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growth factor receptor (EGFR), combined with radiotherapy. The combination of 
cetuximab and radiotherapy is less effective than platinum-based CRT, but is an 
option in platinum unfit patients 10,11 For treatment decision making every HNC 
patient is discussed in a HNC multidisciplinary team (MDT).

Chemoradiotherapy in head and neck squamous cell carcinoma
Commonly, primary CRT with curative intent consists of radiotherapy with 70 
Gray total radiation dose in 35 fractions, generally combined with 3 three-weekly 
cycles high dose cisplatin at 100mg/m2 body surface area (BSA) per cycle, at a 
cumulative dose of 300mg/m2 BSA of cisplatin.8 Cisplatin acts as a radiosensitizer 
in HNSCC, and the addition of high dose cisplatin chemotherapy to radiotherapy 
monotreatment improves locoregional disease control and results in a 6.5% 
increase in 5-year overall survival.8 However, the addition of cisplatin to radiation 
treatment can cause severe side effects, such as nausea, nephrotoxicity, bone 
marrow depression, neurotoxicity and ototoxicity. Acute toxicity is a common 
and serious problem in HNSCC patients, and results in dose-reductions, treatment 
delay or treatment termination (chemotherapy dose limiting toxicity, CDLT) in 
approximately 30% of the patients.12 An alternative to the high dose, three-weekly 
cisplatin chemotherapeutical regimen is weekly cisplatin at a dose level of 30-
40mg/m2, which is generally associated with less acute toxicity and still results 
in a cumulative cisplatin dose of 210 to 280mg/m2 BSA. Currently, randomized 
controlled trials have provided level 1 evidence for the improvement of 
locoregional control and overall survival in locally advanced HNSCC with primary 
CRT with 3 three-weekly cycles of high dose cisplatin at a dose level of 100mg/
m2 BSA.12 Prospective randomized controlled trials directly comparing high 
dose cisplatin with low dose cisplatin are however scarce. A systematic review 
of 52 prospective trials in head and neck cancer patients concluded that there 
is insufficient evidence available to meaningfully compare high dose cisplatin to 
low dose cisplatin.13 In recent years, several large clinical trials have investigated 
de-escalation strategies with cetuximab as radiosensitizer in HNSCC, particularly 
in HPV-associated HNSCC.14,15 These studies concluded that CRT with high-dose 
three-weekly cisplatin remains the preferred treatment option with the highest 
survival benefit compared to cetuximab. 

It can be anticipated that CDLT has a negative effect on the survival of HNSCC 
patients because patients receive a suboptimal treatment with toxic side effects. 
Large prospective trials and retrospective studies show that a higher cumulative 
dose is associated with better survival rates, and particularly that a cumulative 
cisplatin dose of less than 200mg/m2 is associated with a significantly decreased 

General introduction

Head and neck cancers (HNCs) are among the most frequent tumors in the world 
with an estimated 835.000 new cases and 428.000 deaths in 2018.2 There has 
been a significant increase in the global incidence of HNC over the past decade. 
In the Netherlands, about 3000 patients are diagnosed with HNC yearly, resulting 
in approximately 900 annual deaths.3 More than 90% of all HNCs are head and 
neck squamous cell carcinomas (HNSCC). Prolonged tobacco consumption and 
alcohol abuse are the main risk factors associated with HNSCC, and the combined 
consumption of alcohol and tobacco appears to have a synergistic effect.4 Besides 
these traditional risk factors, a specific subset of HNSCC predominantly located in 
the oropharynx is caused by high risk human papillomaviruses (HPV); commonly 
high-risk HPV types 16 and 18.5 The incidence of HPV-positive oropharyngeal 
cancer is fast growing, particularly in developed countries. Patients with HPV-
positive oropharyngeal cancer are typically younger, have less comorbidities 
and lack the traditional risk factors for head and neck cancer such as prolonged 
tobacco consumption or alcohol abuse.6 

Curative treatment options for head and neck squamous cell 
carcinoma
Early stage HNSCC can be treated curatively with primary radiotherapy or local 
surgical excision. The majority of HNSCC patients presents with advanced disease 
at diagnosis (large tumor and/or regional lymphatic metastasis). Distant metastasis 
at diagnosis is uncommon at approximately 10% of patients, so the treatment 
of advanced stage HNSCC is most often with curative intent.4 The treatment of 
advanced stage HNSCC is commonly multimodal, and generally includes primary 
surgery and adjuvant radiotherapy with or without chemotherapy; or primary 
radiotherapy with chemotherapy with salvage surgery in reserve.7 During the last 
two decades, the preference of first choice treatment of advanced stage HNSCC 
has generally shifted from primary surgery to primary radiotherapy combined 
with chemotherapy (chemoradiotherapy; CRT) with high dose cisplatin as the 
chemotherapeutical agent.8 The main benefit of primary CRT as opposed to 
primary surgery is that it offers the opportunity for organ preservation (e.g. 
larynx) and to generally avoid major and complex surgery.9 However, organ 
preservation is not similar to preservation of function, which must be the goal 
of organ preservation treatments. Because of better oncological outcome, 
resectable T4 are generally treated by surgery. Irresectable HNSCC is of course 
treated by radiotherapy and/or chemotherapy. Other treatment options include 
targeted therapy, e.g. cetuximab, a monoclonal antibody targeting the epithelial 
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Low skeletal muscle mass
Over the last decade, the specific body composition of a patient has become 
a subject of interest in oncological and surgical research. A person’s body 
composition traditionally describes the amount of lean tissue mass and fat tissue 
mass in the body, and its proportionality to one other. The skeletal muscle mass 
is the largest contributor to the lean tissue mass.28 A deficit of skeletal muscle 
mass, sometimes termed sarcopenia, and particularly when combined a state 
of disproportionality surplus of fat mass (sarcopenic obesity), is associated with 
adverse outcomes in surgical and oncological literature.29–31 

Sarcopenia lends its name from the Greek words “sarx” meaning flesh and 
“penia” meaning lack of. Sarcopenia was first described as a geriatric syndrome, 
describing the age-related loss of skeletal muscle mass while fat mass remains 
equal or increases, combined with a loss of muscle function. The official definition 
of sarcopenia of the European Working Group on Sarcopenia in Older People 
(EWGSOP) requires a decrease in skeletal muscle mass and a decrease in muscle 
function.32 In the elderly, sarcopenia is a risk factor for various adverse outcomes 
including physical disability, decreased quality of life, and ultimately early death. 
It is estimated that the prevalence of sarcopenia in the general population is 
5-13% for people aged 60-70 years, and up to 50% for those aged 80 years or 
above.33 Independent of age, sarcopenia can exist secondary to chronic systemic 
inflammation, malnutrition and immobilization.32 In cancer patients, a risk factor 
for sarcopenia inherently present is the malignant tumor itself, which may trigger 
a chronic systemic inflammatory process in the body as a reaction to the tumor.32

Investigating body composition
There are several methods to investigate the body composition of a patient. 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).34,35 The DEXA scan is 
typically used to assess bone density in osteoporosis, but can also be used to quantify 
fat mass and fat-free mass, the latter of which the largest component is skeletal 
muscle mass. The BIA method 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, but these 
are less accurate than modern imaging techniques in quantifying the different tissue 
compartments, particularly in patients with obesity or during illness. Also, DEXA and 
BIA are not routinely retrospectively available or performed in most cancer patients. 

survival in HNSCC patients treated with CRT.16-19 Treatment-related toxicity 
itself can also have a negative effect on short-term and long-term survival.17 
There are several contraindications for the use of high dose cisplatin, such as 
decreased renal function, severe hearing loss, poor WHO functional status, but 
these contraindications do not identify the 30% of patients that experience CDLT 
in daily clinically practice. There is a clinical need for new accurate predictive 
characteristics or biomarkers to identify patients at high risk of cisplatin dose-
limiting toxicity.

Treatment of laryngeal cancer
Specific for patients with advanced stage laryngeal or hypopharyngeal cancer, 
treatment options include primary total laryngectomy, with or without (partial) 
pharyngectomy (pharyngo-laryngectomy), primary radiotherapy, and CRT. 
The latter two treatment options have the intent of organ preservation of the 
larynx.9 Treatment choice for either options may be guided by bulky tumor size 
or cartilage involvement (favoring primary laryngectomy), functional status and 
patient preferences.20,21 Despite initial organ preservation strategies, laryngectomy 
still needs to be performed in roughly a third of advanced stage laryngeal and 
pharyngeal cancer patients, either as salvage procedure for recurrent disease, as a 
treatment of a second primary malignancy or for functional reasons.22 

Total laryngectomy is a major surgical procedure and is associated with significant 
morbidity and mortality, as well as a reduced quality of life after surgery. 
Postoperative complications, particularly the occurrence of a pharyngocutaneous 
fistula (PCF) are common and difficult to treat. Up to thirty percent of patients 
develop PCF, which may require additional reconstructive surgery, prolong feeding 
tube dependency and increase hospital stay.23–25 The occurrence of a PCF may 
also cause delay of postoperative (chemo)radiotherapy, thus jeopardizing optimal 
oncological treatment. Previously described risk factors for the occurrence of a PCF 
include prior CRT with platinum-based chemotherapy, hypopharyngeal cancer, 
extensive pharyngeal resection and reconstruction, additional neck dissection and 
low body mass index.26 Current research aims to find additional risk factors for the 
occurrence of a PCF, to provide the clinician with accurate tools to identify those 
patients at highest risk of PCF. Possibly, preemptive treatment strategies or different 
surgical techniques can be used in those patients to decrease the risk of PCF.27 

One risk factor proposed in recent oncological research for both the occurrence 
of postoperative complications as well as CDLT is an abnormal body composition, 
and specifically low skeletal muscle mass, sometimes termed sarcopenia.
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group with advanced disease and high risk features for distant metastasis. This 
may explain why studies in HNSCC on the association between low skeletal 
muscle mass and adverse outcomes are relatively scarce. The first study in patients 
with HNSCC treated with radiotherapy showed that a loss of skeletal muscle 
mass during treatment was associated with adverse outcomes.47 Risk factors for 
low skeletal muscle mass are often present in patients with HNSCC. Patients with 
HNSCC are often over the age of 60, particularly those with HPV negative disease. 
Also, malnutrition is highly common in patients with HNSCC. At diagnosis, up to 
50% of patients with HNSCC present with signs of malnutrition, such as weight 
loss, a low BMI and/or vitamin deficiencies.48

Another application of using routinely performed imaging to investigate the body 
composition of a patient, is to routinely performed CT imaging can be used to 
measure arterial calcification as a biomarker for generalized cardiovascular disease. 
In breast cancer patients, a higher coronary artery calcium score measured on 
radiotherapy planning CT imaging was associated with increased cardiovascular 
disease risk, and identified patients at increased risk of cardiovascular disease that 
would otherwise not have been identified.49 In patients in a lung cancer screening 
program, coronary artery calcium score measured on lung cancer screening CT 
imaging was associated with increased cardiovascular death.50 In esophageal 
cancer patients undergoing esophagectomy, generalized arterial calcification was 
associated with anastomotic leakage after surgery.51,52 

Assessment of body composition on head and neck CT imaging
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 vertebra, which is 
featured on regular head and neck CT imaging.53 A good correlation between 
CSMA at the level of C3 and L3 was found (r = 0.785). A multivariate formula 
to estimate the CSMA at the level of L3 from the CSMA at the level of C3 was 
formulated; the correlation between the estimated CSMA at the level of L3 and 
the actual CSMA at the level of L3 was excellent (r = 0.891). This skeletal muscle 
mass assessment method has not yet been validated. 

The measurement method skeletal muscle mass was first applied in a retrospective 
cohort study by Wendrich et al.54 The relationship between low skeletal muscle 
mass as measured at the level of C3 and the occurrence of CDLT in patients 
with locally advanced stage HNSCC treated with CRT with platinum-based 
chemotherapy was investigated. This study showed that patients with low skeletal 
muscle mass had a trifold risk of CDLT (44% versus 14%). 

Both CT and MRI allow for the detailed assessment of all body compartments 
including skeletal muscle mass. In the 1980s, the first studies using MRI and CT 
imaging to investigate body composition were published. In subsequent years, 
several studies were published describing the assessment of whole body skeletal 
muscle volume and adipose tissue volume using whole body MRI. In 2004, Shen 
et al. showed a high correlation between the cross-sectional skeletal muscle area 
(CSMA) on a single MRI slice at the level of the third lumbar vertebra (L3) and 
whole body total skeletal muscle volume as measured on whole body MRI.36 A 
downside of MRI is that the assessment of skeletal muscle mass generally is very 
time-consuming and fully manual, whereas the assessment of skeletal muscle 
mass on CT imaging can be performed using semi-automatic software programs 
and with predefined Hounsfield unit settings to aid in the identification of skeletal 
muscle mass. In most studies, Hounsfield unit values between -30 and +150 is 
accepted as being skeletal muscle mass.37 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 relationship between a person’s 
height and the CSMA at the level of L3.38 Therefore the CSMA at the level of L3 is 
adjusted for height, to calculate the lumbar skeletal muscle index (lumbar SMI; 
cm2/m2), as a estimation of a person’s total skeletal muscle mass in proportion to 
stature.38 Prado et al were the first to use CT imaging, acquired for routine medical 
purposes such as diagnosis or treatment response, to investigate the relationship 
between a low lumbar SMI and adverse outcomes in oncological patients.38,39 A 
low lumbar SMI was termed sarcopenia in these studies, although technically only 
skeletal muscle mass was assessed and not muscle function. The terms sarcopenia 
and low skeletal muscle mass are often used interchangeably in oncological and 
surgical literature. 

Since 2008, a plethora of retrospective studies have been published that show 
an association between low skeletal muscle mass as measured at the level of L3 
and adverse outcomes.29,30 Low skeletal muscle mass has been associated with 
increased rates of postoperative complications, chemotherapy-related toxicity, 
prolonged hospital stay, increased healthcare related costs, and decreased overall 
and disease-specific survival rates, in patients with colon cancer, breast cancer, 
lung cancer, bladder cancer, pancreatic cancer and hematological malignancies, 
amongst others.29,30,40–46 Abdominal CT imaging is not routinely performed in head 
and neck cancer patients, and is often only available in a preselected patient 
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high dose cisplatin. Chapter 6 will investigate the relationship between low 
skeletal muscle mass and short and long term outcomes in patients undergoing 
total laryngectomy. In Chapter 7, the presence of sarcopenia, defined as a low 
skeletal muscle mass and low muscle function, is researched in a cohort of elderly 
head and neck cancer patients, and its relationship with survival is investigated. 
Chapter 8 describes the relationship between low skeletal muscle mass and 
overall survival in patients with oropharyngeal cancer. Chapter 9 explores the 
incidence of arterial calcifications on CT imaging of the head and neck area in 
patients undergoing total laryngectomy, and examines its association with the 
occurrence of a pharyngocutaneous fistula. 

Finally, in Part IV, the mechanism behind the association between low skeletal 
muscle mass and increased incidence of CDLT is explored. A hypothesis for this 
phenomenon is that the pharmacokinetics of hydrophilic chemotherapeutical 
agents including cisplatin is altered with respect to the distributional volume 
in patients with an abnormal body composition; namely, that patients with 
low skeletal muscle mass and normal or high adipose tissue mass may actually 
receive a relatively high dose of the chemotherapeutical agents due to its main 
distribution into the fat-free body mass, of which skeletal muscle mass is the 
largest contributor. In Chapter 10, the study protocol for  prospective study 
investigating the relationship between low skeletal muscle mass, body surface 
area and cisplatin pharmacokinetics is described. The results of this study will 
provide clarity into the relationship between low skeletal muscle mass, cisplatin 
pharmacokinetics and cisplatin toxicity.

This thesis describes the relationship between radiologically assessed body 
composition and clinical outcomes in head and neck cancer patients, and 
may allow for personalized medicine in terms of treatment adaptation and risk 
optimization with regard to the individual patient’s body composition, in a patient 
population known to be at high risk of adverse clinical outcomes.

Aims of this thesis  
The radiologically assessed body composition of cancer patients has been of 
research interest in recent years. Specifically a low skeletal muscle mass has 
been associated with increased postoperative complications, prolonged hospital 
stay and decreased survival in surgical and medical oncology. In head and neck 
cancer, the predictive and prognostic value of low skeletal muscle mass has not 
yet been researched as thoroughly as in most types of cancer. The most common 
measurement method for skeletal muscle mass, using routinely performed 
abdominal CT imaging at the level of the third lumbar vertebra is not applicable 
in head and neck cancer patients. The recently published measurement method 
for skeletal muscle mass at the level of the third cervical vertebra is applicable in 
almost all head and neck cancer patients, because imaging of the head and neck 
area is almost always available. 

The aims of this thesis are trifold: 1. the validation of skeletal muscle mass 
measurement at the level of C3 in Part II of this thesis; 2. to investigate the clinical 
relevance of low skeletal muscle mass, sarcopenia and arterial calcifications, 
as measured on routinely performed head and neck CT or MRI, on treatment 
outcome in Part III of this thesis; and 3. to investigate the mechanism behind the 
association between low skeletal muscle mass and increased incidence of CDLT in 
Part IV of this thesis. 

In Part II of this thesis, the measurement of skeletal muscle mass at the level of 
C3 is investigated in terms of accuracy, interobserver variability and relationship 
with whole body MRI measurements. In Chapter 2 of this thesis, the relationship 
between skeletal muscle mass at the level of C3 and at the level of L3 is re-
examined, in order to validate this new measurement method against the 
generally used L3 measurement. In Chapter 3, the interobserver agreement of 
skeletal muscle mass measurement at the level of C3 is examined. Chapter 4 
aims to describe the relationship between skeletal muscle mass at the level of C3 
and whole body skeletal muscle volume as measured on whole body MRI, and 
validate a measurement of skeletal muscle mass at the level of C3  against this 
gold standard. 

In Part III of this thesis the clinical relevance of pre-treatment body composition 
in head and neck cancer patients as measured on routinely performed imaging 
of the head and neck area is defined. In Chapter 5, the relationship between low 
skeletal muscle mass and chemotherapy dose-limiting toxicity is investigated in 
a cohort of patients with locally advanced HNSCC treated with primary CRT with 
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Introduction

Over the last decade, research into the specific body composition of cancer 
patients and its relationship with clinical outcomes has tremendously increased 
due to the use of diagnostically performed imaging for quantification of different 
body compartments, including skeletal muscle mass (SMM) and adipose tissue 
mass. 1,2 Specifically a state of low SMM, sometimes termed sarcopenia, has 
gained interest as a novel risk factor for negative short- and long-term outcomes. 
In breast, gastro-intestinal, hepato-pancreatic-biliary and respiratory cancer, 
amongst others, low SMM is associated with increased incidence of postoperative 
complications, chemotherapy-related toxicity, prolonged hospital stay and 
shorter disease-free and overall survival.3,4 

SMM is most commonly assessed on a single CT slice at the level of the third 
lumbar vertebra (L3), which has shown to have excellent correlation with whole 
body skeletal muscle volumes as measured using whole body MRI.5,6 The cross-
sectional skeletal muscle area (CSMA) at the level of L3 is then most commonly 
normalized for stature, to calculate the lumbar skeletal muscle index (lumbar 
SMI).5 The lumbar SMI is used as a proxy for SMM as a whole, and several cut-offs 
have been published to identify patients with low SMM.4 

In head and neck cancer (HNC), abdominal CT imaging is not commonly 
performed as part of the routine diagnostic work-up. Therefore, abdominal CT 
imaging to quantify SMM is not routinely applicable in HNC patients. To overcome 
this, a measurement method for SMM at the level of the third cervical vertebra 
(C3), which is featured on standard CT imaging of the head and neck area, was 
published by Swartz et al.7 A multivariate formula to calculate CSMA at the level 
of L3 from CSMA at the level of C3 was also published, to allow for comparison to 
other oncological research.7 Wendrich et al. published a cut-off value for low SMM 
in HNC patients based on this method.8

The measurement method for SMM at the level of C3 was used in several studies in 
HNC patients. The incidence of low SMM was high in several studies; typically 50% 
of patients and sometimes up to 77% of patients had low SMM prior to start of 
treatment.8-11 In HNC patients, low SMM was associated with negative short- and 
long-term outcome such as chemotherapy dose-limiting toxicity, postoperative 
complications and decreased survival.8,9,12,13 Only one previous study by Ufuk et 
al. has investigated the correlation between CSMA measurement at the level of 
C2, C3, C4 and L3. They showed that CSMA at the level of C3 was best associated 

Abstract

Background Low skeletal muscle mass (SMM) is associated with adverse 
outcomes. SMM is often assessed at the third lumbar vertebra (L3) on abdominal 
imaging. Abdominal imaging is not routinely performed in patients with head and 
neck cancer (HNC). We aim to validate SMM measurement at the level of the third 
cervical vertebra (C3) on head and neck imaging.

Material and methods Patients with pre-treatment whole-body computed 
tomography (CT) between 2010 and 2018 were included. Cross-sectional muscle 
area (CSMA) was manually delineated at the level of C3 and L3. Correlation 
coefficients and intraclass correlation coefficients (ICCs) were calculated. Cohen’s 
kappa was used to assess the reliability of identifying a patient with low SMM.

Results Two hundred patients were included. Correlation between CSMA at the 
level of C3 and L3 was good (r = 0.75, p<0.01). Using a multivariate formula to 
estimate CSMA at L3, including gender, age, and weight, correlation improved (r = 
0.82, p<0.01). The agreement between estimated and actual CSMA at L3 was good 
(ICC 0.78, p<0.01). There was moderate agreement in the identification of patients 
with low SMM based on the estimated lumbar skeletal muscle mass index (LSMI) 
and actual LSMI (Cohen’s κ: 0.57, 95%CI 0.45-0.69).

Conclusions CSMA at C3 correlates well with CSMA at L3. There is moderate 
agreement in the identification of patients with low SMM based on the estimated 
LSMI (using a measurement at C3) and actual LSMI. 
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of muscle tissue was manually performed using the Volumetool v.1.6.5 Research 
Software Package, designed in our center as an image evaluation, registration and 
delineation system for radiotherapy planning.17

For delineation of muscle tissue at the level of L3, the first slide when scrolling 
from caudal to cranial direction to show the entire vertebral arc and both 
transverse processes was selected. The contours of the abdominal wall and 
paraspinal muscles were manually traced. CSMA at the level of L3 was calculated 
by adding up the abdominal wall and paraspinal muscle area. For delineation of 
muscle tissue at the level of C3, the first slide when scrolling from caudal to cranial 
direction to show both transverse processes and the entire vertebral arc was 
selected. The contours of the paravertebral muscles and both sternocleidomastoid 
muscles were manually traced. The CSMA at the level of C3 was calculated as the 
sum of the paravertebral muscle and both sternocleidomastoid muscles. If evident 
lymph node metastasis hindered accurate delineation of one sternocleidomastoid 
muscle, the CSMA of the contralateral sternocleidomastoid muscle was used as 
an estimation of the CSMA of the affected sternocleidomastoid muscle.7 After 
delineation, CSMA was automatically retrieved from Volumetool. First, all head 
and neck CT scans (C3) were delineated, and afterwards all abdominal scans (L3). 
Figure 1 shows muscle tissue delineation at the level of C3 and L3. 

Cross-sectional muscle area at the level of L3
As well as the actually measured CSMA at the level of L3, the CSMA at the level of 
L3 was also estimated from the CSMA at the level of C3 using the prediction rule 
as described by Swartz et al, see Formula 1.7 The lumbar SMI was then calculated 
using the formula published by Prado et al, see Formula 2.5 

Formula 1: CSMA at L3 (cm2) = 27.304 + 1.363 * CSMA at C3 (cm2) + 0.640 * Weight 
(kg) + 26.442 * Gender (Gender =1 for female, 2 for male) - 0.671 * Age (years)

Formula 2: SMI (cm2/m2) = CMSA at L3 / (height2)

Low SMM was defined as a lumbar SMI < 43.2cm2/m2, as previously published by 
Wendrich et al.8 

Statistical analysis
All statistical analyses were performed using the IBM SPSS Statistics version 25.0 
software package (Chicago, Illinois, USA). There were no missing data. A test 
for normality (Shapiro-Wilk test) was performed to assess whether continuous 

with CSMA at the level of L3, and that the correlation between CSMA at the level 
of C3 and CSMA at the level of L3 was excellent.14 Ufuk et al. segmented the 
sternocleidomastoids (SCM) and paravertebral muscles (PVM) separately, Swartz 
et al. recommends using the CSMA at C3 of both the SCM and PVM. Ufuk et al. also 
used cut-off values for low SMM based on the study of Prado et al. which did not 
include HNC patients and did not validate the formula proposed by Swartz et al. 

Our current study aimed to validate the association between skeletal muscle area 
at the level of C3 and the level of L3 in a larger cohort of treatment-naïve HNC 
patients. It also aimed to investigate the accuracy of identifying patients with low 
SMM using the previously published cut-off value.

Patients and Methods

Ethical considerations
The design of this study was approved by the Medical Ethical Research Committee 
of the University Medical Center Utrecht (approval ID 16/595 C). All data was 
retrieved retrospectively and processed in an anonymized fashion. 

Study population
Patients who were diagnosed at the University Medical Center Utrecht, The 
Netherlands between 2010 and 2018 with a primary head and neck squamous cell 
carcinoma were evaluated for this study. Since the effect of previous treatments 
of the neck on CSMA measurement at the level of C3 is not known, patients 
previously treated with surgery or radiotherapy of the neck were excluded. 
Patients were included if a pre-treatment whole body FDG-PET/CT scan in 
radiation mould (as part of radiotherapy treatment planning) was available. Other 
relevant parameters, including length and weight at the time of imaging, sex, age, 
tumor localization and clinical TNM stage (7th and 8th edition) were retrospectively 
retrieved. In total, 200 patients were selected. 

Assessment of cross-sectional muscle area
Pre-treatment FDG-PET/CT-imaging was performed in all patients according to 
a standardized protocol. Muscle tissue was identified using Hounsfield Unit (HU) 
range settings from -29 to +150 HU, which is specific for muscle tissue. Muscle 
tissue was delineated at the level of the third lumbar vertebra (L3) and the 
third cervical vertebra (C3). The CSMA was defined as the pixel area within the 
delineated area with a radiodensity between -29 and +150 HU.15,16 Delineation 
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Results

Patient characteristics
For this study, 200 patients were included for analyses. Baseline patient 
characteristics are shown in Table 1. Patients were predominantly male and often 
presented with advanced disease (T3-4; N+). Weight and BMI at diagnosis were 
normally distributed. On average, patients had a normal BMI. 

Table 1: Patient characteristics

Characteristic n (% or SD) total n = 200

Gender
Male
Female

147 (73.5)
53 (26.5)

Age at diagnosis (years)
Mean (SD)
Range

63.5 (8.3)
44.9 – 85.6

Weight at diagnosis (kg)
Mean (SD)
Range

74.1 (16.4)
40.0 – 122.0

BMI (weight/height2)
Mean (SD)
Range

24.2 (4.6)
14.0 – 40.0

Localization
Hypopharynx
Larynx
Oropharynx
Oral cavity
Nasopharynx
Unknown primary

57 (28.5)
40 (20.0)
83 (41.5)
12 (6.0)
5 (2.5)
3 (1.5)

 T-status
T1-2
T3-4

92 (46.0)
108 (54.0)

N-status
N0
N1-2a
N2b-3b

73 (36.5)
61 (30.5)
66 (33.0)

M-status
M0
M+
Mx

183 (91.5)
10 (5.0)
7 (3.5)

Image analysis
Delineation of muscle tissue at the level of C3 was successful in all patients. Six 
patients (8.6%) had evident growth of a lymph node metastasis into the SCM 
muscles. In these 6 patients, the CSMA of the affected SCM muscle was substituted 
by the CSMA of the unaffected, contralateral SCM muscle. 

variables were normally distributed. For table 1. continuous data are represented 
as mean ± standard deviation (SD) if normally distributed, and median ± range if 
skewed. Categorical data are represented as a number and percentage of total. 
The student’s t-test, one-way ANOVA, Mann-Whitney U test were used where 
appropriate. Depending on normality of variables, Pearson or Spearman Rank 
correlation coefficients were calculated to assess correlation between CSMA at 
the level of C3, at the level of L3 and predicted CSMA at the level of L3. 

To assess the agreement between measurements, we calculated intraclass 
correlation coefficients (ICCs) using a two-way mixed single measures model with 
absolute agreement. The ICCs were rated as poor (0.00 – 0.49), fair to good (0.50 
– 0.74), good (0.75-0.90) and excellent (>0.90).18 For agreement in classification 
of patients with low SMM, Cohen’s κ was used. The agreement was rated as no 
agreement (<0), slight (0.01-0.20), fair (0.21 - 0.40), moderate (0.41 - 0.60), 
substantial (0.61 - 0.80) and almost perfect (0.81 - 1.00).19 A two-tailed test of 
significance (p = 0.05) was used. 

Figure 1. example of skeletal muscle tissue delineation

Figure 1: delineation of skeletal muscle tissue on transversal CT imaging at the level of L3 (1a) and at 
the level of C3 (1b). A Hounsfield Unit window of -29 to +150 was used to accentuate skeletal muscle 
tissue. 
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the actual CSMA at L3. In 13 of 200 patients (7%) the estimated and actual CSMA 
at L3 differed more than 1.96 standard deviation from the average, suggesting a 
reasonably good agreement. The ICC between estimated CSMA at L3 and actual 
CSMA at L3 was good: 0.78 (95% CI: 0.61– 0.86, p < 0.01). 

Figure 3: correlation between estimated CSMA at the level of L3 and actual CSMA at the 

level of L3

Agreement and accuracy in identification of patients with low 
skeletal muscle mass
Using Formula 2, the estimated lumbar SMI and actual lumbar SMI were 
calculated. The previously published cut-off value of ≤43.2cm/m2 was used to 
determine low SMM. Using this cut-off, 96 patients were determined to have low 
SMM using the estimated lumbar SMI, and 77 patients had low SMM using the 
actual lumbar SMI; see Table 2. The sensitivity of identifying patients with low 
SMM using the estimated lumbar SMI and a cut-off of ≤43.2cm/m2 was 84.4% and 
the specificity was 74.8%. The positive predictive value of the estimated lumbar 
SMI was 67.7% and the negative predictive value was 88.5%. The false positive 
value, indicating the number of patients that incorrectly were identified as having 

Correlation between CSMA at C3 and L3
Skeletal muscle area at the level of C3 was not normally distributed (Shapiro-
Wilk test <0.05). Spearman rank correlation analysis showed a good correlation 
between CSMA at C3 and CSMA at L3 (Spearman’s rs = 0.75; p < 0.01). Figure 2 
shows the direct correlation between CSMA measurements at the level of C3 
and L3. Correlation between CSMA at C3 and CSMA at L3 was higher than the 
correlation between cross-sectional area of the paravertebral muscles only at C3 
and CSMA at L3 (Spearman’s rs = 0.75 versus rs = 0.70). 

Figure 2: correlation between CSMA at the level of C3 and (actual) CSMA at the level of 

L3

CSMA at L3 was estimated from CSMA at C3 using the multivariate formula as 
described earlier (Formula 1). Actual CSMA at L3 and estimated CSMA at L3 were 
normally distributed (Shapiro-Wilk test: p > 0.05). Figure 3 shows the correlation 
between the estimated CSMA at L3 and the actual CSMA at L3. Pearson correlation 
analysis showed a high correlation between the estimated CSMA at L3 and the 
actual CSMA at L3 (r = 0.82; p < 0.01). The mean difference between the estimated 
CSMA at L3 and the actual CSMA at L3 was calculated (mean -9.4 cm2, SD 17.8cm2; 
7.0% of total CSMA at L3), meaning that the estimated CSMA at L3 was lower than 
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the cut-off value for low SMM (lumbar SMI ≤43.2 cm2/m2) is based on estimated 
lumbar SMI by use of segmented CSMA at the level of C3, other cut-off values 
for lumbar SMI may apply when segmentation of CSMA at the level of L3 is 
performed directly. This may explain the false positive rate of 25.2%. However, we 
acknowledge that an estimation of CSMA at the level of L3 based on CSMA at the 
level of C3 is not ideal and probably is not sufficient in the future as the most 
accurate estimation of a patient’s total SMM. Indeed, Baracos published an article 
concluding that using single muscle as a sentinel muscle for whole body SMM is a 
flawed premise.21 This problem probably also applies to CSMA on a single CT slice 
as a representation of whole body skeletal muscle volume. We do believe that at 
the current time, the CSMA at C3 can provide a good estimation of SMM of HNC 
patients without the need for additional diagnostics and at minimal effort, with 
considerable accuracy. 

To facilitate implementation of SMM measurement in clinical practice, we believe 
the long-term focus should shift towards using artificial intelligence such as 
deep learning and machine learning to develop an automatic, whole muscle 
volume analysis based on routinely available CT imaging or MRI. Research into 
these methods are ongoing, and the expectation is that whole- or portion-of-
body measurement of SMM will provide a much more accurate representation 
of a patients overall body composition and skeletal muscle status than the 
CSMA on a single CT slide or a single muscle, with no or very little manual work 
involved.22-24 Indeed, the use of the CSMA at the level of L3 as an estimation of 
whole body skeletal muscle volume is based on studies using whole-body MRI 
for manual segmentation and calculation of whole-body skeletal muscle volume; 
in these studies, whole body MRI is referenced as the gold standard.6,25 Manual 
segmentation of whole body MRI is time-consuming and therefore clinically 
not feasible. However, when software is available to perform automatic skeletal 
muscle volume analysis, a whole-body analysis approach seems preferred. In the 
short term, future studies may be aimed at developing gender-specific references 
values for CSMA at the level of C3, to allow for the use of CSMA at the level of C3 
as a direct measure of SMM and to overcome the problem of several different cut-
offs for low SMM that are currently available.26,27 

There are limitations to our study that need to be addressed. Most patients in 
our study presented with advanced stage disease; in our center, the indication 
for FDG-PET/CT is a suspected advanced stage disease. Inherently to the use of 
FDG-PET/CT, patients with limited disease are underrepresented in this study. We 
excluded patients who had received prior treatment for HNC for this validation 

low SMM, was 25.2%. Cohen’s kappa for agreement between low SMM using the 
estimated and the actual lumbar SMI was 0.57, indicating moderate agreement.

