+\
INE

=

UNIVERSITATo:
BARCELONA

Nutritional and body composition changes
affecting head and neck cancer patients during
oncological treatment

Lorena Arribas Hortiglela

ADVERTIMENT. La consulta d’aquesta tesi queda condicionada a I'acceptacio de les seglients condicions d'Us: La difusié
d’aquesta tesi per mitja del servei TDX (www.tdx.cat) i a través del Diposit Digital de la UB (diposit.ub.edu) ha estat
autoritzada pels titulars dels drets de propietat intel-lectual Unicament per a usos privats emmarcats en activitats
d’investigacioé i docéncia. No s’autoritza la seva reproduccié amb finalitats de lucre ni la seva difusié i posada a disposicio
des d’un lloc alié al servei TDX ni al Diposit Digital de la UB. No s’autoritza la presentacié del seu contingut en una finestra
o marc alié a TDX o al Diposit Digital de la UB (framing). Aquesta reserva de drets afecta tant al resum de presentacié de
la tesi com als seus continguts. En la utilitzacié o cita de parts de la tesi és obligat indicar el nom de la persona autora.

ADVERTENCIA. La consulta de esta tesis queda condicionada a la aceptacion de las siguientes condiciones de uso: La
difusién de esta tesis por medio del servicio TDR (www.tdx.cat) y a través del Repositorio Digital de la UB (diposit.ub.edu)
ha sido autorizada por los titulares de los derechos de propiedad intelectual inicamente para usos privados enmarcados en
actividades de investigacion y docencia. No se autoriza su reproduccién con finalidades de lucro ni su difusion y puesta a
disposiciéon desde un sitio ajeno al servicio TDR o al Repositorio Digital de la UB. No se autoriza la presentacion de su
contenido en una ventana o marco ajeno a TDR o al Repositorio Digital de la UB (framing). Esta reserva de derechos afecta
tanto al resumen de presentacién de la tesis como a sus contenidos. En la utilizacién o cita de partes de la tesis es obligado
indicar el nombre de la persona autora.

WARNING. On having consulted this thesis you’re accepting the following use conditions: Spreading this thesis by the TDX
(www.tdx.cat) service and by the UB Digital Repository (diposit.ub.edu) has been authorized by the titular of the intellectual
property rights only for private uses placed in investigation and teaching activities. Reproduction with lucrative aims is not
authorized nor its spreading and availability from a site foreign to the TDX service or to the UB Digital Repository. Introducing
its content in a window or frame foreign to the TDX service or to the UB Digital Repository is not authorized (framing). Those
rights affect to the presentation summary of the thesis as well as to its contents. In the using or citation of parts of the thesis
it's obliged to indicate the name of the author.




iy

UNIVERSITAToe
BARCELONA

+1

-

UNIVERSITAT DE BARCELONA

FACULTAD DE FARMACIA I CIENCIES DE L’ ALIMENTACIO

PROGRAMA DE DOCTORAT NUTRICIO | ALIMENTACIO

Nutritional and body composition changes affecting head and neck cancer patients during oncological
treatment

Memoria presentada per Lorena Arribas Hortigtela per optar al titol de doctor per la Universitat de
Barcelona

LORENA ARRIBAS HORTIGUELA

2022



7

—+1ll1
i+

e

UNIVERSITAT ve
BARCELONA

FACULTAD DE FARMACIA I CIENCIES DE L’ALIMENTACIO

PROGRAMA DE DOCTORAT NUTRICIO | ALIMENTACIO

Nutritional and body composition changes affecting head and neck cancer patients during oncological

treatment

Cambios nutricionales y de composicion corporal que afectan a los pacientes con cancer de cabeza y
cuello durante el tratamiento oncolégico

PhD Student

Lorena Arribas Hortiglela

PhD Directors:

Ricard Mesia Nin

Oncologia Médica

Institut Catala d’Oncologia, B-ARGO
Badalona, Barcelona

Spain

PhD Tutor:

Vickie E Baracos

Division of Palliative Care Medicine
Department of Oncology
University of Alberta

Cross Cancer Institute

Edmonton, Alberta

Canada

Maria lzquierdo

Departament de Nutricid, Ciencies de I’Alimentacidé i Gastronomia
Facultat de Farmacia i Ciencies de I’Alimentacid

Universitat de Barcelona
Barcelona
Spain

Memoria presentada per optar al grau de doctor/a per la Universitat de Barcelona



A mis amores, Nacor, Nahia y Leire



ACKNOWLEDGMENTS

Esta tesis es mi contribuciéon y la de todo un equipo a la investigacion sobre la importancia del
estado nutricional y la composicién corporal en el tratamiento de los pacientes con cancer de
cabeza y cuello. Ha sido un trabajo de afios de aprendizaje, de ilusién e impaciencia pero ha
merecido la pena todos y cada uno de sus dias. Me llevo lo mejor de cada uno del equipo porque
todos han contribuido a que esta tesis se lleve a cabo y sobre todo a que la investigacion continte
siendo una parte fundamental de mi dia a dia.

Quiero agradecer a todos los pacientes que vemos a diario en las consultas porque sin ellos la
investigacién nunca seria posible. Esta tesis se formul6 con el objetivo de mejorar el duro viaje
de nuestros pacientes durante el tratamiento oncoldgico.

A todos los miembros de la UFCC, por acogerme desde hace mas de 15 afios y seguir confiando
en mi a lo largo de todo este tiempo.

A toda la unidad de cap i coll del ICO, a los que han pasado (Silvia, Bito, Noelia, Miren, Carlos,
Victoria), a los que siguen (Alicia, Esther, Isabel, Maria, Marc y Espe) y a las nuevas
incorporaciones (Guido, Carol, Sandra), por hacer el trabajo en equipo una realidad, por valorar
nuestro trabajo como dietistas-nutricionistas y por hacerme sentir una més siempre.

A la UFNC, a mis chicas, a las mejores compafieras que hubiera podido sofiar. Por sus ganas,
sus formas, por ellas. Ellas son las que me alientan cuando las cosas no salen, las que me echan
un cable cuando las cosas me sobrepasan y las que me hacen reir cuando ya no puedo mas. A
Inma, Laura, Regina, Marta, Maryam, ahora vienen las vuestras.

A Maria Sospedra, por ayudarme con el analisis de miles de imagenes, y hacer maravillosas
bases de datos. Sabes que siempre tendras un hueco en nuestra unidad.

A Natalia, gracias gracias gracias. No sé cuantas veces podré agradecerte tus infinitas
explicaciones del andlisis estadistico, por tener paciencia, por dejarte ensefiar y aprender cosas
nuevas juntas. Espero que sigamos haciendo muchas cosas interesantes.

A Aiday Ménica, por ayudarme cuando pensaba que el analisis de composicion corporal a través
de la imagen nunca podria dominarlo. Sobre todo por confiar en este trabajo, en la nutricién y en
mi, por todas las horas revisando imagenes, por ensefiarme la anatomia desde dentro a través
de una escala de grises siempre siempre con una sonrisa.

A Jordi Moretén y al Dr del Rio, por contribuir a que esta tesis haya podido llevarse a cabo, por
su ayuda y dedicacién de forma totalmente altruista.

A Laia y Marisa (del PREC) por incorporarme en su equipo de investigacion, por ensefiarme
tanto, por escuchar mis locas ideas y hacerme sentir importante dentro de un grupo tan potente
como el suyo.

A Nuria Virgili, por empezar este viaje conmigo en una fase muy temprana y confiar en mi.

A Miren, por ser td, por estar sin estar, por tus consejos y nuestros dias de compras. Te echo de
menos.

A mis directores de tesis, la mejor eleccién, por ensefiarme a hacer las cosas bien, a esperar sin
desesperar

A Ricard, GRACIAS, porque confiaste en mi desde el minuto uno, por ser franco y directo, por
ponerme los pies en la tierra, por sacar lo mejor de mi y ensefiarme que hay formas y formas y
a pesar de todo, no soltarme de la mano.



To Vickie, not only the great professional that everyone knows, but one of the best people | have
ever met. Thank you, for opening your department and teaching me everything. For sharing your
ideas and making me think a thousand times, justify and reason my thoughts. For our long
Sundays conversations. For opening your home to my family because now you are part of ours.

A mi familia: a mis padres, a Oscar y Sonia, a Naroa y Ander. A Elvira y Joaquim (sé que estarias
orgulloso), a Josué, a Dina y Josep, a Haran y Mireia, a Yvet y Xénia. A vosotros que siempre
estais para lo que sea.

A Nacor, la persona mas importante de mivida, la que siempre ha creido en mi, la que me empuja
a diario para seguir luchando por mis suefos, la que hace que sea mejor persona. Gracias por
tus interminables horas de parque y darme tiempo para llevar la tesis a cabo. A Nahia y Leire,
porque son lo mejor de mi vida.



SUMMARY

The use of imaging techniques routinely used for diagnosis and the assessment for treatment
response in oncology allow us to analyze the changes in body composition that occur during
treatment and how these changes impact on oncologic outcomes such as survival or toxicity. In
addition, we can observe the efficacy of nutritional support through these images.

My main objective for this thesis was to evaluate the nutritional and body composition changes
affecting patients with head and neck squamous cell carcinoma (HNSCC) during cancer
treatment.

Initially we designed a prospective study to analyze the body composition and nutritional changes
that occur during conservative treatment in patients with locally advanced HNSCC at different
time points. All patients were closely monitored throughout the treatment implementing nutritional
support according to clinical practice guidelines. We observed that 30% of patients were
malnourished at diagnosis. However, after the induction chemotherapy, there was an increase in
weight and muscle mass with a significant improvement in nutrition impact symptoms such as
dysphagia and odynophagia. Nevertheless, a significant nutritional deterioration occurred by the
end of concomitant treatment with bio-radiotherapy or chemo-radiotherapy with 95% of patients
becoming severely/moderately malnourished. Our findings suggest that induction chemotherapy
may help improve nutritional status by ameliorating nutrition impact symptoms. This improvement
could contribute to minimize the significant deterioration that occurs despite an intensive
nutritional support along the oncological treatment.

An additional aimed was to describe the changes in muscle and fat mass during the chemo-
radiation in locally advanced HNSCC patients and evaluate the clinical predictors implicated in
this loss. A longitudinal retrospective study was carried out focusing in the analysis of CT images
pre-treatment and at the evaluation of tumor response at 3 months after finishing radiotherapy, to
quantify muscle and adipose tissue. Nutritional support was provided according to ESPEN
guidelines and adjusted body weight (ABW) was used in overweight/obese patients to define their
nutritional targets. Patients lost a significant amount of weight, muscle and fat mass during the
concomitant treatment. Patients with higher body mass index tended to lose more fat mass but
also more muscle. In multivariate regression, only ABW independently predicted muscle and fat
loss suggesting that the use of ABW to set nutrition targets in overweight/obese patients may be
insufficient. It should be highlighted the urgent need for the development of nutritional guidelines
to treat obese cancer patients in order to improve oncological outcomes.

We used the repeated images at baseline and after treatment in same cohort of patients to
describe the changes in skeletal muscle and fat over time at different anatomical levels to
determine whether those changes are systemic or localized. Precision testing was performed
calculating the % coefficient of variation, the root-mean-square standard deviation and the
corresponding 95% least significant change values for four anatomical levels: upper arm, thigh,
chest and abdomen. The median time between scans was 224 (SD 31 days). The least significant
change values for muscle varied from 0.7 to 2.4% depending on anatomic level; with the lowest
precision error to detect change in the thigh. Muscle wasting appears to be systemic and while
present in limbs and trunk is significant higher in the thigh that in the chest abdomen and upper
arm.

As reduced muscle mass has been associated with increased treatment complications worsening
survival in several tumor types, we evaluated the impact of reduced skeletal muscle on prognosis
and immune-related adverse events (IrAES) in patients of recurrent/metastatic HNSCC treated
with immune checkpoints inhibitors (ICI). Skeletal muscle was quantified using a CT scan at
diagnosis. We observed that low skeletal muscle mass was an independent factor for overall
survival in the univariate and multivariate analysis. There was no association between low skeletal
muscle and IrAEs of any grade.



RESUMEN (en espaiiol)

El uso de técnicas de imagen utilizadas habitualmente para el diagnéstico y la valoracion de
respuesta al tratamiento oncoldgico permite analizar los cambios en la composicion corporal
(CoC) que se producen durante el tratamiento y coOmo estos cambios repercuten en los
resultados oncoldgicos, como la supervivencia o la toxicidad. Ademas, podemos observar la
eficacia del soporte nutricional a través de estas imagenes.

El principal objetivo de esta tesis ha sido evaluar los cambios nutricionales y de CoC que afectan
a los pacientes con carcinoma escamoso de cabeza y cuello (CECC) durante el tratamiento
oncoldgico.

Inicialmente disefiamos un estudio prospectivo para analizar la CoC y los cambios nutricionales
que se producen durante el tratamiento conservador en pacientes con CECC localmente
avanzado. Todos los pacientes tuvieron seguimiento nutricional implementando el soporte
nutricional de acuerdo con las guias de practica clinica. Hemos observado que el 30% de los
pacientes estaban desnutridos en el momento del diagndstico. Sin embargo, tras la quimioterapia
de induccién, aumenté el peso y la masa muscular con una mejora significativa de los sintomas
de que limitaban la ingesta (disfagia y odinofagia). No obstante, se produjo un deterioro
nutricional significativo al final del tratamiento concomitante (bio-radioterapia o quimio-
radioterapia), con un 95% de desnutricion grave/moderada. Nuestros hallazgos sugieren que la
quimioterapia de induccion puede ayudar a mejorar el estado nutricional mejorando aquellos
sintomas que limitan la ingesta. Esta mejora podria contribuir a minimizar el importante deterioro
que se produce a pesar del soporte nutricional intensivo a lo largo del tratamiento oncolégico.

Un objetivo adicional ha sido describir los cambios en la masa muscular y la grasa durante la
quimio-radioterapia concomitante en pacientes con CECC localmente avanzado y evaluar los
predictores clinicos implicados en esta pérdida. Se realizé un estudio longitudinal retrospectivo
centrado en el andlisis de las imagenes de TC previas al tratamiento y en la valoracion de
respuesta a los 3 meses tras finalizar el tratamiento, para cuantificar musculo y grasa. Se
proporciond soporte nutricional segun las guias ESPEN utilizando el peso ajustado (PA) en los
pacientes con sobrepeso/obesidad para definir sus objetivos nutricionales. Los pacientes
perdieron una cantidad significativa de peso, masa muscular y grasa durante el tratamiento
concomitante. Aquellos pacientes con un mayor indice de masa corporal (IMC) tendian a perder
mas grasa, pero también mas musculo. En el andlisis multivariado, solo el IMC predijo de forma
independiente la pérdida muscular y grasa, lo que sugiere que el uso del PA para establecer
objetivos nutricionales en pacientes con sobrepeso/obesidad puede ser insuficiente. Cabe
destacar la necesidad urgente de desarrollar guias nutricionales para el tratamiento nutricional
de pacientes obesos con cancer con el fin de mejorar los resultados oncoldgicos.

Ademas, hemos utilizado las imagenes del diagnéstico y tras el tratamiento concomitante de esta
misma cohorte de pacientes para describir los cambios de CoC a lo largo del tiempo en diferentes
niveles anatomicos para determinar si estos cambios son sistémicos o localizados. Se realizaron
pruebas de precision calculando el % de coeficiente de variacién y los correspondientes valores
del minimo cambio significativo al 95% para cuatro niveles anatdmicos: brazo, muslo, térax y
abdomen. La mediana del tiempo transcurrido entre las exploraciones fue de 224 (DE 31 dias).
Los valores del minimo cambio significativo para el musculo variaron entre el 0,7 y el 2,4% segun
el nivel anatomico; el error de precisién mas bajo para detectar el cambio se produjo en el muslo.
El deterioro muscular parece ser sistémico y, aunque esta presente en las extremidades y el
tronco, es significativamente mayor en el muslo que en el térax, el abdomen y el brazo.

Por otro lado, se ha evaluado el impacto de la reduccion del musculo esquelético en el prondstico
y los efectos adversos inmuno-relacionados (EAl) en pacientes con CECC
recurrente/metastasico tratados con inmunoterapia. EI muisculo esquelético se cuantifico
mediante TC al diagnéstico. Hemos observado que la baja masa muscular era un factor
independiente de supervivencia global en el analisis univariante y multivariante. No hubo
asociacién entre la baja masa muscular y los EAI.
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GENERAL INTRODUCTION

Malnutrition and cancer

Cancer-associated malnutrition is generally acknowledged to differ from deficiency of nutrients in
the absence of underlying disease 1. Metabolic changes in patients with cancer caused by the
tumor or by the cancer alter the ability to utilize nutrients leading to weight loss. Depletion in body
mass during the course of oncological treatment has been shown to have a prognostic
significance 2 and is associated with reduced response rate during chemotherapy and increased
toxicity 3. A robust grading system incorporating the independent prognosis significance of both
body mass index (BMI) and % of weight loss was developed as a diagnostic criteria for cancer-
associated weight loss 2.

Figure 1 shows the relationship between % weight loss and BMI to overall survival. A gradient of
decreasing survival was observed with increasing % weight loss and decreasing BMI: the highest
risk in the lower right-hand corner of the figure (grade 4; median survival, 4.3 months), and the
least risk in the upper left corner (grade 0; median survival, 20.9 months).
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Source: Martin L et al. J Clin Oncol, 2015

Cancer patients are likely to be malnourished and the prevalence of malnutrition ranges from 20%
to 70% or more depending on age, cancer type and stage or the definition of malnutrition used
45, In a study of 23,904 cancer patients, 58% had moderate to severe malnutrition according to
Patient Generated Subjective Global Assessment (PG-SGA), a nutritional questionnaire validated
for cancer patients, but only 29% of these patients received nutritional care 8. It has been
suggested that a significant number of patients with cancer die of cancer-associated malnutrition
instead of the malignant disease itself . In fact, cancer associated malnutrition has been shown
to have an important impact in quality of life and added healthcare costs ™-°

Low dietary intake is endemic in cancer patients. In addition, the uncontrolled catabolic drive that
characterizes malnutrition in cancer makes it difficult for the nutritional support alone to have clear
clinical benefits 1. In the early stages of cancer-associated malnutrition, malnutrition may be
reversible; however, in later stages of the disease, it has been difficult to attain significant
improvements in nutritional status, although it has been suggested that with the right combination
of therapies, even patients with advanced disease may exhibit anabolic potential *°. A number of
individual studies have demonstrated positive impacts of nutritional interventions on relevant
outcomes where dietitian-led clinics and intensive dietary counselling can reduce nutrition-related
admissions 1112 and the hospital length of stay 13. Improved energy and protein intake 415 and

13



weight 1617 were noted in some studies and these increases led to improved quality of life (QoL),
functioning and nutritional status *8.

