/s13098-018-
0367-9] [Medline: 30186371]

de Almeida Roediger M, de Fdtima Nunes Marucci M,
Duim E, Santos ], de Oliveira Duarte YA, de Oliveira C.
Inflammation and quality of life in later life: findings
from the health, well-being and aging study (SABE).
Health Qual Life Outcomes 2019 Feb 06;17(1):26 [FREE
Full text] [doi: 10.1186/s12955-019-1092-2] [Medline:
30728031]

Ringseis R, Eder K, Mooren F, Kriiger K. Metabolic
signals and innate immune activation in obesity and
exercise. Exerc Immunol Rev 2015;21:58-68 [FREE Full
text] [Medline: 25825956|

Nimmo M, Leggate M, Viana J, King J. The effect of
physical activity on mediators of inflammation.
Diabetes Obes Metab 2013 Sep;15 Suppl 3:51-60. [doi:
10.1111/dom.12156] [Medline: 24003921]

Kapoor S, Fitzpatrick M, Clay E, Bayley R, Graham R,
Wallace G, et al. Chapter 11. Metabolomics in the
Analysis of Inflammatory Diseases. In: Roessner U,
editor. Metabolomics. Rijeka (HR): InTech; 2012:269-
288.

Scarpa M, Cavallin F, Saadeh L, Pinto E, Alfieri R,
Cagol M, et al. Hybrid minimally invasive
esophagectomy for cancer: impact on postoperative
inflammatory and nutritional status. Dis Esophagus
2015 Sep 24;29(8):1064-1070. [doi: 10.1111/dote.12418]
Clinical Outcomes of Surgical Therapy Study Group,
Nelson H, Sargent D, Wieand H, Fleshman J, Anvari M,
et al. A comparison of laparoscopically assisted and
open colectomy for colon cancer. N Engl ] Med 2004
May 13;350(20):2050-2059. [doi: 10.1056/NEJMo0a032651]
[Medline: 15141043

Veenhof A, Sietses C, von Blomberg BME, van
Hoogstraten IMW, vd Pas MHGM, Meijerink W, et al.

The surgical stress response and postoperative immune

56.

METHODS, RESULTS & DISCUSSION

function after laparoscopic or conventional total
mesorectal excision in rectal cancer: a randomized trial.
IntJ Colorectal Dis 2011 Jan;26(1):53-59 [FREE Full text|
[doi: 10.1007/s00384-010-1056-9] [Medline: 20922542]

Targarona E, Pons M, Balagué C, Espert J, Moral A,
Martinez J, et al. Acute phase is the only significantly
reduced component of the injury response after
laparoscopic cholecystectomy. World ] Surg 1996
Jun;20(5):528-33; discussion 533. [Medline: 8661626]

109






Integral strategy to supportive care
in breast cancer survivors

through occupational therapy

and a m-health system:

design of a randomized clinical trial

BMC
MEDICAL INFORMATICS AND DECISION MAKING

2016

Journal Citation Report

Impact Factor K]

&)=L ]a8 Medical Informatics
Rank RIYZZYEERAY))

STUPNELY







METHODS, RESULTS & DISCUSSION

Study IV. Integral strategy to supportive care in breast cancer
survivors through occupational therapy and a m-health system:
design of a randomized clinical trial

Abstract

Background: Technological support using
e-health mobile applications (m-health) is a
promising strategy to improve the
adherence to healthy lifestyles in breast
cancer survivors (excess in energy intake or
low physical activity are determinants of
the risk of recurrence, second cancers and
cancer mortality). Moreover, cancer
rehabilitation programs supervised by
health professionals are needed due to the
inherent characteristics of these breast
cancer patients. Our main objective is to
compare the clinical efficacy of a m-health
lifestyle intervention system alone versus
an integral strategy to improve Quality of

Life in breast cancer survivors.

Methods: This therapeutic superiority
study will use a two-arm, assessor blinded
parallel RCT design. Women will be
eligible if: they are diagnosed of stage I, II
or III-A breast cancer; are between 25 and
75 years old; have a Body Mass Index > 25
kg/m2; they have basic ability to use mobile
apps; they had completed adjuvant therapy
except for hormone therapy; and they have
some functional shoulder limitations.
Participants will be randomized to one of
the following groups: integral group will
use a mobile application (BENECA APP)
and  will receive a  face-to-face
rehabilitation (8-weeks); m-health group

will use the BENECA app for 2-months and

will received usual care information. Study
endpoints will be assessed after 8 weeks
and 6 months. The primary outcome will be
Quality of Life measured by The European
Organization for Research and Treatment
of Cancer Quality of Life Questionnaire
Core and breast module. The secondary
outcomes: body composition; upper-body
functionality (handgrip, Disability of the
Arm, Shoulder and Hand questionnaire,
goniometry); cognitive function (Wechsler
Adult Intelligence Scale, Trail Making
Test); anxiety and depression (Hospital
Anxiety and Depression Scale); physical
fitness (Short version of the Minnesota
Leisure Time Physical Activity
Questionnaire, Self-Efficacy Scale for
Physical Activity); accelerometry and

lymphedema.

Discussion: This study has been designed
to seek to address the new needs for
support and treatment of breast cancer
survivors, reflecting the emerging need to
merge new low-cost treatment options with
much-needed involvement of health

professionals in this type of patients.

Trial registration:  ClinicalTrials.gov
NCT02817724 (date of

registration: 22/06/2016).

Identifier:

Keywords: Breast, Neoplasms,
Occupational therapy, Mobile applications,

Quality of life.
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Background

Cancer is one of the most incident diseases
worldwide. Over 14 million new cancer
cases occur every year but are projected to
reach approximately 22 million by 2030 [1].
Among all cancer types, breast cancer is the
most commonly diagnosed cancer in
women, and approximately 4.4 million
women worldwide live with a diagno- sis of
breast cancer [2]. Fortunately, the survival
rate is very encouraging; the estimated
number of deaths from breast cancer is
estimated to be less than one-third of new
cases [1]. Developments in screening and
improved treatments for breast cancer have
led to improved sur- vival, and it is
beginning to be regarded as a chronic
disease [3, 4]. This new perspective of the
disease has led to a growing need for long-
term treatments [4] with an integrative
strategy that takes into account the pa-
tients’ lifestyles and physical, cognitive and

emotional impairments [5-7].

Regarding the importance of the patients’
lifestyles (in physical activity and diet), the
literature highlights the importance of
maintaining healthy lifestyles to reduce the
risk of recurrence, secondary cancers or
death. There is strong evidence about the
efficacy and safety of exercise and healthy
diet to improve the patients’ quality of life
(QoL) [8, 9] and reduce the effects of cancer
[10, 11]. Recent research reveals that even
when patients know the benefits of
interventions aimed at pro- moting energy
balance among cancer survivors (in terms of
intake and physical activity), it is unrealistic

to expect that most of them, who have a

N4

strong sedentary habit, will comply with
the current good practice guidelines [10,
12]. In addition, survivors report difficulties
in adhering to and maintaining an
appropriate lifestyle [12]. Conse- quently,
this energy imbalance increases the risk of
cancer recurrence [13] and, along with the
functional limitations and
emotional/occupational imbalance, re-
duces the QoL of breast cancer survivors
(BCS) [14]. New strategies with a
comprehensive approach of sup- port must
be developed to improve the adherence and
motivation of these patients and to reduce
the high cost involved in creating
individualized exercise programs and diets
[15]. Currently, technological support is a
promising strategy that could improve
issues, such as barriers of distance, time,
cost and motivational aspects [16].
Telehealth systems, which are based on
computers and mobile applications (m-
health), offer a promising approach for both
dietary and physical activity assess- ments
[17] and the patients’ motivation can be
signifi- cantly increased through the
immediate feedback provided by these
systems [18]. A recent study has developed
a mobile application to simultaneously
collect data on diet and physical activity in
adults [17], but, to our knowledge, no
programs exist that simultaneously col- lect
data on diet and physical activity in cancer
patients and provide immediate feedback

with individualized recommendations.

In addition to the need to improve these
patients’ life- styles, the patients may
cognitive  and

experience  physical,



emotional impairments. The most common
upper body symptoms reported by BCS are
related to shoul- der impairments [19-21],
although much research has supported the
practice of performing early exercises to
avoid limitations of range of motion (ROM)
in the shoulder [22, 23]. Moreover, cognitive
impairment oc- curs in 10%-50% of these
women [24, 25|, and the emotional distress
caused by shifts in social support and the
fear of recurrence and death has also
impacted women’s wellbeing [26, 27]. The
performance of daily tasks (such as
activities in daily living, work, and leisure
tasks) are influence by all these
complications and, along with unhealthy
lifestyle habits, affect the overall QoL [22].

In this sense, occupational therapy is an
effective inter- vention to improve the
patients’ QoL, ROM or distress in different
conditions [28-30]. However, to our know-
ledge, the only published randomized
controlled trial evaluating occupational
therapy in BCS is an interven- tion aimed at
reducing the limitations of rural patients in
their daily activities [31]. The authors found
that a telephone-based problem-solving
occupational therapy intervention program
was feasible and had positive effects on the
patients’ function, QoL and emotional
state. ~ However, the study had
methodological limita- tions, such as a
small simple size and intervention bias.
Other previous studies with the aim of
evaluating the effects of occupational
therapy on cancer patients had several
limitations, such as including any type of

cancer [32-36], the use of a non-randomized
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controlled trial (RCT) approach [33-35, 37,
38|, and pilot studies [31, 36] involving very
few patients [31, 33, 36-38].

This study arises from the need to establish
an integra- tive and multidisciplinary
strategy to support BCS by taking
advantage of the features of these two
proposals: first, the functionality and
independence provided by a mobile
application that patients can use when and
wher- ever they choose; secondly, the
imperative need for a su- pervised face-to-
face intervention by a health professional,
due to the inherent characteristics of these
patients. Our study aims to compare the
clinical efficacy of an m-health lifestyle
intervention system alone versus an
integrative strategy that also includes a
face-to-face intervention in BCS. In this
manuscript, we describe the design and

methods of the study.

Methods

Objectives

The main objective of this RCT is to assess
if an integrated strategy that uses a m-
health system in addition to a face-to-face
treatment is better than the use of the m-
health system alone to improve the
immediate and long-term QoL of BCS.
Second, we want to examine the effects of
the interventions on the overall impact on
functionality, body composition, anxiety
and depression, physical measurement,
lymphedema and cognitive func- tion. The
integral group will use the m-health and re-

ceive three occupational therapy sessions
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each week for an 8-week period. We will
also study the effect of a 24- week period
without rehabilitation on the studied vari-
ables. We hypothesize that support care
based on an Occupational Therapy-
supervised rehabilitation program will
promote functionality and the combination
with the mobile system will improve the
patients’ lifestyles and QoL, reduce
distress, and improve cognitive function

and arm mobility.

Research design and methods

The present study is a parallel group,
assessor-blind, su- periority RCT that will
be conducted using assessments at baseline
and immediately after the 8-weeks
intervention. Follow-up measurements will
be collected for 24 weeks after the end of
the 8-week intervention period, resulting in
a total trial data collection period of 32
weeks. We will use two separate assessment
days to avoid fatigue in pa- tients. In Table

1 is shown the study assessment schedule.

Participants

A total of 80 eligible (see inclusion criteria
below) BCS will be randomized into the
integral group (N=40) or the m-health group
(N = 40). For feasibility, the study is
conducted in three waves. During the first
year of the study (from January to December
2016), we will prepare protocols, establish
the measurement techniques, and enrol the
first 25 women in the study. At the
beginning of the second year of the study
(between January and April 2017), we will

enrol an additional 30 women, and in the
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Table 1 Study assessment schedule

Assessment Baseline  Post-intervention  Follow - up
(8 weeks) (24 weeks)
Informed Consent X
Day 1 testing

Sociodemographic data  x

Anthropometric data, X X X

pressure/rate heart

Accelerometry (1 week)  x X X

Body Composition X X X

(DEXA)

Minnesota X 3 X

Self-efficacy Physical X X X

Activity questionnaire

EORTC QLQ-C30 X 3 X

EORT QLQ-BR23 X X X
Day 2 testing

WAIS-IV(subtest) X X X

Trail Making Test (TMT) ~ x X X

Handgrip strength X X X

Lymphedema X X X

Hospital Anxiety and X X X

Depression Scale

DASH X X X

Goniometry X X X

*Working memory and processing speed subtest

third stage, we will enrol the remaining 25
women. In summary, the target sample size

of 80 BCS will be achieved in these 3 waves.

