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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.   
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RESUMEN (en español) 

 
El uso de técnicas de imagen utilizadas habitualmente para el diagnóstico y la valoración de 
respuesta al tratamiento oncológico permite analizar los cambios en la composición corporal 
(CoC) que se producen durante el tratamiento y cómo estos cambios repercuten en los 
resultados oncológicos, como la supervivencia o la toxicidad. Además, podemos observar la 
eficacia del soporte nutricional a través de estas imágenes. 
 
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 
oncológico. 
 
Inicialmente diseñamos 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 guías de práctica clínica. Hemos observado que el 30% de los 
pacientes estaban desnutridos en el momento del diagnóstico. Sin embargo, tras la quimioterapia 
de inducción, aumentó el peso y la masa muscular con una mejora significativa de los síntomas 
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 desnutrición grave/moderada. Nuestros hallazgos sugieren que la 
quimioterapia de inducción puede ayudar a mejorar el estado nutricional mejorando aquellos 
síntomas que limitan la ingesta. Esta mejora podría contribuir a minimizar el importante deterioro 
que se produce a pesar del soporte nutricional intensivo a lo largo del tratamiento oncológico.  
 
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 clínicos implicados en esta pérdida. Se realizó un estudio longitudinal retrospectivo 
centrado en el análisis de las imágenes de TC previas al tratamiento y en la valoración de 
respuesta a los 3 meses tras finalizar el tratamiento, para cuantificar músculo y grasa. Se 
proporcionó soporte nutricional según las guías 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 índice de masa corporal (IMC) tendían a perder 
más grasa, pero también más músculo. En el análisis multivariado, sólo 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 guías nutricionales para el tratamiento nutricional 
de pacientes obesos con cáncer con el fin de mejorar los resultados oncológicos. 
 
Además, hemos utilizado las imágenes del diagnóstico 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 anatómicos para determinar si estos cambios son sistémicos o localizados. Se realizaron 
pruebas de precisión calculando el % de coeficiente de variación y los correspondientes valores 
del mínimo cambio significativo al 95% para cuatro niveles anatómicos: brazo, muslo, tórax y 
abdomen. La mediana del tiempo transcurrido entre las exploraciones fue de 224 (DE 31 días). 
Los valores del mínimo cambio significativo para el músculo variaron entre el 0,7 y el 2,4% según 
el nivel anatómico; el error de precisión más bajo para detectar el cambio se produjo en el muslo.  
El deterioro muscular parece ser sistémico y, aunque está presente en las extremidades y el 
tronco, es significativamente mayor en el muslo que en el tórax, el abdomen y el brazo. 
 
Por otro lado, se ha evaluado el impacto de la reducción del músculo esquelético en el pronóstico 
y los efectos adversos inmuno-relacionados (EAI) en pacientes con CECC 
recurrente/metastásico tratados con inmunoterapia. El músculo esquelético se cuantificó 
mediante TC al diagnóstico. Hemos observado que la baja masa muscular era un factor 
independiente de supervivencia global en el análisis univariante y multivariante. No hubo 
asociación 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).  
 

 
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 
4,5. 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 6. It has been 
suggested that a significant number of patients with cancer die of cancer-associated malnutrition 
instead of the malignant disease itself 1. In fact, cancer associated malnutrition has been shown 
to have an important impact in quality of life and added healthcare costs 7–9 
 
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 10. 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 11,12 and the hospital length of stay 13. Improved energy and protein intake 14,15 and 
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weight 16,17 were noted in some studies and these increases led to improved quality of life (QoL), 
functioning and nutritional status 18. 
 
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 19. 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 20,21. 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 22,23. Cancer patients have been shown to have a rate of 
muscle loss 24-fold higher than that observed in healthy aging adults 24,25 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 27,28. In 
the last decade, diagnostic imaging acquired from the routine clinical practice, enable quantifying 
these losses 29,30.  
 
 

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 31. More than 60% of patients with squamous-cell 
cancer of the head and neck present with stage III 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 33. 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 36,37 and, in some cases with previous induction chemotherapy 38. HNC 
patients are specially at high risk of malnutrition due to tumor site and treatment 39. In recent years 
antineoplasic treatments have contributed to improve locoregional control and survival 40,41, 
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 43,44. 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 45,46. 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 47,48. Early detection of malnutrition helps to 
implement an individualized nutritional intervention to improve oncological outcomes 49,50 and 
minimize acute toxicities, treatment interruptions and enhance survival 51. 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 52. Nutritional support is an essential part of 
the multidisciplinary care from the diagnosis through the oncological treatment 53. 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 54. 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 55. 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 
46,56. 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 33: those related to the patient (age, 
patient's general condition or performance status (PS) and smoking)57, malnutrition according to 
PG-SGA 58, those related to the tumor (location, stage, human papillomavirus or Epstein-barr 
virus infection and histologic grade) 59,60 and those related to treatment 61. Malnutrition and weight 
loss prior to the start of treatment is considered a poor prognostic factor 62–64. 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 22,65 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 
 
 
 

 
NGT: Nasogastric tube; PEG: Percutaneous endoscopic gastrostomy  
 
 
Source: Taberna M et al. Front Oncol 2020  
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Source: Taberna M et al. Front Oncol 2020 

 
 
 
 

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 69, −190 to −30 for subcutaneous and intermuscular adipose tissue 69 
and −150 to −50 for visceral adipose tissue 70. 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) 71. From this, skeletal muscle index (SMI) can be calculated by 
adjusting SMA by the patient’s height (total SMA (cm2)/height (m2)) 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 72.  In 2013, Martin et al. 73 identified both sex and BMI-
specific cut points for SMI that best predicted survival (men: <43 cm2/m2 if BMI ≤24.9 kg/m2 and 
<53 cm2/m2 if BMI ≥25 kg/m2; women: <41 cm2/m2) 73 in a large cohort of 1473 patients with lung 
and gastrointestinal (GI) 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/m2 for men and 29–46.6 
cm2/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 25,76,77 or based on the median 78,79. 
 
