SARCOPENIA
IN HEAD AND
NECK CANCER

TOWARDS
PERSONALIZED
_“ MEDICINE

NAJIBA CHARGI






Najiba Chargi

Sarcopenia in head and neck cancer

Towards personalized medicine



Sarcopenia in head and neck cancer
Towards personalized medicine

ISBN/EAN: 978-94-6416-652-1

Cover design by Marilou Maes, persoonlijkproefschrift.nl
Layout and design by Marilou Maes, persoonlijkproefschrift.nl
Printing: Ridderprint | www.ridderprint.nl

Copyright © 2021 Najiba Chargi

All rights reserved. No part of this thesis may be reproduced, stored or transmitted in any
way or by any means without the prior permission of the author, or when applicable, of the
publishers of the scientific papers.



Sarcopenia in head and neck cancer:
Towards personalized medicine

Sarcopenie en hoofd-hals kanker:
Op weg naar diagnostiek op maat

(met een samenvatting in het Nederlands)

Proefschrift
ter verkrijging van de graad van doctor aan de Universiteit Utrecht op gezag van
de rector magnificus, prof. dr. H.R.B.M. Kummeling, ingevolge het besluit van het
college voor promoties in het openbaar te verdedigen op
donderdag 8 juli 2021 des middags te 12.15 uur
door

Najiba Chargi

geboren op 8 juli 1991
te Nijmegen



Promotor
Prof. dr. R. de Bree

Copromotor
Dr. L.A. Devriese



Leden van de promotiecommissie
Prof. dr. J. Hendrikse

Dr. G.B. Halmos

Prof. dr. C.A.J. Knibbe

Prof. dr. L.E. Smeele

Prof. dr. P.O. Witteveen

Leden van de beoordelingscommissie
Prof. dr. J. Hendrikse

Dr. G.B. Halmos

Prof. dr. C.A.J. Knibbe

Prof. dr. A.M. May

Prof. dr. P.O. Witteveen



TABLE OF CONTENTS

CHAPTER1 General introduction 11
Aim and outline of this thesis

PARTI IMAGE-BASED ANALYSIS OF SKELETAL MUSCLE MASS

CHAPTER2 Validation of skeletal muscle mass assessment at the level of the third cervical 31
vertebra in patients with head and neck cancer

CHAPTER 3 Agreement between skeletal muscle mass measurements using computed 45
tomography imaging and magnetic resonance imaging in head and neck cancer
patients

CHAPTER 4 The association of muscle segmentation of the musculus masseter and muscle 53
segmentation at the level of the third cervical and lumbar vertebrae

CHAPTERS5 Cut-off values for low skeletal muscle mass at the level of C3 in patients with 75
head and neck cancer

PART Il THE PREDICTIVE AND PROGNOSTIC IMPACT OF LOW SKELETAL MUSCLE
MASS IN SURGICALLY TREATED HEAD AND NECK CANCER PATIENTS

CHAPTER 6 Low skeletal muscle mass is a strong predictive factor for surgical compli- 93
cations and prognostic factor for survival in oral cancer patients undergoing
mandibular reconstruction with a free fibula flap

CHAPTER7 Association of low skeletal muscle mass and systemic inflammation with 111
surgical complications and survival after microvascular free flap head and
neck reconstruction

CHAPTER 8 Are perioperative complications in patients operated for oral squamous cell 141
carcinoma associated with low skeletal muscle mass?

CHAPTER9 Arterial calcification and low skeletal muscle mass are independent risk factors 157
for pharyngocutaeneous fistula formation after total laryngectomy

PART 11l THE PREDICTIVE AND PROGNOSTIC IMPACT OF LOW SKELETAL MUSCLE
MASS IN HEAD AND NECK CANCER PATIENTS TREATED WITH CHEMO- OR
BIORADIOTHERAPY

CHAPTER10 Image-based analysis of skeletal muscle mass predicts cisplatin dose-limiting 179
toxicity in patients with locally advanced head and neck cancer

CHAPTER 11 Pre-treatment low skeletal muscle mass is associated with chemotherapy 197
dose-limiting toxicity in head and neck cancer patients undergoing primary
chemoradiotherapy with high dose cisplatin