The integral group will receive the m-
health plus an 8-week occupational therapy
onsite program , and the m-health group
will only use the app. Participants will be
enrolled in this study by oncologists from
the Hospital Virgen de las Nieves (Breast
Unit) and the Hospital Clinico San Cecilio,
Granada (Spain). The Research Ethics
Committee of the province of Granada

approved this study.

Eligibility criteria

Eligible women require: 1) to be between
25.0 and 74.9 years-old, 2) to be diagnosed
of stage I, IT or IIIA breast cancer, 3) to have
medical clearance of participation, 4) to be
overweight or obese, according to the

Spanish Society for the Study of Obesity



(SEEDO) [39], 5) to have basic ability to use
mobile apps or living with someone who
has this ability, 6) completion of ad- juvant
therapy except for hormone therapy, 7) to
have some functional or ROM limitations
measures by goniometry and the
Disabilities of the Arm, Shoulder and Hand
(DASH) questionnaire, and 8) to have signed
informed consent and have interest in

improving lifestyle.

The exclusion criteria were defined as
follows: history of cancer recurrence, to
have had chronic disease or orthopaedic
issues that would interfere with ability to
participate in this rehabilitation program,
or to have had uncontrolled hypertension

(diastolic pressure > 95 mm Hg).

Outcome measures

The primary outcome measure is QoL. The
secondary outcome variables include body
composition, active range of motion
(AROM), functionality, anxiety and
depression, and cognitive function. Other
variables of interest include muscular
strength and free-living physicalactivity.

Primary outcome measure

Quality of life: The European Organization
for Research and Treatment of Cancer
Quality of Life Questionnaire Core 30
(EORTC QLQ-C30) version 3.0 [40]: We will
use the EORT QLQ-C30 to assess QoL.
This question- naire is one of the most
widely used instruments to measure QoL in
cancer patients. The QLQ-C30 is com-
posed of both multi-item scales and single-
item mea- sures, as well as five functional

scales, three symptom scales, a global
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health status/QoL scale, and six single
items. The scores must be averaged and
linearly trans- formed to obtain a range of
scores from 0 to 100, with a higher score
representing a greater response level. Thus,
a high score for a functional scale
represents a healthy level of functioning
and a high score for the global health status
represents a high QoL, but a high score for
the symptom scale represents a high level
of symptom- atology [41]. The test/retest
reliability is high for all scales, ranging
from 0.82 to 0.91 [40].

The European Organization for Research
and Treatment of Cancer Breast Cancer-
Specific Quality of Life Question- naire
(EORT QLQ-BR23) [42]: This questionnaire
is a breast cancer module of the EORTC
QLQ-C30 that con- tains 23 items rated on
a four-point scale ranging from 1 (not at all)
to 4 (very much). The items assess the side
effects of therapy, arm symptoms, breast
symptoms, body image, and sexual
function. Additionally, there are single
items assessing sexual enjoyment, anxiety
caused by hair loss, and future outlook. The
scores range between 0-100 points. The
procedure for scoring the breast cancer
mod- ule is the same as the EORTC QLQ-
C30 [41]. For scales evaluating function, a
higher score represents a higher level of
functioning.  For  scales evaluating
symptoms, a higher score indicates more
severe symptoms. The reli- ability has been
shown to be high to moderate (Cronbach’s
a ranged between 0.46 - 0.94) [42].

1n7
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Other outcome measures

Body composition

Height and weight will be measured. Body
mass index, fat mass, lean body mass,
abdominal adipose tissue and bone mineral
density will also be assessed by conducting
Dual-energy X-ray absorptiometry (DXA,
Discover y densitometer from HOLOGIC,
QDR 4500 W) using protocols reported in
previous studies [43, 44]. This as- sessment
tool has previously been used in breast

cancer patients [45, 46].

Muscular strength

The handgrip strength test will be assessed
using a digital dynamometer (TKK 5101
Grip-D; Takey, Tokyo, Japan). Following
the protocol described by Ruiz-Ruiz et al.
[47], the optimal grip span will be
determined by a simple algorithm to adapt
the dynamometer. Throughout the whole
test, BCS will be in a bipedal position; they
have to put their arm in complete extension
without touching any part of their body [18],
repeating the test three times with each
hand, alternately. There will be a delay of
one minute between each test. The mean of
the three tests will be used for the main
analysis. This measurement has been

demonstrated to be valid and reliable [48].

Upper body functionality

The disability of the arm, shoulder and
hand (DASH) questionnaire: the American
Academy of  Orthopedic  Surgeons
introduced the DASH questionnaire as a

specific instrument to measure upper
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extremity functionality [49]. It is one of the
most extensively used tools [50]. Of the 30-
items that are included in the DASH
questionnaire: 21 items ask about the
degree of difficulty in physical ac- tivities; 5
items ask about the severity of some pain
symptoms; and the final 4 items ask about
other activi- ties such as social activities,
sleep, work or self-image. The impact of the
symptoms on each activity is also assessed.
The scale score ranges from 0 to 100 points;
the higher the score, the greater the
disability [51]. The reliability of the Spanish
version has a Cronbach’s a = 0.96 [52].

Active range of motion (AROM)

Shoulder AROM measurements will be
obtained using a standard, two-armed
goniometer, which is described as the
clinical gold standard [53]. The patients will
be asked to actively move their arms as
much as they can to obtain measurements
(in degrees) of flexion, extension,
abduction, internal rotation and external
rotation of the shoulder [23]. The movement
will be validated by the interviewer and
motion compensation will be limited to

avoid overestimating the scores.

Cognitive function

Wechsler Adult Intelligence Scale (WAIS-
IV): The WAIS-IV is an intelligence test
designed to measure cognitive ability in
adults and older adolescents and provides
the most advanced adult measure of
cognitive ability [54]. WAIS-IV subtests will
be administered and scored according to

standardized procedures [55]. For feasibility
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RECRUITMENT

for an intake for the study.

Breast Cancer Survivors Treated in one of
the participating hospitals will be invited

l

enroliment ——»

INTAKE

Screening/

Written Informed
Consent/ Baseline testing

—

RANDOMISATION ]

INTEGRAL GROUP
BENECA mobile app and
face-occupational therapy

rehabilitation (n=40).

M-HEALTH GROUP
BENECA mobile app and
usual care (n=40).

[ 8 WEEKS POST-TEST ] ------ follow-up +essees [ 8 WEEKS POST-TEST ]
[ 6 MONTHS FOLLOW-UP ] ------- follow-up -eeeees [ 6 MONTHS FOLLOW-UP ]
&
Fig. 1 Flow diagram showing the recruitment of patients
issues and because specific subtests but in this case, the participant must

provide information on a specific cognitive
function (and can be used separately [55]),
we will use two of the four index scores that
compose the test: the Working Memory
Index (WMI) and the Processing Speed
(PSI). The WMI

subtests, Arithmetic and Digit Span, and

Index includes two
the PSI also includes two subtests, Digit

Symbol- Coding and Symbol Search.

The Trail Making Test (TMT) measures the
flexibility of thinking using a visual-motor
sequencing task and is one of the most
neuropsychological

important tests,

of

processing, visual search, mental flexibility,

providing information on speed
scanning and executive func- tions [56]. It is
formed by two subtests. TMT-A requires
the

sequentially connect

participant to draw lines that

several encircled
numbers (1 to 25) distributed on a sheet of

paper. TMT-B is similar in requirements,

alternate between numbers and letters (e.g.,
1, A, 2, B, 3, C, etc.). The score is based on
the amount of time required to complete

the task.

Anxiety and depression

The Hospital Anxiety and Depression Scale
(HADS): This scale consists of 14 items with
two subscales (seven items for anxiety and
seven for depression) and a score which
ranges from 0 to 21 for each subscale. The
ques- tionnaire contemplates a cutoff point
of 11 or above to consider anxiety and

depression conditions [57, 58].

Physical fitness

Short Version of the Minnesota Leisure
Time Physical

(VREM) [59]: This questionnaire is a short

Activity Questionnaire

version of the original Minnesota question-

naire [60] and is composed of 5 items. It asks
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for the period in a typical week that the
participants perform routine housework
activities (cleaning house and go shopping
on foot). In addition, it asks about activities
performed during the last month or in a
typical month for the other items, such as
walking, working in the garden, playing
sports or dancing and climbing stairs.
Finally, energy expenditure is calculated (in
METS-min/ 14 days) and the participant is
classified from sedentary to very active

according to their energy expenditure [59].

Self-Efficacy Scale for Physical Activity
(EAF): The EAF is a validated instrument
that determines the participants’ beliefs
about their own abilities to perform
physical activi- ties (self-efficacy for
physical activity). It also allows us to
identify the barriers and limitations that
prevent the user from practicing this
behaviour and the strength they require to
perform regular physical activity. The EAF
con- sists of three domains: scheduled
physical exercise, physi- cal activity in daily
activities and walking. A total of 39 items
are rated from 0 to 10; the higher the score,
the greater the ability to perform the
activity [61, 62].

Accelerometry

Accelerometry will be used to obtain data
about physical activity and sedentary time
for each participant, fol- lowing a
previously published protocol for usage and
analysis [63]. A pre-programmed tri-axial
(ActiGraph GT3X+,
Pensacola, Fl., US) and a daily ques-

accelero-meter

tionnaire will be given to BCS. The
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participants will wear the accelerometer for
8 consecutive days. They will be instructed
to wear the accelerometer on their lower
back for the whole day (including when
sleeping) but to take it off during aquatic
activities. They will also receive an in-
formation sheet with detailed instructions.
Participants will be included in the main
analysis if the device records data for at
least 4 days over a period of at least 10 h
each day. Data will be collected at intervals
of 1 min. Nonwear periods (intervals of 60
consecutive minutes with zero counts) and
the first day of wearing the device will be
ex- cluded from analyses. Accelerometer
data will be down- loaded to the same

computer used to initialize them [18].

Lymphedema

We will measure changes in size or volume
of the upper limbs to diagnose
lymphedema. An inextensible flexible tape
0.5 cm wide x 2 m long with an accuracy of
0.1 cm will be used following the protocol
using in some previ- ous studies [18, 64],
which has been shown to be valid and
reliable [65, 66].

Sample size

The sample size and power calculations for
this trial were obtained through overall
Health-Related QoL (HRQoL) using
EORTC QLQ-C30 version 3.0 [40], and
taking into account previously reported
data [67] a mini- mally important difference
from 5 to 10 points was con- sidered.
Assuming that integral group increase

HRQoL in BCS in compared with m-health



group [18] we can detect differences of at
least 5% with a power of 90% and an a of
0.05 with two groups (Integral group and m-
health group) of 36 participants assuming
similar standard deviation (approximately 7
points). A maxi- mum loss at follow-up of
10% will be allowed to face a possible drop-
out rate [9]. Hence, we will recruit 80 BCS
(40 in each group). Fig. 1 shows the flow
diagram of the study participants.

Randomization and blinding

To reduce the risk of bias during the
assessment, after completion of the
baseline assessment we will allocate
eligible patients randomly either m-health
or integral groups into three randomization
waves, using computer- generated numbers
(EPIDAT 3.1, Xunta de Galicia). An
external member will introduce the
sequence in sealed opaque envelopes.
Assessment staff will be blinded to
patients’ randomization assignment and
the staff respon- sible of the rehabilitation
program will not be able to change any
assignment. After the 6-month follow-up
period, and because of ethical implications,
once the last outcome variable has been
measured, we will invite par- ticipants of
the m-health group to participate into the

face-to-face rehabilitation program.

Integral group

The intervention will be implemented by
the CUIDATE research group. The
supervised face-to-face program involves
two parts (8 weeks in total). The

participants will may use the BENECA

METHODS, RESULTS & DISCUSSION

System (mobile app) daily, which aims to
recover a healthy lifestyle in BCS (in terms
of energy balance: physical activity and
dietary). On the second day of the
assessment, staff will install the app on the
participants’ mobile phones and will train
them to use it. Furthermore, the women
will receive telephone calls and text
messages (as required) to re- solve any
questions and provide suggestions, and a
video tutorial on how to use the application

is also available on the web.

Moreover, participant will receive a
supervised face- to-face rehabilitation
program. This intervention con- sists of a
supervised-occupational therapy
rehabilitation program at the iMUDS
centre (Mixed Institute University Sport
and Health). Because there is no
information about the ideal occupational
therapy program for breast cancer patients,
we have developed a compre- hensive
program that covers most of the physical,
cognitive and emotional needs of these
patients after oncology treatment from the

occupational therapy perspective.

