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Weary with toil, I haste me to my bed,
The dear repose for limbs with travel tired;
But then begins a journey in my head

To work my mind, when body’s work’s expired ...

-William Shakespeare (Sonnet 27)
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General Introduction



Chapter 1

A good night sleep is essential for optimal health and wellbeing of each individual.
Among cancer patients in general, sleep quality and sleep quantity are often
compromised?. In this thesis, I will refer to these problems as ‘sleep disturbances’. It
is important to detect those sleep disturbances as early as possible already before
start of treatment, since they are associated with shorter survival? and worse health
related quality of life (HRQoL)3 % Moreover, sleep disturbances, which are often
initiated at cancer diagnosis and exacerbated by cancer treatment, may persist until
long after treatment completion> 6.

There is still a lot we don’t know about sleep disturbances among head and neck
cancer (HNC) patients. We do know that HNC patients often suffer from psychological
and physical impacts due to cancer itself or its treatment” and that this may make
them vulnerable to have sleep disturbances. Therefore, this thesis aims to provide
more insight into sleep quality and sleep disturbances in HNC patients.

In this introduction chapter, I will first describe the epidemiology, risk factors, and
clinical courses of HNC as well as the quality of life of these patients. Then, I will
discuss physiological aspects of sleep. Subsequently, I will describe the classifications
of sleep disturbances and various methods to measure them, followed by an overview
of the existing literature on sleep disturbances in the general population and in cancer
patients. Finally, [ will describe the research aims and outline of this thesis.

Head and neck cancer: epidemiology, risk factors, and clinical courses

Every year, about 600,000 people in the world are newly diagnosed with head and
neck cancer (HNC)&. In the Netherlands, the incidence of HNC in the past decade has
remained stable at approximately 3,000 patients per year?. The incidence rate is twice
as high in men than in women and about half of the patients are aged 60 - 74 years®.
The most common subtypes of HNC in the Netherlands are squamous cell carcinomas
located in the oral cavity, oropharynx, hypopharynx, or larynx (Figure 1)10 11, The
most important risk factors of HNC are smoking and excessive alcohol
consumption®!2, Additionally, human papilloma virus (HPV) infection is a major risk
factor for HNC in the oropharynx?3.

The 5-year survival of HNC between 2000 and 2007 in Europe was 25% - 59%14.
Worldwide, there is a stable (for laryngeal cancer) to increasing trend (for other HNC
subsites) of the survival rates!%. This is also found in the Netherlands: in the past
decades there is a stable 5-year survival rate of 70% among laryngeal cancer patients
and an increasing survival rate among oropharyngeal (36% in 1989 - 1994 to 48% in
2007 - 2011), oral (56% to 62%), and hypopharyngeal cancer patients (27% to
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33%)15. The increasing survival rate can be attributed to better screening, diagnosis,
and treatment modalities for HNC4 15, as well as due to increase of HPV-related HNC
which generally has better treatment outcomes!®.

Figure 1 Anatomical locations of head and neck cancer. Modified image from Opsorman/Shutterstock.com.

The journey of patients with primary HNC from diagnosis to treatment completion is
usually as follows (Figure 2). Patients initially visit the healthcare professional with
symptoms characterizing HNC, such as oral or throat pain, changes in the tongue,
persistent oral ulcers, teeth problems, swallowing problems, neck lump, hoarseness,
or weight loss!7. 18, To confirm HNC diagnosis and staging, a thorough anamnesis is
needed to collect information on other relevant symptoms and medical history.
Alongside there is usually a series of examinations: physical examination, endoscopy,
biopsy, lymph node aspiration, dental evaluation, and imaging techniques (e.g.,
computed tomography (CT) scan, chest X-ray, and magnetic resonance imaging
(MRI))?7. Based on the findings, the staging of HNC can be determined using the TNM
criteria: tumor (the extent of the primary tumor), node (the extent of tumor spread to
the regional lymph nodes), and metastasis (the presence of distant metastasis)*°. This
TNM staging can be further classified into prognostic stages, which range from 0
(carcinoma in situ; good prognosis) to IV (poor prognosis)?°.
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Figure 2 Illustration of head and neck cancer journey from diagnosis to treatment completion.

* Multidisciplinary team meeting varies slightly between hospitals, but it usually involves otolaryngology
specialists, oral surgeons, oncology specialists from internal medicine, radiotherapy specialists, and case
managers or oncology nurses. Supportive care providers (e.g., oral hygienist, speech therapist, psychologist,
dietician, physiotherapist, medical-social workers) can be either included in the meeting early on or
contacted by the case manager after the initial meeting.

Clinical factors such as HNC sub-site, TNM staging, patients’ fitness and comorbidity
status?® 21, as well as patients’ preferences?? determine the treatment modality for
HNC. Single modality treatment is usually prescribed to patients with early-stage of
HNC (i.e.,, carcinoma in situ, stage I, and stage II) and consists of surgery only (i.e,
resection of primary tumor with/without its adjacent structure and with/without
lymph nodes resection) or radiotherapy (RT) only2% 21, Combined modality treatment
is prescribed for advanced-stage patients (i.e., stage Il and IV) and consists of either
chemo-radiotherapy (CRT) only or surgery followed by RT or CRT?20 21, The side
effects of these treatment modalities can be categorized into: (i) local side effects, such
as mucositis (oral pain), xerostomia (dry mouth), dysphagia (swallowing problems),
speech problems, osteoradionecrosis (bone damage due to RT/CRT), and fibrosis
(tissue scarring); and (ii) systemic side effects (as a direct effect of treatment, such as
kidney toxicity, or as a secondary effect, such as malnutrition)2? 23, These side effects
inevitably affect the patients’ quality of life (QoL) during their cancer journey.
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Quality of life of HNC patients

The physical symptoms of HNC, the psychological impact of HNC diagnosis, as well as
the side effects of HNC treatment often compromise the QoL of HNC patients.
Moreover, various domains of QoL may reach worst levels at different treatment
phases?4. Global QoL often deteriorates from diagnosis (before treatment starts) until
6 months after treatment, then gradually improves and often reaches its normal level
at 1-year after treatment?5-27. Emotional distress, especially anxiety, usually reaches
its worst level before start of treatment and gradually improves afterwards28-31. Other
symptoms (i.e., teeth problems, dry mouth, dyspnea, drowsiness, fatigue, oral pain,
appetite loss, sexuality problems, and nausea) often reach the worst levels during
treatment up to six months afterwards?7.28 30,32, At 1 year after treatment completion,
most of the symptoms seem to recover to their pre-treatment levels24 25, with
exception of physical functioning, xerostomia, sticky saliva, and fatigue2> 27. In
addition, swallowing and chewing problems remain to be a significant problem
among patients with oropharyngeal cancer at 1 year after treatment or later on33.
These symptoms, individually or simultaneously, may play a role in sleep
disturbances in HNC patients.

Before moving further to the paragraph on sleep disturbances among HNC patients,
which is the main subject of this thesis, I will first review the existing knowledge on
the physiology of sleep and the various sleep disturbances measures.

The physiology of sleep

A good night’s sleep consists of several sleep cycles. Each sleep cycle lasts about one
and a half to two hours and consists of several stages as measured on the brain wave,
eye movements, and muscle activities through polysomnography34 35. The first four
stages of sleep are referred to as non-rapid eye movement (NREM) sleep. Stage 1 takes
place as one falls asleep: the brainwave turns slower and its frequency turns low, the
eyes move slowly and predominantly horizontally, and the muscles relax. After a few
minutes of undisturbed first phase, stage 2 takes place: the slow brain wave is
interrupted by rapid waves (called ‘sleep spindles’), the eye movement stops, and
muscle relaxation is mixed with periods of contractions. The brain wave further slows
down in stage 3 and stage 4, which collectively referred to as 'slow-wave’ or deep
sleep. The NREM sleep is followed by REM sleep, which is characterized by brain wave
activity similar to that of stage 1, bursts of rapid eye movement, and complete muscle
relaxation. The duration of REM increases gradually through the night as the full sleep
cycle of NREM-REM repeats. It is hypothesized that the whole NREM-REM sleep cycle
plays important role in energy conservation3® and memory consolidation; NREM
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sleep specifically in consolidation of newly acquired explicit memory (e.g. recollecting
events, remembering names)37 and REM sleep in consolidation of implicit memory
(e.g. learning a skill) and emotional regulation37-39,

Our daily sleep-wake pattern follows the circadian rhythm (in Latin, circa means
“approximately” and diem, which means “day”), which takes slightly longer than 24
hours. The circadian rhythm is regulated by an internal biological clock in the
hypothalamus which is largely influenced by daylight as an external signal (zeitgeber)
40, This regulation involves a complex neuro-endocrine mechanism, including the
regulation of brain neurotransmitters+1.

An intact circadian rhythm is essential for good sleep and a good sleep is essential to
regulate the body’s response upon stress, especially by preserving the activity of
hypothalamic-pituitary-adrenal (HPA) axis and the inflammatory system#*Z 43. The
level of cortisol, a hormone produced by adrenal gland as part of the HPA-axis,
increases dramatically at awakening and gradually decreases throughout the day
until it reaches the lowest level during sleep**. It is hypothesized that physical or
psychological stress induces activation of the HPA-axis, increasing the production of
cortisol which further initiates multiple responses such as increase of glucose level in
the blood, increase of heart rate, and inhibition of the inflammatory system*s. Poor
sleep quality in particular disturbs the normal circadian rhythm of HPA-axis*¢ and
enhances HPA-axis activation during stressful situation*’. Eventually, persistent poor
sleep quality reduces HPA-axis reactivity upon stress, but retains the high production
of cortisol*2 47. This prolonged HPA-axis activation is hypothesized to induce cortisol
resistance in immune cells, impairing the anti-inflammatory effect of cortisol*3. This
vicious circle may explain the link between persistent poor sleep and chronic
inflammatory diseases, such as cardiovascular disease, diabetes mellitus,
autoimmune diseases, and neurodegenerative disorders+2 43,48,

Sleep disturbances: diagnosis criteria, measurements, and
terminologies

The clinical diagnosis criteria of sleep disturbances as sleep disorders (also referred
to as ‘sleep-wake disorders’) are described in the Diagnostic and Statistical Manual of
Mental Disorders, fifth edition (DSM-V)#° and the International Classification of Sleep
Disorders (ICSD-3)%°. Both the DSM and the ICSD-3 distinguish six major sleep
disorders* 51 and will be listed here based on their prevalence. First, insomnia
disorder, which has been acclaimed as the most common sleep disorder among people
in the general population? as well as among cancer patients53. Insomnia is
characterized by difficulty in initiating or maintaining sleep, early morning or night-
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time awakening, and daytime impairments due to sleep difficulties>*. Second, sleep-
related breathing disorders, which are characterized by respiratory events (i.e.,
snoring and breathing pauses) during sleep®l. The most common form of sleep-
related breathing disorders is obstructive sleep apnea (OSA) and its prevalence is 9%
to 38% in general population®s. Third, central disorders of hypersomnolence, which
is characterized by excessive daytime sleepiness without the presence of other sleep
disorder5. Its prevalence is between 5% and 15% in general population5.

The remaining sleep disorders are less common; these include circadian rhythm
sleep-wake disorders (where the biological clock is out of sync with sleep-wake
schedule required by the social or professional environment, e.g. a delayed phase
sleep syndrome, shift work disorder), parasomnias (unusual behaviors in the night
e.g., sleepwalking, night terrors), and sleep-related movement disorders (e.g., restless
legs syndrome)*?.51 . The prevalence of these sleep disorders among cancer patients
is difficult to ascertain, since available studies used small sample sizes and various
definitions of sleep disorders>7.58,

There are two ways to assess sleep disturbance: objectively and subjectively. The
golden standard of objective sleep measurement is polysomnography which
simultaneously measures brain activity, eye movement, respiratory activity, heart
rate, blood oxygen concentration, body position, and muscle activity during sleep>°.
Polysomnography usually requires the patient to stay overnight in a sleep laboratory,
making this method costly and burdensome. Although polysomnography can also be
performed at home, the patient still needs to visit a laboratory to apply all the
measurement probes and to take them off the following day. Sleep can also be
assessed subjectively by using sleep diaries and questionnaires. Sleep diaries require
the patients to write down their bedtime, the time that they are awake in bed and
asleep, the time they get out of bed, and additional complaints related to their sleep.
Questionnaires are also used to measure these aspects of sleep along with self-
perceived sleep quality, possible disturbances, as well as consequences of poor sleep
on QoL. The advantage of a questionnaire over a sleep diary is that a questionnaire is
less burdensome to patients®?. For cancer patients, there are two widely-used
questionnaires with sufficient reliability and validity, the Pittsburgh Sleep Quality
Index (PSQI) and the Insomnia Severity Index (ISI)57. 61, The PSQI has an advantage
over ISI as a screening measure in routine oncological care as it covers multiple
domains to identify not only symptoms of insomnia but also of other sleep disorders®
63, which may be useful to guide further investigation accordingly.

In the literature and in clinical care, various sleep-related terminologies are used,
which often leads to confusion. In this thesis, any sleep symptoms or disorders which
compromise sleep quality are referred to as ‘sleep disturbances’. This term has been
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used in the current literature as a collective term to describe both disruption of sleep
as symptoms (measured by subjective sleep measures) and sleep disorders (based on
a set of diagnosis criteria either defined by DSM or ICSD). Those who have sleep
disturbance as symptoms may not meet all diagnosis criteria for a sleep disorder®.
However, sleep disturbance as symptoms may develop into a full-blown sleep
disorder and its presence may indicate an existing sleep disorder. A sleep disorder is
diagnosed when a set of diagnosis criteria is met. On the other side, sleep disturbance
symptoms/complaints are considered meaningful when their level surpasses the cut-
off point of the questionnaire. In this thesis, we referred to the latter as “poor sleep
quality”, defined by a PSQI total score of > 5.

Sleep disturbances in the general population and in cancer patients

Many factors are known to alter sleep quality both among general population and
cancer patients. First of all, age and sex are the most consistent risk factors of sleep
disturbances. As people get older, their sleep pattern changes6 66. Older people spend
less time in the deep sleep phases and more in light sleep. As a result they also wake
up more frequently during the night. Elderly persons also need less hours of sleep.
Females of all age groups are more likely to have insomnia symptoms than men®7.
Also, lifestyle factors (e.g., lack of physical activity, alcohol consumption), physical
conditions (e.g., pain, obesity), psychological distress (e.g., anxiety, depression), and
medications (e.g., anti-depressants, opioid painkillers) are known to increase the risk
of sleep disturbances®. These risk factors are also relevant in sleep disturbances
among cancer patients®8 69 . In addition, some factors are specific for cancer patients
and may increase their risk of having poor sleep. Cancer itself (depends on its
location) may cause pain or breathing difficulty that disturbs sleep. Receiving the
diagnosis of cancer often makes patients anxious or worried; they are often concerned
about the prognosis and possible consequences of cancer and its treatment on their
own life and that of their families’% 71. As the treatment starts, sleep quality may be
further disturbed by side effects of treatment as well as suboptimal sleep
environment during hospital admissions?2 73. Furthermore, cancer patients who have
sleep disturbances often develop certain behaviors such as taking naps during the day
or taking sleep medication, in the hope to relieve their sleep disturbances. In fact we
know that these behaviors maintain sleep problems since they disturb the biological
clock and they also diminish the need to sleep. Therefore, these behaviors ultimately
might lead to persistent sleep disturbances”2.

Among HNC patients specifically, information on the prevalence, risk factors, and the
persistence of poor sleep quality is scarce. There is an urgency to investigate this
more closely, as a longitudinal study examining health-related QoL among HNC
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patients found that sleep disturbance (measured by a single question) before
treatment is a significant predictor of 2-year disease-free survival’4.

Research aims and outline of this thesis

This thesis includes four research aims, outlined in the following four chapters. The
first aim was to examine the available literature on sleep disturbances among HNC
patients to establish the prevalence of sleep disturbances of HNC patients during all
treatment phases. For this aim, we performed a systematic review and meta-analysis
of prevalence (Chapter 2). The second aim was to examine the risk factors of poor
sleep quality before HNC treatment starts. For this aim, a cross-sectional study was
performed using data from a large multicentre cohort study among HNC patients in
several HNC centres in the Netherlands (Chapter 3). The third aim was to investigate
the trajectories of poor sleep quality among HNC patients from diagnosis up to 6
months after treatment completion (Chapter 4). The fourth aim was to examine the
relationship between poor sleep quality, its commonly co-occurring symptoms (i.e.
psychological distress, fatigue, and pain), and biological parameters (i.e. cortisol level
and inflammatory markers) among HNC patients prior to treatment (Chapter 5).
Finally, the findings of these studies are discussed in Chapter 6, together with the
available literature, implications for clinical care, and recommendations for future
research.
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Chapter 2

Summary

This systematic review and meta-analysis aim to investigate the prevalence rates of
various types of sleep disturbances among head and neck cancer (HNC) patients before,
during, and after cancer treatment. We performed a systematic search on PubMed,
Embase, CINAHL, and PsycINFO to find studies that reported the prevalence of any type
of sleep disturbance among adult HNC patients. Meta-analyses of prevalence were
performed using random effects models, with 12 values to indicate the extent of
heterogeneity. In total, 29 studies of accumulatively 2,315 HNC patients were included.
The quality of the studies was fairly low and the heterogeneity was high. Studies on
three types of sleep disturbances were found: insomnia (17 studies), hypersomnolence
(12 studies), and sleep-related breathing disturbances (14 studies). The prevalence of
insomnia was 29% (95% CI 20-41%) before treatment, 45% (95%CI 33-58%) during
treatment, and 40% (95%CI 24-58%) after treatment, while for hypersomnolence the
prevalence was 16% (95% CI 7-32%) before treatment and 32% (95% CI 20-48%) after
treatment. The prevalence of sleep-related breathing disturbances before and after
treatment was 66% (95% CI 44-82%) and 51% (95% CI 34-67%), respectively. These
results imply that sleep disturbances are highly prevalent among HNC patients before,
during, and after treatment.
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Introduction

Every year more than half a million people in the world are diagnosed with head and
neck cancer (HNC) ! Among this population, sleep disturbances have been
hypothesized to be highly prevalent 2. Two major risk factors of HNC, smoking and
alcohol abuse 3, are associated with sleep disturbances in the general population 4 5.
Patients with HNC also often experience specific symptoms which may be associated
with their disease and treatment phase, for example xerostomia (dry mouth) and pain
in the mouth/throat area ¢. These symptoms are known to be strong predictors of sleep
disturbances among HNC patients 7. Moreover, being diagnosed with and treated for
HNC is stressful. Previous studies have demonstrated that psychological distress
including symptoms of anxiety and depression among HNC patients is highly prevalent
8,9 and is associated with sleep disturbances 19.

According to the third edition of the international classification of sleep disorders
(ICSD-3), there are seven major diagnosis of sleep disorders: 1) insomnia, 2) sleep-
related breathing disorders, 3) central disorders of hypersomnolence, 4) circadian
rhythm sleep-wake disorders, 5) parasomnias, 6) sleep-related movement disorders,
and 7) other sleep disorders 1. The diagnosis of these sleep disorders is based on
subjective measures, such as sleep diaries, interview, sleep consultation, and
questionnaires, as well as objective measures, such as polysomnography (PSG) and
actigraphy 2. Among these distinct types of sleep disturbances, insomnia,
hypersomnolence, and sleep-related breathing disturbances are expected to be
commonly experienced by HNC patients.

Firstly, insomnia entails difficulties falling or staying asleep or sleep of poor quality,
leading to daytime disabilities 13. Insomnia is the most common type of sleep
disturbances among the general population 12; this problem is even more prevalent in
cancer patients 14, Secondly, hypersomnolence is characterized by excessive daytime
sleepiness and only diagnosed in the absence of other sleep disorders which might
cause insulfficient sleep and hence more sleepiness during the day. However, in cancer
patients hypersomnolence is often reported as a symptom while the exact cause is
unknown 15, Factors found to be related to hypersomnolence are, for example,
radiotherapy, chemotherapy, and opiates (i.e., a commonly prescribed pain-relieving
medication among HNC patients) 1619, Finally, obstructive sleep apnea (OSA), one of
the most prominent form of sleep-related breathing disturbances, involves frequent
breathing pauses due to narrow or obstructed upper airways 20. HNC patients are at
risk for this condition because the pharyngeal and craniofacial structures are often
altered due to cancer itself or its treatment side effects.

Despite its importance, precise estimates of the prevalence of sleep disturbances among
HNC patients are lacking 21. Previous reviews reported prevalence rates ranging from
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8% to 100% among cancer patients 2225, To the extent of our knowledge, no meta-
analysis has been performed on the prevalence of all different types of sleep
disturbances among HNC patients. Therefore, the aim of this study is to systematically
review the prevalence of all types of sleep disturbances among HNC patients before,
during, and after treatment using meta-analysis approach.

Methods
Literature search

The search strategy was part of another systematic review which examined sleep
disturbances among mixed cancer patients (Prospero ID CRD42018088119) 26. A
comprehensive search was performed in the following bibliographic databases:
Pubmed, Embase, CINAHL, and PsycINFO. Databases were searched from inception up
to November 2017. Synonyms and closely related words were searched as index terms
or free-text words for the following terms: cancer (e.g., cancer, malignancy, and
carcinoma), sleep disturbances (e.g., sleep problems, disturbed sleep, parasomnia,
hypersomnolence, and circadian rhythm disturbance), and epidemiological studies
(e.g., epidemiological studies, cross-sectional, and observational). All terms related to
distinct forms of sleep disturbance, based on the ICSD-3, as well as different index terms
for each bibliographic database were listed. The complete description of our search
strategy is available in Appendix 1.

An information specialist from the medical library (de Vries R) provided advice on the
literature search. Additional relevant full-texts were hand-searched from the reference
list of the included studies and relevant reviews.

Inclusion and exclusion criteria

Studies which met the following inclusion criteria were included in this systematic
review: 1) measuring any type of sleep disturbances, 2) including HNC patients, 3)
reporting the prevalence of sleep disturbances among HNC patients, and 4) full-text in
English. Studies with all treatment modalities (surgery, radiotherapy, chemotherapy,
combination, treatment with curative intent, or palliative treatment), phase of
treatment (before, during, or after treatment), and any study design were included.
Case-reports, narrative studies, study protocols, conference abstracts, editorials, and
systematic reviews were excluded. The prevalence did not have to be the primary aim
of the study.
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Screening and selection of relevant articles

Two independent reviewers (Santoso AMM and Jansen F) each screened titles and
abstracts after previously removing all duplicates from the search results. Titles and
abstracts which were clearly not relevant (e.g., focusing on patients with benign tumors,
non-adult populations, or animal studies) were excluded. Full-texts of the remaining
references were retrieved. Subsequently, relevant full-texts were selected based on the
inclusion and exclusion criteria. Disagreements were discussed and when necessary, a
third reviewer (Verdonck-de Leeuw IM and/or van Straten A) was consulted until
agreement was reached.

Data extraction and quality assessment

Both data extraction and quality assessment were performed by two independent
reviewers (Santoso AMM and Jansen F). Any disagreements between raters were
discussed and when necessary, a third reviewer (Verdonck-de Leeuw and/or van
Straten A) was consulted until consensus was reached. We extracted information
related to: study characteristics (i.e., publication year, country of study, study design,
sample size, and eligibility criteria), population characteristics (i.e, demographics,
cancer site and stage, and treatment characteristics), sleep disturbance measures (i.e.,
measurement instrument used and time point of measurement), and the prevalence of
sleep disturbances (i.e., overall prevalence and prevalence among subgroups).