Quantitative assessment of body composition also allows us to evaluate the effectiveness of the
nutritional support applied. There are evidence-based Clinical Practice Guidelines for nutrition in
oncology (ESPEN) available 1°. These guidelines have a focus on dietetic consultation, oral
nutritional supplements and escalation to tube feeding per indication. Accordingly, patients
presenting with impaired dietary intake, pre-diagnosis weight loss and low BMI, receive
aggressive nutrition support during treatment. However, specific nutritional guidelines are lacking
for obese cancer patients for whom correct nutritional management is less evident 2021, Currently,
the use of “adjusted body weight” (ABW) is well extended between nutrition professionals to set
nutrition targets also for cancer patients without knowing whether this practice could exacerbate
nutritional deterioration.

The poor oncological outcomes associated with cancer-associated malnutrition are driven mainly
by the depletion of skeletal muscle 2223, Cancer patients have been shown to have a rate of
muscle loss 24-fold higher than that observed in healthy aging adults 2425 which is 1-1.4%/year
26, Fat mass also plays an important role of weight loss and lately some studies have shown the
relationship between inflammatory factors such as IL6 and fat loss by promoting lypolisis 2728, In
the last decade, diagnostic imaging acquired from the routine clinical practice, enable quantifying
these losses 2930,

Malnutrition in head and neck cancer

Head and neck cancer (HNC) include a wide range of malignant tumors that originate in the
different structures of this region of the body. Of these cancers, squamous cell carcinoma of the
head and neck accounts for over 90% of HNC 3. More than 60% of patients with squamous-cell
cancer of the head and neck present with stage Il or IV disease, which is characterized by large
tumors with marked local invasion, evidence of metastases to regional nodes, or both. Locally
advanced disease carries a high risk of local recurrence (15 to 40%) and distant metastasis, with
a poor prognosis (5-year overall survival, <50%) 32, Its presentation causes aesthetic alterations
and disturbance of functions as phonation, swallowing, hearing and breathing 3. The surgical
option could compromise all these basic functions, therefore an alternative for the treatment of
these tumors in advanced stages is a conservative treatment 34. For locally advanced disease,
these are based on the association of radiotherapy (RT) alone or with concomitant chemotherapy
35, or bioradiotherapy 2637 and, in some cases with previous induction chemotherapy 3. HNC
patients are specially at high risk of malnutrition due to tumor site and treatment 3°. In recent years
antineoplasic treatments have contributed to improve locoregional control and survival 4041,
however, acute toxicity caused by these treatments may exacerbate nutritional deterioration by
compromising dietary intake 42. Concurrent chemoradiotherapy is associated with higher rates of
toxicity and complications when compared with surgery or radiation alone 4344, Some of the
treatment toxicities can persist long-term and become chronic: swallowing dysfunction,
xerostomia, dental problems, taste alterations, and weight loss have a significant impact on
patient’s quality of life 4546, In addition to the nutritional support, symptom-management (i.e.,
analgesia), psycho-oncological counseling, and speech and language rehabilitation therapy will
be essential to improve their quality of life.

The prevalence of malnutrition according to PG-SGA in HNC patients at diagnosis ranges from
42-77% and worsens throughout the treatment 4748, Early detection of malnutrition helps to
implement an individualized nutritional intervention to improve oncological outcomes 4% and
minimize acute toxicities, treatment interruptions and enhance survival 5. Nutritional support
teams are not always well established as part of the multidisciplinary HNC teams and dietetic
resources are usually limited; therefore, the coordination with other health professionals may help
to improve the adherence to the nutritional support 2. Nutritional support is an essential part of
the multidisciplinary care from the diagnosis through the oncological treatment 5. The teamwork
and support among the different professionals responsible for cancer patients’ care allows us to
adjust the nutritional intervention to the clinical situation and to treat early toxicities and the
evolution of the disease 34. Medical management of symptoms combined with nutrition therapy is
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increasingly conceptualized as being part of the multidisciplinary team effort involving clinical
dietitians.

Nutrition care is a priority in patients with HNC due to their multifactorial risk of developing severe
malnutrition and the association of malnutrition with poor prognosis 5°. The nutritional and muscle
depletion suffered by patients with HNC throughout the course of treatment may be due to
symptoms that limit intake depending on the tumor location, toxicity produced by the treatment or
inadequate nutritional support. Nutritional intervention in HNC patients is summarized in Figure
3A, B.

A few clinical guidelines for the nutritional management of HNC patients have been published
4656 These guidelines have significantly raised awareness on the impact of nutrition in HNC
patients among oncologists and surgeons, increasing the number of early nutritional assessments
and making it part of the treatment decision, particularly in patients with uncertain prognosis.

Numerous prognostic factors have been described in HNC 32; those related to the patient (age,
patient's general condition or performance status (PS) and smoking)%’, malnutrition according to
PG-SGA %8, those related to the tumor (location, stage, human papillomavirus or Epstein-barr
virus infection and histologic grade) 5%:6° and those related to treatment 6. Malnutrition and weight
loss prior to the start of treatment is considered a poor prognostic factor 2-64, In recent years, it
has been shown that this weight loss occurs mainly at the expense of muscle mass. Sarcopenia
defined as a reduction in muscle mass can occur regardless of age and is common in chronic
diseases, including cancer 225 and is often classified in relation to the risk of specific disease
outcomes. Reduced muscle mass has been shown to have a negative clinical outcome in cancer
patients including HNC patients 66-68,

Figure 3. Nutritional intervention in HNC patients

A

DIAGNOSIS

Nutritional Intake
< 75% of nutritional
reguirements
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Nutritional intake Dietetic Counselling

> 75% of nutritional + nutritional
:;Tﬁ:ft requirements supplements

Well nourished e Dietetic Counselling

*Dysphagia shouwld be assessed alang the ancological
treatment

NGT: Nasogastric tube; PEG: Percutaneous endoscopic gastrostomy

Source: Taberna M et al. Front Oncol 2020
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NUTRITIONAL INTERVENTION IN HEAD AND NECK CANCER PATIENTS
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Body composition analysis

As mentioned above, muscle loss is probably the most clinically relevant feature of weight loss in
cancer. Therefore, to identify those patients with muscle loss can become a huge challenge.

Computed tomography (CT) is now considered the reference standard method of body
composition assessment in terms of specificity and precision and is of particular convenience in
oncology research as these scans are readily available because they are used as part of routine
diagnosis and staging. Axial CT images at the level of the third lumbar (L3) vertebrae can be
retrospectively analyzed to precisely segment skeletal muscle and adipose tissue (subcutaneous,
visceral and intermuscular) (Figure 4). Using a commercially available image analysis software,
muscle and adipose tissues can be evaluated based on Hounsfield unit (HU) thresholds: -29 to
+150 for skeletal muscle 8%, —190 to —30 for subcutaneous and intermuscular adipose tissue °
and —150 to —50 for visceral adipose tissue 7°. Muscles in this area include the psoas, paraspinal
muscles (erector spinea, quadratus lumborum) and the abdominal wall muscles (transversus
abdominus, external and internal oblique, rectus abdominus). Measurements at L3 level as the
skeletal muscle area (SMA) obtained at this level is a good correlate for whole body muscle in
healthy individuals (r 0.92) 7*. From this, skeletal muscle index (SMI) can be calculated by
adjusting SMA by the patient’'s height (total SMA (cm?)/height (m?)) and patients are often
compared on this basis. Regression formulae are available to estimate whole-body compartments
using these data (in a sex-specific manner).

In the oncology setting, consensus-based cut points to define low muscle mass or sarcopenia are
lacking, and a variety have been devised 2. In 2013, Martin et al. 73 identified both sex and BMI-
specific cut points for SMI that best predicted survival (men: <43 cm?/m? if BMI <24.9 kg/m? and
<53 cm2/m? if BMI 225 kg/m?; women: <41 cm?/m?2) 73 in a large cohort of 1473 patients with lung
and gastrointestinal (Gl) cancer, which are more applicable to non-obese cohorts. Using optimal
stratification methodology, several other studies have reported cut points for SMI associated with
mortality in a number of cancer cohorts 72, these range 36-55.8 cm2/m? for men and 29-46.6
cm?/m2 for women including Asian population. Several factors influence patient’s muscularity
(ethnicity, age, sex, physical activity and magnitude of adiposity) 74; hence, published cut points
may not be applicable to all cancer populations 72. Other studies have defined sarcopenia based
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on more data-orientated approaches, categorizing SMI based on predetermined percentiles, such
as quartiles 75, tertiles 257677 or based on the median 7879,

As BMI does not describe adipose tissue and muscle distribution, the need for quantifying the
total adipose tissue (including visceral, subcutaneous and intermuscular adipose tissue) and
muscle mass has been a need to evaluate fat and muscle mass as predictor factors for
oncological outcomes 289, CT allows the precise quantification of both muscle and adipose tissue
and has led to a large volume of research which has increased our understanding of the
importance of abnormal body composition phenotypes, such as low muscle mass (sarcopenia)
as important prognostic indicators of unfavorable outcomes in patients with cancer 0.

Chemotherapy can often be associated with severe toxicity that can result in dose delays, dose
reduction and early treatment termination, referred to as dose limiting toxicities. Moderate to
severe toxicities can lead to interruption, deferral or even cessation of treatment. Severe toxic
events can result in hospitalizations and can even be life-threatening 1°. Recent evidence
suggests that variability in body composition of cancer patients may be a source of disparities in
the metabolism of cytotoxic agents resulting in increased toxicity 81-83,

The widespread use of body surface area (BSA), relying on height and weight alone 84, in dosing
chemotherapy drugs presents a problem because this approach does not normalize all of the
variability in drug metabolism and pharmacokinetics. Body composition variation is a potential
source of drug metabolism variations, if that is affected by proportions of muscle and adipose
tissue. There are large discrepancies in muscle mass between people of the same BSA, resulting
in potential variations in exposure when calculations are based on a simple BSA formula 887, A
4-10-fold variation in drug clearance is possible in individuals with a similar BSA and there is
concern that this approach to dosing is invalid 8:8°, Bodyweight comprises two major components
(muscle and adipose tissue), these being the main sites of distribution of hydrophilic and lipophilic
drugs °9°1, Therefore, variability in individual muscle and adipose tissue may lead to changes in

the volume of distribution of drugs and therefore adversely affect the tolerance of cytotoxic drugs
92

It is also important to note that sarcopenic patients are highly susceptible to acute medical events
that exacerbate chemotherapy-related toxicity 9. In addition, low concentrations of circulation
plasma proteins (e.g. albumin), which is commonly seen in those with malnutrition or systemic
inflammation (or both) may also affect the distribution of highly protein-bound drugs 91949, As
imaging techniques in body composition become more widely used, this may represent an
opportunity for a more personalized approach to chemotherapy dosing.

Lastly, the combination of sarcopenia and obesity has been shown to have particularly poor
clinical outcomes. This may be related to the combined negative effects of both conditions or may
be related to poor detection of sarcopenia in a cohort whose muscle loss is masked by excess
adiposity. Sarcopenic obesity specifically has been associated with poorer survival in a number
of cohorts 9,
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Figure 4. Computed tomography body composition analysis of the third lumbar vertebrae
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Body composition changes over time during cancer treatment and precision test

In the last decade, muscle quantification has gained clinical relevance as it has been related to
functionality, nutritional status, tolerance to oncological treatment and prognosis %:67.97, PET/CT
imaging allows quantitative and qualitative measurement of adipose tissue and muscle tissue
leading to numerous publications evaluating oncological outcomes such as survival, surgical
complications or treatment toxicity °-1°1, Many of these studies quantify in a single time, without
taking into account some errors associated with making a single measurement. Other studies that
measure changes over time do not evaluate any repeatability measurements. Very few studies
mentioned intra-observer (or inter-observer) coefficient of variability, however none of the studies
published stated to be using a radiological standard for precision testing. An example of these
standards is the establishment of specific requirements for Dual-energy X-ray Absorptiometry
(DXA) by The International Society for Clinical Densitometry (ISCD) for diagnosis and longitudinal
measurements in body composition 102, Likewise, for bone densitometry, the requirements to
perform precision studies at regular intervals by each individual observer involved with a minimum
acceptable precision are mandatory. The least significant change (LSC) value is a key
performance metric for repeated measures over time and evaluates the minimum amount of
change that can be considered statistically significant and is calculated based on the precision
error 103104 For a change between two images to be considered statistically significant, it must
exceed the value of LSC, otherwise the change can be attributed to the measurement itself 103,
Lately there has been an increase in publications evaluating muscle changes in oncology
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patients, but it should be noted that the measurement of these changes must be performed in a
standardized manner using precision tests to ensure that the changes are actually due to their
biological nature and not due to measurement error. This is especially important for small changes
that may occur in a short period of time.

Despite the advances in muscle assessment and its prognostic and predictive value, there are
still many unresolved questions. One of them is whether the muscle loss that occurs in cancer
patients occurs uniformly throughout the body or is localized to a specific region. Most of the
studies published to date use the third lumbar vertebra (L3) as the landmark for calculating total
body muscle mass. This practice was adopted because of the high correlation of this region with
the total amount of body adipose and muscle tissue 7. In addition, images covering the whole
body are not performed in routine clinical practice. However, despite all this, we do not know if
the L3 region is representative of the whole body when assessing muscle loss over time. Many
of the factors associated with this muscle loss in cancer patients are mostly systemic. However,
some animal studies have shown that some muscle tissues are more susceptible to loss
depending on the type of fiber they present 195, In addition, the reduction of physical activity in
bedridden patients causes muscle loss, especially in the lower limbs 106107, Even today we do not
know the effect that oncological treatments alone or combined with other treatments such as
exercise, nutritional intervention or hormone therapy have on the muscle over time. Therefore, it
is unknown whether the loss of muscle mass is systemic or localized to a greater extent in a
specific region. The increasing use of PET/CT in staging HNC helps us to extend the evaluation
to different anatomical regions and compare them with each other.

Sarcopenia as predictive biomarker in head and neck cancer patients

The impact of sarcopenia on survival in cancer has been extensively studied over the past
decade. Most studies report a significant decrease in overall survival and complications in patients
with sarcopenia compared with those without sarcopenia, irrespective of the primary cancer site
and stage 10198, These results have also been described in HNC 66:109-115,

One of the issues with the use of CT scans in muscle mass evaluation for HNC is that diagnostic
is frequently used to evaluate cervical or thoracic images. As a result, investigations of sarcopenia
in patients with HNC have lagged until recently, facilitated by the availability of the CT component
of whole-body Positron Emission Tomography Computed Tomography (PET-CT). In the absence
of imaging to the level of L3, some studies used either the third cervical vertebra (C3) 111.113.116 gr
second (T2) 117 or fourth (T4) % thoracic vertebra. However, a recent systematic review conclude
that the current level of evidence is inadequate to provide definitive recommendations for the use
of alternative vertebral slice to L3 in CT scans of cancer patients for the evaluation of SMM 118,

In the HNC surgical population, sarcopenia has been found to be an independent negative
prognostic indicator for patient undergoing total laryngectomy for: pharyngocutaneous fistula,
prolonged hospital stay and reduced overall survival 1% and both all complications and wound
complications 120, A recent meta-analysis %! shows that sarcopenia is independently associated
with reduced overall survival in patients with HNC undergoing radiotherapy and holds a clinically
meaningful prognostic value. Pre-treatment sarcopenia was associated with reduced overall
survival (HR 2.07; 95%CIl 1.47-2.92, p<0.0001, 12>=49%) with similar findings for post-treatment
sarcopenia (HR 2.93; 95%Cl, 2.00-4.29, p < 0.00001, 2= 0%) with moderate to low heterogeneity
exhibited amongst studies respectively. Two other meta-analysis 122123 have been published
including studies from HNC with different treatment modalities (surgery, radiotherapy,
chemotherapy and combinations). Both publications conclude that the presence of pre-treatment
sarcopenia has a significant negative impact on overall survival for HNC compared with its
absence. All these publications include studies with all stages and HNC locations but none of the
studies have been performed in metastatic or recurrent HNC patients.

Among patients with head and neck squamous cell carcinoma (HNSCC), between 5-10% are
diagnosed with metastatic disease 3. Additionally, despite aggressive multimodal strategies
about 60% of patients treated with radical intention for a locally advanced disease will eventually
recur 124, Until the introduction of immunotherapy agents, the median survival was 10.1 months,
with a 82% rate of grade 3—4 adverse events using the historic standard first-line EXTREME
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(combining platinum and 5-fluorouracil (5-FU) and cetuximab) 125. Patients with progressive
disease after platinum-based chemotherapy have a poor prognosis with a one-year survival under
5% 126, Hereby, there is an urge need for improved therapy in the recurrent and metastatic (R/M)
population.

Patients with metastatic disease at diagnosis and those with recurrent disease not salvageable
with local treatment currently have the same oncologic treatment 31.32, Targeting the programmed
cell death (ligand)-1 (PD-(L)1) pathway has shown significant activity, and improved overall
survival (OS) in patients with previously treated R/M HNSCC, associated with fewer grade 3 or 4
toxicities than standard therapy 127-129, These results have led to approval of two anti-PD1 agents
(pembrolizumab and nivolumab) as 2nd line treatment for patients with R/M HNSCC who
experience disease progression on or after a platinum-based therapy 128129, More recently
pembrolizumab has been approved in the 1st line setting, alone or in combination with
chemotherapy 13°. Despite improving the results compared with older strategies, approximately
70% of patients do not benefit from immune checkpoints inhibitors (ICI) as they have progression
as the best response, enhancing the need for predictive biomarkers 128120 to select patients who
clearly benefit from them.

The urgent need to find new predictors factors in patients treated with ICI has led to different
investigators to study sarcopenia as an independent factor for overall survival and also for
immune-related adverse events (irAEs). Several studies have shown the poor effect of sarcopenia
on patients including lung cancer 131132 melanoma 133134 and urothelial carcinoma receiving ICI
immunotherapy 135, Also the incidence rate of irAEs of any grade increase compared to those
without sarcopenia 132133136, However, whether sarcopenia is a predictive factor for clinical
outcomes in R/M HNSCC receiving ICls remains unclear.
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RATIONALE OF THE THESIS

Our understanding of the nutritional and body composition changes in HNC patients are
progressively improving during the last years. Nevertheless, there are still some important gaps
in knowledge that remain unclear. We have tried to answer some of these gaps in knowledge in
this thesis:

1)

2)

3)

4)

5)

As explained above, patients with HNC become malnourished during oncologic
treatment. But we also know that some oncologic treatments in HNC help to reduce tumor
size with the consequent benefit in the improvement of symptoms that limit oral intake
due to tumor location. We want to evaluate body composition and nutritional status
throughout the treatment in those patients with locally advanced disease who received
intensive nutritional support.