Table 2: Agreement between estimated and actual low skeletal muscle mass, defined as 

a lumbar SMI ≤ 43.2 cm2/m2

Low skeletal muscle mass: 
actual lumbar SMI ≤43.2 cm2/m2 Sum

Yes No

Low skeletal muscle mass:
estimated lumbar SMI ≤43.2 

Yes 65 31 96 PPV=68%
No 12 92 104 NPV=88%

sum 77 123 200
Sens 84% Spec 75%

Sens = sensitivity; spec = specificity; PPV = positive predictive value; NPV = negative predictive value

Discussion

There is a need for a robust, easy and widely available SMM quantification tool 
specifically for HNC patients, to allow for routine assessment of SMM without the 
need for additional diagnostics. Swartz et al proposed a measurement of CSMA at 
the level of C3 as an alternative to measurement of CSMA at the level of L3, using 
standard head and neck CT imaging. Our current study shows that measurement 
of CSMA at the level of C3 provides a good estimation of CSMA at the level of L3 
(rs = 0.75). Total CSMA at the level of C3 had a higher correlation with CSMA at the 
level of L3 than cross-sectional area of paravertebral muscles only (rs = 0.75 versus 
rs = 0.70), which is in agreement with results of a previous study, albeit slightly 
lower.14 Using the same multivariate formula as described earlier, in a different 
set of patients, we found a very good correlation (r = 0.82) between CSMA at the 
level of C3 and L3. The agreement in identification of patients with low SMM was 
moderate and the probability that a patient with low SMM according to C3 has a 
low SMM with the LC method is 68%. A measurement of CSMA at the level of C3 
provides a good estimation of CSMA at the level of L3 and subsequent analysis 
without the need for additional testing. Interobserver agreement was not further 
tested in this study; a previous study showed excellent interobserver agreement 
for CSMA measurement at the level of C3.20 

There was some variation in the identification of patients with low SMM based 
on the estimated lumbar SMI compared to the actual lumbar SMI. The estimated 
lumbar SMI however was on average -9.4cm2 lower than the actual lumbar SMI; 
classifying more patients as having low SMM than there actually are. Because 
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study, because the effect of prior local treatment (e.g. radiotherapy or surgery) 
on the accuracy of delineation of CSMA at C3 is not known, and may cloud its 
relationship with CSMA at L3. It is well-known that patients with tobacco-related 
cancers of the upper aero-digestive tract have a substantial risk of developing a 
second primary malignancy in the same region. In another study by our group, 
also imaging of patients who had undergone prior treatment was also used, 
and found that low SMM as identified at the level of C3 was associated with 
adverse outcomes in patients with and without prior treatment.9 Some patients 
with HNC will undergo MRI instead of CT imaging. In this study we only used CT 
imaging, according to the protocol described by Swartz et al.7 Two recent studies 
also showed excellent correspondence between CSMA on CT imaging and MRI, 
and concluded that CT and MRI can be used interchangeably.28,29 The effect of 
different posture and different angles (e.g. in laryngeal cancer, CT scans are often 
angulated to better visualize the vocal cords) was not evaluated in this study, 
but may influence CSMA.30 Future research should clarify this, but we expect that 
this problem will be overcome by using whole-body or portion-of-body skeletal 
muscle volumes using artificial intelligence.

Our current study confirms the previously found strong correlation between CSMA 
at the level of C3 and CSMA at the level of L3. This method allows for research 
into the predictive and prognostic effect of low SMM in HNC patients, using 
routinely performed imaging of the head and neck region without any additional 
costs or burden for the patient. It may also be used to identify patients with low 
SMM at high risk of adverse clinical outcomes, who may benefit from treatment 
adaptation or additional supportive treatment; acknowledging that there is some 
uncertainty in the identification of patients with low SMM.

Conclusion

A measurement of CSMA at the level of C3 is a reliable method for evaluation of 
SMM in HNC patients and allows for investigating the predictive and prognostic 
value of low SMM in HNC patients using routinely performed CT imaging of the 
head and neck area. There is reasonable accuracy in the identification of patients 
with low SMM based on the estimated lumbar SMI and the actual lumbar SMI. 
Future research should be aimed at optimizing methods to use routinely 
performed imaging for body composition analysis. 
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Introduction

Body composition increasingly is a subject of interest in medical research. An 
abnormal body composition, such as a decreased lean body mass and/or increased 
adipose tissue mass, may have a profound influence on treatment outcome and 
(disease free) survival of patients with a variety of illnesses 1-3. Skeletal muscle 
mass (SMM) is the largest component of lean body mass.4 In cancer patients, a low 
SMM, sometimes referred to as sarcopenia, has specifically been associated with 
a higher incidence of chemotherapy related toxicity, postoperative complications, 
longer hospital stay, increased healthcare related expenditures and lower disease 
free and overall survival.5-10 This relationship has been shown in breast, colorectal, 
hepato-pancreatico-biliary, renal and lung cancer, amongst others.11-15

In cancer patients, SMM is most often assessed on abdominal computed 
tomography (CT) imaging at the level of the third lumbar vertebra (L3).16 This 
method is based on research using whole-body magnetic resonance imaging 
(MRI), in which has been shown that cross-sectional skeletal muscle area (CSMA) 
on a single transversal slice at the level of L3 is strongly correlated with total 
skeletal muscle volume as measured using whole-body MRI.17,18 The CSMA at the 
level of L3 is commonly normalized for stature, which results in the lumbar skeletal 
muscle index (lumbar SMI).18 This value is used as an indication of total SMM. 

Abdominal CT imaging is often routinely performed in most types of cancer during 
diagnostic work-up and follow-up. In these patients, SMM measurement can be 
performed on abdominal CT imaging without the need for additional imaging or 
other diagnostics. However, abdominal CT imaging is not routinely performed in 
head and neck cancer (HNC) patients.19 Recently, a novel method to assess SMM 
on a single transversal CT slice at the level of the third cervical vertebra (C3) was 
published.20 Using this method, skeletal muscle mass is assessed measuring the 
CSMA of the paravertebral muscles and the sternocleidomastoid muscles at the 
level of the C3 vertebra. This method allows for evaluation of SMM in HNC patients 
on routinely performed imaging, in a similar manner as is used in  patients with 
other types of cancer. This measurement method for SMM was recently used in 
three studies in head and neck cancer patients.21-23

In order to be clinically useful, the C3 measurement method of SMM has to 
provide similar results when used by different observers. The aim of this study 
was to evaluate the interobserver agreement of SMM measurement at the level of 
C3. The robustness of the C3 measurement method was investigated in terms of 

Abstract

Objectives Skeletal muscle mass (SMM) is most often assessed in cancer 
patients on abdominal computed tomography (CT) imaging at the level of the 
third lumbar vertebra (L3). Abdominal CT imaging is not routinely performed in 
head and neck cancer (HNC) patients. Recently, a novel method to assess SMM 
on a single transversal CT slice at the level of the third cervical vertebra (C3) was 
published. The objective of this study was to assess the robustness of this novel 
C3 measurement method in terms of interobserver agreement.

Methods Patients diagnosed with locally advanced head and neck squamous 
cell carcinoma (LA-HNSCC) at our center between 2007 and 2011 were evaluated. 
Fifty-four patients with were randomly selected for analysis. Six observers 
independently measured the cross-sectional muscle area (CSMA) at the level of C3 
using a predefined, written protocol as instruction. Interobserver agreement was 
assessed using intraclass correlation coefficients (ICCs), a Bland-Altman plot and 
Fleiss’ kappa (κ).

Results The agreement in vertebra selection between all observers was excellent 
(Fleiss’ κ: 0.96). There was a substantial agreement between all observers in single 
slice selection (Fleiss’ κ: 0.61). For all CSMA measurements, ICCs were excellent 
(0.763-0.969; all p < 0.001). The Bland-Altman plot showed good agreement 
between measurements, with narrow limits of agreement.

Conclusion Interobserver agreement for SMM measurement at the level of C3 
was excellent. Assessment of SMM at the level of C3 is easy and robust and can 
performed on routinely available imaging in HNC patients. 
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entire vertebral arc of the third cervical vertebra had to be selected. Contours of 
the paravertebral muscles (PVM) and both sternocleidomastoid (SCM) muscles 
were manually traced. This study was performed without a training dataset, as 
to simulate the use of this measurement method as if it were adopted from an 
external research paper. 

All observers independently selected the slice they deemed to be correct from 
the CT scan, and delineated CSMA. Observers were blinded to their own and each 
other’s results. After delineation of CSMA at C3 was finished by all observers, CSMA 
was automatically retrieved from Volumetool. Vertebra and single slice selection 
was investigated by reopening all scans after CSMA retrieval and analysis was 
finished; the selected vertebra and single slice location were noted. Total CSMA 
at C3 was calculated as the sum of the CSMA of the PVM and both SCM muscles. 
Figure 1 shows an example of CSMA delineation at the level of C3.

Figure 1: example of delineation of skeletal muscle at the level of C3

The paravertebral muscles are delineation in green. The left sternocleidomastoid muscle is delineated 
in yellow, and the right sternocleidomastoid muscle in red. 

the vertebra selection, the exact single slice selection, and the correspondence in 
CSMA measurements between all observers. 

Methods

Ethical approval
The design of this study was approved by the Medical Ethical Research Committee 
of our center (approval ID 14-544/C). All data was retrieved retrospectively. 
Measurements of SMM were performed on coded CT scans.

Patients and study design
Patients diagnosed with locally advanced head and neck squamous cell carcinoma 
(LA-HNSCC) at the our center between 2007 and 2011 were evaluated for this 
study. Fifty-four patients with pre-treatment head and neck CT imaging were 
randomly selected for inclusion. Other parameters, including length and weight 
at the time of imaging, sex, age, tumor localization and clinical TNM stage (7th 
edition) were retrospectively retrieved.24 

Imaging protocol and analysis
All patients underwent contrast-enhanced CT scanning prior to radiation 
treatment on a Philips Brilliance iCT scanner (Philips Healthcare, Best, the 
Netherlands) using a standardized protocol for HNC patients. The imaging was 
performed in treatment position in a radiotherapy immobilization mask. Scanning 
parameters included slice thickness 1mm with a 2mm interslice gap. 

Measurement of SMM
Delineation of CSMA was manually performed using the Volumetool v.1.6.5 
Research Software Package, designed in our center as an image evaluation, 
registration and delineation system for radiotherapy planning25, Hounsfield 
Unit (HU) thresholds for skeletal muscle tissue were -29 and +150 HU; the area 
within these HU thresholds was defined as the CSMA. Delineation of CSMA 
was performed independently by six observers; 1 experienced head and neck 
radiologist, 1 experienced head and neck radiation oncologist, and 4 medically 
trained researchers from the departments of Head and Neck Surgical Oncology, 
and Otorhinolaryngology and Head & Neck Surgery. A predefined, written  
protocol for single slice selection and CSMA was provided, as described in the 
recently published study by Swartz et al.20 In brief, the first slice when scrolling 
from caudal to cranial direction to show both transverse processes and the 
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Table 1: Baseline patient characteristics

Total n = 54

Sex
 Male
 Female 

36 (66.7%)
18 (33.3%)

Age 56.8 (7.3)

Weight 67.8 (13.2)

BMI 22.9 (3.8)

T-stage
 T1-2
 T3-4

13 (24.1%)
41 (75.9 %)

N-stage
 N0
 N+

5 (9.3%)
49 (90.7%)

Clinical TNM stagea

 Stage III
 Stage IV

5 (9.3%)
49 (90.7%)

Tumor site 
 Oral cavity
 Nasopharynx
 Oropharynx
 Hypopharynx
 Larynx
 Otherb

6 (11.1%)
10 (18.5%)
20 (37.0%)
8 (14.8%)
5 (9.3%)
5 (9.3%)

Continuous data are represented as mean (SD). Categorical data are represented as number  
(% of total).
a Staged according to the AJCC Cancer Staging Manual 7th edition.
b Other = sinus (n = 1), proximal esophagus (n = 2), and multiple (n = 2).

Table 2: cross-sectional muscle area (CSA) at the level of C3

Total  
(n = 324)

Obs. 1 
(n = 54)

Obs. 2 
(n = 54)

Obs. 3 
(n = 54)

Obs. 4 
(n = 54)

Obs. 5 
(n = 54)

Obs. 6 
(n = 54)

p-value * ICC 
(95% CI)

CSMA 
PVM

28.03 (6.63) 28.52 (6.84) 27.95 (6.52) 27.45 (6.83) 27.53 (6.56) 28.15 (6.67) 28.59 (6.59) < 0.001 0.969  
(0.953 – 0.981)

CSMA left 
SCM

2.62 (1.30) 2.71 (1.35) 2.56 (1.40) 2.61 (1.25) 2.47 (1.22) 2.68 (1.30) 2.70 (1.32) < 0.001 0.821  
(0.754 – 0.880)

CSMA 
right SCM

2.44 (1.34) 2.43 (1.46) 2.22 (1.62) 2.58 (1.18) 2.33 (1.24) 2.54 (1.23) 2.53 (1.32) < 0.001 0.763  
(0.680 – 0.837)

Total 
CSMA 
at C3

33.09 (8.07) 33.66 (8.28) 32.73 (8.13) 32.64 (8.40) 32.34 (7.80) 33.37 (8.22) 33.82 (7.82) < 0.001 0.969  
(0.952 – 0.980)

All values are represented as mean (SD). 
CSA – cross-sectional muscle area
PVM – paravertebral muscles
SCM – sternocleidomastoid muscle
Obs – observer 
*  p-value calculated using a repeated measures ANOVA with a Greenhouse-Geisser correction for 

sphericity

All statistical analyses were performed using the IBM SPSS Statistics version 21.0 
software package (Chicago, Illinois, USA). A test for normality (Shapiro-Wilk test) 
was used to assess whether continuous variables were normally distributed. 
Continuous data are represented as mean ± standard deviation (SD). Categorical 
data are represented as a number and percentage of total. Differences in skeletal 
muscle area measurements between observers were calculated using a repeated 
measures ANOVA. Agreement between different observers was assessed by 
calculating Fleiss’ kappa (κ)  and intraclass correlation coefficients (ICCs) using 
a two-way mixed single measures model with absolute agreement and. The κ 
values were graded as slight (0.01 – 0.20), fair (0.21-0.40), moderate (0.41-0.60), 
substantial (0.61-0.80) or almost perfect (0.81-0.99) agreement.26 The ICCs were 
rated as poor (0.00 – 0.49), fair to good (0.50 – 0.74) and excellent (0.75 – 1.00).27 

Bland-Altman plots were constructed to visualize agreement.28 Results were 
considered statistically significant if the p-value was less than 0.05.

Results

Patient characteristics
Baseline characteristics of the 54 included patients are shown in Table 1. Patients 
were predominantly male and mostly presented with lymph node positive, stage 
IV disease. 

Vertebra selection
Table 2 shows the results of the vertebra and single slice selection analysis. For 
the vertebra selection, the overall correspondence between all observers was 
near perfect (Fleiss’ κ: 0.96, p < 0.001). The correct vertebra (C3) was identified in 
almost all patients by all observers; in 5 patients one observers chose a different 
vertebra, and in 1 patient two observers chose a different vertebra. Either C2 or C4 
was selected in these patients. 
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Figure 2: intra-class correlation plot for measurement of total CSMA measurement at C3 

The correspondence between measurements is visualized in the intra-class correlation plot.

Figure 3: Bland Altman plot for agreement of total CSMA measurement at C3 between 

all observers

Bland-Altman plots showing agreement between measurements of observers. The solid lines depict 
the mean and 95% limits of agreement in the Bland Altman plot. 

Single slice selection
There was more variation in exact single slice selection. The overall 
correspondence between all observers was substantial (Fleiss’ κ: 0.61, p < 0.001). 
In 22.2% of patients, all observers chose the same identical slice to delineate; 
while in the other 77.8%, at least one observer chose a different slice. In 79.3% of 
the cases where a different slice from the majority was chosen, the different slice 
was located directly above or below the slice the majority of observers chose.

Table 3: vertebra and single CT slice selection

Vertebra (n = 54) Slice (n = 54)

All observers same 49 (88.9%) 12 (22.2%)

One observer different 5 (9.1%) 16 (29.6%)

Two observers different 1 (1.9%) 12 (22.2%)

Three observers different - 14 (25.9%)

Values shown as number (% of total).

Cross-sectional skeletal muscle area measurements
Mean CSMA of the PVM, left SCM and right SCM, and of total CSMA at C3 are 
shown in Table 2. Most CSMA measurements were normally distributed (Shapiro-
Wilk: p > 0.05). There was a significant difference between the observers in 
CSMA measurements (repeated measures ANOVA: p < 0.001). Actual differences 
between CSMA measurements of all observers were small; the largest mean 
difference between observers was 1.48 cm2 (observer 6 – observer 4). For all CSMA 
measurements, ICC’s were excellent (0.763 – 0.969; all p < 0.001), showing good 
conformity between measurements of different observers, as is visualized in 
Figure 2. 

Figure 3 shows a combined Bland-Altman plot of total CSMA at C3 measurements 
of the individual observers and their difference to the overall mean CSMA at C3 
measurements. The mean of the standard deviation of the difference between 
observer CSMA measurements and mean CSMA measurement was used to 
calculate the limits of agreement (95% confidence interval). There appears to be 
an element of systemic bias in CSMA measurement at C3, with some observers 
having more than 5% measurements outside of the 95% limits of agreement, and 
some observers systemically deviate one way (higher or lower) from the mean 
CSMA measurement. Actual differences are small. 
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Patients with HNC often present with signs of malnutrition, and as such are at 
risk of developing sarcopenia.29 Adverse outcomes associated with sarcopenia, 
such as chemotherapy related toxicity and wound healing problems, are highly 
prevalent in HNC.30 It can be anticipated that both are at least partly related to 
sarcopenia. The first study using the C3 measurement method to assess SMM 
in HNC patients undergoing chemoradiotherapy found that low SMM was 
an independent predictor of the occurrence of chemotherapy dose-limiting 
toxicity.21 A recent study in HNC patients undergoing laryngectomy for laryngeal 
cancer showed that low SMM, as measured at the level of L3, was an independent 
predictor of the occurrence of a pharyngocutaneous fistula and of the occurrence 
of any wound complication.31 In this study 122 patients who had undergone a 
total laryngectomy were retrospectively evaluated for inclusion; 70 (57%) had 
abdominal imaging available for analysis. It is likely that all or almost all HNC 
patients will undergo CT or MRI imaging of the head and neck area during the 
diagnostic process and follow-up.19 The C3 measurement method allows the 
investigation of body composition in nearly all HNC patients without the need 
for extra diagnostics. A recent study in patients undergoing laryngectomy where 
SMM was measured at the level of C3 showed that low SMM was a predictor of 
the occurrence of a pharyngocutaneous fistula.23 Preoperative low SMM also was 
a strong negative prognostic factor for overall survival after laryngectomy. In this 
retrospective study, 235 out of 245 patients could be included for analysis due to 
measurement of SMM at the level of C3.23 

Future research is still needed to clarify whether the adverse effects of low SMM 
are prognostic only, or if these adverse effects can be overturned. In the future, 
HNC patients at high risk of adverse outcomes related to low SMM or sarcopenia 
might benefit from additional supportive treatment or individualized primary 
treatment. Several possible interventions may be considered, such as altered 
chemotherapy dosing32, prehabilitation before surgery33, enhanced recovery 
after surgery34, intensive physiotherapy35 and additional nutritional support36. A 
measurement of SMM at the level of C3 might be used as a screening tool for low 
SMM in HNC cancer patients at diagnosis.  

Limitations
There are some limitations to this study that need to be addressed. No training 
dataset or formal training was given to the observers in this study. Although this 
study set-up was chosen because it may best mimic the clinical adaptation and 
use of the C3 measurement method by other institutions, it may also explain 
some of the differences in the measurements and in the vertebra and single 

Discussion

This study aimed to examine the robustness of the C3 measurement method for 
SMM in terms of interobserver agreement and specific vertebra and single slice 
selection by multiple observers. This study was performed without a training 
dataset and limited formal training, in order to simulate the use of the C3 
measurement method for SMM as if it were adopted from an external research 
paper.

The interobserver agreement for all different CSMA measurements was excellent. 
The measurement of CSMA of PVM appears to be most uniform. There is some 
difference between observers in measurement of the CSMA of the SCM muscles; 
however, actual differences remain small. Previous research has shown that total 
CSMA at C3 was significantly better correlated with CSMA at L3 than the CSMA of 
the PVM only with CSMA at L3.20  

The level of C3 is easily identifiable for both researchers and clinicians, with only 
incidental selection of a different level. There was more variation in the actual 
single slice selection, perhaps due to the lack of a training dataset and little 
informal training received prior to delineation of scans. This may also be due to 
the thin slices (1mm) and small (2mm) interslice gaps of the CT imaging used in 
this study. In most cases where an observer had selected a different slice than the 
majority of the observers, the different slice was indeed directly above or below of 
the slice the majority chose, which corresponds with a 3mm difference in location. 
Probably,  in these cases the accidental selection of a different slice should not 
greatly influence CSMA measurements. However, it may still be advisable to 
include a training dataset when starting to use the C3 measurement method 
to allow for a learning period in delineation of skeletal muscle and single slice 
selection. 

In recent years, SMM has widely been researched in cancer patients, using a 
measurement of skeletal muscle area at the level of L3 on CT imaging as an 
indicator of total SMM.11 Imaging at the level of L3 is not routinely performed 
in HNC patients, so SMM measurement at the level of L3 is not always clinically 
applicable in HNC.19 The SMM measurement method at the level of C3 provides a 
reliable and robust alternative to SMM measurement at the level of L3, allowing 
for broad research into the predictive and prognostic effect of sarcopenia in HNC.  
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for researchers learning skeletal muscle area measurement may limit these 
differences. Secondly, only CT imaging was used in this study to assess SMM, as 
is usually done in other studies in cancer patients that assess SMM at the level of 
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CT imaging at the level of C3, as tested in a setting that mimics a clinical setting. 
The C3 measurement method for SMM is robust and easy to use, using routinely 
performed CT imaging of the head and neck area. It allows for retrospective and 
prospective research into the predictive and prognostic value of low SMM in the 
vast majority of HNC patients, as well as use in possible future trials.
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Introduction

In recent years, it has become apparent that malnutrition or sarcopenia has a 
profound influence on treatment outcome and survival in patients with a variety 
of illnesses.1,2 Specifically in cancer patients, a low skeletal muscle mass (SMM), 
sometimes termed sarcopenia has been associated with higher incidence of 
chemotherapy related toxicity, postoperative complications, longer hospital stay 
and lower disease free and overall survival.3–6 This relationship has been shown 
in breast, colorectal, hepato-pancreatico-biliary, renal and lung cancer, amongst 
others. 7–9 Magnetic resonance imaging (MRI) and computed tomography (CT) 
imaging are two highly accurate imaging modalities used for the assessment of 
SMM. Whole-body MRI is considered to be the gold standard for SMM assessment, 
but is also costly and time-consuming to perform and to assess.10,11 

The most commonly used method for the measurement of SMM in cancer patients 
is based on CT imaging: skeletal muscle area (SMA) is measured on a single 
transversal slice at the level of the third lumbar vertebra (L3), as a proxy for whole-
body SMM.7,12 This method has been validated using whole-body MRI; it has been 
shown that SMA on a single transversal slice at the level of L3 is strongly correlated 
with total skeletal muscle (SM) volume in healthy volunteers as measured using 
whole-body MRI.13,14 Abdominal CT imaging is frequently routinely performed 
in patients with certain cancer types during diagnostic work-up and follow-up, 
allowing for routine evaluation of SMM in these patients without the burden and 
costs of additional diagnostics. 

However, CT imaging of the abdomen is not routinely performed in head and neck 
cancer (HNC) patients. It is known that risk factors for developing sarcopenia, such 
as malnutrition and chronic inflammation, are highly prevalent in HNC patients.15 
Also, adverse outcomes associated with low SMM such as chemotherapy related 
toxicity and postoperative complications, occur frequently.16 Head and neck CT 
imaging or MRI is routinely performed in the diagnostic work-up and follow-up 
of head and neck cancer patients.17 An alternative SMM measurement method 
was published using SMA at the level of the third cervical vertebra (C3), which 
is featured on CT imaging of the head and neck area.18 A strong correlation 
between SMA at the level of C3 and L3 (r = 0.785) was found. Using a multivariable 
prediction equation, correlation between measured SMA at L3 and estimated 
SM area at L3 from C3 was excellent (r = 0.895). However, SMA at C3 was not yet 
compared to total body SMM as measured on whole-body MRI, and other cervical 
levels were not evaluated. 

Abstract

Background Head and neck imaging is a common procedure in oncology, 
neurovascular disease, trauma and infections. This provides the opportunity 
to estimate total skeletal muscle volume, which is relevant in frailty assessment 
and as a predictive and prognostic marker for treatment outcome. We aimed 
to validate skeletal muscle volume estimation on a single magnetic resonance 
imaging (MRI) slice at the level of the third cervical vertebra (C3) with whole-body 
MRI measured skeletal muscle volume as the reference standard. 

Methods Whole-body MRI was performed in 140 healthy adult volunteers (67 
males; mean ± SD: age 37.0 ± 11.8 years; body mass index in kg/m2: 25.3 ± 5.9). 
Segmentation of skeletal muscle area at the level of C3, C4 and C5 was performed. 
Skeletal muscle area was correlated with total skeletal muscle volume, and using 
linear regression modeling a formula was established that can estimate total 
skeletal muscle volume from the skeletal muscle area at the level of C3 on a single 
MRI slice. 

Results Single slice skeletal muscle area at the level of C3, C4 and C5 all had a 
good correlation with total skeletal muscle volume (r > 0.87, all p < 0.01). Skeletal 
muscle area at C3 correlated best (r = 0.892). The univariable formula total skeletal 
muscle volume = skeletal muscle area at C3 * 0.538 + 1.111 fitted the data well  
(R2 = 0.80). The multivariable formula total skeletal muscle volume = -23.607 + 
0.270 * area C3 + 16.234 * height (meters) + 0.060 * weight (kilogram) + 3.129 * 
sex (female =1, male = 2) – 0.022 * age (years) explained 88% of the variance in 
the data. 

Conclusion Skeletal muscle area on a single MRI slice of the head and neck region 
can be used to estimate total skeletal muscle volume in adults. 
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their breath. All SM volumes were manually segmented by a single researcher (L.S.) 
using commercially available medical image segmentation software (SliceOmatic 
v4.3, Tomovision, Canada). 

Total SM volume was calculated by adding up SM volume of the trunk and the 
upper and lower extremities. Upper extremities were defined as from the wrists 
to humerus heads, and lower extremities were defined as from the femoral heads 
to the ankles. The trunk was segmented between the humerus and femoral 
heads. Later three single slices at the level of C3, C4 and C5 were additionally 
segmented in all participants by a different researcher (S.B.) using SliceOmatic 
v5.0 segmentation software, following a previously formulated method. 18 The 
SMA at C3, C4 and C5 was defined as the SM area of the paravertebral muscles 
(PVM) and both sternocleidomastoid muscles (SCM), identical to the previously 
published method.18 

Statistical analysis 
All statistical analyses were performed using the IBM SPSS Statistics version 25.0 
software package (Chicago, Illinois, USA). Results were considered statistically 
significant if the p-value was less than 0.05. A test for normality (Kolmogorov-
Smirnoff test) and histograms were used to assess whether continuous variables 
were normally distributed. Continuous data are represented as mean ± standard 
deviation (SD) if normally distributed, and median ± interquartile range (IQR) if 
skewed. Categorical data are represented as a number and percentage of the 
total. Pearson’s or Spearman’s correlation coefficients were calculated to evaluate 
bivariate linear correlation between single slice SMA and total SM volume. 
Differences between correlation coefficients of slice SMA and total SM volume 
were tested by using the method of Steiger and Fisher’s Z transformation.20 A 
simple linear regression model was used to create a prediction equation from 
single slice SMA for total SM volume. Multivariable linear regression with a cross-
validation step was used to create a multivariable prediction formula for total 
SM volume from single slice SMA. A cross-validation dataset was created by 
randomly dividing the total subject dataset 10 times into a ‘training’ and a ‘test’ 
equal datasets, as well as an eleventh “validation 1 and 2” dataset. Multivariable 
prediction equation formulation was carried out using backward selection and 
a p-value of 0.05. Bland-Altman plots were constructed to assess agreement 
between measurements.21 

The objective of this study was to establish the correlation between SMA at the 
level of C3, C4 and C5 and total SM volume as measured using whole-body MRI, 
and to formulate a prediction equation to estimate total SM volume from a single 
slice SMA in the head and neck region. This study was performed in accordance 
with the STROBE checklist.

Methods

This investigation was an additional analysis of data ascertained between 2005 
and 2012 at the Institute of Human Nutrition and Food Science at the University 
of Kiel (Christian-Albrechts-University, Kiel, Germany).13 In this study, MRI data of 
142 healthy Caucasians (75 women and 67 men) aged 19–65 years with BMI (in 
kg/m2) from 20.0 to 47.7 were collected. All subjects were recruited from the local 
community, by using local advertisement and notice-board postings. Exclusion 
criteria were smoking, metallic implants, pregnancy, acute or chronic diseases, 
and intake of medication that influences body composition. Each participant 
was informed about the objectives and methods of the study and asked to sign 
an informed consent. All protocols were approved by the ethical committee of 
the Christian-Albrechts-University and were performed in accordance with the 
Declaration of Helsinki. Measurements of body composition took place at the 
Institute of Human Nutrition and Food Science, Christian-Albrechts-University, 
Kiel (anthropometric measures) and the Clinic for Diagnostic Radiology, 
Universitätsklinikum Schleswig-Holstein (MRI), Germany. 

Anthropometric measurements 
Body weight was measured to the nearest 0.01 kg with an electronic scale 
coupled to the BOD POD device (TANITA, Japan). Height was measured using a 
seca stadiometer (seca, Hamburg, Germany) with an accuracy of 0.5 cm. 

Magnetic resonance imaging 
Body composition of all subjects was measured using whole-body MRI. Standard 
protocols were described in more detail elsewhere.19 In short, imaging of SMM 
was obtained using a 1.5-T Magnetom Avanto Vision Scanner (Siemens Medical 
Systems, Erlangen, Germany), using a T1-weighted-gradient echo sequence 
(repetition time: 157 ms; echo time: 4 ms). Transversal scans were obtained from 
the wrist to ankle with a slice thickness of 8 mm and a 2mm interslice gap. Subjects 
were scanned in a supine position with arms extended above the head. During 
the measurement of abdominal and thoracic regions, subjects were asked to hold 
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Using linear regression, the following univariable prediction equation 1 for total 
SM volume was established from single slice SMA at C3.

Univariable prediction equation 1: 

Total SM volume (L) = SM area at C3 * 0.538 + 1.111 
R2 = 0.795, standard error of the estimate (SEE) = 2.84 L

The relationship and agreement between measured total SM volume and 
estimated total SM volume using prediction equation 1 is shown in Figure 1. 
Estimation of total SM volume using the univariable prediction equation 1 is 
possible. The Bland-Altman plot shows few major outliers both below and above 
the ± 1.96 SD references lines.

Figure 1. Estimated and measured SM volume using univariable prediction formula 1

Figure 1: Correlation between estimated total SM volume based on SMA at the level of C3 and 
measured total SM volume in liters. Estimated total SM in liters was calculated using univariable 
prediction equation 1. 

Results

For this study, 142 healthy subjects who had undergone whole-body MRI were 
evaluated for inclusion. Two male subjects were excluded because of major 
movement artefacts in the head and neck region, impeding accurate identification 
and segmentation of SMA at the level of C3, C4 and C5. In total, 140 subjects were 
included for analysis. Subjects’ characteristics are summarized in Table 1. Men 
and women differed significantly in height, weight and total SM volume. Most 
continuous variables were normally distributed. Age and BMI were not normally 
distributed. 

Single slice SMA and total SM volume
Mean results for single slice SMA and total SM volume are summarized in Table 1. 
All single slice SMA in the head and neck region correlated significantly with total 
SM volume (p < 0.01). There was not one single slice SMA significantly stronger 
correlated with total SM volume (Fisher’s Z transformation and method of Steiger: 
p > 0.05). However, because the correlation coefficient between single slice SMA 
at C3 and total SM volume was highest (r = 0.892), compared to C4 (r = 0.886) 
and C5 (r = 0.876), the single slice SMA at C3 was chosen as the reference slice for 
establishing a prediction formula. 

Table 1: Characteristics of study subjects

Total (n = 140) Women (n = 75) Men (n = 65)

Age, y † 37.0 [28.0 – 46.75] 35.0 [29.0 – 48.0] 39.0 [27.0 – 46.0]

Height, m ‡# 1.75 ± 0.08 1.69 ± 0.07 1.81 ± 0.05

Body weight, kg ‡# 82.5 ± 19.7 77.4 ± 22.0 88.3 ± 14.9

BMI, kg/m2 †

   Normal weight %
   Overweight %
   Obese %

25.2 [22.8 – 30.1]
47.9
25.7
26.4

24.4 [22.1 – 31.1]
54.7
17.3
28.0

26.1 [23.2 – 29.9]
40.0
35.4
24.6

Single slice SMA (cm2) ‡#

   C3
   C4
   C5
   L3

46.0 ± 10.4
47.9 ± 11.1
53.3 ± 11.8

152.8 ± 38.9

38.4 ± 5.7
39.7 ± 6.1
44.7 ± 6.6

123.7 ± 20.8

54.9 ± 7.0
57.2 ± 7.5
63.2 ± 8.1

186.4 ± 25.4

Total SM volume (L) ‡# 25.9 ± 6.3 21.2 ± 3.5 31.3 ± 4.0

Abbreviations: SM – skeletal muscle; C3 – third cervical vertebra; C4 – fourth cervical vertebra; C5 – 
fifth cervical vertebra; L3 – third lumbar vertebra. 
† Median [IQR]. 
‡ Mean ± SD.
# Significant difference between men and women, p < 0.05 (unpaired t-test or Mann-Whitney U test). 
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Bland-Altman plot. There is good agreement between measured total SM volume 
and estimated total SM volume, with 5% of measurements outside of ± 1.96 SD 
references lines. There was 1 major outlier, where actual and estimated total SM 
volume differed more than 3 SD. This particular subject was an extraordinary 
muscular woman. 

Figure 2: Bland-Altman plots illustrating agreement between estimated and measured total 
SM volume

Figure 2: Bland-Altman plots illustrating the agreement between estimated SM volume in liters using 
multivariable prediction equations 2 and 3 using SM area measurement on CT at the level of C3, and 
measured total SM volume in liters.

Figure 3: Estimation of total SM volume from CSA at the level of C3

Figure 3: Scatter plot and Bland-Altman plot illustrating the agreement between estimated and 
measured total SM volume from CSA at the level of C3 using multivariable prediction formula 4. 

Cross-validation and multivariable prediction equation 
establishment for total SM volume
A 10-fold cross-validation step was performed. Variables entered into the 
multivariable linear regression model, apart from single slice SMA at C3, were 
height (m), weight (kg), sex and age (y), because these variables were significantly 
associated with single slice SMA at C3 in univariable linear regression analysis. Sex 
was coded “1” for female subjects and “2” for male subjects. The following average 
prediction equations were created in the 10 ‘training’ and ‘test’ datasets: 2 and 3.

‘Training’ multivariable prediction equation 2: 
Total SM volume (L) = -24.795 + 0.289 * SMA at C3 + 16.823 * Height (m) + 0.059 * 
Weight (kg) + 2.598 * Sex - 0.018 * Age (y)
R2 = 0. 878, SEE = 2.19 L

‘Test’ multivariable prediction equation 3: 
Total SM volume (L) = -22.416 + 0.251 * SMA at C3 + 15.685 * Height (m) + 0.061 * 
Weight (kg) + 3.680 * Sex - 0.026 * Age (y)
R2 = 0. 878, SEE = 2.19 L

Prediction equations 2 and 3 were tested in validation datasets 1 and 2 to estimate 
total SM volume; both prediction formulas showed excellent correlation with total 
SM volume in both datasets. Figure 2 shows the agreement between measured 
total SM volume and estimated total SM volume using prediction equations 2 and 
3 in Bland-Altman plots. Both plots show good agreement between measured 
total SM volume and estimated total SM volume, with about 5% of measurements 
outside the 95% confidence intervals. 