Each study was appraised for its methodological quality and potential bias. We used the
critical appraisal checklist developed by the Joanna Briggs Institute 27. In brief, this list
consists of nine items examining the quality of studies which report prevalence, based
on how the study was designed, conducted, and reported (Table 2, footnote). Each item
is answered with yes, no, unclear (i.e., when some information is not reported in the
article), or not applicable (i.e, when the question is not applicable to a certain study
design). We calculated the total quality score for each study based on the total number
of positively scored items. For the third item in this list (‘Was the sample size
adequate?’), we used a recommended formula to calculate minimum sample size in
prevalence studies 28. Using this formula, the minimum sample size was 289
participants 28 29,

Analyses

Pooled means of prevalence rates were calculated using Comprehensive Meta-Analysis
software, version 3 (Biostat, Englewood 2013). For each of the sleep disturbances, the
pooled prevalence rate was calculated using a random effects model because it was
expected that the studies would be methodologically heterogeneous 2°. Heterogeneity
was visually examined by inspecting the forest plots and statistically confirmed by
examining the I? values. An I? value of 0% indicates no observed heterogeneity among
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studies, 1-25% indicates low heterogeneity, 25 - 75% indicates moderate
heterogeneity, and >75% indicate high heterogeneity 30. A confidence interval of 95%
was used. We also examined the prevalence rate in a set of pre-defined groups, namely:
type of treatment (surgery, chemotherapy, or (chemo-) radiotherapy; single therapy or
multimodal therapy), phase of treatment (before, during, or after), measurement
instrument used (i.e., among different types of questionnaire or different cut-offs), and
studies with a high quality (risk of bias assessment > 5 items evaluated positive). Funnel
plots were generated to visually examine the presence of publication bias, which was
then statistically tested by Egger’s regression test and Begg-Mazumdar’s rank
correlation test. When publication bias seemed to be present (p-value < 0.05), Duval-
Tweedie’s trim-fill test was performed to calculate the adjusted pooled estimates.
Reporting of meta-analyses was performed according to PRISMA guidelines (Appendix
2) 3L,

Results
Inclusion of studies

The search resulted in 7,191 records (Figure 1). The majority of the records were
excluded based on title and abstract screening. Full-texts were retrieved for the
remaining 87 references. Of these 87 records, 26 articles fulfilled the eligibility criteria
and three additional relevant full-texts were found during hand-searching. This
resulted in 29 full-texts of accumulatively 2,315 HNC patients included in this review.

Characteristics of the included studies

The majority (72%) of these studies had a cross-sectional design 32-52, The remaining
studies had prospective observational 33 or retrospective design 5458. Most studies
(59%) were conducted in the USA, Canada, or European countries 34 35,37, 39-41, 43, 45-48, 50,
52,54,57,59,60, Twenty-one studies focused specifically on HNC patients 32 34-36, 39-42, 44-46, 48,
50,51, 53-56, 58-60 while eight studies focused on mixed cancer diagnoses but included a
separate analysis among HNC patients. Nineteen studies (66%) primarily aimed to
measure sleep disturbances 32-36, 41, 42, 44-48,50, 51,53, 55-57, 60, while the remaining studies
aimed to measure various symptoms 37-39, 43,49, 52,54, 59 quality of life 49, or psychiatric
disorders 8. The majority of the studies included HNC patients of mixed or unspecified
Site 33-35,37-39, 41,43, 44, 46-50, 52,54, 57-60 while the remaining included HNC patients of specific
location, such as tongue 3240, larynx 4251, nasopharynx 53.55.56, and oropharynx 45. About
33% 36 up to 93% 51 of the study population consists of male HNC patients, while the
gender proportion was unknown among eight studies 33,37, 38,43, 47,49, 52,57,
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Figure 1 Flow diagram of the literature search and selection.

Among the 29 included studies, 10 studies (34%) measured more than one types of
sleep disturbances 33.34 36,39,40,44,45,50,51,59 The included studies used a variety of
definitions and instruments to report on sleep disturbances. The studies were
grouped into three categories. The first category was insomnia and consisted of 17
studies 33,34,37,39,40,43-45, 47,49, 52, 54-59_ The studies used either self-reported insomnia
symptoms (including poor sleep quality, disturbed sleep, and trouble falling asleep) as
well as interview- and DSM-based insomnia diagnosis. Self-reported insomnia
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symptoms were measured by questionnaires in 14 studies, of which four studies used
the Pittsburgh sleep quality index (PSQI) with various cut-off scores 33, 34 445556, two
studies used MD Anderson symptom inventory - head and neck module (MDASI-HN)
39,59, two studies used the European organization for research and treatment of cancer
(EORTC) questionnaire 4352, one study used the Hamilton depression inventory 47, and
five studies used either a study-specific questionnaire or used a known questionnaire
but did not report the cut-off score 33,37, 40,45,49,54,

One study used multiple definitions of self-reported insomnia symptoms (i.e., insomnia
measured by insomnia severity index [ISI] with unknown cut-off and poor sleep quality
measured by PSQI with cut-off of 5) 33. The DSM-based diagnosis of insomnia was
measured by structured interview in two studies 4757, 58,

The second category was hypersomnolence and consisted of 12 studies 33, 34 36, 38-40, 44,
45,49-51,59_Studies on excessive daytime sleepiness and drowsiness were included in this
category. A slight majority of the studies (58%) used the Epworth sleepiness scale (ESS)
to measure daytime sleepiness, although with various cut-offs or without pre-defined
cut-off scores 33, 34 36, 44, 45,50, 51 The remaining studies used various instruments to
measure drowsiness, namely the MDASI-HN 3959, Edmonton symptom assessment scale
38,49 or Memorial symptom assessment scale 40.

The third category was sleep-related breathing disturbances and consisted of 14
studies 32 34-36, 41, 42, 44-46, 48, 50, 51, 53, 60 We included studies on OSA and OSA-related
symptoms into this category. Polysomnography (PSG) was used in the majority of
studies (n=10, 71%) 32 34-36,42,46,48,51,53,60 tg establish the diagnoses, while three studies
used home sleep testing 4145 50, Questionnaires and interviews were used to measure
symptoms such as snoring and choking /gasping during sleep #4-46.59,

We found no studies reporting on the prevalence of the remaining types of sleep
disturbances, such as circadian rhythm sleep-wake disorder, parasomnia, or sleep-
related movement disorders.

Three studies did not report details related to treatment phase 37 38 43, Among the
studies that provided details on treatment phase, three studies reported sleep
disturbances before the start of treatment 39 56,60, two studies during treatment 33.47, 12
studies after treatment 32 3536, 40-42,44-46,48,50,51_fjye studies included patients who were
either before or after treatment 53.55.57-59, and two studies reported sleep disturbances
among patients who are undergoing treatment or who have finished their treatment 34
52, In general, these studies included patients with curative treatment, although not all
studies provided detailed information on treatment intent. Three studies reported
sleep disturbances during palliative treatment 4% 52 54  More details on the
characteristics of the included studies are presented in Table 1.
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Quality and risk of bias assessment

The quality and risk of bias assessment is presented in Table 2. Only one study (3%)
had a sufficient sample size (i.e., 2289 participants) 3°. A majority of the studies (86%)
had a sample size of less than 100 HNC patients 32-36, 38, 40-53,55-58, 60, Two studies (7%)
scored positive on the item about response rate 3% 53. The remaining studies scored
negative as they had a response rate of less than 70% and did not report on the
characteristics of non-responders versus responders, which hampers the ability to
assess whether non-response might have affected the prevalence rate. Nineteen studies
(66%) used validated sleep disturbance instruments or established diagnosis criteria
of sleep disturbance 32 33,36, 38, 39, 41, 42, 44, 46, 48, 49, 51, 53, 55-60 while the remaining studies
used either study-specific questionnaires or instruments not specifically validated to
measure sleep disturbances. Seventeen studies (59%) performed appropriate
statistical analysis 32 35 41, 42, 44-48, 50, 51, 53-55, 57, 58, 60 which is defined as providing correct
prevalence rates including the total number of patients screened on sleep disturbances
and the actual number of patients with sleep disturbances. On average, studies had
three positively marked items, ranging from one 34 to five 39 41,52,55,56,58,59,

Table 2 Quality and risk of bias appraisal of included studies (ordered alphabetically by first author’s name).
Total
positive
score

3

Author
Chan MY et al., 201232

frrd
N
w
S
%)}
=)
~
=]
O

Echchikhi Y et al., 2017%*33
Faiz SA et al., 201434
Friedman M et al., 200135
GilatH etal., 201336
Grond S et al., 199354
Grond S et al., 1994*37
Gunn GB et al., 20135°

cC C C Cc cCc cCc z cCc cCcRe

Gupta M et al., 2016*38
Hanna EY et al., 20153°
Harrison LB et al., 19974°
Huyett P et al., 201741
Israel Y et al., 200642
Johnsen AT et al., 2009*43

c =z =z < cC

LiNetal, 20174
Lin HC et al., 201453
Loth A et al., 201745

Z <z oz < <K <Kok <= <oz oz <o
C % C Z Z C C O C C = =< = = =z = = Ccl©
zZ zZz zZ =z =z zZ =z 2z < =z =z =z =z z2 =z z Z Z/@
< < Z Z O < << < Cc <oz =<z =z =z zZ
C g < cCc Cc cCc cCc cC < cccccccc cl
< S < < C < <C o< << o Cc =< oo = <o
< C < C = o = = o zZ = o cc oz = cle
< < < <z < ezZoZoZoZoZ Rz <oz oz e
=2>
vl N S [\ () B vl [\ w1 3] vl [y} w £ [\ —_ w

Mo YL et al., 201455
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Table 2 continued.

Author Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Totalpositive score
Nesse W et al., 200646 N Y N Y U Y U Y N 4
Palesh OG et al., 2010%47 Y U N U U U Y Y 3
Payne RJ et al., 200560 Y N N N U Y Y Y U 4
Qian W et al., 201048 Y U N Y U Y U Y N 4
Qin L etal., 201556 Y Y N Y U Y U N Y 5
Savard J et al., 2011*57 N U N U U Y Y Y U 3
Shao Y] et al., 2016*4° N Y N N U Y Y N U 3
Steffen A et al., 20095° Y Y N N U U U Y U 3
Teixeira RC et al., 201351 Y Y N Y U Y U Y N 5
Unal D etal,, 201658 Y U N Y U Y Y Y U 5
van den Beuken-van Y u N U U U Y N u 2

Everdingen MH et al., 2009*52

Note:
1. Q1-9: questions to assess study quality and risk of bias, as listed below.
Q1: Was the sample frame appropriate to address the target population?
Q2: Were study participants sampled in an appropriate way?
Q3: Was the sample size adequate?
Q4: Were the study subjects and the setting described in detail?
Q5: Was the data analysis conducted with sufficient coverage of the identified sample?
Q6: Were valid methods used for the identification of the condition?
Q7: Was the condition measured in a standard, reliable way for all participants?
Q8: Was there appropriate statistical analysis?
Q9: Was the response rate adequate, and if not, was the low response rate managed appropriately?

2. Y, yes, highlighted ; N, no; U, unclear; NA, not applicable.

3.  Studies marked with asterisk (*) focused on mixed cancer patients, but sleep disturbances among
head and neck cancer patients were reported. For these studies the items “Were the study subjects
and the setting described in detail?” and “Was the data analysis conducted with sufficient coverage
of the identified sample?” were scored as “Unclear”.

Prevalence of insomnia

The pooled prevalence of insomnia was 29%, 45%, and 40% before, during, and after
curative treatment, respectively (Table 3). During palliative care, the pooled prevalence
is 52%. Before and after treatment, the prevalence of self-reported symptoms of
insomnia was 30% and 46%, respectively, while the prevalence of a DSM-based
diagnosis of insomnia disorder was 21% and 23%, respectively. When self-reported
insomnia was defined with PSQI cut-off of 5, the pooled prevalence was 37% before and
75% after treatment. The comparison of pooled prevalence rates after different type of
treatments was not possible since only two studies reported the prevalence rates after
surgery only and one study reported the prevalence after chemotherapy only; the
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remaining studies were performed among HNC patients after various combinations of
treatment.

Table 3 Prevalence rates of insomnia

— Pooled Heterogeneity
Characteristics Nstudy estimate 95% CI?
ive rates a Q-
12 p-value
stats
355/109 86.1
Before treatment, all 395559 6 3 0.29 0.20-0.41 6 36.12 <0.001
Study design
¢ Good lity studies (=5 326/103
ood quality studies (= /103 026 016038 863 29.19 <0.001
positive items) 3% 5556, 58,59 4
Definition of insomnia
e Self- i ia, all 3% 82.4
Self-reported insomnia, all ., 323/983 030  0.21-0.41 1712 0.001
55,56,59 8
oP 1 lity: PSQI > 5
o opsieep QY A>>, 41/111 037  0.29-0.46 0o o0 1
0 Disturbed sleep: MDASI-HN
55395 2 282/872 0.25 0.11-0.48 93.9 16.39 <0.001
. - i i 94.4
DSM-based diagnosis of 2 33/110 0.21 0.02-0.80 18.15 <0.001
insomnia 5758 9
During treatment, all 33 47,52 3 26/59 0.45 0.33-0.58 0 1.39  0.500
Adjusted estimates (publication
. NA NA 0.50 0.38-0.61 NA NA NA
bias)®
After treatment, all 40 44 45,52, 55, 89.3
5759 8 168/395 0.40 0.24-0.58 5 65.73 <0.001
Study design
* Good quality studies (=5 94.8
ood quality studies ( 3 50/173 025  0.05-0.67 3850 <0.001
positive items) 55 58,59 1
Definition of insomnia
o Self- ted i ia, all 40. 88.8
i L 144/304 046  0.28-0.65 44.89  <0.001
44,45, 52,55, 59 6
80.9
0 PSQI 25 4455 2 97/128 0.75 0.54-0.89 2 5.24 0.022
+ DSM- i is of 92.3
DSM-based diagnosis o 2 24/91 023  0.03-0.78 13.06 <0.001
insomnia 57,58 4
Treatment type
94.8
* Surgery only 7.5 2 33/114 0.31 0.09-0.67 1 385  0.004
] 92.2
* Single treatmente 55 57,59 3 66/162 0.43 0.16-0.75 0 25.63 <0.001
Adjusted estimates (publication
NA NA 0.47 0.28-0.66 NA NA NA

bias)®
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Table 3 continued.

H .
L. N Cumulative Pooled eterogeneity
Characteristics . 95% CI2 p-
study rates estimatea 2 Q-stats

value
Palliative care, all 452 2 16/38 0.52 0.04-0.97 92.32 13.02 <0.001
Unk h f treat t, all 89.7
o own phase oTfreatment atl 5 182/308  0.54 034073 7 980 0.002
Note:

a.  Pooled estimate and 95%CI were analyzed using random effects model

b.  Adjusted values generated using Duval-Tweedie’s trim and fill test, random effects model

c.  Single treatment including either surgery only or chemotherapy only
Abbreviations: CI, confidence interval; DSM, diagnostic and statistical manual of mental disorders; MDASI-
HN, MD Anderson symptom inventory - head and neck module; NA, not applicable; PSQI, Pittsburgh sleep
quality index

Table 4 Prevalence rates of hypersomnolence

Heterogenei
e N Cumulative Pooled 95% & i
Characteristics . Q- -
study rates estimate? CI2 2 p
stats value
0.07- 88.7
Before treatment, all 3959 2 177/872 0.16 0.32 8 891 0.003
0.20- 80.4 <0.00
After treatment, all 36 40,44, 45,50,51,59 7 90/275 0.32 30.61
048 0 1
Study design
. i ies (= iti 0.07- 583
.Good quality studies (= 5 positive ) 13/85 018 240 0121
items) 51.59 038 6
Definition of hypersomnolence
0.23- 718
* Sleepiness: ESS = 10 44 45.50,51 4 64/148 0.39 058 1 10.64 0.014
» Drowsiness 40,59 2 19/100 0.21 0.07- - 829 5.85 0.016
0.49 1
Treatment type
0.04- 778
e Surgery only 5159 2 10/88 0.15 451 0.034
0.45 3
) 0.07- 583
» Single treatment® 5.5 2 11/85 0.18 240 0.121
0.38 6
Note:

a.  Pooled estimate and 95%CI were analyzed using random effects model
b.  Single treatment including either surgery only, chemotherapy only or radiotherapy only.
Abbreviations: CI, confidence interval; ESS, Epworth sleepiness scale
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Prevalence of hypersomnolence

The pooled prevalence of hypersomnolence was 16% before and 32% after curative
treatment (Table 4). The prevalence rate of hypersomnolence during curative and
palliative treatment was reported by each one study, which was 35% and 86%,
respectively. When defined with ESS cut-off of 10, the pooled prevalence of sleepiness
was 39%. The pooled prevalence of drowsiness measured by various instruments was
21%.

Prevalence of sleep-related breathing disturbances

The pooled prevalence of sleep-related breathing disturbances was 66% before and
51% after curative treatment (Table 5). No study reported the prevalence of sleep-
related breathing disturbance during either curative or palliative treatment. After
treatment, the pooled prevalence was 71% (apnea-hypopnea index [AHI] cut-off score
of 5), 47% (AHI cut-off score of 15), and 37% (when defined as snoring). With respect
to treatment modality, the pooled prevalence rate was 67% among patients who
underwent surgery with (chemo-) radiotherapy, 58% among patients who underwent
surgery alone, and 50% among patients who underwent chemoradiotherapy only.

Publication bias

Publication bias was examined on the prevalence of insomnia during treatment (p-
value > 0.05), insomnia after treatment (p-value < 0.05), and sleep-related breathing
disturbances after treatment (p-value < 0.05). Random effects model of Duval-
Tweedie’s test resulted in the adjusted pooled estimates of 50% for insomnia during
treatment, 47% for insomnia after treatment, and 40% for sleep-related breathing
disturbances after treatment (Table 3 and 5). We did not examine publication bias on
the other sleep disturbances before and after treatment because the number of studies
was too small (i.e., less than three studies).
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Table 5 Prevalence rates of sleep-related breathing disturbances

N Heterogeneit
L. Cumulative Pooled 95% #
Characteristics stu . Q- p-
rates estimate? CI2 2
dy stats value
0.44- 34.0
Before treatment, allb 53 60 2 23/35 0.66 0.82 < 1.52 0.22
After treatment, all 32 34-36, 41, 42, 44-46, 48,50, 51, 13 168/375 0.51 0.34- 835 72.97 <0.00
53 ' 067 1 1
Study design
e O0SA lusi iteria 32 3641, 0.43-
as exclusion criteria 5 65/117 0.53 0 336 0.499
45,48 0.63
. i ies (2 0.20- 79.8
Good quality studies (=5 2 21/30 0.76 497 0.026
positive items) 4151 098 7
Definition of sleep-related breathing
disturbances
0.48- 83.7 <0.00
e OSA: AHI 2 5 32,34,36,41,42,46,48, 51,53 § 139/205 0.71 49.25
0.86 6 1
0.34- 56.4
e  OSA: AHI 21535424853 4 37/68 0.47 06l 2 6.89 0.076
0.14-
. OSA: AHI = 30 424551 3 18/87 0.21 031 0 0.08 0.959
0.09- 949 <0.00
. ing 44 45,50 3 57/159 0.37 39.77
Snoring / 077 7 1
Treatment type
0.30- 76.8
. Surgery only 32 35,42,48,50,51 6  45/93 0.58 082 3 21.58 0.001
0.33- 478
. Chemoradiotherapy only 4853 2 14/27 0.50 076 2 192 0.166
e S ith 0.36- 57.7
Hrgery wit! 3 26/39 0.67 473 0.094
(chemo)radiotherapy 32 3548 088 5
e  Single treatmentc32.343542,4850,51 7 84/137 0.65 037 814 324 <0.00
085 8 1
- inati d 32,35, 45, 0.41-
Combination treatment 5 60/167 0.54 232 521 0.267
48,53 067
. . L . 0.24-
Adjusted estimates (publication bias)e NA NA 0.40 0.60 NA NA NA
Note:
a.  Pooled estimate and 95% CI were analyzed using random effects model
b.  Pooled prevalence of OSA defined with AHI = 15
c.  Single treatment including either surgery only, chemotherapy only or radiotherapy only.
d. Combination treatment including chemoradiotherapy (with or without other modality) and

surgery with either chemotherapy or chemoradiotherapy.
e.  Adjusted values generated using Duval-Tweedie’s trim and fill test, random effects model
Abbreviations: AHI, apnea-hypopnea index; CI, confidence interval; OSA, obstructive sleep apnea; NA, not
applicable
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Discussion

In this systematic review and meta-analysis investigating the prevalence of sleep
disturbances among HNC patients, we found 29 studies measuring three types of sleep
disturbances: insomnia, hypersomnolence, and sleep-related breathing disturbances.
No studies were found investigating circadian rhythm sleep-wake disorders,
parasomnias, or sleep-related movement disorders, despite our extensive search
strategy. The pooled prevalence of insomnia was 29% before treatment, 45% during
treatment (50% after correcting for publication bias), and 40% after treatment (47%
after correcting for publication bias). The pooled prevalence of hypersomnolence was
16% before and 32% after treatment. For sleep-related breathing disturbances, the
pooled prevalence was 66% before and 51% after treatment (40% after correcting for
publication bias). Only one study reported the prevalence of HNC patients who had both
sleep-related breathing disturbance and hypersomnolence#s, hence we were unable to
confirm whether the prevalence rate of hypersomnolence overlaps with that of sleep-
related breathing disturbance.

The prevalence of sleep disturbances before the start of HNC treatment (16-66%) is
notably higher compared to that of the general population (2-38%) 6% 62, Tumor mass
effect of HNC may cause obstruction around tongue, pharynx, and epiglottis, the most
common sites involved in OSA 3. In addition, anxiety and depression are highly
prevalent at the time of HNC diagnosis 8 ? which may also contribute to insomnia.
People recently confronted with the diagnosis of HNC may experience fear and
uncertainty related with HNC treatment and its outcome ¢4, Such uncertainty may affect
their social situations and sleep-wake patterns. Furthermore, two major risk factors of
HNC, alcohol abuse and tobacco smoking, might play a role in the high prevalence of
sleeping disturbances among HNC patients. Heavy alcohol users often experience
insomnia even after they stop their alcohol consumption 65, while smokers suffer more
insufficient sleep compared to non-smokers 6. Moreover, smoking damages
oropharyngeal mucosal structure 67 and this may contribute to the relationship of
smoking with sleep-related breathing disturbances in patients with HNC.

The evidence on the high prevalence of sleep disturbances during treatment was based
on only two studies investigating insomnia 4% 52 and one study investigating
hypersomnolence 33, with pooled prevalence of 45% and 35%, respectively. Cancer
treatment is physically and psychologically burdensome for HNC patients due to the
treatment-related side-effects. HNC patients who are undergoing (chemo-)
radiotherapy often experience mucositis-related symptoms such as xerostomia and
oral pain, as well as fatigue, drowsiness, and nausea 7. %8, These symptoms may cause
circadian rhythm changes among HNC patients and may contribute to the high
prevalence of insomnia and hypersomnolence during treatment. Moreover, one out of
five HNC patients continues smoking or drinking alcohol during cancer treatment °
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which may worsen their sleep problems. Pain-relievers such as opioids are also often
prescribed during cancer treatment and may result in sleep-wake rhythm changes 1617,
So far, however, only a limited number of studies reported on the prevalence of sleep
disturbances during HNC treatment, therefore warranting additional studies.

The prevalence rates of sleep disturbances after treatment were also high: 40%, 32%,
and 51% on insomnia, hypersomnolence, and sleep-related breathing disturbances,
respectively. This might be related to HNC symptoms such as dry mouth complaints,
lymphedema in the head and neck area, tinnitus, and dysregulation of thyroid hormone
after (chemo-) radiotherapy. The high prevalence of insomnia may be associated with
psychological symptoms such as depression, post-traumatic stress disorders, problems
with body-image, and fear of cancer recurrence. These symptoms may continue to be
present after HNC is treated successfully 647073, In addition, radiation in the head and
neck area may be associated with sleep-related breathing disturbances in two ways:
first, it may alleviate breathing disturbances by reducing the tumor mass; and on the
other hand, it may cause scarring, airway narrowing, and alterations of the sensory- and
mechanoreceptors in the upper airway 3.

We also found that more than a half of HNC patients receiving palliative care reported
insomnia. This high prevalence of insomnia among patients in palliative care may be
explained by the above-mentioned causes of sleep disturbances before, during, and
after treatment of HNC, and further worsened by the advanced stage of cancer, cancer
recurrence, distant metastasis or presence of a second primary cancer 73. In addition,
palliative care patients report high level of anxiety 4°, which affects sleep quality.

The strength of this study is that meta-analytic methods were used to investigate the
prevalence of various types of sleep disturbances among HNC patients. We also
presented prevalence rates of sleep disturbances in different phases of treatment (i.e.,
before, during, and after treatment) and palliative care, which resulted in a thorough
overview of studies performed so far.