The second part is based on the fact that
this span has been used in previous RCTs
that have similar outcomes and samples [9,
18]. The occupational therapy program
includes 3 weekly sessions of 60 to 90 min
each. The weekly sessions will be
distributed as follows: 2 sessions/ week in a
ROM-cognitive subprogram
(approximately 50 min/session) using
therapeutic workshops and individ- ualized

treatment that focus on improving the

ROM, muscle strength and endurance, and
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manipulative skill and energy conservation
as well as cognitive activities; 3
sessions/week of a  psychomotricity
program (approxi- mately 45 min/session)
including activities to improve functional
capacity and address fatigue and pain as
well as a warm-up period and relaxation
techniques; and fi- nally, 1 session/week of
a psychosocial intervention (approximately
30 min/session), working on areas of
ergonomics, techniques of  energy
conservation and fa- tigue management,
job anxiety, coping techniques and
occupational balance. All of these exercises
will be assigned to women in the integral
group according to their perceived needs at
the baseline assessment. These needs will
be established based on the fatigue levels,
pain, functional capacity, ROM, and
distress levels reported by the patients.
Therefore, each participant will receive
individual and progressive training (for
example, the number and type of exercises,
series, repetitions and so on). Efforts will be
made to prevent the integral group from

receiving additional physical care.

M-HEALT: BENECA APP system

BENECA asks users to register their food
and drinks and the different activities
performed during the previous day. With an
open structure and four time periods, the
application will take the form of a
questionnaire on the diet (over the last 24 h)
and a record of daily activities in terms of
duration and intensity. Users also record
their weight (kg) and height (cm). After

entering the informa- tion, the system will
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provide the patient information about their
energy balance and general
recommendations on physical activity
according to their individual profile, using
the reference guide for exercise in cancer
patients from the American College of
Sports Medicine [68]. Addition- ally, it
provides recommended substitutions for
foods that are considered potentially
carcinogenic with others that may have a
protective  capacity against  cancer,
according to the guidelines of the American
Cancer Society [11, 69] and the
recommendations of the WCRF about the
consumption of food of plant and animal
origins, food with low energy density, etc.
Furthermore, the program also detects the

presence of an energy imbalance.

Telephone calls

The CUIDATE group will make the
telephone calls and send messages of
encouragement. On the one hand, with
these calls, participants will be able to solve
any problems with the usage of BENECA
app. Moreover, we will check the patients’
improvement and satisfaction. On the other
hand, the aim of messages will be to
stimulate not only the adherence with

BENECA app but also with the program.

M-Health group

Because it is a study of therapeutic
superiority, the m- health group will use the
BENECA app for 2 months and will receive
some general recommendations about
healthy lifestyle, stress management and

occupational balance in paper format. After



completion of this study, the m-health
participants will be given the opportunity
to participate in the supervised face-to-face
program due to the ethical concerns of the
CUIDATE group. The data obtained will be

not used in this study.

Data analysis

All analyses will be carried out using
STATA/SE 14.0 StataCorp, College Station,
TX, USA) or using Statistical Program for
Social Sciences (IBM© SPSS© Statistic
version 20, Corp., Armonk, NY). We will
check the nor- mal distribution of variables
with Kolmogorov-Smirnov and Shapiro-
Wilk test, as appropriate, and the
differences at baseline between groups
with Chi-square test or Student t-test, as
appropriate. The main analysis will be
repeated measures analyses of the
covariance (ANCOVA) with age, type of
surgery, tumour stage and time since
diagnosis as covariates. Intergroup effect
sizes will be calculated to provide change
magnitude information. We will use the

intention-to-treat principle for all analyses.

Discussion

This RCT will investigate whether there are

clinically  relevant  differences  in
improvements in the QoL of BCS between
an integral strategy and the use of the m-
health system alone. This study has been
designed to address the new needs for
support and treatment of breast cancer
survivors, reflecting the emerging need to
merge new, low cost treatment options with

the much-needed involvement of health

METHODS, RESULTS & DISCUSSION

professionals in the treatment of this type
of patients. The supervised program
includes not only strengthening and range
of motion exercises of the shoulder, which
are necessary in these patients [9], but also
features a cognitive [25] and psychosocial
[27] approach in a single intervention
program which, together with the use of the
m-health application [17], provides the

integral character of the project.

In addition, most studies in cancer patients
have been conducted with a rehabilitation
team comprising nurses, psychologists and
physiotherapists [8, 27]. For this rea- son,
we chose to use a supervised face-to-face
rehabilita- tion program conducted by an
occupational therapist, due to the holistic
and integrative approach of the discipline.
Although we expect to see improvements in
the primary outcome in both groups, we
hypothesize that the combination of the
supervised program and the m-health
system will cause significant differences in
QoL compared with the m-health group.
QoL improve- ment is considered an
indicator of cancer rehabilitation success
[70]. If this integral option is effective, it
will highlight the need for health systems to
include disci- plines such as occupational
therapy in the supportive care of cancer
patients during the survival period, as well
as the potential advantage and cost
reduction provided using a mobile app.
Moreover, the results of this study could
garner support for the use of this type of
strategy in an increasing number of 17.8

million cancer patients in the European
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Union [71], with a high proportion of them

claiming adequate rehabilitation services.
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METHODS, RESULTS & DISCUSSION

Study V. Mobile health and supervised rehabilitation versus
mobile health alone in breast cancer survivors: randomized

controlled trial.

Abstract

Background. Survival rates in cancer are
increasing  exponentially, with a
corresponding  increase/influence  in

disability-adjusted  life-years.  Efforts
should be made to explore the optimal
balance between unsupervised/distance-
based and supervised/onsite approaches to

cancer care.

Objective. This study aimed to compare the
clinical efficacy of the BENECA mobile
Health (mHealth) lifestyle application
combined with a supervised rehabilitation
program (BENECA and rehabilitation)
versus the BENECA mHealth lifestyle
application alone on quality of life (QoL)
and functional outcomes of breast cancer

survivors.

Methods. This randomized controlled trial
included 80 survivors of breast cancer
diagnosed at stage I-IIIA, who completed
adjuvant therapy and were overweight or
obese at diagnosis. Participants were
randomly allocated (ratio 1:1, 3 waves) to
BENECA and rehabilitation for 2 months
(n=40) or BENECA and usual care
(BENECA alone; n=40). Participants
completed a questionnaire at baseline (T1),
8-weeks post-intervention (T2) and 6-
month follow-up (T3). The primary
outcome was QoL assessed with the EORT
QLQ-C30. Secondary outcomes included

upper-limb  functionality and  body

composition. Statistical (between-group
analyses of covariance) and clinical effects

were analyzed by intention to treat.

Results. Both groups showed improved
outcomes, but global QoL was significantly
better with BENECA and rehabilitation
than BENECA alone (mean difference,
12.76; 95% confidence interval 4.85; 20.67;
p=0.004), with a moderate-to-large effect
size (d=72). The proportion of participants
reporting reliable clinical improvement on
global QoL at T2 was higher with BENECA
and rehabilitation than BENECA alone
(57.5% vs 26.3%, p=0.008). Improvement in
subjective and objective upper-limb
functionality was also higher with

BENECA and rehabilitation.

Conclusions. The BENECA mHealth
lifestyle application with a supervised
rehabilitation program had a statistically
and clinically significant effect on QoL and
upper-limb functionality in breast cancer
survivors and is a unique and important

promising new approach.

Keywords: breast cancer, integral strategy,

rehabilitation, mbhealth, occupational

therapy.
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Introduction

Between 2006 and 2016, survival rates in
some cancer types, especially breast cancer,
exponentially increased (1), with a
corresponding  increase/influence  in
disability-adjusted life-years (DALYS) (2).
DALYS secondary to cancer survival are
associated with substantial medical
expenses and loss of productivity in
addition to long-term health effects (3).
Specifically, breast cancer caused 15.1
million DALYs (95% confidence interval
[CI] 14.3-16.2) (1). The annual economic
burden of cancer survivors > 65 years old
exceeds USD $15,500 (3). In fact, even the
economic burden of breast cancer in the
survival phase has been associated with loss
of quality of life (QoL) (4). The number of
cancer survivors is estimated to be 18
million by 2022 (2). Multifaceted
intervention and rehabilitation strategies
should be key points of research, with the
aim of reducing the economic, social, and

disability impact of cancer (3).

Cancer rehabilitation may improve
functional, physical, cognitive, and
psychological outcomes during and after
treatment; all are affected aspects in most
breast cancer survivors. (5-7). Although the
need for personalized treatments has been
studied (8) and the preference of patients
for face-to-face treatments demonstrated
(9), this care is under-utilized (5). Moreover,
a high number of breast cancer survivors do
not adhere to international clinical practice
guidelines in terms of healthy lifestyles, so

the best rehabilitation model needs to be
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determined to promote lifestyle behavior

changes (10).

Our group previously validated a mobile
health (mHealth) tool (BENECA mHealth)
to incorporate highly validated nutrition
and exercise recommendations in cancer
survivors (11), with the intention of
improving energy balance, which aids in
avoiding recurrence and loss of QoL (12).
The World Health Organization defines
eHealth as a transfer of health care through
electronic devices, including mobile
platforms (13). The number of applications
for cancer is small (14,15), and only a few are
aimed at prevention (2.0%) or management
(3.7%) (14). Integrating mHealth into the
oncology care continuum may be a
successful approach to offer low-cost, real-
time ways to encourage preventive
strategies or monitor different behaviors,
symptoms, and physiological indicators of
disease as well as provide interventions
(14,16). The scientific evidence seems to
indicate the benefits of these strategies in
different populations with and without
pathology, especially in breast cancer, as
well as in different outcomes, such as
physical activity, nutrition, and fatigue (16-
18). However, there are some limitations,
such as validation of data collection
methods, adherence, and maintenance of
long-term results (16-18). Studies also agree
on the complementary and non-
substituting nature of these tools in terms
of face-to-face intervention strategies and

the need for professional supervision.

Although benefits and effect size (ES)

values are greater with supervised/face-to-



face than unsupervised/distance-based
rehabilitation  programs for  cancer
survivors, unsupervised programs have
some advantages (e.g., fewer barriers, lower
cost, and instant feedback) (19). Efforts
should be made to explore the optimal
balance between unsupervised/distance-

based and

approaches to cancer care. Starting from

supervised/face-to-face

the hypothesis that a mixed approach may
be ideal, with a transition to a more self-
directed approach, the aim of the current
study was to compare the clinical efficacy of
an mHealth lifestyle app (BENECA
mHealth) used alone versus an integral
approach combining BENECA mHealth
with a supervised rehabilitation program
(BENECA and rehabilitation) in terms of
QoL and functional outcomes of breast
cancer survivors. We hypothesized that
both strategies would improve outcomes,
but BENECA and rehabilitation would be
superior to BENECA mHealth alone.

Methods

Study design

An assessor-blinded, randomized,
controlled, parallel-group design was
approved by the Research Ethics
Committee of the province of Granada,
Spain (FIS PI14-01627). The trial was
registered

NCT02817724), and the study protocol was

(ClinicalTrials.gov

published (20). Participants were randomly
assigned to receive BENECA and
rehabilitation or BENECA mHealth and
usual care. This trial adheres to the
CONSORT 2010 statements (21) for

METHODS, RESULTS & DISCUSSION

parallel-group randomized controlled trials
and the TIDieR Checklist (22) for
intervention description and replication.
All participants provided written informed

consent.

Participants

A total of 80 breast cancer survivors were
randomly allocated to BENECA and
rehabilitation (n = 40) or BENECA and
usual care (n = 40). The recruitment was
conducted in 2 hospitals, the Hospital
Virgen de las Nieves (Breast Unit) and the
Hospital Clinico San Cecilio, Granada
(Spain). The inclusion criteria were age 25
to 75 years, diagnosis of stage [-IIIA breast
cancer, some range of motion (ROM)
limitation measures by goniometry,
overweight or obese according to the
Spanish SEEDO guidelines (23), able to
access mobile apps or living with someone
who has this ability, medical clearance for
participation, completed adjuvant therapy
except hormonal therapy, and signed
informed consent. According to Spanish
SEEDO guidelines (23), people with a body
mass index (BMI) > 25 kg/m2 are considered
overweight. This criterion was chosen
because of the high risk of second cancers
and recurrence in overweight people (24).
Exclusion criteria were cancer recurrence,
chronic disease or orthopedic issues that
would interfere with study participation,
and uncontrolled hypertension (diastolic

pressure > 95 mmHg).
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Randomization and blinding process

The randomized process consisted of 3
waves (25:30:25) from 2016 to 2018 (using
the epidemiological data analysis program
Epidat v4.2, 2016. Conselleria de Sanidade,
Xunta de Galicia, Espafia; Organizacién
Panamericana de la salud; Universidad
CES, Colombia). Treatment allocation was
performed by an external member who was
blinded to the study. The allocation
sequence was based on sealed, sequentially
numbered, opaque envelopes that were
opened after baseline assessment so that
the assessor member (NGC) was blinded to
the random process, limiting risk of bias
during assessments. The assessor member
was different from the therapist who
performed the supervised program for the
BENECA and rehabilitation group.