Since imaging techniques are being used to assess body composition and its changes,
we want to relate the nutritional support with the changes in body composition that occur
along the oncological treatment and evaluate which may be the most significant
predictors involved in this depletion.

Up to now, we have learned that both baseline body composition and its changes can
associate with poor clinical oncologic outcomes. However, these changes over time have
not been properly measured in a standardized way as with other methods of analysis,
such as DXA. Therefore, we propose the need to perform a precision test before
analyzing the changes over time using CT images to ensure that the changes are real
and not due to measurement error.

On the other hand, given the pathophysiology of muscle loss, it has been postulated that
muscle loss over time is systemic, but some studies in immobilized patients have
confirmed muscle atrophy with specific group of muscles. In this thesis, we want to
explore whether muscle loss in locally advanced HNC patients undergoing oncological
treatment is systemic or regional.

With the emergence of new treatments, especially immunotherapy, and the improvement

in survival, we want to evaluate whether, like other treatments, body composition has also
a negative impact on survival and toxicity in HNC patients.
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HYPOTHESIS

1. HNC patients suffer significant nutritional and body composition depletion throughout
cancer treatment despite intensive and individualized nutritional support. This depletion
persists over time after the end of treatment.

2. The calculation of a precision test in the analysis for the different compartments of the
body through imaging techniques could help to differentiate with certainty whether the
changes that occur over time are biological changes or due to measurement error.

3. The loss of muscle mass and adipose tissue is systemic.

4. Sarcopenia could be an independent prognostic biomarker of survival and predictor of
severe toxicity in patients with recurrent or metastatic head and neck squamous cell
carcinoma with indication for immunotherapy treatment.
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OBJECTIVES

Primary objectives

1)

2)

3)

To assess the body composition changes and nutritional status throughout the treatment
in patients with locally advanced squamous cell carcinoma of the head and neck.

To evaluate a precision test at four different anatomical levels (arm, thigh, thorax and
abdomen) to discriminate biological changes from measurement error.

To evaluate muscle mass as a prognostic biomarker of survival and progression-free
survival in patients with recurrent or metastatic head and neck squamous cell carcinoma
treated with immunotherapy.

Secondary objectives

1)

2)

3)

To evaluate the clinical predictors of muscle and adipose tissue loss during treatment in
patients with locally advanced head and neck squamous cell carcinoma during
concomitance with chemo-radiotherapy.

To determine whether the loss of muscle mass and adipose tissue is systemic or
localized.

To analyze the association between muscle mass and the occurrence of immunotherapy-

related adverse effects in patients with recurrent and/or metastatic head and neck
squamous cell carcinoma.
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Objective: The purpose of the study is to evaluate changes in body compaosition and nutritional status that
occur throughout the oncological treatment in head and neck cancer patients.

Methods: A prospective cohort observational study in patients diagnosed with head and neck squamous
cell carcinoma (HNSCC) that underwent treatment with induction chemotherapy (iCT) followed by
chemoradiotherapy or bioradiotherapy were invited to participate. All patients had dietetic counseling
from the diagnosis and a close monitoring throughout the treatment implementing nutritional support
as needed.

Results: From June 2011 until October 2012, 20 patients were included. Mutritional and anthropometric
parameters were collected at diagnosis, post iCT, after radiotherapy, 1 and 3 months post radiotherapy.
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Fat free mass almost complete improvement in dysphagia and odynophagia. Nevertheless a significant nutritional

deterioration (p =0.0022) occurred at the end of radiotherapy with 95% of patients becoming severe or
moderate malnourished. Nutritional parmameters such as weight, BMI and hand grip strength also
decrease significantly during treatment.
Conclusions: Despite an intensive nutritional support from the diagnosis throughout the oncological
treatment in advanced HNSCC cancer patients, nutritional status deteriorates during radiotherapy. Our
findings suggest that iCT may help improve nutritional status by ameliorating the symptoms that limit
the oral intake. This improvement in the nutritional status could contribute to minimize further deteri-
oration. Further investigations are needed involving novel approaches to avoid nutritional deterioration
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Head and neck squamous cell carcinoma (HNSCC) includes a
wide range of malignant tumors that originate in the different
structures of this region of the body. Its presentation causes aes-
thetic alterations and disturbance of functions as phonation, swal-
lowing, hearing and breathing [1]. The surgical option
compromises all these basic functions, therefore an alternative
for the reatment of these tumors in advanced stages is a conserva-
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tive treatment [2). These are based on the association of radiother-
apy (RT) with concomitant chemotherapy [ 3], or bioradiotherapy
[4,5] and, in some cases previous induction chemotherapy (iCT)
[6]. HNSCC patients are specially at high risk of malnutrition due
to tumor site and treatment |7 ]. In recent years antineoplasic treat-
ments have contributed to improve locoregional control and sur-
vival [89], however, acute toxicity caused by these treatments
may exacerbate nutriional deterioration by compromising dietary
intake by odynodysphagia (mucositis related ), anorexia or xerosto-
mia [10].

The prevalence of malnutrition in HNSCC patients at diagnosis
ranges from 42 to 77% and worsen throughout the treatment
[11,12]. Nutritional support is an essential part of the multidisci-
plinary care from the diagnosis through the oncological treatment
[13]. An early detection of malnutrition helps to implement an
individualized nutritional intervention to improve oncological out-
comes [14,15] and minimize acute toxicities, treatment interrup-
tions and enhance survival [16]. The teamwork and support
among the different professionals responsible for cancer patients’
care allows us to adjust the nutritional intervention to the clinical
situation and to treat early toxicities and the evolution of the dis-
ease [17).

Weight loss in cancer patients is one of the independent neg-
ative factors in prognosis and development of complications [18].
In recent years, several studies have demonstrated the impor-
tance, not only on the weight but the changes in body composi-
tion throughout cancer treatment [1920]. Muscle loss
determines the limiting dose of some antineoplasic drugs due
to the high volume of distribution in adipose tissue (patients with
more adipose tissue have a slower drug elimination) [21-23].
Many patients with HNSCC have a body mass index (BMI) above
normal values contributing in many cases to masking a decreased
muscle mass [12].

Furthermore, primary sarcopenia includes not only loss of mus-
cle mass but age-related functionality [24]. Life expectancy and
obesity increased in developed countries, have contribute to deter-
mine the body composition of patients with cancer. Far from the
idea of an emaciared oncological patient, only 10% of all cancer
patients are underweight (BMI=18.5 kg/m?) at the diagnosis [ 18].

The objective of our study is to evaluate in a prospective cohort
the changes in body composition and nutritional status that occur
throughout the oncological treatment in HNSCC patients.

Methods
Study population

This is a prospective cohort observational study conducted in a
single center, the Catalan Institute of Oncology (ICO)/Hospital
Universitari de Bellvitge from June 2011 until October 2012,
Patients (age> 18 years) diagnosed with locally advanced HNSCC
that underwent oncoespecific and radical treatment with iCT fol-
lowed by chemoradiotherapy or RT plus cetuximab were invited
to participate in the study. Eligibility criteria included pathologi-
cally confirmed squamous cell carcinoma of the oral cavity,
oropharynx, hypopharynx, larynx and nasopharynx with no his-
tory of recurrent disease. Patients were excluded if they were
unable to understand and speak Spanish, had a definitive diagnosis
of dementia or lacked capacity to understand the purpose of the
study.

The iCT scheme was based on taxanes and cisplatinum (TPF-
like) [25]. Cisplatinum 100 mg/m® every 21 days or cetuximab
250 mg/m® weeldy (loading dose of 400 mg/m?®) was used in
patients with concomitant RT. Patients were referred to concomi-
tance chemoradiotherapy or RT plus cetuximab according to the
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head and neck multidisciplinary committee decision; previous tox-
icity to iCT or patients inclusion on a clinical wrial protocol [26].

The study protocol was approved by the Hospital Universitari
de Bellvitge Ethics Committee for Clinical Research (PR231/11).
All patients provided written informed consent

Procedures

An oncology dietitian collected data at diagnosis (baseline),
after finishing iCT/prior to begin RT (visit 1), after finishing RT (visit
2), 1 month after RT (visit 3) and 3 months after the end of reat-
ment (visit 4). Data included were nutritional and anthropomerric
parameters, serum albumin (mg/dl), tumour location, tumour stag-
ing (TNM 7th edition), oncological treatment, toxicity according to
the CTCAE scale version 4.0 (Common Terminology Criteria for
Adverse Events) [27] and follow-up data.

Height (ht) and weight (wt) were measured using standard pro-
tocols [28]. BMI was calculated as [{wt in kg)/(ht in m}* ]. Percent
wrt loss was calculated as {[usual body wt-actual body wt]/ usual
body wt}+100.

Dietary intake was estimated by a 24-h recall conducted by the
oncology dietitian each time. Dietary intake data were analyzed
using the Dietsource® software version 3.0 o estimate the calories
and protein intake.

Energy requirements were estimated using Harris-Benedict
(HB) equation [29,30] and Mifflin-St Jeor (MS) equation [31] using
the adjusted body weight for patients with BMI> 25 kg/m?, 1.5 per
physical activity was added as all patients had no incapacity and
1.2 per active oncology disease. Daily protein requirements were
estimated at 1.5 g/kg actual body wt [29].

Muscle functionality was evaluated by handgrip strength (HGS)
in the dominant hand, using Jamar dynamometer (Hydraulic Hand
Dynamometer, 51 Insoruments Pryled, Adelaide, Australia). Three
successive measurements were taken and the maximal measure-
ment was used for the analysis [32].

Nutritional status was evaluated by the Patient Generated Sub-
jective Global Assessment (PG-5GA) validated in cancer patients
[33,34]. The first section of the assessment that includes actual
weight, height, food intake, symptoms, activity and functionality
was completed by the participant, with the help of the dietitian
when needed [33 ). The oncology dietitian performed the remain-
der form (diagnoses, metabolic demand and physical exam). Indi-
viduals were categorized as being well nourished (A), moderately
malnourished or risk of malnutrition (B) or severely malnourished
(C). Dietetic counseling was given to all patients from the diagno-
sis. Oncology dietitian adapted their diet to improve their nutri-
tional intake, especially emphasizing on the protein intake and
the fractionation of intakes along the day. Only when nutritional
requirements were not met with dietetic intervention, nutritional
supplementation was prescribed according to the individual needs.

Body composition was assessed by bioimpedance (BIA). Data
were recorded at each visit using TANITA bioelectrical impedance
analysis device (TANITA BC-418MA segmental; Bioldgica tec-
nologia médica, SL, Barcelona, Spain). Measurements were made
at 10 min after the participant assumed a supine position using
standard protocols for BIA [35]).The BIA variables collected were
fat free mass (FFM) and basal metabolic rate (BMR).

Statistical analysis

A descriptive analysis of each of the variables was made using
descriptive statistics. Changes of the anthropometric parameters,
food intake, serum albumin and nutritional support in each visit
were evaluated, calculating the average of these parameters at
each visit and a 95% confidence interval was estimated.
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The Pearson correlation coefficient with 95% confidence interval
was predicted for the association between the difference of base-
line and the end of reatment in HGS and the FFM and the associ-
ation between different parameters and the BMR

Time from first visit to death (survival) and disease progression
was analyzed. The Kaplan-Meyer curve was estimated with its con-
fidence interval. The log-rank test was used to compare the sur-
vival curves with PG-SGA. We used the Cox regression model to
quantify the risk of death between nutritional groups, estimating
hazard ratios with their confidence interval for PG-3GA, oncologi-
cal stage, 3-months weight loss, baseline BMI, baseline HGS, FFM
and serum albumin.

Staristical significance was set at a probability level <0.05. The
statistical package used to treat the data and perform the statistical
analysis has been the R version 3.2.5 for Windows.

Results

From the 23 patients included in the study one deceased during
the treatment and 2 were treated with surgery due to lack of
response o iCT. These 3 patients were excluded for the final anal-
ysis {analysis per protocol). Table 1 shows baseline demographic
and clinical characteristics of all padents included. The mean age
was 53 years (SD 7). All patients were male except for 1 female.
Tumour location was mainly hypopharynx and larynx in advanced
stages IVb. 70% of the patients were reated with chemoradiother-
apy after iCT.

Weight loss in the last 3 months prior to diagnosis was not sta-
tistically significant (p=0.13[95% O -7.51 w 9.35]). Nutritional
status varied throughout the treatment (Table 2). Since there is
small number of patients on bioradiotherapy treatment (n=6) we
cannot evaluate significant changes in any nufritional parameters
between the chemoradiotherapy and bioradiotherapy. At diagno-
sis, 30% of patients showed severe or moderate malnutrition (B
+C) with dysphagia in 55% (11/20) and odynophagia in 50%
(10/20) that limited their oral intake. All patients had dietetic
counseling from diagnosis, 15% (n=3) reguired nutritional supple-
mentation and only one patient (5%) required gastrostomy place-
ment for enteral nutrition.

After iCT, the symptoms such as dysphagia and odynophagia
were resolved almost entirely and only one patient remained with
dysphagia(grade 3-4). According to PG-5GA, nutritional status had
a significant nutritional deterioration (p = 0.0022) at the end of RT
(visit 2) with 95% (19/20) of patients becoming severe or moderate
malnourished (B + C). Other nutriional parameters such as weight
loss, BMI, FFM and HGS also decrease significantly over the course
of treatment (Fig. 1). Patients lost a mean of 7.09 kg (95%C 5.05-
9.12; p<0.0001) 3 months after the end of the treatment and
BMI dropped an average of 2.46kg/m2 (95%ClI 1.75-3.17;
p<0.0001). Functionality was also affected globally with a
strength loss of 3.76 kg (p=0.007; 95%CI 1.17-6.36) at the end of
reatment. The FFM increased slightly after iCT, decreasing subse-
quentdy after concomitance s«(p =037 [95%CI —0.98 w 2.49]).
The changes in nutritional parameters (weight, BMI, FFM, HGS)
do not show significant changes untl 3 months after RT
(p = 0.00003 [95%C1 1.40-3.83]). It was not possible to establish a
correlation between the HGS and the FFM difference throughout
the treatment, with a Pearson correlation of 0.34 (95% CI —0.19
to 0.71). The value of albumin decreased non-significanthy
throughout the treatment (p = 0.5216; 95%C1 —1.23 to 2.52). There
was no association between the decline in albumin level and
weight loss (Pearson correlation: —0.19; 95% CI [-0.61; 0.30]).

Acute rtoxicity throughout the concomitance treatment is
shown in Table 3. Mucositis and odynophagia affected 85% (15%
with grade 3-4) and 75% (10% with grade 3-4) of patients respec-
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Table 1
Baseline demographic and clinical characteristics of the study sample at baseline
Characteristics Na. of patients {n=20) sD
Age, years 53.70 711
Male 19 95
Body weight, kg T1.36 13.14
BMI, kg o 1520 41
Pre-di agnosis weight loss, kg 2.31 p=0.13° 637
Hand grip strength, kg 35.87 210
Serum alburmin, gfl 44.35 3.07
Energy intake, kel fd 201620 358.47
Protein intake, gid B4.75 71,86
Tumour location n %
Oral cavity 2 10
Hypopharynx 7 35
Larynx [ 30
Oropharynx 3 15
MNasopharynx 1 5
Unknown 1 5
Staging
Stage (11 4 F.i]
Stage [Va 5 5
Stage [Vh 11 55
Concomitance with BT
oD 14 J0
Cetuximab [ ] 30

" Values are mean; standard deviation (5D) or frequency (%),
* Pair t-test.

tvely during the concomitance, decreasing to 45% and 20%,
1 month after the end of reatment At 3 months post treatment,
xerostomia G1-2 (60%) and anorexia G1-2 (45%) remained as an
acute toxicity.

All patients received dietetic counseling from the diagnosis. A
close monitoring was carried out by the oncology dietitian to
implement nufritional intervention according to patient's needs.
Despite a gradual decrease in energy and protein intake through-
out the eatment, it was not significant (p=0.80 [95% O
~262.91 to 401.32] and p = 0.23 [95%C] —6.16 to 24.02), respec-
tvely) (Fig 2). Nasogastric tube was required by 7 patients (35%)
and maintained this need up to visit 3. The need for enteral nutri-
don along the treatment was 42.10days (SD 15.88; IQR 52.75-
28.75). After concomitance, malnutrition was reversed in 15% of
patients (n=3) improving the nutritional status. At 3 months
post-treatment, 30% (n=6) were well nourished and 90% of patients
(n=18) were on a regular dier.

A strong correlation between the baseline energy expenditure
calculation according to BIA and the MS equation (Pearson correla-
ton 0.84; 95% 1 (0.66: 0.95) and the HB equation (Pearson corre-
lation 0.88; CI 95% (0.68, 0.96) was observed (Fig. 3).

After 4 years of follow-up, 14 patients were alive (overall sur-
vival of 70%). All the deceased patients presented stage IVb at diag-
nosis and died due to disease progression. No significant
relationship could be established between the parameters of
weight loss, BMI, FFM and functionality with overall survival. Com-
parison of survival curves versus PG-SGA suggests differences
between survival curves in favor of well-nourished patients (Test
log-rank A vs B: Chi* = 6.4, p=0.0117).