We, however, also acknowledge some limitations of this study. Considerable
heterogeneity was found regarding the definition of sleep disturbances, the used
measurement instruments to assess sleep disturbances as well as the used cut-off
scores on the measurement instruments. This heterogeneity was in line with previous
reviews on the prevalence of sleep disturbances among mixed cancer patients and the
general population 2% 61, In addition, only a limited number of studies were performed
per subgroup of patients (e.g., regarding phase of treatment or type of treatment),
which hindered the ability to statistically compare prevalence rates among these
subgroups, as well as to examine differences among countries and study years. For
example, it seems that among HNC patients, sleep-related breathing disturbances are
more frequently present than other types of sleep disturbances but this observation
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needs further investigation. Also, we were only able to report the prevalence of
hypersomnolence as a symptom, as there is lack of studies which reported
hypersomnolence as a sleep disorder. Sleep disturbances, additionally, seem to increase
after treatment, but longitudinal studies investigating the course of sleep disturbances
from diagnosis to follow-up are needed to confirm this observation. Another limitation
is that publication bias is likely to have occurred, which may either under- or
overestimate the reported prevalence rates in this meta-analysis. We also excluded
non-English articles, which may have resulted in underrepresentation of prevalence
rates of sleep disturbances in non-English-speaking countries. Finally, most studies
were of insufficient methodological quality: a small group of HNC patients were often
included in the study, inadequate information on their participant recruitment were
often provided, and non-validated instruments were often used to measure sleep
disturbances.

Conclusion

This systematic review and meta-analysis demonstrated that sleep disturbances are
highly prevalent at all HNC treatment phases, underlining the importance of early
screening and tailored intervention for sleep disturbance among HNC patients. Further
studies are essential to investigate the course of sleep disturbances from diagnosis to
follow-up among both cancer survivors and patients in palliative care. Also, more
insight is needed to understand the clinical, psychological, and life-style related factors
associated with prevalence rates among different subgroups of HNC patients.
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Appendix 1. Search strategy

PubMed

1. "Sleep Wake Disorders”[Mesh] OR (("Sleep”[Mesh] OR sleep*[tiab] OR wake[tiab] OR
awake[tiab] OR waking[tiab] OR awaking[tiab] OR somnolence*[tiab] OR Somnolescent[tiab]
OR REM[tiab] OR Circadian rhythm[tiab]) AND (disorder*[tiab] OR disturb*[tiab] OR
paroxysmal[tiab])) OR dyssomnia*[tiab] OR Sleep problem*[tiab] OR Sleep difficult*[tiab] OR
Sleep Deprivation*[tiab] OR Sleep Fragmentation*[tiab] OR Insufficient Sleep Syndrome*[tiab]
OR Nyctohemeral Rhythm*[tiab] OR Sleep Phase Syndrome*[tiab] OR jet lag*[tiab] OR
hypersomnolence*[tiab] OR hypersomnolence*[tiab] OR hypersomnia*[tiab] OR hyper-
somnia*[tiab] OR Kleine-Levin[tiab] OR narcoleps*[tiab] OR cataplex*[tiab] OR Gelineau*[tiab]
OR nocturnal myoclonus syndrome*[tiab] OR ((Leg Movement*[tiab] OR Limb
Movement*[tiab]) AND Sleep*[tiab]) OR restless leg*[tiab] OR Willis Ekbom[tiab] OR
Wittmaack Ekbom[tiab] OR sleep apnea*[tiab] OR nocturnal apnea*[tiab] OR sleep
hypopnea*[tiab] OR sleep apnoea*[tiab] OR nocturnal apnoea*[tiab] OR sleep
hypopnoea*[tiab] OR sleep- disordered breathing[tiab] OR insomnia*[tiab] OR
parasomnia*[tiab] OR Nocturnal Dystonia*[tiab] OR Sleep paralys*[tiab] OR Night
Terror*[tiab] OR Pavor Nocturnus[tiab] OR Somnambulis*[tiab] OR Sleepwalking[tiab] OR
Sleep walking[tiab] OR Nocturnal Wandering*[tiab] OR Jactatio Capitis Nocturna[tiab] OR
Nocturnal Leg Cramp*[tiab] OR Sleep talking[tiab] OR Sleep start*[tiab] OR (((periodic[tiab]
OR repetitive[tiab]) AND movement*[tiab]) AND sleep*[tiab]) OR plms[tiab] OR plmd[tiab]

2. "Neoplasms"[Mesh] OR cancer[sb] OR adenoma*[tw] OR anticarcinogen*[tw] OR
blastoma*[tw] OR cancer*[tw] OR carcinogen*[tw] OR carcinom*[tw] OR carcinosarcoma*[tw]
OR chordoma*[tw] OR germinoma*[tw] OR gonadoblastoma*[tw] OR hepatoblastoma*[tw] OR
hodgkin disease[tw] OR hodgkin's disease[tw] OR hodgkins disease[tw] OR leukemi*[tw] OR
lymphangioma*[tw] OR lymphangiomyoma*[tw] OR lymphangiosarcoma*[tw] OR
lymphom*[tw] OR malignan*[tw] OR melanom*[tw] OR meningioma*[tw] OR
mesenchymoma*[tw] OR mesonephroma*[tw] OR metasta*[tw] OR neoplas*[tw] OR
neuroma*[tw] OR nsclc[tw] OR oncogen*[tw] OR oncolog*[tw] OR paraneoplastic[tw] OR
plasmacytoma*[tw] OR precancerous[tw] OR sarcoma*[tw] OR teratocarcinoma*[tw] OR
teratoma*[tw] OR tumor*[tw] OR tumour*[tw]

3. "Cohort Studies"[Mesh] OR "Cross-Sectional Studies"[Mesh] OR "Observational
Study” [Publication Type] OR "Observational Studies as Topic"[Mesh] OR
prospectiv¥[tiab] OR cohort*[tiab] OR prevalen*[tiab] OR incidenc*[tiab] OR
cross-sectional[tiab] OR crosssectional[tiab] OR observation*[tiab] OR
longitudinal[tiab] OR epidemiol*[tiab]

4. 1ANDZ2AND3

Limitations: Studies involving human participants
Date of search: 24 November 2017
Result: 3,276 articles found

PsycINFO

1. DE "Sleep Disorders” OR DE "Hypersomnia” OR DE "Insomnia” OR DE "Kleine Levin Syndrome"
OR DE "Narcolepsy" OR DE "Parasomnias” OR DE "Sleepwalking” OR ((DE "Sleep" OR DE
"Napping" OR DE "NREM Sleep” OR DE "REM Sleep” OR TI (sleep* OR wake OR awake ORwaking
OR awaking OR somnolence* OR somnolescent OR REM OR "Circadian rhythm") OR AB (sleep*
OR wake OR awake OR waking OR awaking OR somnolence* OR somnolescent OR REM OR
"Circadian rhythm")) AND (TI (disorder* OR disturb* OR paroxysmal) OR AB (disorder* OR
disturb* OR paroxysmal))) OR TI ("Sleep problem*" OR "Sleep difficult*" OR
"Sleep Deprivation*" OR "Sleep Fragmentation*" OR "Insufficient Sleep Syndrome*" OR
"Nyctohemeral Rhythm*" OR "Sleep Phase Syndrome*" OR "jet lag*" OR hypersomnolence* OR
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"hypersomnolence*" OR hypersomnia* OR "hyper-somnia*" OR "Kleine-Levin" OR narcoleps*
OR cataplex* OR Gelineau* OR "nocturnal myoclonus syndrome*" OR (("Leg Movement*" OR
"Limb Movement*") and sleep*) OR "restless leg*" OR "Willis Ekbom" OR "Wittmaack Ekbom"
OR "sleep apnea*" OR "nocturnal apnea*" OR "sleep hypopnea*" OR "sleep apnoea*" OR
"nocturnal apnoea*" OR "sleep hypopnoea*" OR "sleep-disordered breathing” OR insomnia*
OR parasomnia* OR "Nocturnal Dystonia*" OR "Sleep paralys*" OR "Night Terror*" OR "Pavor
Nocturnus” OR Somnambulis* OR Sleepwalking OR "Sleep walking” OR "Nocturnal
Wandering*" OR "Jactatio Capitis Nocturna" OR "Nocturnal Leg Cramp*" OR "Sleep talking" OR
"Sleep start*" OR ((periodic OR repetitive) and movement* and sleep*) OR plms OR plmd) OR
AB (((sleep* OR wake OR awake OR waking OR awaking OR somnolence* OR somnolescent OR
REM OR "Circadian rhythm") and (disorder* OR disturb* OR paroxysmal)) OR "Sleep
problem*" OR "Sleep difficult*" OR "Sleep Deprivation*" OR "Sleep Fragmentation*" OR
"Insufficient

Sleep Syndrome*" OR "Nyctohemeral Rhythm*" OR "Sleep Phase Syndrome*" OR "jet lag*" OR
hypersomnolence* OR "hypersomnolence*" OR hypersomnia* OR "hyper-somnia*" OR "Kleine-
Levin" OR narcoleps* OR cataplex* OR Gelineau* OR "nocturnal myoclonus syndrome*" OR
(("Leg Movement*" OR "Limb Movement*") and sleep*) OR "restless leg*" OR "Willis Ekbom"
OR "Wittmaack Ekbom" OR "sleep apnea*" OR "nocturnal apnea*" OR "sleep hypopnea*" OR
"sleep apnoea*' OR "nocturnal apnoea*' OR "sleep hypopnoea*" OR "sleep-disordered
breathing” OR insomnia* OR parasomnia* OR "Nocturnal Dystonia*" OR "Sleep paralys*" OR
"Night Terror*" OR "Pavor Nocturnus" OR Somnambulis* OR Sleepwalking OR "Sleep walking"
OR "Nocturnal Wandering*" OR "Jactatio Capitis Nocturna" OR "Nocturnal Leg Cramp*" OR
"Sleep talking" OR "Sleep start*" OR ((periodic OR repetitive) and movement* and sleep*) OR
plms OR plmd) OR AB ("Sleep problem*" OR "Sleep difficult*" OR "Sleep Deprivation*" OR
"Sleep Fragmentation*" OR "Insufficient Sleep Syndrome*" OR "Nyctohemeral Rhythm*" OR
"Sleep Phase Syndrome*" OR "jet lag*" OR hypersomnolence* OR "hyper-somnolence*" OR
hypersomnia* OR "hyper-somnia*" OR "Kleine-Levin" OR narcoleps* OR cataplex* OR Gelineau*
OR "nocturnal myoclonus syndrome*" OR (("Leg Movement*" OR "Limb Movement*") and
sleep*) OR "restless leg*" OR "Willis Ekbom" OR "Wittmaack Ekbom" OR "sleep apnea*" OR
"nocturnal apnea*" OR "sleep hypopnea*" OR "sleep apnoea*" OR "nocturnal apnoea*" OR
"sleep hypopnoea*" OR "sleep-disordered breathing” OR insomnia* OR parasomnia* OR
"Nocturnal Dystonia*" OR "Sleep paralys*" OR "Night Terror*" OR "Pavor Nocturnus” OR
Somnambulis* OR Sleepwalking OR "Sleep walking" OR "Nocturnal Wandering*" OR "Jactatio
Capitis Nocturna" OR "Nocturnal Leg Cramp*" OR "Sleep talking" OR "Sleep start*" OR
((periodic OR repetitive) and movement* and sleep*) OR plms OR plmd) OR AB (((sleep* OR
wake OR awake OR waking OR awaking OR somnolence* OR somnolescent OR REM OR
"Circadian rhythm") and (disorder* OR disturb* OR paroxysmal)) OR "Sleep problem*" OR
"Sleep difficult*" OR "Sleep Deprivation*" OR "Sleep Fragmentation*" OR "Insufficient Sleep
Syndrome*" OR "Nyctohemeral Rhythm*" OR "Sleep Phase Syndrome*" OR "jet lag*" OR
hypersomnolence* OR "hyper-somnolence*" OR hypersomnia* OR "hyper-somnia*' OR
"Kleine-Levin" OR narcoleps* OR cataplex* OR Gelineau* OR "nocturnal myoclonus syndrome*"
OR (("Leg Movement*" OR "Limb Movement*") and sleep*) OR "restless leg*" OR "Willis
Ekbom" OR "Wittmaack Ekbom" OR "sleep apnea*' OR "nocturnal apnea*" OR "sleep
hypopnea*" OR "sleep apnoea*" OR "nocturnal apnoea*" OR "sleep hypopnoea*" OR "sleep-
disordered breathing” OR insomnia* OR parasomnia* OR "Nocturnal Dystonia*" OR "Sleep
paralys*" OR "Night Terror*" OR "Pavor Nocturnus” OR Somnambulis* OR Sleepwalking OR
"Sleep walking” OR "Nocturnal Wandering*" OR "Jactatio Capitis Nocturna” OR "Nocturnal Leg
Cramp*" OR "Sleep talking” OR "Sleep start*" OR ((periodic OR repetitive) and movement* and
sleep*) OR plms OR plmd)

DE "Neoplasms" OR DE "Benign Neoplasms" OR DE "Breast Neoplasms" OR DE "Endocrine
Neoplasms" OR DE "Leukemias” OR DE "Melanoma" OR DE "Metastasis" OR DE "NervousSystem
Neoplasms”" OR DE "Terminal Cancer” OR DE "Brain Neoplasms" OR DE "Glioma" OR TI

*n
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5.

(adenoma* OR anticarcinogen* OR blastoma* OR cancer* OR carcinogen* OR carcinom* OR
carcinosarcoma* OR chordoma* OR germinoma* OR gonadoblastoma* OR

hepatoblastoma* OR "hodgkin disease” OR "hodgkin s disease” OR "hodgkins disease” OR
leukemi* OR lymphangioma* OR lymphangiomyoma* OR lymphangiosarcoma* OR lymphom*
OR malignan* OR melanom* OR meningioma* OR mesenchymoma* OR mesonephroma* OR
metasta* OR neoplas* OR neuroma* OR nsclc OR oncogen* OR oncolog* OR paraneoplastic OR
plasmacytoma* OR precancerous OR sarcoma* OR teratocarcinoma* OR teratoma*

OR tumor* OR tumour*) OR AB (adenoma* OR anticarcinogen* OR blastoma* OR cancer* OR
carcinogen* OR carcinom* OR carcinosarcoma* OR chordoma* OR germinoma* OR
gonadoblastoma* OR hepatoblastoma* OR "hodgkin disease” OR "hodgkin s disease” OR
"hodgkins disease” OR leukemi* OR lymphangioma* OR lymphangiomyoma* OR
lymphangiosarcoma* OR lymphom* OR malignan* OR melanom* OR meningioma* OR
mesenchymoma* OR mesonephroma* OR metasta* OR neoplas* OR neuroma* OR nsclc OR
oncogen* OR oncolog* OR paraneoplastic OR plasmacytoma* OR precancerous OR sarcoma*
OR teratocarcinoma* OR teratoma* OR tumor* OR tumour*)

DE "Cohort Analysis" OR DE "Prospective Studies" OR DE "Longitudinal Studies" OR TI
(prospectiv* OR cohort* OR prevalen* OR incidenc* OR "cross-sectional” OR crosssectional
OR

observation* OR longitudinal OR epidemiol*) OR AB (prospectiv* OR cohort* OR prevalen*
OR incidenc* OR "cross-sectional” OR crosssectional OR observation* OR longitudinal OR
epidemiol*)

1AND 2 AND 3

Limitations: Studies involving human participants
Date of search: 23 November 2017
Result: 475 articles found

CINAHL
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(MH "Sleep Disorders+") OR (((MH "Sleep+") OR TI (sleep* OR wake OR awake OR waking OR
awaking OR somnolence* OR somnolescent OR REM OR "Circadian rhythm") OR AB (sleep* OR
wake OR awake OR waking OR awaking OR somnolence* OR somnolescent OR REM OR
"Circadian rhythm")) AND (TI (disorder* OR disturb* OR paroxysmal) OR AB (disorder* OR
disturb* OR paroxysmal))) OR TI ("Sleep problem*" OR "Sleep difficult*" OR "Sleep
Deprivation*" OR "Sleep Fragmentation*" OR "Insufficient Sleep Syndrome*" OR"Nyctohemeral
Rhythm*" OR "Sleep Phase Syndrome*" OR "jet lag*" OR hypersomnolence* OR
"hypersomnolence*" OR hypersomnia* OR "hyper-somnia*" OR "Kleine-Levin" OR narcoleps*
OR cataplex* OR Gelineau* OR "nocturnal myoclonus syndrome*" OR (("Leg Movement*" OR
"Limb Movement*") and sleep*) OR "restless leg*" OR "Willis Ekbom" OR "Wittmaack Ekbom"
OR "sleep apnea*" OR "nocturnal apnea*" OR "sleep hypopnea*" OR "sleep apnoea*" OR
"nocturnal apnoea*" OR "sleep hypopnoea*" OR "sleep-disordered breathing" ORinsomnia*

OR parasomnia* OR "Nocturnal Dystonia*" OR "Sleep paralys*" OR "Night Terror*" OR "Pavor
Nocturnus” OR Somnambulis* OR Sleepwalking OR "Sleep walking" OR "Nocturnal
Wandering*" OR "Jactatio Capitis Nocturna" OR "Nocturnal Leg Cramp*" OR "Sleep talking" OR
"Sleep start*" OR ((periodic OR repetitive) and movement* and sleep*) OR plms OR plmd) OR
AB (((sleep* OR wake OR awake OR waking OR awaking OR somnolence* OR somnolescent OR
REM OR "Circadian rhythm") and (disorder* OR disturb* OR paroxysmal)) OR "Sleep problem*"
OR "Sleep difficult*" OR "Sleep Deprivation*" OR "Sleep Fragmentation*" OR "Insufficient Sleep
Syndrome*" OR "Nyctohemeral Rhythm*" OR "Sleep Phase Syndrome*" OR "jet lag*" OR
hypersomnolence* OR "hypersomnolence*" OR hypersomnia* OR "hyper-somnia*" OR "Kleine-
Levin" OR narcoleps* OR cataplex* OR Gelineau* OR "nocturnal myoclonus syndrome*" OR
(("Leg Movement*" OR "Limb Movement*") and sleep*) OR "restless leg*" OR "Willis Ekbom"
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OR "Wittmaack Ekbom" OR "sleep apnea*" OR "nocturnal apnea*" OR "sleep hypopnea*" OR
"sleep apnoea*' OR "nocturnal apnoea*" OR "sleep hypopnoea*" OR "sleep-disordered
breathing" OR insomnia* OR parasomnia* OR "Nocturnal Dystonia*" OR "Sleep paralys*" OR
"Night Terror*" OR "Pavor Nocturnus" OR Somnambulis* OR Sleepwalking OR "Sleep walking"
OR "Nocturnal Wandering*" OR "Jactatio Capitis Nocturna" OR "Nocturnal Leg Cramp*" OR
"Sleep talking” OR "Sleep start*" OR ((periodic OR repetitive) and movement* and sleep*) OR
plms OR plmd) OR AB ("Sleep problem*" OR "Sleep difficult*" OR "Sleep Deprivation*" OR
"Sleep Fragmentation*" OR "Insufficient Sleep Syndrome*" OR "Nyctohemeral Rhythm*" OR
"Sleep Phase Syndrome*" OR "jet lag*" OR hypersomnolence* OR "hyper-somnolence*" OR
hypersomnia* OR "hyper-somnia*" OR "Kleine-Levin" OR narcoleps* OR cataplex* ORGelineau*
OR "nocturnal myoclonus syndrome*" OR (("Leg Movement*" OR "Limb Movement*") and
sleep*) OR "restless leg*" OR "Willis Ekbom" OR "Wittmaack Ekbom" OR "sleep apnea*" OR
"nocturnal apnea*" OR "sleep hypopnea*" OR "sleep apnoea*" OR "nocturnal apnoea*" OR
"sleep hypopnoea*" OR "sleep-disordered breathing” OR insomnia* OR parasomnia* OR
"Nocturnal Dystonia*" OR "Sleep paralys*" OR "Night Terror*" OR "Pavor Nocturnus”" OR
Somnambulis* OR Sleepwalking OR "Sleep walking” OR "Nocturnal Wandering*" OR "Jactatio
Capitis Nocturna" OR "Nocturnal Leg Cramp*" OR "Sleep talking" OR "Sleep start*" OR((periodic
OR repetitive) and movement* and sleep*) OR plms OR plmd) OR AB (((sleep* OR wake OR
awake OR waking OR awaking OR somnolence* OR somnolescent OR REM OR "Circadian
rhythm") and (disorder* OR disturb* OR paroxysmal)) OR "Sleep problem*" OR "Sleep
difficult*" OR "Sleep Deprivation*" OR "Sleep Fragmentation*" OR "Insufficient Sleep
Syndrome*" OR "Nyctohemeral Rhythm*" OR "Sleep Phase Syndrome*" OR "jet lag*" OR
hypersomnolence* OR "hyper-somnolence*' OR hypersomnia* OR "hyper-somnia*" OR
"Kleine-Levin" OR narcoleps* OR cataplex* OR Gelineau* OR "nocturnal myoclonus syndrome*"
OR (("Leg Movement*" OR "Limb Movement*") and sleep*) OR "restless leg*" OR "Willis
Ekbom" OR "Wittmaack Ekbom" OR "sleep apnea*" OR "nocturnal apnea*' OR "sleep
hypopnea*" OR "sleep apnoea*" OR "nocturnal apnoea*" OR "sleep hypopnoea*" OR "sleep-
disordered breathing” OR insomnia* OR parasomnia* OR "Nocturnal Dystonia*" OR "Sleep
paralys*" OR "Night Terror*" OR "Pavor Nocturnus” OR Somnambulis* OR Sleepwalking OR
"Sleep walking” OR "Nocturnal Wandering*" OR "Jactatio Capitis Nocturna"” OR "Nocturnal Leg
Cramp*" OR "Sleep talking” OR "Sleep start*" OR ((periodic OR repetitive) and movement* and
sleep*) OR plms OR plmd)

(MH "Neoplasms+") OR TI (adenoma* OR anticarcinogen* OR blastoma* OR cancer* OR
carcinogen* OR carcinom* OR carcinosarcoma* OR chordoma* OR germinoma* OR
gonadoblastoma* OR hepatoblastoma* OR "hodgkin disease” OR "hodgkin s disease" OR
"hodgkins disease” OR leukemi* OR lymphangioma* OR lymphangiomyoma* OR
lymphangiosarcoma* OR lymphom* OR malignan* OR melanom* OR meningioma* OR
mesenchymoma* OR mesonephroma* OR metasta* OR neoplas* OR neuroma* OR nsclc OR
oncogen* OR oncolog* OR paraneoplastic OR plasmacytoma* OR precancerous OR sarcoma*
OR teratocarcinoma* OR teratoma* OR tumor* OR tumour*) OR AB (adenoma* OR
anticarcinogen* OR blastoma* OR cancer* OR carcinogen* OR carcinom* ORcarcinosarcoma*
OR chordoma* OR germinoma* OR gonadoblastoma* OR hepatoblastoma* OR "Hodgkin
disease" OR "hodgkin s disease" OR "hodgkins disease" OR leukemi* OR lymphangioma* OR
lymphangiomyoma* OR lymphangiosarcoma* OR lymphom* OR malignan* OR melanom* OR
meningioma* OR mesenchymoma* OR mesonephroma* OR metasta* OR neoplas* OR
neuroma* OR nsclc OR oncogen* OR oncolog* OR paraneoplastic OR plasmacytoma* OR
precancerous OR sarcoma* OR teratocarcinoma* OR teratoma* OR tumor* OR tumour*)

(MH "Nonexperimental Studies+") OR TI (prospectiv* OR cohort* OR prevalen* OR incidenc*
OR cross-sectional” OR crosssectional OR observation* OR longitudinal OR epidemiol*) OR AB
(prospectiv* OR cohort* OR prevalen* OR incidenc* OR "cross-sectional” OR crosssectional OR
observation* OR longitudinal OR epidemiol*)

1AND 2 AND 3
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Limitations: Studies involving human participants
Date of search: 23 November 2017
Result: 780 articles found

Embase

4.