Interventions

The study protocol was published and both
intervention groups were described in
detail (20). Briefly, all participants used
BENECA mHealth for 8 weeks. The
BENECA and rehabilitation group also
underwent an 8-week supervised program
(3 sessions/week) led by the CUIDATE
research group at the "Cuidate" Support
and Research Unit for Oncology Patients
(University of Granada, Spain). The
program focuses on symptoms, therapeutic
exercises, and group sessions of
psychomotricity. The supervised program
was in a group, but each activity was
personalized to each patient. In addition,
participants were guided to extrapolate the

exercises to their daily activities
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(Supplementary Table 1). The supervised
program was conducted by an expert
occupational therapist (always the same
one for the 3 waves). The BENECA and
usual care group also received usual care.
For ethical reasons and once the study
ended, participants from the BENECA and
usual care group were invited to receive the
supervised program; however, the data

were not analyzed.

The BENECA app used in both groups
allows for recording dietary and physical
activity habits daily to obtain energy
feedback, which helps participants adapt
their lifestyle habits. More information
related to the installation, management,
and reliability of the BENECA mHealth
app can be found elsewhere (20,25).

Outcome measures

Data were collected at baseline (T1), 8
weeks post-intervention (T2), and 6-month

follow-up (T3).

Primary endpoint: QoL

QoL was assessed with the European
Organization for Research and Treatment
of Cancer Quality of Life Questionnaire
Core 30 (EORT QLQ-C30) v3.0 (26) and its
breast cancer module Breast Cancer-
Specific Quality of Life Questionnaire
(EORT QLQ-BR23) (27). The EORT QLQ-
C30 includes global health status, 5
functional scales (physical, role, emotional,
cognitive and social functioning) and 9
symptom items (fatigue, nausea and
vomiting, pain, dyspnea, insomnia, appetite

loss, constipation, diarrhea and financial



difficulties. The EORT QLQ-BR23 includes
4 functional scales (body image, sexual
functioning, sexual enjoyment and future
perspective) and 4 symptom items (systemic
therapy side effects, breast symptoms, arm
symptoms and upset by hair loss; the latter
was not evaluated because of the cancer

stage of our participants). These

instruments have shown adequate
reliability (26,27).
Secondary  endpoints:  functional

assessment

Disability was assessed by the Disabilities
of the Arm, Shoulder and Hand (DASH), a
self-reported questionnaire that measures
symptoms and physical function (disability)
for any upper-limb region (28). A Spanish
version (Cronbach’s alpha 0.96) (29) has

been used in breast cancer (30).

The active range of motion (AROM) of the
shoulder was assessed bilaterally by using a
plastic universal goniometer with the
Norking and White approach (31). The
intra-rater reliability of the goniometer has
been reported for shoulder AROM with an
intraclass correlation coefficient of >0.94

for main assessed movements (32).

Upper-body muscular strength  was
measured by using a digital handgrip (TKK
5101 Grip-D; Tokyo, Japan). Patients
maintained a standing position with the
elbow extended (33) and the grip adjusted to
the patient's hand size (34). Three
repetitions were recorded for each hand,
with a 1-min rest period between
repetitions. The average score for each

hand was recorded (35).

METHODS, RESULTS & DISCUSSION

Body mass index, percentage fat mass, and
bone mineral density were measured by
dual-energy X-ray absorptiometry (QDR
4500 W, HOLOGIC) as described (36) (37).
Height and weight were measured at

baseline.

Sample size calculations

The primary outcome EORTC QLQ-C30
v3.0 (26) with overall health-related QoL
(HRQoL) was used based on an expected
increase in HRQoL with BENECA and
rehabilitation versus BENECA and usual
care, and from our previous study in a
similar population (38), we considered 5-10
points to be a minimally important
difference (39). With differences of at least
5%, power of 0.90 and p=0.05 level of
significance between 2 groups of 36
participants assuming similar standard
deviation (approximately 7  points),
assuming a maximum follow-up loss of 10%
(40), we needed 80 participants (40 in each

group).

Statistical analysis

Descriptive statistics are expressed as mean
(SD) with 95% CIs and frequency (%). The
Kolmogorov-Smirnov test was used to test
the normal distribution of the data (P >
0.05), and Student t or chi-squared test was
used to analyze between-group differences

at baseline, as appropriate.

The main analysis included all participants
who were randomly assigned and all
available in-trial data at the end of study in
accordance with the intention-to-treat

(ITT) principle. Our data had few missing
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[ Enrollment ]

Assessed for eligibility (n = 102)

Excluded (n=22)
+ Not meeting inclusion criteria (n = 8)

o Incompatible mobile software (n = 3)
o BMI<25(n=4)
o Cancer recurrence (n = 1)
+ Refuse to participate (n = 9)
o Personal reason (n =4)
o Distance (n =5)
+ Other reasons (n=5)

Informed consent form and baseline
assessment (n = 80)

’ Randomized (n = 80) ‘

Y L Allocation | l

J

Allocated to BENECA and rehabilitation
(n =40)
+ Received allocated intervention (n = 40)

8

v Follow-Up (T3)

Allocated to BENECA mHealth (n = 40)
+ Received allocated intervention (n = 39)

+ Did not receive allocated intervention (busy)
(n=1)

J

Follow-up (T3) (n = 39)

Lost to follow-up (healthy problems) (n = 1)

Follow-up (T3) (n = 35)

Lost to follow-up (busy; healthy problems)(n=5)

Included in main analysis, if at least two of the
end points were available

(n=78)

Figure 1: Flow of participants in the trial. BMI, body mass index; T3, 6-month follow-up

values (<5% of the total number of cases),
which can be considered to be missing at
random and inconsequential (41). Hence, no
multiple imputation method was necessary,
and the ITT principle was used (with the
worst value carried forward in patients with
missing data). This analysis was performed
by repeated measures of analysis of
covariance (ANCOVA) followed by post-

hoc analysis with Bonferroni adjustment
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for multiple comparisons. The ANCOVA
analysis also adjusted for covariate effects
(age, type of surgery, stage, time since
diagnosis, and marital status). We analyzed
intervention effects and maintenance of
effects on study variables. In addition, ES
values were estimated with Cohen d values
(42), considering 0-0.19 negligible, 0.2-0.49
small, 0.5-0.79 moderate, and = 0.8 large.



The reliable change index (RCI) was
analyzed to determine whether statistically
significant changes had occurred in QoL
with a significant interaction x group
effect. The RCI indicates the change
between an individual’s pre- and post-
intervention scores divided by the standard
error of difference between the scores. The
possible outcomes  were reliable
improvement (RCI > 1.96), no reliable
change (RCI 1.96 to -1.96), and reliable
deterioration (RCI < -1.96) (43). Fisher exact
test was used to compared proportions

between groups.

We used STATA/SE 14.0 (StataCorp,
College Station, TX, USA) or SPSS (IBM
SPSS v20, Corp., Armonk, NY, USA) for
analyses, with p < 0.05 considered

statistically significant.

Results

Between September 2016 and December
2017, 102 women were assessed for
eligibility. The CONSORT diagram
indicates the number of breast cancer
survivors approached, screened, randomly
assigned, and retained, as well as the
availability of the data at each endpoint

(Figure 1).

Supplementary Table 2 provides the
demographic and medical characteristics of
participants. Baseline characteristics of the
2 groups were well balanced (significant
differences were observed only in marital
status, so this variable was included as a

covariate in the main analysis).

METHODS, RESULTS & DISCUSSION

Differences between baseline outcome
scores were studied, without significance,
except for the baseline DASH score (t = -
2.165; p = 0.034), so it was included as a

covariate in the analysis.

Primary outcome: QoL

The ANCOVA main analyses showed
significant interaction time x group effects
for global health status (F = 5.82; p = 0.004);
all functional subscales of the QLQ C-30:
physical (F = 14.31; p < 0.001), role (F = 18.37,
p < 0.001), emotional (F = 6.31; p = 0.003),
cognitive (F = 27.20; p < 0.001), and social
functioning (F = 7.65; p = 0.001) (Table 1);
and some symptom subscales
(Supplementary Table 3). Significant effects
were also found for body image (F = 13.24; p
< 0.001), future perspectives (F = 8.08; p <
0.001), systemic therapy side effects (F =
3.70; p = 0.03), breast symptoms (F = 5.50; p
=0.006), and arm symptoms (F = 17.71; p <
0.001) (Table 1). At T2, statistically
significant differences favour BENECA
and rehabilitation, with better scores as
compared with BENECA and usual care in
global health status (p = 0.002); functional
subscales: physical (p < 0.001), role (p <
0.001), emotional (p < 0.001), cognitive (p <
0.001), and social functioning (p < 0.001);
body image (p < 0.001); future perspectives
(p <0.001); systemic therapy side effects (p =
0.025); breast symptoms (p=0.002); and arm
symptoms (p < 0.001). At T3, the effects
were maintained (all p < 0.05) except for
emotional functioning (p = 0.06), social
functioning (p = 0.05), systemic therapy side
effects (p = 0.21), and breast symptoms (p =
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0.05) (Table 1 and Supplementary Table 3).
Figure 2 shows the ES values for significant
between-group differences at T2 and T3,

showing moderate-to-large ES for most

After

results did not differ.

variables.

including

covariates,

Table 1. Within-group and between-group effects for mean quality of life scores on the European Organization for Research and
Treatment of Cancer Quality of Life Questionnaire Core 30 (EORTC QLQ-C30) and breast module (EORT QLQ-BR23) at T1, T2

and T3.
EORT QLQ-C30 BENEC/?na:(; ;)sual care BENECA Z\:g ;%l;abllllatlon Between-group effects
Global health
Within-group effects
T1to T2 11.40 (5.74; 17.07) 24.17 (18.65; 29.69) 12.76 (4.85; 20.67)°
T1to T3 12.50 (5.56; 19.44) 27.92 (21.15; 34.68) 15.41 (5.72; 25.11)°

Physical functioning
Within-group effects
T1to T2
TItoT3
Role functioning
Within-group effects
Tl to T2
TltoT3
Emotional functioning
Within-group effects
Tlto T2
TltoT3
Cognitive functioning
Within-group effects
Tlto T2
T1to T3
Social functioning
Within-group effects

2.11 (-2.04; 6.25)
2.11 (-3.06; 7.27)

-1.75 (-9.09; 5.58)
5.70 (-2.78; 5.58)

12.28 (6.14; 18.42)
15.35(9.38; 21.32)

-2.19 (-7.90; 3.52)
1.32 (-6.61; 9.24)

17.50 (13.46; 21.54)
18.67 (13.64; 23.70)

29.16 (22.02; 36.32)
28.75(20.48; 37.02)

27.08 (21.10; 33.06)
23.13 (17.30; 28.94)

27.50 (21.93; 33.06)
25.00 (17.27; 32.73)

15.40 (9.61; 21.18)¢
16.56 (9.35; 23.77)°

30.92 (20.68; 41.17)¢
23.05 (11.21; 34.89)°

14.80 (6.23; 23.37)°
7.77 (-0.56; 16.11)

29.69 (21.72; 37.66)°
23.68 (12.61; 34.76)°

Tlto T2 8.77 (0.98; 16.56) 29.17 (21.58; 36.76) 20.39 (5.46; 31.27)°
TltoT3 11.40 (2.72; 20.09) 23.33 (14.87; 31.80) 11.93 (-0.20; 24.06)
EORT QLQ-BR23
Body image
Within-group effects
Tl to T2 9.26 (2.84; 15.69) 32.31(26.05; 38.58) 23.05 (14.08; 32.03)°
TItoT3 13.60 (4.69; 22.50) 27.29 (18.62; 35.97) 13.70 (1.26; 26.13)"

Sexual functioning
Within-group effects
T1to T2
T1to T3
Sexual enjoyment
Within-group effects
TIto T2
Tlto T3
Future perspectives
Within-group effects
Tlto T2
T1to T3
Systemic therapy side effects
Within-group effects
Tlto T2
TltoT3
Breast symptoms
Within-group effects
T1to T2
T1to T3
Arm symptoms
Within-group effects
Tl to T2
TltoT3

1.75 (-2.68; 6.19)
1.32(-5.06; 7.69)

2.25(-5.96; 10.47)
5.41 (-8.66; 19.47)

7.21 (-1.82; 16.23)
9.46 (-3.41; 22.33)

716 (-11.01; -3.31)
-8.02 (-12.46; -3.58)

-5.32(-11.48; 0.83)
-8.96 (-16.95; -1.57)

-0.48 (-6.20; 5.24)
-4.66 (-12.52; 3.20)

7.50 (3.18; 11.82)
7.08 (0.87; 13.30)

10.76 (2.77; 18.78)
1.67 (-12.03; 15.36)

32.03 (23.35; 40.71)
31.67 (19.29; 44.04)

-13.31 (-17.06; -9.56)
-11.92 (-16.25; -7.59)

-19.40 (-25.39; -13.40)
-19.13 (-26.34; 11.93)

-24.45 (-30.02; -18.89)
-26.38 (-34.04; -18.71)

5.75 (-0.44; 11.93)
5.77 (-3.14; 14.67)

8.52 (-15.89; 23.37)
-3.74(-23.37; 15.89)

24.82 (12.30; 37.35)°
22.21 (4.36; 40.06)°

-6.15 (-11.52; -0.78)°
-3.90 (-10.09; 2.30)

-14.07 (-22.67; -5.48)°
-10.18 (-20.50; 0.14)°

-23.97 (-31.95; -15.97)°
-21.72 (-32.69; -18.71)°

Data are mean (SD) (95% confidence interval [CI] for the mean) values at T1, T2 and T3, and mean differences (95% CI for the
difference) for within-group and between-group effects. Bonferroni adjustment was used for pairwise comparisons.
T1, baseline; T2, 8-weeks post-intervention; T3, 6-month follow-up

b= P<0.05 (significant between-groups effect).
€=P<0.001 (significant between-groups effect).