Discussion

This study aims to evaluate the nutritional changes that occur
during and up to 3 months after the end of the conservative treat-
ment in HNSCC patients. At diagnosis, 70% of our patients were
well nourished and did not lose a significant amount of weight
In contrast, in our previous study [11], we found good nutritional
status in 51.7% of patients at diagnosis. However this study
included patients with metastasic and recurrences diseases.
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Table 2
Changes in nutriional parameters along the treatment.
Variables Baseline Visit 1 Visit 2% Visit 3 p- value  95%I1C° Visit 47 p- value 95%IC"
PG-SGA (n, &)
A(Well nourished) 14 (70) 12 (60) 1(5) 3{15) 5(25)
B (moderately malnourished or 3(15) 6 (30) 10 (50) 13 (65) 71(35)
suspected of malnutrition)
C (severely malnourished) 3(15) 2(10) 9(45) 4 (20) 8 (40)
weight (kg) 7136 71.67 66.42 66.49 p=0016 1-873 6392 «0,0001° 505-9.12
(13.14) (12.47) (9.89) (10.05) (10.89)
BMI (kg/m2) 2520 25.43 2361 2360 p=0010 042-277 2271 <0.0001° 1.75-117
(4.11) (3.81) (330) (3.19) (3.56)
Hand grip strength (kg) 3587 3437 32498 3205 p=0049 0.02-7.62 32.10 p = 0.0069° 1.17-636
(8.10) (8.91) (7.71) (6E3) (7.70)
FFM {lv:g}' 5369 55.96 5154 5208 p=037° -0981to249 5005 p=000003 1.40-383
(8.16) {9.06) (5.89) (6.70) (7.66)
Serum albumin (mgfdl)” 4435 39.58 4120 42495 4375 p=052° =123 to
{3.07) (3.01) (465) {297) {321) 252
Energy intake {kcal/d) 2016.20 727468 1892.46 1858.53 1947.0 p = 080" —262.91 to
(358.47) {951.81) (620.18) (711.94) (627.96) 401.32
Protein intake (g/d) 84.75 BO.B4 7947 76.51 75.22 p=0213° 616 to
(23.86) (43.85) (31.80) (30.93) (25.64) 2402
* Mean, standard deviation (D)
b Difference (baseline vs visit 3) 95% confidence interval. Baseline: Visit at diagnosis,
! Difference (baseline vs visit 4) 95% confidence interval. Visit 1: past IC.
# Wilcoxon signed rank sum test (baseline vs visit 2): V= 10, p-value = 00021, Visit 2: post BT,
" Wilcoxon signed rank sum test {baseline vs visit 4):V = 0, p-value = 0.01154. Visit 3: 1 month post BT,
£ Paired t-test (baseline vs visit 4). Visit 4: 3 months post RT.
4 Wilcoxon signed rank test{baseline vs visit 4} V=102, p-value = 0.7983.
-

Paired t-test (baseline vs visit 3).
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Fig 1. Weight, BML, HGS and FFM across treatment

There were positive changes in body weight and energy intake HJ et al. [36] study. The improvement of the symptoms that ini-
during the iCT as most patients gain weight (n=13) and increased tially limited the oral intake may have contributed to these
energy intake (n=14). These results are in agreement with Silver changes during the iCT. In our study dysphagia and odynophagia

29
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Table 3
Toxicity due to concomitance.
Visit 1 WVisit 2 Visit 3 Visit 4
Number patients (%)
Odynophagia
c1-2 1 (5%) 13 (65%) 4 (20%) 4 (20%)
G3-4 [1] 2 (10%) 1] 0
Dysphagia
Gl-2 [1] 6 (30%) 4 (20%) 3 (15%)
c3-4 1] 2 (10%) 1] 0
Asthenia
G1-2 ] (45%) 5 (25%) 9 (45%) 5 (25%)
AlDysgeusia
Gl-2 10 (50%) 8 (40%) 10 (50%) 5 (25%)
Mausea and vomits
Gl-2 3 (15%) 1 (5%) 1] 0
Anorexia
Gl-2 4 (20%) 4 (20%) 8 (40%) 9 (45%)
Mucasitis
Gl-2 4 (20%) 14 (70%) 9 (45%) 1 (5%)
G3-4 1] 3 (15%) [i]
Radiodermatitis
G1-2 1 (5%) 11 (55%) 1 (5%) 1 (5%)
G3-4 [1] 3 (15%) 1]
Herostomia
G1-2 3 (15%) 9 (45%) 13 (65%) 12 (60%)
3000 4
1040 <
25001
f/’ 1
B 2 c =,
5 2000 ‘}' 5 801 T
et S
LT} (i des
1500 - 7
Bl-

1000 -

Bagal Pre BDT Afer BT 1menth 3 mandh

*Wilcoxon signed rank test: V = 102, pvalue = 0.7983

Bagal Pre ROT Afer BODT 1 maenth 3 manih

"*Testt = 1.2437, df = 18, p-value = 0.2296
**Diferencia de medias 8.93 956%C1 -6.16-24.02

Fig. 2 Dietary intake throughout the treatment.

were the most frequent symptoms that affected our padents at
diagnosis but after the iCT only one patient remained with dyspha-
gia. There was also an increase in FFM despite a progressive dete-
rioration in functionality according to the HGS. Data in the
literature described that muscle mass and functionality are two
different concepts and both can have clinical benefits [37,38].
Despite an intensive nutritional support along the oncological
treatment, 95% of patients became malnourished and losta median
of 7.09 kg (1C95% 5.05-9.12), p < 0.0001 during the RT period. Some
studies reported that early and intensive nutritional intervention
can be beneficial in terms of minimize weight loss, improve gquality
of life and performance in head and neck cancer patients during RT
[39). Adherence to the nutritional treatment is usually complicated
due w the acute toxicity: nausea and vomiting during chemother-
apy, profuse thick saliva and odynodysphagia during chemoradio-
therapy. In our hospital nutritional support is integrated as part of
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the head and neck multidisciplinary unit and all patients are
assessed in a multimodal supportive care [13,17] trying to opti-
mize the best nutritional intervention according to the oncological
reatment.

Once started the concomitance treatment all parameters
(weight, FFM, BML, energy and protein intake and HGS) decreased
along with results reported in the literature [36,40-42). Toxicity
such as mucositis, odynophagia, dysphagia and anorexia affect
our patients which may interfere to meet their nutritional require-
ments. Garcia-Peris P et al. [61] and Silver HJ et al. [47] described
an increase in the BMR in head and neck cancer patients during
treatment. Our patients, although maintaining a fair energy intake
before and after treatment (before treatment was 2018.20 kcal/d
(SD 358.47) and 1892.46 kcal/d (SD 620.18) after treatment), still
failed to meet their nutritional requirements. We manage o main-
tain FFM and HGS up to one month after the concomitance in spite
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Fig. 3. Correlation between the baseline energy expenditure correlation according to BIA and the Mifflin-Stleor equations,

of a significant deterioration in weight and BMIL Probably the
increase in FFM during the iCT minimizes the loss of it by the
end of the treatment One of the possible explanations is that
although patients did not follow a standardized exercise program,
we emphasized the importance of the physical activity and we pro-
vide them with small daily goals to incorporate in their daily life to
increase physical activity. It may be helpful for future studies to
add other test of physical activity from the lower limbs such as gait
speed test or sit-to-stand test used for oncology elderly patients to
measure physical performance [43-45]. In our study it becomes
evident the nutritional deterioration that occurs in these patients
even at 3 months post treatment. It is essential to maintain a close
monitoring to optimize nutridonal support and improve nuri-
tonal status as soon as possible.

There are still controversies about the use of prophylactic gas-
trostomies in head and neck cancer patients [ 46-48]. The European
Society for Clinical Nuftrition and Metabolism (ESPEN) guidelines
recommend the use of gastrostomies when enteral nutridion is
needed over 6 weeks [29]. In our sample the need for enteral nutri-
ton was 42,10 days (SD 15.88) delivered by nasogastric tube (n=7
patients) except for one patient that had a gastrostomy inserted
before initiating the oncological treatment. We feel that a close
monitoring from the oncology dietitian improves nutritional status
and the return to a regular diet. 90% of our patients manage a reg-
ular diet after 3 months post treatment.

Furthermore, many studies have demonstrated the image of L3
at the computerized tomography (CT) as the reference method to
measure body compaosition [49,50]. However head and neck cancer
patients do not have this image available in a regular daily basis.
Some authors have reported the use of BIA along the treatment
as a method with a good consistency in applicaton providing use-
ful information [51-54], specially to assess FFM [41,53]. In addi-
don, the noninvasive nature of BIA makes it particularly well
suited for measuring longitudinal changes [52].

Inflammation has been also associated with key clinical out-
comes and should be considered as part of nutritional assessment
[40]. However we only consider albumin for the purpose of this
study. The decrease of the albumin level was not significant
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(p=0.5216[95%0 - 1.23 to 2.52]) along the reatment and a corre-
lation could not be established with the weight loss. It may be use-
ful to associated C-reactive protein (CRP) with albumin level to
note metabolic changes [40,5556] throughout the oncological
treatment in future studies.

This study has some limitations that should be noted. Firstly,
the equations that employ the impedance measures are used to
generate an estimation of fluid and other body composition com-
partments [57). The validity and interpretation of maintenance in
FFM through the reatment in our population need to be taken cau-
tiously as the body composition values are estimated from changes
in voltage across the body [58]. Secondly, the 24-h dietary recall
may not be representative of the average daily intake of the
patient. Some authors used 3 days food intake record [5960]to
better estimated the average intake. Thirdly, as mentioned earlier,
we did not record CRP for the purpose of the study. We do not mea-
sure CRP on a daily basis unlike albumin level that comes with the
blood sample previous to each cycle of chemo or bioradiotherapy.
Fourthly, inclusion criteria for longitudinal studies with advanced
head and neck cancer can be challenging to recruit and enroll a lar-
ger number of participants. Given these limitations and the single-
center site for our data collection, additional research with a larger
sample (including more females) could validate our findings.

In summary, despite an intensive nutritional support from the
diagnosis throughout the oncological treatment in advanced
HNSCC patients, nufritional status deteriorates. Our findings sug-
gest that iCT in advanced HNSCC patients may help improve nutri-
tional status by ameliorating the symptoms that limit the oral
intake. This improvement in the nutriional status together with
an intensive nutritional intervention could contribute to minimize
further deterioration. We manage to maintain FFM according to
BIA and HGS emphasizing energy and protein intake and physical
activity until one month after reatment Future investigations
need to be done in advanced head and neck cancer patients involv-
ing novel approaches that combine nufritional support, ant-
inflammatory agents and resistance physical activity to avoid
interruptions along the treatment or dose adjustment due to poor
performance status or weight loss to improve oncological survival.
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Abstract

We assessed forty HNC patients receiving treatment with curative intent. Specific quantitative muscle and fat changes were
evaluated using CT. Nutrition support was provided according to ESPEN guidelines, with adjusted body weight (ABW) in
overweight/obese patients used to define their nutritional targets. Linear regression models were used to evaluate clinical
predictors of tissue loss. Mean overall losses were body weight (—10.5%), and CT-defined muscle (—8.4%) and fat mass
(—24.8%), p<0.001. A subset of 20 patients had high muscle loss (—14.7%) with concurrent negative energy balance as
reflected by considerable fat loss (—29.7%); those tended to have higher baseline body mass index (26.2 vs. 23.3 kg/mz, pP=
0.063). In multivariate regression, only ABW independently predicted muscle loss (p<0.001) and fat loss (p =0.002).
Nutrition support according to guidelines was appropriate for a subset of patients. ABW use to set nutrition targets in
overweight/obese patients would appear to be insufficient, based on large tissue losses.

Introduction [1]. Reduced food intake, disease burden and tumour

response are factors associated with wasting of muscle and

Quantitative assessment of muscle loss over time during
cancer treatment is rarely described despite low skeletal

muscle mass (SMM) being a well-known prognostic factor
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adipose tissue [2].

Adjusted body weight (ABW) was suggested as a logical
means to account for the percentage of the obese weight that
is most metabolically active [3] and is frequently used in
clinical practice. Clinical management guidelines for obese
cancer patients [4] do not include nutritional protocols.
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We aimed to describe the changes in muscle mass during
CTR chemo-radiation in locally advanced HNC patients
and evaluate the clinical predictors implicate in this loss.
A secondary analysis focused on the predictors of fat mass
(FM) loss.

Material and methods
Population and study design

This longitudinal retrospective study was approved by the
local Ethics Committees (PR365/18). All patients provided
written informed consent. We focused on a curative intent
treatment for locally advanced HNC based on induction
chemotherapy followed by CRT [5]. Patients had a staging
positron tomography—computed tomography
(PET/CT) scan pre-treatment and at the evaluation response
at 3 months of finishing RT.

emission

Clinical and nutritional data

Clinical data included age, primary tumour site, stage and
treatment response. Additional information regarding severe
toxicity according to the CTCAE version 4.0 (2009) [6]
were also collected.

All patients were assessed by an oncology dietitian
during treatment. Nutritional data were collected at baseline

(before starting treatment) and at evaluation of the tumour

response according to RECIST criteria, version 1.1 [7].
These data included body mass index (BMI) [(weight (kg)/
height (1n2)], % weight loss in the last 3 months, nutritional
status, type of nutritional support, serum albumin and
nutrition impact symptoms (anorexia, dysphagia and ody-
nophagia). Patients with BMI 2 25 ]\'g_/m2 had their nutri-
tional requirements calculated according to the ABW [3].

Image analysis

PET/CT scans at the 3rd lumbar vertebra were chosen as
the reference point [8] using SliceOmatic® software (v3.0
Rev 8, Tomovision, Magog, Canada). Cross-sectional areas
of muscle and adipose tissue were determined using tissue-
specific HU range [8]. The muscle cross-sectional area was
reported as SMI (cm’m?). Sarcopenia was defined
according to published thresholds [9]. Estimated kilograms
of SMM and fat mass (FM) were calculated from regression
equations [8].

Statistical analysis

To compare baseline and end of treatment values between

groups, f-test (taking into account homogeneity of
SPRINGERNATURE
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variances) and Chi-square tests were reported. Stratification
was done according to the median. A linear regression
model was used to assess the clinical predictors of muscle
and adipose tissue loss over time. In multiple regression
analyses, adjustments were made for tumour site, nutrition
mmpact symptoms at baseline, ABW and severe toxicity.
The statistical package used was SPSS v.23 (Chicago,
USA) and R v.3.5.

Results

Forty patients were included, mainly male (n =38, 95%)
with a mean overall age of 56.8 years (SD 7.92), with
oropharynx cancer (n= 19; 47.5%.) and stage IVb (n = 21;
52.5%). Nutrition impact symptoms were present in n = 138
(45%) patients: odynophagia m 15 (37.5%), dysphagia
13 (32.5%) (five patients with grade 3 requiring tube
feeding) and 5 (12.5%) patients with anorexia. Two or more
symptoms were present in 14 patients (77.8%). ABW was
used to calculate nutrient requirements in 1= 16 (40%)
patients.

During cancer treatment, the population overall lost
weight, muscle and fat (Table 1). On average, patients lost
79kg (range —31.30 to +9.20) of body weight during
treatment corresponding to 2.1 kg (range —7.95 to +3.02)
of estimated SMM and 4.6kg of estimated FM (range
—28.32 to +9.95). Patients with BMI=z25 kg/mz, Le..
patients with ABW calculated, lost more weight (p<
0.0001), muscle (p =0.004) and fat (p <0.0001) than those
patients with BMI < 25.

A comparative table of patients who gained/maintained
and those who lost SMM and FM are presented in Table 2.
Patients who lost muscle mass during the treatment also
lost adipose tissue (p = 0.003), BMI (p <0.001) and weight
(p<0.001) developing malnutrition (p =0.029) according
to the PG-SGA. Sarcopenia was more prevalent after
oncological treatment (from 45 to 75% after treatment; p =
0.041). Those patients who had lost more FM throughout
the oncological treatment were those who had more adipose
tissue at the beginning of the treatment (p <0.001).

A complete tumour response was achieved in 29 (72.5%)
at the end of treatment. Well-nourished patients were more
likely to have a complete final response (OR =7.00;
p = 0.038) than severely malnourished patients.

In univanate regression analysis, only the adjustment of
the nutntional support according to ABW in patients with
BMI 225lx;gjm2 was associated with muscle mass loss (p <
0.001). Fat loss also associated with nutrition support based
on ABW (p =0.002) and the presence of severe treatment
toxicity (p = 0.008). ABW was also an independent predictor
of muscle loss (p=0.001) in the multivariable regression
analysis including covariates adjustments were made for
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Table 1 Nutritional and body
composition parameters at

Time course

baseline and at study endpoint Baseline® Three months p value* A Overall
(n =40 patients). post-treatment”

Time between assessments (days) 202.0 (12.3)
Time between CT scans (days) 223.6 (31.2)
Weight (kg) 74.6 (144) 66.8 (11.8) <0.001 ~7.9(6.9)
BMI (kg/m?) 25.0 4.5) 23.0 (3.3) <0.001 —~1.9(23)
Serum Albumin (g/L) 43.3 (4.5) 433 (4.7) 0.397 —0.03 (5.2)
SMI (cm?*/m?%) —4.2(5.2) 51.5(9.4) 47.3(7.7) <0.001
SMA (cm?) 149.2 (30.1) 136.7 (22.9) <0.001 —12.5(15.3)
TATI (cm*/m?) 91.8 (56.3) 69.6 (38.3) 0.001 —22.2(389)
TATA (cm?) 270.1 (175.4) 203.0 (115.3) 0.001 —67.1(113.4)
Est SMM (kg) 26.9 (5.0) 24.8 (3.8) <0.001 —-2.1(25)
Est FM (kg) 22.5(11.9) 17.9 (7.8) 0.001 —4.6 (7.7)
Sarcopenia 23 (57.5) 29 (72.5) 0.083
Sarcopenic obese 3(7.5) 4 (1) 0.655
(BMI 2 25 kg/m?)
PG-SGA 0.024

Well nourished (A) 25 (62.5) 13 (32.5)

Moderately malnourished (B) 8 (20) 20 (50)

Severe malnourished (C) 7(17.5) 7(17.5)
Nutritional support NA

Dietetic counselling 25 (62.5) 9 (22.5)

Oral supplements 10 (25) 19 (47.5)

Tube feeding 5(125) 6 (15)

No support 0 6 (15)

Values are expressed as mean + standard deviation (SD) or (%). Time course comprises treatment naive until
the evaluation of the tumour response according to RECIST criteria. Patients lost weight, muscle and fat
mass during the course of treatment. Malnutrition according to PG-SGA exacerbates along the treatment.

BMI body mass index, SM{ skeletal muscle index, SMA skeletal muscle area, TATT total adipose tissue index,
TATA total adipose tissue area, Est SMM estimated skeletal muscle mass, Est FM estimated fat mass.

Nutritional status according patient-generated subjective global assessment (PG-SGA) classified as A: well

nourished, B: moderately malnourished and C: severe malnourished.
*Paired r-test for continuous data and McNemar for categorical data.

“Baseline defined as treatment naive.

"End of treatment defined as 3 months after finishing the whole treatment.

tumour site (p =0.060), nutrition impact symptoms (p =
0.087) and severe toxicity during the induction chemotherapy
(p=0.875). Fat loss was associated with the use of ABW to
set nutrition targets (p =0.007), tumour site (p =0.053) and
of nutrition impact symptoms at baseline (p = 0.052).

Discussion

Our data underline the importance of including body com-
position assessment in HNC patients during treatment. We
use CT to reveal that intensive nutrition support according
to guidelines results in maintenance of muscle/FM in only
about a half of patients. Tissue losses are associated with
four main factors: tumour site, nutrition impact symptoms at

37

baseline, severe treatment toxicity and the use of ABW to
set nutrition targets in overweight/obese patients. The
extended practice of ABW-based nutritional support for
obese patients exacerbates the fat loss. Although originally
the use of ABW was designed for renal disease [3] and
critically 1ll patients to prevent overfeeding [10], its use has
been expanding to other clinical settings.

Body composition analysis in HNC patients who receive
radical treatment is useful to monitor whether nutritional
support is sufficient to maintain muscle and FM. There are
no nutritional guidelines for obese cancer patients with
specific approaches to calculation of nutritional require-
ments, and the implications of weight reduction during
treatment with curative intent in obese patients is unclear.
Nutrition targets based on ABW, a strategy commonly used

SPRINGER NATURE
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Table 2 Characteristics of patients who maintained muscle and fat mass during head and neck cancer treatment.