'sleep disorder’/exp OR (('sleep’/exp OR sleep*:ab,ti,kw OR wake:ab,ti,kw OR awake:ab,ti,kw
OR waking:ab,ti,kw OR awaking:ab,ti,kw OR somnolence*:ab,ti,kw OR somnolescent:ab,ti,kw
OR REM:ab,ti,kw OR 'Circadian rhythm':ab,ti,kw) AND (disorder*:ab,ti,kw OR disturb*:ab,ti,kw
OR paroxysmal:ab,ti,kw)) OR 'Sleep problem*":ab,ti,kw OR 'Sleep difficult*":ab,ti,kw OR 'Sleep
Deprivation*:ab,tikw OR 'Sleep Fragmentation*:ab,tikw OR 'Insufficient Sleep
syndrome*':ab,ti,kw OR 'Nyctohemeral Rhythm*':ab,ti,kw OR 'Sleep Phase Syndrome*":ab,ti,kw
OR 'jet lag*':ab,tikw OR hypersomnolence*:ab,tikw OR 'hyper-somnolence*':ab,tikw OR
hypersomnia*:ab,tikw OR  'hyper-somnia*:ab,tikw OR 'Kleine-Levinab,tikw OR
narcoleps*:ab,tikw OR cataplex*:ab,tikw OR Gelineau*:ab,tikw OR 'nocturnal myoclonus
syndrome*":ab,tikw OR (('Leg Movement*:ab,tikw OR 'Limb Movement*:ab,tikw) AND
sleep*:ab,tikw) OR 'restless leg*:ab,tikw OR 'Willis Ekbom"ab,tikw OR 'Wittmaack
Ekbom':ab,tikw OR 'sleep apnea*':ab,tikw OR 'nocturnal apnea*:ab,tikw OR 'sleep
hypopnea*':ab,tikw OR 'sleep apnoea*':ab,tikw OR 'nocturnal apnoea*:ab,tikw OR 'sleep
hypopnoea*:ab,tikw OR 'sleepdisordered breathing"ab,tikw OR insomnia*:ab,tikw OR
parasomnia*:ab,ti,kw OR 'Nocturnal Dystonia*':ab,ti,kw OR 'Sleep paralys*':ab,ti,kw OR 'Night
Terror*:ab,tikw OR 'Pavor Nocturnus:ab,tikw OR Somnambulis*:ab,tikw OR
Sleepwalking:ab,tikw OR 'Sleep walking":ab,tikw OR 'Nocturnal Wandering*':ab,tikw OR
'Jactatio Capitis Nocturna:ab,tikw OR 'Nocturnal Leg Cramp*:ab,tikw OR 'Sleep
talking':ab,ti,kw OR 'Sleep start*":ab,ti,kw OR ((periodic:ab,ti,kw OR repetitive:ab,ti,kw) AND
movement*:ab,ti,kw AND sleep*:ab,ti,kw) OR plms:ab,ti,kw OR plmd:ab,ti,kw

'neoplasm'/exp OR adenoma*:ab,ti,kw OR anticarcinogen*:ab,tikw OR blastoma*:ab,ti,kw
OR cancer*:ab,ti,kw OR carcinogen*:ab,ti,kw OR carcinom*:ab,ti,kw OR
carcinosarcoma*:ab,tikw OR  chordoma*:ab,tikw OR  germinoma*:ab,tikw OR
gonadoblastoma*:ab,ti,kw OR hepatoblastoma*:ab,tikw OR 'hodgkin disease':ab,tikw OR
'hodgkin s disease:ab,tikw OR 'hodgkins disease:ab,tikw OR leukemi*:ab,tikw OR
lymphangioma*:ab,ti,kw OR lymphangiomyoma*:ab,ti,kw OR lymphangiosarcoma*:ab,ti,kw
OR  lymphom*:ab,tikw OR  malignan*:abtikw  OR  melanom*:ab,tikw  OR
meningioma*:ab,tikw OR esenchymoma*:ab,tikw OR mesonephroma*:ab,tikw OR
metasta*:ab,tikw OR neoplas*:ab,tikw OR neuroma*:ab,tikw OR nsclc:ab,tikw OR
oncogen*:ab,ti,kw OR oncolog*:ab,ti,kw OR paraneoplastic:ab,ti,kw OR
plasmacytoma*:ab,tikw  OR  precancerous:ab,tikw OR  sarcoma*:ab,tikw  OR
teratocarcinoma*:ab,ti,kw OR teratoma*:ab,ti,kw OR tumor*:ab,ti,kw OR tumour*:ab,ti,kw
‘cohort analysis'/exp OR 'cross-sectional study'/exp OR ‘'observational study'/exp OR
'prospective study'/exp OR ‘longitudinal study'/exp OR prospectiv¥:ab,tikw OR
cohort*:ab,ti,kw OR prevalen*:ab,ti,kw OR incidenc*:ab,ti,kw OR 'crosssectional’: ab,ti,kw OR
crosssectional:ab,ti,kw OR observation*:ab,ti,kw OR longitudinal:ab,ti,kw OR
epidemiol*:ab,ti,kw

1AND 2 AND 3

Limitations: Studies involving human participants, not conference publications
Date of search: 24 November 2017
Result: 5,416 articles found
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Appendix 2. PRISMA checklist

Section/topic # Checklist item s

on page #

TITLE

Title 1|Identify the report as a systematic review, meta-analysis, or both. |1

ABSTRACT

Structured 2|Provide a structured summary including, as applicable: 2

summary background; objectives; data sources; study eligibility criteria,
participants, and interventions; study appraisal and synthesis
methods; results; limitations; conclusions and implications of key
findings; systematic review registration number.

INTRODUCTION

Rationale 3|Describe the rationale for the review in the context of what is 4-5
already known.

Objectives 4|Provide an explicit statement of questions being addressed with  |NA
reference to participants, interventions, comparisons, outcomes,
and study design (PICOS).

METHODS

Protocol and 5|Indicate if a review protocol exists, if and where it can be accessed |5

registration (e.g., Web address), and, if available, provide registration
information including registration number.

Eligibility criteria 6|Specify study characteristics (e.g., PICOS, length of follow-up) and (6
report characteristics (e.g., years considered, language, publication
status) used as criteria for eligibility, giving rationale.

Information 7|Describe all information sources (e.g., databases with dates of 5-6

sources coverage, contact with study authors to identify additional
studies) in the search and date last searched.

Search 8|Present full electronic search strategy for at least one database, Appendix 1
including any limits used, such that it could be repeated.

Study selection 9|State the process for selecting studies (i.e., screening, eligibility, 6-7
included in systematic review, and, if applicable, included in the
meta-analysis).

Data collection 10|Describe method of data extraction from reports (e.g., piloted 7

process forms, independently, in duplicate) and any processes for
obtaining and confirming data from investigators.

Data items 11|List and define all variables for which data were sought (e.g., 7
PICOS, funding sources) and any assumptions and simplifications
made.

Risk of bias in 12|Describe methods used for assessing risk of bias of individual 7-8

individual studies studies (including specification of whether this was done at the
study or outcome level), and how this information is to be used in
any data synthesis.

Summary 13|State the principal summary measures (e.g., risk ratio, difference |8

measures in means).
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Appendix 2 continued.

Section/topic

CheckKlist item

Reported
on page #

support (e.g.,, supply of data); role of funders for the systematic
review.

Synthesis of 14 | Describe the methods of handling data and combining results of 8
results studies, if done, including measures of consistency (e.g., 2) for
each meta-analysis.
Risk of bias 15 | Specify any assessment of risk of bias that may affect the 8
across studies cumulative evidence (e.g., publication bias, selective reporting
within studies).
Additional 16 | Describe methods of additional analyses (e.g., sensitivity or 8
analyses subgroup analyses, meta-regression), if done, indicating which
were pre-specified.
RESULTS
Study selection | 17 | Give numbers of studies screened, assessed for eligibility, and 9
included in the review, with reasons for exclusions at each stage,
ideally with a flow diagram.
Study 18 | For each study, present characteristics for which data were 9-11
characteristics extracted (e.g., study size, PICOS, follow-up period) and provide
the citations.
Risk of bias 19 | Present data on risk of bias of each study and, if available, any 11-12
within studies outcome level assessment (see item 12).
Results of 20 | For all outcomes considered (benefits or harms), present, for NA
individual each study: (a) simple summary data for each intervention group
studies (b) effect estimates and confidence intervals, ideally with a forest
plot.
Synthesis of 21 | Present results of each meta-analysis done, including confidence 12-13
results intervals and measures of consistency.
Risk of bias 22 | Presentresults of any assessment of risk of bias across studies 13-14
across studies (see Item 15).
Additional 23 | Give results of additional analyses, if done (e.g., sensitivity or 12-13
analysis subgroup analyses, meta-regression [see Item 16]).
DISCUSSION
Summary of 24 | Summarize the main findings including the strength of evidence 14-16
evidence for each main outcome; consider their relevance to key groups
(e.g., healthcare providers, users, and policy makers).
Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), 16-17
and at review-level (e.g., incomplete retrieval of identified
research, reporting bias).
Conclusions 26 | Provide a general interpretation of the results in the context of 17-18
other evidence, and implications for future research.
FUNDING
Funding 27 | Describe sources of funding for the systematic review and other 1

From: Moher D, Liberati A, Tetzlaff ], Altman DG, The PRISMA Group (2009). Preferred Reporting Items for

Systematic Reviews
doi:10.1371/journal.pmed1000097
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Chapter 3

Abstract
Background

Head and neck cancer (HNC) patients often suffer from distress attributed to their
cancer diagnosis which may disturb their sleep. However, there is lack of research
about poor sleep quality among newly diagnosed HNC patients. Therefore, our aim was
to investigate the prevalence and the associated factors of poor sleep quality among
HNC patients before starting treatment.

Materials and methods

A cross-sectional study was conducted using the baseline data from NET-QUBIC study,
an ongoing multi-center cohort of HNC patients in the Netherlands. Poor sleep quality
was defined as a Pittsburgh Sleep Quality Index (PSQI) total score of > 5. Risk factors
examined were sociodemographic factors (age, sex, education level, living situation),
clinical characteristics (HNC subsite, tumor stage, comorbidity, performance status),
lifestyle factors, coping styles, and HNC symptom:s.

Results

Among 560 HNC patients, 246 (44%) had poor sleep quality before start of treatment.
Several factors were found to be significantly associated with poor sleep: younger age
(odds ratio [OR] for each additional year 0.98, 95% CI 0.96 - 1.00), being female (OR
2.6,95% CI 1.7 - 4.1), higher passive coping style (OR 1.18, 95% CI 1.09 - 1.28), more
oral pain (OR 1.10,95% CI 1.01 - 1.19), and less sexual interest and enjoyment (OR 1.13,
95% CI 1.06 - 1.20).

Conclusion

Poor sleep quality is highly prevalent among HNC patients before start of treatment.
Early evaluation and tailored intervention to improve sleep quality are necessary to
prepare these patients for HNC treatment and its consequences.
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Poor sleep quality among newly diagnosed HNC patients

Introduction

More than 800,000 people worldwide were newly diagnosed with head and neck cancer
(HNC) in 2018 L. There is a growing attention to maximize health-related quality of life
(HRQoL) of newly diagnosed HNC patients 2. These patients often suffer from emotional
distress and concerns related to the future consequences of HNC itself and its treatment
3,4, which may affect their sleep quality. Sleep quality before the start of cancer
treatment is also known to be associated with HRQoL throughout the cancer trajectory
56, thus early detection of poor sleep quality is necessary to initiate prehabilitation
strategy to optimize HRQoL during and after HNC treatment 7.

Nonetheless, little is known about sleep quality among newly diagnosed HNC patients.
A recent systematic review found a wide prevalence range of 16 to 66% for various
definitions of sleep disturbances among HNC patients before treatment 8. Additionally,
most of the included studies did not use validated instrument to measure sleep quality
as reported by the patients themselves 8. To illustrate, only two studies among newly
diagnosed HNC patients used the Pittsburgh sleep quality index (PSQI) %19, a validated
and most widely used self-report instrument for sleep quality in clinical and non-
clinical populations 1. Using a PSQI total score cut-off of > 5, these two studies found
that 37% of their patients had poor sleep quality ? 10, Since these studies only included
nasopharyngeal cancer patients % 19, the prevalence of poor sleep quality among a more
generalizable sample of newly diagnosed HNC patients is yet to be examined.

Furthermore, more insight is needed on the factors associated with poor sleep quality
among HNC patients before treatment. Only two studies have examined this question
thus far and found that age, marital status, HNC subsite, smoking status, and physical
activity were significantly associated factors 12 13, implying the importance to assess
these factors in sleep quality evaluation among newly diagnosed HNC patients. Neither
of these studies, however, examined two important factors among newly diagnosed
HNC patients: coping styles and HNC symptoms. Coping styles determine how someone
perceives stressful life events, such as being diagnosed with cancer. Although the
effectiveness of coping style may depend on the context of the stressor, certain coping
styles such as avoidance coping, substance use, and behavioral and mental
disengagement are found to be associated with more psychological distress among HNC
patients before starting treatment 14, Avoidance coping style in particular is found to be
associated with poor sleep among cancer patients in general 15 16, So far, there is no
research on whether specific coping styles are associated with poor sleep quality
among newly diagnosed HNC patients. Furthermore, patients recently diagnosed with
HNC often suffer from oral pain and swallowing problems 7 which may disrupt their
sleep quality.
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Insight into poor sleep quality among newly diagnosed HNC patients may help
healthcare providers to design a better sleep intervention for those who already need
it before starting treatment. Therefore, we aimed to examine the prevalence of poor
sleep quality among HNC patients before start of treatment, and to examine the
association of poor sleep quality with sociodemographic factors, clinical characteristics,
lifestyle factors, coping style, and HNC-specific symptoms.

Patients and methods
Study population

Data of the prospective NETherlands QUality of Life and Blomedical Cohort study in
head and neck cancer (NET-QUBIC) 18 was used. In the NET-QUBIC study, 739 newly
diagnosed HNC patients from HNC centers in 5 university medical centers and 2 of their
satellite hospitals in the Netherlands were included between March 2014 and June
2018. Inclusion criteria were: being diagnosed with squamous cell carcinoma of the oral
cavity, oropharynx, hypopharynx, larynx, or neck lymph node metastasis of an
unknown primary tumor; being 18 years or older; having curative treatment intention;
and being able to write, read, and speak Dutch. Exclusion criteria were having severe
psychiatric comorbidity (e.g., schizophrenia, Korsakoff's syndrome, severe dementia),
lymphoma, thyroid cancer, nasopharyngeal cancer, malignancy of skin, or malignancy
of salivary glands. The NET-QUBIC study was approved by the Medical Ethical
Committee of the coordinating center (Amsterdam UMC, location VUmc, document
number: 2013.301[A2018.307]-NL45051.029.13). Detailed procedure of the NET-
QUBIC study can be found elsewhere 18,

Measures

The ongoing NET-QUBIC study encompasses measurements at baseline and at 3-, 6-,
12-, 24-, 36-, 48-, and 60-month follow-up. In the present study, we used the baseline
data, which were collected shortly after the diagnosis and before cancer treatment was
started.

Sleep quality was measured using the PSQI, which was filled-in by the patients
themselves 19, Its validity and reliability have been confirmed both in general
population 20 and in cancer patients 21 22, PSQI consists of 19 items across seven
components of sleep quality and disturbances: (1) subjective sleep quality (i.e., one item
‘How would you rate your sleep quality overall?’), (2) sleep onset latency (i.e., two items
asking time needed to fall asleep and its frequency in a week; poor sleep onset is defined
as needing = 30 minutes to fall asleep 23), (3) sleep duration (i.e., one item ‘How many
hours of actual sleep do you get at night?’; <6 hours is associated with worse survival
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among cancer patients 24), (4) sleep efficiency (i.e., a percentage calculated by dividing
time asleep by time spent in bed and multiplied by 100; <85% indicates poor efficiency
23), (5) sleep disturbances (i.e., ten items about specific reasons for the sleep
disturbances and their frequency), (6) use of sleep medication (i.e., one item ‘How often
have you taken medicine to help you sleep?’), and (7) daytime dysfunction (i.e., two
items asking the frequency of staying awake during daytime activity and the extent of
difficulty to maintain enthusiasm to get things done) 1°. A total score (also called global
score) is calculated by first scaling each component score into a 0 to 3 score then
summing all component scores, resulting in a score ranging from 0 to 21; higher scores
indicate worse sleep quality. Our main outcome, poor sleep quality, is defined by a total
PSQI score of > 5 19.20, [n addition, we examined questions in the PSQI (not included in
the total score calculation) which assessed the frequency of the respondent’s bed
partner/roommate noticing certain behaviors during the respondent’s sleep. This
information is clinically relevant as an indication of specific sleep disorders such as
sleep apnea 25.

We examined the following sociodemographic factors: sex and age (from medical
records), living situation (living together / alone, from interview), education level (low
/ middle / high according to the standard classification of education level in the
Netherlands 2¢, from interview), and having a bed partner (yes / no, from the PSQI). The
interview was conducted by trained field workers during house-visit measurements.
This interview also included other outcomes which were out of the scope of the present
study 18. Clinical characteristics (i.e., HNC subsite and stage, comorbidity, and
performance status) were retrieved from medical records. Comorbidity was scored
using the adult comorbidity evaluation (ACE-27). The ACE-27 measures the number
and severity of 27 medical conditions, and is summarized into four categories: no
comorbidity, mild comorbidity, moderate comorbidity, or severe comorbidity 27. The
ACE-27 has been validated among HNC patients 28. The patients’ performance status
(i.e., the patient’s level of functioning seen from their daily activity, physical ability, and
self-care) was measured using the one-item Eastern cooperative oncology group
(ECOG) score, which ranges from 0 (fully active) to 4 (completely disabled) 2°.

Coping styles were measured by the self-reported 47-item Utrecht coping list (UCL) 3°.
Each item ranges from 0 (never or seldom) to 3 (very often). The UCL measures active
coping (i.e., evaluating the situation from all perspectives and taking action to solve the
problem; 7 items), palliative reaction (i.e., finding distractions against the problem and
seeking for manners to feel better; 8 items), avoidance coping (i.e., avoiding the
situation and letting it to be solved by itself; 8 items), seeking social support (i.e.,
seeking help and understanding from the others, expressing worries; 6 items), passive
coping (i.e., taking the blame for the situation, worrying about things in the past,
withdrawing into oneself; 7 items), expression of emotions (i.e., expressing anger or
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abreaction; 3 items), and comforting thoughts (i.e., assuring one’s self that things will
get better, that things could have been worse, or that the others’ may also have similar
difficulties; 5 items) 3% 31, For each coping style, a sum score was calculated, where a
higher score indicates higher extent the specific coping style.

HNC symptoms were self-reported using the European organization for research and
treatment of cancer quality of life questionnaire - HNC-specific module (EORTC QLQ-
H&N35) 32, All symptom scales were included: oral pain (4 items), swallowing problems
(4 items), sense problems (2 items), speech problems (3 items), trouble with social
eating (4 items), trouble with social contact (5 items), and less sexual interest and
enjoyment (2 items). Also, we included Likert-scale single items measuring teeth
problems, problems with opening mouth, dry mouth, sticky saliva, coughing, and feeling
ill, as well as dichotomous single items measuring use of painkillers, use of nutritional
supplements, use of feeding tube, weight loss and weight gain. Each symptom scale and
Likert-scale single item was converted into a score ranging from 0 to 100, according to
the EORTC guidelines. A higher score indicates a higher level of symptoms or problems.

The following lifestyle factors were examined: physical activity, body mass index (BMI),
smoking status and alcohol intake. Physical activity was assessed using the 13-item
physical activity scale for the elderly (PASE) with total score ranging from 0 to 400; a
higher score indicates higher physical activity 33. The validity and reliability of this
patient-reported outcome measure has been previously confirmed among cancer
patients 34 BMI was measured by a trained field worker using a standardized procedure
during house visit. Smoking status (not smoking/smoking every day at the time of
assessment) and excessive alcohol consumption (>14 units of alcohol per week for
women or >21 units of alcohol per week for men 35) were self-reported using study-
specific items .

Statistical analysis

Only participants who completed the main outcome measure (PSQI) were included in
the analysis. Sociodemographic and clinical characteristics of participants who were
included versus excluded from the analysis were compared using t-test (for continuous
variables) or chi-square test (for categorical variables). For the included patients, we
performed descriptive analyses: mean scores with standard deviation (SD) or medians
with interquartile range (IQR) for continuous variables, frequencies with proportions
for categorical variables. We also examined the proportions and mean scores (with SD)
or median (with IQR) of the PSQI total and component scores.

To examine the differences among patients with good and poor sleep, first, their
sociodemographic, clinical, and lifestyle characteristics, as well as coping styles and
HNC symptoms were compared using chi-square (categorical variables) and t-tests or
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Mann-Whitney tests (continuous variables). Then, forward multivariable logistic
regression analyses were performed on each category of associated factors separately
(i.e., sociodemographic, coping style, clinical factors, HNC symptoms, and lifestyle
factors) using a p-value for entry of < 0.05. Subsequently, we performed logistic
regression analyses using a forward selection of all significant variables across all
categories, resulting in the final model. In all regression models, HNC symptom and item
scores which ranged from 0 to 100 were rescaled into 10-point increments. All
statistical analysis was performed using the IBM SPSS Statistics for Windows, Version
25.0 (Armonk, NY: IBM Corp. 2017).

Results
Study population

Among the 739 eligible patients, 179 (24%) did not have available PSQI scores and were
excluded from our analyses. Age, gender, education level, HNC subsite, and HNC stage
were similar between patients with (n=560, 76%) and without PSQI data. However,
patients providing PSQI data more often lived with others, had better ECOG
performance status, and less comorbidity compared to the patients not providing PSQI
data (Table 1). There were 171 (21%) missing values on BM], therefore this variable
was not included in the analysis. For all other variables missing values ranged from 7
(1.3%) to 43 (7.7%). Since only 5 patients (0.9%) used a feeding tube, we did not
include this variable in the analysis.

Our final sample of patients with PSQI data were mostly men (75%), on average 63
years old (SD=9), and low educated (42%). Most patients (79%) lived with others (i.e.,
with a partner, child, and/or housemate) and 70% had a bed partner. About one third
(32%) had no comorbidity (Table 3).

Sleep quality

The median PSQI total score was 5 (IQR = 3 - 8). There were 246 HNC patients who
were classified as having poor sleep (PSQI > 5; 44%). The median time needed to fall
asleep (i.e., sleep latency) was 13 minutes (IQR=8 - 30) and the mean sleep duration
was 7 hours (SD=1). Among all patients, 13% slept < 6 hours in a night, 42% had <85%
sleep efficiency, 16% could not fall asleep within 30 minutes at least three nights a
week, and 45% reported nighttime or early morning awakening at least three times a
week. At least once in a week, 15% of the patients used medication to improve their
sleep and 5% experienced difficulties staying awake during the day. Questions
answered by 417 bed partners or roommates revealed that 173 (43%) patients snored
loudly and 13% of the patients had long breathing pause at least once a week. Mean
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(SD) or median (IQR), as well as the proportions of each component score are presented
in Table 2.

Table 1. Characteristics of patients with available versus unavailable PSQI data

Available PSQI data Unavailable PSQI data

(n=560) (n=179) p-value
Age (mean, SD) 63(9) 63 (11) 0.33
Women 142 (25%) 48 (27%) 0.70
Education level2?
Low 215 (42%) 64 (49%) 0.19
Middle 136 (26%) 35 (27%)
High 166 (32%) 32 (24%)
Living alone2 108 (21%) 56 (43%) <0.001
HNC location
Oral cavity 157 (28%) 42 (24%) 0.34
Oropharynxc 198 (35%) 64 (36%)
Hypopharynx 35 (6%) 17 (10%)
Larynx 152 (27%) 53 (30%)
Unknown primary 18 (3%) 3 (2%)
HNC stage
I 134 (24%) 29 (16%) 0.086
11 103 (18%) 29 (16%)
111 90 (16%) 37 (21%)
v 233 (42%) 84 (47%)
ECOG performance status
0 398 (71%) 109 (61%) 0.012
1 or more 162 (29%) 70 (39%)
Comorbidity>
None 172 (32%) 32 (19%) 0.002
Mild 203 (38%) 61 (37%)
Moderate 109 (20%) 46 (28%)
Severe 50 (9%) 26 (16%)

aThere were 91 missing values on education level, 90 missing values on living arrangement, and 40 missing
values on comorbidity.

b Low education level includes primary education, lower or preparatory vocational education, and
intermediary general secondary education. Middle education level includes senior general secondary
education and higher general secondary education. High education level includes higher professional
education and university.