CHAPTER12 The predictive and prognostic value of low skeletal muscle mass for dose- 217

limiting toxicity and survival in head and neck cancer patients receiving
concomitant cetuximab and radiotherapy



CHAPTER 13  The predictive value of low skeletal muscle mass assessed on cross-sectional 235
imaging for anti-cancer drug toxicity: a systematic review and meta-analysis

CHAPTER14 The association of cisplatin pharmacokinetics and skeletal muscle mass in 257
head and neck cancer: the prospective PLATISMA study

CHAPTER15 Patterns, predictors and prognostic value of skeletal muscle mass loss in 273
patients with locally advanced head and neck cancer undergoing cisplatin-
based chemoradiotherapy

CHAPTER16  Skeletal muscle mass is an imaging biomarker for decreased survival in 293
patients with oropharyngeal squamous cell carcinoma

CHAPTER 17  Dysphagia, trismus and speech impairment following radiation-based treat- 313
ment for advanced stage oropharyngeal carcinoma: a one-year prospective
evaluation

PART IV SARCOPENIA IN ELDERLY HEAD AND NECK CANCER PATIENTS

CHAPTER 18  Sarcopenia is a prognostic factor for overall survival in elderly patients with 361
head and neck cancer

CHAPTER19 Sarcopenia measured with handgrip strength and skeletal muscle mass to 381
assess frailty in older patients with head and neck cancer

CHAPTER20 Low skeletal muscle mass predicts frailty in elderly head and neck cancer 401
patients

CHAPTER21  Summarizing discussion 421
General discussion and future perspectives

CHAPTER22 Nederlandse samenvatting 440
About the author 451
Dankwoord 452






Dank aan mijn ouders
voor de kansen die jullie mij geboden hebben

die jullie zelf nooit hebben gehad.






CHAPTER 1

| General introduction

OUTLINE OF THIS THESIS



12 | CHAPTER1

GENERAL INTRODUCTION

The inside of the human mouth, throat and airway ducts is composed of epithelial cells who
form a protective network of cells. The outer lining of these cells are squamous cells. Epi-
thelial cells are continually replaced. A mutation during replication of squamous cells leads
to mutated cells who divide uncontrollably and invade surrounding tissues. This marks the
start of head and neck squamous cell carcinomas (HNSCC). The vast majority of head and
neck cancers are HNSCC. Despite the fact that HNSCC arise from one cell type in the head and
neck region, HNSCC are remarkably heterogeneous. This heterogeneity is in part caused by
the different etiologies, complexity of the anatomical sites in which it develops and the large
molecular heterogeneity.!

Head and neck cancer is the ninth most common cancer type worldwide with an estimated
835.000 new cases and 428.000 deaths in 2018.2 In the Netherlands, approximately 3000 pa-
tients are newly diagnosed with head and neck cancer and approximately 900 patients die
annually due to head and neck cancer.? Men are more frequently diagnosed with head and
neck cancer. The incidence of head and neck cancer increases with age. Head and neck cancer
is frequently located in the oral cavity, nasopharynx, oropharynx, hypopharynx and larynx
(figure 1). Less frequent locations are the paranasal sinuses and salivary glands.

Figure 1. Major anatomical sites of squamous cell carcinoma of the head and neck. The inset shows the
typical histological features of squamous cell carcinoma of the head and neck.*
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Heavy use of tobacco causes most head and neck cancers, and heavy use of alcohol syner-
gistically increases the risk caused by tobacco use. The incidence of head and neck cancers
caused by these risk factors is globally slowly declining, in part because of decreased use
of tobacco.® The second most common cause of head and neck cancer is infection with the
sexually transmitted human papillomavirus (HPV); commonly high-risk HPV type 16.5 Over the
past decade, there is increasing incidence of HPV-related head and neck cancers.” HPV leads
to expression of E6 and E7 oncoproteins that inactivate the tumor-suppressor proteins p53
and the retinoblastoma protein (pRb), respectively, which leads to the malignant behavior
of HPV-related tumors.® HPV-related head and neck cancers are typically located in the oro-
pharynx. Patients with HPV-related head and neck cancers have unique risk factor profiles,
better prognosis and have different epidemiology.® HPV-related head and neck cancers are
more frequently seen in white men under age of 50 who usually do not smoke or use alcohol.*®