Muscle stable/gain (n= 20) Muscle loss (n = 20) p value muscle p value A muscle
stable vs. loss stable vs. loss
Pre-treatment Post- treatment p value Pre- treatment Post- p value Pre- Post- Overall
treatment treatment treatment
SMI (cm*/m?) 4722 (7.94)  47.0 (8.0) 0.781 55.80 (8.92) 47.66 (7.65) <0.001 0.003 0.791 <0.001
TATI (cm?/m?) 77.34 (38.72) 63.97 (32.93) 0.118 10624 (67.51) 75.20(43.10) 0.003 0.107 0.361 0.154
BMI (kgfmz) 23.63 (3.79) 22.78 (3.23) 0.077 26.28 (4.87) 2324 (3.36) <0.001 0.063 0.657 0.002
Serum albumin (g/L) 42.4 (4.91) 42.94 (5.42) 0.789 43.80 (3.38) 43.63 (3.96) 0656 0.315 0.678 0.640
Weight (kg) 71.0 (12.50) 65.34 (10.53)  0.003 78.18 (15.60) 68.18 (13.09) <0.001 0.121 0.454 0.003
Sarcopenia (yes) 14 (70%) 14 (70%) | 9 (45%) 15(75%) 0041 0.201 1 NA
PG-SGA 0.086 0.029 1.000 0.134 NA
‘Well nourished (A) 12 (60%) 7 (35%) 13 (65%) 6 (30%)
Moderately 4 (20%) 12 (60%) 4 (20%) 8 (40%)
malnourished (B)
Severely 4 (20%) 1 (5%) 3 (15%) 6 (30%)
malnourished (C)
Nutritional support NA NA  0.033 0.549 NA
Dietetic 12 (60%) 5 (25%) 13 (65%) 4 (20%)
counselling
Oral supplements 3 (15%) 10 (509%) 7 (35%) 9 (45%)
Tube feeding 5 (25%) 3 (15%) 0 (0%) 3 (15%)
No support 0 (0%) 2 (10%) 0 (0%) 4 (20%)
Fat stable/gain (n= 20) Fat loss (n = 20) p value fat stable p value A fat
vs. loss stable vs. loss
Pre-treatment Post- treatment p value Pre- treatment Post- p value Pre- Post- Overall
treatment treatment treatment
SMI (cm*/m°) 49.50 (8.12) 47.10 (7.82) 0.026 53.53 (10.33) 4756 (7.84) <0.001 0.179 0.853 0.029
TATI (ecm?/m?) 58.85 (38.67) 67.66 (39.11) 0.096 12473 (52.16) 71.51 (38.35) <0.001 <0.001 0.755 <0.001
BMI (kg/m?) 2273 (3.18) 22.26 (3.34) 0.249 27.13 (4.62) 2375(3.08) <0.001 0.001 0.151 <0.001
Serum albumin (g/L) 43.90 (4.90) 45.66 (2.98) 0.402 42.38 (3.34) 4108 (494) 0353 0.230  0.003 0.210
Weight (kg) 67.70 (9.36) 63.57 (9.77) 0.002 80.13 (18.10) 6996 (13.01) <0.001 0.002 0.088 <0.001
Sarcopenia (yes) 14 (70) 14 (70) 1 9 (45) 15 (75) 0.041 0.201 1.000 NA
PG-SGA 0.139 NA 0.815 1000 NA
‘Well nourished (A) 13 (65%) 7 (35%) 12 (60) 6 (30)
Moderately 3(15) 10 (50) 5(25) 10 (50)
malnourished (B)
Severely 4 (20) 3(15) 3(15) 4 (20)
malnourished (C)
Nutritional support NA NA 0.810  0.377 NA
Dietetic 13 (65) 3(15) 12 (60) 6 (30)
counselling
Oral supplements 4 (20) 10 (50) 6 (30) 9 (45)
Tube feeding 3 (15) 3(15) 2 (10) 1 (5
No support 0 4 (20) 0 2 (10)

Values are expressed as mean + standard deviation (SD) or (%). As stratification for muscle and fat loss and gain/maintain was done according to
the median so both groups have same number of patients. However, some patients that lost muscle or fat might fall into the stable/gain group.

BMI body mass index, SMI skeletal muscle index, SM area skeletal muscle area, TATT total adipose tissue index, TAT area total adipose tissue
area, PG-SGA Patient-Generated Subjective Global Assessment,

NA not applicable.

These are the statistically significant values.
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in heavier patients, would appear to be insufficient, based
on large tissue losses.
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Backgrowmd: Computed tomography images acquired during matine cancer care provide an opporton iy
to determine body compostion with accuracy and precison. Quantification of skeletal muscle s of in-
terest owing to its association with clinical cutcomes. Howsver, the standards of preciion testing
oonside red mandatory in ofher areas of radiology are lacking from the lteratere in this area We aim to
describe the chamge inskeletal muscle over time at different anatomical levels wsing the precision emor.
Methads: Thirty-aight male patients with squamdoiss el | can noma of the head and neck were svalwated
at twr time podnts encompassing thelr treatment plan. Precisioen test ing consisted of analyzing the cross-
sectional area(CSA) of the skeletal muscle and total adipose thswe of TECT studies (I8 images at haseline
repeatad twice and 38 follow-up images repeated twice ) measured by a skilled observer. The X coeffi-
clent of varation (B0V 1, the mot-mean-square standard deviatien (RMS 5D) and the comesponding 95%
least significant chamge (L5C) were calculated for fowr anatomical levels: upper amn, thigh, chest and
absdomen.

Resulrs: The median time between scanswas 22306 (5D 31.2) days. Precision error (X OV for total skeletal
muscle oress sectional area was OUBEX for upper amn, 026 for thigh, 03%% for chest and 063X for
abdamen. The corresponding LSC values in upper arm, thigh, chest and abd omen were 2 4% 0%, L1
and 18X, respea ively.

Based on the L5C for RMS 5D, patients were classified in two categories acoording 1o muscle cros-
sectional area: stable (e within LSC valee ) or gained and boss. To compare the fbur anatomical levels,
the proportien of patients with muscle les exceeding the LSC valee was TA3%E for amm, B6.XE for thigh,
B2.9% for chest and 76.3% for abdomen. For these same anatomic reglons, ©he mean muscle 1ss for those
patients classified below the LSC was 146% (5D 93], 13.4% (50 TE) 11.9% (50 65) and 116X (5D 5.5),
respectively. Only the loss of muscle area was significantly higher in thigh (p = 0023 ), using 13 as the
reference level.

Catteliesdons We recominend the wniform wse of 2 standand precisien test wihen eporting muscle change
over time. LSC valwes vary from 007 by 24% de pending on anatomic site; with the lywes precision erpor
te datect change in the thigh.
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Based on this analysis muscle wasting appears to be sysemic and while present in limbs and tnank is
significantly higher in the thigh than in the chest, abdomen or upper arm
& 2022 Elevier Ltd and Furopean Sockety for Clinical Nutrition and Me tabolism All fghts reserved.

1 Introduction

uantfication of skeletal muscle is of clinical interest as it re-
lates to physical functioning, nutritional status, treatment tolerance
and prognosis [1-3]. With the advent of image-hased assessment
of muscle and adipose tissue in CT images acquired during routine
care, quantitative and specific measures have become accessible. To
date more than 600 publications report the impact of muscde and
adipose tissue in relation to oncological outcomes such as survival,
surgical complications or chemotherapy toddty [2,4-7] Whether
the smudies incude single time or repeated quantification of mus-
e, mporting on the repeatability of the measures is generally
weak. In some studies, no measure of repeatability is incduded. In
others, intra-ohserver { and inter-observer ) coefficent of variability
is mentioned however we could find none stating that they con-
formed to a radiological standard for predsion testing.

The Intemational Sodety for Qinical Densitometry (1500) has
established the specific requirements to standardized practice and
reporting in patents for both diagnosis and longitudinal mea-
surements of body compaosition using Dual-energy X-my Absom-
tdometry (OXA) [E] In bone densitometry, it is mandatory to
perform precision studies at regular intervals and for accreditation,
each individual observer is required to achieve a minimum
acceptable predsion. The least significant change (L5C) value is a
key performance metric for repeated measures over ime. L5C is the
least amount of change that can be considered statistically signif-
icant and is cakulated based on the predsion error [9,10). For a
change between two images to be considered statistically signifi-
cant it mustexcesd the value for LSC since there is some statistical
uncertainty in the magnitude of the measured variation | 9). In the
rAdiological determination of body composition repeated mea-
surements, the L5%C value is the accepted standardized metric of
variahility both in research and in clinical practice | 1112] While
measures of skeletal muscle in oncology patients have become
widespread in reseamch, these have not fallen in line with the
precision criteria mentoned above and in additon to low stan-
dards of precsion testing, we could find no instance of LSC vale
reported.

There are many outstanding research guestons related to
cancer-associated muscle wasting. Through a radiological lens, we
are just beginning to learn the tssue-specific changes assodated
with cancer and treatment types |13 | [tis unresoheed as to whether
the musde loss experienced by patients with cancer occurs uni-
formly throughout the body A current convention is to measure
skeletal musde in the abdomen and much of the literature con-
cerns muscle measures in single images landmarked at the 3rd
lumbar vertebra (L3). This pactce was adopted because oncologic
images are rarely of the whole body and a single image in the
lumbar region is highly correlated with the whole-body organ
wvolumes (i.e for muscle and adipose tissue) | 14).

While a significant proportion of the litemture on CT-body
composition in patients with cancer has been fomsed on L3 for
the reasons mentioned above, it has not yet been established
whether the lnmbar regionis actually representative of muscle loss
over time. The factors thought to be imvolved in cancer-assocated
muscle wasting are in large part systemic (e.g. reduced nutrition,
tmor and inflammation-derived catabolic effector molecules),
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however localized effects could also ocour, In animal models of
cancer oxidative fiber type muscles show reduced levels of atrophy
relative to ghycolytcones |15], suggesting inherent suscepthbility at
the tissue level. Reduced physical activity causes musde loss, and
muscles of the lower limb showa largerdegree of loss than muscles
of the trunk or upper limb during bed rest [ 16,17 | We do notknow
yet exactly how specific cancer treatments affect the muscle over
time and how modifying treatments such as exerdse, nutritonal
support or homone therapy can interfere with these changes.
Thus, it is uncertain to what extent the loss of musde mass in
cancer patients is systemic or localized.

The first requirement to answer this question is CT images that
cover the whole body or a large proportion of it Even though
oncologic images, genemted in routine diagnosis and follow up,
makes the evaluation of body compositon dinically accessible,
these are usually limited to abdominal, pelvic or thoradc smdies,
according to the primary site of disease and regions of suspected
metastases. In clinical routine, PET-CT studies are intended to
discover ocoult metastases, wherever they might lie, and represent
the most extensive cancer imaging studies as they include the
entire body with the exception of lower leg and feet. Patent pop-
ulations followed by PET-CT incude a variety of tumor sites,
induding cancers of the head and nedc We and others have pre-
viously reported on lumbar muscle and fat loss over time in pa-
tients with cancers of the head and neck |7,18]; these patients tend
to be mther catabolic, with often considemble losses of fat and
muscle over the course of reatments.

Based on the foregoing, we aim to describe the change in skel-
etal muscle over time at different anatomical sites (upper arm,
thigh, chest and abdomen ) using the precision emor to be able o
identify significant change in musde ower time correctly. A sec-
ondary analysis focused on the variation of total fat.

2. Methods

21 Population and study design

In this retrospective study, we evaluated thinty-eight male pa-
tients (n = 38) with locally advanced sgquamous cell carcinoma of
the head and neck treated with curative intent treatment based on
induction chemotherapy followed by chemo-radiotherapy (BT )or
radiothempy (RT) plus cetuximab accomding to local guidelines [ 19]).
This cohort has been described in detail previously [18]. Patients
were consecutively selected from January 2010 to December 2017
Eligihility criteria included pathologically confirmed squamous oell
carcinoma of the oral cavity, oropharynx, hypopharynx, larynx or
nasopharynx with no history of recurrent disease. Only patients
with staging positron emission tomography-computed tomogra-
phy (PET/CT) scan available as part of their pre-treatment diagnosis
procedure (within a month before initiation of treatment) and at
the evaliation response after treatment (three months of finishing
RT) were included.

Qinical data were recorded at baseline and three months after
the end of treatment coindding with evaluation of the tumour
response according to RECIST criteria, version 1.1 [20]. These data
induded age, sex, primary tumor site, treatment scheme and
response, height, current weight and body mass index (BMI). Cross-
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sectional area (C5A ) of total muscle and total adipose tissue were
determined for each anatomical level.

The study was approved by the Hospital Universitari de Bellvitge
Ethics Committee for Clinical Research (PR3IGS/1E) All patients
provided written informed consent

22 Image analysis

A PET/CT study was performed at the time of the diagnosis
(haszeline] and 3 months after finishing BT { post-treatment) and
wene used for the image analysis (ie, an overall span of 7—8
manths). PET/CT scan was used to analyze lumbar and thoracic
images (L3 and T4), upper arm and thigh For image analysis,
standardized landmarks at different levels were selected by
choosing the most compamable image between baseline and post-
treatment scans of each patient Images were obtained from the
axial cross-sectional CT component of the whole-body PET/CT
SCAMNE.

The 3rd lumbar (L3] wertebra was chosen on the axial cross-
section CT component of the whole-body PETCT scans as the
reference point to calculate the musde ooss-sectional area [(CSA),
haszed on previous reports with this level | 14,21,22]. In the thorax,
the reference landmark was the 4th thoradc vertebra (T4), as this
level is representative of the different muscular structures con-
tained in the area (pectoral muscles, external intercostal, serratus
anterior, teres major, subcapularis, infraspinatus, rhomboid major,
erector spinae and tapezius) and has been analyzed in previous
publications [ 23,24]. At 13 and T4, the landmarks selected were
those showing the entire vertebral arc and the transverse and
spinous processes. The upper arm landmark was 11.25 mm above
the acromiocavicular joint in the left upper imb (arms raised) and
included bicep brachii, coracobrachialis, deltoid and triceps brachii
muscles. However, in some cases, these images were difficult to
assess properly due to the different positioning of the arms in the
haseline and post-treatment PET/CT of the same patient Thigh
images were also included in the analysis. Images from the left
loweer limb weere 1125 mm below the lesser trochanter of the fermur
including rectus femaoris, sartorius, vastus intermedius, vastus lat-
eralis, adductor, gradlis, gluteus maximus, biceps femoris and
semitendinous muscles.

From the original dataset of 40 patents (Fig. 1], two women
wene excduded in order to analyze a homogeneous group of men.
Maoreover, we rejected 3 patients’ images acquired for T4 and upper
arm due to patient’s position (arms were raised at baseline and
lowered after treatment and no space between amms and the body
toidentify both C5A of T4 and upper arm). One patient was dis-
missed at the thigh level due to patient's position.

Initially, we also selected the 3md cervical vertebra (C3) as it was
suggested by Swartz JE et al. to be a landmark for head and neck
cancer patients with images confined to the head and neck [25].
However, 25 out of 38 (65.8%) of the patients at C3 level were
rejected due to the differences in the position of the neck and the
limitation of the anatomical changes in tumor size or lymph nodes
after treatment. Since so many patients wereexchided, the number
available did not meet 50 recommendations for a minimumof 30
subjects for a precision test, we decided to rule out this level for the
purpose of this study.

Precision testing was based on (5A values of the anatomic
skeletal musdes listed abowve, as well as adipose tissue in the
selected anatomical regions. The Hounsfield Unit (HU) ange is a
standardized element of the annotation and this is standardized in
the litemture |21] to maintain uniformity of picel identificatdon
within each given anatomical structure. The HU range from —29
to +150 HU wsing Slicelmatios software (v5.0 Rev & Tomaovision,
Magog, Canada). Predetermined Hounsfield unit (HU) thresholds
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for otal adipose tissue (TAT | was —50to —190 HU | 14,26,27 |. Total
adipose tissue C5A& was determined in cm?® for L3, T4, thigh and
UPPET arm.

Values were obtained by a single observer (LA blinded to the
patients’ data. An independent expert on anatomical radiology was
consulted regarding all anatomical questions.

For the PET/CT studies, images were acquired either in a Dis-
covery STorin a Discovery I scanner (GE Healthcare, Waukesha,
W), according to standard recommendations for oncologic pur-
poses |28] Scanning protoool incduded a torso imaging (from the
skull base to mid-thigh), with arms raised abowve the head, when
possible, plus a dedicated head and neck acquisition, performed
immediately after the torso images. In all cases the CT sequence of
the PET/CT was a helical low-dose, non-contrast enhanced CT
applying 120 kV and modulated intensity, and with aslice thickness
of 275 mm. Baseline and post-treatment examinations of the same
patient were performed at the same PET/CT scanner.

2.3 Predsion test

Precision describes the ability of a quantitative measurement
technigue to reproduce the same numerical result w hen repeatedly
performed in an identical manner ie consistent C54 of muscle
values onrepeated measurements of the same patient over a period
of tme when real change would not be expected to occur, to
maonitor small variations in serial measurements | 29]. Predsion
error was measured analysing twice 76 images (38 images at
baseline repeated twice and 38 follow-up images repeated twice)
previously seected [9,10]. Precision emor was caloulated by the
percentage coefficient of variation (£0V) and by the root-mean-
square standard deviadon (BMS 5D) with the least significant
change (L%C) for 200 and for RMS 5D at four anatomical levels:
upper arm, thigh, chest and abdomen for monitoring musde and
fat changes. RMS 50 is the [SCO-recommended form for expression
predsion error |29]. The predsion testwas performed via repeated
measurements by the same observer (LA ) using the same image

The chserver [ LA has extended experience in body composition
analysis using imaging technigues. Analysed images were reviewed
by an expert on anatomical radiology who was also blind to the
data.

2.4, Sparistical analysis

Sample size was caloulated based on previously established
methodology described in the White Paper of the ISCD when per-
forming a precsion test (e 30 images measured in duplicate or 15
images measured in triplicate) |29] Predsion and the chosen
confidence interval () for precision error determines the LSC for
skeletal muscle, which represents a statistically significant change
in the patient’s muscle and not simply owing to random errors in
the measurements. The assessment of the predsion ermor was
carried out by referring to the [5CD recommendation [9,29]. The
precsion error was calulated as RMS 5D of a set of measurements
in cm?, The %0V was caloulated as the RMS 5D divided by the mean
and expressed as a percentage.

Once the precision error of the measurements is known, the
magnitude of the change in muscle at the different anatomical
lewvels that indicates real biologic change can be determined by the
LSC | 9). The 95% confidence [5C was defined for each RMS-5D and
RME-CV precision error estimate by multplying by 277 [29]).