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 2,80. 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 10. 
 
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 10. 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 85–87. 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 88,89. Bodyweight comprises two major components 
(muscle and adipose tissue), these being the main sites of distribution of hydrophilic and lipophilic 
drugs 90,91. 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 93. 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 91,94,95. 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 96. 
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Figure 4. Computed tomography body composition analysis of the third lumbar vertebrae 
 
 

 
 
 

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 66,67,97. 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 97–101. 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 103,104. 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 71. 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 105. In addition, the reduction of physical activity in 
bedridden patients causes muscle loss, especially in the lower limbs 106,107. 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 10,108. 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 or 
second (T2) 117 or fourth (T4) 66 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 119; and both all complications and wound 
complications 120. A recent meta-analysis 121 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%CI 1.47-2.92, p<0.0001, I2=49%) with similar findings for post-treatment 
sarcopenia (HR 2.93; 95%CI, 2.00-4.29, p < 0.00001, I2= 0%) with moderate to low heterogeneity 
exhibited amongst studies respectively. Two other meta-analysis  122,123 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 33. 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 128,129. More recently 
pembrolizumab has been approved in the 1st line setting, alone or in combination with 
chemotherapy 130. 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 128,130 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 131,132, melanoma 133,134 and urothelial carcinoma receiving ICI 
immunotherapy 135. Also the incidence rate of irAEs of any grade increase compared to those 
without sarcopenia 132,133,136. However, whether sarcopenia is a predictive factor for clinical 
outcomes in R/M HNSCC receiving ICIs 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) 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. 
 

2) 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.  

 
3) 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.  

 
4) 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.  

 
5) 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) 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.  
 

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

3) 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) 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.  

 
2) To determine whether the loss of muscle mass and adipose tissue is systemic or 

localized.  
 

3) 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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RESULTS 

 
 
List of articles from the project that have been included in the thesis: 
 

• Arribas L, Hurtós L, Taberna M, Peiró I, Vilajosana E, Lozano A, Vázquez S, Mesía R*, 
Virgili N*. Nutritional changes in patients with locally advanced head and neck 
cancer during treatment. Oral Oncology 2017;71: 67-74 

 
 

• Arribas L, Sabaté-Llobera A, Taberna M, Pallares N, Narro Marin A, Virgili N, Hurtós L, 
Peiró I, Vilajosana E, Lozano A, Baracos V.E*, Mesía R*. Adequacy of nutritional 
support using computed-tomography (CT) in patients with head and neck cancer 
(HNC) during chemo-radiotherapy (CRT). Eur J Clin Nutr 2021; 75 (10):1515-1519 

 
 

• Arribas L, Sabaté-Llobera A, Cos Domingo M, Taberna M, Sospedra M, Martin L, 
González- Tampán R, Pallarés N, Mesía R*, Baracos VE*. Assessing dynamic change 
in muscle during treatment of patients with cancer: precision testing standards. 
Clin Nutr, 2022; 41: 1059-1065 

 
 

• Arribas L, Plana M, Taberna M, Sospedra M, Vilariño N, Oliva M, Pallarés N, González-
Tampán AR, Del Rio LM, Mesía R*, Baracos VE*. Predictive value of skeletal muscle 
mass in recurrent / metastatic head and neck squamous cell carcinoma patients 
treated with immune checkpoint inhibitors. Front Oncol 2021; Jun 25;11:699668 

 
 
 

*Equally contributed as senior author 
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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 137. 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 138,139.   
 
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 53,54 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 5,137,140,141. 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 143 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 cavity144 
primary tumours and worse nutritional status67,145 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 146 and critically ill patients to prevent overfeeding 147, 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 96,148.  
 
 
 

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 152,153 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 153 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. 
 



 65 

 
 

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 154,155. 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. 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 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 67,68. 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 134,160.  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 96,134. 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% CI 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 162. Thus, a reduction in muscle mass may have a deleterious effect on the 
anti-tumor response mediated by the immune system, following in immunosuppression 163. A 
decrease in myokines due to the loss of muscle mass could suppress tumor response to ICI, 
resulting in the immune escape of tumor cells 164,165. Inflammation also plays an important role in 
the loss of muscle mass 166. All these factors may contribute to the impairment of the antitumor 
immune response to ICI 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 167. 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 168,169. Due to the small number of studies that report the 
incidence rate of irAEs according to sarcopenia, more data are needed.  
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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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PRIZES AWARDED DURING THE THESIS 

 
- Award for the best oral communication at the CODINUCAT (Col.legi de Dietistes-

Nutricionistes de Catalunya), Nov 2017: “Nutritional changes in patients with locally 
advanced head and neck cancer during treatment”. Arribas L, Hurtós L, Taberna M, 
Peiró I, Vilajosana E, Lozano A, Vazquez S, Mesia R, Virgili N.  
 
 

- FRESENIUS KABI / SENPE-FUNDACIÓN SENPE 2021 Award for “the best publication 
in the field of clinical nutrition for oncology patients”: Arribas L, Sabaté-Llobera A, 
Taberna M, Pallarés N, Narro Marin A, Virgili N, Hurtós L, Peiró I, Vilajosana E, Lozano 
A, Baracos V, Mesia R. Adequacy of nutritional support using computed tomography (CT) 
in patients with head and neck cancer (HNC) during chemo-radiotherapy (CRT). Eur J 
Clin Nutr. 2021 Feb 10. doi: 10.1038/s41430-021-00863-z. Epub ahead of print. PMID: 
33568807. 
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