138



METHODS, RESULTS & DISCUSSION

- T2

"~ Quaczo  Global Health — s
Physical Functioning —

Role Functioning —|

Emotional Functioning —|

Cognitive Functioning —

Social Functioning —

Fatigue —

Pain —

Insomina —|

QLQ BR23 Body Image —
Future Perspective —

Systematic Therapy Symptoms —
Breast Symptoms —|

Arm Symptoms —

DASH DASH —
Goniometry Flexion AF _|
Flexion N-AF —
Extension AF —
Extension N-AF —
ABD AF —

ABD N-AF

Internal Rotation AF —

External Rotation AF —
Favors BG

—_—
[
—_—
—_—

el —

-
——

R —
e
el —
———
B ———
P
P —
B —
PR —
—_—
—_—
el —
e —
B ———
P ——
P E—

Favors IAG

-3.00 -2.50 -2.00 -1.50 -1.00 -0.50 0.00 0.50 1.00 1.50 200 2.50 3.00
Standardized Effect Size

Figure 2. Standardized effect sizes (and 95% Cls) of the difference between treatment groups in quality of life
and functionality outcomes. Standardized effect sizes < 0.2 are not likely to be clinically important.
Abbreviations: DASH, Disability of the Arm, Shoulder and Arm questionnaire; AF, affected side; N-AF, non-

affected side.

Secondary outcomes

The major secondary outcome was upper-
limb functionality. We observed significant
interaction effects for the DASH score (F =
12.98; p <0.001)(Supplementary Table 4) and
all AROM objective measures for the
affected side (all p < 0.001)(Figure 3). At T2,
the BENECA and rehabilitation group
showed higher DASH scores (p < 0.001)
(Supplementary Table 4) and higher AROM
(all p <0.001 on the affected side) (Figure 3).

These results were maintained at T3 (all p <
0.001) (Figure 3), with moderate-to-large ES
values at both T2 and T3 (Figure 2). After
including covariates (including baseline

DASH score), results did not differ.

The other secondary outcomes were upper-
limb  strength and anthropometric
measures, and at T2 and T3, we found no
significant between-group interaction in
any variable (Supplementary Tables 5 and

6).
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BENECA mHealth group

BENECA mHealth and Rehabilitation group

160
140

1

Figure 3. Changes in shoulder active range of motion (T1, T2, T3) between BENECA and usual care (A) and BENECA and rehabilitation (B), measured by goniometry. Data
are mean scores over time. Main analyses performed by repeated measures of analysis of covariance. With significant interaction, between-group effects are shown with

Bonferroni adjustment for pairwise comparisons as follows: * T1/T2 and +T1/ T3 (p < 0.01 significance in all between-group effects). AF, affected side; N-AF, non-affected

side; ABD, abduction.

Reliable clinical improvement

Figure 4 shows the proportion of
participants reporting reliable clinical
improvement in QoL at T2, which was
higher with BENECA and rehabilitation
than BENECA and usual care in global QoL
(57.5% vs 26.3%, p = 0.008) and functional
subscales: physical (47.5% vs 13.2%, p =
0.001), role (62.5% vs 15.8%, p < 0.001),
emotional (52.5% vs 18.4%, p = 0.003),
cognitive (55.0% vs 2.6%, p < 0.001), and
social (55.0% vs 21.1%, p = 0.002)

functioning.

Implementation of the protocol:
adherence rate and adversity

The adherence rate for BENECA was
higher with BENECA and rehabilitation
than BENECA and usual care (94.32% vs
79.6%) at a mean (SD) of 52.82 (5.19) versus
44.55 (7.33) of 56 possible registration days
(mean difference 8.27,95% CI 11.13 ; 5.42, p
< 0.001). The adherence rate for the
supervised program with BENECA and

rehabilitation was high (98.75%), at a mean
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(SD) of 23.7 (1.04) of 24 scheduled sessions,
and no remarkable health problems or

technical issues were recorded.

Discussion

The benefits of distance-based strategies
(44,45) as well as on-site rehabilitation
programs (46,47) in cancer have been
demonstrated and validated versus usual
care. Thus, the aim of this study was to
compare the efficacy of an integral
approach  combining mHealth (our
BENECA app) and rehabilitation as
compared with mHealth alone to improve
QoL of breast cancer survivors. Consistent
with our hypotheses, we observed
improvement in both groups in the main
subscales of QoL (both C30 and BR23), but
BENECA and rehabilitation significantly
improved QoL, and AROM and upper-limb
functionality were better with BENECA
and rehabilitation than BENECA and usual
care. In addition, most of the benefits were

maintained after 6 months. Importantly,

approximately two-thirds of the BENECA
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BENECA mHealth and Rehabilitation

A BENECA mHealth group.
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Figure 4. Reliable change index for the QLQ-C30. Change in (A) general quality of life (QoL), (8) physical

©) | (D) cognitive between T1 and T2 assessment with BENECA

and usual care (left, n = 38) and BENECA and rehabilitation {right, n = 40). The diagonal line indicates no change; the dashed upper and lower lines indicate the 95% CIs for the Jacobson-Truax reliable change index.
Bookmarks indicate improvement (below the diagonal line) or deterioration (above the diagonal line). Figure inspired by van de Wal et al. (2017).

and rehabilitation group showed reliable
clinical improvement, as compared with
less than one-third of the BENECA and
usual care group. To the best of our
knowledge, this study is the first to
investigate the effect of an integral
approach (with mHealth and a supervised
rehabilitation program) in breast cancer

survivors.

Our results show that use of the BENECA
mHealth app alone conferred
improvements in some QoL scores (48).
Nonetheless, in the most functional
variables, the integral approach obtained
better results. The between-group ES
values for QoL after the intervention were
moderate to large in favor of BENECA and
rehabilitation. A meta-analysis of the effect
of digital technologies on some outcomes,
such as behavior change for diet and
physical activity, found ES values for QoL
ranging from 0.20 to 2.64. The overall ES

value was 0.06 for randomized controlled

trials (49), which suggests that non-digital
interventions can obtain a larger ES
because of human supervision or
interaction and could encourage higher
levels of engagement and adherence. Other
recent meta-analyses of onsite
interventions for breast cancer patients (6)
or survivors (7) found ES values between
0.22 and 0.59, with an overall EF of 0.40 and
0.45, respectively. Therefore, the
combination of a supervised rehabilitation
program and mHealth seems to double or
triple the EF. The integral approach seems

to be a promising strategy.

Similarly, our results regarding upper-limb
functionality =~ (both  subjective  and
objective) show large ES values in favor of
BENECA and rehabilitation (all d > 1.50),
with improvement in AROM of both upper
limbs. The mean differences for all
measures exceeded the minimal clinical
difference for goniometry (50).

Furthermore, the improvement in the
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breast and arm symptom subscales of the
QLQ-BR23 reinforce these findings. One of
the main consequences of oncological
treatment is the cardiotoxic systemic
effects. Our study managed to reduce their

perception with a moderate ES (d = 0.51).

Uhm et al. compared an innovative
mHealth with a pedometer versus a
conventional  program and  found
significant intra-group but not inter-group
improvement (51). Unlike our study, their
study involved resistance exercises to
improve upper-limb functionality. By using
the same intervention strategy but different
transmission methods, the authors
concluded that both strategies were equally
valid. We believe that these findings
reinforce our results, because we combined
both strategies. Egbring et al. found that
supervision has beneficial effects on
patient functionality. Unlike our study,
Pope et al. demonstrated a behavioral
change and improved QoL after a 12-week
mHealth program. However, the authors
pointed to the need to consider the
exclusive use of an mHealth system
compared to a conventional one, because
the experimental group did not show
significantly different improvements over
time (52). Our results for the objective and
subjective functionality of the upper limb
as well as in reduction of breast and arm
symptoms may be due to the focality of the
proposed exercises, designed for each
patient to gain articular amplitude and
promote the generalization of movements
through daily activities. Similarly, we

observed no significant differences in
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upper-limb strength, probably because
resistance exercises were not used.
Therefore, BENECA mHealth could result
in benefits for patients in some of the
variables studied, although it obtained
better results in more variables when
combined with the supervised

rehabilitation program.

Our study has several limitations. The
BENECA and usual care group did not have
the active presence of a therapist, so we
cannot rule out the impact of the therapist's
attention. Therefore, the effect of the
treatment may have been overestimated.
The sample sizes do not allow comparisons
between patients and groups to identify
moderators of the treatment effect, such as
complexity of treatment, type of surgery,
disease staging, time since diagnosis,
survival time or even potential anxiety
biomarkers. However, the study shows new
knowledge about the effectiveness of the
integral comprehensive strategy for breast
cancer survivors. Unfortunately, the
integral approach can be not cost-effective,
because it requires rehabilitation staff.
Finally, we recognize that the ideal design
for this study would have been to include a
randomly assigned control group without
any intervention. However, this was not
feasible mainly because the objective was to
show differences between an app and an
integral approach. In addition, already
knowing the benefits of intervention in
these patients, it did not seem ethical to
include this group. However, the placebo
effect of the expectation of benefit has been

demonstrated, and some variables could be



influenced in this sense. All these aspects
raise questions and hypotheses that should

be answered in future investigations.

Our study’s strengths include an innovative
approach taking advantage of the benefits
of supervised rehabilitation and mHealth,
an adequate overall sample size, excellent
adherence, the use of validated measures
and an in-depth assessment of outcomes,
ITT analysis, minimal loss to follow-up,
and statistically and clinically meaningful
effects on outcomes. We also consider the
reduced intervention time as another
strength of the study. We believe that the
program is successful because it is a
comprehensive strategy adjusted to the
level of each patient. Because of the limited
specific material used, this comprehensive
treatment strategy could be implemented at
any cancer center or community-based
center under the supervision of qualified

staff.

In summary, previous research showed the
benefits of supervised rehabilitation
programs or the use of mHealth on
outcomes of cancer survivors, without
combining the strategies. The current trend
in medicine is personalized treatment.
Similarly, in rehabilitation, we must
increasingly use techniques focused on the
personal profile of patients, to reduce their
DALYS. Our trial provides a unique and
important mechanism to do so and is the
first compelling evidence of the
effectiveness of this integral approach in
the physical and functional aspects of QoL

in breast cancer survivors.
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Legends

Figure 1. Flow of participants in the trial. BMI, body

mass index; T3, 6-month follow-up

Figure 2. Standardized effect sizes (and 95% Cls) of
the difference between treatment groups in quality
of life and functionality outcomes. Standardized
effect sizes < 0.2 are not likely to be clinically
important. Abbreviations: DASH, Disability of the
Arm, Shoulder and Arm questionnaire; AF, affected
side; N-AF, non-affected side.