¢Human papilloma virus (HPV) status of oropharynx cancer patients with available PSQI data was positive
among 104 patients, negative among 67 patients, and not tested among 27 patients. For patients with
unavailable PSQI data the HPV status was positive among 26 patients, negative among 32 patients, and not
tested among 6 patients.
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Table 2. Overview of PSQI components

Mean (SD) or

PSQI component median(IQR) n (%)

Subjective sleep quality? NA

Component score 0 (very good) 137 (25)
1 (fairly good) 303 (54)
2 (fairly bad) 107 (19)
3 (very bad) 12 (2)

Sleep latency, in minutes? 13 (8-30)

Component score* 0 208 (39)
1 196 (36)
2 87 (16)
3 47 (9)

Sleep duration, in hours¢ 7.1(1.3)

Component score 0 (>7 hours) 365 (65)
1 (6-7 hours) 122 (22)
2 (5-6 hours) 44 (8)
3 (<5 hours) 26 (5)

Sleep efficiencyd NA

Component score* 0 (>85%) 322 (58)
1 (75-84%) 125 (23)
2 (65-74%) 42 (7)
3 (<65%) 64 (12)

Sleep disturbancese NA

Component score* 0 23 (4)
1 328 (59)
2 185 (33)
3 22 (4)

Use of sleep medication? NA

Component score 0 (not during the past month) 460 (82)
1 (<1/week) 15(3)
2 (1-2/week) 28 (5)
3 (23/week) 56 (10)

Daytime dysfunction2 NA

Component score* 0 250 (45)
1 256 (46)
2 50 (9)
3 3(0.5)
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Table 2 continued.
Mean (SD) or

0,
PSQI component median(IQR) n (%)
Questions answered by bedpartner / roommate about patients’ sleep NA
behavior (n=417)f
Loud snoring 21/week 173 (43)
Long breathing pause 21/week 50 (12)
Legs twitching 21 /week 35(9)
Episodes of disorientation 21/week 4(1)

* Component score is calculated from = 2 items and rescaled to 0 to 3. Higher component score denotes worse
complaints.

a Subjective sleep quality, use of sleep medication, and day dysfunction due to sleepiness could not be
calculated for 1 patient.

bSleep latency could not be calculated for 22 patients.

cSleep duration could not be calculated for 3 patients.

dSleep efficiency could not be calculated for 7 patients.

eSleep disturbances could not be calculated for 2 patients.

fMissing from 11 patients on snoring, 16 on breathing pauses, 14 on legs twitching, and 12 on episodes of
disorientation

Abbreviations: PSQI, Pittsburgh Sleep Quality Index; NA, not applicable; SD, standard deviation

Factors associated with poor sleep quality

Univariate analyses revealed that patients with poor sleep (n=246) were more often
women, younger, diagnosed with cancer in the oral cavity, using painkillers, or using
nutritional supplements (Table 3). Furthermore, compared to good sleepers, poor
sleepers used less active coping and more palliative reaction, passive coping, and
expression of emotions. Also, poor sleepers had worse scores of all HNC symptoms
except for speech problems, problems with opening mouth, coughing, and weight
changes.

Multivariate logistic regression models on the separate domains of risk factors showed
that poor sleep was significantly associated with sociodemographic factors (younger
age, being female), coping style (more passive coping), clinical characteristics (HNC
subsite, especially cancer in the oral cavity and oropharynx compared to larynx), and
HNC symptoms (oral pain, less sexual interest and enjoyment, and feeling ill).
Combining all of these significant variables in a logistic regression model, we found that
younger age (odds ratio [OR] per increasing year of age = 0.98,95% CI = 0.96 - 1.00, p-
value = 0.049), being female (OR = 2.6, 95% CI = 1.7 - 4.1, p-value <0.001), higher
passive coping style (OR = 1.18, 95% CI = 1.09 - 1.28, p-value <0.001), more oral pain
(OR=1.10,95% CI=1.01 - 1.19, p-value=0.023), and less sexual interest and enjoyment
(OR=1.13,95% CI 1.06 - 1.20, p-value <0.001) corresponded to greater odds of having
poor sleep (Table 4).
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Table 3. Characteristics and group comparisons of patients with good sleep versus patients with poor sleep.

All patients

Good sleep

Poor sleep

(n=560) (n=314) (n=246) PValue
Age (mean, SD) 63 (9) 64 (9) 62 (9) 0.020
Women, n (%) 142 (25) 51 (36) 91 (64) 0.001
Education, n (%)
Low 215 (42) 117 (54) 98 (46) 0.40
Middle 136 (26) 84 (62) 52 (38)
High 166 (32) 95 (57) 71 (43)
Living alone, n (%) 108 (21) 59 (55) 49 (45) 0.59
Had bed partner, n (%)? 385 (70) 223 (58) 162 (42) 0.16
Coping, mean (SD) or median
(IQR)
Active coping 11.7 (4) 12 (4) 11.3 (4) 0.035
Palliative reaction 9.3(3) 9(4) 9.8 (4) 0.006
Avoidance coping 7.3 (4) 7(3) 7.5(3) 0.068
Seeking social support 6.9 (3) 6.8 (3) 7.1(3) 0.27
Passive coping 3(1-5) 2(1-4) 3(2-6) <0.001
Expression of emotions 2(1-3) 1(0-3) 2(1-3) 0.001
Comforting thoughts 7.3(2) 7.1(2) 7.5(3) 0.078
HNC location, n (%)
Oral cavity 157 (28) 74 (47) 83 (53) 0.008
Oropharynx 198 (35) 108 (55) 90 (45)
Hypopharynx 35 (6) 19 (54) 16 (46)
Larynx 152 (27) 103 (68) 49 (32)
Unknown primary 18 (3) 10 (56) 8 (44)
HNC stage, n (%)
I 134 (24) 84 (63) 50 (37) 0.24
Il 103 (18) 59 (57) 44 (43)
11 90 (16) 45 (50) 45 (50)
I\% 233 (42) 126 (54) 107 (46)
ECOG performance status, n (%)
0 398 (71) 231 (58) 167 (42) 0.16
1 or more 162 (29) 83 (51) 79 (49)
Comorbidity, n (%)?
None 172 (32) 102 (59) 70 (41) 0.42
Mild 203 (38) 113 (56) 90 (44)
Moderate 109 (20) 62 (57) 47 (43)
Severe 50 (9) 23 (46) 27 (54)
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Table 3 continued.

All patients Good sleep Poor sleep

(n=560) (n=314) (n=246) PValue

Head-neck symptoms, mean (SD)

orn (%)?

Oral pain 26 (24) 22 (22) 32 (26) <0.001
Swallowing problems 16 (21) 13 (20) 19 (22) <0.001
Sense problems 8(17) 7 (14) 10 (19) 0.008
Speech problems 19 (23) 17 (22) 20 (24) 0.16
Problems with social eating 11 (17) 8 (15) 15 (19) <0.001
Problems with social contact 4(10) 3(7) 6(12) <0.001
enjL:;;sei’i“al interest and 26 (31) 20 (27) 34(34)  <0.001
Teeth problems 16 (27) 13 (25) 19 (30) 0.013
Problems with opening mouth 12 (25) 10 (22) 14 (28) 0.053
Dry mouth 16 (23) 13 (21) 19 (25) 0.001
Sticky saliva 14 (24) 12 (22) 17 (25) 0.017
Coughing 23 (24) 22 (22) 25 (26) 0.11
Feeling ill 13(23) 9 (18) 18 (24) <0.001
Used painkillerse 299 (54%) 141 (47%) 158 (53%) <0.001
Used nutritional supplementsc 86 (16%) 36 (42%) 50 (58%) 0.006
Had weight loss¢ 133 (24%) 65 (49%) 68 (51%) 0.056
Had weight gainc 57 (10%) 29 (51%) 28 (49%) 0.40
Smoking daily, n (%)? 123 (22) 62 (50) 61 (50) 0.18
](EIO)/(O(;*ssive alcohol consumption, n 124 (22) 73 (59) 51 (41) 0.54
PASE global score, median (IQR)2 84 (43 - 144) 83 (46-134) 90 (39 - 154) 0.51

a Variables with missing values: 43 missing values on education, 42 on living arrangements, 7 on having bed
partner, 4 - 10 on each UCL domain scores, 26 on comorbidity, 7 on all EORTC-H&N35 domains (except less
sexual interest and enjoyment [missing=43], teeth problems [missing=12], problems with opening mouth
[missing=9], sticky saliva [missing=8], coughing [missing=8], using painkillers [missing=10], using feeding
tube [missing=8], had weight loss [missing=11], and had weight gain [missing=14]), 9 on smoking status, 7
on alcohol consumption, 7 on PASE score, 11 on snoring, and 16 on breathing pauses.

b Low education level includes primary education, lower or preparatory vocational education, and
intermediary general secondary education. Middle education level includes senior general secondary
education and higher general secondary education. High education level includes higher professional
education and university.

¢ Item with yes/no answer response; the proportions of ‘yes’ were reported in the table

Abbreviations: HNC, Head and neck cancer; PASE, Physical activity scale for the elderly; SD, standard
deviation; UCL, Utrecht Coping List.
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Table 4. Final model of the multivariable logistic regression analyses with poor sleep (PSQI total score > 5)
as outcome (n=516).

Covariates? OR p-value 95%CI
Age 0.98 0.049 0.96 - 1.00
Female 2.6 <0.001 1.7-4.1
Passive coping 1.18 <0.001 1.09-1.28
Oral pain® 1.10 0.023 1.01-1.19
Less sexual interest and enjoyment® 1.13 <0.001 1.06-1.20

a Covariates retained in the final model is based on forward selection of all significant variables of each
category, with entry criteria p-value of <0.05. Nagelkerke’s R=0.21.

bQral pain and less sexual interest and enjoyment scores were transformed into 10-point increments.
Abbreviations: CI, confidence interval; OR, odds ratio; PSQI, Pittsburgh Sleep Quality Index

Discussion

In this study, we examined the prevalence of poor sleep quality among HNC patients
before start of treatment and investigated the associated factors. Almost half of the
patients in this study were categorized as poor sleepers. This prevalence is higher than
prevalence in the general population (36%) 20, thus emphasizing the importance to
incorporate sleep evaluation shortly after HNC diagnosis. Regarding the PSQI
component scores, we found that a high proportion of patients reported poor sleep
efficiency, difficulty to fall asleep, and nighttime or early morning awakenings; these
three complaints are particularly relevant as they are the most commonly reported
symptoms of insomnia 23. Comparing our prevalence rates with those of similar studies
was not possible because no other study has been published using both a similar
population of HNC patients and a validated self-reported measure for sleep quality.

We found that younger age, being female, having passive coping style, more oral pain,
and less sexual interest and enjoyment were the most significant factors associated
with poor sleep. In the general population, older adults tend to experience age-related
changes in sleep-wake architecture, such as more sleep awakenings, less deep sleep,
and less sleep efficiency 23. This is apparently not the case for HNC patients, as we found
that it was younger patients who had worse sleep quality. This is in line with findings
from two previous studies among HNC patients before treatment 12 13, These findings
may be attributed to fear of cancer progression which is higher among younger HNC
patients before treatment 36. Patients who are diagnosed with cancer at a younger age
also experience higher psychological distress compared to their older counterparts 37,
which may contribute to their higher risk of having poor sleep.

The greater odds of having poor sleep among women in our study is consistent with
findings among general population in the Netherlands 38. Differences in the physiology

73



Chapter 3

of sex hormones as well as circadian rhythms among men and women may explain the
differences of sleep quality between the sexes 3°. However, previous studies examining
poor sleep among pre-treated HNC patients reported different findings. The cause of
this disagreement is unclear, although it may be in part due to the differences in
defining sleep quality and the associated factors examined in the study. Using a single
item (‘How much is a problem is sleeping for you?’), Zhou and colleagues compared sex
proportions of patients with severe sleep problem (n=45) with those who had no, mild,
or moderate problems (n=281); they found that slightly more females had severe sleep
problems, although this was not statistically significant 13. These findings suggest that
a dichotomized Likert-scale item is not informative enough to illustrate sex differences
in poor sleep quality. On the other hand, Duffy and colleagues, who also looked at
depressive symptoms in relation to sleep quality, found that depressive symptoms, and
not sex, are associated with sleep quality 12. Whether sex differences on sleep quality
are completely attributed to depressive symptoms remains questionable, since
depressive symptoms among both men and women seem to affect sleep quality in
different ways 40 41, More research is needed to assess the complex relationship of
depressive symptoms and sleep quality among men and women with HNC.

We found a significant association between poor sleep and passive coping style.
Diagnosis of cancer, as a form of distress, may be perceived differently among HNC
patients and its effect on sleep quality may be determined by coping style. No specific
coping style is inherently positive or negative since certain coping styles can be effective
respective of the onset and context of the distress 42. However, coping strategies such
as avoidance, denial, substance use, abreaction, and behavioral and mental
disengagement are known to be related to psychological distress among newly-
diagnosed HNC patients 14 43. We found that sleep quality before HNC treatment is
associated with passive coping style, which comprises worrying about things in the
past, withdrawing into oneself, and taking the blame for the situation. Passive coping
style is also found to be associated with psychological distress after HNC treatment 44,
Although our cross-sectional study may not be able to explain any causal relationship,
alongitudinal research among general population found that substance use, behavioral
disengagement, and distracting oneself, compared to other coping styles, are associated
with higher risk of having insomnia after stress exposure 45. Whether this is also the
case for HNC patients after treatment starts remains to be examined in future research.

As expected, based on clinical practice, we found significant associations between poor
sleep and HNC symptoms, more specifically oral pain and less sexual enjoyment. The
relationship between pain, sexual problems, and sleep problems may be bidirectional.
First of all, pain may disrupt sleep, while poor sleep may also lower one’s pain
threshold, thus increasing the perception of pain 4¢. Sexual satisfaction may improve
sleep quality through the release of oxytocin and prolactin levels, both of which are
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neuropeptides involved in sleep regulation 47. Lack of sleep, on the other hand, may
result in fatigue and reduce sexual desire “8. More research is needed to confirm
whether sleep intervention before treatment can optimize symptom management in
HNC patients throughout the cancer trajectory.

Strength and limitations

The strength of this study was that we used a large sample of 560 HNC patients from
multiple hospitals in the Netherlands to investigate the association between sleep
problems and various sociodemographic, clinical, and lifestyle factors as well as coping
style and HNC symptoms. Moreover, our study was the first study so far to report on
the prevalence of different components of sleep quality (as measured by the PSQI)
among HNC patients before starting treatment. However, we found differences between
patients who were included because their PSQI data were available (n=560) compared
to those that did not (n=179); our study population consists of HNC patients with better
performance status and less severe comorbidity. Our study may, therefore,
underestimate the real prevalence of poor sleep quality among newly diagnosed HNC
patients. In addition, the NET-QUBIC participants were not completely representative
for the overall HNC population in the Netherlands 18, which may limit generalizability
of our study findings to all HNC patients.

Conclusions

Poor sleep quality is highly prevalent among newly-diagnosed HNC patients and is
associated with younger age, being female, passive coping style, more oral pain, and less
sexuality interest and enjoyment. Our findings underline the need for early sleep
evaluation among HNC patients already before starting treatment, as well as taking
coping styles and HNC symptoms into consideration when implementing sleep
intervention.
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Chapter 4

Abstract
Objectives

Patients with head and neck cancer (HNC) often report disturbances in their sleep
quality, impairing their quality of life. This study aims to examine the trajectories of
sleep quality from diagnosis up to 6-month after treatment, as well as the pre-treatment
risk factors for poor sleep trajectories.

Materials and Methods

Sleep quality (Pittsburgh sleep quality index) was measured shortly after diagnosis
(pre-treatment), and at 3 and 6 months after finishing treatment. Patients were
categorized into 5 trajectory groups. We examined the association of sleep quality
trajectories with sociodemographic and clinical characteristics, coping style, HNC
symptoms, and psychological distress.

Results

Among 412 included patients, about a half either had a persistent good sleep (37.6%)
or an improving (16.5%) trajectory. About a third had a persistent poor sleep (21.8%)
or worsening (10.9%) sleep trajectory. The remaining patients (13.1%), alternated
between good and poor sleep. Using persistent good sleep as a reference outcome,
persistent poor sleepers were more likely to be woman (odds ratio [OR]=1.98, 95%
confidence interval [CI] 1.01 to 3.90), use painkillers prior to treatment (OR=2.52, 95%
CI1.33to 4.77), and have more pre-treatment anxiety symptoms (OR=1.26,95% CI 1.15
to 1.38).

Conclusion

Unfavorable sleep quality trajectories are prevalent among HNC patients from pre-
treatment to 6-month after treatment. A periodic sleep evaluation starting shortly after
HNC diagnosis is necessary to identify persistent sleep problems, especially among
high-risk group.
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Introduction

Patients with head and neck cancer (HNC) often suffer from various types of sleep
disturbances before, during, as well as after treatment 1. Before starting treatment,
more than forty percent of HNC patients experienced poor sleep quality 2. Poor sleep is
a disabling condition as it leads to deteriorations in quality of life of HNC patients 3.
Moreover, it is associated with poorer treatment outcomes and is associated with
higher mortality in cancer patients in general . However, information about the course
of sleep quality among HNC patients is limited. Studies examining group averages over
time reported either stable 5, improving ¢, or worsening 7 trends. No study so far
examined the individual sleep quality trajectories among HNC patients, which can
either be: (1) persistently good, (2) good sleep before treatment which then worsens,
(3) alternating good and poor sleep over time, (4) poor sleep before treatment which
then improves, and (5) persistently poor.

Next to obtaining information on the proportions of different sleep trajectories, it is
important to understand which patients are at high risk so that sleep evaluation and
intervention can be tailored and targeted to those who need it the most. So far, only two
prospective longitudinal studies examined determinants of sleep quality among newly-
diagnosed HNC patients 5 ¢. These studies found that poor sleep quality within one year
after diagnosis was associated with being female, younger, unmarried, as well as having
more depressive symptoms before start of treatment > ¢. We do not know yet whether
these characteristics are also associated with certain sleep trajectories, for example
persistent poor sleep (which may indicate a chronic problem), or worsening and
alternating sleep quality (which may indicate higher vulnerability to have poor sleep
recurrence in the future).

The aim of this study was to examine the proportion of patients in five sleep quality
trajectories from time of HNC diagnosis to three and six months after treatment. In
addition, we aimed to examine possible risk factors for poor sleep trajectories,
including sociodemographic factors (age, sex, education level), clinical characteristics
(comorbidity, HNC stage, cancer subsite, treatment intent), pre-treatment symptoms
(HNC symptoms, depression and anxiety), and coping styles.

Material and Methods
Participants and procedures

We used data from the NETherlands QUality of Life and Biomedical Cohort (NET-
QUBIC), an ongoing prospective observational cohort study among 739 HNC patients
from 5 university medical centers and 2 partner hospitals in the Netherlands 8. Patients

83



Chapter 4

were recruited between March 2014 and June 2018. Inclusion criteria were being 18
years or older; being diagnosed with squamous cell carcinoma of the oral cavity,
oropharynx, hypopharynx, or larynx, or lymph node metastasis of an unknown primary
tumor; having curative treatment intention; and being able to write, read, and speak
Dutch. Exclusion criteria were having severe psychiatric comorbidity (e.g.,
schizophrenia, Korsakoff's syndrome, severe dementia); thyroid cancer;
nasopharyngeal cancer; malignancy of skin; or malignancy of salivary glands. All
participating patients provided informed consent. The study was approved by the
Medical Ethical Committee of the coordinating center Amsterdam UMC, location VUmc
(2013.301(A2018.307)-NL45051.029.13). Detailed information about the NET-QUBIC
study procedures can be found in our previous publication 8. NET-QUBIC encompasses
measurements at baseline (i.e., shortly after diagnosis and before start of treatment)
and at 3, 6, 12, 24, 36, 48, and 60 months follow-up (i.e., after finishing cancer
treatment). In the present study, we used the data collected at baseline, 3 months (M3),
and 6 months follow-up (M6).

Measures

The primary outcome, sleep quality, was measured using the Pittsburgh sleep quality
index (PSQI) °. Its validity and reliability have been confirmed in cancer patients 1011,
PSQI contains 19 items on seven components of sleep quality and disturbances, each
ranges from 0 to 3: subjective sleep quality, sleep onset latency, sleep duration, sleep
efficiency, sleep disturbances, use of sleep medication, and daytime dysfunction °. The
PSQI total score ranges from 0 to 21; a higher total score indicates worse sleep quality.
Poor sleep quality is defined by a total PSQI score of > 5 912, We categorized HNC
patients based on all possible trajectories of sleep quality: (1) persistent good sleepers
(i.e., PSQI < 5 at all time-points), (2) patients who were good sleepers at baseline (i.e.,
PSQI < 5), but who became poor sleepers (i.e.,, PSQI > 5) at M3 and M6 or at M6 only,
(3) patients who alternated between poor and good sleep, (4) poor sleepers at baseline
who became good sleepers at M3 and M6 or at M6 only, and (5) persistent poor sleepers
(i.e., PSQI > 5 at all time-points).

Sociodemographic factors were obtained from electronic medical records (for sex and
age) and interview during a house visit (for living situation and education level). Clinical
characteristics (i.e., HNC subsite, stage, comorbidity, and performance status) were
retrieved from electronic medical records. Comorbidity (none to mild vs moderate to
severe comorbidity) was scored using the adult comorbidity evaluation (ACE-27),
taking into account the presence and severity of 27 medical conditions 13. Performance
status (i.e., the patient’s level of functioning based on their daily activity, physical
ability, and self-care) was measured using the one-item Eastern cooperative oncology
group (ECOG) score, which ranges from 0 (fully active) to 4 (completely disabled) 4.
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HNC symptoms were self-reported using the European organization for research and
treatment of cancer quality of life questionnaire - HNC-specific module (EORTC QLQ-
H&N35) 15. EORTC QLQ-H&N35 includes the following symptoms: oral pain (4 items),
swallowing problems (4 items), sense problems (2 items), speech problems (3 items),
trouble with social eating (4 items), trouble with social contact (5 items), less sexual
interest and enjoyment (2 items), and single items measuring teeth problems, problems
with opening mouth, dry mouth, sticky saliva, coughing, and feeling ill. These symptom
scores range from 0 (best possible) to 100 (worst possible). In addition, EORTC QLQ-
H&N35 also measured the use of painkillers, use of nutritional supplements, use of
feeding tube, weight loss, and weight gain (each single dichotomous item).

Coping style was self-reported using the 47-item Utrecht coping list (UCL)
questionnaire 16, The UCL measures one’s coping style against stressors in general and
includes active coping (7 items), palliative reaction (8 items), avoidance coping (8
items), seeking social support (6 items), passive coping (7 items), expression of
emotions (3 items), and comforting thoughts (5 items) 6. Each item ranges from 0
(never or seldom) to 3 (very often). For each coping style, all item scores were summed;
a higher score indicates higher extent of the specific coping style. Detailed explanation
about each coping style measured in UCL is elaborated elsewhere 16.17,

Distress was defined as symptoms of depression and / or anxiety. This was assessed
using the 14-item hospital anxiety and depression scale (HADS) 8. The anxiety (HADS-
A) and depression (HADS-D) subscales of HADS consist each of 7 items, each ranging
from 0 to 3. Sum of items in each subscale ranges from 0 to 21; a higher score indicates
higher extent of depression or anxiety symptoms. The validity of HADS among cancer
patients has been confirmed 1°. A score of > 7 for each subscale indicates an increased
risk of having depressive or anxiety disorder among cancer patients 20.

Statistical analysis

Patients who completed PSQI at baseline, M3, and M6 were included in the analyses.
We compared sociodemographic and clinical characteristics of those who were
included in the analyses versus those who were not. Subsequently, sociodemographic
factors (sex, age, education level, living situation) and baseline clinical characteristics
(comorbidity, performance status, HNC subsite, HNC stage, and treatment intent) as
well as coping styles, HNC symptoms, and symptoms of depression and anxiety were
compared between all sleep quality trajectories using analysis of variance (ANOVA, for
means of continuous variables), and Chi-square test (for proportions of categorical
variables); variables with P value < 0.01 were tested for pairwise comparisons. Pairwise
comparisons were corrected for multiple testing using the Bonferroni correction.
Subsequently, variables with P<0.05 were included as independent variables in a
multivariable multinomial logistic regression analysis with forward selection method

85



Chapter 4

(P<0.05 as entry criteria). In this regression analysis, we set persistent good sleep as a
reference outcome and each sleep quality trajectory as predicted outcome. Collinearity
was tested by calculating variance inflation factor (VIF) of each variable included in the
model. All statistical analyses were performed using the IBM SPSS version 26 (IBM
Corp., Armonk, NY USA).