Based on these results, we combined prediction equation 2 and prediction 
equation 3 into the following final multivariable prediction equation 4:

Multivariable prediction equation 4: 
Total SM volume (L) =  -23,607 + 0,270 * SMA at C3 + 16.234 * Height (m) + 0.060 * 
Weight (kg) + 3.129 * Sex - 0.022 * Age (y) 
R2 = 0.879, SEE = 2.18 L

Figure 3 shows the direct relationship between measured total SM volume and 
estimated total SM volume based on single slice SMA at C3 using multivariable 
prediction equation 4 in a scatter plot, and the agreement between measured 
total SM volume and estimated total SM volume using prediction equation 4 in a 
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Some limitations to this study need to be addressed. This study was performed in 
healthy subjects, whose average body composition may differ from the average 
HNC patient’s body composition. There were no underweight subjects analyzed in 
this study, while it is known that some HNC patients are underweight at diagnosis. 
Patients with HNC are generally aged 45 years or older, while the median age 
in this cohort of healthy volunteers was 37 years. Moreover, volunteers who 
smoked were excluded from participation in this study, while the majority of HNC 
patients uses or has used tobacco. However, there is no apparent reason why 
the relationship between SMA at C3 and total SM volume should be significantly 
different in smokers, elderly or HNC patients than in non-smoking, healthy 
individuals. In a previous study using CT we found no difference in the relation 
of C3 and L3 muscle CSA measurements between trauma patients (considered 
otherwise-healthy controls) and HNC patients.18

Also, it should be noted that the development of a second primary tumor is 
relatively common in tobacco- and alcohol-associated HNC, with up to 20 percent 
of patients developing another tumor in the same region. As a result, some 
patients diagnosed with HNC will have received prior treatment for a different 
HNC in the same region, for example with radiotherapy or surgery. It is unclear 
what effect prior radiotherapy has on the SMA and skeletal muscle quality. This 
issue still needs to be addressed. Lastly, in this study only MRI has been used to 
assess the relationship between SM area in the head and neck region and total 
SM volume. In clinical practice many patients will undergo CT imaging in the 
diagnostic process instead of MRI. Recent studies in HNC patients compared a 
measurement of SMA on CT and MRI, and found that differences in SMA measured 
by CT and MRI are negligible.35,36

Several different cut-off values for low SMM have been published; most are in 
part dependent of its outcome value and reference population. This hinders 
generalization of SM measurements and its association with clinical outcomes.37 
This study provides valuable information on the relationship between SMA at the 
level of C3 and total SM volume, but it does not provide specific cut-off values for 
low SMM or low SM volume based on SMA at the level of C3.

Conclusion
The skeletal muscle area on a single MRI slice at the level of C3 is strongly 
correlated with total skeletal muscle volume as measured on whole-body MRI. Via 
a multivariable prediction formula, total skeletal muscle volume can be accurately 
predicted from skeletal muscle area at the level of C3 in healthy adults. The 

Discussion

Previous research has shown that it is possible to accurately estimate total SM 
volume from a single transversal MRI slice at the level of L3. This study shows that 
total SM volume can also be accurately estimated from a transversal MRI slice at 
the level of C3 in healthy volunteers. Using a multivariable formula including SMA 
at the level of C3, height, weight, sex and age of the subject, estimation of total 
SM volume is even more precise. We showed that the C3 measurement method 
can be used reliably to investigate body composition in subjects with imaging of 
the head and neck region only.

In recent years, the radiological assessment of SMM has been widely adopted to 
investigate body composition and outcome in, amongst others, cancer patients. 
Low SMM is a recognized predictive and prognostic marker for adverse outcomes 
in a variety of cancer types.22–24 Several treatment interventions are investigated; 
such as treatment adaptation based on the body composition of an individual 
patient, or physical and nutritional rehabilitation prior to treatment.25,26 Patients 
with HNC often present with signs of malnutrition, and as such are at risk of having 
low SMM prior to start of treatment. Adverse outcomes associated with low SMM, 
such as chemotherapy related toxicity and wound healing problems, are highly 
prevalent in HNC patients. 

In the last 5 years, several studies have reported on the incidence and relevance 
of low SMM in HNC patients using a measurement of SMM at the level of C3 on 
head and neck CT imaging. The prevalence of low SMM was high in HNC patients, 
ranging from 30% up to more than 80% in elderly HNC patients.27 In HNC patients, 
low SMM as measured at the level of C3 has been associated with increased 
incidence of postoperative complications, chemotherapy (dose-limiting) toxicity 
and decreased survival.28–32 It is also predictive of frailty in HNC patients.33,34 A 
noted advantage in HNC patients of measurement of SMM at the level of C3 is that 
it can be assessed on routinely performed imaging, thus without any additional 
costs or burden for the patient. In the future, HNC patients at high risk of 
adverse outcomes related to sarcopenia may benefit from additional supportive 
treatment or individualized primary treatment. Several possible interventions 
may be considered, such as intensive physical and nutritional prehabilitation, and 
treatment adaptation such as modification of surgical treatment and alternative 
chemotherapy dosing based on the body composition of a patient.
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Introduction

Locally advanced head and neck squamous cell carcinoma (LA-HNSCC) is 
preferably treated with concomitant chemoradiotherapy (CRT) with cisplatin, 
with or without prior surgery.1 The standard-of-care cisplatin regimen consists of 
three three-weekly courses of high dose cisplatin at a dose of 100mg/m2 body 
surface area (BSA), with a cumulative dose of 300mg/m2 BSA cisplatin.2 The 
addition of high dose cisplatin chemotherapy to radiotherapy treatment improves 
locoregional disease control and results in a 6.5% increase in 5-year overall 
survival.3 Large prospective trials and retrospective studies show that a higher 
cumulative dose is associated with better survival rates.4–7

The addition of cisplatin also results in a significant increase in the toxicity of 
treatment, such as acute nephrotoxicity, bone marrow depression or severe 
nausea and vomiting, which cause treatment delay, dose reduction and treatment 
cessation as well as decreased quality of life.2,8 

Approximately 30% of patients experience chemotherapy dose-limiting 
toxicity (CDLT) and are unable to complete full treatment.9 There are several 
contraindications for the use of high dose cisplatin, such as a decreased renal 
function, severe hearing loss and poor WHO functional status. Nevertheless, even 
in absence of these contra-indications, still 30% of patients experience CDLT in 
daily clinically practice which currently cannot be identified in advance. Therefore, 
there is a clinical need for additional predictive characteristics or biomarkers to 
accurately identify LA-HNSCC patients at high risk of CDLT from cisplatin. 

In recent years, radiologically identified sarcopenia or low skeletal muscle mass 
(SMM) has been identified as a novel predictive and prognostic factor in cancer 
patients. Pre-treatment low SMM is associated with chemotherapy induced 
toxicity and CDLT in patients with a variety of cancer types, including lung, renal 
cell, colorectal and breast cancer.10,11 Several risk factors for low SMM are known, 
including malnutrition, immobilization and chronic illnesses including cancer.12 
In HNSCC, malnutrition at diagnosis is very common, and several retrospective 
studies report an incidence of approximately 50% of low SMM in HNSCC 
patients.9,13–15 

Recent retrospective studies in LA-HNSCC patients also concluded that pre-
treatment low SMM was a significant predictor of CDLT in patients treated with 
CRT with platinum-based chemotherapy.9,16 The purpose of this study was to 

Abstract

Background Low skeletal muscle mass (SMM) is an adverse prognostic factor 
for chemotherapy dose-limiting toxicity (CLDT). In patients with locally-
advanced-head-and-neck-squamous-cell-carcinoma (HNSCC) undergoing 
chemoradiotherapy (CRT), low SMM is a predictor for CDLT. We aimed to validate 
these findings. 

Methods Consecutive LA-HNSCC patients treated with primary CRT with high-
dose cisplatin were retrospectively included. SMM was measured on pre-treatment 
CT-imaging. A cumulative cisplatin dose below 200mg/m2 was defined as CDLT. 

Results 153 patients were included; 37 (24.2%) experienced CDLT and 84 had low 
SMM (54.9%). Patients with low SMM experienced more CDLT than patients with 
normal SMM (35.7% vs 10.1%, p<0.01). Low SMM (OR 3.99 [95%CI 1.56–10.23], 
p=0.01) and an eGFR of 60-70 mL/min (OR 5.40 [95%CI 1.57–18.65], p<0.01) were 
predictors for CDLT. 

Conclusion Pre-treatment low SMM is associated with CDLT in LA-HNSCC patients 
treated with primary CRT. Routine SMM assessment may allow for CDLT risk 
assessment and treatment optimalization.
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nephrotoxicity) after the first cycle of treatment, a postponement of treatment of 
≥4 days (e.g. in the case of bone marrow suppression) resulting in termination of a 
cycle combined with a dose-reduction, or a definite termination of chemotherapy 
after the first cycle of therapy. The aim was to complete all three cycles, but if 
treatment tolerance was perceived to be low, two full cycles of high dose cisplatin 
was accepted as adequate treatment.  

CT image acquisition
As part of radiotherapy planning, pre-treatment head and neck CT-imaging 
in radiation mould was performed in all patients. Patients were immobilized in 
supine treatment position in a custom-made head-and-neck mask. For planning, 
contrast-enhanced 3-mm slides CT-scan simulation was performed in all patients. 
All patients were treated with intensity-modulated radiotherapy (IMRT) or 
volumetric modulate arc therapy (VMAT). The radiation treatment consisted of 
46 Gy of elective irradiation to both sides of the neck (level II-IV in case of node-
negative neck and level II-V in case of cervical lymph node metastases), followed 
by a boost of 24 Gy in 12 fractions to the primary tumor and the involved nodes in 
case of node-positive disease, to a total dose 70 Gy. 

Image evaluation
Measurement of SMM was performed at the level of C3 according to a method 
previously described by Swartz et al.18 In brief, a single axial CT-slide at level 
C3 was selected using a standard procedure: the first slide to completely show 
the entire vertebral arc when scrolling through the C3 vertebra from caudal to 
cephalic direction was selected. Skeletal muscle tissue was identified using 
Hounsfield unit (HU) ranges settings from -29 to +150 HU, to avoid overestimation 
of skeletal muscle area and to exclude fatty tissue (which has a HU value below 
-30).19 The outer contours of the sternocleidomastoid and paravertebral muscles 
were traced manually, as is shown in Figure 1, using the Worldmatch Research 
Software Package, an in-house software package designed for image evaluation, 
registration and delineation for radiotherapy. The cross-sectional muscle area 
(CSMA) at the level of C3 was calculated as the sum of the delineated areas of the 
paravertebral muscles and both sternocleidomastoid muscles within HU ranges 
of -29 to +150 in cm2. All CT slides were analyzed by a single researcher (S.B.). The 
CSMA at the level of C3 was then normalized for stature to calculate a cervical 
skeletal muscle index (CSMI).20

investigate and validate the predictive value of low SMM on CDLT in a larger cohort 
of LA-HNSCC patients, treated with standard-of-care treatment with primary CRT 
with high dose cisplatin. 

Methods

This study was performed as a secondary analysis of a prior retrospective study.6 
All data were used in an coded fashion. Because of the retrospective nature of 
this study, formal informed consent or medical ethical approval was waived at the 
time of the inception of this study. This research was conducted in accordance 
with the Declaration of Helsinki and all subsequent legislation.

Patient and study design
All patients were treated at the Netherlands Cancer Institute in Amsterdam, The 
Netherlands, with curative intent. Between January 2008 and December 2015, 
all 279 consecutive patients with histologically proven squamous cell carcinoma 
of the oropharynx, hypopharynx, or larynx who were eligible for concomitant 
primary chemoradiotherapy with three three-weekly courses of high dose 
cisplatin courses at 100mg/m2 BSA were identified. Patients who were not treated 
with cisplatin for any reason, and patients who received cisplatin in another 
regimen such as weekly cisplatin or carboplatin were excluded. Patients without 
recent CT or MRI scans (less than 3 months) of the head and neck area prior to 
TL were excluded. Patients who had severe dental artifacts at the level of C3 that 
impeded accurate assessment of SMM were also excluded. 

Relevant clinical information such as weight, stature, body mass index (BMI), 
smoking, AJCC stage according to the 7th AJCC staging manual and outcome data 
were retrieved from medical records. The Adult Comorbidity Evaluation index (ACE-
27) was used to measure comorbidities.17 In oropharyngeal cancer, HPV status was 
assessed by p16 staining, followed by high-risk HPV PCR for confirmation. Survival 
data were collected until February 2017. Because of a known better prognosis of 
HPV-related oropharyngeal cancer, those patients were excluded from survival 
analysis. 

Chemotherapy dose-limiting toxicity
Chemotherapy dose-limiting toxicity was defined as any toxicity resulting 
in a cumulative cisplatin dose of less than 200mg/m2. This could be because 
of a chemotherapy dose-reduction of ≥50% (e.g. due to neutropenia or 
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lower than 0.05 in univariate analysis were selected for inclusion in multivariate 
analysis. Cox proportional hazard regression analysis was used to evaluate the 
relationship between low SMM and overall survival (OS). Kaplan Meier curves 
were used to visualize overall survival.

Results

Of all 279 patients predefined as having an indication for high dose cisplatin, 
39 patients did not receive any cisplatin and 73 patients were treated with daily 
cisplatin as part of a clinical study, and were thus excluded. Six patients were 
treated with induction TPF (docetaxel, cisplatin, fluorouracil), and 4 with weekly 
cisplatin, and were also excluded. In 4 patients, imaging quality was deemed 
insufficient. In total, 153 patients who were treated with three-weekly high dose 
cisplatin were included for analysis. For the overall survival analysis, 41 patients 
with HPV-positive oropharyngeal cancer were excluded and 112 patients with 
HPV-negative or unknown status were included.

Patient characteristics
Patient, disease and outcome characteristics are presented in Table 1. All patients 
received at least 1 cycle of high dose cisplatin. Patients were predominantly male, 
current smokers and presented with AJCC stage III or IV disease. Of note, almost 
50% of all patients with oropharyngeal cancer had HPV-related oropharyngeal 
cancer. Approximately half of all patients completed 3 cycles of high dose cisplatin 
(52.9%). Two cycles of cisplatin were completed in 22.9% of patients. In 24.2% 
of patients, only 1 cycle of chemotherapy could be completed. CDLT occurred 
in 24.2% of patients. The most frequent reason for chemotherapy treatment 
termination was grade 3 toxicity, being a significant decrease in renal function in 
52%, severe nausea in 9% and infectious disease such as sepsis in 9% of patients. 
There were no significant differences in patients characteristics between patients 
with and without CDLT, apart from a mild renal function impairment prior to start 
of treatment with an eGFR between 60 and 70 (p = 0.02). 

Figure 1: Skeletal muscle area segmentation at the level of C3 using the WorldMatch 

software program.

Statistical analysis
All analyses were performed using SPSS version 25.0 (SPSS Inc. Chicago IL, USA). 
Continuous data are represented as mean ± standard deviation (SD). Categorical 
data are represented as the number and percentage of total. The optimum SMM 
cut-off value based on CDLT was obtained using the optimal point in a receiver 
optimum stratification for binary outcomes (in this study, the occurrence of 
CDLT). The Fisher’s exact test, Pearson Chi square test, independent sample t-test 
and Mann-Whitney U test were used for comparisons between groups where 
appropriate. The predictive effect of low SMM on CDLT was evaluated using 
univariate and multivariate logistic regression analysis. Variables with a p-value 
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AJCC stage

II 4 (2.6) 0 (0) 4 (3.4) 0.34#

III 66 (43.1) 14 (37.8) 52 (44.8)

IV 83 (54.2) 23 (62.2) 60 (51.7)

Extracapsular extension

No 109 (71.2) 29 (78.4) 80 (69.0) 0.27*

Yes 44 (28.8) 8 (21.6) 36 (31.0)

Number of cisplatin cycles

1 37 (24.2) 37 (100) - n/a

2 35 (22.9) - 35 (30.2)

3 81 (52.9) - 81 (69.8)

CDLT

Absent 116 (75.8) - 116 (100) n/a

Present 37 (24.2) 37 (100)

Survival status

Alive 99 (64.7) 21 (56.8) 78 (67.2) 0.25*

Deceased 54 (35.3) 16 (43.2) 38 (32.8)

* Fisher’s exact test; # Pearson Chi quare test; $ Independent student’s T test

Low SMM as a predictor for CDLT
A sex-specific cut-off point for low SMM as a predictor for CDLT was formulated 
using a ROC curve. The AUC of the ROC curve was 0.72 for women (Mann-Whitney 
U test: p = 0.05) and 0.58 for men (Mann-Whitney U test: p = 0.11). The optimal 
cut-off value for low SMM was 10.7 cm2 for women and 13.1 cm2 for men. Using 
this cut-off, 54.9% of patients had low SMM. 

Univariate and multivariate analysis for CDLT
Table 2 shows patient and disease characteristics of patients with low SMM and 
normal SMM. Patients with low SMM had a significantly lower BMI (p < 0.01) and 
a higher T stage (p = 0.05), and showed a trend towards a higher N stage (p = 
0.09). There were no significant differences in terms of gender or age of patients 
with and without low SMM. Patients with low SMM experienced CDLT significantly 
more often than patients with normal SMM (35.7% versus 10.1%; p < 0.01). 

Table 1. Patient, disease and outcome characteristics.

Characteristic Total 
n = 153 (%)

With CDLT
n = 37 (%)

Without CDLT
n = 116 (%)

P value

Gender

Men 112 (73.2) 28 (75.7) 84 (72.4) 0.70*

Women 41 (26.8) 9 (24.3) 32 (27.6)

Age at diagnosis (years)

Mean (SD) 59.9 (6.7) 61.1 (5.9) 59.5 (7.0) 0.20$

Smoking

Never
Former

25 (16.3)
16 (10.5)

5 (13.5)
6 (16.2)

20 (17.2)
10 (8.6)

0.40#

Active 112 (73.2) 26 (70.3) 86 (74.1)

Body mass index

Mean (SD) 23.7 (4.1) 23.6 (3.8) 23.8 (4.2) 0.82$

ACE-27
0
1
2

115 (75.2)
37 (24.2)

1 (0.7)

28 (75.7)
8 (21.6)
1 (2.7)

87 (75.0)
29 (25.0)

0 (0)
0.20#

Renal function

eGFR >70 130 (85.0) 27 (79.4) 103 (93.6) 0.01*

eGFR 60-70 14 (9.2) 7 (20.6) 7 (6.4)

Tumor site

Oropharynx,HPV+ 41 (26.8) 9 (24.3) 32 (27.6) 0.40#

Oropharynx, HPV- or unknown 51 (33.3) 12 (32.4) 39 (33.6)

Hypopharynx 50 (32.7) 11 (29.7) 39 (33.6)

Larynx 11 (7.2) 5 (13.5) 6 (5.2)

T stage

1 15 (9.8) 4 (10.8) 11 (9.5) 0.23#

2 46 (30.1) 10 (27.0) 36 (31.0)

3 48 (31.4) 12 (32.4) 36 (31.0)

4 44 (28.8) 11 (29.7) 33 (28.4)

N stage

0 19 (12.4) 3 (8.1) 16 (13.8) 0.53#

1 17 (11.1) 5 (13.5) 12 (10.3)

2a 9 (5.9) 4 (10.8) 5 (4.3)

2b 66 (43.1) 13 (35.1) 53 (45.7)

2c 35 (22.9) 10 (27.0) 25 (21.6)

3 7 (4.6) 2 (5.4) 5 (4.3)
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AJCC stage

II 2 (2.4) 2 (2.9) 0.11#

III 30 (35.7) 36 (52.2)

IV 52 (61.9) 31 (44.9)

CDLT

No 54 (64.3) 62 (89.9) < 0.01*

Yes 30 (35.7) 7 (10.1)

Bold indicates a significant difference between groups with p < 0.05. Cursive indicates a p value < 
0.10.
* Fisher’s exact test; # Pearson Chi square test; $ Independent student’s T test

In Table 3, the univariate and multivariate analysis for the occurrence of CDLT 
are shown. In univariate analysis, only low SMM (OR 3.75 [95% CI 1.58 - 8.90], p 
< 0.01) and a mild renal function impairment with an eGFR of 60 - 70 (OR 3.82 
[95% CI 1.23 - 11.81], p = 0.02) were associated with the occurrence of CDLT. In 
multivariate analysis, both low SMM (OR 3.99 [95% CI 1.56 - 10.23], p = 0.01) and a 
mild renal function impairment (OR 5.40 [95% CI 1.57 - 18.65], p < 0.01) remained 
associated with the occurrence of CDLT.

Survival analysis
Table 4 shows univariate and multivariate Cox regression analysis for OS in HPV-
negative patients or patients with unknown HPV-status (n=112). In univariate Cox 
regression analysis, by far the most important prognosticator was HPV-status of 
the tumor; with patients with HPV-related oropharyngeal cancer having a better 
prognosis than other patients in this cohort (HR 0.07 [95% CI 0.02 - 0.31], p < 0.01).

Table 2. Patient characteristics in patients with low and normal SMM

All patients Patients with low 
SMM

 Patients with     
 normal SMM

P value

Characteristic n = 84  (%) n = 69 (%)

Gender

Men 64 (76.2) 48 (69.6) 0.37*

Women 20 (23.8) 21 (30.4)

Age at diagnosis (years)

Mean (SD) 59.9 (6.3) 59.8 (7.3) 0.95$

Smoking

Never
Former

14 (16.7)
8 (9.5)

11 (15.9)
8 (11.6)

0.92#

Active 62 (73.8) 50 (72.5)

Body mass index

Mean (SD) 22.1 (3.6) 25.6 (3.9) < 0.01$

ACE-27

0
1
2

62 (73.8)
21 (25.0)

1 (1.2)

53 (76.8)
16 (23.2)

0 (0)
0.60#

Renal function

eGFR >70 73 (92.4) 57 (87.7) 0.40*

eGFR 60-70 6 (7.6) 8 (12.3)

Tumor site

Oropharynx, HPV+ 16 (19.0) 25 (36.2) 0.12#

Oropharynx, HPV- or unknown 31 (36.9) 20 (29.0)

Hypopharynx 30 (35.7) 20 (29.0)

Larynx 7 (8.3) 4 (5.8)

T stage

1 10 (11.9) 5 (7.2) 0.05#

2 18 (21.4) 28 (40.6)

3 27 (32.1) 21 (30.4)

4 29 (34.5) 15 (21.7)

N stage

0 10 (11.9) 9 (13.0) 0.09#

1 11 (13.1) 6 (8.7)

2a 4 (4.8) 5 (7.2)

2b 29 (34.5) 37 (53.6)

2c 24 (28.6) 11 (15.9)

3 6 (7.1) 1 (1.4)
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Table 4. Univariate and multivariate analysis for overall survival 

Univariate analysis Multivariate analysis
Hazard Ratio (95% CI) p-value  Hazard Ratio (95% CI) p-value

Gender
Male
Female

Ref
1.06 (0.57 - 1.98) 0.86

Age at diagnosis
(years) 1.02 (0.97 – 1.06) 0.58
BMI at diagnosis
(kg/m2) 0.93 (0.87 – 0.99) 0.03 0.94 (0.88 - 1.00) 0.07
Tumor site
Oropharynx HPV+
Oropharynx HPV-/unknown
Hypopharynx
Larynx

Excluded*
Ref

1.86 (0.74 - 4.69)
1.46 (0.81 - 2.61)

0.19
0.21

AJCC stage
2 and 3
4

Ref
3.57 (1.79 - 7.14) < 0.01

Ref
3.40 (1.69 - 6.81) < 0.01

CDLT
No
Yes 

Ref
2.11 (1.15 - 3.89) 0.02

Ref
2.10 (1.13 - 3.90) 0.02

Low SMM
No
Yes

Ref
1.23 (0.71 - 2.16) 0.46

ECE
No
Yes

Ref
1.10 (0.55 - 2.19) 0.80

ACE-27
0
1 or 2

Ref
0.79 (0.41 - 1.53) 0.48

Bold indicates a significant difference between groups. 
* HPV-related oropharyngeal cancer: HR 0.07 (95% CI 0.02 - 0.31], p < 0.01

In univariate Cox regression analysis, low SMM was not a significant prognosticator 
(HR 1.23 [95% CI 0.71 - 2.16], p = 0.46) for OS, as visualized in Figure 2. In contrast, the 
occurrence of CDLT was significantly associated with a decreased OS (HR 2.11 [95% 
CI 1.15 - 3.89], p = 0.02), as visualized in Figure 3. Other significant prognosticators 
for OS were AJCC stage IV disease (HR 3.57 [95% CI 1.79 - 7.14), p < 0.01) and BMI 
(HR 0.93 [95% CI 0.87 - 0.99], p = 0.03), with a higher BMI being associated with 
significantly better OS. In multivariate regression analysis only AJCC stage IV disease 
and CDLT remained significantly associated with decreased OS. 

Table 3. Univariate and multivariate logistic regression analysis for prediction of CDLT

Univariate analysis Multivariate analysis
Odds Ratio (95% CI) p-value Odds Ratio (95% CI) p-value

Gender
Male
Female

Ref
0.84 (0.36 - 1.98) 0.70

Age at diagnosis
(years) 1.04 (0.98 – 1.10) 0.20
BMI at diagnosis
(kg/m2) 0.99 (0.90 – 1.08) 0.82
Tumor site
Oropharynx HPV+
Oropharynx HPV-/unknown
Hypopharynx
Larynx

Ref
1.09 (0.41 – 2.92)

2.96 (0.72 - 12.00)
1.00 (0.37 - 2.72)

0.86

0.13
1.00

AJCC stage
II-III
IV

Ref
1.53 (0.72 - 3.27) 0.27

Renal function
eGFR >70
eGFR 60-70

Ref
3.82 (1.23 - 11.81) 0.02

Ref
< 0.01

Low SMM
No
Yes

Ref
3.75 (1.58 - 8.90) < 0.01

Ref
3.99 (1.56 - 10.23)
5.40 (1.57 - 18.65) 0.01

ACE-27
0
1 or 2

Ref
0.96 (0.41 - 2.28) 0.94

Smoking
No
Former
Active

Ref
2.40 (0.59 - 9.82)
1.21 (0.41 - 3.54)

0.22
0.73

Bold indicates a significant difference between groups.
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Discussion

Low SMM is associated with an increase in chemotherapy related toxicity and 
CDLT in a variety of cancer types. Our study also shows this relationship in HNSCC 
patients treated with primary CRT with high-dose cisplatin. Patients with low SMM 
had a trifold risk of experiencing CDLT compared to patients with normal SMM in 
this study. Although patients with low SMM did not have a decreased OS, patients 
who experienced CDLT did have a significantly decreased OS. This study adds to 
the mounting evidence that there is a clear relationship between low SMM and 
the occurrence of CDLT in HNSCC patients treated with high dose cisplatin.9,16,21,22 

Platinum-based chemotherapy is routinely used in the curative treatment of LA-
HNSCC to enhance the antitumor effect of radiation. Several treatment schemes 
and dosing levels are available for platinum-based chemotherapy in HNSCC. 
Level 1 evidence is available for the improvement of locoregional control and 
overall survival with concurrent CRT with three three-weekly cycles of high dose 
cisplatin at a dose level of 100mg/m2 BSA.2 Despite irrefutable efficacy, the toxicity 
of treatment with high dose cisplatin is a well-known problem in daily clinical 
practice. Early chemotherapy termination due to unacceptable toxicity occurs 
in approximately 30% of patients, and is associated with a marked decrease in 
overall survival (52% versus 72% in 3-year survival) as well as increase in long-
term morbidity of treatment. In recent years, several large clinical trials have 
investigated de-escalation strategies with weekly low-dose cisplatin or cetuximab 
as radiosensitizer in HNSCC, but these trials concluded that concurrent CRT with 
high-dose cisplatin remains the preferred treatment option with the highest 
survival benefit.23–25 

There is an evident clinical need for improved risk assessment in patients planned 
for high-dose cisplatin treatment. Several risk factors for cisplatin toxicity are 
already established absolute contra-indications, such as a decreased renal 
function with an eGFR <60, severe hearing loss or poor functional WHO-status. 
Better knowledge on relative contraindications is needed to identify patients 
who may benefit from modified treatments. Low SMM is a radiological biomarker 
that may aid in the identification of those patients at high risk of cisplatin related 
toxicity that would otherwise not have been identified.26 

Over the last decade, the body composition of cancer patients has been 
researched extensively using diagnostic computer tomography (CT) imaging.27 
Recent retrospective studies in a variety of cancer types have shown an 

Figure 2: Kaplan Meier survival curve for low SMM in HPV negative patients.

At 20 months At 40 months At 60 months At 80 months

Number of events 26 44 48 52

Remaining cases 73 43 23 4

Figure 3: Kaplan Meier survival curve for CDLT in HPV negative patients

At 20 months At 40 months At 60 months At 80 months

Cumulative number of events 26 44 48 52

Remaining cases 73 43 23 4
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Several limitations to this study need to be addressed. Due to the retrospective 
nature of the research, not all relevant research parameters for body composition 
or nutritional status were measured or documented during normal clinical 
practice. Because of the academic nature of the tertiary referral center this study 
was conducted in, a relatively large percentage of patients was excluded because 
of a trial-based treatment regimen (weekly or daily cisplatin). In the present study 
CDLT was defined as any toxicity resulting in a cumulative cisplatin dose of less 
than 200mg/m2; it is generally accepted that at least a dose of 200mg/m2 should 
be administered to be sufficiently effective.3,4 In the previous study of Wendrich 
et al, CDLT was defined as any toxicity resulting in any chemotherapy dose-
reduction of ≥50% (e.g. due to neutropenia or nephrotoxicity), a postponement 
of treatment of ≥4 days (e.g. in the case of bone marrow suppression) or a 
definite termination of chemotherapy after the first or second cycle of therapy. 
Despite slightly different definitions of CDLT, the conclusions of both studies were 
comparable: a threefold significant higher incidence of CDLT in SMM patients 
(35.7% vs. 10.1% and 44.3% vs. 13.7%). In both studies patients experiencing CDLT 
had a significantly lower overall survival than patients who did not. 

In the current study, we decided not to use a previously published multivariate 
formula to calculate CSMA at the level of L3, but rather use CSMA at the level of C3 
directly to assess SMM. This better allowed us to formulate a sex-specific cut-off 
point for low SMM, as is commonly done in other areas of oncological research, 
rather than use a single cut-off point. It is known that women have less SMM than 
men.36. Sex is part of the previously published prediction formula for translation 
of CSMA at level of C3 to CSMA at level of L3; as such sex is implicitly already 
accounted for using this method. This choice does hinder direct comparison to 
our previous results. It should be noted that the incidence of low SMM as well as 
the trifold risk of CDLT in patients with low SMM is equal in both our previous9 and 
this current study, and compares to results in other studies. 

Conclusion
This study validates the previous findings that pre-treatment low SMM is 
significantly associated with CDLT in LA-HNSCC patients treated with primary 
CRT with high dose cisplatin. Pre-treatment low SMM alone was not a prognostic 
factor for OS, but CDLT was. Routine SMM assessment may allow for CDLT risk 
assessment and identification of those patients who may benefit from treatment 
modifications and from interventions to increase SMM. 

association between low SMM, sometimes termed sarcopenia, and the occurrence 
of chemotherapeutic toxicity and CDLT.10 Several hypothesis have been proffered. 
One hypothesis behind this relationship is that most (hydrophilic) chemotherapy, 
including cisplatin, mainly distributes into the fat-free body mass, of which skeletal 
muscle mass is the largest contributor.11,28 Patients with low SMM and normal 
or high fat mass may receive a relatively higher dose of chemotherapy than is 
anticipated using a standard dosing regimen based on BSA. Previous research has 
shown that drug dosing based on BSA poorly predicts plasma drug concentrations 
of most cytotoxic drugs in individual patients, including cisplatin.29,30 Currently, a 
prospective study investigating this relationship in HNSCC patients is ongoing. 

It may also be that low SMM reflects an overall poorer physical functioning 
in patients, which is not as distinctly found as using other routinely used risk 
stratification methods. In recent years, there has been increased interest in the 
supportive care of cancer patients undergoing chemotherapy, including increased 
interest in guided exercise and nutritional support during cancer treatment. A 
randomized controlled trial in breast cancer patients undergoing several physical 
activity programs showed a positive effect on treatment tolerance and fatigue.31 A 
recently published randomized controlled trial in rectal cancer patients undergoing 
neoadjuvant CRT showed a significant increase in SMM in patients who followed 
an exercise program during neoadjuvant chemotherapy, compared to patients 
who did not.32 A recent study in breast cancer patients undergoing adjuvant 
chemotherapy did not show a difference in chemotherapy completion in patients 
participating in an exercise intervention, but it did show a significant decrease in 
hospitalization during treatment.33 Besides exercise and nutritional support during 
cancer treatment, ‘prehabilitation’ with exercise and nutritional support prior to 
start of treatment are likely to increase treatment tolerance. However, limited time 
between diagnosis and start of treatment may decrease the ability to effectively 
implement a prehabilitation program in patients undergoing primary CRT. 

Feasibility studies in patients with HNSCC have shown that muscle resistance 
training programs in patients undergoing chemoradiotherapy or radiotherapy 
are feasible and show high patient satisfaction.34,35 Whether such interventions 
also provide benefit in terms of overall survival is unknown, but low SMM prior to 
start of treatment may be an indicator that a patient may benefit from intensified 
supportive care in terms of physical exercise and nutritional support. Pre-
treatment low SMM may also be used as an argument for an intended treatment 
de-escalation choice, such as weekly low-dose cisplatin, to maximize treatment 
adherence and cumulative cisplatin dose administered. 
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Introduction

Total laryngectomy with or without (partial) pharyngectomy (TL), often 
followed by postoperative (chemo)radiotherapy is a curative treatment option 
for patients with advanced stage primary laryngeal or hypopharyngeal cancer. 
Total laryngectomy can also be used to salvage patients with recurrent disease 
after failure of initial organ preserving treatment with (chemo)radiotherapy 
or in patients without (current) cancer but with a dysfunctional larynx.1,2 Total 
laryngectomy is an invasive surgical procedure and is associated with significant 
morbidity and mortality, as well as a reduced quality of life after surgery.3

Postoperative complications including the occurrence of a pharyngocutaneous 
fistula (PCF) are common and difficult to treat problems after TL.1-4 Up to thirty 
percent of patients develop PCF, which may require additional surgery, prolongs 
feeding tube dependency and increases hospital stay.5 Previously described 
risk factors for the occurrence of a PCF include prior chemoradiotherapy with 
platinum-based chemotherapy, hypopharyngeal cancer, extensive pharyngeal 
resection and reconstruction, additional neck dissection and low BMI. The 
occurrence of a PCF may also cause delay of postoperative (chemo)radiotherapy, 
thus jeopardizing optimal oncological treatment. .6,7 

The radiological assessment of body composition has increasingly gained attention 
in oncological research over the last decade.8,9 Specifically a low skeletal muscle 
mass (SMM), also termed sarcopenia, has been related to negative outcomes in 
variety of tumour types and treatments. In geriatric patients, sarcopenia is defined 
as a geriatric syndrome characterized by the age-related loss of muscle mass and/
or muscle function or decreased physical status.10 In oncological patients, often 
only SMM is assessed as muscle function is rarely measured during routine clinical 
practice.11 

In oncological patients, skeletal muscle mass is most commonly assessed on 
abdominal computed tomography (CT) imaging at the level of the third lumbar 
vertebra (L3).12,13 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. 

Low SMM has been related to more postoperative complications, prolonged 
hospital stay and decreased survival in surgical oncology.14,15 In head and 
neck cancer, the predictive and prognostic value of low SMM has not yet been 

Abstract

Background Low skeletal muscle mass (SMM) is associated with postoperative 
complications, prolonged hospital stay, and short overall survival (OS) in surgical 
oncology. We aimed to investigate this association in patients undergoing total 
laryngectomy (TL).

Methods A retrospective study was performed of patients undergoing TL. SMM 
was measured using CT or MRI scans at the level of the third cervical vertebra (C3).

Results In all, 235 patients were included. Low SMM was observed in 109 patients 
(46.4%). Patients with low SMM had more pharyngocutaneous fistulas (PCFs) than 
patients with normal SMM (34.9% vs 20.6%; P = 002) and prolonged hospital stay 
(median, 17 vs 14 days; P < 0.001). In multivariate analysis, low SMM (hazard ratio, 
1.849; 95% confidence interval, 1.202-2.843) and high N stage were significant 
prognosticators of decreased OS.