Figure 3. Changes in shoulder active range of
motion (T1, T2, T3) between BENECA and usual
care (A) and BENECA and rehabilitation (B),
measured by goniometry. Data are mean scores over
time. Main analyses performed by repeated
measures of analysis of covariance. With significant
interaction, between-group effects are shown with
Bonferroni adjustment for pairwise comparisons as
follows: * T1/T2 and + T1/ T3 (p < 0.01 significance in
all between-group effects). AF, affected side; N-AF,
non-affected side; ABD, abduction.

Figure 4. Reliable change index for the QLQ-C30.
Change in (A) general quality of life (QoL), (B)
physical functioning, (C) emotional functioning, (D)
cognitive functioning, between T1 and T2

assessment with BENECA and usual care (left, n =
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38) and BENECA and rehabilitation (right, n = 40).

The diagonal line indicates no change; the dashed

upper and lower lines indicate the 95% CIs for the

Jacobson-Truax reliable change index. Bookmarks

indicate improvement (below the diagonal line) or

deterioration (above the diagonal line). Figure
inspired by van de Wal et al. (2017).
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METHODS, RESULTS & DISCUSSION

Supplementary Table 2. Sociodemographic and clinical characteristics of the
participants by study group.

BENECA and BENECA and
Variable usual care rehabilitation

(n = 40) (n = 40) Value*

Age 49.76 + 8.42 53.40 + 8.66 0.098

Marital status 0.044
Single 8 (20.0) 8 (20.0)

Married 22 (55.0) 28 (70.0)
Divorced/widowed 9 (22.5) 1(2.5)
Other 1(2.5) 3(7.5)

Time since surgery (months) 0.317
<12 9 (22.5) 13 (32.5)
>12 31(77.5) 27 (67.5)

Educational level 0.402
No education 0(0.0) 1(2.5)

Basic 9 (22.5) 14 (35.0)
Medium 13 (32.5) 12 (30.0)
High 18 (45.0) 13 (32.5)

Employment status 0.104
Housewife 5(12.5) 13 (32.5)

Employed 20 (50.0) 12 (30.0)
Medical leave 4 (10.0) 6 (15)
Unemployed (because of illness) 11 (27.5) 9(22.5)

Breast cancer stage 0.371
I 7 (17.5) 3(7.5)

II 19 (47.5) 23 (57.5)
IIIA 14 (35.0) 14 (35.0)

Type of surgery 0.129
Lumpectomy 10 (25.0) 14 (35.0)
Quadrantectomy 7(17.5) 6 (15.0)

Unilateral mastectomy 11(27.5) 16 (40.0)
Bilateral mastectomy 12 (30.0) 4(10.0)

Medical treatment 0.204
None 2(5.0) 4 (10.0)
Radiotherapy 8 (20.0) 2(5.0)
Chemotherapy 7 (17.5) 9 (22.5)
Radiotherapy and chemotherapy 23 (57.5) 25 (62.5)

Menopausal status 0.305
Premenopausal 3(7.5) 1(2.5)
Postmenopausal 37(92.5) 39 (97.5)

Data are as mean (SD) or n (%) as appropriate.
*Student ¢ test for independent samples and chi-square analysis were used for
continuous and categorical variables, respectively.
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STUDY V

Suppl y Table 3. Within-group and between-group effects for mean quality of life (QoL) scores on the European Organization for Research and

Treatment of Cancer Quality of Life Questionnaire Core 30 (EORTC QLQ-C30) symptom subscales at T1, T2 and T3.

EORT QLQ-C30 subscales

BENECA and usual care
(n =38)

BENECA and rehabilitation

(n=40)

Between-group effects

Fatigue
Tl
T2
T3
Within-group effects
T1to T2
TltoT3
Nausea
Tl
T2
T3
Within-group effects
Tlto T2
TltoT3
Pain
Tl
T2
T3
Within-group effects
T1to T2
TltoT3
Dyspnonea
Tl
T2
T3
Within-group effects
T1to T2
TltoT3
Insomnia
Tl
T2
T3
Within-group effects
T1to T2
TltoT3
Appetite loss
Tl
T2
T3
Within-group effects
T1to T2
TltoT3
Constipation
Tl
T2
T3
Within-group effects
Tl to T2
Tlto T3
Diarrhea
Tl
T2
T3
Within-group effects
Tl to T2
Tlto T3
Financial difficulties
Tl
T2
T3
Within-group effects
Tl to T2
TltoT3

35.38 (23.08) (27.79; 42.97)
27.49 (17.66) (21.68; 33.29)
26.90 (17.06) (21.29; 32.51)

-7.89 (-15.45;-0.34)
-8.48 (-16.32; -0.64)

2.63 (7.27) (0.24; 5.02)
3.07(6.55) (0.92; 5.22)
1.32 (4.55) (-0.18; 2.81)

0.44 (-1.51;2.39)
-1.31(-3.33: 0.70)

36.84 (26.33) (28.19; 45.49)
32.45 (24.79) (24.31; 40.61)
27.63 (16.57) (22.19; 33.08)

-4.39 (-10.47; 1.69)
-9.21 (-16.97; -1.42)

24.56 (22.84) (17.05; 32.07)
14.04 (22.77) (6.55; 21.52)
6.14 (13.09) (1.84; 10.44)

-10.53 (-18.68; -2.37)
-18.42 (-26.85; -9.99)

42.98 (37.09) (30.79; 55.17)
46.49 (35.12) (34.94; 58.04)
38.60 (25.14) (30.33; 46.86)

3.51(-6.91; 13-92)
-4.39 (-17.77;9.00)

8.77 (14.88) (3.88; 13.66)
10.52 (15.70) (5.36; 15.69)
4.38(11.42) (0.63; 8.14)

175 (-3.99; 7.51)
-4.39 (-10.09; 1.31)

25.44 (29.44) (15.76; 35.11)
29.82 (28.77) (20.36; 39.28)
15.79 (21.56) (8.70; 22.87)

4.39 (-3.75; 12.52)
9.65 (-17.02; -2.28)

13.16 (21.28) (6.16; 20.15)
8.77 (20.04) (2.19; 15.36)
5.26 (14.55) (0.48; 10.05)

-4.39 (-11.07; 2.23)
-7.89 (-14.48; -1.32)

18.42 (27.62) (9.34; 27.49)
14.03 (26.43) (5.35; 22.72)
7.89 (16.32) (2.53; 13.26)

439 (-11.24; 2.46)
-10.53 (-18.12; -2.93)

42.22 (15.75) (37.18; 47.26)
20.28 (13.52) (15.95; 24.60)
20.00 (8.79) (17.19; 22.81)

-21.94 (-29.31; -14.57)
-22.22 (-29.86; -14.57)

1.67 (5.06) (0.05; 3.29)
125 (4.45) (-0.17; 2.67)
0.83 (3.68) (-0.34; 2.01)

-0.42 (-2.32; 1.48)
-0.83 (-2.80; 1.13)

40.83 (16.43) (35.58; 46.09)
17.50 (15.07) (12.68; 22.32)
25.42 (13.60) (21.07; 29.77)

-23.33 (-29.26; -17.41)
-15.42 (-22.99; -7.85)

31.66 (27.16) (22.98; 40.35)
10.83 (15.81) (5.78; 15.89)
333 (10.13) (0.09; 6.57)

-20.83 (-28.78; -12.88)
-28.33 (-36.54; -20.12)

50.83 (35.40) (39.51; 62.15)
25.83 (24.44) (18.02; 33.65)
22.50 (23.13) (15.10; 29.89)

-25.00 (-35.15; -14.85)
-28.33 (-41.38; -15.28)

10.00 (15.46) (5.05; 14.95)
4.16 (13.48) (-0.14; 8.47)
250 (8.89) (-0.34; 5.35)

-5.83 (-11.44;-0.23)
-7.50 (-13.06; -1.94)

17.50 (26.13) (9.14; 25.86)
16.66 (26.15) (8.30; 25.03)
11.66 (17.78) (5.98; 17.35)

-0.83 (-8.76; 7.09)
-5.83 (-13.02; 1.35)

9.17 (18.47) (3.26; 15.07)
5.00 (12.05) (1.14; 8.86)
0.83 (5.27) (-0.85; 2.52)

-4.16 (-10.62; 2.29)
-8.33 (-14.75; -1.92)

20.83 (30.84) (10.97; 30.70)
10.83 (17.52) (5.23; 16.44)
7.50 (14.09) (2.99; 12.01)

-10.00 (-16.68; -3-32)
-13.33 (-20.74; -5.93)

-14.05 (-24.60; -3.49)
-13.74 (-24.69; -2.78)°

-0.86 (-3.58; 1.87)
0.48 (-2.33; 3.29)

-18.95 (-27.44; -10.45)°
-6.21 (-17.05; 4.64)

-10.31 (-21.69; 1.08)
9.91 (-21.68; 1.85)

28.51 (-43.05; -13.97)¢
-23.95 (-42.64; -5.25)°

-7.59 (-15.62; 0.44)
3.1 (-11.08; 4.85)

-5.21(-16.57; 6-14)
3.82(-6.48; 14.11)

0.22 (-9.03; 9.47)
-0.44 (-9.62; 8.75)

-5.61 (-15.18; 3.95)
-2.81(-13.42; 7.80)

Data are mean (SD) (95% confidence interval [CI] for the mean) values at T1, T2 and T3 and mean differences (95% CI for the difference) for within-group

and between-group effects. Bonferroni adjustment was used for pairwise comparisons.
TI, baseline; T2, 8-weeks post-intervention; T3, 6-month follow-up
b= P<0.05 (significant between-groups effect).

€=pP<0.001 (significant between-groups effect).
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Supplementary Table 4. Within-group and between-group effects for mean Disabilities of the Arm, Shoulder and Hand
(DASH) questionnaire at T1, T2 and T3.

DASH Questionnaire BENECA and usual care BENECA and rehabilitation Between-group effects

(n=38) (n =40)
Tl 30.78 (13.85) (26.24;35.34)  37.29 (12.67) (33.24; 41.34)
T2 27.54 (13.10) (23.24; 31.85) 12.84 (8.05) (10.27; 15.42)
T3 27.57 (11.44) (23.81; 31.33) 17.48 (7.04) (15.23; 19.73)
Within-group effects
Tl to T2 -3.25(-6.88; 0.39) -24.45 (-27.99; -20.91) -21.20 (-26.28; -16.12) ©
T1to T3 -3.21 (-6.93; 0.49) -19.81 (-23.42; -16.20) -16.59 (-21.76; -11.41) ©

Data are mean (SD) (95% CI for the mean) values at T1, T2 and T3 and as mean differences (95% CI for the difference) for
within-group and between-group effects.

T1, baseline; T2, 8-weeks post-intervention; T3, 6-month follow-up

Bonferroni adjustment was used for pairwise comparisons.

€= P<0.001 (significant between-groups effect).
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Supplementary Table 5. Within-group and between-group effects for mean upper body strength scores at T1, T2 and T3.