HNSCC is staged according to the 8t edition of the American Joint Committee on Cancer
(AJCC).! Staging is based on the size or extent of the primary tumor, involvement of lymph
nodes and distant metastases, which are the T, N and M stage respectively. Combinations of
these T, N and M stages are grouped in four disease stages. The TNM stage is a strong prog-
nostic factor for disease outcome; patients with higher stages of disease are more likely to
experience poorer survival outcomes. Generally, early stage head and neck cancer (stage |
and I1) includes smaller tumors without lymph node involvement and advanced stage head
and neck cancers (stage Ill and 1V) are characterized by more extensive local tumors with
frequently invasion of surrounding structures, tumor involved lymph nodes and/or distant
metastatic spread.!

CURATIVE TREATMENT OPTIONS FOR PATIENTS WITH HEAD AND NECK CANCER
Early-stage head and neck cancer (stage | and Il) can generally be treated with primary surgery
or radiotherapy. For oral cavity cancer, surgical resection of the primary tumor with elective
neck dissection or sentinel node biopsy is preferred. This is followed by adjuvant radiotherapy
or chemoradiotherapy depending on the presence of adverse histopathological features. At
other sites, surgery is usually only performed for small and endoscopic accessible early-stage
head and neck cancer. The 5-years overall survival for early-stage head and neck cancer ranges
from 60 to 98% and varies between tumor sites. More than 60% percent of the patients pres-
ent at diagnosis with locally advanced stage head and neck cancer (stage Ill and IV).* Treating
locally advanced stage HNSCC requires evaluation by a multi-specialty team and multimodal
treatment since the choice of treatment is dependent on the stage of the disease, anatomical
site, surgical accessibility and preference of the patient (i.e., preserving function at the expense
of survival). Multimodal treatment compromises (1) primary surgery with or without postop-
erative radiotherapy or chemoradiotherapy or (2) primary concomitant chemoradiotherapy
or radiotherapy in combination with cetuximab (bioradiotherapy), with salvage surgery in
reserve for residual or recurrent disease. In patients with locally advanced oral cavity cancer
and hypopharyngeal or laryngeal cancer with cartilage invasion, extralaryngeal extension or
an afunctional larynx, primary surgery is the treatment of choice. Salvage surgery can also be

13
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considered for persistent or recurrent disease at the primary tumor site or the regional lymph
nodes after definitive chemoradiotherapy. The MACH-NC meta-analysis showed that cispla-
tin-based chemoradiotherapy is a curative treatment option when surgical resection is less
feasible or would result in poor long-term functional outcomes.*? An absolute survival benefit
of 4.5% at 5 years has been found when chemotherapy was added to locoregional treatment
(radiotherapy).The most effective treatment modality was concomitant chemoradiotherapy
with a hazard ratio of death of 0.81 (95% CI1 0.78-0.86) and an absolute survival benefit of 6.5%
at 5 years.!? Chemoradiotherapy in the primary setting can be given for locally advanced
HNSCC patients for two reasons (1) organ and function preservation or (2) unresectable dis-
ease. The Radiation Therapy Oncology Group (RTOG) found that chemoradiotherapy given
in a concomitant setting was most effective for organ preservation in laryngeal cancer and
locoregional control. In head and neck cancer, platinum-based drugs are the most effective
and most studied chemotherapy drugs used to treat head and neck cancer. The RTOG schedule
is the most commonly used schedule in head and neck cancer, consisting of cisplatin 100mg/
m? on days 1, 22 and 43 combined with conventional radiotherapy (70 Gy in 35 fractions in
7 weeks).” In the adjuvant setting, after surgery, the addition of cisplatin to radiotherapy is
more effective than radiotherapy alone in HNSCC patients with high-risk pathological features
i.e. irradical resection (positive surgical margins) or extracapsular extension of lymph node
metastasis.***