Conclusion Low SMM is associated with PCF and prolonged hospital stay  
in patients undergoing TL. Low SMM is an independent prognostic factor for 
shorter OS.
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of the surgery, neck dissection and primary pharyngeal closure or flap reconstruction 
of the pharynx. Prior treatment with radiotherapy or chemoradiotherapy for 
head and neck cancer was recorded. Postoperative adjuvant treatment was 
also recorded. The American Society of Anesthesiologist’s physical status 
classification was recorded as a surrogate marker for comorbidities.18 Postoperative 
complications were graded according to the Clavien-Dindo classification of Surgical 
Complications.19 Severe complications were defined as Clavien-Dindo grade 3A or 
higher. Of specific interest was the occurrence of PCF which was scored separately 
to the other postoperative complications. The occurrence of PCF was defined as a 
clinical fistula requiring any form of conservative or surgical treatment. Duration of 
hospital stay was recorded as the time in days between the date of TL and date of 
first hospital discharge. 

Follow-up/survival data was retrieved up until the 31st of August, 2017. Overall 
survival (OS) was defined as the time elapsed between the date of total 
laryngectomy and the date of death. Disease-specific survival (DSS) was defined 
as any patient who had died as a result of the current head and neck cancer 
diagnosis or as a result of the surgical procedure. Survival status was checked 
in the patient medical records in our hospital. Patients are routinely contacted 
during the first five years of follow-up after TL.

Skeletal muscle mass measurement
Skeletal muscle mass was measured on pre-treatment CT or MRI scans of the 
head and neck area at the level of C3 using a previously published method.16 
Whenever possible, CT imaging was used instead of MRI. In brief, the first slide 
at the level of C3 when scrolling from caudal to cranial direction to show both 
transverse processes and the entire vertebral arc was selected for segmentation 
of skeletal muscle (SM) tissue. For CT imaging, SM area was defined as the pixel 
area within a radiodensity between -29 and +150 Hounsfield Units (HU), which 
is specific for SM tissue.20 For MRI, SM tissue was carefully segmented and any 
intramuscular fatty tissue was manually excluded. Segmentation of SM tissue was 
manually performed by a single researcher (S.B.) using the commercially available 
software package SliceOmatic (Tomovision, Canada). An example of SM tissue 
segmentation at the level of C3 is shown in Figure 1. After a learning period, the 
measurement of SMM requires 5 to 10 minutes per CT scan, and up to 15 minutes 
per MRI scan.

researched as thoroughly. Abdominal CT imaging is not routinely performed 
in head and neck cancer patients, and is often only available in a preselected 
patient group with advanced disease and high risk features for distant metastasis. 
Recently, a novel SMM assessment method at the level of the third cervical 
vertebra (C3) was published.16 Imaging at the level of C3 is almost always available 
in head and neck cancer patients, allowing for the routine assessment of SMM. 

In this paper, we aim to investigate whether preoperative low SMM, as measured 
using CT or MRI imaging at the level of C3, is a significant predictor of postoperative 
complications including PCF, prolonged hospital stay and decreased overall 
survival in a large consecutive cohort of patients undergoing TL for any indication. 

Methods

The design of this study was approved by the Medical Ethical Research Committee 
of the University Medical Center Utrecht (ID 17-365/C). The research was 
conducted in accordance with the Declaration of Helsinki.

Patient and study design
A retrospective case note review was performed of all consecutive patients who 
had undergone TL between January 2008 and May 2017 at the University Medical 
Center, Utrecht, The Netherlands, a tertiary referral center for head and neck 
cancer patients. All patients were discussed in the local multidisciplinary tumour 
board prior to and after surgery. Patients without recent CT or MRI scans (less than 
3 months) of the head and neck area prior to TL were excluded. Patients who had 
severe dental artifacts at the level of C3 that impeded accurate assessment of 
SMM were also excluded. 

Patients’ demographic, staging, treatment and outcome data were collected using 
electronic patient records. Both versions 6 and 7 of the AJCC manual were used 
for staging as the study period straddled the change in 2009.17 All patients were 
discussed in local tumour board meetings and underwent TL with or without 
(partial) pharyngectomy and with or without additional lymph node dissection 
either as a primary treatment, a salvage treatment or a functional treatment for a 
dysfunctional larynx. 

Five dedicated head and neck surgical oncologists performed all total 
laryngectomies during the time period. Operating records were checked for details 



103102

Chapter 6 Preoperative low skeletal muscle mass as a risk factor for pharyngocutaneous fistula

6

were normally distributed. Continuous data are represented as mean ± standard 
deviation (SD) if normally distributed, and median ± interquartile range (IQR) if 
skewed. Fisher’s exact tests, Pearson Chi square tests, independent sample t-tests 
and Mann-Whitney U tests were used to assess group differences. Binary logistic 
regression analysis was used to assess the association between low SMM and the 
occurrence of PCF. Kaplan Meier estimates were used to visualize the relationship 
between low SMM and survival outcomes. Univariate and multivariate Cox 
proportional hazard models were used to assess the association between low 
SMM and overall survival. Parameters entered as covariates in regression analysis 
were chosen based on known or expected association with outcomes. All analyses 
were two-sided and p ≤ 0.05 was considered significant.

Results

Between January 2008 and June 2017, 245 patients underwent TL at our 
institution. Of these 245 patients, 235 (95.9%) had appropriate imaging available 
and were included in this study. Mean interval between imaging and TL was 3 
weeks; maximum was 3 months. Four patients without recent imaging available 
that were excluded from this study were diagnosed with a dysfunctional larynx 
and underwent functional laryngectomy, 2 patients had severe dental artefacts 
on the imaging impeding accurate SMM assessment at the level of C3, and 4 
patients had irretrievable scans. 

Patient demographics
Patient, disease and surgical characteristics are presented in Table 1, and 
outcomes after surgery in Table 2. During the study period, 108 patients 
underwent primary TL, 114 patients underwent salvage TL and 13 patients 
underwent a functional TL. A complication of any grade occurred in 64.3% of 
patients after TL. The most commonly noted complication was a Clavien Dindo 
grade I transient hypocalcaemia after surgery, necessitating short-term calcium 
monitoring and supplementation. Severe complications occurred in 69 patients 
(29.4%). A PCF occurred in 64 patients (27.2%), which required surgical closure 
in 40 patients (17.0%). Mean duration of hospital stay after TL was 21 days. There 
were 4 postoperative deaths (1.7%). At the time of concluding this study, with a 
median time of 62.7 months after TL, 134 (57.0%) patients had died of any cause 
and 101 (43.0%) were alive.

Figure 1. Example of segmentation of skeletal muscle tissue at the level of C3.

Two identical axial CT-slides at the level of the third cervical vertebra (C3); the 
left CT slide shows the skeletal muscle tissue unsegmented, while the right 
image shows the paravertebral muscles and both sternocleidomastoid muscles 
segmented in red, using SliceOmatic software. Hounsfield unit (HU) ranges are set 
at -29 to +150 HU for optimal identification of skeletal muscle tissue. 

From SM area at C3, SM area at the level of L3 was predicted using the previously 
published Formula 1.16 The SM area at L3 was then normalized for height to 
calculate the lumbar skeletal muscle index (lumbar SMI), as shown in Formula 
2.12 Low SMM was defined as a lumbar SMI lower than 43.2cm2/m2. This recently 
published cutoff value was established in a separate cohort of head and neck 
cancer patients.21 

Formula 1: 
CSMA at L3 (cm2) = 27.304 + 1.363 * CSMA at C3 (cm2) + 0.640 * Weight (kg) + 
26.442 * Gender (Gender =1 for female, 2 for male) - 0.671 * Age (years)

Formula 2: 
Lumbar SMI (cm2/m2) = CMSA at L3 / (height2)

Statistical analysis
Categorical data are represented as a number and percentage of the total. All 
statistical analyses were performed using the IBM SPSS Statistics version 21.0 
software package (Chicago, Illinois, USA). A test for normality (Kolmogorov-
Smirnoff test) and histograms were used to assess whether continuous variables 
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Closure of neopharynx
     Vertical
     T-closure
     Flap closure

129 (54.9)
21 (8.9)

85 (36.2)

49 (45.0)
9 (8.3)

51 (46.8)

80 (63.5)
12 (9.5)

34 (27.0)

0.117e

Lymph node dissection
     None
     Unilateral
     Bilateral

99 (42.1)
88 (37.1)
48 (20.4)

45 (41.3)
38 (34.9)
26 (23.9)

54 (42.9)
50 (39.7)
22 (17.5)

0.457e

Primary flap reconstruction
     No
     Yes 150 (63.8)

85 (36.2)
58 (53.2)
51 (46.8)

92 (73.0)
34 (27.0)

0.002c

Continuous variables are represented as mean (standard deviation) and categorical variables 
are represented as number (percentage of total). Abbreviations: SMM = skeletal muscle mass;  
BMI = body mass index; ASA = American Society of Anesthesiologist’s physical status classification; 
TL = total laryngectomy; HNC = head and neck cancer. 
a Before 2009: according to the 6th AJCC staging manual. After 2009: according to the 7th AJCC 
staging manual.
b Two patients with primary HNC underwent prior radiotherapy for non-Hodgkin lymphoma.
c Fisher’s exact test.
d Independent sample t-test.
e Pearson Chi squared test.

Body composition
Skeletal muscle mass measurement at the level of C3 was successful in all 235 
patients. The lumbar SMI was calculated from the SM area at C3 as described in 
the ‘methods’ section. Using the lumbar SMI cut-off point of <43.2 cm2/m2, 109 
patients (46.4% of total) had low SMM. Patients with low SMM had a tendency 
to be female, had a lower BMI, had a larger primary tumour and AJCC stage, 
were more likely to have undergone primary TL, and more frequently had flap 
reconstruction of the pharynx. 

Association between low SMM, postoperative complications, PCF 
and hospital stay
Table 2 shows the associations between low SMM and outcomes after TL. Patients 
with low SMM had more severe complications than patients with normal SMM 
(34.9% versus 24.6%, difference not statistically significant, p=0.114). All 4 patients 
who died in-hospital had low SMM (p=0.045). PCF occurred significantly more 
often in patients with low SMM than in patients with normal SMM (p=0.019), and 
surgical treatment of the PCF was more often necessary (p=0.050). Hospital stay 
was significantly longer in patients with low SMM (median 17 days versus 14 days, 
p<0.001). 

Table 1: Patient, disease and surgical characteristics

Characteristic All patients  
(n = 235)

Patients with low 
SMM (n = 109)

Patients with normal SMM 
(n = 126)

p-value

Sex
     Male
     Female

193 (82.1)
42 (17.9)

72 (66.1)
37 (33.9%)

121 (96.0)
5 (4.0)

<0.001c

Age 64.7 (9.1) 65.6 (8.9) 63.8 (9.3) 0.132d

BMI 23.9 (5.0) 21.1 (3.8) 26.4 (4.6) <0.001d

Smoking
     Never
     Current
     Former

6 (2.6)
112 (47.6)
117 (49.8)

4 (3.7)
60 (55.0)
45 (41.3)

2 (1.6)
52 (41.3)
72 (57.1)

0.043e

Alcohol abuse
     No
     Yes, current
     Yes, former

159 (67.7)
26 (11.1)
50 (21.3)

72 (66.0)
14 (12.8)
23 (21.1)

87 (69.0)
12 (9.5)

27 (21.4)

0.718e

ASA classification
     I
     II
     III

19 (8.1)
109 (46.4)
107 (45.5) 

7 (6.4)
46 (42.2)
56 (51.4)

12 (9.5)
63 (50.0)
51 (40.5)

0.225e

Localisation tumour
     Larynx
     Hypopharynx

175 (74.2)
61 (25.8)

75 (68.8)
34 (31.2)

99 (78.6)
27 (21.4)

0.089e

T classification
     T 0
     T 1-2
     T 3-4

13 (5.5)
75 (31.9)

147 (62.6)

10 (9.2)
26 23.9)
73 (67.0)

3 (3.2)
49 (38.9)
74 (57.9)

0.008e

N classification
     N0
     N1
     N2
     N3

152 (64.7)
17 (7.2)

64 (27.2)
2 (0.9)

64 (58.7)
7 (6.4)

37 (33.9)
1 (0.9)

88 (69.8)
10 (7.9)

27 (21.4)
1 (0.8)

0.197e

AJCC-stagea

     0
     I
     II
     III
     IV

13 (6.0)
28 (11.9)
35 (14.9)
35 (14.9)

124 (52.8)

10 (9.2)
6 (5.5)

16 (14.7)
14 (12.8)
63 (57.8)

3 (2.4)
22 (17.5)
19 (15.1)
21 (16.7)
61 (48.4)

0.009e

Indication for TL
     Primary HNCb

     Recurrent/residual HNC
     Dysfunctional larynx

108 (46.0)
114 (48.5)

13 (5.5)

57 (52.3)
42 (38.5)
10 (9.2)

51 (40.5)
72 (57.1)

3 (2.4)

0.004e

Prior treatment
     None
     Radiotherapy
     Chemoradiotherapy

106 (45.1)
106 (45.1)

23 (9.8)

55 (50.5)
44 (40.4)
10 (9.2)

51 (40.5)
62 (49.2)
13 (10.3)

0.304e

Type of resection
     Laryngectomy (LE)
     LE + pharyngectomy

159 (67.6)
76 (32.4)

66 (60.6)
43 (39.4)

93 (73.8)
33 (26.2)

0.036e
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Table 3: Univariate & multivariate logistic regression analysis for the occurrence of PCF

Risk factor Univariate analysisa Multivariate analysisb

Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value

Sex
     Male
     Female

1.00 [reference]
1.633 (0.803 – 3.319) 0.176 1.091 (4.72 – 2.521) 0.839

Smoking
     Never
     Current
     Former

1.00
1.747 (0.196 – 15.583)
2.048 (0.231 – 18.188)

0.520
0.617

Alcohol abuse
     Never
     Yes, current
     Yes, former

1.00
1.322 (0.534 – 3.274)
1.400 (0.700 – 2.802)

0.546
0.342

Prior treatment
     None
     Radiotherapy
     Chemoradiotherapy 

1.00
1.330 (0.725 – 2.473)
1.728 (0.656 – 4.550)

0.351
0.268

Localisation tumour
     Larynx
     Hypopharynx

1.00
3.276 (1.757 – 6.107) 3.348 (1.740 – 6.443) <0.001

Type of resection
     Laryngectomy (LE)
     LE + pharyngectomy

1.00
3.003 (1.646 – 5.478) <0.001 1.799 (0.852  – 3.798) 0.123

Closure of neopharynx
     Vertical
     T-closure
     Flap closure

1.00
1.492 (0.496 – 4.489)
3.238 (1.734 – 6.047)

0.181
0.001

1.581 (0.511 – 4.896)
1.580 (0.525 – 4.753)

0.427
0.416

LND
     None
     Unilateral 
     Bilateral 

1.00 
1.458 (0.767 – 2.772)
1.042 (0.469 – 2.316)

0.250
0.920

Indication for TL
     Primary HNC
     Recurrent/residual HNC
     Dysfunctional larynx

1.00
1.126 (0.614 – 2.067)

5.046 (1.518 – 16.775)
0.701
0.008

1.560 (0.809 – 3.011)
4.881 (1.375 – 17.325)

0.185
0.014

Low BMI
     < 18.5
     18.5 – 25.0
     25.0 – 30.0 
     > 30.0 

1.191 (0.373 – 3.801)
0.935  (0.374 – 2.340)
0.479 (0.163 – 1.405)

1.00 

0,768
0,886
0.180

Low SMM 2.059 (1.148 – 3.692) 0.015 1.950 (1.038 – 3.664) 0.038

a Univariate binary logistic regression analysis
b Multivariate binary logistic regression (Backward Wald selection model)
c LND = lymph node dissection

Table 2: Short- and long-term outcomes after TL

Outcome All patients  
(n = 235)

Patients with low 
SMM (n = 109)

Patients with normal SMM 
(n = 126)

P-value

All grade complications 151 (64.3) 74 (67.9) 77 (61.1) 0.377b

Severe complicationsa 69 (29.4) 38 (34.9) 31 (24.6) 0.114b

Postoperative mortality 4 (1.7) 4 (3.7) 0 (0) 0.045b

PCF 64 (27.2) 38 (34.9) 26 (20.6) 0.019b

Treatment PCF
     Conservative
     Surgical

24 (10.2)
40 (17.0)

14 (12.8)
24 (22.0)

10 (7.9)
16 (12.7)

0.050c

Duration of hospital stay in days 14 [13 – 21] 17 [13 – 28] 14 [12 – 17] <0.001d

Overall survival after TL
     Alive
     Deceased

101 (43.0)
134 (57.0)

30 (27.5)
79 (72.5)

71 (56.3)
55 (43.7)

<0.001b

Duration of hospital stay was skewed and is represented as median [interquartile range (IQR)]. 
Categorical variables are represented as number and percentage of total. 
a Severe complications: Clavien-Dindo Classification of Surgical Complications grade 3A or higher
b Fisher’s exact test 
c Pearson Chi squared test
d Mann-Whitney U test 

Logistic regression analysis was performed to identify predictors of the 
occurrence of PCF. Variables were selected for logistic regression based on known 
or hypothesized association with PCF. T-stage and AJCC stage were not entered 
in logistic regression analysis because of interaction with the indication for TL. 
Results of the univariate and multivariate logistic regression analysis are shown 
in Table 3. In univariate logistic regression analysis, localisation of the tumour 
(hypopharynx), the type of resection (laryngectomy + pharyngectomy), flap 
closure of the pharynx, low SMM and a dysfunctional larynx as the indication for 
TL were significant predictors for PCF. In multivariate logistic regression analysis, 
only a hypopharyngeal tumour (OR 3.348, 95% CI 1.740 – 6.443), low SMM (OR 
1.950, 95% CI 1.038 – 3.664) and a dysfunctional larynx (OR 4.881, 95% CI 1.375 – 
17.325) remained significant predictors of PCF. 
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Figure 2: Overall survival after TL

Figure 3: Disease specific survival after TL

Kaplan Meier survival curve showing overall survival in patients with low and 
normal SMM. The median OS for patients with low SMM after laryngectomy was 
18.5 months, compared to 30.1 months in patients with normal SMM (p<0.001). 
Overall survival at 5-years after TL was 32.1% for patients with low SMM versus 
61.1 % for patients with normal SMM (log rank test: p<0.001).

Survival analysis
On univariate analysis, OS at the end of follow-up was significantly lower in 
patients with low SMM than in patients with normal SMM (median OS was 18.5 
months in patients with low SMM  versus 30.1 months in patients with normal 
SMM, p<0.001), which is visualized in Figure 2. Disease specific survival was 
significantly lower in patients with low SMM as well as shown in Figure 3. 

Table 4 shows the results of the univariate and multivariate regression analysis 
for OS. In univariate Cox proportional hazard regression analysis, high N-stage 
(N2 and N3) and low SMM were significant prognosticators for OS. A higher BMI 
appeared to be associated with longer OS. In multivariate Cox regression analysis, 
N2 nodal status (OR 1.494, 95% CI 1.023 – 2.182, p=0.038), N3 nodal status (OR 
16.040, 95% CI 3.691 – 69.710, p<0.001) and low SMM (OR 1.849 (1.202‐2.843),  
p = 0.005) remained independent prognosticators for decreased OS.

Table 4: Univariate and multivariate Cox regression analysis for overall survival

Risk factor Univariate analysisa Multivariate analysisb

Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value

Sex
     Male
     Female

1.00
0.940 (0.603 – 1.465) 0.784

Indication for TL
     Primary HNC
     Recurrent/residual HNC
     Dysfunctional larynx

1.00 [reference]
1.308 (0.923 – 1.855)
1.017 (0.439 – 2.355)

0.131
0.969

N classificationc

     N0
     N1
     N2
     N3 

1.00 
1.771 (0.979 – 3.201)
1.763 (1.214 – 2.560)

17.091 (3.939 – 74.153)

0.059
0.004

<0.001

1.452 (0.783 – 2.692)
1.313 (0.892 – 1.932)

17.4170 (3.919 – 77.410)

0.237
0.167

<0.001
Postoperative treatment
     None
     Radiotherapy
     Chemoradiotherapy

1.00 
0.756 (0.524 – 1.092)
0.834 (0.461 – 1.509)

0.136
0.549

ASA classification
     I
     II
     III

1.00
1.286 (0.638 – 2.590)
1.746 (0.868 – 3.511)

0.482
0.118

Low BMI
     < 18.5
     18.5 – 25.0
     25.0 – 30.0 
     > 30.0

1.237 (0.605 – 2.528)
1.193 (0.662 – 2.150)
0.494 (0.246 – 0.989)

1.00

0.560
0.556
0.047

0.710 (0.332 – 1.568)
0.904 (0.487 – 1.679)
0.538 (0.267 – 1.081)

0.397
0.750
0.082

Low SMM 2.217 (1.566 – 3.137) <0.001 1.849 (1.202 – 2.843) 0.005

a Univariate Cox survival regression analysis
b Multivariate Cox survival regression analysis (Backward Wald selection model)
c Patients with N3 nodal status: n = 2.
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L3, is that almost all patients have appropriate imaging available. In this current 
study, only 10 out of 245 (4.1%) patients had to be excluded.26 

The relationship between low SMM and negative short-term outcomes and 
prolonged hospital stay is consistent with previous publications in surgical 
oncology. In abdominal surgery, a recent systematic review and meta-analysis 
showed that low SMM is a significant risk factor for major postoperative 
complications, postoperative mortality and shorter 1-, 3-, and 5-year survival.15 
In hepatopancreatobiliary cancer, low SMM is associated with reduced overall 
survival.14 In patients with resectable early stage non-small cell lung cancer, low 
SMM is associated with poor short- and long-term outcomes after surgery.27,28 
Low SMM has also been associated with prolonged hospital stay and increased 
healthcare related costs. A recent study in 452 patients undergoing abdominal 
surgery for cancer of the alimentary tract showed that patients with low SMM 
had a significantly longer hospital stay and significantly higher hospital costs 
than patients with normal SMM.29 In our study, patients with low SMM had a 
significantly longer hospital stay than patients with normal SMM. Although not 
investigated, it can be anticipated from our results that healthcare related costs 
have been higher in patients with low SMM as well. Our study also showed a clear 
relationship with poor overall survival and disease-specific survival in patients 
with low SMM. This is in line with previous publications in other types of cancer.30 
This may be due to patients not being fit enough to receive adjuvant treatment, 
or severe postoperative complications resulting in mortality or delaying necessary 
adjuvant treatment.

In our study, a cut-off value to define low SMM that has been developed in a 
separate cohort of Dutch head and neck cancer patients was used.21 Although 
exact definitions and cut-off values for low SMM differ between studies, patient 
groups and ethnicities, it does appear that low SMM is consistently associated 
with adverse short-term and long-term outcomes in surgical oncology. A potential 
hypothesis for this may be that patients with low SMM have a decreased capability 
for recovery after major cancer surgery, for instance due to an altered protein 
metabolism or a decreased physiological reserve to deal with surgical stress.31,32 
Another hypothesis is that low SMM indirectly reflects an overall poorer physical 
functioning in patients, which is not as distinctly found using other routinely used 
risk stratification methods. 

Future research should be aimed at proactive interventions to improve 
patient’s physical and nutritional status, to clarify whether the adverse effects 

Kaplan Meier survival curves showing disease specific survival in patients with low 
and normal SMM.  Disease specific survival (DSS) and 5-year DSS were equal; DSS 
was 63.3% for patients with low SMM versus 73.8% for patients with normal SMM 
(log rank test: p=0.019).

Discussion

It can be anticipated that low SMM has a high prevalence in head and neck cancer 
patients, at least partly due to the location of the tumor and/or poor physical 
condition of head and neck cancer patients.22,23 Many head and neck cancer 
patients experience dysphagia and odynophagia, especially after initial (chemo)
radiotherapy, leading to malnutrition at diagnosis.24,25 A recent study in patients 
with advanced stage head and neck squamous cell carcinoma undergoing 
primary chemoradiotherapy, in which SMM was measured at the level of C3, 
found that 54.5% of patients had low SMM prior to start of treatment.21 Another 
study, in which SMM was measured at the level of L3, found that 77% of patients 
undergoing TL had low SMM.26 In the latter study, low SMM was a significant 
independent predictor for the occurrence of PCF.26 One shortcoming of this 
study was that abdominal imaging was available in only 57% of patients and 
consequently only in these patients SMM could be assessed. Because it might 
be expected that whole body imaging is only routinely performed in selected 
patients, e.g. with advanced stage disease and at high risk of distant metastases, a 
substantial risk of bias has been introduced.

This study is the largest to date in head and neck cancer patients to show that 
low SMM is a powerful negative prognostic factor in patients undergoing primary, 
salvage or functional TL. Patients with low SMM are at increased risk of developing 
PCF after TL compared to patients with normal SMM, and the overall survival of 
patients with low SMM is only half of the overall survival of patients with normal 
SMM. Our data suggest that a simple preoperative measurement of SMM may aid 
in identifying patients at risk for severe complications, in particular of PCF, and 
prolonged hospital stay. It may also function as a strong negative prognostic 
parameter for overall survival after TL. 

Our study is the first to use routinely performed CT or MRI imaging of the head 
and neck area to assess preoperative muscle status in patients undergoing TL, and 
the largest to do so in head and neck cancer patients. The main benefit of SMM 
measurement at the level of C3, compared to SMM measurement at the level of 
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Due to the retrospective nature of the research, all relevant research parameters 
for body composition or nutritional status may not have been documented or 
measured during normal clinical practice. In this study, this was particularly true 
for the plasma albumin level, which was often not measured in our cohort of 
patients undergoing TL. Also, the ASA classification for physical status was used 
as a surrogate marker for representing comorbidity. Unfortunately, more specific 
comorbidity scales could not be determined in this retrospective study because 
of missing information, particularly in the first 3 years of the study period. Muscle 
function was not assessed in this study, as muscle function is not tested during 
routine clinical practice in our institution. Possibly, a measurement of muscle mass 
and muscle function and/or physical condition (following the geriatric definition 
of sarcopenia 10) may provide a more accurate risk profile of muscular status in 
patients undergoing TL than CT or MRI measured muscle mass alone. 

Concerning the imaging techniques used to assess SMM, we decided to include 
both CT scans and MRI scans of the head and neck area to assess SMM, in 
order to maximize the number of patients that could be included. Whenever 
available, we used CT imaging instead of MRI because most research on SMM in 
cancer patients is performed using CT imaging. However, the CT measurement 
method for SMM was formulated on MRI-based research.12,13 Theoretically there 
is no difference in SMM between CT imaging and MRI, as both methods are very 
accurate for SMM assessment. Therefore, we believe it is acceptable to use MRI 
for SMM measurement when CT imaging is not available. Also, a measurement of 
SM density, which is the mean HU value of the SM area, was not included in this 
analysis. A recent study showed that SM area does not differ significantly between 
CT with and without contrast, but SM density does differ significantly.38 As we 
used both CT with and without contrast for measurement of SMM, we decided not 
to include SM density in this analysis. 

Conclusion
In this study, we found that preoperative low SMM is statistically associated 
with more frequent PCF, prolonged hospital stay and reduced overall survival in 
patients undergoing TL for any indication. A measurement of SMM at the level of 
C3 allows for routine SMM assessment in diagnostic imaging, without the need for 
additional abdominal imaging. Our results advocate a preoperative assessment of 
SMM in patients undergoing TL to identify high risk patients. Possibly, intensive 
prehabilitation strategies aimed at increasing SMM may reduce these negative 
outcomes, or wider use of flap reconstruction in patients with low SMM may prevent 
complications from occurring. Prospective research is needed to evaluate this. 

of low SMM are prognostic only, or if they can be overturned by intensive 
preoperative optimization and postoperative rehabilitation with physical 
therapy and nutritional support. Feasibility studies in head and neck cancer 
patients have shown that resistance training programs in patients undergoing 
chemoradiotherapy or radiotherapy are feasible and show high patient 
satisfaction.33,34 A randomized controlled trial in lung cancer patients undergoing 
short-term intensive rehabilitation prior to radical surgery showed positive 
results, with a significant decrease in hospital stay after surgery.35 However, most 
current trials are small; larger randomized controlled trials should clarify whether 
a multimodal rehabilitation program can reduce the negative effects of low SMM 
in patients undergoing TL. Alternatively, treatment planning could take the low 
SMM into account. For example, this could lead the head and neck surgeon to 
more frequently use overlay pectoralis major flaps for reinforcement in order to 
decrease the risk of PCF in patients at high risk of PCF.36 In our cohort, an overlay 
pectoralis major flap was only used in 9 patients; as such, no conclusions could be 
drawn of its protective effect. 

There are some limitations of our study to discuss. The cut-off value that we used 
to define low SMM in patients is not a sex-specific cut-off value. We do believe 
that a sex-specific cut-off value would be superior to the cut-off value currently 
used. However, particularly in female patients we currently do not have enough 
data to reliably formulate sex-specific cut-offs for head and neck cancer patients. 
We also evaluated using other published, sex-specific and BMI-specific cut-
offs for low SMM, which have been formulated in large cohorts of patients with 
different types of cancer.12,37 Using these cut-offs, approximately 80% of patients 
are classified as having low SMM. Thus, these cut-offs seem to lose their clinical 
discriminative power in head and neck cancer patients. 

We found some discrepancies between the results of the recent Dutch Head 
and Neck Society Audit for risk factors of PCF after TL, and our current research.7 
For instance, previous chemoradiotherapy was a risk factors for PCF occurrence 
after TL in the Dutch Head and Neck Society Audit, and it was not a significant 
predictor for PCF in our cohort. This may be explained by the fact that relatively 
few patients in our cohort had had chemoradiotherapy before TL (9.8% in our 
cohort compared to 15.6% in the Dutch Head and Neck Society cohort). As we did 
find a slightly higher albeit non-significant risk of PCF in patients who had had 
chemoradiotherapy prior to TL, we believe that our analysis was underpowered 
for this risk factor. 
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Introduction

Research into the field of body composition and specifically low skeletal muscle 
mass (SMM), sometimes also referred to as sarcopenia, has increasingly gained 
interest over the last decade in the field of oncology. In geriatrics, sarcopenia is 
known as an age-related syndrome with a multifactorial etiology, characterized 
by generalized loss of SMM and loss of muscle strength.1

Risk factors for the presence of sarcopenia are malnutrition, immobilization and 
illness. Sarcopenia is a risk factor for various adverse outcomes including physical 
disability, decreased quality of life, and ultimately death.1 In human aging, muscle 
wasting is an imminent process. It is estimated that the prevalence of sarcopenia 
in the general population is 5-13% for people aged 60-70 years, and up to 50% 
for those aged 80 years or above.2 Independent of age, sarcopenia is impaired in 
various diseases due to inflammation, malnutrition and immobilization.

The majority of research within the oncological community has defined 
sarcopenia as radiologically assessed low SMM and/or low skeletal muscle quality. 
Previous research in elderly people showed that the correlation between SMM 
and muscle strength is moderate to weak and the relationship between muscle 
strength and SMM is not linear.3,4 For this reason, the European working group 
on sarcopenia in older people (EWGSOP) recommended diagnosing sarcopenia 
based on the presence of both low SMM and low muscle function (MF; strength 
or performance).1

Within the field of oncology, radiologically assessed low SMM appears to be a 
negative predictive and prognostic factor for various outcomes including disease 
progression and survival in a variety of cancer types.5 For example, radiologically 
assessed low SMM is associated with chemotherapy dose-limiting toxicity in 
patients with head and neck cancer6, breast cancer7 and renal cell carcinoma8; 
increased incidence of postoperative complications in patients with head and 
neck cancer9,10, esophageal squamous cell carcinoma11 and colorectal cancer12; 
and decreased survival in patients with head and neck cancer10,13, colorectal 
cancer14 and pancreatic adenocarcinoma15.

In the majority of studies on the effect of sarcopenia on survival of cancer patients, 
and in all studies regarding head and neck cancer patients, only radiologically 
assessed low SMM was used to define sarcopenia. There are very few studies 
available in cancer patients that assess the prognostic value of sarcopenia as 

Abstract

Objectives  Sarcopenia is known as a geriatric syndrome associated with 
increased disability and decreased survival in elderly patients. In oncological 
patients, pretreatment low skeletal muscle mass (SMM), sometimes referred to as 
sarcopenia, is an emerging negative prognostic factor. Commonly, only SMM is 
assessed in cancer patients. Sarcopenia is defined as the combination of low SMM 
and low muscle function (MF). We investigated the relation between SMM, MF, 
sarcopenia (SMM and MF combined), and overall survival (OS) in a group of elderly 
patients with head-and-neck squamous cell carcinoma (HNSCC).

Methods A retrospective study in elderly HNSCC patients treated between 2015 
and 2018 was performed. The prognostic value of SMM and MF separately, and 
sarcopenia was investigated.

Results  Eighty-five patients were included of whom 48.2% had sarcopenia. 
The median OS was significantly worse for patients treated with curative intent 
with sarcopenia (12.07 months; IQR 3.64-21.82) compared to patients without 
sarcopenia (13.60 months; IQR 5.98-27.00) (HR 2.80; 95% CI 1.14-6.88; p = 0.03). 
SMM and MF seperately were not significant predictors of OS.

Conclusion Sarcopenia is associated with impaired OS in elderly HNSCC patients. 
Sarcopenia, defined as the combination of low SMM and low MF, appears to be a 
better predictor of OS than low SMM or low MF separately.
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range of -29 and +150 Hounsfield Units (HU), which is specific for muscle tissue.17 For 
MRI, muscle area was manually segmented, and fatty tissue was manually excluded.

Segmentation of muscle tissue was manually performed using the commercially 
available software package SliceOmatic (Tomovision, Canada). Cross-sectional 
muscle area at the level of C3 was converted to CSA at the level of L3 using a 
previously published formula.18 The lumbar skeletal muscle index (SMI) was 
calculated by correcting SMM at the level of L3 for height. Patients had a low SMI 
if this value was below 43.2cm²/m²; this cutoff value was established in a separate 
cohort of head and neck cancer patients.6 

Muscle strength
Isometric handgrip strength (HGS) is strongly related with overall muscle 
strength.19 Handgrip strength was measured using a Jamar Hydraulic Handheld 
Dynamometer according to the recommendations of the American society of 
hand therapist’s (ASHT) and expressed in kilograms (kg). Patients were asked to 
squeeze maximally with each hand. The average score of the left and right hand 
was used for analysis. Patients had low HGS if the HGS was below 30kg (men) or 
below 20kg (women).1

Muscle performance
The four-meter gait speed is a reflection of individual’s lower limb muscle 
function. It is a widely accepted way to assess muscle performance.20 Gait speed 
was measured as the average speed during a four-meter walking test. The time 
measured to complete a four-meter walk was measured. Patients had low muscle 
performance if the four-meter gait speed was below 0.8m/s.1 

Statistical analysis
Data analyses was performed using IBM SPSS statistics 25. Descriptive statistics 
for continuous variables with a normal distribution were presented as mean with 
standard deviation (SD). Variables with a skewed distribution were presented 
as median with interquartile range (IQR). Categorical variables were presented 
as frequencies and percentages. Pearson’s correlation was used to assess the 
correlation between SMM, MF parameters, age and BMI. Survival was visualized 
using Kaplan Meier survival curves. A cox proportional hazard regression model 
was used for univariate and multivariate analysis of survival. Covariates used in 
the multivariate analysis were selected based on clinical significance or selected 
based on statistical significance (p<0.05) in univariate cox regression analysis. 
Statistical significance was evaluated at the 0.05 level using 2-sides tests.

defined by the combination of low SMM and low MF. One study performed with 
gastric cancer patients who underwent gastrectomy showed that patients with 
sarcopenia, as defined by the combination of low SMM and low MF, showed a 
significantly higher complication rate compared to patients without sarcopenia.16 
In head and neck cancer, no studies are available on the relationship between 
sarcopenia, as defined by the combination of low SMM and low MF, and adverse 
outcomes. The aim of this study is to explore the relationship between sarcopenia 
and overall survival in elderly patients with head and neck cancer. 