Pearson comelaton coefficient was used to study the association
of musde and fat loss between all different anatomical levels.
Statistical significance was set at a probability level <005 The
statistical package used to treat the data and perform the statistical
analysis was B software version 3.5,
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Fig. 1. Flow chart.

3. Results
31, (hnical data

The clinical profiles of patients are presented in Table 1. Al were
male and the mean age was 56.5 (50 71) years. The mean scan
interval was 2236 (5D 31.2) days. The mean overall percentage
weight loss was —7.7% (50 7.6) during treatment.

32 Preosion test

We evaluated the precision emor for each CSA at the four
anatomical levels, After analyzing 76 images twice, the precsion
error and the L5C of muscle and adipose tissue measurements at
the four anatomical levels are presented in Table 2

Precision errors defined as 20V (RMS 5D) for total skeletal
muscle C5Awere 0.86% (066 am?®) for upper arm, 0.26% (0.33 cnr)
for thigh, 0.39% (0.76 cm®) for thomdic level and 0.63% (092 cm)
for abdominal level (Table 2). The corresponding LSC (L5C gy o)
values in upper arm, thigh, T4 and 13 were 2.4% (1.8 cm?®), 0.7%
(0.9 om®), L1% (21 o’} and 18X (2.6 cm®), respectively.

Precision errors were also calculated for total fat (54 according
to 20V and RMS S0 and the corres ponding L%C (Table 2] The pre-
dsion error was L49% for upper arm, 473% for thigh, 6.53% for T4
and 137% for L3. The L5C = for upper armwas 4.1%, 13.1% for thigh,
BA1Xfor T4 and 38X for L3,

33 Muscle loss over dme
Most of the patients had lost a significant amount of musde
after the treatment. Based on the L%C according to RMS 5D rec-

ommended by the 1%CD for expression predsion error, patients
were Cclassified in 2 categories according to the change in musde
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C5A; patients with stable/gain or loss of muscle In order to
compare the fourregions (Table 3], 26 outof 35 patients (74.3%) lost
muscle (54 more than the L5%C value in the arm region, B6.5% (32
out of 37) loss musde in the thigh, 82.9% (29 out of 35) in the
thoracic and 76.3%( 29 out of 38 ) in the abdominal region. The mean
musde loss was 1468 (509.3), 13.4% (SD7.8), 1195 (SD6.5) and
1L6% (SD5.5), espectively for arm, thigh, T4 and L3. Figure 2 shows
the relationship of muscle loss between all different anatomical
levels. The sites that capture the maost patients dassified as loss of
muscle were the thigh and 13 which covered 3% of those pa-
tients classified in the category of loss of musde. Patients with BMI
=25 kg/mr at diagnosis lost almaost five imes more muscle than
those with BMI <25 kg/m?* (49 vs 237 am?; p < 0.0001).

Usng L3 at the reference landmark, we analyzed those patents
with muscdle loss in both L2 and another anatomical level. Thus, we
observed that there were no satistical differences between the
muscle loss in L3 and T4 or the mid-upperarm{p= 050 and p = 0.73,
respectively . Howewver, patents lost significant by more musclein the
thigh than at any part of the body (p = 002). Mo other statistically
differences were observed inany other paired landmarks.

3.4, Fat loss over time

Total adipose C54 loss at all anatomical levels was substantial
(Table 3). Using the LSC value, patients classified as having loss of
adipose Hssue greater than —34.4% (50200) of fat at L3, -273%
(5013.5) at T4, -19.8% (5011.5) in thigh and —32.0% (5D15.8) in the
upper arm There were no statistical differences in adipose tissue
loss between any anatomical levels using 13 as the reference
landmark. When looking at the loss of adipose tissue according to
BML there was significanty greater depletion in overweight and
obese patients (239 vs 131.5 cm?; p = (U006 ) comparing with pa-
tients with BMI <25 kgim®.
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Table 1
Characteristics of patients.
Hameline End of treatment P value
(n — 38}y (n — 38y
‘wi=ight (kg) 729 [(166) 7.0 {11.8) AL
B (kg fm) 251 [45) 1 33) AL
BMI dassifietions (kgim®)  N(%) patients  N(I) patients
Ll erwesi ght [ 185 ) 2(53) 4(105)
Mormal weight (185-249)  21(553) 7 (71.1)
Cerweight [ 250-29.9) 11(289) T(184)
b (= 3000) 4(105)
Hameline End of treatment
For L3 m—= 28 m= 24
SMIA [ ar®) 1505 (281) 131 (21.2) AL
Ml (o) 520 (87 4749(71) L0
TATA[cm) IIRA(1M2)  AET(1151) i
TATI fomfm) 926 (S62) TG (3R T) JitiiEs
Far T4 n— 35 n= 315
SMA (am®) 1930 (29.8) 1737 (227 AL00 T
Ml {emfm™) GEE (B8] L3 (77) 01
TATA [ om?) 14410 [ 78.4) 1221 [ S6E) it
TAT jomfm®) £43 (251) 418 (181) iTiiES
For upper arm n-— 35 n - 35
EMA (om”) Y (15.0) 1.4 (14%) e
Ml (o) 71 (45) 248(33) iTiit
TATA [cm™) 3.4 (224) 268 (175) il
TAT femffm®) 106 53] 925 filie]
For thigh n=- 37 n= 37
SMIA [ ar®) 1359 (24 5) 1199 (16.9) AL
Ml (o) A58 (65) 41.4(52) L0
TATA [om?) 937 (490) 56 (I6.8) s
TATI fom?m®) 91582 M7 (123 iTipES

EMA, sheletal muscle anea; TATA: total adipose tissue area; BMI, body mass
index
* Dat ar= means 3 standard deviation (200

4 Discussion

Thisis the first study to present a precision test according to the
L5C vusing CT images to discriminate biological change from mea-
surement error and evaluate the changes of musce over tme
simultaneously in four different anatomical levels. Within a pre-
specified and well-chamcterized understanding of the measure-
ment ermor, we have determined that muscle loss in this patent
population is systemic in the sense that every muscle group and
every musde levelis implicated. However, the muscle loss from the
lower limbs is signifianty greater than other levels. In the dis-
cussion, we will describe the methodological and physiological
findings in two sepamte secions,

41. Methodological consid erations
Use of CT for the assessment of body composition in cancer
patients is increasingly mome common not only using the diag-

nostic image as a predictor biomarker but also evaluating the

bl 2
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changes over time using a spedfic landmark [45]. As in longitu-
dinal studies using DXA for bone density or body composition
assessment, changes over time should first establish the predsion
of the measurements |8.29). Our precision findings are wvery
consistent with the precision demonstated in 0XA measurements
|8] of bone, lean and soft tissue whole body and regional com-
partments, In CT studies measurements are made on a single slice;
therefore, although CT measures have a good precision for muscle,
owr precision test specifically for fat is poor compare with same
predsion test for DA shown in other studies [30-32] 5o, it is
important to bear in mind that we are looking at precision test for
cross-sectional areain specific anatomical levels inCT images while
DA measures whole body compartments. It would be interesting
to compare our results with other precision studies performed for
CT imaging. Nevertheless, intrm-observer and inter-observer pre-
cision have beenreported in other studies. Inta-observer reliability
of C5A imaging is usually reported with good agreement between
repeated measurements using CT images [33.34] although preci-
sion ermor assodated with patient positoning and slice seledtion
using CT imaging increase up to 25% in the same individual. A
recent study investigate the intra- and interobserver variability in
skeletal musde measurements of three experienced adiologists
using computed tomography images [34]. Intra-observer variability
was low reporting data between 1.57% and 2.89% for a single slice
while comparison between radiologists showed that the mea-
surement variability reduced as the fractionof epeat measurement
taken at the same slice increased. Anatomic variations and tech-
nical issues may both contributed tovariability among experts.

Our precision at the different anatomical levels varies from 0.7
to 2.4%, Interestingly, the best predsion is observed in the thigh;
thus, this level could be considered when looking to detect small
changes over time. Interventon studies assessing physical fundion
could benefit in evalating changes that ooour during the course of
the intervention.

4.2, Physologicol considern bons

The dynamics of muscle changing is given by known or unknown
determinants of this change over time. Animal studies have shown
us that there am certain muscle types more prone for musce
wasting. Studies inmice reported results com paring fast contracting
muscles with slow contractors with different fiber type |35]. These
studies revealed that fast fibers are more susceptible incachexia and
other acute catabolic states [35,36], so the type of fiber within the
muscle is a facor for musde wastng. In humans, the majority of
muscles are mixed fiber types and the imvestigations are forused on
muscle groups with a mixture of fiber types. In our study we did not
examine spedfic fiber type or spedfic musdes, our purpose was to
evaluate an ageregate effect on groups of muscles which were likely
to be representative of the owerall musoularity and four different
lewels, In spite of selecting a population with similar dinical features
and treatment, our findings show an important inter-individual

Predision errar and least significant change (150) of the cross-sectional anea (CSA) for muscle (o) anad adbued:-.lel:m"'].

Totd masdes 7 Totl adipase tissues area

Predsion LSC (% ay Precision LSC (9% Oy

RS SO LoV [ 15C x o RS SO LoV LESC s 5o LSC x o
Lpper Armi(n — 35) LT L8G 18 14 149 L] 41 146
Thigh (n =37} 033 25 o0s L) 473 221 131 6.1
T4(n = 35) 036 0= 21 11 0a1 363 150 100
L3 (n = 38) 0a2 [T} 25 18 137 221 EE] 6.1

RME 5D, root-mean-square ermor standand deviation; 20V, Loefidatof varability; 150, kast signifi@ntchange; 1L5C g o keast signifi@nt change for the for the root-mean
square deviation; L5C sy, keast significant change for the for the root-mean -square percent cosfficient of variation.
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his 3
Ml and fat change over time aording to keast significant change (L5C0) value.
All  Muscls area Adipose tixsue anea
Maintained within the 150 valus Lo {2150 e on) Maintained within the L5C value Lo (18 e on)
ar gained ar gained
] M (Z) M=an (50 H{Z) Mean (5D)  povalue W) Mi=an (50 M{Z) M=an (0] Povalus
Upperarm 35 9(247) 11.7(99) M(743) -146(93) 07 15(429) 419 (4.7 200571) ;o4& 4N
Thigh 37 5(145) 59 (A7) I2(8AS) -134(78) om 14(33) 143 (96) 23(623) -1BA (NS AN
T4 35 &{10) A0 {8y XH{829) -19(&%) 050 13(37a) 197 (311) 22(629) -273(11%) 03
= 38 a(an 42 (45) ZJ(TEI) 116 (4S5) 10(263) S5 (TLE) 28(733) 344 (200)

L5C, beast significant change; LSC o, - o, least significant change for the far the root-mean -squane deviation.

Values statistially signifi@nt ane marked in bald
* Used = the reference bndmark o meaame the o

variability as musde changes range from positive to wery negative.
We have a well-powered sample, with predse measurements
comparing different anatomical levels within individuals. Patdents
with higher BMI lost more musce mass as well as adipose tissue
than those with lower BML As we observed in a previous publication
|18 ]. patients with higher baseline BMI had greater muscle loss (=25
s < 25 kg e, p = 0001). Inobese patients where muscle loss is not
readily visible, imaging allows us to quantify these changes overtime
with sensitivity and spedficity. Higher BMI at diagnosis does not
protect against musce wasting. Currently there are no nutrition
dinical practice guidelines for obese cancer patients on weight
management [ or body compositon management); therefore, nutri-
tonal intervention is just as necessary as for patients with lower BMI
in the same clinical situation.

Based on our findings, musce wasting appears to be systemic
although with stronger effect in the thigh We do not have any data
at this ime to ecplain the cause of this outcome. However, the
signals causing musce wasting in a patent with cancer may be
presumed to be mosty systemicin nature, Blood bome factors such
as inflammatory oytokines would reach all musdes, and the effect
of decreased food intake would be expeced to impact all musdes
|37.38]. A local effect could be potentially explained by changesina
specific megion such as the activity used of the lower limbs

Hg 2. Relationship of mamscle loss between the four anatomical levels: L3, thigh
upper-amn and T4 Thiz Venn digom represents the dismbution of patients
depending on masd e lows & the difierent anatomical levels. A iotal of 35 patients are
induded in this diagam wit the four measuremenss. 22 patients kst masde in all
levels, 4 patients lostin thigh, T4 and L%; one patient lostin thigh and T4; one patient
lost in upper-arm and thigh; one patient kest in L3, upper-arm and thigh; one patient
lost in upper-arm, T4 and thigh and one patient lost in upperarm, T4 and L3
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| 16,17,30]. In the future, a reduction in activity in the lower limbs
might be detected by the use of actigraphy or other methods used
in different parts of the body smudied along with the changes over
time in the muscle mass.

Or study has some limitations that should be noted. The main
one is that was a single observer study, the predsion error is unigue
to this observer and comparisons with other observers will be
needed to establish what can masonably expected in this type of
studies. Moreover, predsion error caloulated for bone densitometry
involves patent’s positioning and operator-related factor. Since CT
studies entail high doses of radiaton {DNA-0003 mSv wersus
CT-12 mSv |, we have reviewed the images available as part of each
patient’s routine clinical procedure, so repeated scanning as not
performed. Another important limitation is that we have evaluated
only male patients since head and neck cancer incidence in
Sputhern Europe is more frequent in men but adipose tissue and
muscle loss may differ in males and females. Moreover, the retro-
spective design of the study is also a limitatdon.

In concusion, we recommend the uniform use of a standard
predsion test when analyzing changes over time in muscle with CT
images. Significant loss of muscle and fat ocoumed in head and neck
cancer patients during radiotherapy-based treatment. Based on our
results, the rate for muscle loss is higher in the lower limbs than in
the chest, ahdomen or upper limbs. Further studies should inves-
tigate causes of regional musce loss in this group of patents and
whether specific interventions may attenuate or restore this loss
during treatment. Moreover, addidonal studies are needed to un-
derstand whether similar pattems of loss are also occurring in
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and Neck Squamous Cell Carcinoma
Patients Treated With Immune
Checkpoint Inhibitors
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Background: Reduced muscle mass has been associated with incraased treatment
camplications in several tumor types, We swaluated the impact of skeletal muscle indax
[SMI} on prognosis and immune-related adverse events (IrAEs) in a cohort of recurrent/
metastatic (A/M) head and neck sguamous cell carcinoma (HNSCC) treated with immuns
checkpants inhibitors (1C1).

Methods: A single-institutional, retrospective study was performed including &1
consscutive patients of R'M HNSCC disgnosed betwesn July 2015 and December
2018. SMI was quantified using a CT scan at L3 to avaluate body composition. Median
baseline SMI was used to dichotomize patients in low and high SMI. Kaplan-Meser
estimations were used to detect overall survival [0S) and progression-free survival (PFS).
Toxicity was recorded using Commeon Terminalogy Criteria for Adverse Bvent v4.3.

Results: Patients wers 52 men (85.2%) with mean of age 57.7 years (SD 9.62), mainky
ora cavity (n = 21; 34.4%). Low SMl was an independent factor for OS5 in the univariate
HR, 2.06; 95% CI, 1.14-3.73, p = 0.017) and multivariate Cox analyses HR, 2.99; 95%
Cl, 1.29-6.94; p = 0.011). PFS was also reduced in patients with low SMI(PFS HR, 1.84;
95% CI, 1.08-3.12; p = 0.025). IrtAEs occurred in 29 (47 5%) patients. There was no
association between low SMI and IrAEs at any grade (OR, 0.56; 95% Cl, 0.201.54, p=
0.261). However, grades 3 1o 4 IrAEs were deseloped in seven patients of whom three
had low S
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Conclusions: Low SMI before IC] treatment in R/M HNSCC patients had a negative
impact on O and PFS. Further progpective research is needead to confirm the role of body
composition as a predictive biomarker in ICl freatment.

Keywords: head and neck HAN) cancer, body composition, muscle mass, immune checkpoint inhibitors,
sarcopenia, immune-related sdverse events (inAE)

INTRODUCTION

Among patients with head and neck squamous cell carcinoma
(HNSCC), between 5% and 10% are diagnosed with metastatic
disease. Additionally, despite aggressive multimodal strategies,
about 60% of patients treated with radical intention for a locally
advanced disease will eventually recar (1). Until the introduction
of immunoth erapy agents, the median survival was 10.1 months,
with an 82% rate of grades 3 to 4 adverse events using the historic
standard first-line EXTREME (combining platinum and 5-
fluorouracil (5-FU) and cetuximab) (2). Patients with
progressive disease after platinom-based chemotherapy have a
poor prognosis with a 1-year survival under 5% (3). Hereby,
there is an urgent need for improved therapy in the recurrent and
metastatic (R/M) population.

Targeting the programmed cell death (ligand)-1 (PD-(L)1)
pathway has shown significant activity, and improved overall
survival (05) in patients with previously treated B/M HNSCC,
associated with fewer grades 3 or 4 toxicities than standard
therapy (4, 5). These results have led to approval of two anti-PD1
agents (pembrolizumab and nivolumab) as second-line
treatment for patiemts with R/M HNSCC who experience
disease progression on or after a phtinum-based therapy (6, 7).
More recently, pembrolizumab has been approved in the first-
line setting, alone or in mmbination with chemotherapy (8).
Depite improving the results compared with older strategies,
approximatdy 70% of patients do not benefit from immune
checkpoint inhibitors (ICI) as they have progression as the best
response, enhancing the need for predictive biomarkers (6, 8).

Patients with B/M HMSCC are at an increased nutritional
risk, and malnutrition has been shown to be an independent
indicator of prognosis in cancer patients (9). The nutritional
deterioration of HNSCC patients is often present from diagnosis
and worsens throughout onco-specific treatments (10). This
deterioration does not only occur exclusively at the expense of
wieight alone but also because the loss of muscle mass has been
shown to associate with prognosis and complications (10, 11).

Sarcopenia, defined as a reduced skeletal muscle mass that
reduce muscle function, is noted in geratric populations (12).
Reduced muscle mass is also prominent in patients at any age
with different chronic diseases, including @ncer. This is also
termed sarcopenia, and it is typically dassified in relation to the
risk of disease-specific outcomes, such as mortality, surgical
complications, or anoe treatment (13). Sarcopenia has been
reported to have a significant impact on both O5 and
complications in cancer patients undergoing onco-specific
treatment andfor surgery (14). These results have also been
described in head and neck cancer patients (15-18). Although

some studies have revealed that low muscle mass may also have a
role in the oncologial outcomes in patients with melanoma (19,
20) or lung cancer (21, 22) treated with ICL, as far as we know,
there are no current studies evaluating the impact of low musde
mass in R/M HNSCC undergoing these therapies.