Concurrent chemoradiotherapy is associated with various in-field and systemic acute and
chronic toxicities. Common side effects encountered in patients treated with cisplatin-based
chemoradiotherapy are ototoxicity, nephrotoxicity and bone marrow depression, these side
effects can be dose-limiting which causes patients not to complete all prescribed cisplatin
cycles. Therefore, its use is predominantly for non-elderly patients who have a good perfor-
mance status without major comorbidities. In patients who are not cisplatin-fit, e.g., patients
with hearing problems or decreased renal function, other systemic therapeutics are carbo-
platin and cetuximab. Carboplatin is sometimes used when head and neck cancer patients
have co-existent renal impairment, but treatment with carboplatin is less effective than
high-dose cisplatin for curative therapy.i®* The combination of the epidermal growth factor
receptor (EGFR) antibody cetuximab and radiotherapy, also called bioradiotherapy, improves
locoregional control, progression-free survival and overall survival compared to radiother-
apy alone.’” Common side effects of bioradiotherapy include acneiform rash and infusion
reactions. Recent trials have shown that locoregional control and overall survival rates are in
favor for cisplatin-based chemoradiotherapy compared to cetuximab-based bioradiotherapy
in patients with (mainly HPV-positive) locally advanced HNSCC.18-2°

PROGNOSIS OF PATIENTS DIAGNOSED WITH HEAD AND NECK CANCER

Prognosis of patients with head and neck cancer varies depending on epidemiological fac-
tors (e.g. HPV-status), anatomical location and stage.* Recent advances such as the introduc-
tion of immunecheckpoint inhibitors for treatment of recurrent or metastatic head and neck
cancer have led to increased benefit for some patients.?! Other treatment advances such as
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improvements in surgical techniques and advances in radiotherapy have also contributed to
preservation of function and reduced morbidity and mortality. Despite intensive treatment,
the prognosis of head and neck cancer patientsis generally poor. The 5-year overall survival of
patients with HNSCC is largely dependent on disease stage. Locally advanced diseases have a
poor prognosis with a 5-year overall survival less than 50%.%> As mentioned earlier, HPV-related
head and neck cancers have a distinct behavior and an overall better prognosis. The 3-year
survival of HPV-positive tumor patients is better than HPV-negative patients, 82% versus 57%,
respectively (p< 0.001).. Due to increased prevalence of HPV-related tumors and increased
treatment advances, the number of survivors of HNSCC rises. Patients with HPV-related can-
cers can be divided in three risk groups based on smoking habits and the T or N stage with
different 3-year overall survival rates: 94% for the low risk, 67% for the intermediate risk and
42% for the high risk group.® In 2017, the AJCC and the Union for International Cancer Control
(UICC) introduced a separate staging system for patients with HPV-positive oropharyngeal
carcinoma in recognition of the improved prognosis.!*?3

PREDICTORS AND PROGNOSTICATORS IN HEAD AND NECK CANCER

As mentioned earlier, TNM stage and HPV-status are major prognosticators for survival in
patients with head and neck cancer. Itis also known that incompletely resected or inoperable
tumor carry a worse prognosis. For surgically treated patients, involvement of the resection
margin (R1) at the primary site or extracapsular spread at different levels of lymph nodes are
independent prognostic factors for overall survival in HNSCC.** However, for HPV-related oro-
pharyngeal carcinoma, extracapsular spread and advanced nodal stage are not predictive for
local recurrence, whereas patients with positive tumor margins, 5 or more neck node metas-
tases and a T stage of 3 or 4 are identified as a high-risk population.? It has also been shown
that the type of surgery used to treat HNSCC may also be an important prognostic factor in
HNSCC outcomes.? Nevertheless, stage-dependent differences in outcomes have been consis-
tently over the past two decades, despite the development of risk-adapted curative treatment
strategies.? Novel strategies are thus needed to change the focus from uniform treatment
for all patients with the same TNM stage, clinical and histological features to a personalized
treatment guided by biomarkers that identify individual differences between patients.