Methods

Patients and study design
This study was designed as a single-center retrospective study. We reviewed 
elderly patients (≥ 70-year old) with pathologically proven  head and neck 
squamous cell carcinoma (HNSCC) who had a geriatric assessment during their 
diagnostic workup between April 2015 and February 2018. In our center elderly 
HNSCC patients are offered geriatric assessment, but patients may refuse. 
Histologic tumor types other than squamous cell carcinoma were excluded. The 
design of this retrospective study was approved by the Medical Ethical Research 
Committee of our center (approval ID 17-365/C).

Factors with known or suspected relation with HNSCC treatment outcomes were 
collected: age, sex, body mass index (BMI), weight loss in the past six months, risk 
of malnutrition assessed with the malnutrition universal screening tool (MUST), 
smoking status, alcohol use, comorbidity expressed as a Charlson Comorbidity 
Index (CCI) score, tumor type (primary, second primary or recurrence), tumor site, 
tumor-node-metastasis (TNM) stage and treatment intention.

Definition of sarcopenia
Sarcopenia was defined as the combination of low SMM and low MF, as determined 
by muscle strength or physical performance measurements.1 

Skeletal muscle mass
Skeletal muscle mass was measured as muscle cross-sectional muscle area (CSA) on 
pre-treatment CT or MRI imaging of the head and neck area at the level of the third 
cervical vertebrae (C3). The axial slide of the imaging which showed both transverse 
processes and the entire vertebral arc was selected for segmentation of muscle tissue. 
For CT imaging, muscle area was defined as the pixel area between the radiodensity 
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Charlson comorbidity index
Mild (0-3)
Moderate (4-5)
Severe (≥6)

4 (4.7)
10 (11.8)
71 (83.5)

Weight loss in the past six months
None
<10%
≥ 10%

56 (65.9)
23 (27.1)

6 (7.1)
MUST-score
<2
≥2

66 (77.6)
19 (22.4)

TNM-stage
I
II
III
IV

11 (12.9)
19 (22.4)
16 (18.8)
39 (45.9)

Tumor type
Primary
Second primary
Recurrent

65 (76.5)
6 (7.1)

14 (16.5)
Tumor site
Oral cavity
Nasopharynx
Oropharynx
Hypopharynx
Larynx
Skin
Salivary glands
Paranasal sinuses

51 (60.0)
2 (2.4)
5 (5.9)
3 (3.5)
8 (9.4)

11 (12.9)
3 (3.5)
2 (2.4)

Treatment intention
Curative
Palliative

71 (83.5)
14 (16.5)

Results from the correlation analyses are shown in Table 2. Significant low to 
moderately strong correlation coefficients are seen for SMI and BMI (r=0.49), SMI 
and age (r=-0.37), HGS and age (r=-0.46), gait speed and age (r=0.28) and for gait 
speed and HGS (r=-0.39). 

Results

Patient characteristics
Descriptive data are described in Table 1. A total of 85 patients were included 
with a mean age of 81.5 years (SD 6.5). The majority of patients were female 
(55.3%) with a mean BMI of 26.9 kg/m² (SD 4.8). Most patients were former 
smokers (54.1%) with mean pack years of 21-40 years. Most patients had multiple 
comorbidities, as represented by a high Charlson Comorbidity Index score (CCI). 
Most patients underwent treatment with curative intent (83.5%). The median 
follow-up time was 11.14 months (IQR 3.64-21.83 months); 33 patients (38.8%) 
died during the study period.

Of the 85 included patients; 69 patients (81.2%) had low SMI, 50 patients (58.8%) 
had low HGS and 58 patients (68.2%) had low gait speed. Forty-one patients 
(48.2%) were classified as sarcopenic; of these patients 31 patients (75.6%) had 
low SMI in combination with low HGS and low gait speed, 6 patients (14.6%) 
had low SMI in combination with low gait speed and normal HGS, and 4 patients 
(9.8%) had low SMI in combination with low HGS and normal gait speed. 

Table 1. Patient characteristics

Characteristics Mean (SD) Frequencies n, (%)

Sex
Female
Male

47 (55.3)
38 (44.7)

Age (years) 81.5 (6.5)

BMI (kg/m²) 26.9 (4.8)

Smoking status
Never
Former
Current

30 (35.3)
46 (54.1)
9 (10.6)

Pack-years
1-20
21-40
41-60
≥61

8 (9.4)
10 (11.8)

4 (4.7)
7 (8.2)

Alcohol use
Never
Former
Current

28 (32.9)
8 (9.4)

49 (57.6)
Alcohol intake (units/day)
<2
2-4
≥5

37 (43.5)
12 (14.1)

-
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patients with a curative treatment intention (HR 2.80; 95% CI 1.14-6.88; p=0.03). 
However, sarcopenia was not a statistically significant prognostic factor for overall 
survival in patients with TNM-stage IV or palliative treatment intention (HR 1.16; 
95% 0.53-2.57; p=0.71) and in all patients with a palliative treatment intention (HR 
1.99; 95% CI 0.49-8.13; p=0.34).

Figure 1. Kaplan-Meier overall survival curves and number at risk table for patients 

with low SMI and high SMI showed no statistically significant difference (Log rank Chi-

Square 0.72; p=0.40)

T= 0 T=20 T=40 T=60 T=80

Low SMI 69 19 1 - -

High SMI 16 4 - - -

Table 2. Pearson correlation analysis for variables associated with sarcopenia

Measures SMI HGS Gait speed Age BMI

SMI - 0.16 -0.15 -0.37** 0.49**

HGS 0.16 - -0.39** -0.46** -0.04

Gait speed -0.15 -0.39** - 0.28* 0.05

Age -0.37** -0.46** 0.28* - -0.02

BMI 0.49** -0.04 0.05 -0.02 -

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)

Survival analysis
Results from the Kaplan Meier survival analysis are shown in Figures 1-4. As seen 
in Figures 1-3, the median overall survival appears to be shorter for patients 
with low SMI compared with patients with high SMI, but this difference is not 
significant (11.24 versus 7.62 months; log rank test p=0.40), but this difference was 
not statistically significant. The differences in OS between patients with low HGS 
compared with patients with high HGS (7.52 versus 12.65 months; log rank test 
p=0.22) and for patients with low gait speed compared with patients with high 
gait speed (7.89 versus 14.16 months; log rank test p=0.22) were not significant 
either. The median overall survival was significantly shorter for patients with 
sarcopenia compared to patients without sarcopenia (7.36 versus 13.22 months; 
log rank test p=0.02), as is illustrated in Figure 4.

Results from the univariate and multivariate cox regression analysis for overall 
survival are shown in Table 3. Sarcopenia (HR 2.28; 95% CI 1.12-4.65; p=0.02) 
and TNM-stage (HR 3.18; 95% CI 1.90-5.31; p<0.01) were significant prognostic 
factors for overall survival in univariate cox regression analysis. In multivariate 
cox regression analysis; model 1 shows that sarcopenia remained a significant 
prognostic factor for overall survival independent of comorbidity, age and BMI. 
However, sarcopenia did not remain a significant prognostic factor when TNM-
stage was included (model 2). TNM-stage was a significant prognostic factor for 
overall survival in multivariate cox regression analysis, (HR 3.00; 95% CI 1.78-5.06; 
p<0.01). 

A subgroup analyses according to TNM-stage and treatment intention was 
performed, of which the results are shown in Table 4. Sarcopenia was a statistically 
significant prognostic factor for overall survival in patients with TNM-stage I-III 
and curative treatment intention (HR 9.19; 95% CI 1.07-78.7; p=0.04) and in all 
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Figure 3. Kaplan-Meier overall survival curves and number at risk table for patients 

with low gait speed and high gait speed showed no statistically significant difference 

(Log rank Chi-Square 1.501; p=0.22)

T= 0 T=20 T=40 T=60 T=80

Low gait speed 58 11 - - -

High gait speed 27 12 1 - -

Figure 2. Kaplan-Meier overall survival curves and number at risk table for patients 

with low HGS and high HGS showed no statistically significant difference (Log rank Chi-

Square 1.54; p=0.21)

T= 0 T=20 T=40 T=60 T=80

Low HGS 50 13 1 - -

High HGS 35 10 - - -
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Table 3. Univariate and multivariate analysis of the hazard ratios for sarcopenia, age, 

BMI, CCI and TNM stage as independent prognostic factors for overall survival.

Variable Overall survival

Univariate analysis Multivariate analysis (*)

Model 1 Model 2

HR 95% CI P-value HR 95% CI P-value HR 95% CI P-value

Sarcopenia 2.28 1.12-4.65 0.02* 2.32 1.06-5.07 0.04* 1.86 0.85-4.01 0.12

Age 1.01 0.96-1.07 0.72 1.0 0.95-1.06 0.88 1.02 0.97-1.08 0.45

BMI
<18.5
18.5-25
25-30
≥30

2.96
2.14
1.07
Ref.

0.35-24.74
0.84-5.43
0.38-3.02

0.32
0.11
0.90

3.69
1.73
0.79
Ref.

0.43-31.38
0.67-4.47
0.27-2.31

0.23
0.26
0.67

2.64
0.97
0.53
Ref.

0.30-22.92
0.35-2.68
0.17-1.63

0.38
0.95
0.27

CCI
<6
≥6

Ref.
1.39 0.67-2.88 0.37

Ref.
1.16 0.54-2.53 0.70

Ref.
1.49 0.72-3.15 0.29

TNM stage 3.18 1.90-5.31 <0.01** - - - 3.00 1.78-5.06 <0.01**

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)
(*) Model 1 includes the variables; sarcopenia, age, BMI and CCI. Model 2 includes all the selected 
variables.

Table 4. Subgroup analyses according to TNM-stage, treatment intention and sarcopenia 

showed sarcopenia as a statistically significant prognostic factor for overall survival 

in patients with TNM-stage I-III with a curative treatment intention (HR 9.19; 95%  

CI 1.07-78.74; p=0.04) and in all patients with curative treatment intention (HR 2.80; 

95% CI 1.14-6.88; p=0.03)

Subgroup Overall survival

Sarcopenia

Frequency HR 95% CI P-value

TNM-stage I-III and curative treatment intention 41 9.19 1.07-78.7 0.04*

TNM-stage IV or palliative treatment intention 44 1.16 0.53-2.57 0.71

Curative treatment intention 71 2.80 1.14-6.88 0.03*

Palliative treatment intention 14 1.99 0.49-8.13 0.34

* Correlation is significant at the 0.05 level (2-tailed)

Figure 4. Kaplan-Meier overall survival curves and number at risk table for patients 

with and without sarcopenia showed statistically significant difference (Log rank Chi-

Square 5.468; p=0.019)

T= 0 T=20 T=40 T=60 T=80

Sarcopenia 41 9 1 - -

Without sarcopenia 44 14 1 - -
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Subgroup analyses according to TNM-stage and, treatment intention shows that 
sarcopenia is a statistically significant prognostic factor for overall survival in 
patients with TNM-stage I-III and in patients with curative treatment intention. 
In patients with TNM-stage IV or in patients with palliative treatment intention, 
sarcopenia is not a statistically significant prognostic factor for overall survival. 
In this study, 39 patients (45.9%) had an TNM-stage IV and 14 patients (16.5%) 
had a palliative treatment intention. It is possible that sarcopenia did not remain a 
significant prognostic factor in model 2 of the multivariate analysis because of the 
high number of patients with TNM-stage IV and palliative treatment intention. This 
finding is in accordance with a previous study performed in patients with gastric 
cancer which showed that sarcopenia is a significant prognostic factor for overall 
survival in patients with TNM-stage II-III.28 It is also in accordance with a recent 
systematic review, which showed that sarcopenia is a significant prognostic factor 
for overall survival in different types of cancers independent of TNM-stage.29

The existing literature on sarcopenia in patients with head and neck cancer is scarce 
and focuses mainly on low SMM in patients who receive (chemo)radiotherapy6 or 
patients who undergo a total laryngectomy.9,10 To our knowledge, our study is the 
first to investigate the impact of sarcopenia, defined as a combination of SMM and 
MF, in elderly (70-year old) head and neck cancer patients.

This study has some limitations. It was designed as a retrospective single-
center study, which increases the risk for systemic errors. It had limited number 
of included patients which may have led to type II errors. Only patients with 
available data on SMM and MF were included in the study. As it is more likely that 
MF parameters were examined for frail patients than for fit patients, this may have 
resulted in a biased study population in which it is probably more difficult to show 
the prognostic value of sarcopenia. Therefore, sarcopenia as combination of SMM 
and MF should be further evaluated as a prognostic factor for overall survival in 
elderly patients with head and neck cancer. In retrospective studies, data on MF 
will probably rarely be available, whereas CT or MRI is often routinely performed 
in head and neck cancer patients. We propose to conduct further prospective 
studies for the measurement of both MF and SMM and to perform routine 
handgrip strength measurements in every newly diagnosed head and neck cancer 
patient. Concerning the imaging techniques used to assess SMM, we decided to 
include both CT scans and MRI scans of the head and neck area to assess SMM, 
in order to maximize the number of patients that could be included. Whenever 
available, we used CT imaging instead of MRI because most research on SMM in 
cancer patients is performed using CT imaging. However, the CT measurement 

Discussion

Sarcopenia is a common and highly prevalent clinical problem in the elderly 
patient. Literature showed that sarcopenia is associated with several negative 
outcomes, however literature mainly focuses on radiologically assessed low SMM 
rather than the combination of SMM and MF.5-15 In addition, no studies report 
on the impact of sarcopenia on survival in the elderly head and neck cancer 
patient. Identification of the impact of low SMM and low MF on prognosis in the 
elderly head and neck cancer patient will stimulate the development of novel 
interventions to gain SMM and MF which may improve the prognosis of these 
patients. Regardless of the success of an intervention, information on prognosis 
can be used for patient counseling and treatment decision making.

In this study, we included 85 patients of whom 41 patients (48.2%) were classified 
as sarcopenic. This number is in accordance with recent medical literature 
which estimated the prevalence of sarcopenia in elderly patients diagnosed 
with different types of cancer between 14%-78.7%.21 The prevalence estimates 
of sarcopenia in the elderly non-cancer patients are lower, ranging between 
5-50%. Sarcopenia is prevailing in elderly cancer patients because of the frequent 
weight loss caused by low food intake, increased catabolic pathways, increased 
inflammation, increased lipolysis and increased proteolysis associated with both 
old age and malignancy.21 

This study shows that SMM, muscle strength and physical functioning separately 
had no significant prognostic value for overall survival. A combination of 
muscle mass and muscle strength or muscle performance did show a significant 
prognostic value for overall survival in elderly patients with head and neck 
cancer. This is in accordance with previous studies in other tumor types, which 
have demonstrated that not only SMM but also MF is related with several health 
outcomes.21-23 Previous studies in patients with esophageal cancer did not show a 
significant prognostic value of sarcopenia on overall survival, however sarcopenia 
was defined as low radiologically assessed SMM only rather than a combination 
of low SMM and low MF.24-27 Our study highlights the importance of defining 
sarcopenia as a combination of SMM and MF.

In multivariate analysis including the covariates age, BMI and comorbidity; 
sarcopenia remained a statistically significant prognostic factor for overall 
survival. When including TNM-stage in the multivariate analysis, sarcopenia 
did not remain a statistically significant prognostic factor for overall survival. 
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Introduction

Head and neck cancers (HNCs) are among the most frequent tumors in the world 
with an estimated 835.000 new cases and 428.000 deaths in 2018.1 The vast 
majority of HNCs are head and neck squamous cell carcinomas (HNSCCs), and 
most are related to alcohol consumption and/or smoking. 2 3 There has been a rise 
in the incidence of HNSCC over the past decade, in particular, the incidence of 
oropharyngeal squamous cell carcinoma (OPSCC). This is largely due to a specific 
increase in incidence of a particular subset of OPSCC, which is driven by high 
risk Human Papilloma Virus (HPV) infection.4 5 In general, HPV-positive OPSCC 
has a better prognosis than HPV-negative OPSCC. 6 Other known prognostic 
factors in OPSCC include age, tumor stage, nodal stage, and comorbidities. 
7 8 For HPV-related OPSCC, several risk models have been published in medical 
literature in order to gain more precise prognostic information for this specific 
subset of HNSCCs patients, which may allow for development of treatment de-
intensification approaches for HPV-associated OPSCC. 9-12 Ang et al. were the 
first to propose a risk stratification model for OPSCC, which stratified patients 
according to HPV-status, smoking status, tumor and nodal stage into a low, 
intermediate and high risk of death. 9 Although previously reported risk models 
included a variety of known prognostic factors in OPSCC, none included body 
composition as a possible interacting variable.

Over the last decade, the radiological assessment of individual body composition 
has increasingly gained interest in oncological patients.13 Sarcopenia, sometimes 
also termed low skeletal muscle mass (SMM) or low lean body mass, is traditionally 
described as a geriatric syndrome consisting of both the specific loss of SMM and 
the decrease of skeletal muscle function. 14 Sarcopenia is a multifactorial syndrome; 
risk factors include malnutrition, immobility and illness. 14 In oncological studies, 
sarcopenia is often defined as low SMM only, because skeletal muscle function 
tests are not commonly performed in routine clinical practice. Sarcopenic obesity 
is described as the co-presence of both low SMM and obesity. 15 16 

In several retrospective studies, low SMM and sarcopenic obesity have been 
associated with increased rates of postoperative complications, chemotherapy-
related toxicity, and decreased survival rates in colon cancer, breast cancer, lung 
cancer, and pancreatic cancer, amongst others.17 18 19 Research on the prevalence, 
predictive value and prognostic impact of low SMM and sarcopenic obesity in HNC 
patients has more recently been initiated. In patients with locally advanced HNSCC 
undergoing chemoradiotherapy, sarcopenia was associated with a trifold risk of 

Abstract

Objectives Low skeletal muscle mass (SMM) and sarcopenic obesity (co-presence 
of low SMM and obesity) are emerging prognosticators in oncology, but the 
prevalence and prognostic value in oropharyngeal squamous cell carcinoma 
(OPSCC) is not yet known.

Methods Patients with OPSCC, curative treatment intention and pre-treatment 
diagnostic imaging of the head and neck area were included. Patients with 
unknown HPV-status, palliative treatment intention or unavailable imaging 
were excluded. Relevant demographic and clinical characteristics were collected 
between 2009-2016. Patients were stratified into a low-, intermediate-, and high-
risk group according to HPV-status, amount of pack-years, tumor and nodal stage. 
SMM was radiologically measured and cutoff values were determined by optimal 
stratification. The prognostic value of low SMM and sarcopenic obesity for overall 
survival (OS) and disease-free survival (DFS) was determined by Cox regression 
analysis and Kaplan Meier survival curves.

Results In 216 patients, low SMM and sarcopenic obesity were present in 140 
(64.8%) and 13 (6.0%) patients, respectively. On multivariate analysis, stratification 
into a high-risk group (HPV-negative status with ≥ 10-pack-years or T4-stage) was 
a prognostic factor for OS and DFS (HR 2.93, p<0.01) (HR 4.66, p<0.01). Of specific 
interest, sarcopenic obesity was a strong negative prognostic factor for OS and 
DFS (HR 4.42, p<0.01) and (HR 3.90, p<0.05), independent from other well-known 
prognostic factors such as HPV-status.

Conclusion Low skeletal muscle mass is highly prevalent in OPSCC patients. 
Sarcopenic obesity is a novel pretreatment prognosticator for OS and DFS in 
OPSCC and should therefore be considered in clinical decision making.
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between imaging and treatment was 0.79 month (IQR 0.56-1.12).  Patients were 
excluded if they had a palliative treatment intent (n=17) or if diagnostic imaging 
was of poor quality which impaired measurements of SMM (n=8). In total, 216 
OPSCC patients were included.

Relevant demographic and clinical variables were collected from patients’ medical 
record. Demographic variables included; sex and age at diagnosis. Clinical 
variables included; length and weight at diagnosis, body-mass-index (BMI), 
percentage of weight loss in the six months prior to diagnosis, smoking status, 
amount of pack-years, alcohol intake, comorbidities as expressed by the Adult 
Comorbidity Evaluation-27 (ACE-27) score, tumor localization, date of histologic 
diagnosis, HPV-status, tumor staging according to the tumor-node-metastasis 
(TNM) 7th Edition IUCC manual, treatment modality (chemotherapy, radiotherapy, 
surgery or a combination) and survival data.

HPV-status was determined using the algorithm described by Smeets et al: a 
p16 staining was performed. In case of a positive result this was followed by a 
PCR on HPV. 27 Patients with known HPV-status were stratified into risk groups as 
described by Ang et al: HPV-positive patients with less than 10 pack-years or with 
more than 10-pack-years but a N0-N2a nodal stage were considered to be at low 
risk, whereas HPV-positive patients with more than 10 pack-years and a N2b-N3 
nodal stage and HPV-negative patients with less than 10 pack-years and a T1-3 
tumor stage were considered to be at a intermediate risk, HPV-negative patients 
with more than 10 pack-years or with less than 10 pack-years but a T4 tumor stage 
were considered to be at high risk. 9

Overall survival (OS) was defined as the time between the date of histologic 
diagnosis and death, or date of last follow-up. Disease-free survival (DFS) was 
defined as the time between the date of histologic diagnosis and the date of 
pathologic confirmed recurrence or date of last follow-up, whichever occurred 
first. Whenever possible, 5-year OS and DFS rates were calculated.

Body composition measurement
SMM was measured as muscle cross-sectional muscle area (CSA) on pre-treatment 
CT or MRI imaging of the head and neck area at the level of the third cervical 
vertebrae (C3). The axial slide of the imaging which showed both transverse 
processes and the entire vertebral arc was selected for segmentation of muscle 
tissue. For CT imaging, muscle area was defined as the pixel area between the 
radiodensity range of -29 and +150 Hounsfield Units (HU), which is specific for 

chemotherapy dose-limiting toxicity. 20 Pre-treatment low SMM was associated 
with an increased incidence of pharyngocutaneous fistula and decreased overall 
survival in HNSCC patients undergoing a total laryngectomy. 21 22 

A recent study in OPSCC patients showed an association between low SMM and 
decreased overall survival, independent of HPV-status.23 In this study, only patients 
with advanced OPSCC were included and SMM was assessed on a pre-treatment 
PET-CT scan of the abdomen. Even though measurement of SMM on a CT scan 
of the abdomen at the level of the third lumbar vertebra (L3) is very common in 
oncological research 17 , this may lead to an inclusion bias in HNC patients because 
not all patients will undergo a PET-CT during the diagnostic work-up. 24 Recently, 
a novel SMM assessment method at the level of the third cervical vertebra (C3) 
was published. 25 26 Imaging at the level of C3 is almost always available in HNC 
patients because diagnostic imaging of the head and the neck area is used for 
staging, which allows the routine assessment of SMM. 

In this study, we aim to investigate the prevalence and prognostic value of pre-
treatment low SMM and sarcopenic obesity as measured at the level of C3 in a 
large cohort of OPSCC patients corrected for known prognostic factors including 
age, weight loss 6 months prior to diagnosis,  comorbidities, HPV-status,  and 
TNM-stage.

Material and methods

Ethical approval
The design of this study was approved by the Medical Ethical Research Committee 
of the University Medical Center Utrecht (approval ID 17-365/C). All procedures in 
this study were in accordance with the ethical standards of the institutional and/or 
national research committee and with the 1964 Helsinki declaration and its later 
amendments or comparable ethical standards. All data were handled according to 
general data protection regulation (GDPR).

Patients and study design
A retrospective cohort study was conducted in 241 OPSCC patients diagnosed 
and treated with curative intent at the University Medical Center Utrecht, Utrecht, 
The Netherlands, between 2009 and 2016. Patients with OPSCC were included if 
they had recent (≤ 1 months prior) pre-treatment imaging scans (CT or MRI) of the 
head and neck at the level of the third cervical vertebrae (C3). The median time 
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Formula 2: Lumbar SMI (cm2/m2) = CMSA at L3 / (height2)

Statistical methods
The optimal stratification method was used to determine cohort specific cutoff 
values of the SMM. This method is the preferred method in literature and is 
based on log rank statistics to find the most significant cutoff value for SMM with 
respect to overall and disease-free survival.29 End-points (OS and DFS) specific 
cutoff values were determined for the lumbar SMM index and these were used to 
categorize patients into patients with  low SMM and without low SMM for each 
endpoint.

Data analysis was performed using IBM SPSS statistics 25. Descriptive statistics 
for continuous variables with a normal distribution were presented as mean 
with standard deviation (SD). Normality was investigated using the Kolmogorov-
Smirnov test. The variables age at diagnosis and units of alcohol intake per 
day were not normally distributed. Variables with a skewed distribution were 
presented as median with interquartile range (IQR). Categorical variables were 
presented as frequencies and percentages. Chi-square statistics were used for 
analyzing differences between the frequencies of each categorical variable with 
the presence or absence of low SMM. Independent sample student’s t-tests were 
used for comparing the means of the normally distributed continuous variables 
with the presence or absence of low SMM. Statistical significance was evaluated at 
the 0.05 level using 2-tailed tests.

Survival was visualized using Kaplan Meier survival curves and number at risk 
tables. Survival analysis was performed for the subset of patients with known HPV-
status, patients with missing HPV-status (n=42) were excluded. A Cox proportional 
hazard regression model was used for univariate and multivariate analysis of 
overall and disease-free survival. Covariates used in the univariate analysis were 
selected based on clinical relevance based on literature. Covariates used in the 
multivariate analysis were selected based on statistical significance (p<0.05) in 
univariate cox regression analysis. In multivariate Cox regression analysis, two 
models were constructed, each examining the role of low SMM and sarcopenic 
obesity separately. Statistical significance was evaluated at the 0.05 level using 
2-tailed tests.

muscle tissue. 28 For MRI, muscle area was manually segmented, and fatty tissue 
was manually excluded. The overall intraclass correlation coefficient for the 
muscle CSA obtained by CT and MRI is excellent (0.97, p<0.01) (unpublished data).

The CSA was calculated as the sum of the delineated areas of the paravertebral 
muscles and both sternocleidomastoideus muscles. An example of segmentation 
at the level of C3 is shown in Figure 1.

Figure 1. Example of segmentation of skeletal muscle tissue at the level of the third 

cervical vertebra (C3)

Figure shows two identical axial CT-slides at the level of C3; left shows the muscle tissue 
unsegmented, right shows both sternocleidomastoideus and paravertebral muscles segmented in 
red.

Segmentation of muscle tissue was manually performed using the commercially 
available software package SliceOmatic (Tomovision, Canada) by a single 
researcher (N.C). CSA at the level of C3 was converted to CSA at the level of L3 
using a previously published formula, as shown in formula 1. 25 The lumbar 
skeletal muscle index (LSMI) was calculated by correcting SMM at the level of L3 
for squared height, as shown in formula 2. Sarcopenic obesity was defined as the 
combination of low SMM in combination with a BMI ≥ 27 kg/m2.

Formula 1: CSMA at L3 (cm2) = 27.304 + 1.363 * CSMA at C3 (cm2) + 0.640 * Weight 
(kg) + 26.442 * Gender (Gender =1 for female, 2 for male) - 0.671 * Age (years)
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Alcohol units/day
(M, SD)

3.3 2.7 4.4 3.9 NA 0.11

ACE-27 score (n, %)
Non
Mild
Moderate
Severe

38
34
41
27

27.1
24.3
29.3
19.3

19
19
27
11

25
25

35.5
14.5

1.35 0.72

Localization (n, %)
Tonsil
Base of tongue
Soft palate
Oropharynx n.o.s

33
6
7

84

23.6
11.4

5
60

24
6
3

43

31.6
7.9
3.9

56.6

2.02 0.57

Tumor stage (n, %)
T1
T2
T3
T4a
T4b

30
52
26
25
7

21.4
37.1
18.6
17.9

5

16
31
15
13
1

21.1
40.8
19.7
17.1
1.3

2.03 0.74

Nodal stage (n, %)
N0
N1
N2a
N2b
N2c
N3

66
23
4

28
16
3

47.1
16.4
2.9
20

11.4
2.1

24
15
6

23
8
0

31.6
19.7
7.9

30.3
10.5

0

9.73 0.08

TNM stage (n, %)
I
II
III
IV

20
29
26
65

14.3
20.7
18.6
46.4

7
14
12
43

9.2
18.4
15.8
56.6

2.38 0.51

Chemotherapy (n, %)
No
Primary
Adjuvant

95
40
5

67.9
28.6
3.6

41
33
2

53.9
43.4
2.6

4.86 0.09

Radiotherapy (n, %)
No
Primary
Adjuvant

18
113

9

12.9
80.7
6.4

5
64
7

6.6
84.2
9.2

2.41 0.29

Surgery (n, %)
No
Yes

110
30

78.6
21.4

61
15

80.3
19.7

0.06 0.86

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)

Results

A total of 216 OPSCC patients with curative treatment intent and adequate pre-
treatment imaging of the head and neck area at the level of C3 were included. 
Of these patients, 174 patients were identified with known HPV-status. Patient, 
disease and outcome characteristics are shown in Table 1.

Table 1. Demographic and clinical characteristics of patients with and without low SMM 

Variables
Low SMM      

N=140
Without low SMM

 N=76 χ2 p-value
HPV-status (n, %)
Positive
Negative
Unknown

33
77
30

23.6
55

21.4

36
28
12

47.4
36.8
15.8

12.88 0.001**

HPV risk group (n,%)
Low
Intermediate
High

23
19
68

13.2
10.9
39.1

28
12
24

16.1
6.9

13.8

11.68
0.001**

Sex (n, %)
Female
Male

71
69

50.7
49.3

2
74

2.6
97.4

50.90 0.0001**

Age (years) (M, SD) 63.6 9.6 60.3 9.7 NA 0.02*

BMI (kg/m2) (n, %)
<20 
20-24.9 
25-29.9
≥ 30

40
76
19
5

28.6
54.3
13.6
3.6

2
20
34
20

2.6
26.3
44.7
26.3

67.23 0.001**

Weight loss 6 months prior to 
diagnosis (n, %)
Non
<10%
≥ 10%

86
33
21

61.4
23.6
15

61
9
6

80.3
11.8
7.9

8.04 0.02*

Smoker (n, %)
No
Former 
Current

13
45
82

9.3
32.1
58.6

15
23
38

19.7
30.3
50

4.86 0.09

Pack-years (n, %)
0
1-15
16-25
26-40
≥41

13
25
15
30
56

9.4
18

10.8
21.6
40.3

15
13
11
17
16

20.8
18.1
15.3
23.6
22.2

10.11 0.04*

Alcohol use (n, %)
No
Yes
Former

19
100
21

13.6
71.4
15

13
47
16

17.1
61.8
21.1

2.13 0.36
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Table 2. Univariate and multivariate Cox regression analysis for analyzing variables 

associated with overall survival in OPSCC patients

Variable Univariate analysis Multivariate analysis (*)
Model 1 Model 2

HR 95% CI P-value HR 95% CI P-value HR 95% CI P-value

Low SMM 1.76 1.02-3.04 0.04* 1.28 0.68-2.22 0.50 - - -

Sarcopenic obesity 2.44 1.05-5.69 0.04* - - - 3.16 1.31-7.63 0.01*

Risk group
Low
Intermediate
High

Ref.
0.90
3.11

0.35-2.31
1.61-6.01

0.82
0.001**

Ref.
0.81
2.31

0.31-2.11
1.14-4.68

0.66
0.02*

Ref.
0.882.56 0.34-2.30

1.30-5.06
0.79

0.007**
Age (years) 1.02 0.99-1.04 0.17

BMI (kg/m2)
20-24.9
<20
25-30
≥30

Ref.
1.36
0.56
0.77

0.73-2.54
0.29-1.09
0.35-1.68

0.33
0.09
0.51

Weight loss 6 months prior to 
diagnosis (%)
0
<10%
≥10%

Ref.
1.56
3.28

0.85-2.85
1.76-6.11

0.15
0.0001**

Ref.
1.43
2.62

0.76-2.69
1.38-4.98

0.27
0.003**

Ref.
1.62
3.05

0.86-3.05
1.61-5.78

0.14
0.001**

ACE-27 score
Non
Mild
Moderate
Severe

Ref.
2.08
2.97
4.74

0.93-4.68
1.38-6.36

2.05-10.98

0.08
0.005**

0.0001**

Ref.
1.97
2.43
4.08

0.87-4.45
1.12-5.29
1.75-9.52

0.10
0.03*

0.001**

Ref.
1.95
2.27
3.86

0.86-4.41
1,04-4.92
1.65-9.06

0.11
0.04*

0.002**
TNM stage 
I
II
III
IV

Ref.
0.94
2.39
2.10

0.28-3.21
0.79-7.25
0.75-5.86

0.92
0.13
0.16

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)
 (*) Model 1 includes the variables; low SMM (SMM), HPV-related risk group, age, BMI, percentage 
weight loss 6 months prior to diagnosis, ACE-27 score and TNM-stage. Model 2 includes sarcopenic 
obesity, HPV-related risk group, age, BMI, percentage weight 6 months prior to diagnosis, ACE-27 
score and TNM-stage.

Risk-stratification according to HPV-status
Figure 2 shows the Kaplan Meier curves and number at risk tables of overall 
survival and disease-free survival for patients stratified into risk groups. Patients 
within the high-risk group had a statistically significant worse median OS and DFS 
(27 months; IQR 12-50 and 20 months; IQR 9-46 respectively) compared to patients 
within an  intermediate risk group (47 months; IQR 38-63 and 47 months; IQR 26-
63 respectively) and low risk group (45 months; IQR 22-62 and 44 months; IQR 
16-62 respectively) (high versus intermediate risk: Log Rank χ2= 20.02; p<0.01 and  
high versus low risk: Log Rank χ2= 16.61; p<0.01). Patients within a high-risk group 
had a significantly worse 5-year OS and DFS rate (32% and 50%, respectively) 
compared to patients within a intermediate risk group (74% and 80%, respectively) 
(p<0.01) and low risk group (72% and 87%, respectively) (p<0.01).

As shown in Table 2 and Table 3; univariate Cox regression analysis showed that 
stratification into a high-risk group was statistically significant associated with a 
decreased OS (HR 3.11; 95% CI 1.61-6.01, p<0.01) and DFS (HR 4.85; 95% CI 1.89-
12.42, p<0.01). When corrected for multiple, potentially interacting variables by 
multivariate Cox regression analysis; stratification into a high-risk group remained 
of significant negative prognostic value for OS (HR 2.31; 95% CI 1.14-4.68, p<0.05) 
and DFS (HR 4.06; 95% CI 1.52-10.84, p<0.01).

Figure 2. Kaplan Meier curves and number at risk tables for overall survival (top) and disease-free 
survival (bottom) in OPSCC patients stratified to low, intermediate and high-risk groups shows 
significant difference in OS (Log Rank χ2 = 20.02,p < 0.01) and DFS (Log Rank χ2 = 16.61, p < 0.01).
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Clinical and demographic characteristics of patients with and without low SMM 
are listed in Table 1. Statistically significant differences between patients with 
and without low SMM were seen in sex, age at diagnosis, percentage of weight 
loss within six months prior to diagnosis, body-mass-index, amount of pack-
years, HPV-status and HPV risk group. Patients with low SMM were more likely 
to be female (50.7% versus 2.6%; p<0.01), to be older of age at diagnosis (mean 
63.6 years versus 60.3 years; p<0.05), to have 10% or more weight loss in the six 
months prior to diagnosis (15% versus 7.9%, p<0.05), to have a BMI that is less 
than 20kg/m2 (28.6% versus 2.6%; p<0.01), to have smoked for more than 41 pack-
years (40.3% versus 22.2%; p<0.05), to have a HPV-negative related tumor (55% 
versus 36.8%; p<0.01) and to be stratified within a high-risk group (39.1% versus 
13.8%; p<0.01).