Results
Study population

Among all patients included in the NET-QUBIC study (n=739), 708 were still alive at M6.
Of these 708 patients, 87 patients dropped out due to physical condition (n=20),
psychological condition (n=20), logistic reasons (n=24), time limitation (n=3), referred
to a non-participating medical center (n=3), no longer interested to participate in the
study (n=8), and unknown reasons (n=9). Among the 621 patients who remained in the
study, 209 had missing PSQI data at TO, M3, and/or M6. As a result, 412 patients (i.e.,
those who completed PSQI at all time-points) were included in the analyses. These
included patients tended to have higher education level, live together with housemate
or relative, have better performance status, and have less comorbidity than those who
were not included (Table 1). The included patients were on average 64 years old
(standard deviation [SD]=9) and were in majority men (74.5%), lived together (81.1%),
and had no functional disability (76.5%). A full description of all sociodemographic and
clinical characteristics at baseline is presented in Table 2.

Table 1 Baseline characteristics patients with complete PSQI score (included in the analysis) versus
patients with missing PSQI score at any time-point (not included in the analysis).

Included patients Patients not-included P values
(n=412) (n=327)
Age (mean, SD) 64 (9) 63 (10) .08
Female 105 (25.5%) 85 (26.0%) 93
Education level®
Low 151 (38.6%) 128 (49.8%) 01
Middle 106 (27.1%) 65 (25.3%)
High 134 (34.3%) 64 (24.9%)
Living alone® 74 (18.9%) 90 (35.0%) <.001
HNC location
Oral cavity 116 (28.2%) 83 (25.4%) 14
Oropharynx 144 (35.0%) 118 (36.1%)
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Table 1 continued.

Included patients Patients not-included P values
(n=412) (n=327)
Hypopharynx 23 (5.6%) 29 (8.9%)
Larynx 113 (27.4%) 92 (28.1%)
Unknown primary 16 (3.9%) 5(1.5%)
HNC stage
I 100 (24.3%) 63 (19.3%) 12
11 80 (19.4%) 52 (15.9%)
111 64 (15.5%) 63 (19.3%)
v 168 (40.8%) 149 (45.6%)
Performance status
0 (best possible / fully active) 315 (76.5%) 192 (58.7%) <.001
1 or more 97 (23.5%) 135 (41.3%)
Comorbidity®
None 141 (35.4%) 63 (20.9%) <.001
Mild 160 (40.2%) 104 (34.6%)
Moderate 67 (16.8%) 88 (29.2%)
Severe 30 (7.5%) 46 (15.3%)
Treatment intente
Single treatment 228 (55.3%) 166 (50.8%) .24
Combination treatment 184 (44.7%) 161 (49.2%)

aPvalues obtained from comparison statistics: Chi-square test for categorical variables and t-test for normally
distributed continuous variables. Statistical significance was defined by P value < 0.05
bThere were 91 missing values on education level, 90 on living arrangements, and 40 on comorbidity score.

¢ Single treatment consists of surgery only or radiotherapy only. Combination treatment consists of
chemoradiotherapy, surgery with radiotherapy, surgery with chemoradiotherapy, and radiotherapy with

hyperthermic therapy.

Abbreviations: HNC, head and neck cancer; PSQI, Pittsburgh sleep quality index; SD, standard deviation.
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Sleep quality status over time

The mean (SD) of PSQI total scores at baseline, M3, and M6 were 5.5 (3.6), 5.8 (4), and
5.2 (3.7), respectively. Using a PSQI cut-off score of > 5, poor sleep quality was found
among 177 patients (43.0%) at baseline, 183 patients (44.4%) at M3, and 154 patients
(37.4%) at M6. Regarding sleep quality trajectories, the majority of the patients
remained stable: 155 patients (37.6%) had persistent good sleep and 90 patients
(21.8%) had persistent poor sleep. The remaining patients changed over time: 45
patients (10.9%) had worsened sleep quality, 68 patients (16.5%) had improved sleep
quality, and 54 patients (13.1%) alternated between good and poor sleep over time
(Figure 1).

Figure 1 Sleep quality at baseline, 3-month, and 6-month after treatment. Abbreviations: PSQ], Pittsburgh

sleep quality index.

Determinants of sleep quality trajectories

Univariate analyses (Table 2) showed that patients in the different trajectories of sleep
quality differed in sex (P<.001), the extent of passive coping (P<.001), pretreatment
painkiller use (P<.001), and the extent of several symptoms: oral pain (P=0.02),
swallowing problems (P=0.046), problems with social eating (P=0.001), less sexuality
interest and enjoyment (P<.001), feeling ill (P<.001), depression symptoms (P<.001),
and anxiety symptoms (P<.001). These variables had a low collinearity (VIF < 2.2);
therefore, all variables were included in the multivariable multinomial logistic
regression analysis. Forward-stepwise selection retained sex (P=0.02), problems with
social eating (P =0.03), use of painkillers (P=0.03), and anxiety symptoms (P <.001) in
the final model (Table 3). Women (compared to men, odds ratio [OR] =1.98, 95%
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confidence interval [CI] 1.01 to 3.90) and patients who used painkillers at baseline
(compared to not using painkillers, OR=2.52, 95% CI 1.33 to 4.77) were more likely to
be persistent poor sleepers than to be persistent good sleepers. Patients with more
problems with social eating at baseline (OR=1.37,95% CI 1.12 to 1.69) were more likely
to have poor sleep at baseline which improved over time than to be persistent good
sleepers. Patients with more anxiety symptoms at baseline were more likely to have
poor sleep at baseline which improved (OR=1.22,95% CI 1.12 to 1.34) or persisted over
time (OR=1.26,95% CI 1.15 to 1.38), or to have good sleep at baseline which worsened
over time (OR=1.22, 95% CI 1.09 to 1.36) than to have persistent good sleep.

Table 3 Odds ratios (95% confidence intervals) and P-values of baseline characteristics among different
trajectories of sleep quality, using persistent good sleep (n=147, 38.8%) as reference outcome.

Good sleep, Alternating sleep Poor sleep, Persistent
worsening quality improving poor sleep
Characteristic P value
n=81

n=41(10.8%)  n=46 (12.1%)  n=64 (16.9%) (21.4%)

0.54 (0.20 to 0.61 (0.23 to 1.45 (0.69 to 1.98 (1.01 to

Female (reference: male) 1.49) 1.64) 3.06) 3.90) .02
Problems with social 1.11 (0.86 to 1.23 (0.97 to 137 (1.12 to 1.13 (0.91 to

eating (per 10 point 1.44) 1.56) 1.69) 1.39) .03
increase) ’ ’ ’ '

Used painkillers 1.89 (0.88 to 1.12 (0.54 to 1.03 (0.52 to 2.52 (1.33 to
(reference: not using 4.07) 2.33) 2.01) 4.77) .03
painkillers) ’ ’ ’ '

Anxiety symptoms (per 1 1.22 (1.09 to 1.10 (0.99 to 1.22 (1.12to 1.26 (1.15 to <001
point increase) 1.36) 1.22) 1.34) 1.38) '

Analysis was performed with complete case approach (N=379).

Discussion

We aimed to examine sleep quality trajectories among HNC patients from cancer
diagnosis up to six months after treatment, using data from a multicenter prospective
cohort in the Netherlands. Of all included patients, 43% had poor sleep before starting
HNC treatment, which is higher than the prevalence of poor sleep quality in general
population (37%) 12. At three and six months after HNC treatment, the prevalence of
poor sleep quality was 44% and 37%, respectively. Almost half of the HNC patients
were either persistent good sleepers or initially poor sleepers with improving sleep
over time. About a third were persistent poor sleepers, or initially good sleepers with
worsening sleep over time. The remaining patients alternated between good and poor
sleep.
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The second aim of this study was to identify risk factors of unfavorable sleep
trajectories over time. Sex, use of painkillers, anxiety, and social eating problems
appeared to be relevant risk factors. First, female HNC patients were more likely than
males to have persistent poor sleep than to have persistent good sleep. In the general
population, women are more vulnerable than men to have persistent poor sleep after
experiencing distress 2. In addition, two systematic reviews concluded that being
female is a risk factor of having poor sleep both among general population across all
ages 22 and among older adults 23. Our finding confirmed earlier studies among HNC
patients that poor sleep quality one year after diagnosis was associated with being
female, younger, unmarried, as well as having more depressive symptoms before start
of treatment 5 ¢. However, we did not find an association between age nor marital status
and sleep quality trajectories. Also, we did not find an independent association between
depressive symptoms and sleep quality trajectories. Instead, HNC patients with a higher
level of anxiety symptoms at baseline were more at risk to have poor sleep before
treatment which either persisted or improved over time, or good sleep before
treatment which worsened over time. Although anxiety, depression, and poor sleep
among cancer patients often co-occur at the same time in the psycho-neurological
symptom cluster 24, the presence of one symptom may precede the other 25 26,
Moreover, anxiety symptoms among HNC patients may also display different
trajectories, as already reported in other cancer populations 27 28, More research is
needed to confirm whether anxiety and depressive symptoms after HNC treatment are
also associated with certain sleep quality trajectories.

Furthermore, HNC patients who used painkillers before start of cancer treatment had a
higher risk to be persistent poor sleepers. Pain is a common problem among HNC
patients: a meta-analysis found that 57% of HNC patients report pain before starting
treatment 29 and half of all HNC patients in our study used painkillers before treatment.
Although common over-the-counter painkillers, such as acetaminophen, ibuprofen, and
aspirin, are known to improve poor sleep quality caused by pain, more potent
painkillers such as opioids may disturb sleep quality through its effect on sleep-wake
regulation 30. Opioids are often prescribed among newly-diagnosed HNC patients; a
study among Canadian HNC patients reported 38% of patients were prescribed opioids
before starting treatment 31. Moreover, HNC patients who use opioid before treatment
are three times more likely to continue using opioid until six months after treatment 32.
More research is needed to confirm whether a long-term use of opioids contribute to
persistent sleep disturbances among HNC patients, and ultimately, to investigate
adequate pain management which does not impact their sleep quality.

Finally, we found that HNC patients who had more problems with social eating at
baseline had a higher risk of having poor sleep before treatment which improved over
time. In the Netherlands, dietary guidance for HNC patients is initiated as cancer
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treatment starts 33, which may help to resolve their eating problems, improving health
in general, and also their sleep quality over time. Future research is needed to examine
whether problems with the functional aspect of eating (e.g. oral dysfunction or
dysphagia), which often arises after the treatment starts 34, impairs sleep trajectories in
the longer term.

A strength of our study is that a large number of HNC patients was examined in this
multi-center study, starting from HNC diagnosis to six months after treatment. Another
strength is that we examined different trajectories of sleep quality over-time, instead of
merely examining mean change of sleep quality scores over-time. Our study has also
some limitations. First, the excluded participants (i.e., patients who died or dropped-
out before M6 and participants who had missing PSQI score on at least one time-point)
were more likely to have low education level, live alone, have worse performance
status, and worse comorbidity. As these variables were found to be associated with the
less favorable sleep trajectories 35 3¢, our results may underrepresent those who had
worse sleep quality trajectories. Further research is needed to explore whether this
patient group has more risk to have persistent poor sleep and other negative events in
a longer term (e.g., suicide, relationship problems). Second, we did not examine
whether HNC patients already had a history of poor sleep before being diagnosed with
HNC, which may be a relevant predisposing factor of having persistent poor sleep later
on. Third, we did not take into account the extent of HNC and psychological symptoms
at 3 and 6 months after treatment on sleep quality trajectories. These post-treatment
symptoms may also affect sleep quality trajectories.

In conclusion, approximately half of the HNC patients had persistent good sleep quality
or their sleep quality improved from pre-treatment to 6 months after treatment. Over
a third had persistent poor sleep or developed poor sleep quality. A minority had
alternating sleep quality over time. Patients at risk for persistent poor sleep quality are
women, those who use pain killers, or those with higher symptoms of anxiety as
measured pre-treatment. A periodic sleep evaluation starting at pre-treatment is
necessary to identify persistent sleep problems, especially among the high-risk groups.
A (digital) validated sleep questionnaire can serve as a useful tool since it can be
administered shortly before the follow-up appointments with the treating surgeon or
with the general practitioner.
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Chapter 5

Abstract

Psychoneurological symptoms are commonly reported by newly diagnosed head and
neck cancer (HNC) patients, yet there is limited research on the associations of these
symptoms with biomarkers of stress and inflammation. In this article, pre-treatment
data of a multi-center cohort of HNC patients was analyzed using network analysis to
examine connections between symptoms (poor sleep quality, anxiety, depression,
fatigue, and oral pain), biomarkers of stress (diurnal cortisol slope), inflammation
markers (c-reactive protein [CRP], interleukin [IL]-6, IL-10, tumor necrosis factor alpha
[TNF-a]), and covariates (age and body mass index [BMI]). Three centrality indices
were calculated: degree (number of connections), closeness (proximity of a variable to
other variables), and betweenness (based on the number of times a variable is located
on the shortest path between any pair of other variables). In the sample of 264 patients,
poor sleep quality and fatigue had the highest degree index, fatigue and CRP had the
highest closeness index, and IL-6 had the highest betweenness index. The model yielded
two clusters: a symptoms - cortisol slope - CRP cluster and a IL-6 - [L-10 - TNF-a - age
- BMI cluster. Both clusters were connected most prominently via IL6. Our findings
provide evidence that poor sleep quality, fatigue, CRP, and IL-6 play an important role
in the interconnections between psychoneurological symptoms and biomarkers of
stress and inflammation in newly diagnosed HNC patients.
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Introduction

Head and neck cancers (HNC) include a range of cancers located in the nasal cavity,
paranasal sinuses, oral cavity, pharynx, larynx, and salivary glands. Every year, more
than 550,000 people in the world are newly diagnosed with HNC™. The period between
diagnosis of HNC and start of treatment is often stressful. Patients usually present to
the healthcare facilities with orofacial pain, swallowing problems, neck lump,
hoarseness, or weight loss?. Besides dealing with cancer symptoms and multiple
diagnostic procedures, HNC patients are often anxious about disease prognosis and the
effect of cancer treatment on their daily life 3. Newly diagnosed HNC patients often
report not only pain (especially in the mouth and neck area)* but also poor sleep
quality, psychological distress®, and fatigue 7. These symptoms often co-occur in cancer
patients and they are often referred to as ‘psychoneurological symptoms’ 8 °.

It is hypothesized that psychoneurological symptoms are related to biomarkers of
stress and inflammation. Cortisol, a stress-related hormone produced in the
hypothalamic-pituitary-adrenal (HPA) axis, plays an important role in the regulation of
metabolism, cardiovascular system, and inflammation response 1°. Under normal
circumstances, the concentration of cortisol follows a diurnal rhythm: it is high at
waking up, increases rapidly until it peaks within 30-45 minutes after awakening, then
decreases steadily towards its lowest level around midnight 1. This normal fluctuation
is found to be altered upon stress, e.g. in the presence of psychoneurological symptoms:
the cortisol peak shifts to a later timepoint or completely disappears, showing a blunted
or flatter diurnal cortisol slope 2. Such diurnal rhythm disruption (i.e., flatter diurnal
cortisol slope) is found to be associated with higher inflammatory markers?3. Higher
inflammation is hypothesized to involve HNC progression by stimulating cancer
proliferation, migration, and angiogenesis 14.

Previous studies in newly diagnosed lung, ovarian, and colorectal cancer patients
suggested associations between: 1) worse sleep quality and flatter cortisol slope 15 and
2) worse psychoneurological symptoms (i.e., poor sleep quality, anxiety, depression,
and fatigue) and higher inflammation markers 16-18, In newly diagnosed HNC patients
specifically, significant associations were demonstrated between fatigue and higher
levels of inflammation markers interleukin-6 (IL-6) and c-reactive protein (CRP) 1%, and
between pain and a higher level of CRP 20. To the best of our knowledge, no study has
investigated associations between psychoneurological symptoms, cortisol, and
inflammatory markers altogether in newly diagnosed HNC patients. This information is
needed to understand the pathophysiology of psychoneurological symptoms in newly
diagnosed HNC patients and eventually to design a better monitoring and intervention
strategy for these symptoms.
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Psychoneurological symptoms and biomarkers of stress and inflammation may
influence each other by providing positive or negative feedback 2% 22, Hypothetically,
the association between two specific elements (i.e. a specific symptom or a biomarker)
may also be influenced by their associations with the other remaining elements.
Network analysis takes this complexity into account and it is used increasingly in
mental health research 23. Therefore, we used this novel approach to examine the
associations between psychoneurological symptoms (poor sleep quality, anxiety,
depression, fatigue, and oral pain), and biomarkers of stress (diurnal cortisol slope) and
inflammation (CRP, IL-6, interleukin-10 [IL-10], and tumor necrosis factor alpha [TNF-
a]) among newly diagnosed HNC patients. Based on the available literature, we
expected positive connections between psychoneurological symptoms and
inflammation markers (i.e., worse symptoms are associated with higher inflammation
markers) 1620, and negative connections between cortisol slope with
psychoneurological symptoms and inflammation markers (i.e., flatter cortisol slope is

associated with worse psychological symptoms and with higher inflammation markers)
13,15,

Patients and Methods
2.1. Study population

Baseline data from the ongoing NETherlands Quality of Life and Biomedical Cohort
study in head and neck cancer (NET-QUBIC) was used 24 From March 2014 to June
2018, all HNC patients who were newly diagnosed at 5 university hospitals and 3
satellite hospitals were assessed for their eligibility to participate in the study. The
study was approved by the Medical Ethical Committee of the VU University Medical
Center Amsterdam (2013.301(A2018.307)-NL45051.029.13).

Descriptive characteristics were obtained as follows. Sex, age, and clinical
characteristics (HNC subsite, HNC stage, performance status, and comorbidity) were
obtained from electronic medical records. Education level and living situation were
obtained from interview or questionnaires. Smoking status (smoking daily at baseline)
and excessive alcohol consumption (>14 units of alcohol per week for women or >21
units of alcohol per week for men ) were self-reported using a study-specific
questionnaire. BMI was calculated based on height and weight (weight [kg]/height
[m]2), which were measured using a standardized procedure during a home visit.
Among these characteristics, two continuous variables were included in the network
model as covariates as they are associated with higher inflammatory markers, namely
age 25 and BMI 26,
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2.2. Inclusion and exclusion criteria of NET-QUBIC study

Inclusion criteria were: 18 years or older; diagnosis of squamous cell carcinoma of the
oral cavity, oropharynx, hypopharynx, or larynx, or neck lymph node metastasis of an
unknown primary tumor; intention of curative treatment; and able to write, read, and
speak Dutch. Exclusion criteria were severe psychiatric comorbidity (e.g.,
schizophrenia, Korsakoff's syndrome, severe dementia) as participation in the study
was thought to be too burdensome. In addition, patients with less prevalent types of
HNC (i.e., lymphoma, thyroid cancer, nasopharyngeal cancer, malignancy of skin, or
malignancy of salivary glands) were excluded from the study.

2.3. Measures

NET-QUBIC encompasses measurements at baseline (before start of treatment) and at
3, 6,12, 24, 36, 48, and 60 months follow-up. In this study, we used only the baseline
measurements.

Sleep quality was measured using the Pittsburgh sleep quality index (PSQI) #7. Its
validity and reliability have been confirmed in cancer patients 28. PSQI covers seven
domains of sleep quality and disturbances 27, each domain score ranges from 0 to 3. The
PSQI total score ranges from 0 to 21; a higher score indicates poorer sleep quality.

Psychological distress, i.e. depression and anxiety symptoms, was assessed using the
14-item hospital anxiety and depression scale (HADS) 2°. The anxiety (HADS-A) and
depression (HADS-D) subscales both consist of 7 items, each ranges from 0 to 3. The
sum score of each subscale ranges from 0 to 21; a higher score indicates a higher extent
of depression or anxiety symptoms. The HADS is demonstrated to have good

psychometric properties in measuring anxiety and depression among cancer patients
30

Pain was measured using the oral pain subscale of the European organization for
research and treatment of cancer quality of life questionnaire, HNC specific module
(EORTC QLQ- H&N35) 31, This subscale consists of 4 items on whether the patient has
had pain in the mouth, jaw, or throat, or soreness in the mouth (further referred to as
oral pain). The subscale score ranges from 0 to100; a higher score indicates worse
extent of oral pain 32,

Fatigue was measured using the general fatigue scale of the Multidimensional Fatigue
Inventory (MFI-20) 33. This scale consists of four items, each item is scored on a 5-point
Likert scale, yielding a summary score which ranges from 4 (least fatigued) to 20 (most
fatigued). This scale has good psychometric properties in measuring fatigue among
cancer patients 33,
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Saliva collection and cortisol measurement were performed as follows. Patients were
instructed to collect saliva at four time points: at awakening, 30 minutes after
awakening, 60 minutes after awakening, and at 22:00. Patients were given 4 salivette
tubes (one for each saliva collection) and were instructed to note the exact time of saliva
collection. All samples were collected at home by the patients after thorough
explanation by trained fieldworker (along with a written guideline) and sent by mail to
the coordinating research center (Amsterdam UMC, location VUmc). Upon receipt, the
samples were immediately centrifuged, transferred to storage vials, and stored at -20
2C. Saliva cortisol concentrations were measured at the Endocrine Laboratory of the
Amsterdam UMC, location AMC with the use of an isotope dilution LC-MS/MS method.
In short, internal standard (13C3-labeled cortisol, Isosciences) was added to the
samples. Samples were extracted by supported liquid extraction (Biotage) and analysed
on a LC-MS/MS (Xevo TQ-S Micro LC-MS-MS System, Waters Corporation). The lower
limit of quantitation was 1.0 nmol/L. The intra-assay variation was 5% and 3% at
cortisol concentrations of 2 and 15 nmol/L, respectively. The inter-assay variation was
<9% over the whole concentration range. Diurnal cortisol slope was calculated by
substracting cortisol level at 22:00 from cortisol level at awakening, divided by the
duration (in hours) between these two time-points 34. A higher value of slope means a
steeper decline of cortisol, a lower value of slope means a slower decline, and a negative
slope indicates an increasing cortisol level during the day.

Inflammatory markers (CRP, IL-6, IL-10, TNF-a) were measured from venous blood
samples collected by a research nurse or trained fieldworker. For CRP, blood was
collected in a heparine-gel tube. CRP was immediately determined in the laboratories
of the participating hospitals according to standard laboratory protocol. For cytokines
IL-6, IL-10, and TNF-«, blood was collected in tube for serum collection with a clot
activator. The serum samples were preprocessed according to the standard laboratory
protocol and stored at NET-QUBIC biobank (AmsterdamUMC, location VUmc) at -80 2C
until the day of the assay. Cytokines were measured by the laboratory of Clinical
Chemistry at AmsterdamUMC, location VUmc in 500 pl aliquots. Each sample was
analyzed using an ELISA based technology that uses electrochemiluminescence for
detection with Meso Scale Discovery Quickplex SQ 120 Imager (cat. # K15049-Series,
Meso Scale Discovery, Rockville MD). The intraassay variations were 4.7% (IL-6), 4.0%
(IL-10) and 3.7% (TNF-a) and the interassay variations were 7.9% (IL-6), 5.5% (IL-10),
and 8.0% (TNF-a).

2.4. Statistical analysis

Statistical analyses were performed using IBM SPSS (IBM Corp., Armonk, NY USA) and
R (R Foundation for Statistical Computing, Vienna, Austria).
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Sociodemographic factors, clinical characteristics, smoking and alcohol use,
psychoneurological symptoms, and biomarkers were compared between patients with
complete versus incomplete data: chi-square test for categorical variables, unpaired t-
test for normally distributed continuous variables or Mann-Whitney U test for non-
normally distributed variable. Statistical significance was defined as p-value < 0.05. We
adjusted for multiple testing by controlling the false discovery rate (FDR) 35.