AN EMERGING PREDICTIVE AND PROGNOSTIC BIOMARKER IN THE FIELD OF
CANCER: SARCOPENIA

Over the last decade, research on body composition has gained increased attention in onco-
logical and surgical literature. Body composition consists of fat mass and fat-free mass also
called lean body mass. The skeletal muscle mass is the largest contributor to the lean body
mass.?” Low skeletal muscle massis also referred to as sarcopenia. Sarcopenia lends its name
from the Greek words “sarx” meaning flesh and “penia” meaning lack of. Sarcopenia can be
primary due to ageing and secondary due to an underlying disease. The proposed definition of
sarcopenia of the European Working Group on Sarcopenia in Older People (EWGSOP) requires
adecrease in skeletal muscle mass and a decrease in muscle function.?® Muscle function is not
routinely measured; therefore, the terms sarcopenia and low skeletal muscle mass are often
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used interchangeably in literature. It is estimated that the prevalence of primary sarcopeniain
the general population is 5-13% for people aged 60-70 years, and up to 50% for those aged 80
years or above.? Secondary sarcopenia is due to chronic systemic inflammation, malnutrition
and immobilization.® It is suggested that for cancer patients, a chronic systemic inflammatory
state caused by the tumor microenvironment leads to the presence of secondary sarcopenia.?
Low skeletal muscle mass is associated with adverse outcomes in oncological patients and
in particular when a state of both low skeletal muscle mass and a disproportional surplus of
fat mass is present (sarcopenic obesity).>*-** Head and neck cancer patients are at risk for low
skeletal muscle mass (secondary sarcopenia) due to tumor site which leads to dysphagia and
difficulty of swallowing, leading to malnutrition and a catabolic state. At diagnosis, up to 50%
of patients with HNSCC present with signs of malnutrition.3

SKELETAL MUSCLE MASS INVESTIGATION

There are several methods to measure body composition and skeletal muscle mass. These
methods include ‘dual-energy X-ray’-absorptiometry (DEXA) scan, bioelectrical impedance
analysis (BIA) and modern imaging techniques including Computed Tomography (CT) and
Magnetic Resonance Imaging (MRI).>*" BIA is based on the difference in electrical conductance
of the different body compartments; muscle mass has a high water content and therefore
low electrical resistance, whereas fat mass has a lower water content and higher resistance.
Both DEXA and BIA are generally low cost and easy to use. These diagnostic tools are how-
ever confounded by alterations in hydration, edema and food intake. Therefore, its use in
assessing body composition of patients with cancer is not favored. Both CT and MRI allow for
the detailed assessment of all body compartments including skeletal muscle mass. In 2004,
Shen et al. showed a high correlation between the cross-sectional skeletal muscle area on
a single MRl slice at the level of the third lumbar vertebra (L3) and whole body total skeletal
muscle volume as measured on whole body MRI.*¢ In contrast to skeletal muscle mass mea-
surement on MRI, in which skeletal muscle mass measurement is fully manually performed,
measurement on CT imaging can be performed using semi-automatic software programs and
with predefined Hounsfield unit range that are muscle specific. In most studies, a Hounsfield
unit range between -29 and +150 is accepted as being skeletal muscle mass.* For abdominal
imaging, the area of the psoas, erector spinae, quadratus lumborum, transversus abdominis,
external and internal obliques and rectus abdominis muscles on level L3 are segmented on
a single axial-slice (figure 2).
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Figure 2. Skeletal muscle mass segmentation (red) at the level of L3 for three different patients with
different body mass index (BMI) but same skeletal muscle mass.
Increasing BMI (kg/m?)

UNDERWEIGHT | OVERWEIGHT

Similar
skeletal
muscle

BMI 18 kg/m? | BMI 25 kg/m? : BMI 31 kg/m?

. Skeletal muscle

Abdominal CT is routinely performed during diagnostic work-up and follow-up of many cancer

patients, and thus imaging is routinely available for analysis without any extra burden for the
patient or healthcare-related costs. In 2008, Prado et al. showed that there is a linear rela-
tionship between a person’s height and the skeletal muscle area at the level of L3.%° Therefore
the skeletal muscle area at the level of L3 is adjusted for squared height, to calculate the
skeletal muscle index (SMI; cm?/m?), as a estimation of a person’s total skeletal muscle mass
in proportion to stature.” Prado et al were the first to investigate the relationship between
low skeletal muscle mass (low skeletal muscle mass index) and adverse outcomes in patients
with cancer.?®* Since 2008, various studies have shown that low skeletal muscle mass is asso-
ciated with increased rates of postoperative complications, chemotherapy-related toxicity,
prolonged hospital stay, increased healthcare related costs, and decreased overall and dis-
ease-specific survival rates in patients with colon cancer, breast cancer, lung cancer, bladder
cancer, pancreatic cancer and hematological malignancies, amongst others.*>*° Abdominal CT
imaging is not routinely performed in head and neck cancer patients and is often only available
in patients with locally advanced disease. In 2016, Swartz et al. published a novel assessment
method for skeletal muscle mass using a single CT slice at the level of the third cervical verte-
bra (C3), which is featured on regular head and neck CT imaging.*! Figure 3 shows an example
of skeletal muscle mass segmentation on the level of C3 in which both sternocleidomastoid
muscles and the paravertebral muscles are segmented.