Upper body strength

BENECA and usual care
(n=238)

BENECA and rehabilitation

(n=40)

Between-group
effects

Handgrip affected
T1
T2
T3
Within-group effects
Tl to T2
Tl1to T3
Handgrip not affected
Tl
T2
T3
Within-group effects
T1to T2
T1to T3

19.58 (5.49) (17.77; 21.38)
20.39 (5.59) (18.59; 22.23)
20.73 (4.97) (19.10; 22.36)

0.82 (0.20; 1.45)
1.15 (0.18; 2.13)

22.57 (6.28) (20.50; 24.63)
23.01 (6.03) (21.03; 24.99)
23.69 (6.22) (21.65; 25.74)

0.44 (-0.11; 0.99)
1.12 (0.53; 1.72)

21.54 (5.33) (19.84; 23.25)
2327 (4.71) (21.77; 24.78)
23.81 (5.01) (22.21; 25.42)

1.70 (1.09; 2.31)
2.24 (1.29; 3.19)

25.11 (5.71) (23.28; 26.94)
26.18 (5.09) (24.55; 27.81)
25.79 (4.81) (24.26; 27.33)

1.07 (0.54; 1.61)
0.68 (0.11; 1.26)

0.88 (0.01; 1.75)
1.08 (-0.28; 2.44)

0.63 (-0.39; 1.27)
-0.44 (-1.27; 0.39)

Data are mean (SD) (95% CI for the mean) values at T1, T2 and T3, and as mean differences (95% CI for the difference) for within-

group and between-group effects.
T1, baseline; T2, 8-weeks post-intervention; T3, 6-month follow-up
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Suppl tary Table 6. Within-group and between-group effects for mean anthropometric outcomes at T1, T2 and T3.
Anthropometric BENECA and usual care BENECA and rehabilitation Between-group
outcomes (n=38) (n =40) effects
Weight (kg)

Tl 72.03 (9.14) (69.02; 75.03) 73.32(10.04) (70.07; 76.57)

T2 71.14 (9.28) (68.09; 74.19) 71.53 (9.51) (68.45; 74.62)

T3 70.95 (9.08) (67.97; 73.93) 71.93 (9.49) (68.87; 75.03)

Within-group effects
T1to T2
TltoT3
BMI (kg/m2)
Tl
T2
T3
Within-group effects
Tlto T2
T1toT3
Waist circumference (cm)
Tl
T2
T3
Within-group effects
T1to T2
T1to T3
Hip circumference (cm)
Tl
T2
T3
Within-group effects
T1to T2
T1to T3
BMD (g/cm?2)
Tl
T2
T3
Within-group effects
T1to T2
TltoT3
Body fat (%)
Tl
T2
T3
Within-group effects
T1to T2
TltoT3

-0.89 (-1.66; -1.12)
-1.08 (-1.86; -0.29)

28.55 (4.07) (27.21; 29.88)
28.21 (4.22) (26.82; 29.60)
28.05 (4.15) (26.69; 29.42)

-0.34 (-0.67; -0.01)
-0.49 (-0.83; -0.16)

84.79 (6.83) (82.55; 87.04)
84.46 (6.60) (82.30; 86.63)
83.82 (6.84) (81.57; 86.07)

-0.33 (-1.77; 1.10)
-0.98 (-1.89; -0.07)

106.58 (12.69) (102.40; 110.75)
106.27 (12.58) (102.13; 110.40)
106.19 (11.79) (102.31; 110.07)

-0.31 (-2.13; 1.51)
-0.38 (-1.59; 0.83)

.04 (0.10) (1.01; 1.07)
01 (0.16) (0.96; 1.06)
.98 (0.09) (0.96; 1.02)

oS =

-0.03 (-0.08; 0.03)
-0.05 (-0.08; -0.02)

41.40 (4.39) (39.96; 42.84)
41.37(5.49) (39.57; 43.18)
40.79 (6.19) (38.75; 42.82)

-0.03 (-1.60; 1.55)
-0.62 (-2.87; 1.64)

-1.79 (-2.55; -1.02)
-1.37 (-2.14; -0.59)

29.29 (4.28) (27.90; 30.68)
28.55 (4.09) (27.22; 29.87)
28.66 (4.14) (27.31; 29.99)

-0.74 (-1.07; -0.42)
-0.64 (-0.97; -0.31)

89.46 (10.61) (86.03; 92.91)
89.37 (9.88) (86.17; 92.57)
88.99 (9.00) (85.75; 92.23)

20.10 (-1.51; 1.33)
0.47 (-1.37;, 0.43)

108.27 (13.48) (103.90; 112.64)
108.55 (10.79) (105.05; 112.05)
107.03 (12.49) (102.98; 110.07)

0.28 (-1.51; 2.08)
-1.24 (-2.44; -0.05)

1.04 (0.09) (1.01; 1.06)
1.03 (0.15) (0.98; 1.08)
1.03 (0.10) (1.00 (1.06)

-0.01 (-0.06; 0.04)
-0.01 (-0.04; 0.02)

41.78 (6.25) (39.75; 43.81)
39.63 (5.06) (37.99; 41.27)
39.97 (6.62) (37.82; 42.12)

-2.15 (-3.70; -0.60)
-1.81 (-4.04; 0.42)

-0.90 (-1.99; 0.19)
-0.29 (-1.39; 0.82)

-0.41 (-0.87; -0.06)
-0.15 (-0.61; 0.33)

0.24 (-1.78; 2.26)
0.50 (-0.78; 1.78)

0.59 (-0.84; 2.56)
-0.86 (-2.56; 0.84)

0.02 (-0.06; 0.09)
0.04 (-0.01; 0.08)

-2.12 (-4.34; 0.09)
-1.20 (-4.37; 1.97)

BMI, body mass index; BMD, bone mineral density.
Data are mean (SD) (95% CI for the mean) values at T1, T2 and T3 and as mean differences (95% CI for the difference) for

within-group and between-group effects.

T1, baseline; T2, 8-weeks post-intervention; T3, 6-month follow-up
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LIMITACIONES GLOBALES / GLOBAL LIMITATIONS

LIMITACIONES GLOBALES

Esta Tesis Doctoral Internacional presenta
una serie de limitaciones que se han ido
planteando a lo largo de los diferentes
estudios expuestos, pero que es preciso
resumir en este apartado, para que los
resultados sean considerados en este

contexto.

La principal limitacién de esta tesis radica
en el disefio y uso de la herramienta
mHealth desarrollada, BENECA. En primer
lugar, la versién original de BENECA se
desarrolld exclusivamente para un entorno
movil basado en Android, por lo que se
excluirian a todos los participantes que
tuvieran dispositivos mdéviles de otras
plataformas. Por otro lado, las dificultades
a la hora de introducir la ingesta hacen que
sea tedioso, tal y como nos refirieron
algunas de las participantes y puede reducir
la adherencia del uso de la aplicacidn.
Ademds, la necesidad de los participantes
de tener conocimientos bdsicos en el
manejo y uso de aplicaciones mdviles
podria  haber hecho que algunos
participantes no hubieran sido incluidos.
Por ultimo, solo se encuentra disponible en
castellano, lo que impide la replicabilidad
de los estudios en otros paises de habla no
hispana. Sin embargo, creemos que con
versiones posteriores de BENECA estamos
solventando todas estas limitaciones, (véase
apartado de  Futuras Lineas de

Investigacidn).

Por otro lado, el disefio metodoldgico

utilizado para los estudios II y III pre-post

cuasiexperimental de un solo brazo plantea
la necesidad de leer sus resultados con
cautela, ya que no es posible establecer una

relacidon de causalidad.

En el estudio V, no se ha realizado un
estudio de coste-efectividad, el cual podria
haber sido interesante dada la necesidad de
la presencialidad de wun terapeuta
ocupacional para llevar a cabo las sesiones
de intervencidn. Por ultimo, el disefio ideal
del estudio habria incluido un grupo
control sin intervencién, con el objetivo de
valorar el efecto independiente de cada una
de las estrategias de intervencién
propuestas. Sin embargo, desde el punto de
vista ético, conociendo las ventajas del uso
de la aplicacion mdvil BENECA, no se
planteé la posibilidad de de incluir un

grupo de tales caracteristicas.
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LINEAS DE

INVESTIGACION

A partir de los resultados obtenidos en esta

Tesis Doctoral Internacional, y conociendo

la reducida evidencia cientifica sobre la

terapia ocupacional y sobre esta y otras

poblacidénes, se plantean diferentes lineas

de investigacion futuras, sobre las que

profundizar y trabajar. Por un lado, desde el

punto de vista de la mHealth aplicada a

oncologia:

(@]

El desarrollo de BENECA ha
permitido implementar una estrategia
mévil de salud factible y viable en
supervivientes de cdncer de mama. Sin
embargo, nuevas formas de
introduccidon de ingesta y actividad
fisica deberian ser exploradas, asf
como la integracion con los nuevos
dispositivos de monitorizacion (los
denominados  wearables), con el

objetivo de facilitar su wuso y

maximizar su funcionalidad en
versiones futuras de la aplicacidn.

Se pretende desarrollar la aplicacidon
en un lenguaje de programacién
universal, de manera que pueda ser
accesible desde cualquier dispositivo
movil.

Ampliar las recomendaciones de dieta
y actividad fisica que envia la
aplicacidon, y personalizar al mdximo
las mismas, utilizando una gran
cantidad de informacidn recolectada
de diferentes fuentes, empleando el

denominado Big Data, de manera que

pueda ir aprendiendo y
expandiéndose con el tiempo.
Ampliar las funcionalidades de Ia
aplicacidon, incluyendo no solo
balance energético, sino también
rehabilitacién oncoldgica.

Expandir el uso de la aplicacién en
todos los tipos de cédncer, o en los
cdnceres mas frecuentes.

Un estudio mayor, con grupo control,
podrd apoyar los resultados de esta
tesis, incluyendo los cambios
bioldgicos, haciendo un esfuerzo por
todas  los

controlar posibles

confusores.

En cuanto al campo de rehabilitacidn, y en

concreto, a la terapia ocupacional
oncoldgica:
o Como ha quedado evidente, la

evidencia cientifica es escasa y
muchas veces inconcluyente. A partir
de los resultados de esta tesis, realizar
un estudio mayor, comparando
diferentes técnicas de intervencidn en
diferentes  fases del  proceso
oncoldgico del cdncer de mama y no
solo en la fase de superviviencia.

desarrollar un

En este sentido,

programa de rehabilitacién
oncoldgica paliativa en mujeres con
cdncer de mama y metdstasis, campo
que estd actualmente en expansidn,
por las graves consecuencias que
conlleva, sobre todo las metdstasis

dseas.
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CONCLUSIONES

Conclusiones Generales

Esta Tesis Doctoral Internacional presenta
una nueva herramienta de salud mdvil,
valida y fiable, con la que realizar una
monitorizacién del balance energético en
supervivientes de cancer de mama. De la
misma manera, nuestros resultados
sugieren que el uso de la aplicacién puede
tener efectos positivos en la calidad de vida
de estas mujeres. Por otro lado, se ha
desarrollado e implementado un programa
de rehabilitacion presencial para mujeres
supervivientes de cdncer de mama basado
en terapia ocupacional. Los resultados
muestran que dicho programa es
beneficioso para las secuelas que presentan
las supervivientes de cdncer de mama, tanto

clinica como estadisticamente.

Conclusiones Especificas

Las principales conclusiones de esta Tesis

Doctoral Internacional son:

Seccién 1: Balance ENErgético en CAncer
(BENECA).

1. El sistema mévil de salud BENECA
es fiable 'y ©preciso en la
monitorizacién del balance
energético en supervivientes de
cdncer de mama, en comparacion
con las pruebas gold estdndar de dieta
y actividad fisica.

2.  BENECA mHealth puede

considerarse factible en un contexto

clinico real y se ha asociado con

cambios de comportamiento en los

CONCLUSIONES / CONCLUSIONS

estilos de vida de las sobrevivientes

de cédncer de mama, debiendo

mejorar en futuras versiones de la

aplicacién su funcionalidad.
Ademas, los resultados sugieren su
eficacia clinica en la mejora de la
calidad de vida de estas mujeres y en
la composicién corporal.

3.  Existe una posible asociacién entre
el uso de una aplicacién mdvil de
salud de monitorizacidén del balance
energético y cambios bioldgicos en
supervivientes de cdncer de mama.
A partir de los resultados de esta
tesis, nos planteamos una hipdtesis,
como punto de partida de futuras
investigaciones,  apoyando el

modelo biopsicosocial, ya que

variables no bioldgicas podrian
explicar comportamientos
bioldgicos.

Seccidén 2: Programa integral de soporte a

supervivientes de cdncer de mama.

4. Unaestrategia de soporte integral se
ha disefiado, mediante el uso de la
mHealth BENECA y un programa
presencial de rehabilitacion
oncoldgica de terapia ocupacional.

5. Los resultados de esta tesis apoyan
la  hipdtesis de que ambas
estrategias pueden mejorar la
calidad de vida de estas mujeres,
pero la estrategia de soporte integral
obtuvo resultados significativos
clinica y estadisticamente

superiores en la mejora de la calidad

de vida, y la funcionalidad del

miembro superior, manteniendo el
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efecto a largo plazo. Desde nuestro
conocimiento, se trata de la primera
evidencia convincente de la
efectividad de este enfoque integral
en los aspectos fisicos y funcionales
de la calidad de vida en las

sobrevivientes de cdncer de mama.



CONCLUSIONS

General Conclusions

This International Doctoral Thesis propose
a new mobile health tool, valid and reliable,
with which to perform an energy balance
monitoring in breast cancer survivors. In
the same way, our results suggest the use of
the application can have positive effects on
the quality of life of these women. On the
other hand, a face-to-face rehabilitation
program has been developed and
implemented for women survivors of breast
cancer based on occupational therapy. The
results suggest that this program is
beneficial for the sequelae presented by
breast cancer survivors, both clinically and

statistically.

Specific Conclusions

The main conclusions of this International

Doctoral Thesis are:

Section 1: ENERGY Balance in Cancer
(BENECA).

1. BENECA mobile health system is
reliable and accurate in monitoring
the energy balance in breast cancer
survivors, compared to the gold
standard tests of diet and physical
activity.

2. BENECA mHealth can be

considered feasible in a real clinical

context and has been associated
with behavioral changes in the
lifestyles of breast cancer survivors,
but its functionality should be

improved in future versions of the

CONCLUSIONES / CONCLUSIONS

application. In addition, the results
suggest their clinical efficacy in
improving quality of life of these
women and in body composition.