An undirected network model was estimated to examine the connections between poor
sleep quality, symptoms of anxiety, symptoms of depression, oral pain, fatigue,
biomarkers (cortisol slope, CRP, IL-6, IL-10, and TNF-a), and covariates (age and BMI).
Only participants with complete data for these 12 variables were included in the
analyses (i.e., listwise approach). The network model was estimated using R package
RagsZRidges version 2.2.3 36, First, skewed distributions were normalized using non-
paranormal transformations using huge.npn function from the huge package . Network
extraction was then based on targeted ridge estimation of the partial correlation matrix
37, The resulting partial correlation matrix was sparsified by thresholding, choosing an
absolute value = .1 as the cut-off value. The resulting networks are conditional
independence graphs. In such graphs the nodes represent the variables (i.e., symptoms,
biomarkers, and covariates) and the connections between node-pairs represent a
substantive partial correlation, i.e., an association that cannot be conditioned away by
the remaining nodes (given the chosen threshold). The network of conditional
associations was visualized using the Fruchterman-Reingold approach, which locates
highly associated nodes closer to each other 38 To gain insight into the structural
importance of the nodes in the network, we calculated three centrality indices, namely
“degree” (the number of connections for a node),“closeness” (average proximity of a
node to all other nodes), and “betweenness” (based on the number of times a node is
located on the shortest path between any pair of other nodes) 3°. Finally, we examined
the clustering of nodes (i.e., variables which are closer to each other) using the edge
betweenness approach, also known as shortest-path betweenness 40,

Results
3.1. Study population

Given the large scope of the study measurements, at baseline, the newly diagnosed NET-
QUBIC participants were given the possibility to participate only in certain components
of the assessment (i.e., questionnaires, home-based tests, self-collected saliva, and/or
blood collection). In this study, using 12 variables of interest, missing values ranged
from one variable (in 141 patients) to 11 variables (in 20 patients). The most missing
values were found for cortisol slope (46%), sleep quality (24%), fatigue (24%), BMI
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(23%), anxiety (19%), and depression (19%). Among all 739 patients included in the
NET-QUBIC study, 264 patients (36%) had complete data on all twelve variables of
interest and were included in the network analysis.

Table 1 provides an overview of characteristics of patients with complete (n=264)
versus those with incomplete data (n=475). Patients with complete data were older
(mean age 65 years [SD=8.2] versus 62 years [SD=10.4], adjusted p=0.007), more often
lived together with family or relatives (81.4% versus 70.1%, adjusted p=0.007), and
were less fatigued (median=9.0 [5.0 - 13.0] versus 11.5 [6.0 - 14.0], adjusted p=0.007).
No statistically signifi-cant difference was found for clinical characteristics, biomarkers,

daily smoking status, and excessive alcohol consumption.

Table 1. Characteristics of patients with complete data (the study population) versus patients with

incomplete data.

Patients with

Characteristics complete Patients with incomplete Adjusted p-
data value?
data
(n=264) (n=475)

Age (mean, SD) 65 (8.2) 62 (10.4) 0.007
Men, No. (%) 209 (79.2%) 340 (71.6%) 0.112
Education level, No. (%)

Low 107 (40.5%) 172 (44.8%) 0.560

Middle 77 (29.2%) 94 (24.5%)

High 80 (30.3%) 118 (30.7%)
Living together, No. (%)® 215 (81.4%) 270 (70.1%) 0.007
HNC location, No. (%)
Oral cavity 64 (24.2%) 135 (28.4%) 0.427
Oropharynx 98 (37.1%) 164 (34.5%)
Hypopharynx 17 (6.4%) 35 (7.4%)
Larynx 81 (30.7%) 124 (26.1%)
Unknown primary 4 (1.5%) 17 (3.6%)
HNC stage, No. (%)
I 67 (25.4%) 96 (20.2%) 0.559
11 48 (18.2%) 84 (17.7%)
11 40 (15.2%) 87 (18.3%)
v 109 (41.3%) 208 (43.8%)
ECOG performance status, No. (%)
0 191 (72.3%) 316 (66.5%) 0.238
1 or more 73 (27.7%) 159 (33.5%)
Comorbidity, No. (%)®
None 86 (33.7%) 118 (26.6%) 0.427
Mild 93 (36.5%) 171 (38.5%)
Moderate 51 (20%) 104 (23.4%)
Severe 25 (9.8%) 51 (11.5%)
Excessive alcohol consumption, No. (%) 58 (22.0%) 71 (22.8%) 0.805
Smoking daily, No. (%)° 57 (21.7%) 70 (22.7%) 0.805
BMI (kg/m?)b, mean (SD) 26.1 (4.5) 25.3 (4.6) 0.112
Sleep (PSQI score)b, median (IQR) 5.0(3.0-7.0) 5.0 (3.0-9.0) 0.600
]()Igp;{r)essmn (HADS-D score)®, median 3.0 (1.0 - 6.0) 3.0 (1.0 - 6.0) 0.791
Anxiety (HADS-A score)b, median (IQR)  5.0(3.0-7.8) 5(3.0-8.0) 0.600
Oral pain (EORTC-H&N35)b, median 16.7 (8.3 -
(IQR) 33.3) 25(8.3-50.0) 0.112
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Table 1 continued.

i Patients with Patients with incomplete Adjusted p-
Characteristics
complete data data value2
(n=264) (n=475)
- - . -
l(TIaQthg)ue (MFI general fatigue)®, median 9.0 (5.0 - 13.0) 115 (6.0 - 14.0) 0.007
Cortisol slope (nmol/L/hour)®, median 0.47 (0.25 - )
(IQR) 0.78) 0.48 (0.28-0.77) 0.791
CRP (mg/L)b, median (IQR) 2.8(2.5-5.5) 3.1(2.4-8.0) 0.238
IL-6 (pg/mL)b, median (IQR) 103 (01'6735 1.11 (0.66 - 1.84) 0.427
IL-10 (pg/mL)b, median (IQR) 0.24 (%'13% 0.27 (0.19 - 0.40) 0.222
TNF-a (pg/mL)®, median (IQR) 2.72 (23%27) 2.79 (2.31 - 3.44) 0.600

a p-values were obtained from comparison statistics: chi-square test for categorical variables, t-test for
normally distributed continuous variables, or Mann-Whitney U test for non-normally distributed variables.
Correction for multiple comparison was performed with false discovery rates approach. Statistically
significant variables (in bold) was defined by P value < 0.05.

bThere were 91 missing values on education level, 90 on living arrangements, 40 on comorbidity score, 164
on excessive alcohol consumption, 167 on smoking, 169 on BMI, 179 on PSQI score, 142 on oral pain score,
142 on HADS-D score, 144 on HADS-A score, 177 on MFI general fatigue score, 340 on cortisol slope, 93 on
each inflammation markers (CRP, IL-6, IL-10, and TNF- o). Abbreviations: BMI, body mass index; CRP, c-
reactive protein; HADS-A, the hospital anxiety and depression scale - anxiety subscale; HADS-D, the hospital
anxiety and depression scale - depression subscale; HNC, head and neck cancer; IL, interleukin; IQR,
interquartile range; PSQI, Pittsburgh sleep quality index; MFI, multidimensional fatigue inventory; SD,
standard deviation; TNF-a, tumor necrosis factor alpha.

3.2. Network analysis

Figure 1 depicts the network of partial correlations between psychoneurological
symptoms, biomarkers, and covariates (age and BMI). Solid edges represent positive
partial correlations and dashed edges represent negative partial correlations. All edges
were positive (indicating that higher levels of symptoms, inflammation markers or
covariates were associated with higher levels of other symptoms, inflammation
markers or covariates), except for the edge between poor sleep quality and cortisol
slope. A higher PSQI total score (poorer sleep quality) was connected with a lower value
of cortisol slope (flatter slope).
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Figure 1 Network displaying the partial correlations between all symptoms (in purple), biomarkers (in
salmon orange), and covariates (in green); N=264. Solid edges represent positive partial correlations, dashed
edges represent negative partial correlations. Anxiety label indicates HADS anxiety subscale score;
depression, HADS depression subscale score; fatigue, MFI general fatigue score; oral pain, EORTC QLQ-
H&N35 oral pain subscale score; sleep, PSQI total score; cortisol, diurnal cortisol slope. Abbreviations: BMI,
body mass index; CRP, c-reactive protein; IL, interleukin; TNF-a, tumor necrosis factor alpha.
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Centrality indices of all nodes are displayed in Table 2. Based on the three centrality
indices (degree, closeness, and betweenness), four nodes had the most important
position in the network: fatigue (highest degree and closeness), poor sleep quality
(highest degree), CRP (highest closeness), and IL-6 (highest betweenness). Poor sleep
quality and fatigue were connected with the most number of nodes (i.e., highest
degree): each had 5 connections with other nodes. Fatigue and CRP had the highest
closeness index, which means that changes in fatigue or CRP will quickly result in
changes of any other node in the network, or vice versa. IL-6 had the highest
betweenness, which means that IL-6 is most often an intermediate node on the shortest
paths between any pair of the nodes. Hence, IL-6 is an important node from the
viewpoint of information flow.

Table 2 Centrality indices of the network model.

Degree Betweenness Closeness
Poor sleep quality 5 11.33 0.040
Depression symptoms 4 9.33 0.045
Anxiety symptoms 3 0 0.037
Oral pain 3 3.67 0.042
Fatigue 5 9 0.048
Cortisol slope 1 0 0.028
CRP 3 15.67 0.048
IL-6 4 25.33 0.045
IL-10 2 0 0.033
TNF-a 3 10 0.034
Age 2 8.67 0.043
BMI 1 0 0.026

Anxiety symptoms were measured by HADS anxiety subscale score; depression symptoms, HADS
depression subscale score; fatigue, MFI general fatigue score; oral pain, EORTC QLQ-H&N35 oral pain
subscale score; poor sleep quality, PSQI total score. Centrality indices are degree (number of connections),
closeness (proximity of a variable to other variables), and betweenness (based on the number of times a
variable is located on the shortest path between any pair of other variables). Abbreviations: BMI, body mass
index; CRP, c-reactive protein; IL, interleukin; TNF-a, tumor necrosis factor alpha.

Two clusters were identified in community analysis (Figure 2). The first cluster con-
sisted of all patient-reported psychoneurological symptoms (poor sleep quality,
depres-sion, anxiety, fatigue, and oral pain) together with an inflammation marker
(CRP) and stress marker (cortisol slope). The second cluster consisted of the other
three inflammation markers (IL-6, IL-10, and TNF-a) and the two covariates (age and
BMI). Based on its highest betweenness index, IL-6 was the most important node
connecting the two clusters.
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Figure 2 Visualization of community structure between all symptoms, biomarkers, and covariates, using edge
betweenness approach (N=264). Solid edges represent positive partial correlations, dashed edges represent
negative partial correlations. The two clusters are represented by different colored area (red and blue).
Anxiety label indicates HADS anxiety subscale score; depression, HADS depression subscale score; fatigue,
MFI general fatigue score; oral pain, EORTC QLQ-H&N35 oral pain subscale score; sleep, PSQI total score;
cortisol, diurnal cortisol slope. Abbreviations: BMI, body mass index; CRP, c-reactive protein; IL, interleukin;

TNF-a, tumor necrosis factor alpha.
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Discussion

To the best of our knowledge, this study is the first to use network analysis to examine
associations between psychoneurological symptoms and biomarkers of stress and
inflammation in newly diagnosed HNC patients. All psychoneurological symptoms in
our network model were connected with each other as well as with biomarkers in the
expected directions: worse symptoms were associated with higher levels of
inflammatory markers and flattened cortisol slope. Two clusters were identified in our
network model: all psychoneurological symptoms - cortisol slope - CRP cluster, and the
inflammation cytokines (IL-6, IL-10, TNF-a) - age - BMI cluster. Poor sleep quality,
fatigue, CRP, and IL-6 were the most central nodes in the network based on the
centrality indices.

The central position of poor sleep quality and fatigue among other psychoneurological
symptoms suggesting their importance in the network of psychoneurological
symptoms and markers of stress and inflammation. Poor sleep quality may worsen
fatigue, anxiety, depression, and lower pain tolerance by impairing emotional
regulation 41. Reciprocally, newly diagnosed HNC patients often suffer from anxiety,
depression, fatigue, and oral pain which may disrupt their sleep quality 42. Fatigue has
also been demonstrated both as a cause 43 as well as a consequence #* of psychological
distress and pain in cancer patients. Future study using time-series data is needed to
get more insight on the dynamic of these central symptoms in the network model over
time.

Based on our network model, IL-6 appeared to be the most important node which
connects other non-adjacent nodes, as well as the most important node in terms of
information flow between the two clusters. A previous study hypothesized that IL-6 is
produced not only by tumor cells to induce HNC proliferation, but also by host cells (e.g.,
endothelial cells, stromal cells, immune cells) as a response to tumor growth 45.
Furthermore, an accumulative increase of IL-6 induces release of CRP in a larger
quantity, a marker of ongoing systemic inflammation #¢. In accordance with previous
study in newly diagnosed HNC patients 19, we also found that higher CRP is also
associated with worse pain and fatigue.

In this study, the association between stress biomarker and psychoneurological
symptoms seemed to take place in particular through the connection of flatter cortisol
slope with poor sleep quality. In contrast with earlier findings in general adult
population 13, our network model did not indicate a connection between cortisol slope
and inflammatory cytokines. This finding may be explained by decreased sensitivity of
immune cells towards cortisol (i.e., cortisol resistance) upon systemic inflammation 47,
which is hypothesized to play a key role in cancer pathogenesis 48. A study in HNC
patients before and 1 month after treatment found that increasing inflammation and
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fatigue was associated with increasing cortisol resistance over time, but this study did
notinclude poor sleep quality in their analysis 4°. Nonetheless, our findings may suggest
that poor sleep quality plays an important role in the association between HPA-axis
disruption, higher inflammation, and psychoneurological symptoms through several
pathways. First, poor sleep quality and flattened cortisol slope may aggravate each
other. Second, the cortisol-resistant immune cells may sustain their inflammatory state
by ignoring anti-inflammatory cues from cortisol. Both prolonged poor sleep quality
and sustained inflammation may lead to more fatigue and eventually worsening the
other psychoneurological symptoms. This hypothesis is yet to be tested by further
investigation.

A strength of this study is that we examined associations between psychoneurological
symptoms, cortisol diurnal slope, and inflammation markers, by network analysis using
a large study cohort of newly diagnosed HNC patients. Our findings also need to be
interpreted with caution. First, as we analyzed only patients with complete data, our
findings may not be fully representative for HNC patients who did not have complete
data (those who were younger, lived alone, and were more fatigued). Second, we
measured inflammatory marker levels in blood at one time point of the day and these
levels may vary throughout the day. However, collecting blood samples multiple times
in a day may be too burdensome for the patients. To deal with this issue, future
investigations may consider using serial saliva samples to measure inflammatory
markers 50. Third, we only measured IL-6, IL-10 and TNF-a as they were the most
frequently studied markers and we did not measure the concentration of other
cytokines. A further study including other inflammatory cytokines is needed for a
deeper insight on the inflammatory process in the network. Fourth, we did not control
for different subgroups of HNC patients, for example based on HNC location or stage.
Future study is needed to examine whether the network of psychoneurological
symptoms, cortisol diurnal slope and inflammation differ among these sub-populations.

Conclusion

We aimed to investigate the associations of poor sleep quality, depression, anxiety,
fatigue, oral pain, and biomarkers of stress and inflammation in newly diagnosed HNC
patients. Using network analysis, we found evidence that poor sleep quality, fatigue,
CRP, and IL-6 were the most important variables in these complex interconnections.
Our findings may assist future studies to disentangle the role of inflammation and
psychoneurological symptoms in progression of HNC-related outcomes over time.
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Chapter 6

The main purpose of this thesis was to provide insight into sleep quality and
disturbances in HNC patients. This thesis started with an introduction on the clinical
features of HNC and the quality of life of HNC patients, the physiological aspects of sleep,
sleep measurements, and existing insight on sleep disturbances in the general
population and cancer patients. Several studies were undertaken to address research
gaps in sleep disturbances among newly diagnosed HNC patients. First, all literature on
the prevalence of different types of sleep disturbances at different phases of the HNC
trajectory was systematically reviewed. Then, the prevalence and risk factors of poor
sleep quality before HNC treatment was examined. Subsequently, the prevalence and
risk factors of sleep quality trajectories from diagnosis up to 6 months after treatment
was examined. Finally, a network analysis was performed to examine the associations
between poor sleep quality, psychological distress, fatigue, oral pain and biological
markers of stress and inflammation among HNC patients before treatment. This chapter
contains a summary and discussion of the main findings of studies in this thesis. In
addition, methodological considerations as well as clinical and research implications
are discussed.

Summary and discussion of the findings

Defining and measuring sleep disturbances in HNC patients before, during and after
treatment

Establishing the prevalence of sleep disturbances in HNC patients is important to
inform healthcare professionals about the magnitude of this problem, as well as assist
researchers to design further studies on sleep interventions for HNC patients. To this
end, a systematic review and meta-analysis was conducted to synthesize prevalence of
various kinds of sleep disturbances in various HNC treatment phases (chapter 2).
Twenty-nine studies were included in this systematic review. These studies used
different definitions of sleep disturbances which can be categorized into three
categories: (symptoms of) insomnia, sleep-related breathing disturbances, and
hypersomnolence. The pooled prevalence rate before and after curative treatment was
29% and 40% for insomnia, 16% and 32% for hypersomnolence, and 66% and 51% for
sleep-related breathing disturbances.

The prevalence rates of sleep disorders based on DSM diagnosis criteria were lower
than the prevalence rates based on self-reported symptom questionnaires. For
example, the pooled prevalence rate of insomnia before HNC treatment was 21% for
the full blown DSM disorder and 30% for the self-report questionnaire. After HNC
treatment, the prevalence rates were respectively 23% (DSM disorder) and 46% (self-
report). This finding was expected since symptoms of sleep disturbances are more
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common than diagnosis but they are still important because subthreshold symptoms
might also lead to considerable patient burden. This finding is also a clear example of
variation in prevalence rates of sleep disturbance due to measurement method of
choice. Ohayon and Reynolds suggested that self-reported sleep disturbance is
preferred when the population of interest is general population and/or general clinical
practice, whereas diagnosis-based sleep disorder can be applied to evaluate
effectiveness of an intervention for a specific sleep disorder?. This suggestion was based
on findings from their multi-national study in over 25,000 adults from the general
population, where a large proportion of participants reported sleep complaints, even
though they did not fit into diagnosis criteria of insomnia disorder?. It is therefore
important to clearly define the type of sleep disturbance of interest based on the specific
research question or clinical endpoint and choose the sleep measurement instrument
accordingly.

In chapter 3, the sleep quality of HNC patients before treatment was further examined
using baseline data of the NETherlands QUality of life and Biomedical Cohort (NET-
QUBIC). In NET-QUBIC study, sleep quality was measured using PSQI which has good
validity and reliability to measure important components of sleep quality and
disturbances in cancer patients® 3. The main finding of this study was that 44% of HNC
patients had a poor sleep quality (PSQI total score > 5) before starting treatment. This
prevalence is higher than that of the general population (36%)*. HNC symptoms and
psychological distress due to recent diagnosis of cancer may contribute to this higher
prevalence. In addition, 42% of HNC patients had poor sleep efficiency (the ratio of
sleeping time and time spent in bed is < 85%) and 45% reported nighttime or early
morning awakening at least three times a week (chapter 3). These prevalence rates are
also higher than those of general population® 5. This finding underlines the importance
to screen for poor sleep quality in newly diagnosed HNC patients, especially sleep
efficiency and nighttime/early morning awakening since these symptoms are two key
symptoms of insomnia.

Chapter 4 showed that one out of five HNC patients had persistent poor sleep from
treatment onset until 6 months after finishing treatment. Major life stress (e.g., cancer
diagnosis and treatment) may impact sleep quality differently across individuals. Some
people easily develop poor sleep quality after experiencing stressful life events while
the others do not. Such vulnerability to develop poor sleep quality is also known as
sleep reactivity®. Those with low sleep reactivity hardly experience poor sleep after
stress exposure, while those with high sleep reactivity prone to suffer from poor sleep
soon after stress exposure®. Newly diagnosed HNC patients in our study (chapter 4)
who persistently had good sleep quality (37.6%) until 6 months after treatment may
represent low-reactive sleepers; the diagnosis and treatment of HNC seemed to
minimally affect their sleep quality. On the other side, HNC patients who persistently
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had poor sleep until 6 months after treatment (21.8%) may have high sleep reactivity
and they may have high risk of having chronic insomnia disorder?. Hence, it is important
to recognize this group of patients soon after HNC diagnosis and provide timely
intervention. Meanwhile, 29% of HNC patients who had alternating or improving sleep
quality may have experienced a transient poor sleep quality. These patients may be
vulnerable to new episodes of poor sleep quality in the long run? and they may need
periodic sleep evaluation throughout HNC survivorship. Recognizing personal and
HNC-related characteristics of these high-risk individuals may be helpful to start sleep
intervention timely.

The association between personal factors and pre-treatment symptoms and poor sleep
quality in HNC patients

Female, younger age, passive coping style, worse pre-treatment oral pain, and worse
pre-treatment sexual interest and enjoyment corresponded to greater odds of having
poor sleep quality before HNC treatment (chapter 3). Those who had a higher risk to
have persistent poor sleep quality (instead of having persistent good sleep quality)
were women, patients who used painkillers before treatment, and those who had more
anxiety symptoms before treatment (chapter 4).

Savard and Morin described three main factors involved in development and
maintenance of insomnia in cancer patients: predisposing, precipitating, and
perpetuating factors®. I will refer to these factors to reflect on the main findings in
chapter 3 and 4. First, predisposing factors are traits which may increase the general
vulnerability of having poor sleep quality®. Based on our findings, being a woman, being
diagnosed with HNC at a younger age, and having passive coping style seemed to be the
predisposing factors of having poor sleep quality before starting HNC treatment. In
addition, being a woman also seemed to be predisposing factor of having persistent
poor sleep quality until 6 months after treatment. Biological factors, such as
menopausal symptoms, are strongly associated with worse insomnia symptoms in
midlife women® and this may explain worse sleep quality in women with HNC. Younger
HNC patients experience worse psychological distress!? and higher fear of cancer
progression than older HNC patients!!, which may contribute to their higher risk of
having poor sleep quality. HNC patients who had passive coping style, a form of
emotion-focused coping, may focus on their negative emotions related to their cancer
diagnosis, causing them to sleep poorly, as general population who use this maladaptive
coping strategy in stressful condition also tend to have worse sleep quality?®.

Precipitating factors are stressful life events which initiate sleep disturbance or worsen
a pre-existing sleep disturbances®. Being diagnosed with HNC is of course an example of
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a very stressful life event and is therefore to be expected to trigger the onset of poor
sleep quality. The findings in chapter 3 showed that oral pain and problems in sexual
interest/enjoyment seemed to be the most important symptoms associated with poor
sleep quality before HNC treatment. These symptoms may precipitate poor sleep
quality in newly-diagnosed HNC patients. HNC patients with oral pain at night may have
poor sleep, while a disturbed sleep may in turn lower their pain threshold, increasing
their perception of pain!2. HNC patients with problems in sexual interest and enjoyment
may actually have underlying problems in intimate relationships and lower emotional
satisfaction, which may affect their sleep quality?3.

Perpetuating factors are inefficient sleep-wake behavior and dysfunctional cognition
processes that the patient develops in reaction to having poor sleep quality which
adversely maintain or worsen their poor sleep8. HNC patients may try to compensate
their poor sleep and relieve their fatigue by staying longer in bed, taking naps during
the day, or using sleep medications while this habit may eventually disrupt their sleep-
wake rhythm®. HNC patients may also feel anxious around bedtime anticipating they
will not get enough sleep or perform sleep-interfering activities before bedtime as a
way to wind down (e.g., performing exercise, watching television, scrolling on mobile
phone), which adversely disrupt their sleep quality. Chapter 3 showed that 15% of HNC
patients before treatment used sleep medication at least once in a week. In addition,
HNC patients who used painkillers and those who had worse anxiety before cancer
treatment had higher odds of having persistent poor sleep until 6 months after
treatment (chapter 4). Opioid painkillers are often prescribed in newly-diagnosed HNC
patients!* and may disrupt sleep-wake rhythm in the long term?s. Future prospective
study is needed to explore whether long-term anxiety and use of opioid painkillers and
sleep medications contribute as perpetuating factors for persistent poor sleep in HNC
patients.