Figure 3 shows the Kaplan Meier survival curves and number at risk tables of 
overall and disease-free survival for OPSCC patients with and without low SMM. 
Patients with low SMM had a significant lower median OS (32.74; IQR 12.72-53.70) 
compared to patients without low SMM (42.05; IQR 23.61-62.32) (Log rank χ2= 
4.30; p=0.04) with a 5-year OS rate of 43% versus 66%. Patients with low SMM 
showed a statistical trend towards lower median DFS rate (24.72 months; IQR 9.42-
51.78) compared to patients without low SMM (35.25 months; IQR 15.93-62.10) 
(Log rank χ2=3.35, p=0.07) with a 5-year DFS rate of 61% versus 76%.

Figure 4 shows the Kaplan Meier survival curves and number at risk tables of 
overall and disease-free survival for OPSCC patients with and without sarcopenic 
obesity. Patients with sarcopenic obesity had a significant lower median OS (23.03; 
IQR 4.90-32.82) compared to patients without sarcopenic obesity (38.74; IQR 
16.00-57.92) (Log rank χ2= 4.60; p=0.03) with a 3-years OS rate of 39% versus 60%. 
Patients with sarcopenic obesity showed lower median DFS rate (23.66 months; 
IQR 5.48-33.35) compared to patients without sarcopenic obesity (32.35 months; 
IQR 10.60-57.08) (Log rank χ2= 1.90, p= 0.17) with a 3-year DFS rate of 51%  
versus 70%. 

Table 3. Univariate and multivariate Cox regression analysis: disease-free survival

Variable Univariate analysis Multivariate analysis (*)
Model 1 Model 2

HR 95% CI P-value HR 95% CI P-value HR 95% CI P-value

Low SMM 1.81 0.95-3.45 0.07 1.41 0.60-3.33 0.44 - - -

Sarcopenic obesity 2.03 0.73-5.68 0.18 - - - 3.49 1.08-11.27 0.037*

HPV risk group
Low
Intermediate
High

Ref.
1.76
4.85

0.54-5.77
1.89-12.42

0.35
0.001**

Ref.
1.71
4.06

0.51-5.72
1.52-10.84

0.38
0.005**

Ref.
1.93
4.32

0.59-6.36
1.64-11.38

0.28 0.003**

Age (years) 0.99 0.96-1.02 0.57

BMI (kg/m2)
20-24.9
<20
25-30
≥30

Ref.
1.05
0.36
0.96

0.48-2.29
0.14-0.88
0.43-2.15

0.90
0.03*
0.92

Ref.
0.75

0.541.30
0.34-1.64
0.21-1.42
0.47-3.56

0.75
0.21
0.62

Ref.
0.78
0.39
0.80

0.36-1.72
0.14-1.05
0.33-1.94

0.54
0.06
0.62

Weight loss 6 months prior 
to diagnosis (%)
0
< 10%
> 10%

Ref.
1.46
1.33

0.73-2.91
0.52-3.45

0.29
0.55

ACE-27 score
Non
Mild
Moderate
Severe

Ref.
1.02
1.42
1.14

0.45-2.31
0.68-2.97
0.40-3.25

0.97
0.36
0.80

TNM stage 
I
II
III
IV

Ref.
0.70
1.19
1.13

0.21-2.28
0.39-3.64
0.43-2.94

0.55
0.76
0.81

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)
(*) Model 1 includes the variables; low SMM, HPV-related risk group, age, BMI, percentage weight 
loss 6 months prior to diagnosis , ACE-27 score and TNM-stage. Model 2 includes sarcopenic obesity,  
HPV-related risk group, age, BMI, percentage weight loss6 months prior to diagnosis, ACE-27 score 
and TNM-stage.

Body composition
Endpoint-specific cutoff values for L3 muscle mass indices were determined at 
43.0 cm2/m2 for OS and 43.2 cm2/m2 for DFS. These cut-off values are comparably 
with previous cutoff values established in a separate cohort of head and neck 
cancer patients. 20 Using these cutoff values, 140 patients (64.8%) were identified 
with low SMM and 13 patients (6%) were identified with sarcopenic obesity. 
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In head and neck cancer patients, recent studies have shown that there is an 
association between pre-treatment low SMM and chemotherapy dose-limiting 
toxicity20 , complications and pharyngocutaneous fistula after total laryngectomy21 
22 , and decreased overall survival. 35  Regarding chemotherapy related toxicity, a 
hypothesis for this relationship is that patients with low SMM and sarcopenic obesity 
have a different distribution of chemotherapeutical agents in the body. In terms of 
complications after surgery, it is hypothesized that patients with sarcopenia may 
have a decreased capability for recovery, for instance due to an altered protein 
metabolism or a decreased physiological reserve to deal with surgical stress. 

In a recent study in advanced oropharyngeal cancer patients, pre-treatment 
low SMM as a negative prognostic factor in patients with HPV-positive and HPV-
negative oropharyngeal cancer showed a trend towards statistical significance. 
23 Our study in a larger unselected cohort of OPSCC patients concurs with these 
results and adds information on the prevalence and prognostic value of sarcopenic 
obesity in relation to a previous published HPV-related risk stratification model in 
OPSCC patients. It shows that sarcopenia is highly prevalent in OPSCC patients 
prior to start of treatment, possibly because oropharyngeal tumors have a high 
risk of causing dysphagia.30 

The exact mechanisms of sarcopenia and its relationship with adverse outcomes 
are currently unknown. It is also unknown to which extent the negative effect 
of sarcopenia can be overturned by improving a patient’s physical condition 
and nutritional status before and during treatment. Future research is needed 
to clarify these mechanisms. Treatment strategies may be personalized to the 
patient’s specific body composition to decrease the risk of severe toxicity and 
adverse outcomes, while still maintaining optimal efficacy. 

A limitation of this study is the retrospective design which increases the risk of 
systemic errors and missing data. For example,  HPV-status was not available in 
all patients in this cohort; thus, for survival analysis, patients without a known 
HPV-status were excluded. Another limitation is that low SMM was not defined 
according to sex-specific cut-offs, which may result in an overrepresentation 
of women in the low SMM group. When more data of female HNSCC patients is 
available, we aim to define sex-specific cut-offs for low SMM in HNSCC patients.  
Another limitation is that survival was not measured by treatment modality due to 
heterogeneity and variations between- and within treatment modalities. Further 
research is needed to investigate the role of low SMM on survival in patients 
treated with different treatment modalities.

As shown in Table 2 and Table 3, univariate Cox regression analysis showed that 
low SMM and sarcopenic obesity were statistically significant associated with a 
decreased OS (HR 1.76; 95% CI 1.02-3.04, p=0.04 and HR 2.44; 95% CI 1.05-5.69, 
p=0.04, respectively), but not with a decreased DFS (HR 1.81; 95% CI 0.95-3.45, 
p=0.07 and HR 2.03; 95% CI 0.73-5.68, p=0.18, respectively). In multivariate Cox 
regression analysis, sarcopenic obesity remained a significant negative prognostic 
factor for OS (HR 3.16; 95% CI 1.31-7.63, p<0.05) and became a significant negative 
prognostic for DFS (HR 3.49; 95% CI 1.08-11.27, p<0.05). For OS, this result was 
independent of HPV-related risk group, percentage of weight loss 6 months prior 
to diagnosis and comorbidity as assessed by the ACE-27 score and for DFS this 
result was independent of HPV-related risk group and BMI.

Discussion

The worldwide incidence of OPSCC is increasing, as is the prevalence of HPV-
positive status in OPSCC. The most important prognostic factor in OPSCC is HPV-
status; patients with HPV-positive OPSCC have a vastly better prognosis than 
patients with HPV-negative disease. Over the last decade, low SMM and sarcopenic 
obesity have emerged as negative prognostic factors in a variety of cancer types 
and stages.17 15 30 

This study shows that low SMM, sarcopenic obesity and stratification into a high-
risk group are associated with impaired survival rates in patients with OPSCC; 
sarcopenic obesity especially is a negative prognostic factor for overall and disease-
free survival in OPSCC, independent from HPV-status and other factors such as age, 
BMI, percentage of weight loss 6 months prior to diagnosis, comorbidities and TNM-
stage. Pre-treatment low SMM is highly prevalent in patients with OPSCC with an 
incidence of 64.8%. In contrast, sarcopenic obesity is rare, and occurs in only 6.0% of 
patients with OPSCC. 

The individual body composition of cancer patients is increasingly recognized as an 
important predictive factor for treatment tolerance and for survival after treatment. 
Specifically, an abnormal body composition with a deficit of SMM with or without a 
surplus of fat mass (sarcopenia and sarcopenic obesity), is associated with adverse 
outcomes in oncological patients31 . Studies in patients with gastrointestinal cancer32 
, lung cancer33 , breast cancer34 and pancreatic cancer have shown that patients with 
sarcopenia or sarcopenic obesity appear to be more prone to experience toxicity of 
chemotherapeutical treatment and to suffer from complications after surgery.
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Introduction

Total laryngectomy (TL) is a definitive treatment for patients with advanced 
stage laryngeal or pharyngeal cancer. It is also a salvage treatment option for 
patients with recurrent disease after (chemo)radiotherapy, and can be used to 
treat a dysfunctional larynx.1,2 It is an invasive surgical procedure and associated 
with frequent postoperative complications resulting in significant morbidity and 
mortality, compromising survival and quality of life.3–5 

Postoperative complications, including wound healing problems and the 
occurrence of a pharyngocutaneous fistula (PCF), are common and difficult to 
treat. Approximately 30% of patients develops a PCF after TL, which often requires 
additional surgery, flap reconstruction, prolonged hospital stay and feeding 
tube dependency.6,7 Known risk factors for PCF are prior chemoradiotherapy, 
hypopharyngeal cancer, extensive pharyngeal resection and reconstruction, 
neck dissection, and low body mass index (BMI). Recently, radiologically assessed 
sarcopenia or low skeletal muscle mass has been identified as a novel risk factor 
for PCF in patients undergoing total laryngectomy.8,9 

Research shows that routinely performed imaging, such as computed tomography 
(CT), can be used to extract additional information on patient’s body composition 
as a biomarker of functional and biological status, next to cancer specific features 
and risk factors.10–12 The radiological assessment of sarcopenia is an example 
of this. Routinely performed CT imaging can also be used to assess arterial 
calcification, as evidence of the presence of atherosclerosis.13,14 In head and 
neck cancer patients, head and neck CT imaging is commonly performed during 
the diagnostic work-up, on which the carotid arteries and vertebral arteries 
are shown. Additionally, thoracic CT imaging and/or whole body FDG-PET/CT 
imaging may be performed, depending on local diagnostic protocols, which 
provides additional imaging of the heart and aorta. Smoking, a known etiological 
factor for atherosclerosis, is common in head and neck cancer patients.15 
Another etiological factor for atherosclerosis is a low-level persistent systemic 
inflammation, which is also commonly observed in cancer patients.16,17 It may be 
hypothesized that atherosclerosis is a risk factor for wound healing in surgery 
due to inadequate perfusion at the site of surgery and microvascular dysfunction. 
Recent studies in patients with oesophageal cancer undergoing esophagectomy 
showed that locoregional and generalized cardiovascular disease as identified on 
routine CT imaging was predictive of cervical anastomotic leakage.18,19 Another 
study in patients with rectal cancer showed that calcification of the iliac arteries 

Abstract

Background Research in oesophageal surgery showed that CT assessed arterial 
calcification (AC) is associated with postoperative complications. We investigated 
the association between AC and pharyngocutaneous fistula (PCF) formation after 
laryngectomy. 

Methods This was a retrospective cohort study of patients undergoing 
laryngectomy. AC was scored on CT imaging, blinded for PCF occurrence. 
Association with PCF was investigated using logistic regression.

Results 224 patients were included; 62 (27.7%) developed a PCF. 7.1% of patients 
had at most mild AC, of whom 1 experienced a PCF (p=0.05). Moderate to severe 
AC of the descending aorta, origins of brachiocephalic arteries and left carotid 
siphon was associated with PCF (OR 2.07-2.83; all p<0.05). A higher cumulative 
calcification score was associated with PCF (adjusted OR 1.06-1.08; p<0.05).

Conclusion AC is widespread in patients undergoing laryngectomy and its burden 
is associated with PCF. Extensive AC on preoperative imaging may be considered 
a risk factor for PCF.
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the level of C3 was measured on a single transversal CT slice at the level of the 
third cervical vertebra (C3).8,12 The cross-sectional muscle area was normalized for 
height to calculate the skeletal muscle index. A skeletal muscle index of below 
43.2cm2/m2 was deemed to be sarcopenia.21

Image acquisition
All CT imaging was routinely performed at our hospital. Patients underwent 
contrast-enhanced CT scanning of the head and neck area on a Philips scanner 
with 64 detector rows or more (Philips Healthcare, Best, The Netherlands) at our 
institution. All routine diagnostic CT protocols include thin slices (<1-mm) and 
reconstruction at 3-5mm. 

Image evaluation
Images were typically analyzed in multiple directions by one reader (P.A.d.J), a 
radiologist with >10 years of experience in CT evaluation and a specific research 
interest in arterial calcification. The reader was blinded for patient and treatment 
related factors, as well as for study outcomes (e.g. formation of PCF).

A visual grading system was used similar to previous studies in order to 
consistently score CT images on arterial calcification at 10 different anatomical 
locations.18,22 The selected locations include large aortic structures (ascending 
aorta, aortic arch, descending aorta and origins of the brachiocephalic arteries), 
carotid structures (left and right extracranial carotid artery, left and right carotid 
siphon), and left and right vertebral arteries. Scores of 0, 1, 2 and 3 were assigned, 
for all locations except the origins of the brachiocephalic arteries corresponding 
with the absence of calcifications (score 0), mild calcification defined as one or 
two dots of calcium smaller than 1 cm (score 1), moderate calcification defined 
as one calcification larger than 1 cm (score 2), and severe calcification defined 
as circular calcification or a large calcification combined with smaller dots or >2 
dots (score 3), respectively. For the origins of the brachiocephalic arteries, a score 
of 0 corresponds with no calcification present, a score of 1 with the calcification 
of one origin of a brachiocephalic artery, a score of 2 with the calcification of 
two brachiocephalic arteries and a score of 3 with the calcification of all three 
brachiocephalic arteries. A cumulative calcification score was calculated of arterial 
calcification scores at all anatomical sites resulting in a score between 0 and 30 for 
total arterial calcification. Table 1 shows the distribution of arterial calcification at 
the selected anatomical locations. Examples of arterial calcification on CT imaging 
are presented in Figure 1. 

was associated with anastomotic leakage after colorectal surgery with rectal 
anastomosis.20

The purpose of this study was to explore the extent of arterial calcifications 
present in patients undergoing TL, investigate whether the presence and 
burden of regional and generalized atherosclerotic calcification, as visualized on 
preoperative CT imaging is a risk factor for PCF in patients undergoing TL. 

Patients and methods 

This study is a retrospective cohort study on which we previously reported.8 The 
design of this study was approved by the Medical Ethical Research Committee of 
the University Medical Center Utrecht (ID 17‐365/C). The research was conducted 
in accordance with the Declaration of Helsinki.

Patient and study design
All patients who had undergone TL between January 2008 and May 2017 at 
our institution were considered for inclusion. Patients were discussed in the 
local tumor board meeting, and all patients who were included underwent TL 
with or without (partial) pharyngectomy and with or without additional lymph 
node dissection; either as primary treatment, as salvage treatment for recurrent 
or residual tumor after prior (chemo)radiotherapy treatment, or as functional 
treatment for a dysfunctional larynx after prior (chemo)radiotherapy, where 
no vital tumor was found. Five dedicated head and neck surgical oncologists 
performed all TL. Exclusion criteria for this analysis included insufficient quality 
CT imaging as determined by an experienced radiologist or the absence of CT 
imaging (e.g. only MRI imaging performed).

Patients’ demographic, tumor stage, treatment, and outcome data were collected 
using electronic patient records. Operating records were checked for details of the 
surgery, neck dissection, and primary pharyngeal closure or flap reconstruction 
of the pharynx. The occurrence of PCF was defined as a clinical fistula requiring 
conservative or surgical treatment. In patients who had surgery for a dysfunctional 
larynx, the tumor site for which the patient received prior treatment was 
documented. Follow-up data were retrieved up until August 31, 2017. 

The presence of sarcopenia was assessed on preoperative CT imaging using a 
previously specified protocol. In brief, the cross-sectional skeletal muscle area at 
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Statistical analysis
Categorical data are represented as a number and percentage of the total. A test 
for normality (Kolmogorov‐Smirnoff test) was used to assess whether continuous 
variables were normally distributed. Continuous data are represented as mean ± SD 
if normally distributed, and median ± interquartile range if skewed. Fisher’s exact 
tests, Pearson Chi square tests, independent sample t tests, and Mann‐Whitney 
U tests were used to assess group differences where appropriate. Univariable 
and multivariable backward stepwise logistic regression analysis was used to 
examine the association between calcifications and PCF. Covariates in regression 
analysis were chosen based on known or expected association with PCF.  Not all 
anatomical locations could be assessed in all patients, most commonly when CT 
imaging of the thoracic area was not available or because of dental artefacts. The 
missing data were considered missing at random. Multiple imputation of these 
missing sites was applied to replace the missing values for logistic regression 
analysis, using the median of 20 imputated datasets.23,24 Statistical analyses was 
performed using the IBM SPSS Statistics version 25.0 software package (Chicago, 
Illinois, USA). All analyses were two-sided and p ≤ 0.05 was considered significant.  

Results

Between January 2008 and June 2017, 245 patients underwent TL at our 
institution. Of these 245, 17 patients were excluded because there was no CT 
imaging available, and 4 patients were excluded because of inadequate quality 
of imaging. Therefore, 224 patients were included in this analysis. Median interval 
between imaging and TL was 27 days. 

Patient and treatment characteristics
The 224 patients that were included for analysis had a mean age of 64.8 years. 
Patients were predominantly male (82.1%). During the study period, 105 patients 
(46.9%) underwent primary TL, 108 patients (48.2%) underwent salvage TL, and 11 
patients (4.9%) underwent a functional TL. Prior to total laryngectomy, 98 patients 
(43.8%) had undergone radiotherapy and 21 patients (9.4%) had undergone 
chemoradiotherapy. 

A PCF occurred in 62 patients (27.7%), which required surgical closure in 40 patients 
(64.5% of all PCF). Patient, disease and treatment related characteristics, and their 
relationship with the occurrence of a PCF are presented in Table 2. To summarize, 
patients who had a PCF more often had hypopharyngeal cancer, a dysfunctional 

Table 1: Distribution of arterial calcification on preoperative CT images

Anatomical location Calcification scores
n     (% of total)

Missing 
n     (% of total)

0 - Absent 1 - Mild 2 - Moderate 3 - Severe
Ascending aorta 78 (34.8) 49 (21.9) 20 (8.9) 30 (13.4) 47   (21.0)
Aortic arch 37 (16.5) 28 (12.5) 56 (25.0) 78 (34.8) 25   (11.2)
Descending aorta 43 (19.2) 27 (12.1) 27 (12.1) 77 (34.4) 50   (22.3)
Origins of the brachiocephalic arteries 31 (13.8) 30 (13.4) 36 (16.1) 117 (52.2) 10   (4.5)
Left extracranial carotid artery 37 (16.5) 24 (10.7) 46 (20.5) 116 (51.8) 1     (0.4)
Right extracranial carotid artery 39 (17.4) 30 (13.4) 45 (20.1) 109 (48.7) 1     (0.4)
Left vertebral artery 176 (78.6) 18 (8.0) 13 (5.8) 13 (5.8) 4     (1.8)
Right vertebral artery 181 (80.8) 17 (7.6) 13 (5.8) 9 (4.0) 4     (1.8)
Left carotid siphon 33 (14.7) 31 (13.8) 46 (20.5) 104 (46.4) 10   (4.5)
Right carotid siphon 35 (15.6) 32 (14.3) 40 (17.9) 107 (47.6) 10   (4.5)

Figure 1. Examples of preoperative CT images of arterial calcification in patients 

planned for laryngectomy. A white arrow indicates a moderate to severe calcification 

(score 2 or 3) whereas a black arrow indicates minor calcification (score 1). 

A:  Calcification of the origins of all three brachiocephalic arteries, resulting in a score of 3 for 
calcification of the origins of the brachiocephalic arteries.

B:  Calcification of the left and right external carotid arteries, resulting in a score of 3 for calcification 
of the external carotid arteries.

C:  Calcification of the ascending aorta with two minor specs of calcification and one severe 
calcification, resulting in a score of 2 for calcification of the ascending aorta. 

D:  Multiple calcified foci of the descending aorta with several minor specs of calcification and one 
larger segment, resulting in a score of 2 for calcification of the descending aorta.
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larynx after treatment, sarcopenia, laryngectomy with pharyngectomy and flap 
closure of the neopharynx. Additional lymph node dissection and prior treatment 
for head and neck cancer not resulting in laryngeal dysfunction was not more 
common in patients with a PCF. Patients with a PCF were not significantly older 
and did not have a significantly lower BMI. 

Arterial calcification and univariable analysis
Distribution of arterial calcifications is shown in Table 1. In the majority of 
patients, presence of arterial calcifications was found. Arterial calcifications of the 
aortic artery and carotid branches were a common finding. In contrast, arterial 
calcifications in the vertebral arteries were rare. Only 3 patients (1.3%) had no 
arterial calcification. In 16 patients (7.1% of total), at most mild calcifications were 
seen. Of those 16 patients, only one patient had a PCF (Pearson Chi square test:  
p = 0.05). For subsequent analysis calcification scores were divided in two groups; 
none to mild calcifications, and moderate to severe calcifications. 

Distribution of arterial calcification among patients with and without PCF and 
univariable odds ratios are shown in Table 3. Arterial calcifications in all anatomical 
locations apart from the vertebral arteries were more frequently observed 
in patients who had a PCF, which is shown in Table 3. Arterial calcification of 
the descending aorta (OR 2.32, 95% CI 1.25 - 4.29, p = 0.01), originges of the 
brachiocephalic arteries (OR 2.14, 95% CI 1.05 - 4.35, p = 0.04), right extracranial 
carotid artery (OR 2.05, 95% CI 1.03 - 4.09, p = 0.04) and left carotid siphon 
(OR 2.26, 95% CI 1.12 - 4.59, p = 0.02) were significantly associated with PCF 
formation. A higher total arterial calcification score was significantly associated 
with PCF formation (OR 1.06, 95% CI 1.01 - 1.11, p = 0.03).

Multivariable logistic regression analysis
The calcification scores were entered per location into two multivariable logistic 
regression models, see Table 4. The first model includes the patient-related 
variables: age, BMI, sarcopenia, smoking, alcohol abuse, and ASA classification 
as a surrogate for comorbidities. The second model includes additional known 
preoperative risk factors for the occurrence of a PCF: localization of tumor (larynx 
versus hypopharynx), indication for TL (primary, salvage or dysfunctional 
larynx), additional lymph node dissection, extent of pharyngeal resection and 
closure method of the neopharynx. 

Table 2: Patient, disease and treatment characteristics

Characteristic With 
pharyngocutaneous fistula

n = 62   (% of total)

Without 
pharyngocutaneous fistula 

n = 162  (% of total)

 P value

Sex (male) 48         (77.4) 136       (84.0) 0.25 a

Age at diagnosis in years (SD) 64.0      (9.2) 65.1      (9.1) 0.43 b

Body mass index (SD) 23.4      (4.8) 24.2      (5.1) 0.32 b

Smoking (current) 30         (48.4) 82         (50.6) 0.33 a

Alcohol abused

    Never
    Former
    Current

37         (59.7)
17         (27.4)
8           (12.9)

111       (68.5)
33         (20.4)
18         (11.1)

0.44 c

ASA classification
    I
    II
    III

28         (45.2)
18         (29.0)
16         (25.8)

80         (49.4)
42         (25.9)
40         (24.7)

0.84 c

Presence of sarcopenia 35         (56.5) 67         (41.4) 0.04 a

Localization tumor 
    Larynx
    Hypopharynx

34         (54.8)
28         (45.2)

132       (81.5)
30         (18.5)

<0.01 a

AJCC stage
    0
    I
    II
    III 
    IV

7           (11.3)
3           (4.8)

11         (17.7)
6           (9.7)

35         (56.5)

4           (2.5)
22         (13.6)
21         (13.0)
28         (17.3)
87         (53.7)

0.01 c

Indication for TL
    Primary HNC
    Recurrent HNC
    Dysfunctional larynx

26         (41.9)
29         (46.7)
7           (11.3)

79         (48.8)
79         (48.8)
4           (2.5)

0.02 c

Prior treatment
    None
    Radiotherapy
    Chemo-radiotherapy

26         (41.9)
29         (46.8)
7           (11.3)

79         (48.8)
69         (42.6)
14         (8.6)

0.62 c

Type resection
    Laryngectomy
    LE + partial      
    pharyngectomy
    LE + total  
    pharyngectomy

31         (50.0)
25         (40.3)

6           (9.7)

120       (74.1)
28         (17.3)

14         (8.6)

<0.01 c

Closure of neopharynx
    Vertical
    T-closure
    Flap closure

28         (45.2)
5           (8.1)

29         (46.8)

110       (67.9)
13         (8.0)

39         (24.1)

<0.01 c

Lymph node dissection
    None
    Unilateral
    Bilateral

22         (35.5)
28         (45.2)
12         (19.4)

73         (45.1)
54         (33.3)
35         (21.6)

0.25 c

a Fisher’s exact test. b Independent sample t test. c Pearson Chi squared test. d Defined as the 
consumption of 5 of more units per day for men and 4 or more units per day for women; or a medical 
history note including alcohol abuse.
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Table 4: Multivariable logistic regression analysis for arterial calcification as a risk 

factor for pharyngocutaneous fistula 

Anatomical location of arterial 
calcification

Score a Adjusted OR 1 b 

(95% CI)
P value Adjusted OR 2 c 

(95% CI)
P value

Ascending aorta 0
1

Ref
1.66 (0.91 - 3.02) 0.10

Ref
2.27 (1.16 - 4.46) 0.02

Aortic arch 0
1

Ref
1.21 (0.61 - 2.41) 0.58

Ref
1.21 (0.61 - 2.41) 0.59

Descending aorta 0
1

Ref
2.80 (1.38 - 5.66) < 0.01

Ref
2.07 (1.07 - 3.99) 0.03

Origins of the brachiocephalic arteries 0
1

Ref
2.09 (1.02 - 4.27) 0.04

Ref
2.28 (1.05 - 4.92) 0.04

Left extracranial carotid artery 0
1

Ref
1.19 (0.57 - 2.48) 0.64

Ref
0.92 (0.45 - 1.89) 0.82

Right extracranial carotid artery 0
1

Ref
2.17 (1.08 - 4.39) 0.03

Ref
1.84 (0.87 - 3.89) 0.11

Left vertebral artery 0
1

Ref
0.33 (0.11 - 1.01) 0.05

Ref
0.40 (0.13 - 1.25) 0.12

Right vertebral artery 0
1

Ref
0.56 (0.20 - 1.59) 0.28

Ref
0.69 (0.23 - 2.03) 0.50

Left carotid siphon 0
1

Ref
2.83 (1.32 - 6.08) 0.01

Ref
2.21 (1.04 - 4.69) 0.04

Right carotid siphon 0
1

Ref
1.83 (0.94 - 3.57) 0.08

Ref
1.82 (0.90 - 3.69) 0.10

Total arterial calcification score Cont.d 1.08 (1.02 - 1.15) 0.01 1.06 (1.01 - 1.12) 0.03

Numbers in bold: significant at the level of p ≤ 0.05
a Score: 0 - none to mild; 1 - moderate to severe
b Multivariate analysis 1: Corrected for: age at diagnosis, BMI, sarcopenia, smoking, alcohol abuse and 
ASA classification as a surrogate for comorbidities
c Multivariate analysis 2: Corrected for preoperative risk factors: localization of tumor, indication for 
total laryngectomy (primary, salvage or dysfunctional larynx), additional lymph node dissection, 
extent of pharyngeal resection and closing method of neopharynx
d Continuous; score between 0 and 30

Arterial calcification and sarcopenia
As there may be a shared etiological factor in atherosclerosis and sarcopenia, the 
occurrence of arterial calcification in patients with and without sarcopenia was 
explored. Data are shown in Supplementary Data Table 1. Moderate to severe 
arterial calcification at the location of the descending aorta was significantly 
more often present in patients with sarcopenia as compared to patients without 
sarcopenia (Pearson Chi square test: p < 0.01). At the other locations, no 
significant difference was observed. The association between arterial calcification 
and sarcopenia as independent risk factors for PCF formation is shown in 
Supplementary Data Table 2. In multivariable logistic regression analysis, both 

Table 3: Distribution of arterial calcification in patients with and without 

pharyngocutaneous fistula and univariate odds ratio

Anatomical location of arterial 
calcification

Score a With  
pharyngocutaneous fistula

n = 62   (% of total)

Without 
pharyngocutaneous fistula

(n = 162) (% of total)

Unadjusted ORb

(95% CI)
P value

Ascending aorta 0
1

31 (50.0)
31 (50.0)

101 (63.2)
61   (37.7)

1.66  
(0.92 - 2.90)

0.09

Aortic arch 0
1

20 (32.3)
42 (67.7)

56   (34.6)
106 (65.4)

1.11  
(0.60 - 2.07)

0.74

Descending aorta 0
1

20 (32.3)
42 (67.7)

85   (52.5)
77   (47.5)

2.32  
(1.25 - 4.29)

0.01

Origins of the brachiocephalic 
arteries

0
1

12 (19.4)
50 (80.6)

55   (34.0)
107 (66.0)

2.14  
(1.05 - 4.35)

0.04

Left extracranial carotid artery 0
1

16 (25.8)
46 (74.2)

46   (28.4)
116 (71.6)

1.14  
(0.59 - 2.21)

0.70

Right extracranial carotid artery 0
1

13 (21.0)
49 (79.0)

57   (35.2)
105 (64.8)

2.05  
(1.03 - 4.09)

0.04

Left vertebral artery 0
1

58 (93.5)
4   (6.5)

136 (84.0)
26   (16.0)

0.36  
(0.12 - 1.08)

0.07

Right vertebral artery 0
1

57 (91.9)
5   (8.1)

141 (87.0)
21   (13.0)

0.59  
(0.21 - 1.64)

0.31

Left carotid siphon 0
1

12 (19.4)
50 (80.6)

57   (35.2)
105 (64.8)

2.26  
(1.12 - 4.59)

0.02

Right carotid siphon 0
1

15 (24.2)
47 (75.8)

60   (37.0)
102 (63.0)

1.84  
(0.95 - 3.58)

0.07

Total arterial calcification scorec Median
IQRd

18.0
12.8 - 22.0

16.0 
10.0 - 21.0

1.06  
(1.01 - 1.11)

0.03

Numbers in bold: significant at the level of p ≤ 0.05
a Score: 0 - none to mild; 1 - moderate to severe. b Univariable logistic regression analysis. c 
Continuous; score between 0 and 30. d Interquartile range

In the first model, arterial calcification of the descending aorta (OR 2.80, 95% CI 
1.38 - 5.66, p < 0.01), origins of the brachiocephalic arteries (OR 2.09, 95% CI 1.02 
- 4.27, p = 0.04), right extracranial carotid artery (OR 2.17, 95% CI 1.08 - 4.39, p 
= 0.03) and left carotid siphon (OR 2.83, 95% CI 1.32 - 6.08, p = 0.01) remained 
significantly associated with the occurrence of a pharyngocutaneous fistula. In the 
second model, arterial calcification of the ascending aorta (OR 2.27, 95% CI 1.16 - 
4.46, p = 0.02), descending aorta (OR 2.07, 95% CI 1.07 - 3.99, p = 0.03), origins of 
the brachiocephalic arteries (OR 2.28, 95% CI 1.05 - 4.92, p = 0.04) and left carotid 
siphon (OR 2.21, 95% CI 1.04 - 4.69, p = 0.04) were significantly associated with 
the occurrence of a pharyngocutaneous fistula. A higher total arterial calcification 
score was significantly associated with PCF formation in the first (OR 1.08, (% 
CI 1.02 - 1.15, p = 0.01) and the second (OR 1.06, 95% CI 1.01 - 1.12, p = 0.03) 
multivariable model.
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patients for the occurrence of adverse outcomes. Accurate identification of high 
risk patients for PCF may provide an opportunity for preoperative interventions 
to decrease the risk. It seems impossible to decrease the amount of arterial 
calcifications in the preoperative period, but preoperative optimization of 
general cardiovascular status or other risk factors associated with PCF which co-
exist might decrease the risk of a PCF.28–30 Arterial calcifications as evidence for 
cardiovascular disease may warrant further examination and intervention prior 
to surgery. A surgical solution to decrease the risk of PCF in high risk patients 
may be to use a pectoralis major overlay flap to reinforce the suture line of the 
neopharynx by covering it with healthy muscle.31 In reconstructive microsurgery, 
radiological evidence of atherosclerosis may also aid in choosing the optimal flap 
for recontruction.32 

There are several limitations that need to be addressed. Relevant clinical data 
such as known cardiovascular disease and diabetes was missing in our database 
due to missing information in particular in the earlier years of the study period. 
Also, some traditional cardiovascular risk factors such as serum cholesterol are 
missing, because these are not routinely measured at our clinic. Smoking and 
age was included in analysis, and the ASA classification was used as a surrogate 
for comorbidities, but we acknowledge that this provides limited information on 
specific comorbidities.33 Recent studies suggest that coronary arterial calcification 
scores or peripheral arterial calcification scores derived from CT imaging are 
reliable assessment methods for cardiovascular disease, and can identify patients 
at high risk that would not have been identified using traditional cardiovascular 
risk factors.14,34,35 Second, a visual grading system for arterial calcification as 
opposed to calcium scores may lead to an observer bias and necessitates a 
learning curve. Automatic calcium scoring systems are not available using head 
and neck contrast enhanced CT imaging, but research into automatic arterial 
calcification scoring on contrast-enhanced CT imaging is ongoing, and this may 
in the future be available.36,37 Machine learning and radiomics using CT features, 
e.g. skeletal muscle mass, skeletal muscle quality and arterial calcification, from 
routinely performed head and neck CT imaging may aid in identifying patients 
at high risk for fistula formation after laryngectomy in the future. In this study, all 
calcification scoring was performed by one observer; an experienced radiologist 
with a research interest in and extensive experience with arterial calcification on 
CT imaging. The inter- and intraobserver variability was not researched in this 
study, but previously found to be good in several studies also in less experienced 
observers.18,38 

the total arterial calcification score (adjusted OR 1.05, 95% CI 1.00 - 1.10, p = 0.04) 
and sarcopenia (adjusted OR 1.86, 95% CI 1.02 - 3.39, p = 0.04) are independently 
associated with PCF formation. 

Discussion

This retrospective cohort study of patients undergoing laryngectomy shows that 
arterial calcification is widespread in patients undergoing laryngectomy, and is 
associated with PCF formation. Moderate to severe arterial calcifications of the 
descending aorta, origins of the brachiocephalic arteries and left carotid siphon 
were significantly associated with developing a PCF in univariable and two 
multivariable regression models. A higher cumulative arterial calcification score 
(range 0–30) was significantly associated with the occurrence of PCF: the relative 
risk of PCF increased by 6-8% per point increase in total arterial calcification score.