We aim to evaluate the muscle mass asa predictive biomarker
of 05 and progression-free survival (FFS) in patients diagnosed
with R/iM HNSCC treated with ICI. A secondary analysis focused
on the association of muscle mass on the onset of immune-
related adverse events (IcAES).

MATERIALS AND METHODS

Population and Study Design

This longitudinal retrospedtive single-center study was approved
by the local ethics committee for dinicl research (PR302/18).
All patients provided written informed consent. Patients
diagnosed with R/M HNSCC treated with ICI, regardless of
treatment line, from July 2015 and Decamber 2018 at the Catalan
Institute of Onology, were evaluated. Patients were digible if
they had B/M HNSCC and were treated with [Cl including anti-
FD1 or anti-PDL1 alone or in combination with other ICT (such
as anti-CTLA4) or chemotherapy and had a staging full-body
wmputed tomography (CT) scan as part of their pre-treatment
procdure (within 10 days prior to the introduction of ICI) and
at evaluation of tumor response according to RECIST criteria,
version 11 (23).

Clinical data included age, sex, smoking status, alcohol
consumption, Eastern Cooperative Oncology Group
Performance Status (ECOG-PS), THM on Cancer (7th edition)
(24), primary tumor site, treatment line for B/M disease, type of
recurrence prior [CI, and response. Those patients, who had
recetved the last dose of platinum 6 months before of initiation of
ICI, were classified as platinum-refractory. Additional
information regarding IrAEs according to the CTCAE version
4.3 2009 (25) and vital status were also collected from
medical records.

Mutritional data were collected at baseline (before starting
treatment). These data incduded body mass index (BMI
alculated as [(weight (kgh/height (m®)], serum albumin levels,
and type of nutritional intervention if any.

Image Analysis

Al treatment images were sdected by a trained researcher to
ensure they correspond to the same vertebra landmarks to allow
a proper comparison of body composition. Values were obtained
by a single observer binded to the patients’ data.
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Images were accessed from the axal cross-sectional CT as all
patients had an abdominal CT scan as part of their routine care.
The third lumbar (L3) vertebra was chosen on the axial cross-
section CT component of the full-body CT scans as the
reference point, based on previous reports with this level to
calculate the skeletal muscle index (SMI) (26, 27) using
SliceDmatic™ software (v5.0 Rev 8, Tomovision, Montreal,
Quebec, Canada). Regional analysis at L3 strongly predicted
whole-body fat and fat-free mass (r=0.86-0.94 p < 0.001) (26).
Muscle cross-sectional area (C5A) was quantified within a
Hounsfield unit (HU) range from -29 to +150HU and then
normalized for height to report as SMI (emfm?). Sarcopenia
was defined according to Martin L et al. (25) using specific SMI
cut points for advanced cancer patients. C5A of adipose tissue
were determined using tissue-specific HU range defined at this
level (29).

Statistical Analysis

To define cohort characteristics, categorical variables were
presemted as the number of cases and peraentages, whereas
continuous variables were presented as the mean and standard
deviation (SD) or median and interquartile range (IQR). Median
baseline SMI was used to dichotomize patients in two groups:
low SMI (patients with baseline SMI lower than median baseline
SMI) or high SMI (patients with baseline SMI equal or higher
than median baseline SMI).

It was planned to test for the effect of baseline SMI on
survival. Time between treatment initiation and discase
progression or death from any cause (PFS) and time betwemn
treatment initiation and death from any cause (O8] was assessed
using the Kaplan-Meicr estimator. One-year OS5 rate and 1-year
PF5 rate were also analyzed. The Cox proportional hazards
model was used to perform univariate and multivariate
survival analyses, which are reported as the hazard ratio (HR)
and 95% confidence interval. Covariates with a p-valoe lower
than 0.1 in the univariate model were incduded in the
multivariate models. The proportionality of risks in the Cox
meedel was verified using the Schoenfeld residuals,

To evaluate the dfect of baseline variables in the development
of toxicity, logistic regression models were used. Odds ratios and
their corresponding 95% mnfidence intervals were derived from
both univariate and multivariate models.

Statistical significance was sct at a probability level =005, The
statistical package used to treat the data and perform the
statistical analysis was R software version 3.5,

RESULTS
Patient Characteristics

Table 1 shows baseline demographic and clinical
characteristics of the 61 patients included in the analysis.
Most patients were male (n = 52, 852%) with a mean age of
57.7 years (5D 9.62). Tumor location was mainly oral cavity
(n = 21; 34.4%). Most of patients recurred with locoregional
plus metastatic disease (n = 28; 45.9%). Four (6.5%) paticnts

received [CI as the first treatment and 59% (n = 36) were
platinum refractory.

At baseline, the mean BMI was 238 kg/m® (SD 4.56);
underweight (BMI <185) was presmt in 9 (14.8%) patients and
26 (42.6%) were overweight (BMI 225) or obese (BMI =30). Median
SMI was 420 cmfm” (IQR 375; 486) and was wed to dassify
patints between high and low SMI Nutritional support was
required in 34 (55.7%) patimts, 15 (44.1%) of them needed a
tube feeding. Two thirds (n=41, 67.2%) of the patients were
srcopenic acoording to previcusly published ot points (30) and
three of them were also obese (Table 15, Supporting Information).

Significant differences were identified for patients with low vs
high SMI in mean age (p = 0.035), baseline weight (p < 0.001),
BMI (P < 0.001), and total adipose tissue (p = 0.003). Patients
with high SMI were older, heavier, and with higher BML No
other significant diferences between patients with low and high
SMI at baseline were found.

Effects of SMI in Overall Survival (OS) and
Progression Free Survival (PFS)

Median follow-up time was 9 months (range, 3.6-21.3). Up to a
third of patients (n=16; 26.2%) were alive at last follow-up. The
median time to death was 4.3 months (range, 2.3-10.9). Table 2
summarized univariate and multivariate analyses of 08, PFS, 1-
year survival, and 1-year PES.

Patients with low SMI had shorter OS (HR, 206 95% CI,
L14-3.73; p = 0.017) (Figure 1) and 1-year O8 rate (HE, 2.64;
95% CI, 1.33-5.23; p = 0.005) in the univariate analysis. Low SMI
was also assodated with global PFS (global PFS HR, 1.84; 95% CI,
LO8-3.12; p = 0.025, and 1-year PFS rate HR, 1.83;95% I, 1.01-
3.2% p = 0.036) among other factors such as age (PES HR, 0.96;
954 CI, 0.94-0.99; p = 0.002), basdine albumin (FES HE, 0.95;
95% CI, 0.91-0.99; p = 0.027), plainum-refractory (FFS HE,
304 95% I, 1.67-5.50; p = <0.001), and any number of prior
lines for B/M disease (PFS HR, 1.94; 95% CL 1L09-345 p =
0.025). The association was maintained at 1-year PF5, although
the number of prior lines showed only a trend (PES HR, 1.71;
95% CI, 093-3.16; p = 0.084). Onc-year PFS showed a clear
association with age (PFS HE, 097; 95% CI, 0.%4-100; p =
0.036), serum albumin (PFS HR, 0.94; 95% CI, 090-09% p =
0.025), low SMI (PES HR, 25% 95% CI, 119-5.37; p = 0.015),
and patients who recdved platimum within 6 months prior to ICI
(PFS HE, 357, 95% CI, 1.50-851; p = 0.004).

The multivariate analyses adjusted for seruom albumin,
basdine SMI, and platinum-refractory wnfirmed low SMI as
an independent predictor for OS (HE, 2.19; 95% Cl, 1.19-4.05;
p =0012) and 1-year survival (HR, 2.7% 95% CI, 1L37-567; p =
0.005) adjusting this analysis also for age. Type of recurrence
prior ICI initiation and BMI were not included in the
multivariate analysis because it did not show association for
survival or PFS in the univarate analysis,

Similar results were found using previously published cut
points for sarcopenia (28) for OS but not for PES. These results
showed that sarcopenia was an indepemdent factor for OS5 (HE,
2.06; 95% CIL 1.01-4.23; p = 0048) after adjusting by the same
wvariates than the analysis performed for low SMIL This analysis
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TABLE 1 | Patent basding characterisfcs (overal and accoming 10 low ve high skeletal musde ndes) SV n=51).
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o 108 0o 13.3
1 FHEaa) 30100 280803
2 2328 0o 2B
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Waight, kg
W (50 &.3(150 ;| (109) 7430147 <000
Miatan [0 Q) 652 [54.373.0) 588 [51.0065.6) 775 [B4.3:84 5] <000
BM, kg
M (50 738455 .3 33 ZEZ 433 <000
Miactan frange) ZAESE3T) 21T ISEITE) IEE(TT-H.G8 <000
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Uniterweight (18.5) ETEE:] TEag Z5.5
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Cnerwsight Jobess (»25) 6426 6200 20164 5)
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Miactan |1 O3] 44.0 |41 04610 430 41,0450 440 42 0:46.5) 0.3
SML, crreime
M (50 ABEFTR T2 E14) 49.8(5.44 <000
Mactan 01 Q) 420 [37 5486 375352396 455 461530 <000
TATL, crf b
W (50 914533 TIT (445) 111 {54.7) 000
Miacgan 01 ; Q) .5 [49.4:118] TS [31.5:101] 112 [B2.0:148) 04008

*Bx-srmofr defed a5 no oipedes B more $an 8 morhs befe degrosts.
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is provided as Supplementary Information (Table 25  There were no statistically significant differences in
and Figure 15). 05 and PF5, when examining overweight or obese

We sought to determine whether different BMIs  patients (BMI = 25 kg/m®) compared with patients with
were associated with any of the abovementioned outcomes. normal BML
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TABLE 2 | Urivariaie and multiadate snaie exarmining 05, cne-year sunival, dobal PFS and one-yesr FFSin associaton with skelstal rrusde inde (SW) in=561).

Univariate analysis SURWMAL PROGRESION FREE SURVMAL
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Treatment Toxicity

IrAEs occurred in 29 (47.5%) patimts mainly in those treated
with anti-PDL1 plus IOA (n = 15 80%) and treated with anti-
PD1 plus chemotherapy (n = % 66.7%). Thyroiditis, skin, and
liver alterations were the most common IrAEs, and the vast
majority was grade 1 or grade 2. Only seven patients developed
grade 3 or above toxidty, three of them with low SMIL

There was no association with low SMI and IrAEs of any
grade (OR, 0.56; 95% CI, 0.20-1.54 p = 0.261).

Different factors were examined to determine their effect in
the development of Ik AEs, Patients with BMI <185 k]._:.n’m: (OR,
0.0% 95% CI, 0.00-0.63; p = 0.012), the presence of distance
mictastasis (OR, 493; 95% CL 1.01-30.4, p = (L4E), and those
patients platinum-refractory (OR, 0.33; 95% CI, 0.11-0.94,
p = 0.037) were associated with toxicity of any grade. In the
multivariate analysis, only being refractory to platinum (OR,
288 95% CI, 105-898, p = 0,050) was a predictive factor of
IrAEs occurrence The presence of distant metastasis was not
included in the multivariate analysis because only three patients
with distant metastasis did not develop IrAEs.

DISCUSSION

Immunotherapy is significantly changing the therapeuntic
landsaape for /M HNSCC (4, 5). Its climical efficacy varied
among HWNSCC patients, and there is a ladk of acoorate and
effective predictive biomarkers. Low SMI is frequently
encountered in HNSCC patients (10, 16). However, whether
low SMI can be used as a predictive biomarker for ICI remains
unknown, and the clinical data regarding the associatbion betwem
SMI and ICI efficey are quite limited. To the best of our

lmowledge, this is the first study to assess the association
between SMI and clinical outcomes of R/ HNSCC patients
undergoing ICI therapy.

In our study, low SMI was cnfirmed to be an independent
factor for reduced 08 and 1-year survival after adjusting the modd
for relevant factors associated with clinical outcomes in HNSCC,
These findings are in agreement with other studies performed in
melnoma and lung cancer (19, 31). We did not assess mortality
specific for anaer as only two patients died from another canse
different from the primary cancer. Important varibles such as age,
serum albumin, refractoriness to platinum or the number of lines
of therapy prior to ICT therapy are well-known predictive factors,
However, body composition is often overlooked in clinical
practice. BMI is not a good indimtor of body composition as
devated BMI may hide a distribution of low muscle mass
increasing the risk for adverse outcomes (19, 32). Moreover,
muscle has been shown to be one of the strongest parameters
assodated with mortality in cancer patients (33) even when weight
and BMI are included in the analysis,

There are numerous cut points values published for sarovpenia
dthough none of them is yet definitive. Some of these ant points
wed OF as the ouboome according to the SMI (27, 30). We have
chosen Martin et al (30) as thar population & a large sample with
advanced stage and inchides all BMIs. Moreover, these cut points
have bem wsed in many prvious publimtions, so readers @n
ampare our results, As our cohort & a dightly disting population,
we alko chose the median L3 SMI ant point to evaluate SMI as a
predictive biomarker m R/M HNSCC,

Although the mechanism by which reduced SMI has a
negative dfect on the clinical dficacy of ICI remains unclear.
New evidence shows that skdetal muscle cells, as an endocrine
organ, may secrete spedfic optokines that regulate immunity,
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FIGURE 1 | Kaplan-Maer surveal curves according 1o basdine SML (A Overal surival [B) Progression Free Surdeal.

These myokines are involved in modulating the immune
response (34). Thus, a redoction in muscle mass may have a
deleterious efiect on the anti-tumor response mediated by the
immune system, following in immunosuppression (35). A
decrease in myokines doe to the loss of muscle mass could
suppress tumor response to ICI resulting in the immune escape
of tumor cells (36, 37). Inflammation also plays an important
role in the loss of muscle mass (38). All these factors may
contribute to the impairment of the antitumor immune
response to ICT in HNSCC

We did not find any statistically significant associations
between BMI and clinical outcomes to ICL Young et al. (19)
identified trends toward worse outcomes in patients with high
BMI and low muscle mass in patients with melanoma treated
with anti-PD1. However, we included only six patients with
BMI = 25 kg/m” and low SML

Compared with traditional treatments (chemotherapy or
radiotherapy), the incidence of toxicity in HNSCC patients
treated with ICI has been reduced. We explored the effect of
low SMI on the incidence of adverse event rdated to ICI in
HMSCC patients, finding that low SMI was not significantly
associated with the ind dmoe of IrAEs. Evidence suggests that the
incidence of IrAEs of any grade is associated with improved
dinical outcomes (39). Unfortunatdy, subgroups analysis could
not be further performed bemuse of insufficient data.

Our study has some limitations that should be addressed. The
main ones are the retrospective design of the study and the
limited number of patients. Moreover, the CT imaging analysis
was limited by the data availahility: indeed, the acquisition
protocol was planned according to the presence of previous
examination. Finally, we did not take into account the type of ICI
therapy alone or in combination.
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In conclusion, our finding shows that baseline SMI is an
independent factor for survival B/M HNSCC treated with ICL
SMI is mot associated with the onset of IrAEs. Further
prospective research is needed to confirm the role of body
composition as a predictive biomarker in ICI treatment and
how SMI can affect drug-specific and organ-specific adverse
events aused by ICI in HNSCC patients,
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1 Supplementary Figures and Tables
Table 1S. Patient baseline charactenistics (overall and according to the presence of sarcopema)
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Table 25 Univanate and multivariate analysis examining OS. one-year survival, global PFS and one-
year PFS in association with sarcopenia (n=61).

SURVIVAL PROGRESION FREE SURVIVAL
Orverall smrvival 1-year survival Global FFS 1-year PFS
Univariate analysis HR 9#3%IC P HRE 3% IC P HR #5%IC F HR 9#%IC P
vailne value value value

BMI 097 091;1.04 0432 096 08%105 0232 096 0981102 0237 095 090103 0235
Age 098 0861.001 0177 098 0095100 0077 086 094090 0002 096 094080 0002
Serum albumin 087 0831.00 0.056 097 083101 0112 085 081090 0027 085 080000 0024
Sarcopenia 221 111437 0023 232 106510 0.038 140 079246 0248 140 082272 0182
Platinum-refractory 176 094328 0075 185 0091;378 0.089 304 167556 <0001 285 157555 0001
Type of recumance

Diistance 086 035211 0748 077 028215 0.625 080 03&177 0582 071 028178 0466

Locomegiensl +J 116 061;222 0651 108 0353219 0.3830 103 05818 0829 111 061;202 0736
distance
Line of therapy 126 068234 0470 121 0.60;241 0.596 184 L0346 0023 171 083316 0084

2 or sbove
Multivariate analysiz HR 93%IC P HR 95%IC P HR 93%IC F HR 9%IC P

vaine value value valne

BMI 120 045319 0717 140 051;385 03517 # # # 108 044264 0861
Age 088 085101 0225 092 0985101 0133 # # & 086 084080 0010
Semm albumin 087 084101 0179 097 083102 0228 # 7 2 085 090100 0044
Sarcopenia 206 101423 0048 205 000467 0.087 = b # 150 078287 0222
Platinum-refractory 197 081476 0133 204 0763550 0158 # . # 317 133757 0.000
Line of therapy 063 026152 0301 051 01%139 0189 # 7 2 0.6l 025146 0264

2 or sbove

O3, overall survival, PFS, progression free survival; BMI, body mars imdex; SMT, sheletal muscle mdex; ICI: mmune checkpoint inkibitors; Type of
reclrrence moludes locorregional disease, distance disease and locorregional +distance dizease; Line qf therapy includes first vs second or above limes.

*ddfiusted for age, serum albumm, baseline SMT, EMT, line af therapy and platimom-rgfractory.

£ Mulfivariate models for glabal PFS were not computed due o the small mimbers of patients in the no-event group.
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Figure 15. Kaplan-Meier survival curves according to sarcopemia. (A) Overall survival (B)
Progression Free Survival
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GENERAL DISCUSSION

Which nutritional and body composition changes occur in patients with LA-
HNSCC during the oncological treatment?

Induction chemotherapy phase: For the prospective study (article 1), 70% of our patients were
well nourished at diagnosis and did not lose a significant amount of weight prior diagnosis. Similar
results were found in the retrospective cohort (62.5%) (article 2). There were positive changes in
body weight and energy intake during the induction chemotherapy phase. These results are in
agreement with Silver HJ et al study 1%7. The improvement of the symptoms that initially limited
the oral intake may have contributed to these changes due to induction chemotherapy. In our
study dysphagia and odynophagia were the most frequent symptoms that affected our patients
at diagnosis. Only one patient remained with severe dysphagia after the induction chemotherapy.
There was also an increase in fat free mass (FFM) measured by bioimpedance (BIA) despite a
progressive deterioration in functionality according to the hand grip strength (HGS) (Figure 1,
thesis article 1). Data in the literature described that muscle mass and functionality are two
different concepts and both can have clinical benefits 138139,

Concomitance treatment: Despite an intensive nutritional support along the oncological treatment,
75% of patients in the prospective cohort and 67.5% of the retrospective cohort was malnourished
according to the PG-SGA three months after finishing the concomitance. Adherence to the
nutritional treatment is usually complicated due to the acute toxicity. In our hospital nutritional
support is integrated as part of the head and neck multidisciplinary unit and all patients are
assessed in a multimodal supportive care 3354 trying to optimize the best nutritional intervention
according to the oncological treatment.