17
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I Figure 3. Skeletal muscle mass segmentation at the level of C3 in which the sternocleidomastoid and
paravertebral muscle are segmented in red.

A good correlation between skeletal muscle mass area at the level of C3 and L3 was found
(r=0.785). Amultivariate formula to estimate the skeletal muscle mass area at the level of L3
from the skeletal muscle mass area at the level of C3 was formulated; the correlation between
the estimated skeletal muscle mass area at the level of L3 and the actual skeletal muscle
mass area at the level of L3 was excellent (r=0.891). This allows for skeletal muscle mass
measurements on routinely performed head and neck CT imaging for head and neck cancer
diagnosis and treatment evaluation. Due to heterogeneity in patients with head and neck
cancer, research is necessary to understand what, and if any, relationship exists between
skeletal muscle mass and treatment outcomes. This knowledge may aid in individualizing
curative goals which aims at structural and functional preservation, amelioration of treatment
outcomes and the maintenance of quality of life.
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AIM AND OUTLINE OF THIS THESIS

The introduction describes the poor prognosis of patients with HNSCC and in particular of
patients with locally advanced HNSCC. Besides the poor prognosis, treatment of HNSCCC is
also associated with a high frequency of severe toxicities. Over the past decade, research on
body composition cancer is rapidly increasing. The main of the research described in this thesis
is to evaluate diagnostic measurements of skeletal muscle mass, to evaluate the predictive
and prognostic value of low skeletal muscle mass in patients with HNSCC who are surgically
treated and who are treated with systemic therapy (chemoradiotherapy and bioradiotherapy).

Part 1 of this thesis presents the diagnostic research on skeletal muscle mass measurements.
Before investigating the predictive and prognostic value of skeletal muscle mass the measure-
ment method has to be validated and its robustness tested.

Therefore, in Chapter 2 we correlate skeletal muscle mass measurement on head and neck
computed tomography imaging at the level of the third cervical vertebra and on abdominal im-
aging at the level of the third lumbar vertebrain a large cohort of patients. Because sometime
only MRI of the head and neck is available and CT not, we correlate in Chapter 3 measurement
of skeletal muscle mass at the level of the third cervical vertebrae using computed tomography
imaging and magnetic resonance imaging. In an attempt to find an alternative skeletal mass
measurement on head and neck CT, we investigate the association of muscle segmentation of
the musculus masseter and muscle segmentation at the level of the third cervical and lumbar
vertebra in Chapter 4. Because gender specific cut-off values for defining low skeletal muscle
mass on head and neck are missing, we developed new cut-off values for low skeletal muscle
mass obtained by image-analysis in patients with head and neck cancer in Chapter 5.

Part Il of this thesis presents the predictive and prognostic impact of skeletal muscle mass
in surgically treated head and neck cancer patients. The predictive and prognostic value of
skeletal muscle mass may differ for specific head and neck cancer patient groups. Thereore,
groups of head and neck cancer patient undergoing surgical procedures with high and low risk
of complications are investigated. In Chapter 6 we investigated the predictive and prognostic
impact of low skeletal muscle mass on postoperative morbidity and survival in oral cavity
cancer patients undergoing surgical resection and mandibular microvascular reconstruction
with a free fibula flap. Besides skeletal muscle mass, systemic inflammation may also influence
treatment outcomes of head and neck cancer patients undergoing microvascular free flap re-
construction. Therefore, in Chapter 7 we investigated the predictive and prognostic impact of
low skeletal muscle mass and elevated systemic inflammation on postoperative morbidity and
survivalin head and neck cancer patients undergoing microvascular free flap reconstruction
using a variety of free flaps. The predictive impact of skeletal muscle mass on perioperative
complications is further investigated in patients with oral squamous cell carcinoma and pre-
sented in Chapter 8. Besides skeletal muscle mass, arterial calcification is also assessed on
routine diagnostic CT imaging and could be used as an additional image-based biomarker.