Our results are concurrent with recent studies in oesophageal and colorectal 
surgery. Recent studies in patients undergoing esophagectomy showed that 
locoregional and generalized cardiovascular disease as identified by visual 
grading on preoperative imaging was a risk factor for wound healing problems 
and anastomotic leakage.18,19 Another study in patients undergoing colorectal 
surgery showed that visually graded calcification of the abdominal aorta was 
associated with increased morbidity after surgery.25 It is hypothesized that both 
locoregional and generalized arterial vascular disease may have a detrimental 
effect on wound and anastomosis healing due to low flow or hypoperfusion of the 
surgical area, leading to ischemia.19,26 

The occurrence of a PCF after TL is a severe complication. It is associated with 
prolonged hospital stay and feeding tube dependency, as well as decreased 
quality of life, and it negatively affects survival. Recently, radiologically assessed 
sarcopenia was identified as a preoperative risk factor for PCF and wound 
complications in head and neck cancer patients.8,9,27 There may be a link between 
the presence of arterial calcifications and sarcopenia, as systemic inflammation 
may be a shared etiological factor. The copresence of sarcopenia and arterial 
calcification was often observed. In multivariable regression analysis, the presence 
of sarcopenia and arterial calcifications were both independent predictors of PCF.

Routinely performed CT imaging provides additional information on patients’ 
functional and biological status, and may aid in the identification of high risk 
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Acknowledging these limitations, we believe that this study provides a relevant 
novel application of routinely performed, readily available CT imaging for 
optimization of the identification process of patients undergoing TL at high risk 
of developing a PCF. More research into the method of quantification of arterial 
calcification in head and neck cancer patients is warranted and clarification of its 
relevance for fistula prevention is needed.

Conclusion
Arterial calcification is widespread in patients undergoing laryngectomy and is 
associated with pharyngocutaneous fistula formation. Extensive arterial calcification 
on preoperative CT imaging may be taken into consideration as a preoperative risk 
factor for pharyngocutaneous fistula in patients undergoing laryngectomy.
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Supplementary Data

Table 1: presence of arterial calcification and sarcopenia

Anatomical location of arterial calcification Scorea Sarcopenia  
(n = 103)

Normal skeletal muscle mass  
(n = 121)

P value

Ascending aorta 0
1

60
43

72
49

0.85b

Aortic arch 0
1

32
71

44
77

0.40b

Descending aorta 0
1

36
67

69
52

< 0.01b

Origins of the brachiocephalic arteries 0
1

28
75

39
82

0.41b

Left extracranial carotid artery 0
1

28
75

34
87

0.88b

Right extracranial carotid artery 0
1

35
68

35
86

0.42b

Left vertebral artery 0
1

87
16

107
14

0.39b

Right vertebral artery 0
1

90
13

108
13

0.66b

Left carotid siphon 0
1

30
73

39
82

0.62b

Right carotid siphon 0
1

33
70

42
79

0.67b

Total arterial calcification scored Mean
SD

16.5
7.4

15.1
6.8

0.09c

Numbers in bold: significant at the level of p ≤ 0.05
a Score: 0 - none to mild; 1 - moderate to severe
b Pearson Chi square test
c Mann-Whitney U test
d Continuous; score between 0 and 30

Table 2: Sarcopenia and arterial calcification as predictors of pharyngocutaneous 

fistula

Value Unadjusted ORb (95% CI) P value Adjusted ORc (95% CI) P value

Total arterial 
calcification score

Cont.a 1.06 (1.01 - 1.11) 0.03 1.05 (1.00 - 1.10) 0.04

Sarcopenia No
Yes 

Ref
1.96 (1.9 - 3.55) 0.03

Ref
1.86 (1.02 - 3.39) 0.04

Numbers in bold: significant at the level of p ≤ 0.05
a Continuous; score between 0 and 30
b Univariable regression analysis
c Multivariable regression analysis using a backward stepwise selection
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Background

Head and neck cancers (HNCs) are among the most frequent tumors in the world 
with an estimated 835.000 new cases and 428.000 deaths in 2018.1 There has been 
a significant increase in the global incidence of HNC over the past decade.1,2  In 
the Netherlands, 3000 patients are diagnosed with HNC yearly, and the incidence 
of HNC has increased from 16.35 in 2005 to 18.1 per 100,000 person-years in 
2015.3 More than 90% of all HNCs are head and neck squamous cell carcinomas 
(HNSCC).4 Prolonged tobacco use and alcohol consumption are the main risk 
factors associated with HNSCC.5,6 In increasing numbers, a specific subset of 
HNSCC located in the oropharynx is caused by human papillomaviruses (HPV), 
most specifically HPV 16 and 18.7,8 Two-thirds of HNSCC patients present with 
advanced disease at diagnosis (large tumor, regional metastasis, and/or distant 
metastasis). Distant metastasis at diagnosis is uncommon, so the treatment of 
advanced stage HNSCC is most often with curative intent.5 Standard treatment of 
advanced stage HNSCC is chemoradiotherapy (CRT). Commonly, CRT with curative 
intent consists of radiotherapy with 66 to 70 Gray total radiation dose, combined 
with 3 cycles high dose cisplatin at 100mg/m2 body surface area per cycle.10 

Due to the addition of cisplatin to primary radiation treatment in HNSCC, disease 
specific survival has improved with approximately 8%.11 Primary CRT also offers 
the opportunity of organ preservation (e.g. larynx) in advanced stage tumors with 
roughly similar survival as primary surgery.12 However, the addition of cisplatin to 
radiation treatment can cause severe side effects, such as nausea, nephrotoxicity, 
bone marrow depression and ototoxicity.13,14 It is currently difficult to predict 
which patients are at risk of developing severe cisplatin related toxicity. Acute 
toxicity is a common and serious problem in HNSCC patients, and results in 
dose-reductions, treatment delay or treatment termination (chemotherapy dose 
limiting toxicity, CDLT) in at least 30% of the patients.13,15,16 

It can be anticipated that CDLT has a negative effect on the survival of HNSCC 
patients, because patients receive a suboptimal treatment. A retrospective 
cohort study has shown that a cumulative cisplatin dose of less than 200mg/m2 
is associated with a significantly lower overall survival in HNSCC patients treated 
with CRT.15 Treatment-related toxicity itself can also have a negative effect on 
short-term and long-term survival.17 The occurrence of significant toxicity may 
also have a negative effect on the quality of life of patients and may result in 
higher healthcare related costs due to, for instance, readmission to the hospital.

Abstract

Background Treatment of advanced stage head and neck squamous cell 
carcinoma (HNSCC) with chemoradiotherapy with cisplatin is associated with 
severe toxicity, requiring treatment de-escalation or termination of chemotherapy 
(dose-limiting toxicity) in at least 30% of patients. Chemotherapy dose limiting 
toxicity negatively affects the survival of patients. In recent years, a relationship 
between low skeletal muscle mass (SMM) and toxicity has been described, which 
may be related to altered cisplatin distribution and binding into the fat-free body 
mass, of which SMM is the largest contributor. Nevertheless, most cytotoxic agents, 
including cisplatin, are dosed based on body surface area (BSA), which does not 
take individual body composition into account. Data on the relationship between 
body composition and pharmacokinetic characteristics of cisplatin is not available. 
This study aims to investigate the association between cisplatin pharmacokinetics, 
SMM and BSA in HNSCC patients treated with chemoradiotherapy with cisplatin. 

Study design This study is designed as a prospective observational study in 
HNSCC patients treated with chemoradiotherapy with cisplatin. All patients will 
receive standard-of-care BSA based chemoradiotherapy with three cycles of 
cisplatin, at a dose level of 100mg/m2 per cycle. Quantitative data on SMM and 
cisplatin pharmacokinetics (total and unbound plasma concentration) will be 
collected, as well as data on toxicity and quality of life. Cisplatin related toxicity 
will be scored as treatment de-escalation or termination, and as clinically relevant 
toxicity. The primary outcome of this study is the relationship between cisplatin 
pharmacokinetics, SMM and BSA. Secondary outcomes are cisplatin related 
toxicity and dose limiting toxicity, quality of life, hospital costs and biomarkers 
associated with low SMM. 

Discussion This observational study will provide evidence for the relationship 
between body composition and cisplatin pharmacokinetics in HNSCC patients. 
Cisplatin dosing based on individual body composition instead of body surface 
area may result in less toxicity while maintaining efficacy and may contribute 
to precision medicine. If the hypothesis of this study is correct, the next step 
will be to test a novel cisplatin dosing scheme based on body composition in a 
randomized controlled trial. The results of this study may also be used as a proof-
of-principle in research in other types of cancer and cytotoxic drugs.
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Thus, HNSCC patients with low SMM and normal or high body weight may actually 
receive a relative overdose of cisplatin when the cisplatin dose is calculated using 
BSA. Direct evidence to prove this hypothesis is currently not available because 
pharmacokinetic (PK) parameters of cisplatin and SMM are not routinely measured 
in HNSCC patients. In other types of cancer and anticancer drugs, prospective 
research to prove this hypothesis is not available either.28 

The primary aim of this prospective study is to investigate the relationship between 
SMM and PK parameters of cisplatin (total and free plasma concentrations) in 
HNSCC patients treated with conventional CRT with cisplatin. The hypothesis 
is that cisplatin PK is better associated with SMM than with BSA, which would 
explain why patients with low SMM are more prone to experience cisplatin related 
toxicity. Possibly, the current cisplatin dosing method using BSA insufficiently 
takes into account individual differences in body composition, which would result 
in a relative overdose in cisplatin in patients with low SMM. The results of this study 
may be used in a future prospective randomized controlled trial investigating an 
adapted dosing scheme for cisplatin based on the individual body composition of 
a patient. This may lead to personalized cisplatin dosing in HNSCC patients, with 
less acute toxicity and improved efficacy of treatment.

Methods 

Design
This study is designed as a monocenter prospective observational cohort study 
in HNSCC patients receiving primary CRT. The study is expected to include 50 
patients in approximately 1.5 years at our tertiary referral center specialized in 
head and neck cancer treatment. The Medical Research Ethics Committee (METC) 
of the University Medical Center Utrecht has reviewed the study in accordance 
with the Dutch Medical Research Involving Human Subjects Act (WMO) and 
other applicable Dutch and European regulations, and has issued and approval of 
this study in June 2018 (METC 18-225/D). Yearly, approximately 50 patients with 
HNSCC are treated with CRT at our center. HNSCC patients who are scheduled 
for chemoradiotherapy with cisplatin will be recruited by their head and neck 
surgical oncologist or medical oncologist. Patients will be asked to give informed 
consent for participation in this study. Patients will be asked to provide blood 
samples before start of CRT for biomarker assessment and during the first cycle 
of cisplatin for pharmacokinetics. Patients will be asked to complete quality of life 
questionnaires before start of CRT, after the first cisplatin cycle, and after the end 

In the last decade, the body composition of cancer patients has been investigated 
extensively using standard diagnostic CT imaging.18 The different body 
compartments, such as skeletal muscle mass (SMM) and adipose tissue mass, can 
be accurately quantified using this method.19,20 Specifically, a low skeletal muscle 
mass, sometimes termed sarcopenia, has been related to negative outcomes in 
variety of tumor types and treatments.21-23 Risk factors for low SMM are, amongst 
others, old age, malnutrition, immobility and illness; factors which are common in 
HNSCC patients.24,25 

In recent years a relationship between radiologically assessed low SMM and 
chemotherapy related toxicity has been described in a variety of tumor types, 
including HNSCC.23,26,27 A recent retrospective cohort study in patients with HNSCC 
undergoing primary CRT with cisplatin showed that patients with low SMM had 
a 3-fold higher risk of experiencing CDLT (44.3% vs. 13.7%).26 Patients with low 
SMM received a significantly higher cisplatin dose per kilogram of estimated total 
lean body mass than patients with normal skeletal muscle mass (4.6 mg/kg versus 
3.8 mg/kg estimated lean body mass). Patients who had experienced CDLT had 
a significantly shorter overall survival than patients who were able to complete 
CRT.26 The results in HNSCC are in accordance with results of retrospective cohort 
studies in other types of cancer and with other types of chemotherapy.28 

Patients most at risk of chemotherapy related toxicity appear to be those with 
both low SMM and obesity, a phenomenon sometimes termed sarcopenic 
obesity.29 An explanation for this relationship is that hydrophilic cytotoxic 
drugs, including cisplatin, mainly distribute into the fat-free body mass. Skeletal 
muscle mass is the largest contributor to the fat-free body mass.30 Cisplatin dose 
is currently calculated using an estimated body surface area (BSA), which does 
not take into account the individual body composition. It has been described 
previously that BSA is a poor predictor of systemic exposure to anticancer drugs, 
including cisplatin, but a better alternative is not available yet.31-33 A possible 
explanation for this phenomenon may be that patients with a disproportionally 
low fat-free mass and high fat mass may actually receive a relative overdose when 
chemotherapy is dosed based on BSA due to the distributional properties of the 
drug and the individual body composition of the patient. Also, cisplatin binds 
irreversibly to proteins and water-containing tissue. The reservoir of protein and 
water-containing tissue is lower in patients with low SMM and normal or high 
fat mass compared to patients with normal SMM, which may contribute to the 
increased incidence of toxicity.34,35
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Skeletal muscle mass
Skeletal muscle mass will be measured on pre-treatment CT imaging of the 
head and neck area at the level of C3, and on pre-treatment CT imaging of the 
abdominal area at the level of L3. For SMM measurement at the level of C3, the 
first slide when scrolling from caudal to cranial direction to show both transverse 
processes and the entire vertebral arc will be selected for segmentation of muscle 
tissue.36 The paravertebral muscles (PVM) and both sternocleidomastoid (SCM) 
muscles will be manually segmented. For SMM measurement at the level of L3, 
the first CT slide when scrolling from caudal to cranial direction showing both 
transverse processes and the spinous process will be selected for segmentation. 
The psoas muscles, paraspinal muscles and muscles of the abdominal wall will 
be manually segmented.20 Muscle area will be defined as the segmented pixel 
area on the CT slide with a radiodensity between -29 and +150 Hounsfield Unit 
(HU), which is specific for muscle tissue.37 Segmentation of muscle tissue will 
be manually performed using the commercially available software package 
SliceOmatic (Tomovision, Canada). 

Bioanalysis and pharmacokinetics of cisplatin
Pharmacokinetic parameters of cisplatin will be measured in plasma samples 
collected from patients at different time point (pre-dose, end of cisplatin infusion 
and 1 hour, 3 hours, 7 hours and 24 hours after start of infusion) during the first 
cycle of cisplatin. Both total plasma and free plasma concentrations of cisplatin 
will be measured by inductively couple plasma – mass spectrometry (ICP-MS) by a 
previously described method.38

Treatment related toxicity
Clinically relevant treatment related toxicity parameters, including specific toxicity 
that results in significant (grade 3 or 4) toxicity, and any grade toxicity that results 
in treatment de-escalation or termination will be recorded by the treating medical 
oncologist. Toxicity will be scored according to the Common Terminology Criteria 
for Adverse Events (CTCAE) guidelines, version 4. Any toxicity causing unplanned 
hospital visits or hospital admission will also be recorded. 

Quality of life 
Quality of life will be measured by means of the EORTC QLQ-C30, QLQ-H&N35 and 
EQ-5D-5L questionnaires and with the USD-head neck, a head and neck specific 
measurement tool for patient burden used in our hospital to assess patient burden 
in daily practice. Quality of life measurements are performed at 3 time points: 
before start of treatment, after the first cycle of cisplatin (when patients return for 

of CRT at the first follow-up moment at the medical oncologist. 

Inclusion- and exclusion criteria
In order to be eligible to participate in this study, a subject must meet all of the 
following criteria:

• Diagnosed with HNSCC (histologically or cytology proven).
• Scheduled for CRT with high dose cisplatin.
• Eighteen years of age or older, and able to exercise their free will.
• Sufficient understanding of the Dutch language to give informed consent.

A potential subject who meets any of the following criteria will be excluded from 
participation in this study if the patient has:

• Major CT artefacts, impeding accurate muscle identification on CT imaging.
•  Synchronous tumor(s) outside of the head and neck region, e.g. concurrent 

non-small cell lung cancer, for which the patient will receive concurrent 
treatment.

Aims of this study
The primary aim of this study is to investigate the relationship between PK 
parameters of cisplatin, SMM and BSA. A secondary aim of this study is to 
investigate the relationship between PK parameters of cisplatin and cisplatin 
related toxicity. Explorative aims of this study are: to investigate the relationship 
between low SMM and quality of life; between cisplatin related toxicity and quality 
of life; to investigate the healthcare related costs of patients undergoing CRT and 
its relationship with low SMM; and to investigate the relationship between low 
SMM and biomarkers for systemic inflammation and cancer cachexia in patients 
with HNSCC undergoing CRT. 

Clinical characteristics
Patient characteristics will be recorded at diagnosis, start of treatment and during 
treatment according to standardized protocols. Amongst others, gender, age, 
ethnicity, height, body weight, tumor type, tumor site, TNM classification, HPV-
status, smoking history, alcohol intake, weight loss, comorbidities and renal 
function will be recorded.
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characteristics.26,35 To estimate the required sample size a, clinical trial simulation 
(n = 200) was performed based on a previously published pharmacokinetics (PK) 
model on free cisplatin concentrations in plasma.44 An allometric relationship 
between skeletal muscle mass and cisplatin clearance was assumed. Patient 
characteristics (SMM and BSA) were simulated to be in accordance to clinical 
practice. It was estimated that data from 45 patients was sufficient to find a 
significant relationship between cisplatin pharmacokinetics and SMM with 
a power of >80%. As pharmacokinetics models with SMM and BSA are non-
hierarchical, the difference between the two models cannot be statistically tested. 
However, in approximately 70% of the trials, this relationship showed better 
goodness-of-fit than a BSA-based relationship. Finally, the allometric exponent 
could be estimated with acceptable precision (approximately 28% relative 
standard error) with a sample size of 45 patients. To account for a drop-out rate of 
10%, we aim for a total inclusion of 50 patients.

Statistical analysis
A non-linear mixed effects model will be used for analysis for cisplatin 
pharmacokinetics. Skeletal muscle mass will be analyzed as a continuous 
variable. The relationship between cisplatin pharmacokinetics, SMM, and BSA 
will be analyzed by introduction of these covariates into the pharmacokinetic 
model using standard model building techniques. Allometric relationships will 
be employed. Statistical significance will be assessed with the likelihood ratio 
test. Both statistical and graphical goodness-of-fit evaluations will be performed 
including visual predictive checks. An alternative cisplatin dosing scheme will be 
formulated if the results of the analysis allow for this. Association between cisplatin 
pharmacokinetics and treatment related toxicity and dose-limiting toxicity will be 
analyzed using multivariate logistic regression analysis. All statistical analyses will 
be performed using IBM SPSS Statistics version 21.0 software package (Chicago, 
Illinois, USA) or equivalent. Results will be considered statistically significant if 
the p-value was less than 0.05. Continuous data will be represented as mean ± 
standard deviation (SD) if normally distributed, and median ± interquartile range 
(IQR) if skewed. Categorical data will be represented as a number and percentage 
of the total. Missing data will be simulated using multiple imputation to prevent 
possible bias due to missing data; however, we do not expect missing data to 
occur due to the nature and scale of the study.

the second cycle of cisplatin), and after the end of CRT, at the final follow up visit 
at the medical oncologist. 

Biomarkers
Free cisplatin, which is considered the pharmacologically active fraction, is cleared 
through the renal system, and an impaired renal function may result in decreased 
cisplatin clearance and increased systemic cisplatin exposure. During standard 
of care treatment work-up, renal function will be assessed by an estimation of 
glomerular filtration (eGFR) by measuring creatinine levels in blood. As blood 
creatinine levels may provide an overestimation of renal function in patients with 
low SMM, renal function will also be assessed directly by measuring 24-hours 
creatinine clearance in urine, and by measurement of cystatin C in a pre-treatment 
blood sample. Cystatin C is a novel biomarker for renal function with promising 
results.39,40 Biomarkers for poor nutritional status and systemic inflammation, 
such as low albumin or an increased neutrophil-to-lymphocyte ratio, have been 
associated with low SMM in medical literature.41,42 These biomarkers are not 
routinely measured in HNSCC patients. In this prospective study the biomarkers 
will be systematically measured in all patients in order to gain more insight in 
the nutritional and inflammatory status of the patients. Biomarkers (CRP, BSE, 
neutrophil-to-lymphocyte ratio, albumin, interleukin 1 (IL-1), interleukin 2 (IL-
2), interleukin 6 (IL-6), interleukin 10 (IL-10), tumor necrosis factor α (TNF-α) and 
interferon γ (IFN- γ)) will be measured once in the same pre-treatment blood 
sample that is taken for cystatin C measurement.

Healthcare related costs
Research in patients with gastrointestinal cancers undergoing surgery has shown 
that low SMM is associated with increased hospital costs.43 In this study, the 
cost analysis will focus on direct medical costs from the hospital’s perspective. 
Costs of treatment and follow-up are based on the total clinical consumption 
of all evaluable patients including planned and unplanned hospital visits and 
admissions. The decrease in healthcare related costs and the gains in QoL and 
QALY’s when dosing cisplatin based on skeletal muscle mass will be estimated in a 
complete economic evaluation in which costs and effects will be linked.  

Sample size
The primary aim of this study is to determine the association between SMM and 
cisplatin pharmacokinetics, and BSA and cisplatin pharmacokinetics. A clinically 
representative locally advanced HNSCC patient dataset with BSA values and 
lean body mass values was simulated using previously published clinical patient 
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Discussion 

Toxicity of cytotoxic agents is a common problem in medical oncology. In patients 
with advanced stage HNSCC treated with CRT with cisplatin, cisplatin related toxicity 
and dose limiting toxicity can results in decreased survival rates, as well as decreased 
quality of life and increased healthcare related costs. With many cytotoxic agents, 
it is difficult to predict which patients will experience severe toxicity. Over the last 
decade, many studies have been performed investigating the relationship between 
body composition and adverse outcomes in cancer patients. Specifically low SMM 
appears to be related with negative outcomes. Retrospective studies in patients with 
colorectal cancer, breast cancer, lung cancer and head and neck cancer, amongst 
others, have shown a relationship between low SMM before start of treatment and 
increased incidence of chemotherapy related toxicity and dose limiting toxicity.23,27,45

An explanation for this relationship that has been hypothesized, is that some 
cytotoxic drugs that are dosed based on the BSA of a patient only distribute into the 
fat-free body mass. Patients with low SMM and normal or high total body mass may 
actually receive a relatively high dose of these agents due to the limited distribution. 
This may explain the high incidence of chemotherapy related toxicity and dose-
limiting toxicity in patients with low SMM. On the other side, patients with high SMM 
and normal to low fat mass may also actually receive a relatively low cisplatin dose 
when the dose is calculated using BSA. Potentially, dose individualization based on 
the individual body composition of a patient may result in less severe toxicity and 
increased accuracy of the chemotherapy drug dose. However, the pharmacokinetic 
data that can prove this hypothesis are currently not available. 

Our study will investigate this theory in a group of HNSCC patients treated with CRT 
with high dose cisplatin, a group of patients which often suffers from severe cisplatin 
related toxicity frequently resulting in treatment de-escalation. This study should 
provide results for the relationship between cisplatin pharmacokinetics, SMM and 
BSA in this patient group. All patients will receive standard-of-care CRT (three three-
weekly cycles of cisplatin at 100mg/m2 BSA) according to the standardized national 
treatment guidelines. Since this is an observational study, there will be no immediate 
reduction of toxicity and no direct benefit in terms of survival or quality of life in this 
study. Future gains may be significant in the treatment of advanced HNSCC patients 
in terms of survival benefit and quality of life. The results of this study may also be 
used in research in other types of cancer and chemotherapeutical drugs as a proof-
of-principle of the relationship between body composition and systemic exposure to 
chemotherapeutical drugs. 
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muscle area at C3, the agreement was excellent (r = 0.82). There was some 
difference in the identification of patients with low skeletal muscle mass based on 
the estimated lumbar skeletal muscle index and the actual lumbar skeletal muscle 
index (Cohen’s κ: 0.57), although the sensitivity of a score of low skeletal muscle 
mass using the estimated lumbar skeletal muscle index was high (84.4%). 

In Chapter 3, the interobserver agreement for skeletal muscle mass measurement 
at the level of C3 was investigated. The results of this study show that there is 
excellent intraclass correlation between observers for skeletal muscle area at the 
level of C3 (intraclass correlation coefficients 0.76-0.97; all p < 0.01). There was 
some difference in specific CT slice selection (Fleiss’ κ: 0.61), but the agreement 
in vertebra selection was excellent (Fleiss’ κ: 0.96); the differences in single slice 
selection were deemed clinically insignificant. The interobserver agreement for 
skeletal muscle mass measurement at the level of C3 was excellent. 

In Chapter 4, the relationship between whole body skeletal muscle volume as 
measured on whole body MRI and cross-sectional skeletal muscle area at the 
level of C3 was investigated using a previously established database of healthy 
volunteers who underwent whole body MRI for research purposes.4 The usage 
of the cross-sectional muscle area at the level of L3 is based on whole body MRI 
databases, where a single transversal slice at the level of L3 has proven to provide 
the best correlation with whole body skeletal muscle volumes. Although the 
cross-sectional muscle area at the level of C3 has shown to correlate well with 
cross-sectional muscle area at the level of L3, its relationship with whole body 
skeletal muscle volume as measured with whole body MRI was not yet established. 
The results of this study provide evidence that there is an excellent correlation 
between cross-sectional muscle area at the level of C3 and whole body skeletal 
muscle volume (r = 0.89). We formulated a multivariable prediction formula for 
whole body skeletal muscle volume based on cross-sectional muscle area at the 
level of C3 with a high accuracy (r = 0.94, standard error 2.2 liters). 

From these studies in Part II of this thesis we conclude that a measurement of 
skeletal muscle mass at the level of C3 is robust and easy to use, using routinely 
performed CT imaging of the head and neck area. Skeletal muscle mass at the level 
of C3 can be used as an estimation of whole body skeletal muscle mass . It allows 
for retrospective and prospective research into the predictive and prognostic 
value of low skeletal muscle mass in the vast majority of head and neck cancer 
patients, as well as use in possible future trials.

The aims of this thesis were to investigate the use of diagnostically performed 
imaging of the head and neck area to assess total body composition, and to 
evaluate the clinical relevance of these features in head and neck cancer patients 
on treatment outcome and survival. We predominantly focused on radiologically 
assessed skeletal muscle mass prior to treatment, which is proposed as a biomarker 
for biological and functional fitness. We also included the radiological assessment 
of arterial calcification formation as an indicator of vascular status. The results 
of this thesis may allow for personalized medicine in terms of upfront treatment 
adaptation and optimization of the risk assessment on adverse outcomes of 
treatment, in a patient population known to be at high risk of adverse clinical 
outcomes. 

In oncological research, the body composition and specifically skeletal muscle 
mass of cancer patients is commonly assessed on abdominal computed 
tomography (CT) imaging at the level of the third lumbar vertebra (L3).1,2 
Abdominal imaging has proven to be both accurate in terms of relationship with 
whole body skeletal muscle mass, as well as easily applicable in daily practice; in 
most cancer patients, abdominal CT imaging is routinely performed for diagnostic 
purposes.3,4 In head and neck cancer, abdominal CT imaging is often not 
performed; thus, this assessment method for body composition is not applicable 
in head and neck cancer patients without additional imaging of the abdomen. In 
a study by Swartz et al, measurement of skeletal muscle mass at the level of the 
third cervical vertebra (C3) was postulated, using routinely performed imaging of 
the head and neck area.5 

In Part I of this thesis, a general introduction on the history and relevance of body 
composition research in oncology is proffered, and the rationale for the other 
parts of this thesis is outlined. 

Part II of this thesis was aimed to further investigate the validity of the 
measurement method of skeletal muscle mass at the level of C3 on routinely 
performed CT imaging or magnetic resonance imaging (MRI) of the head and 
neck area, in terms of accuracy, robustness and interobserver variability. 

In Chapter 2, the correlation between skeletal muscle mass at the level of C3 and 
L3 was reexamined, to validate the results found in the study by Swartz et al. The 
results of this study show that the correlation between cross-sectional muscle area 
at the level of C3 and L3 was good (r = 0.75). Using the multivariable prediction 
formula for cross-sectional muscle area at the level of L3 from cross-sectional 
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In Chapter 6, the relationship between low skeletal muscle mass and 
postoperative complications including pharyngocutaneous fistula formation, 
as well as overall survival, in patients undergoing total laryngectomy for any 
reason was investigated. In surgical oncology, a plethora of evidence has been 
published relating a low skeletal muscle mass with an increased incidence 
of postoperative complications.13,16,17 In our current study, 46.4% of patients 
undergoing laryngectomy had low skeletal muscle mass. The difference in overall 
postoperative complications was not significant between patients with low 
and normal skeletal muscle mass (all grade complications: 67.9% versus 61.1% 
for patients with low skeletal muscle mass and normal skeletal muscle mass, 
respectively). Patients with low skeletal muscle mass did significantly more often 
experience pharyngocutaneous fistula formation (34.9% vs 20.6%; p = 0.02); low 
skeletal muscle mass was a significant predictor for pharyngocutaneous fistula 
formation (odds ratio 1.95, 95% confidence interval 1.04 - 3.66) in multivariable 
analysis. These results are in concurrence with a study by Achim et al, who also 
showed that low skeletal muscle mass as measured at the level of L3 was predictive 
of wound complications including pharyngocutaneous fistula.18 Low skeletal 
muscle mass was significantly associated with a decreased overall survival (hazard 
ratio 1.85, 95% confidence interval 1.20 - 2.84). A study in patients undergoing 
surgery for abdominal cancer showed that hospital stay was significantly longer 
and healthcare expenditures significantly higher in patients with low skeletal 
muscle mass.19 We found that patients with low skeletal muscle mass had a 
significantly longer duration of hospital stay than patients with normal skeletal 
muscle mass (median 17 days versus 14 days for patients with low and normal 
skeletal muscle mass, respectively; p < 0.01); it can be anticipated that healthcare 
related expenditures were also higher in patients with low skeletal muscle mass. 

In geriatrics, sarcopenia is known as an age-related syndrome with a multifactorial 
etiology, characterized by generalized loss of skeletal muscle mass and loss of 
muscle strength or function. According to the EWGSOP, sarcopenia was therefore 
defined as a coexistence of low skeletal muscle mass and low muscle function. 
In geriatric research, sarcopenia is associated with decreased quality of life and 
early death.20 A study in gastric cancer patients undergoing surgery showed that 
sarcopenia, as defined by both low skeletal muscle mass and low muscle function, 
was associated with a higher complication rate after surgery.21 Chapter 7 
investigated the relationship between sarcopenia and survival in elderly patients 
with head and neck cancer. In this study, 81.2% of patients had low skeletal 
muscle mass; 48.2% of patients were defined as having sarcopenia (defined 
as the combination of low skeletal muscle mass and low muscle function). The 

In Part III of this thesis, the relationship between radiologically assessed body 
composition and short- and long-term clinical outcomes was explored in patients 
with head and neck squamous cell carcinoma at different localizations and 
undergoing different types of treatment. The treatment of locally advanced head 
and neck cancer is often with curative intent, but at the expensive of significant 
treatment related toxicity and morbidity.6 In patients undergoing primary 
chemoradiotherapy, approximately 30% of patients experience chemotherapy 
dose-limiting toxicity.7,8 In patients undergoing total laryngectomy, up to 30% 
of patients experience a pharyngocutaneous fistula after treatment, associated 
with significant morbidity and mortality, as well as increased hospital stay and 
decreased quality of life.9–11 Despite current risk assessment strategies, novel risk 
factors for the accurate identification of patients at high risk of adverse outcomes 
are wanted.

In several other studies in cancer patients, including studies in patients with 
breast cancer, colorectal cancer and lung cancer, a relationship between low 
skeletal muscle mass and chemotherapy related toxicity and dose-limiting 
toxicity is systematically found.12–14 In head and neck cancer patients undergoing 
chemoradiotherapy with platinum-based chemotherapy, a study by Wendrich et 
al showed that patients with low skeletal muscle mass as measured at the level 
of C3 had a trifold incidence of chemotherapy dose-limiting toxicity compared 
to patients with normal skeletal muscle mass.15 In Chapter 5, the relationship 
between low skeletal muscle mass and chemotherapy dose-limiting toxicity was 
investigated in a different cohort of patients with locally advanced head and neck 
cancer undergoing primary chemoradiotherapy with cisplatin. In this study, 54.9% 
of patients had low skeletal muscle mass. The results showed that patients with 
low skeletal muscle mass significantly more often experienced chemotherapy 
dose-limiting toxicity; in fact, the incidence of chemotherapy dose-limiting 
toxicity again was trifold in patients with low skeletal muscle mass compared 
to patients with normal skeletal muscle mass (35.7% versus 10.1%, p < 0.01 for 
patients with low and normal skeletal muscle mass, respectively); the odds 
ratio for occurrence of chemotherapy dose limiting toxicity in patients with low 
skeletal muscle mass was  3.99 (95% confidence interval 1.56 - 10.23, p = 0.01) in 
multivariable analysis. In terms of survival, we did not find a relationship between 
low skeletal muscle mass and decreased overall survival. However, we did find that 
chemotherapy dose-limiting toxicity was significantly associated with a decreased 
overall survival in patients with HPV-negative head and neck cancer (hazard ratio 
2.10, 95% confidence interval 1.13 - 3.90) in multivariable analysis. 
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cisplatin. A hypothesis for this phenomenon is that the pharmacokinetics of 
cisplatin is altered with respect to the distributional volume in patients with a 
low skeletal muscle mass and normal to high adipose tissue mass. Cisplatin is a 
hydrophilic chemotherapeutical agent, and mainly distributes into the fat-free 
body mass, of which skeletal muscle mass is the largest component.25–27 Cisplatin 
is dosed using the body surface area of a patient, and does not take into account 
individual body composition.28,29 It is therefore hypothesized that patients with 
low skeletal muscle mass and normal or high adipose tissue mass may actually 
receive a relatively high dose of cisplatin. Data on the relationship between body 
composition and pharmacokinetic characteristics of cisplatin is not yet available. 
In Chapter 10, we propose at study to investigate the association between 
cisplatin pharmacokinetics, skeletal muscle mass and body surface area in head 
and neck cancer patients treated with chemoradiotherapy with cisplatin. The 
results of this study will provide clarity into the relationship between low skeletal 
muscle mass, cisplatin pharmacokinetics and cisplatin toxicity. The findings may 
be used to individualize cisplatin treatment in head and neck cancer patients 
based on the body composition of an individual patient. The results of this study 
may also be used as a proof-of-principle in research in other types of cancer and 
chemotherapeutical agents. 

results showed that overall survival for patients treated with curative intent was 
significantly worse in those who had sarcopenia, versus in those who did not have 
sarcopenia (median survival 12.1 months versus 13.6 months; hazard ratio 2.80, 
95% confidence interval 1.14 - 6.88, p = 0.03). Low skeletal muscle mass only and 
low muscle function only were not associated with overall survival separate from 
each other. 

Low skeletal muscle mass has widely been described as a negative prognostic 
factor in oncology. In Chapter 8, the prognostic value of low skeletal muscle mass 
in patients with oropharyngeal cancer treated with curative intent is investigated. 
Also investigated was the relevance of a state of ‘sarcopenic obesity’, in which 
both low skeletal muscle mass and obesity are present.2 In literature, the presence 
of sarcopenic obesity has been associated with a markedly increased risk of severe 
complications and decreased survival. In our study, low skeletal muscle mass 
was present in 64.8% of patients and sarcopenic obesity was present in 6% of 
patients. Low skeletal muscle mass and sarcopenic obesity were both associated 
with a decreased overall survival. Particularly in sarcopenic obesity, this effect was 
pronounced, even when corrected for known other prognosticators including 
high risk HPV-status. 