Once the concomitant radiation and systemic therapy started, all nutritional parameters (energy
and protein intake, nutritional status, weight, BMI) and body composition compartments (FFM,
SMI, TATI, estimated skeletal muscle mass (SMM), estimated fat mass (FM)) decreased in the
same manner as is reported in the literature 5137.140.141 Garcia-Peris P et al 142 and Silver HJ et al
137 described an increase in the basal metabolic rate in HNC patients during treatment. Our
patients, although maintaining a fair energy intake before and after treatment (before treatment
was 2018.2 kcal/d (SD 358.5) and 1892.5 kcal/d (SD 620.2) after treatment), still failed to meet
their nutritional requirements. We manage to maintain FFM and HGS up to one month after the
concomitance in spite of a significant deterioration. Although patients did not follow a standardized
exercise program, we emphasized the importance of the physical activity, and we provide them
with small daily goals to incorporate in their daily life to increase physical activity. In our studies it
becomes evident the nutritional and body composition depletion that occurs in these patients
even at three months post treatment. It is essential to maintain a close monitoring to optimized
nutritional support. A recent meta-analysis 43 analyzing exercise and nutrition interventions in
patients with HNC during curative treatment based on radiotherapy found significant positive
effects of nutrition and physical exercise intervention alone in favor of the treatment groups but
no effects in studies with combined interventions were observed. However, the included studies
were highly heterogenic both regarding measurements methods and the content of the
interventions which may have affected the results of the meta-analysis.

Which clinical predictors are involved in muscle and adipose tissue loss during
treatment in patients with LA-HNSCC during concomitance with chemo-
radiotherapy?

Our data (article 2) underline the importance of including body composition assessment in HNC
patients during treatment suggesting that intensive nutrition support according to guidelines only
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benefits about a half of patients. Patients who lose more muscle and fat are more likely to have
a higher BMI at baseline, therefore, the need for a high food intake should be considered.
However, this could be challenging during this aggressive cancer treatment and the negative
energy balance is indisputable evidenced especially by the large fat losses. Tissue losses are
associated with four main factors: tumour site, nutrition impact symptoms at baseline, severe
toxicity and the use of ABW to set nutrition targets in overweight/obese patients.

Weight loss has been described most commonly in patients with oropharynx and oral cavity4
primary tumours and worse nutritional status®”.14> as they are more likely to have symptoms that
interfere in the oral intake, hence the energy consumption is expected to be deficient. As induction
chemotherapy can lead to severe toxicity affecting food intake, this might be another cause for
tissue loss. Our results show that only ABW was an independent predictor of muscle loss in the
multivariable regression analysis including covariates adjustments such as tumor site, nutrition
impact symptoms and severe toxicity during the induction chemotherapy. Fat loss was also
associated with the use of ABW to set nutrition targets, tumour site and of nutrition impact
symptoms at baseline. The extended practice of ABW-based nutritional support for obese patients
contributes to exacerbate the fat loss. Although originally the use of ABW was designed for renal
disease 46 and critically ill patients to prevent overfeeding %7, its use has been expanding to other
clinical settings. As there are no oncological or nutrition guidelines for obese cancer patients
during treatment, the use of adjusted body weight-based nutritional support in obese patients is
still a routine practice for nutrition professionals as it is a way of providing a realistic amount of
nutrients in a group of patients that are already battling to eat.

There are no nutritional guidelines for obese cancer patients with specific approaches to calculate
of nutritional requirements, and the implications of weight reduction during treatment with curative
intent in obese patients are unclear. Moreover, about 42% of obese patients are also sarcopenic
reducing further the overall survival for this group of patients 9148,

Is our precision test able to discriminate biological changes from measurement
error?

Our precision findings (article 3) are very consistent with those precision demonstrated in DXA
measurements 102 of bone, lean and soft tissue whole body and regional compartments. In CT
studies measurements are made on a single slice; therefore, although CT measures have a good
precision for muscle, our precision test specifically for fat is poor compare with same precision
test for DXA shown in other studies 149-151, So, it is important to bear in mind that we are looking
at precision test for cross-sectional area in specific anatomical levels in CT images while DXA
measures whole body compartments. It would be interesting to compare our results with other
precision studies perform for CT imaging. Nevertheless, intra-observer and inter-observer
precision have been reported in other studies. Intra-observer reliability of CSA imaging is usually
reported with good agreement between repeated measurements using CT images 152152 although
precision error associated with patient positioning and slice selection using CT imaging increase
up to 2.5% in the same individual. The intra- and interobserver variability in skeletal muscle CSA
measurements of three experienced radiologists using CT images 52 was recently reported. Intra-
observer variability was low reporting data between 1.57% to 2.89% for a single slice while
comparison between radiologists showed that the measurement variability reduced as the fraction
of repeat measurement taken at the same slice increased. Anatomic variations and technical
issues may both contributed to variability among experts.

Our precision at the different anatomical levels varies from 0.7 to 2.4% (Table 2, thesis article 3).
Interestingly, the best precision is observed in the thigh; thus, this level could be considered when
looking to detect small changes over time. Intervention studies assessing physical function could
benefit in evaluating changes that occur during the course of the intervention.

We recommend the uniform use of a standard precision test when analyzing changes over time
in muscle with CT images.
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Are muscle and adipose tissue loss systemic?

The dynamics of muscle change has known and unknown determinants. Animal studies have
shown us that there are certain muscle types more prone for muscle wasting. In mice fast fibers
(versus slow fibers) are more susceptible to atrophy in cancer cachexia and other acute catabolic
states %4155, In humans, the majority of muscles are mixed fiber types and the investigations are
focus on muscle groups with a mixture of fiber types. In our study we do not examine fiber type
or specific muscle, our purpose is to evaluate an aggregate effect on groups of muscles which
are likely to be representative of the overall muscularity and four different levels.

In spite of selecting a population with similar clinical features and treatment, our findings show an
important inter-individual variability as muscle changes range from gain to very substantial losses.

Based on our findings, muscle wasting appears to be systemic although with stronger effect in
the thigh (Table 3). We do not have any data at this time to explain the cause of this difference.
However, the signals causing muscle wasting in a patient with cancer may be presumed to be
mostly systemic in nature. Blood borne factors such as inflammatory cytokines would reach all
muscles, and the effect of decreased food intake would be expected to impact all muscles 156.157,
A local effect could be potentially explained by changes in a specific region such as the activity
used of the lower limbs 106.107.158 |n the future, a reduction in activity in the lower limbs might be
detected by the use of actigraphy or other methods used in different parts of the body studied
along with the changes over time in the muscle mass.

Two important limitations from our results that must be taken into account. The main one is that
as a single observer study, the precision error is unique to this observer and comparisons with
other observers will be needed to establish what can reasonably expected in this type of studies.
Another important limitation is that we have evaluated only male patients since head and neck
cancer incidence in Southern Europe is higher in men but adipose tissue and muscle loss may
differ in males and females.

Further studies should investigate causes of regional muscle loss in this group of patients and
whether specific interventions may attenuate or restore this loss during treatment. Moreover,
additional studies are needed to understand whether similar patterns of loss are also occurring in
women.

Is muscle mass a good biomarker for survival in patients with R/M HNSCC
treated with immunotherapy?

Immunotherapy is significantly changing the therapeutic landscape for R/M HNSCC 127.159127.159,
Its clinical efficacy varied among HNSCC patients and there is a lack of accurate and effective
predictive biomarkers. Low SMI is frequently encountered in HNSCC patients 6768, However,
whether low SMI can be used as a predictive biomarker for ICI remains unknown and the clinical
data regarding the association between SMI and ICI efficacy is quite limited.

In our study (article 4) low SMI was confirmed to be an independent factor for reduced OS and
one-year survival after adjusting the model for relevant factors associated with clinical outcomes
in HNSCC (Figure 1, thesis article 4). These findings are in agreement with other studies
performed in melanoma and lung cancer 34160, We did not assess mortality specific for cancer
as only 2 patients died from another cause different from the primary cancer. Important variables
such as age, serum albumin, refractoriness to platinum or the number of lines of therapy prior to
ICI therapy are well-known predictive factors. However, body composition is often overlooked in
clinical practice. BMI is not a good indicator of body composition as elevated BMI may hide a
distribution of low muscle mass increasing the risk for adverse outcome °6:134, Moreover, muscle
has been shown to be one of the strongest parameters associated with mortality in cancer patients
97 even when weight and BMI are included in the analysis.
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A recent meta-analysis 161 evaluating the prognostic factor of sarcopenia on clinical outcomes in
patients with malignant neoplasms receiving ICI has included our findings in their analysis. The
study included 19 studies with lung, gastrointestinal, melanoma, renal cell carcinoma, urothelial
carcinoma, pancreatic cancer, soft tissue sarcoma and HNC patients. According to univariate and
multivariate analyses, patients with sarcopenia at pre-immunotherapy had poorer progression
free survival (PFS) and OS than those without. HRs and the corresponding 95% CI of PFS were
1.91(1.55-2.34, p <0.00001) and 1.46 (1.20-1.78, p =0.0001), respectively, and HRs and the
corresponding 95% Cl of OS were 1.78 (1.47-2.14, p <0.00001) and 1.73 (1.36-2.19, p <0.0001),
respectively. Patients with sarcopenia showed poor PFS and OS during treatment. In addition,
patients with sarcopenia had worse objective response rate (ORR) (OR 0.46, 95% CI 0.28-0.74,
p = 0.001) and disease control rate (DCR) (OR 0.44, 95% CI 0.31-0.64, p<0.0001.

Although the mechanism by which reduced SMI has a negative effect on the clinical efficacy of
ICI remains unclear. New evidence shows that skeletal muscle cells, as an endocrine organ, may
secrete specific cytokines that regulate immunity. These myokines are involved in modulating the
immune response 62, Thus, a reduction in muscle mass may have a deleterious effect on the
anti-tumor response mediated by the immune system, following in immunosuppression 3. A
decrease in myokines due to the loss of muscle mass could suppress tumor response to IClI,
resulting in the immune escape of tumor cells 164165 |nflammation also plays an important role in
the loss of muscle mass 15, All these factors may contribute to the impairment of the antitumor
immune response to ICl in HNSCC.

Is there any association between muscle mass and the occurrence of
immunotherapy-related adverse effects in patients with R/M HNSCC?

Compared with traditional treatments (chemotherapy or radiotherapy), the incidence of toxicity in
HNSCC patients treated with ICI has been reduced. We explored the effect of low SMI on the
incidence of adverse event related to ICI in HNSCC patients, finding that low SMI was not
significantly associated with the incidence of IrAEs (OR 0.56, 95%IC 0.20;1.54, p=0.261). IrAEs
occurred in 29 (47.5%) patients mainly in those treated with antiPDL1 plus IOA (n=15; 80%) and
treated with antiPD1 plus chemotherapy (n=2; 66.7%). Only seven patients developed grade 3 or
above toxicity, three of them with low SMI. Evidence suggests that the incidence of IrAEs of any
grade is associated with improved clinical outcomes %7. Unfortunately, subgroups analysis could
not be further performed due to insufficient data.

In the meta-analysis published by Li S et al 161 the incidence of irAEs of any grade and high-grade
in patients with sarcopenia did not increase, OR and the corresponding 95% CI were 0.58(0.30—
1.12, p = 0.10) and 0.46 (0.19-1.09, p = 0.08). Another meta-analysis performed in lung cancer
160 showed similar results. However, a few studies have reported the effect of sarcopenia on irAEs
with an increase in the incidence 168169, Due to the small number of studies that report the
incidence rate of irAEs according to sarcopenia, more data are needed.

66



METHODOLOGICAL CONSIDERATIONS

Limitations

In the first article, despite having a prospective cohort of LA-HNSCC patients, body
composition analysis could only be performed by BIA, so body composition results were
made from predictive equations and not by direct measurements.

The limited sample size in all cohorts and its retrospective design.

The CT imaging analysis was limited by the data availability.

There are inflammatory biomarkers such as CRP or functionality tests that have not been
recorded.

Systemic muscle loss was only evaluated in male patients since HNC incidence is higher
in men in Southern Europe, but body composition changes may differ in males and
females.

The precision testing was performed by a single observer; therefore, comparisons with
other observers will be needed.

Strengths

The prospective design of the first cohort.

All patients had nutritional assessment and follow-up with an intensive and individualized
intervention by the same oncology dietitian, which unified the criteria for nutritional
intervention.

All images were analyzed by the same researcher and reviewed by the same radiologist
or nuclear medicine physician.

The same software has always been used and the analysis has always been performed
in the same manner.

The use of precision test to evaluate body composition changes over time

The multidisciplinary effort and work to carry out every one of the studies and the
involvement of all the services.

Future research directions related to the thesis topic

The projects associated to this thesis were not conceptually designed at once and that overall
project has been evolving and extended in order to answer new generated hypothesis. The
information generated by the project and presented in the thesis is of great importance.

However, there remain gaps of knowledge that deserve further research beyond the work here
presented, and we are currently working on:

A double blind randomized clinical trial conducted in LA-HNSCC with conservative
treatment using a specific nutrient (i.e eicosapentaenoic acid; EPA) to minimize muscle
loss during oncological treatment. This trial has already been completed and currently
analyzing the results.

A prospective study assessing body composition, nutritional characteristics, functionality
and inflammatory biomarkers to evaluate the association between these parameters and
oncological outcomes such as survival, recurrence and toxicity in patients with R/M
HNSCC treated with immunotherapy; currently recruiting.

A retrospective study evaluating the impact of body composition in oncology patients who
have received immunotherapy or tyrosine kinase inhibitors (ITK) as part of
compassionate drug use. The results will be part of a clinical score to assist in decision
making for oncologists.
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In the same way that there is a personalized oncological treatment, we could consider
personalized oncological nutrition based on body composition. That is to say, that the
nutritional intervention should be based on the patient's body composition for the
calculation of requirements taking into account their muscle mass and adipose tissue and
their evolution, in order to improve tolerance to treatment and perhaps improve the
prognosis in patients with radical intent and improve the relapse rate in patients with
tumors related to obesity or the development of diseases related to overweight/obesity.
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SUMMARY LIST OF CONCLUSIONS

- Despite an intensive nutritional support from diagnosis and throughout oncologic
treatment in patients with locally advanced head and neck squamous cell carcinoma,
nutritional status and body composition compartments deteriorate during treatment and
thereafter.

- In patients with locally advanced head and neck squamous cell carcinoma, induction
chemotherapy could help improve nutritional status by alleviating symptoms that limit
intake.

- Body composition analysis using CT imaging in patients with head and neck cancer
receiving radical treatment could be useful to monitor whether nutritional support is
adequate to maintain muscle and adipose tissue. Setting nutritional goals based on the
use of "adjusted body weight" for obese or overweight patients seems inappropriate given
the large loss of muscle and adipose tissue reported.

- We strongly recommend the consistent use of a standard precision test when reporting
muscle change over time. The value of the least significant change varies between 0.9
and 2.5% depending on the anatomical site; the greatest sensitivity for detecting change
is in the thigh.

- Based on our analysis, muscle depletion appears to be systemic and, although it occurs
in the limbs and trunk, it is significantly greater in the thigh than in the thorax, abdomen
or arm.

- Baseline muscle mass prior to initiation of immunotherapy treatment is an independent
factor for survival in patients with recurrent and/or metastatic head and neck squamous
cell carcinoma treated with immunotherapy but is not associated with the occurrence of
immunotherapy-related adverse effects.
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SPECIFIC TASKS PERFORMED WITHIN THE STUDY

The PhD student (Lorena Arribas) has participated in the following tasks related to the studies:

Design and preparation of protocols of the project.

Design the database and collect the clinical and radiological information related
to the patients included in the analysis.

Preparation of grant application. Specifically, the PhD student (Lorena Arribas)
was the Principal Investigator of the grant awarded of the project investigating
the role of body composition with head and neck cancer patients treated with
immune-checkpoints inhibitors.

Participation in the coordination of some steps of the project.

The student has learned to select, analyzed and interpreted the body images
from CT and PET scans.

The student was recruited all patients in the prospective study and done all the
visits.

The student performed two months stay, from July to August 2017 in the Cross
Cancer Institute, University of Alberta, Edmonton, Canada within the group lead
by Vickie E Baracos. During these two months the student learned to analysis
body images and participated in several activities such as weekly meetings with
all members of both sites (Cross Cancer Institute and University of Alberta)
including students, lab staff and group leaders (Dr Baracos and Dr Mazurak) and
participating directly in a paper about sarcopenic obesity. This paper has been
described in the section “articles related to the PhD project”: Sarcopenic obesity:
hidden muscle wasting and its impact for survival and complications of cancer
therapy.

Participation in the field work of the project and preparation of all articles.

Active intervention in the Head and Neck Multidisciplinary Team.
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IMPLICATIONS IN CLINICAL PRACTICE

The results obtained in this thesis may have relevant clinical implications not only for nutrition
professionals but also for the health care system.

The fact of confirming an improvement in the symptoms that limit oral intake after the induction
chemotherapy in patients with LA-HNSCC should help nutrition professionals in the decision
making for gastrostomy feeding tubes at diagnosis since, dysphagia and odynophagia are the
main symptoms that deteriorate the nutritional status but could be improved quickly after the first
cycle of induction chemotherapy. This may help to optimize the nutritional status prior the
beginning of concomitance therapy.

Nowadays more than 85% of nutrition professionals worldwide use the ABW in obese patients for
the calculation of nutritional requirements despite the lack of clinical evidence. The results shown
in this thesis suggest that its use for calculating the requirements of obese or overweight oncology
patients may be one of the main causes of nutritional deterioration so its use in oncology should
be discouraged.

The calculation of the precision test in the analysis of body composition through imaging
techniques should be the first step to standardize these measurements, especially for those
studies analysis changes over time. The standardization will build more homogeneous studies in
order to increase clinical evidence on the negative impact of the depletion of body tissues in
oncological clinical outcomes.

It would be advisable that body composition measurements using imaging techniques to assess
changes over time be performed at least at two anatomical levels. One of these measurements
should include a distal measurement since it appears that the loss is greater in the lower limbs.
Adding a measure of functionality centered on the lower limbs would be important.

Improving the clinical evidence regarding the impact of body composition in specific groups of

oncology patients, may be beneficial for patients by improving their quality of life with more
effective treatments reducing toxicity but also the health system by reducing additional costs.
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