19



20 | CHAPTER1

Therefore, in Chapter 9 we investigated the predictive impact of low skeletal muscle mass
and arterial calcification on the occurrence of pharyngocutaneous fistula in patients with
laryngeal cancer undergoing total larynx extirpation.

Part Il of this thesis presents the predictive and prognostic impact of skeletal muscle mass
in head and neck cancer patients treated with systemic therapy. Because the effect of skeletal
muscle mass on (dose limiting) toxicity and survival may be different for different anti-cancer
drugs, we investigate, besides cisplatin, also other anti-cancer drugs. The impact of low skel-
etal muscle mass may also differ for specific subgroups with favourable treatment outcome;
therefore, we investigate its predictive and prognostic impact in patients with oropharyngeal
cancer. Moreover, we also investigate the association of skeletal muscle mass and functional
outcome after non-surgical treatment of head and neck cancer. In Chapter 10, we investigated
the predictive impact of low skeletal muscle mass on cisplatin dose-limiting toxicity in pa-
tients with locally advanced head and neck cancer who were treated with chemoradiotherapy.
Chapter 11 presents the same study as described in Chapter 10 in another hospital to validate
the predictive impact of low skeletal muscle mass on cisplatin dose-limiting toxicity and to
investigate the prognostic impact for survival in patients with head and neck cancer treated
with chemoradiotherapy. Sometimes head and neck cancer patients are not fit enough to
receive cisplatin-based chemoradiotherapy and these patients are offered cetuximab-based
bioradiotherapy. Therefore, in Chapter 12 we present the predictive and prognostic impact
of low skeletal muscle mass on cetuximab dose-limiting toxicity and survival in patients with
head and neck cancer treated with bioradiotherapy. Besides the impact of skeletal muscle
mass on cisplatin toxicity and cetuximab toxicity in patients with head and neck cancer, we
investigated the impact on other anti-cancer drug toxicity in a variety types of cancers by
a systematic review and meta-analysis presented in Chapter 13. To further investigate the
hypothesis of the relationship between cisplatin pharmacokinetics and skeletal muscle mass
in locally advanced head and neck cancer patients treated with chemoradiotherapy, we per-
formed a prospective observational study, presented in Chapter 14. Because cislaptin itself
is also thought to influence skeletal muscle mass changes, we investigated in Chapter 15 the
patterns, predictors and prognostic impact of skeletal muscle mass loss after cisplatin-based
chemoradiotherapy in patients with head and neck cancer. For the subgroup of oropharyngeal
cancer patients, in Chapter 16 we investigated the prognostic impact of low skeletal muscle
mass for decreased survival in patients with oropharyngeal squamous cell carcinoma. In Chap-
ter 17 we present a prospective observational study describing the impact of low skeletal
muscle mass on functional outcomes after radiation-based treatment in patients with locally
advanced oropharyngeal carcinoma.

Approximately a quarter of HNSCC patients is older than 70 years at diagnosis. This percent-
age is expected to increase in the upcoming decades. Therefore, in Part IV of this thesis we
present the predictive and prognostic impact of skeletal muscle mass in elderly head and
neck cancer patients. Because both low skelatal muscle mass and frailty are prognostic and
predictive factors and are both common in the elderly, we investigate their association and
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their predictive and prognostic impactin elderly head and neck cancer patients. Chapter 18
presents the prognosticimpact of low skeletal muscle mass and low muscle function on overall
survival in elderly patients with head and neck cancer. Chapter 19 presents the predictive
impact of sarcopenia measured with skeletal muscle mass and muscle strength on frailty in
elderly patients with head and neck cancer. Chapter 20 presents the association of sarcopenia
measured with skeletal muscle mass and muscle function and frailty in elderly patients with
head and neck cancer. In Chapter 21 a summary and general discussion is presented with
future perspectives and in Chapter 22 a Dutch summary is presented.
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