Recent studies in patients with esophageal cancer have shown that arterial 
calcification as assessed on routinely performed CT imaging was associated with 
postoperative wound complications.22,23 Research has shown that the presence 
of vascular calcium on CT imaging performed for another purpose may be used 
as a biomarker of cardiovascular disease.24 In Chapter 9, the incidence of CT 
assessed arterial calcifications at ten different anatomical locations in patients 
undergoing laryngectomy is investigated, and its predictive significance for 
pharyngocutaneous fistula formation is evaluated. The results of this study 
showed that arterial calcifications are a common finding in patients undergoing 
laryngectomy, with only 1.3% percent of patients having no arterial calcification 
present and 7.1% of patients having at most mild arterial calcifications present. 
Arterial calcifications at several locations, most notably of the descending aorta 
and origo of the brachiocephalic arteries, were significantly associated with 
pharyngocutaneous fistula formation. A higher total arterial calcification score 
was also significantly associated with pharyngocutaneous fistula formation. 

In Part IV of this thesis, a study is proposed to investigate the mechanisms as to 
why low skeletal muscle mass is associated with the occurrence of chemotherapy 
dose-limiting toxicity in patients undergoing primary chemoradiotherapy with 
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An alternative may be that low skeletal muscle mass is used as an argument for 
an intended treatment de-escalation choice, such as weekly low-dose cisplatin, 
to maximize treatment adherence and cumulative cisplatin dose administered 
by decreasing the risk of dose-limiting toxicity occurring. In surgically treated 
patients, such as patients undergoing laryngectomy, preemptive supportive tissue 
flaps such as an overlay pectoralis major flap may be used in patients with low 
skeletal muscle mass, to decrease the risk of fistulation.32 Randomized controlled 
trials should be performed to provide the evidence that treatment adaptation 
leads to decreased adverse outcomes with equal or better efficacy.  

Secondly, it should be explored whether interventions are able to improve  body 
composition in head and neck cancer patients with low skeletal muscle mass. The 
effect of these interventions should be investigated before and during treatment. 
There is a need for clinical research to clarify whether low skeletal muscle mass 
is prognostic only, or that improving a patient’s body composition will decrease 
the risk of adverse outcomes. Treatment may be offered to increase and adapt 
skeletal muscle mass and overall body composition before or during treatment, 
and to increase overall physical fitness. This approach should be multimodal, 
focusing on physical therapy as well as nutritional support. A complicating factor 
is that the pre-treatment time window is typically short, with about 4 weeks total 
time from first referral to the outpatient clinic to start of treatment. In surgically 
treated patients, the pre-treatment optimization of physical and nutritional 
condition, sometimes termed prehabilitation, has become a point of interest. 
In patients with hepatobiliary, colorectal and upper gastrointestinal cancer 
treated with surgery, a recent meta-analysis found that duration of hospital stay 
was significantly shorter in patients participating in a prehabilitation program, 
which generally consisted of a prehabilitation time period of less than 4 weeks.33 
While no significant difference in complication rate or survival rate was found, 
other studies have noted a trend towards less complications.34 In other types of 
cancer, including rectal cancer and breast cancer, randomized controlled trials 
showed that exercise interventions during chemotherapy show a positive effect 
on treatment tolerance and fatigue, and may increase skeletal muscle mass.35-37 
Feasibility studies in patients with head and neck cancer patients have shown that 
muscle resistance training programs in patients undergoing chemoradiotherapy 
or radiotherapy are feasible and show high patient satisfaction.38,39  Whether such 
interventions provide benefit in terms of overall survival is unknown, but low 
skeletal muscle mass prior to start of treatment may be an indicator that a patient 
may benefit from intensified supportive care in terms of physical exercise and 
nutritional support. Implementation of additional supportive care in daily clinical 

General discussion

In recent years, it has been shown that routinely performed imaging, such as 
computed tomography (CT) scans, can be used to extract additional information 
on patient’s functional and biological status, which may be used to identify 
patients at increased risk of adverse outcomes during and after treatment. Low 
skeletal muscle mass is the most known example of this application; research 
has shown that modern imaging such as CT or MRI can be used to accurately 
assess skeletal muscle quantity. Our research shows that the quantity of skeletal 
muscle mass can easily and reliably be assessed on CT imaging of the head and 
neck area. Two recent studies showed that head and neck MRI can also be used to 
accurately measure skeletal muscle mass at the level of C3.30,31 Low skeletal muscle 
mass, as identified on routinely performed CT and MRI of the head and neck 
area, is associated with increased chemotherapy dose-limiting toxicity, increased 
pharyngocutaneous fistula formation after total laryngectomy and decreased 
overall survival in several head and neck patient categories. These results are in 
concurrence with results in other types of cancer. Routinely performed imaging 
can also be used to assess the presence of arterial calcification, as a proxy for 
cardiovascular disease. 

Concluding, routinely performed imaging does not only provide easily accessible 
and clinically relevant information on disease status, but also holds valuable 
information on body composition of a patient, which may be used in individualized 
risk stratification, treatment adaptation and patient optimization strategies to 
ultimately decrease short-term adverse outcomes and increase survival.

Future perspectives

Future studies should be aimed at three main research themes. First, it should 
be explored if and to what extent it is possible to adapt head and neck cancer 
treatment to a patient’s individual body composition, with the aim that negative 
outcomes associated with body composition are decreased and the given 
treatment is still at least as effective as current standard-of-care. In patients 
undergoing chemoradiotherapy with cisplatin, the results of the study proposed 
in Chapter 10 should provide the information whether a chemotherapy dose 
modification based on skeletal muscle mass may result in less chemotherapy 
related toxicity and dose-limiting toxicity, and maximize cumulative cisplatin  
dose administered. 
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MRI and CT imaging is regularly performed during diagnosis and follow up of 
cancer patients to assess tumor status and anatomic boundaries but research 
shows that it also harbors a considerable amount of information on a patient’s 
biological and functional status; such as, but not limited to, skeletal muscle 
mass and quality. This information is currently not used to its full extent and the 
patient does not benefit from this knowledge that could be available. So thirdly, 
to allow the clinician to routinely use this information to optimize a patient’s 
treatment or risk assessment, software programs should become available to 
process the additional information present on our routinely performed imaging. 
The development of automatic body composition analysis software based on CT 
or MRI should be pursued. Research into this subject using deep-learning neural 
networks is currently ongoing for automatic skeletal muscle mass assessment on 
abdominal CT imaging, and for calcium scoring on thoracic CT imaging.40-42 For 
head and neck cancer patients, research should focus on how to optimally use 
head and neck imaging to extract additional information on a patient’s body 
composition from the imaging that is available. 
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Skeletspiermassa bij hoofd-halskankerpatiënten: 
radiologische beoordeling en relatie met klinische 
uitkomsten

Het hoofd-halsplaveiselcelcarcinoom (HHPCC) is een verzameling van tumoren 
uitgaande van verschillende lokalisaties in het hoofd-halsgebied met voor elke 
lokalisatie specifieke symptomen, diagnostische onderzoeken en behandelingen. 
Wereldwijd is HHPCC de 8e meest voorkomende soort van kanker.1 De incidentie 
van HHPCC in Nederland is jaarlijks ongeveer 3000, en ruim 900 mensen overlijden 
jaarlijks hieraan. De behandeling van HHPCC is mede afhankelijk van de locatie 
van het HHPCC en het stadium waarin de ziekte zich presenteert, maar is vaak 
multimodaal en kan chirurgie, chemotherapie en/of radiotherapie bevatten. 
Gemetastaseerde ziekte bij diagnose komt weinig voor, dus de behandeling is 
vaak met curatieve intentie. De behandeling gaat helaas ook vaak gepaard met 
complicaties en toxiciteit. Bij patiënten die voor een larynxcarcinoom een totale 
laryngectomie ondergaan, is een faryngocutaan fistel een gevreesde en frequent 
voorkomende postoperatieve complicatie.2 De behandeling van locoregionaal 
gevorderd HHPCC met chemotherapie en radiotherapie kent veel bijwerkingen, 
waardoor patiënten soms voortijdig moeten stoppen met de behandeling.3 

Het laatste decennium is er in toenemende mate aandacht voor de 
lichaamssamenstelling van patiënten, en de verhouding tussen skeletspiermassa 
en vetmassa. Een veelbelovende biomarker voor het voorspellen van nadelige 
uitkomsten zoals postoperatieve complicaties en chemotherapie gerelateerde 
toxiciteit, als ook een slechtere overleving, is een lage skeletspiermassa.4 In de 
oncologische literatuur wordt frequent gebruik gemaakt van een meting van 
skeletspieroppervlakte op een enkele CT coupe op het niveau van lumbale 
wervel L3, als indicator van totale lichaamssamenstelling.5 In eerder onderzoek 
waarbij gebruikt werd gemaakt van MRI van het hele lichaam (whole body MRI), 
werd gevonden dat skeletspieroppervlakte op een enkele coupe ter hoogte van 
L3 de beste relatie had met totale lichaam skeletspiervolume zoals gemeten met 
whole body MRI.6 Bij HHPCC patiënten is er vaak geen CT beeldvorming van L3 
aanwezig. Door Swartz et al werd een methode beschreven om skeletspiermassa 
te meten op CT beeldvorming van het hoofd-hals gebied, ter hoogte van 
de derde cervicale wervel C3.7 Deze wervel staat afgebeeld op routinematig 
vervaardigde beeldvorming bij HHPCC patiënten. Wendrich et al gebruikten deze 
methode om een afkapwaarde voor lage skeletspiermassa bij HHPCC patiënten 
te formuleren, en om de relatie tussen lage skeletspiermassa en chemotherapie 
dosis-limiterende toxiciteit te onderzoeken.8 In dit onderzoek bleek lage 

skeletspiermassa voorspellend voor het optreden van chemotherapie dosis-
limiterende toxiciteit.

In dit proefschrift wordt onderzoek beschreven naar het meten van 
skeletspiermassa bij HHPCC patiënten op CT beeldvorming op het niveau van 
wervel C3, en de associatie van lage skeletspiermassa gemeten op niveau C3 
met negatieve behandeluitkomsten. De resultaten van dit proefschrift dragen 
bij aan een verbeterde risicostratificatie bij HHPCC patiënten voorafgaand aan 
behandeling en een verbeterde inschatting van de prognose. Daarnaast kunnen 
deze gebruikt worden om de behandeling te optimaliseren voor de individuele 
lichaamssamenstelling van een patiënt. 

In Deel I van dit proefschrift wordt een algemene introductie gegeven over 
HHPCC en de behandeling hiervan, en een introductie over het onderwerp 
lichaamssamenstelling en skeletspiermassa. Hoofdstuk 1 geeft een korte 
historische achtergrond over onderzoek naar lichaamssamenstelling en 
skeletspiermassa, veelvoorkomende meetmethodes worden beschreven, en 
de huidige literatuur over de relatie tussen lage skeletspiermassa en nadelige 
behandeluitkomsten wordt uiteengezet. Tot slot worden de rationale en de 
doelen van dit proefschrift beschreven.

In Deel II van dit proefschrift wordt onderzoek beschreven naar de meetmethode 
voor skeletspiermassa bij HHPCC patiënten. In Hoofdstuk 2 wordt een 
validatiestudie beschreven van een eerder gepubliceerde meetmethode voor 
lage skeletspiermassa bij HHPCC patiënten. De methode van Swartz et al, 
waarbij skeletspiermassa wordt gemeten op het niveau van cervicale wervel 
C3, wordt gecorreleerd met een meting van skeletspiermassa op het niveau 
van lumbale wervel L3, wat in de algemene oncologische literatuur de meest 
beschreven methode is. De resultaten van deze studie laten zien dat er een goede 
correlatie is tussen skeletspieroppervlakte op niveau C3 en niveau L3 (r = 0.75, 
p < 0.01). Wanneer de multivariabele predictie formule van Swartz et al wordt 
gebruikt om skeletspieroppervlakte op niveau van L3 te voorspellen op basis 
van skeletspieroppervlakte op niveau van C3, is de correlatie tussen voorspelde 
skeletspieroppervlakte op niveau L3 en gemeten skeletspieroppervlakte op 
niveau L3 0.82 (p < 0.01). De voorspelde en gemeten skeletspieroppervlakte op 
het niveau van L3 werden genormaliseerd voor de lengte van de patiënt, om de 
lumbale skeletspiermassa index te bepalen (lumbale SMI, in cm2/m2). Wanneer er 
gebruikt gemaakt werd van een door Wendrich et al gepubliceerde afkapwaarde 
voor lage skeletspiermassa van <43.2 cm2/m2, was er een redelijke overeenkomst 
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in de identificatie van patiënten met lage skeletspiermassa tussen de voorspelde 
lumbale SMI en gemeten lumbale SMI (Cohen’s κ = 0.57). De sensitiviteit van 
de voorspelde lumbale SMI om patiënten met een lage skeletspiermassa te 
identificeren bleef ondanks dit wel hoog (84.4%). Deze studie laat zien dat een 
meting van skeletspiermassa op het niveau van C3 om patiënten met een lage 
skeletspiermassa te identificeren gebruikt kan worden als een goed alternatief 
voor een meting van skeletspiermassa op het niveau van L3. Hoofdstuk 3 
behandelt een de interobservervariabiliteit van een meting van skeletspiermassa 
op het niveau van C3 op hoofd-hals CT beeldvorming. Voor dit onderzoek werden 
er CT scans van 54 HHPCC patiënten gebruikt om skeletspieroppervlakte op het 
niveau van C3 in te tekenen door 6 onafhankelijke observers, waarvan 3 arts-
onderzoekers, 1 hoofd-halschirurg, 1 hoofd-halsradiotherapeut en 1 hoofd-
halsradioloog . De resultaten van dit onderzoek laten zien dat er een uitstekende 
overeenkomst is tussen de selectie van de juiste wervel (κ 0.96) en redelijke 
overeenkomst bij de selectie van de specifieke CT slice (κ 0.62). De correlatie tussen 
skeletspieroppervlakte bij alle observers was uitstekend (intraclass correlation 
coefficient r = 0.97, p < 0.01). Dit onderzoek laat zien dat de interobserver 
variabiliteit tussen een meting van skeletspiermassa tussen verschillende 
observers klein en klinisch verwaarloosbaar is. Hoofdstuk 4 presenteert een 
onderzoek naar de relatie tussen skeletspieroppervlakte gemeten op een enkele 
coupe ter hoogte van C3 en het totale lichaam skeletspiervolume zoals gemeten 
met whole body MRI. Dit onderzoek is een samenwerking met de Universiteit van 
Kiel in Duitsland, waar eerder onderzoek is verricht naar lichaamssamenstelling 
zoals gemeten met whole body MRI.9 Bij dit onderzoek werd gebruik gemaakt van 
whole body MRI’s van gezonde vrijwilligers. De resultaten van dit onderzoek laten 
zien dat er een uitstekende correlatie is tussen skeletspieroppervlakte op niveau 
C3 en totale lichaam skeletspiervolume (r = 0.89, p <0.01). Een multivariabele 
predictie formule met daarin spieroppervlakte ter hoogte van C3, lengte, 
gewicht en geslacht, kon het totale lichaam skeletspiervolume zeer betrouwbaar 
worden geschat (r = 0.94, R2 = 0.88; p <0.01). Dit onderzoek laat zien dat er een 
uitstekende correlatie is tussen skeletspieroppervlakte op niveau C3 en totale 
lichaam skeletspiervolume. Skeletspieroppervlakte op niveau C3 kan gebruikt 
worden om het totale lichaam skeletspiervolume te schatten.

Deel III van dit proefschrift beschrijft de predictieve en prognostische waarde 
van lage skeletspiermassa, gemeten op CT beeldvorming van het hoofd-
hals gebied op niveau C3, bij patiënten met HHPCC. In Hoofdstuk 5 wordt 
een onderzoek beschreven naar de predictieve en prognostische waarde van 
lage skeletspiermassa bij patiënten (n = 153) met lokaal gevorderd HHPCC 

die worden behandeld met primaire chemoradiatie met hoge dosis cisplatin, 
te weten 100mg/m2 in 3 driewekelijkse kuren gecombineerd met 70 Gy 
radiotherapie in 35 fracties. In dit onderzoek hadden 54.9% van de patiënten 
een lage skeletspiermassa. Patiënten met een lage skeletspiermassa hadden 
significant vaker dosis-limiterende toxiciteit dan patiënten met een normale 
skeletspiermassa (35.7% versus 10.1%, p <0.01). Lage skeletspiermassa en een 
mild verlaagde nierfunctie met een gemeten eGFR tussen de 60 en 70 waren beide 
onafhankelijke voorspellers voor het optreden van dosis-limiterende toxiciteit. 
Lage skeletspiermassa was geen significante voorspeller van een slechtere 
overleving (HR 1.23, p = 0.46). Het optreden van dosis-limiterende toxiciteit  
was wel voorspellend voor een slechtere overleving (HR 2.11, p = 0.02).  
Hoofdstuk 6 presenteert een onderzoek bij 235 patiënten die een totale 
laryngectomie hebben ondergaan als behandeling van een larynx- of 
hypofarynxcarcinoom, of vanwege een afunctionele larynx na eerdere behandeling 
van hoofd-halskanker. In dit onderzoek werd gekeken naar de associatie tussen 
lage skeletspiermassa en het optreden van een faryngocutaan fistel, als ook lengte 
van ziekenhuisopname en overleving na totale laryngectomie. Er was bij 46.4% van 
de patiënten sprake van lage skeletspiermassa. De resultaten van dit onderzoek 
laten zien dat bij patiënten met preoperatieve lage skeletspiermassa vaker een 
faryngocutaan fistel optreedt dan patiënten met normale skeletspiermassa 
(34.9% versus 20.6%). In multivariaat analyse was een lage skeletspiermassa 
een significante voorspeller voor het optreden van een faryngocutaan fistel 
(HR 1.95, p = 0.04). Patiënten met lage skeletspiermassa verbleven significant 
langer in het ziekenhuis dan patiënten met normale skeletspiermassa (mediaan 
17 versus 14 dagen, p <0.01). De totale overleving na totale laryngectomie 
was significant slechter bij patiënten met een lage skeletspiermassa dan bij 
patiënten met een normale skeletspiermassa (5-jaarsoverleving 32.1% versus 
61.1%, p <0.01). In Hoofdstuk 7 wordt een onderzoek gepresenteerd naar de 
overleving van oudere HHPCC patiënten met en zonder sarcopenie. Sarcopenie 
is een geriatrisch syndroom waarbij er sprake is van een lage skeletspiermassa én 
lage spierfunctie of spierkracht. Eerder onderzoek bij oudere patiënten laat zien 
dat het verlies van skeletspiermassa en spierfunctie en spierkracht niet lineair 
is, maar dat de combinatie hiervan voorspellend is voor slechter functioneren 
en sneller overlijden in de algehele geriatrische populatie. In dit onderzoek 
wordt sarcopenie gedefinieerd als een lage skeletspiermassa zoals gemeten op 
CT beeldvorming ter hoogte van C3, en de aanwezigheid van lage spierkracht 
gemeten met handknijpkracht of lage spierfunctie gemeten met een 4 meter 
looptest, zoals ook eerder gedefinieerd door de European working group on 
sarcopenia in older people (EWGSOP).10 In dit onderzoek is een heterogene groep 



215214

12

Chapter 12 Dutch summary - Nederlandse samenvatting

van oudere (leeftijd >70 jaar) HHPCC patiënten geïncludeerd (n = 85), waarvan 
71 patiënten een behandeling ondergingen met curatieve intentie. Van de 85 
patiënten had 81.2% lage skeletspiermassa, 58.8% lage spierkracht en 68.2% lage 
spierfunctie. In totaal hadden 48.2% patiënten sarcopenie. Lage skeletspiermassa, 
spierkracht en spierfunctie waren afzonderlijk niet voorspellend voor een kortere 
overleving. Sarcopenie was wel voorspellend voor een kortere overleving in 
patiënten met een curatief behandeltraject (HR 2.80, p = 0.03). Hoofdstuk 8 
beschrijft een onderzoek naar de prognostische waarde van lage skeletspiermassa 
en �sarcopene obesitas� bij patiënten met een orofarynxcarcinoom. Sarcopene 
obesitas is de combinatie van een lage skeletspiermassa en overgewicht. Het 
orofarynxcarcinoom is een van de meest voorkomende vormen van het HHPCC, 
waarbij met name de hoog-risico HPV-geassocieerde orofarynxcarcinomen steeds 
vaker voorkomen. De HPV-geassocieerde orofarynxncarcinomen hebben een 
veel betere prognose van de niet HPV-geassocieerde orofarynxcarcinomen. In dit 
onderzoek zijn 216 patiënten geïncludeerd, waarvan 92 met hoog-risico HPV. In 
64.8% van de patiënten was er sprake van lage skeletspiermassa; maar 6% van de 
patiënten had sarcopene obesitas. Lage skeletspiermassa en sarcopene obesitas 
waren prognostisch voor een kortere algehele overleving (HR 1.76, p = 0.04 en 
HR 2.44, p = 0.04 respectievelijk). Sarcopene obesitas was onafhankelijk van HPV-
status voorspellend voor een kortere algehele overleving en ziektevrije overleving 
(HR 3.16, p = 0.01 en HR 3.49, p = 0.04).

In de voorgaande hoofdstukken is gefocust op de relatie tussen lage 
skeletspiermassa zoals gemeten op routine vervaardigde CT beeldvorming 
en negatieve behandeluitkomsten. Er zijn echter nog meer applicaties te 
bedenken waar routine vervaardigde CT beeldvorming gebruikt kan worden om 
aanvullende informatie te verkrijgen over een patiënt. Een van deze applicaties 
is het in kaart brengen van de arteriële calcificaties die zichtbaar zijn op CT, als 
indirecte maat voor algeheel cardiovasculair lijden. In onderzoeken bij patiënten 
met slokdarmkanker en colorectaal kanker waren arteriële calcificaties op CT 
beeldvorming voorspellend voor het optreden van postoperatieve complicaties.11 
Hoofdstuk 9 beschrijft een onderzoek naar de relatie tussen locoregionale 
arteriële calcificaties op CT beeldvorming en faryngocutaan fistelvorming bij 224 
patiënten die een totale laryngectomie hebben ondergaan. Arteriële calcificaties 
werden in kaart gebracht op 10 anatomische locaties in het hoofd-halsgebied 
en de bovenste thoracale regio. Dit onderzoek laat zien dat arteriële calcificaties 
zeer frequent voorkomen bij patiënten die een totale laryngectomie ondergaan; 
bij maar 1.3% van de patiënten werden geen arteriële calcificaties waargenomen 
en bij 7.3% werden hoogstens milde calcificaties gezien. Een hogere cumulatieve 

calcificatie score op een schaal van 0 tot 30 was significant geassocieerd met het 
optreden van een faryngocutaan fistel (OR 1.06, p = 0.03). 

In Deel IV van dit proefschrift wordt gekeken naar mogelijke toepassingen van 
lage skeletspiermassa in de klinische praktijk om de behandeling van HHPCC 
patiënten te verbeteren. In Hoofdstuk 10 wordt een studie protocol beschreven 
voor een prospectieve studie om het verband tussen lage skeletspiermassa 
en het optreden van cisplatin dosis-limiterende toxiciteit bij HHPCC patiënten 
te verklaren. Cisplatin is een chemotherapeuticum wat zich verdeelt in de 
waterhoudende weefsels in het lichaam en wordt gedoseerd op basis van het 
lichaamsoppervlakte (body surface area, BSA) van een patiënt. Patiënten met 
een lage skeletspiermassa en normale of hoge vetmassa hebben hierbij mogelijk 
een kleiner verdelingsvolume voor de cisplatin dan op basis van BSA wordt 
berekend. Reeds bekend is dat er een matige correlatie is tussen BSA en cisplatin 
farmacokinetiek.12 De hypothese voor het vaker voorkomen van cisplatin dosis-
limiterende toxiciteit bij patiënten met lage skeletspiermassa, is dat patiënten 
met een lage skeletspiermassa een relatieve overdosering cisplatin krijgen. Deze 
hypothese is nog niet getoetst. Als de hypothese klopt, kunnen de resultaten van 
dit onderzoek gebruikt worden om een alternatief doseringsregime voor cisplatin 
te formuleren, met als doel minder dosis-limiterende toxiciteit, waardoor meer 
patiënten de volledige behandeling met cisplatin kunnen voltooien. Tot slot 
wordt er in Hoofdstuk 11 een samenvatting gegeven van de bovengenoemde 
onderzoeken in dit proefschrift, en wordt er een kader geschetst voor huidige 
en toekomstige onderzoeken en toepassingen van lage skeletspiermassa bij de 
behandeling van patiënten met HHPCC.
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Dankwoord

Na ruim 5 jaar is mijn proefschrift eindelijk daar. Dit proefschrift zou niet 
geschreven zijn zonder de hulp en ondersteuning van een hoop mensen, die ik 
daar zeer dankbaar voor ben. 

Beste Prof. dr. de Bree, “hoi Remco”, allereerst dank voor de kans om na mijn oudste 
coschap in het UMC Utrecht direct door te stromen in dit promotie onderzoek. 
Het is fantastisch om bij en met jou onderzoek te doen, ik had me geen betere 
promotor kunnen wensen. Jouw motivatie en drive voor het verbeteren van de 
zorg voor hoofd-halskankerpatiënten is ongeëvenaard. Je bent altijd enthousiast 
en geïnteresseerd, en hebt me alle vrijheid gegeven tijdens het onderzoek om 
nieuwe projecten op te zetten en nieuwe ideeën uit te werken. Mijn onderzoek is 
zonder twijfel met ups en downs gegaan, maar dankzij jouw ondersteuning is dit 
proefschrift toch tot een goed einde gekomen.  

Beste dr. Devriese, beste Lot, jouw oprechte interesse en opbouwende kritische 
insteek heeft de onderzoekslijn sarcopenie bij hoofd-halskankerpatiënten naar 
een hoger niveau getild. Het was ontzettend leuk en leerzaam om samen met jou 
een studie op te zetten, van alleen een idee tot aan een lopend onderzoek. Naast 
dat je co-promotor bent, heb ik ook onder jouw supervisie mijn eerste stappen 
gezet als arts-assistent bij de early clinical trial unit van de afdeling oncologie van 
het UMC Utrecht. Je hebt misschien eerder dan ikzelf doorgehad dat er meer een 
internist in mij schuilt dan een KNO-arts, waarvoor ik je nog altijd dankbaar ben. 

Beste leden van de beoordelings- en promotiecommissie, geachte prof. dr. 
Witteveen, prof. dr. van den Brekel prof. dr. Hendrikse, prof. dr. Emmelot-Vonk, 
prof. dr. Vermorken, prof. dr. Zuur, prof. dr. Koopman en dr. Steenbakkers, allen 
veel dank dat u de tijd heeft genomen voor de kritische beoordeling van dit 
proefschrift. 

Beste hoofd-hals chirurgen en fellows hoofd-hals chirurgie van het UMC Utrecht, 
dank voor jullie bijdrages aan dit onderzoek en de goede feedback op meerdere 
manuscripten. Ook veel dank aan de hoofd-hals radiotherapeuten, radiologen, 
pathologen en onderzoekers die direct of indirect bij de verschillende studies 
betrokken zijn geweest.

Lieve Bea, dank voor de ondersteuning tijdens mijn promotietraject; dat is van 
onschatbare waarde geweest. Dank voor je organisatorisch vermogen om alles 

in goede banen te leiden, maar ook je menselijkheid en medeleven als het even 
niet mee zat. Zelfs nu bij de laatste loodjes ben je betrokken. Je bent voor alle 
promovendi van Remco een grote steun!

Beste collega onderzoekers van de hoofd-hals chirurgische oncologie, dank voor 
de samenwerking en de mooie tijd in het Q gebouw. Najiba, het is ongelooflijk 
hoe veel werk jij hebt verzet in zo’n korte tijd. Ik ken weinig mensen die zo 
gedreven zijn als jij. Je gaat een fantastische MKA-chirurg worden. Inne, Boris, 
Joost, Lilian, Emma en Jorine, dank voor de koffietjes en de pubquizzen in Utrecht 
met teams de Hoofdzaak en de Halszaak. De congressen in Barcelona, Rome en 
Buenos Aires met jullie waren hoogtepunten in mijn onderzoekstijd. Justin en 
Anne, jullie hebben de eerste puzzelstukjes van het onderzoek gelegd; dank dat 
ik op jullie werk mocht voortborduren. Maartje, ik weet zeker dat je de sarcopenie 
onderzoekslijn weer verder gaat uitdiepen en nieuwe inzichten gaat vinden.

Beste dr. Al-Mamgani, dank voor de mogelijkheid om samen te werken op het 
onderzoek naar cisplatinum dosis-limiterende toxiciteit bij chemoradiatie. Het 
heeft even geduurd, maar inmiddels is het resulterende artikel bijna gepubliceerd.

Dear dr. Geisler, dear Corinna, thank you very much for the opportunity to 
collaborate on our research project. Your database of whole-body MRI scans was 
invaluable for us and I am very grateful that you welcomed me. Also thank you 
for showing me around, sight-seeing advice and generally making me feel very 
welcome in Kiel.

Beste oncologen en fellows oncologie van het UMC Utrecht, dank dat ik als ANIOS 
binnen jullie vakgebied ervaring mocht opdoen, ik heb me zeer welkom gevoeld. 
Een speciale dank aan de stafleden van de early clinical trial unit. Lot, Els, Eelke 
en Filip, ik heb het ontzettend leuk gevonden om onder jullie supervisie te leren 
wat er allemaal komt kijken bij het uitvoeren van vroeg klinische studies. Ik vond 
het super interessant om een stukje te leren van wat er gaande is binnen de 
ontwikkeling van nieuwe geneesmiddelen en de optimalisatie van bestaande.

Beste prof. dr. Huitema en dr. Frederix, dank voor jullie hulp bij de subsidie 
aanvraag voor de Platisma studie. Zonder jullie kennis was het niet gelukt.

Beste medewerkers van het trial bureau medische oncologie, dank voor al 
jullie hulp en ondersteuning bij alle vroeg klinische studies, en ook niet in de 
laatste plaats bij de Platisma studie. Ellis, gelukkig kan jij wel een weg vinden 
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in alle formulieren en documenten die komen kijken bij het opzetten van een 
studie, en was je altijd bereid om last-minute mij te ondersteunen. Beste trial 
verpleegkundigen en verpleegkundigen van de afdeling oncologie, dank voor al 
jullie hulp en flexibiliteit bij de uitvoering van de Platisma studie en samenwerking 
in de kliniek. Ik vond het prettig samenwerken met jullie.

Beste medewerkers van het UMC Utrecht Cancer Center trial bureau, en 
specifiek Antoinette, dank voor jullie hulp bij al mijn METC aanvragen en andere 
organisatorische dingen rondom mijn onderzoek. Jullie eeuwige geduld, 
behulpzaamheid en kennis van zaken zorgden ervoor dat ik me geen zorgen heb 
hoeven maken hierover.

Beste stafleden van de afdeling interne geneeskunde in het Elisabeth-
Tweesteden Ziekenhuis, dank voor het warme welkom in Tilburg en voor het fijne 
opleidingsklimaat in het ETZ. Na anderhalf jaar bikkelen is er hopelijk snel tijd voor 
wat meer ontspanning: ik kijk uit naar de langverwachte ski- en zeilweekenden! 
Beste dr. van Kasteren, beste Marjo, dank dat ik onder jouw supervisie aan mijn 
opleiding tot internist heb mogen starten. 

Lieve arts-assistenten en oud-assistenten interne geneeskunde en beschouwende 
pool ETZ, ik vind dat we een fantastische groep hebben in Tilburg wat het werk 
extra leuk maakt. De laatste tijd was het meer work hard dan play hard, maar het 
afgelopen assistentenweekend heeft laten zien dat we de gezelligheid niet zijn 
verleerd. Een speciale dank aan de promotietraject-ervaringsdeskundigen, die me 
eraan bleven herinneren dat het uiteindelijk wel goed komt. Ook een bijzondere 
shout-out naar Fred’s Fietsclub, het almaar groter wordende clubje fietsende 
internisten-en-aanverwanten. Wat begon als een avondje midden in coronatijd 
digitaal fietsen, heeft inmiddels al geresulteerd in meerdere mooie fietstochten 
door het Brabantse land. Het was fijn om in coronatijd elkaar te kunnen spreken 
buiten het ziekenhuis over een gedeelde hobby. Ik hoop dat er nog veel mooie 
fietstochten gaan volgen.

Lieve Sam, dank dat je mijn paranimf wil zijn. Je hebt me al gauw op sleeptouw 
genomen nadat ik in Tilburg kwam werken, binnen en buiten het ziekenhuis; ik 
kan zeker zeggen dat ik me hierdoor meer thuis ben gaan voelen in Tilburg. 

Lieve familie en vrienden, dank voor de vriendschappen, gezelligheid en 
betrokkenheid de afgelopen jaren. Dank voor alle gesprekken over het onderzoek 
doen en werken in het ziekenhuis, maar vooral ook dank voor alle tijden dat het 

daar niet over ging. Dank voor alle etentjes, borrelavonden en feestjes, en voor 
de uitjes en weekendjes weg, voor de spelletjes avonden, skivakanties of rondjes 
fietsen. Ik heb de afgelopen jaren niet altijd zoveel tijd of aandacht gehad voor 
jullie als ik had gewild. Ik hoop dat er nog veel mooie momenten samen zullen 
volgen.

Lieve Liesbeth, Daphne en Stijn, ik kan me geen fijnere schoonfamilie wensen dan 
jullie. De laatste jaren zijn zwaar geweest met de ziekte en het verlies van Ad. Ik 
hoop dat de komende jaren veel gezondheid en geluk gaan brengen.

Lieve Lianne en Nick, ik kan niet anders zeggen dan dat jullie het prima voor 
elkaar hebben daar in het hoge noorden. Ik ben trots op hoe jullie samen jullie 
leven georganiseerd hebben ondanks jullie beider drukke banen. Dank voor jullie 
betrokkenheid al deze jaren. Lianne, nog altijd mijn kleine zusje maar inmiddels 
ook al 28, ik vind het super stoer dat je scheikundig consultant bent. Ik kijk uit naar 
onze gezamenlijke etentjes in te dure restaurants, avonden stand up comedy, of 
gewoon biertjes drinken en slap ouwehoeren. Dankjewel dat je mijn paranimf wil 
zijn.

Lieve René, het is ontzettend verdrietig dat jij er zo plots niet meer was. Ik mis 
je, en ben dankbaar voor hoe goed jij al die jaren voor mam, Lianne en mij hebt 
gezorgd.  

Lieve mam, dankjewel voor je onvoorwaardelijke steun. Je bent een voorbeeld in 
onafhankelijkheid en kansen pakken. Door jouw harde werk hebben Lianne en ik 
alle mogelijkheden gehad om zonder zorgen op te groeien en te studeren. Ik vind 
het knap hoe jij het leven weer kan oppakken en het plezier kan terugvinden na 
een tegenslag. Ik ben benieuwd naar al je toekomstplannen: een trekking in Tibet, 
een nieuwe fietsvakantie, misschien wel leren motor rijden..? Ik hoop dat ik later 
net zo vitaal en ondernemend in het leven zal staan als jij.

Lieve Dennis, we leerden elkaar kennen tijdens het begin van onze onderzoekstijd. 
We hebben alle ups en downs van een promotietraject samen doorgemaakt, met 
als bizar hoogtepunt gelijktijdige, volledig ongerelateerde congressen in Buenos 
Aires waar we allebei naartoe mochten. Dank voor je hulp bij mijn inburgering in 
Tilburg, ik voel me inmiddels hier helemaal thuis (dè ge bedankt zèèt, dè witte). 
Dank voor je humor, je rust en je zorgzaamheid; gelukkig kan jij af en toe wel op 
de rem trappen wanneer ik dat vergeet. Ik kijk uit naar een zonnige toekomst 
samen in ons nieuwe huis met onze Frenkie. Ik houd van je.
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