3. There is a possible association
between the use of a mobile health
application for monitoring energy
balance and biological changes in
breast cancer survivors. The results
of this thesis raise a hypothesis, as a
starting point for future research,
supporting the biopsychosocial
model, since non-biological

variables could explain biological
behaviors.

Section 2: Integral support program for

breast cancer survivors.

4. An integral support strategy has
been designed, through the use of
mHealth BENECA and a face-to-
face occupational therapy oncology
rehabilitation program.

5.  The results of this thesis support the
hypothesis that both strategies can
improve the quality of life of these
women, but the integral strategy
showed significant results clinically
and  statistically superior in

improving quality of life, and

functionality of the upper body,
maintaining the long-term effect.

To our knowledge, this is the first

convincing  evidence of the

effectiveness of this comprehensive
approach in the physical and
functional aspects of the quality of

life in breast cancer survivors.
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Abstract

Background: Technological support using e-health mobile applications (m-health) is a promising strategy to improve
the adherence to healthy lifestyles in breast cancer survivors (excess in energy intake or low physical activity are
determinants of the risk of recurrence, second cancers and cancer mortality). Moreover, cancer rehabilitation
programs supervised by health professionals are needed due to the inherent characteristics of these breast cancer
patients. Our main objective is to compare the clinical efficacy of a m-health lifestyle intervention system alone versus
an integral strategy to improve Quality of Life in breast cancer survivors.

Methods: This therapeutic superiority study will use a two-arm, assessor blinded parallel RCT design. Women will be
eligible if: they are diagnosed of stage |, Il or lll-A breast cancer; are between 25 and 75 years old; have a Body Mass
Index > 25 kg/m?; they have basic ability to use mobile apps; they had completed adjuvant therapy except for
hormone therapy; and they have some functional shoulder limitations. Participants will be randomized to one of
the following groups: integral group will use a mobile application (BENECA APP) and will receive a face-to-face
rehabilitation (8-weeks); m-health group will use the BENECA app for 2-months and will received usual care
information. Study endpoints will be assessed after 8 weeks and 6 months. The primary outcome will be Quality
of Life measured by The European Organization for Research and Treatment of Cancer Quality of Life Questionnaire Core
and breast module. The secondary outcomes: body composition; upper-body functionality (handgrip, Disability of the
Arm, Shoulder and Hand questionnaire, goniometry); cognitive function (Wechsler Adult Intelligence Scale, Trail Making
Test); anxiety and depression (Hospital Anxiety and Depression Scale); physical fitness (Short version of the Minnesota
Leisure Time Physical Activity Questionnaire, Self-Efficacy Scale for Physical Activity); accelerometry and lymphedema.
Discussion: This study has been designed to seek to address the new needs for support and treatment of breast cancer
survivors, reflecting the emerging need to merge new low cost treatment options with much-needed involvement of
health professionals in this type of patients.

Trial registration: ClinicalTrialsgov Identifier: NCT02817724 (date of registration: 22/06/2016).

Keywords: Breast, Neoplasms, Occupational therapy, Mobile applications, Quality of life
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Abstract

Background: The majority of breast cancer survivors do not meet recommendations in terms of diet and physical activity. To
address this problem, we developed a mobile health (mHealth) app for assessing and monitoring healthy lifestyles in breast cancer
survivors, called the Energy Balance on Cancer (BENECA) mHealth system. The BENECA mHealth system is a novel and
interactive mHealth app, which allows breast cancer survivors to engage themselves in their energy balance monitoring. BENECA
was designed to facilitate adherence to healthy lifestyles in an easy and intuitive way.

Objective: The objective of the study was to assess the concurrent validity and test-retest reliability between the BENECA
mHealth system and the gold standard assessment methods for diet and physical activity.

Methods: A reliability study was conducted with 20 breast cancer survivors. In the study, tri-axial accelerometers
(ActiGraphGT3X+) were used as gold standard for 8 consecutive days, in addition to 2, 24-hour dietary recalls, 4 dietary records,
and sociodemographic questionnaires. Two-way random effect intraclass correlation coefficients, a linear regression-analysis,
and a Passing-Bablok regression were calculated.

Results:  The reliability estimates were very high for all variables (alpha>.90). The lowest reliability was found in fruit and
vegetable intakes (alpha=.94). The reliability between the accelerometer and the dietary assessment instruments against the
BENECA system was very high (intraclass correlation coefficient=.90). We found a mean match rate of 93.51% between
instruments and a mean phantom rate of 3.35%. The Passing-Bablok regression analysis did not show considerable bias in fat
percentage, portions of fruits and vegetables, or minutes of moderate to vigorous physical activity.

Conclusions: The BENECA mHealth app could be a new tool to measure energy balance in breast cancer survivors in a reliable
and simple way. Our results support the use of this technology to not only to encourage changes in breast cancer survivors'
lifestyles, but also to remotely monitor energy balance.

Trial Registration: ClinicalTrials.gov NCT02817724; https://clinicaltrials.gov/ct2/show/NCT02817724 (Archived by WebCite
at http://www.webcitation.org/6xVY 1buCc)

(JMIR Mhealth Uhealth 2018;6(3):e67) doi:10.2196/mhealth.9669
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Abstract

Background: Energy balance is defined as the difference between energy expenditure and energy intake. The current state of
knowledge supports the need to better integrate mechanistic approaches through effective studies of energy balance in the cancer
population because of an observed significant lack of adherence to healthy lifestyle recommendations. To stimulate changes in
breast cancer survivors’ lifestyles based on energy balance, our group developed the BENECA (Energy Balance on Cancer)
mHealth app. BENECA has been previously validated as a reliable energy balance monitoring system.

Objective: Based on our previous results, the goal of this study was to investigate the feasibility of BENECA mHealth in an
ecological clinical setting with breast cancer survivors, by studying (1) its feasibility and (2) pretest-posttest differences with
regard to breast cancer survivor lifestyles, quality of life (QoL), and physical activity (PA) motivation.

Methods: Eighty breast cancer survivors diagnosed with stage I to IIIA and with a body mass index over 25 kg/m2 were enrolled
in this prospective test-retest quasi-experimental study. Patients used BENECA mHealth for 8 weeks and were assessed at baseline
and the postintervention period. Feasibility main outcomes included percentage of adoption, usage, and attrition; user app quality
perception measured with the Mobile App Rating Scale (MARS); satisfaction with the Net Promoter Score (NPS); and barriers
and facilitators of its use. Clinical main outcomes included measuring QoL with the European Organization for Research and
Treatment of Cancer QoL Questionnaire Core 30 (EORT QLQ-C30), PA assessment with accelerometry, PA motivation measure
with a Spanish self-efficacy scale for physical activity (EAF), and body composition with dual-energy x-ray absorptiometry.
Statistical tests (using paired-sample t tests) and Kaplan-Meier survival curves were analyzed.

Results: BENECA was considered feasible by the breast cancer survivors in terms of use (76%, 58/76), adoption (69%, 80/116),
and satisfaction (positive NPS). The app quality score did not make it one of the best-rated apps (mean 3.71, SD 0.47 points out
of 5). BENECA mHealth improved the QoL of participants (global health mean difference [MD] 12.83, 95% CI 8.95-16.71,
P<.001), and EAF score (global MD 36.99, 95% CI 25.52-48.46, P<.001), daily moderate-to-vigorous PA (MD 7.38, 95% CI
0.39-14.37, P=.04), and reduced body weight (MD —-1.42, 95% CI -1.97 to -0.87, P<.001).
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Abstract

Background: There is a bidirectional relationship between chronic low-grade inflammation and cancer. Inflammatory markers,
such as interleukin-6 (IL-6), have been associated with both the malignant transformation of epithelial cells and tumor progression,
thus linking low-grade inflammation with a higher risk of cancer and recurrence in the survival phase. Therefore, they are
considered valuable prognostic biomarkers. Knowing and finding appropriate primary prevention strategies to modify these
parameters is a major challenge in reducing the risk of cancer recurrence and increasing survival. Different therapeutic strategies
have shown efficacy in the modification of these and other biological parameters, but with contradictory results. There are
apparently no strategies in which telemedicine, and specifically mobile health (mHealth), are used as a means to potentially cause
biological changes.

Objective: The objectives of this study were to: (1) check whether it is feasible to find changes in inflammation biomarkers
through an mHealth strategy app as a delivery mechanism of an intervention to monitor energy balance; and (2) discover potential
predictors of change of these markers in breast cancer survivors (BCSs).

Methods: A prospective quasi-experimental pre-post study was conducted through an mHealth energy balance monitoring app
with 73 BCSs, defined as stage I-IIIA of breast cancer and at least six months from the completion of the adjuvant therapy.
Measurements included were biological salivary markers (IL-6 and C-reactive protein [CRP]), self-completed questionnaires
(the European Organization for Research and Treatment of Cancer Quality of Life Questionnaire Core 30, the user version of the
Mobile Application Rating Scale [uUMARS] and an ad hoc clinical and sociodemographic questionnaire) and physical objective
measures (accelerometry, weight and height). In addition, using the logging data of the mHealth app, the rate of use (in days)
was recorded during the entire experimental phase of the study. Using Stata software, a paired two-tailed t test, Pearson and
Spearman correlations, and a stepwise multiple regression analysis were used to interpret the data.

Results:  Analyzing changes in inflammatory biomarker concentrations after using the mHealth app, differences between
preassessment CRP (4899.04 pg/ml; SD 1085.25) and IL-6 (87.15 pg/ml; SD 33.59) and postassessment CRP (4221.24 pg/ml;
SD 911.55) and IL-6 (60.53 pg/ml; SD 36.31) showed a significant decrease in both markers, with a mean difference of -635.25
pg/ml (95% CI -935.65 to -334.85; P<.001) in CRP and -26.61 pg/ml (95% CI —42.51 to ~10.71; P=.002) in IL-6. Stepwise
regression analyses revealed that changes in global quality of life, as well as uMARS score and hormonal therapy, were possible
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Background: Survival rates in cancer are increasing exp ially, with a corresp ing increase/
influence in disability-adjusted life-years. Efforts should be made to explore the optimal balance
between unsupervised/distance-based and supervised/onsite approaches to cancer care.
Objective: This study aimed to compare the clinical efficacy of the BENECA mobile Health (mHealth)
lifestyle application combined with a supervised rehabilitation program (BENECA and supervised
rehabilitation) versus the BENECA mHealth lifestyle application alone on quality of life (QoL) and
functional outcomes of breast cancer survivors.
Methods: This randomized controlled trial included 80 survivors of breast cancer diagnosed at stage
I-11IA, who completed adjuvant therapy and were overweight or obese at diagnosis. Participants were
randomly allocated (ratio 1:1, 3 waves) to BENECA mHealth and rehabilitation for 2 months (n = 40) or
BENECA mHealth and usual care (BENECA mHealth alone; n=40). Participants completed a
questionnaire at baseline (T1), 8 ks post-i vention (T2) and 6-month follow-up (T3). The
primary outcome was QoL assessed with the EORT QLQ-C30. Secondary outcomes included upper-limb
functionality and body composition. Statistical (between-group analyses of covariance) and dlinical
effects were analyzed by intention to treat.
Results: Both groups showed improved outcomes, but global QoL was significantly better with BENECA
mHealth and rehabilitation than BENECA mHealth alone (mean difference, 12.76; 95% confidence
interval 4.85; 20.67; P=0.004), with a moderate-to-large effect size (d=72). The proportion of
participants reporting reliable clinical improvement on global QoL at T2 was higher with BENECA
mHealth and rehabilitation than BENECA mHealth alone (57.5% vs 26.3%, P=0.008). Improvement in
subjective and objective upper-limb functionality was also higher with BENECA mHealth and
rehabilitation.
Conclusions: The BENECA mHealth lifestyle application with a supervised rehabilitation program had a
statistically and clinically significant effect on QoL and upper-limb functionality in breast cancer
survivors and is a unique and important promising new approach.

© 2019 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Between 2006 and 2016, survival rates in some cancer types,
especially breast cancer, exponentially increased [1], with a
corresponding increase/influence in disability-adjusted life-years
(DALYS) [2]. DALYS secondary to cancer survival are associated
with substantial medical expenses and loss of productivity in

1877-0657/© 2019 Elsevier Masson SAS. All rights reserved.
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mads tenebrosas de esta carrera, o las carcajadas que solté cuando, en mi ignorancia le pregunté
sobre quién pagaba una publicacidon. Pero por encima de todos ellos, nunca olvidaré una
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