All in all, the development of poor sleep quality in newly diagnosed HNC patients seem
to be influenced by a broad range of factors: sociodemographic characteristics (sex,
age), personal trait (coping style), behavior (use of pain medications), psychological
symptoms (anxiety) as well as the multi-facetted psychobiological symptoms (pain and
less sexual interest/enjoyment). Therefore, to understand the physiology of poor sleep
quality in newly diagnosed HNC patients, one should evaluate it using a multifaceted
approach, including sociodemographic, physical, psychological and biological
parameters.
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Psychoneurological symptoms, HPA-axis activity and inflammation in newly diagnosed
HNC patients: an illustration of mind-body interrelationship

The complex relationship between mind and body has been discussed as early as 1641
by the French philosopher and mathematician, René Descartes!. In his essays,
Descartes discussed whether and how the two seemingly opposites: mind and body, are
related to each other?6. In the 1990’s, scientists began to look at the relationships
between psychosocial stress, endocrine and immune system both in normal condition
and in the presence of diseasel” 18, Since the beginning of this century, there is a
bourgeoning field of research which investigates the associations between
psychoneurological symptoms (e.g., poor sleep, psychological distress, pain, fatigue),
HPA-axis disruption, and inflammation in breast, lung, and mixed type cancer
patients19. At the time of writing this thesis, several studies in newly diagnosed HNC
patients showed significant associations between poor sleep quality, anxiety and higher
catecholamine levels2%; pain and higher inflammatory markers (i.e. CRP and TNF-a)?21;
and fatigue and higher inflammatory markers (i.e. IL-6 and CRP)22.

In chapter 5, network analysis was used to simultaneously evaluate the
interconnections between worse psychoneurological symptoms (e.g., poor sleep,
psychological distress, oral pain, fatigue), flatter cortisol slope, higher inflammation
markers in HNC patients, older age, and higher BMI in HNC patients before treatment.
Poor sleep quality, fatigue, CRP, and IL-6 were the most important variables in the
interconnections between all variables. IL-6 was also the most important variable
which connected two clusters found in the analysis: the psychoneurological symptoms
- cortisol slope - CRP cluster with the cytokines - age - and BMI cluster. This finding
suggests screening and treating multiple psychoneurological symptoms at once is
perhaps more effective than focusing on a single symptom, since all psychoneurological
symptoms are connected to each other. Although several studies have evaluated
interventions which target multiple symptoms in patients with lung, breast and mixed-
type of cancer?3, similar research in HNC patients is still lacking.

Methodological considerations
Strengths

There are several strengths of the studies contained in this thesis. First, to the best of
our knowledge, our systematic review and meta-analysis was the first of its kind to
synthesize the prevalence of insomnia, hypersomnolence, and sleep-related breathing
disturbances in HNC patients across all treatment phases, as well as to critically assess
the methodological quality of the available literature. Second, PSQI was used in chapter
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3,4, and 5 to measure sleep quality. PSQI is a valid and reliable instrument to measure
sleep quality among general population and cancer patients? 4 and has the advantage of
covering a broad range of domains relevant to self-report sleep quality?*. Third,
network analysis was used to illustrate the associations between symptoms (poor sleep
quality, psychological symptoms, fatigue, and oral pain), HPA-axis activity, and
inflammation markers in HNC patients. This integrative approach provides a systemic
view on the complex interconnections instead of examining single associations, taking
into account each association with all other variables of interest, and gives indication of
which variables are relatively more important than the rest. Another strength is the use
of data from a large multicenter cohort, the NET-QUBIC, which included 739 HNC
patients generally representative of the Dutch HNC population, and captured extensive
measures of sociodemographic, clinical, physical, psychological, social, lifestyle, and
biological characteristics from before treatment until 5 years after treatment?2>.

Limitations

There are also some limitations of the studies in this thesis. First, no objective
parameters of sleep were measured, either by polysomnography, actigraphy, or
multiple sleep latency test. Thus, no data is available on the architecture of sleep, the
frequency and severity of abnormal breathing during sleep, or periodic measure of the
sleep-wake cycles. While such objective measures are the golden standard for specific
sleep disorders such as obstructive sleep apnea and central disorders of
hypersomnolence, these measurements are time-consuming and labor-intensive. In
regard to the NET-QUBIC study, where an extensive list of measurements was
performed throughout multiple time-points, the use of the (validated) sleep
questionnaire rather than objective sleep measure is a compromise between the
feasibility of data collection from a large sample and an accurate objective information
on sleep disorder parameters.

Second, it is unknown whether HNC patients already had sleep disturbances prior to
receiving HNC diagnosis, so it is unclear whether poor sleep quality before HNC
treatment is a reaction to the cancer diagnosis itself or rather a continuation or
aggravation of pre-existing sleep disturbances. This limitation (or rather a challenge) is
applicable to all studies examining sleep disturbances in cancer patients8. One way to
record the history of sleep disturbances prior to HNC diagnosis is by asking the
respondents retrospectively, but this approach is prone to recall bias. Another way is
to record sleep disturbance prospectively in a general population who has increased
risk for HNC, but this approach clearly needs a much larger sample size and an extensive
follow-up period.
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Recommendations
Clinical implications

A systematic review of clinical guidelines in detection and management of sleep
disturbances in cancer patients concluded that most guidelines suggested a two-step
assessment of sleep disturbance in cancer patients: first assessment is intended to be
an initial screening as well as to rule out comorbidity; the second assessment includes
more elaborated measures such as a 2-week sleep diary, beliefs and behaviors about
sleep, as well as detailed history taking, physical examination and drug history?2¢. In the
Netherlands, a specific guideline for detection and management of sleep disturbances
in cancer patients is only available for palliative care patients and a revision of its
current version (published in 2008) is due in 202327. A more general guideline
“Detection of psychosocial care needs” (published in Dutch) recommended to use an
instrument which covers a broad range of psychosocial wellbeing and quality of life
(QOL) domains in adults with cancer, but there is no specific recommendation that
sleep disturbances is mandatory to be measured?2s. This guideline mentioned three
questionnaires in their recommendation?® and each has one item on global sleep
disturbance?931. An advantage of using these questionnaires is the possibility to
simultaneously detect and treat co-morbid symptoms which are associated with poor
sleep quality, as found in chapter 2, 3 and 4 in this thesis, e.g. pain, anxiety, depression,
fatigue and problems with sexual interest/enjoyment. The drawback is the inability to
measure various domains of sleep disturbance. A possible solution for this issue is using
computerized adapted testing (CAT), for example the CAT version of European
Organization of Research and Treatment of Cancer measure of insomnia (EORTC CAT-
SL)32. Using the CAT approach, more specific questions on different domains of sleep
disturbances can be added to the questionnaire one at a time, depends on the outcome
of preceding questions. This enables researchers and clinicians to get more information
without burdening the patients with too much questionnaire items.

The Dutch guideline for psychosocial care in cancer patients 28 recommended that the
first screening for psychosocial distress should be performed between first and second
hospital visit (shortly after receiving diagnosis of HNC, before starting HNC treatment,
and preferably not in the same consult as the diagnosis). When necessary, a thorough
sleep assessment can be performed e.g. (medication) history taking, sleep diary, a
specific questionnaire for sleep disturbance, or objective sleep assessment. Findings
from studies in chapter 2, 3, and 4 underline the importance of periodic follow-up sleep
assessments, alone or as a part of QOL measures, especially in patients with high risk of
having persistent poor sleep quality. The follow-up assessments can be performed
either by medical specialists, oncological nurses, general practitioners, or medical
psychologists. Furthermore, the Dutch guideline recommended that follow-up
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assessment of psychosocial care needs in-between cancer treatment to be performed
maximum once per 3 months, especially at time-points when patients often have worse
symptoms and distress28. These critical time-points for follow-up assessments are the
beginning or the end of treatment, during transitions between curative to palliative
intent, and when HNC recurrence or metastasis is detected?8 33,34,

It is important to take into account that newly diagnosed HNC patients often need some
time to adjust to the stress induced by receiving cancer diagnosis33 34, A digital
questionnaire may be preferable, as it enables healthcare practitioners to integrate
reminders to fill in the form so that patients can fill it in at the convenient time and
place. In addition, a digital (web-based) questionnaire enables healthcare practitioner
to directly access the filled-in form and decide a suitable treatment. An example of this
digital questionnaire is OncoQuest, an online patient-reported outcome measure which
is routinely administered in outpatient oncological care in Amsterdam University
Medical Center, location VUMC, the Netherlands3s.

Together with the patients, practical issues of the sleep intervention should be
discussed, e.g., whether professional support would be needed or a self-management is
already sufficient. A recent Dutch study on a web-based self-management application
Oncokompas for HNC and other cancer survivors found sleep disturbance as the second
most chosen symptom they would like to address, after fatigue3t. Also, more
information is needed whether sleep intervention is feasible to be initiated before
starting cancer treatment. It is inevitable that, as there was limited research on the
epidemiology of sleep disturbances in newly diagnosed HNC patients, there is also
limited research on the effectiveness of sleep interventions in HNC patients. We will
discuss this issue in the Scientific implications section below.

Scientific implications

In chapter 2 we found that most of the studies had inadequate methodological quality
due to inadequate sample size, lack of information about participant recruitment, and
use of non-validated instruments to measure sleep disturbances. Future studies on
sleep disturbances in HNC patients should avoid these methodological pitfalls by
including a sufficient sample size, identify and report the clinical parameters of
included versus excluded patients, and use a validated instrument to measure the type
of sleep disturbance of interest.

Our cross-sectional approach in chapter 5 did not allow us to investigate the causality
and associations over-time between poor sleep quality, psychological distress, fatigue,
oral pain, HPA-axis activity, and inflammatory biomarkers. For example, in chapter 5
there was a direct connection between poor sleep quality and worse cortisol diurnal
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rhythm, as well as an indirect connection between poor sleep quality and higher
inflammation (via pain or fatigue). A prospective study is needed to examine whether
HNC patients with persistent poor sleep are at risk of worse HPA-axis activity and
inflammatory disruption in the longer term, as well as of worse clinical outcomes such
as HNC progression, recurrence, and survival. Also, network analysis in chapter 5
showed that poor sleep quality and fatigue had the most central position. More
research is needed to confirm whether these symptoms are “common-cause” or rather
“common-effect” symptoms.

Furthermore, more (and better) research is needed to develop and evaluate
intervention for poor sleep quality in newly-diagnosed HNC patients, emphasizing on
intervention which can alleviate multiple symptoms at once. A systematic review and
meta-analysis on psychological intervention studies in HNC patients analyzed 5 studies
on cognitive behavioral therapy (CBT) and one study on mindfulness-based stress
reduction3’. However, no firm conclusion can be drawn on the efficacy of these
interventions due to inadequate study quality, especially due to too small sample sizes,
no randomization, and no control group3?’. Also, none of the studies included sleep
quality in their outcome measures3’. Well-designed randomized controlled trials on
sleep interventions in newly-diagnosed HNC patients are therefore needed. It can be
useful to develop a guided web-based CBT tailored to newly-diagnosed HNC patients,
as a comparable intervention is demonstrated to be feasible and effective to improve
sleep quality in breast cancer patients38.

Main conclusion

Newly diagnosed HNC patients often experience poor sleep quality and a significant
part of these patients continues to have poor sleep until 6 months after finishing
treatment. Early and periodic screening of sleep problems as part of QOL monitoring is
recommended throughout all HNC treatment phases to identify those patients who may
need to be referred to sleep interventions. More research is needed into the pathology
of poor sleep in HNC patients in the longer term, especially in relation with other
psychoneurological symptoms and HPA-axis activity and inflammation.
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Summary

Summary

Sleep quality is essential for optimal health and wellbeing of each individual. Previous
research hypothesized that a good night’s sleep plays important role not only in energy
conservation and emotional regulation, but also in maintaining diurnal rhythm of
hypothalamic-pituitary-adrenal (HPA) axis. Sleep disturbances, together with physical
and psychological distress, are known to disrupt HPA-axis activity, causing changes in
normal fluctuation of cortisol level. This may further affect physiological functions of
cortisol, among which the most important is regulation of inflammatory response.

Despite extensive research on sleep quality in cancer patients in general, similar
research in head and neck cancer (HNC) patients is scarce. HNC patients often suffer
from psychological distress and physical symptoms starting from cancer diagnosis
throughout treatment completion. These symptoms often compromise their quality of
life and may play a role in their sleep quality. However, the prevalence of different kind
of sleep disturbances in HNC patients throughout different treatment phases is unclear.
We did not know which group of HNC patients already have poor sleep quality before
the start of cancer treatment. We also did not know how sleep quality of HNC patients
evolves overtime, and which HNC patients tend to have persistent poor sleep quality.
Last but not least, there is lack of research which highlights the complex relationship
between sleep quality, pain, fatigue, psychological distress, HPA-axis, and inflammation
in newly diagnosed HNC patients. This thesis aims to address these research gaps by
investigating the epidemiology, trajectories, and associated factors of poor sleep quality
in newly diagnosed HNC patients, taking into account personal, physical, psychological,
and biological parameters.

Chapter 2 investigated the prevalence rates of various types of sleep disturbances
among HNC patients before, during, and after cancer treatment. PubMed, Embase,
CINAHL, and PsycINFO were systematically searched to find studies that reported the
prevalence of any type of sleep disturbance among adult HNC patients. Twenty nine
studies of accumulatively 2,315 HNC patients were included. The quality of the studies
was fairly low and the heterogeneity was high. These studies examined three types of
sleep disturbances: insomnia, hypersomnolence, and sleep-related breathing
disturbances. The pooled prevalence of insomnia was 29% (95% CI 20 - 41%) before
treatment, 45% (95%CI 33 - 58%) during treatment, and 40% (95%CI 24 - 58%) after
treatment, while for hypersomnolence the prevalence was 16% (95% CI 7 - 32%)
before treatment and 32% (95% CI 20 - 48%) after treatment. The prevalence of sleep-
related breathing disturbances before and after treatment was 66% (95% CI 44 - 82%)
and 51% (95% CI 34 - 67%), respectively. These results imply that sleep disturbances
are highly prevalent among HNC patients before, during, and after treatment. To
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confirm these findings, however, we need more good quality studies with sufficient
sample sizes and validated sleep measures.

Chapter 3 examined the prevalence and the associated factors of poor sleep quality in
HNC patients before starting treatment. Pittsburgh Sleep Quality Index (PSQI) was used
to measure the extent of sleep quality and disturbances in newly diagnosed HNC
patients. Poor sleep quality was defined as a PSQI total score of > 5. Among 560 HNC
patients included in the analysis, 246 (44%) had poor sleep quality before start of
treatment. Younger age (odds ratio [OR] for each additional year 0.98, 95% CI 0.96 -
1.00), being female (OR 2.6,95% CI 1.7 - 4.1), higher passive coping style (OR 1.18,95%
CI 1.09 - 1.28), more oral pain (OR 1.10, 95% CI 1.01 - 1.19), and less sexual interest
and enjoyment (OR 1.13, 95% CI 1.06 - 1.20) were found to be significantly associated
with poor sleep. These results imply that poor sleep quality is highly prevalent among
HNC patients before start of treatment. Information about age, gender, coping style, as
well as the extent of oral pain and sexual problems may aid clinicians to identify newly
diagnosed HNC patients who may benefit from early sleep assessment and intervention.

Chapter 4 described the trajectories of sleep quality shortly after HNC diagnosis up to
6-month after treatment, as well as the pre-treatment risk factors for less favourable
sleep trajectories. Poor sleep quality was defined as PSQI total score of > 5. Among 412
HNC patients, 37.6% had persistent good, 21.8% had persistent poor, 16.5% had
improving, 10.9% had worsening, and 13.1% had alternating sleep quality trajectory.
Compared to persistent good sleepers, persistent poor sleepers were more likely to be
woman (OR=1.98, 95% CI 1.01 - 3.90), use painkillers prior to treatment (OR=2.52,
95% CI 1.33 - 4.77), and have worse pre-treatment anxiety symptoms (OR=1.26, 95%
CI1.15 - 1.38). These results demonstrated that unfavourable sleep quality trajectories
are prevalent among HNC patients from pre-treatment to 6-month after treatment. A
periodic sleep evaluation starting shortly after HNC diagnosis is necessary to identify
persistent sleep problems, especially among high-risk group.

Chapter 5 explored the relationships between psychoneurological symptoms (poor
sleep quality, anxiety, depression, fatigue, and pain), cortisol diurnal rhythm as
indicator of HPA-axis activity, and inflammation markers (i.e., C-reactive protein [CRP],
tumor necrosis factor alpha [TNF-a], interleukin [IL]-1, IL-6 and IL-10) in 264 newly
diagnosed HNC patients, taking into account relevant covariates (age and body mass
index [BMI]). Network analysis was used to visualize these complex relationships.
Three indices were calculated to determine the most central variable in the network.
Poor sleep quality and fatigue had the highest degree index (i.e., both had the highest
number of connections with other variables), fatigue and CRP had the highest closeness
index (both had the closest proximity to all other variables), and IL-6 had the highest
betweenness index (it was most often located on the shortest path between any pair of
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other variables). The network model yielded two clusters: a symptoms - cortisol slope
- CRP cluster and a IL-6 - IL-10 - TNF-a - age - BMI cluster. Both clusters were
connected most prominently via IL-6. These findings provide evidence that poor sleep
quality, fatigue, CRP, and IL-6 play an important role in the interconnections between
psychoneurological symptoms and biomarkers of stress and inflammation in newly
diagnosed HNC patients.

In summary, findings in this thesis suggest that screening for poor sleep quality in HNC
patients should be started shortly after HNC diagnosis. Moreover, it is important to first
clearly define the type of sleep disturbance of interest and then choose a validated sleep
screening instrument accordingly. A periodic sleep evaluation should be aimed to HNC
patients who are more at risk of having persistent poor sleep quality. This group of
patients may benefit from early intervention which simultaneously targets poor sleep
quality and other (psychoneurological) symptoms. These findings also provide
directions for future research, for example into the long-term effects of poor sleep
quality, disruptions of HPA-axis and inflammatory dysregulations on HNC progression
and survival.
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Samenvatting

Een goede slaap is essentieel voor optimale gezondheid en welzijn. Eerder onderzoek
veronderstelde dat een goede nachtrust niet alleen een belangrijke rol speelt bij het
behoud van energie en de regulatie van emotie, maar ook bij het handhaven van het
diurnale ritme van de hypothalamus-hypofyse-bijnier (in het Engels afgekort als HPA)
as. Eerder onderzoek heeft aangetoond dat slaapproblemen, samen met fysieke
klachten en psychologische distress, de activiteit van de HPA-as kunnen verstoren en
de fluctuatie van het cortisolniveau kunnen beinvloeden. Dit kan de fysiologische
functies van cortisol verder verstoren, waarvan een van de belangrijkste de regulatie
van het immuunsysteem is.

Er is reeds veelvoudig onderzoek verricht naar slaapproblemen bij kankerpatiénten in
het algemeen. Er is echter nog onvoldoende duidelijk over slaapproblemen bij hoofd-
halskankerpatiénten. Patiénten met hoofd-halskanker krijgen vaak te maken met
fysieke en psychische klachten al vanaf het moment van diagnose tot na de behandeling.
Deze klachten hebben aanzienlijk effect op de kwaliteit van leven voor deze
patiéntengroep en mogelijk ook op hun slaapkwaliteit. De prevalentie van verschillende
soorten  slaapproblemen bij hoofd-halskankerpatiénten in  verschillende
behandelingsfasen is echter onduidelijk. Het is nog niet duidelijk welke hoofd-
halskankerpatiénten al slaapproblemen hebben v66r de start van de
kankerbehandeling. Hoe de slaapkwaliteit van hoofd-halskankerpatiénten in de loop
van de tijd evolueert en welke groep patiénten aanhoudende slaapproblemen hebben
zijn evenmin duidelijk. Tevens is er meer kennis nodig rond de complexe relatie tussen
slaapproblemen, pijn, vermoeidheid, psychologische distress, HPA-as, en
immuunsysteem bij nieuw gediagnosticeerde hoofd-halskankerpatiénten. Dit
proefschrift heeft als doel deze kennishiaten aan te pakken door onderzoek naar de
epidemiologie, beloop en geassocieerde factoren van slaapproblemen bij hoofd-
halskankerpatiénten, rekening houdend met persoonlijke, fysieke, psychologische en
biologische eigenschappen.

Hoofdstuk 2 beschrijft de prevalentie van verschillende soorten slaapproblemen bij
hoofd-halskankerpatiénten zowel voor, tijdens als na kankerbehandeling. PubMed,
Embase, CINAHL en PsycINFO werden systematisch doorzocht om studies te vinden die
de prevalentie van slaapproblemen bij hoofd-halskankerpatiénten hebben
gerapporteerd. Negenentwintig studies met in totaal 2.315 hoofd-halskankerpatiénten
werden geincludeerd. De kwaliteit van de studies was matig en de heterogeniteit was
hoog. Deze onderzoeken onderzochten drie soorten slaapproblemen: insomnie,
hypersomnie en slaapgerelateerde ademhalingsstoornissen. De gepoolde prevalentie
van insomnie was 29% (95% CI 20 - 41%) voor de behandeling, 45% (95% CI 33 -
58%) tijdens de behandeling en 40% (95% CI 24 - 58%) na de behandeling. Voor
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hypersomnie was de prevalentie 16% (95% CI 7 - 32%) v66r de behandeling en 32%
(95% CI 20 - 48%) na de behandeling. De prevalentie van slaapgerelateerde
adembhalingsstoornissen voor en na de behandeling was respectievelijk 66% (95% CI
44 - 82%) en 51% (95% CI 34 - 67%). Deze bevindingen suggereren dat
slaapproblemen veel voorkomen bij hoofd-halskankerpatiénten zowel voor, tijdens als
na de behandeling. Om deze bevindingen verder te bevestigen, zijn meer kwalitatief
hoogstaande studies nodig met voldoende steekproefgrootte en gebruik van een
gevalideerd slaapmeetinstrument.

In hoofdstuk 3 werd de prevalentie van slechte slaap en factoren die hiermee
associéren  onderzocht bij hoofd-halskankerpatiénten voordat ze met
kankerbehandeling zijn begonnen. Pittsburgh Sleep Quality Index (PSQI) werd gebruikt
om de mate van slaapkwaliteit en -problemen te meten. Slechte slaap werd gedefinieerd
als een PSQI-totaalscore van > 5. Van de 560 hoofd-halskankerpatiénten die in de
analyse werden geincludeerd, hadden 246 (44%) een slechte slaap vodr de
behandeling. Jongere leeftijd (odds ratio [OR] voor elk extra leeftijdsjaar 0,98; 95% CI
0,96 - 1,00), vrouw zijn (OR 2,6; 95% CI 1,7 - 4,1), meer passieve copingstrategie (OR
1,18; 95% CI 1,09 - 1,28 ), meer pijn (OR 1,10; 95% CI 1,01 - 1,19) en minder seksuele
interesse en seksueel plezier (OR 1,13, 95% CI 1,06 - 1,20) bleken significant
geassocieerd te zijn met slechte slaap. Deze resultaten suggereren dat slechte slaap veel
voorkomt bij hoofd-halskankerpatiénten vd6r de behandeling. Informatie over leeftijd,
geslacht, copingstrategie, evenals de mate van pijn en seksuele problemen kunnen
zorgverleners ondersteunen om nieuw gediagnosticeerde hoofd-halskankerpatiénten
te identificeren die kunnen profiteren van tijdige signalering van - en interventie voor -
slaapproblemen.

Hoofdstuk 4 beschrijft het verloop van slaapkwaliteit kort na de diagnose van hoofd-
halskanker tot 6 maanden na de behandeling, evenals factoren die geassocieerd zijn
met een ongunstig verloop van slaapkwaliteit. Slechte slaap werd gedefinieerd als een
PSQI-totaalscore van > 5. Van de 412 hoofd-halskankerpatiénten had 37,6%
aanhoudend goed, 21,8% aanhoudend slecht, 16,5% verbeterde, 10,9% verslechterde
en 13,1% had wisselend verloop van slaapkwaliteit. Vergeleken met patiénten met
aanhoudend goede slaap, waren patiénten met aanhoudend slechte slaap vaker vrouw
(OR=1,98, 95% CI 1,01 - 3,90). Ze gebruikten v66ér de behandeling vaker pijnstillers
(OR=2,52,95% CI 1,33 - 4,77) en hadden v66r de behandeling ernstigere angstklachten
(OR=1,26, 95% CI 1,15 - 1,38). Deze resultaten suggereren dat een ongustig verloop
van slaapkwaliteit veel voorkomt bij hoofd-halskankerpatiénten vanaf het moment van
diagnose tot 6 maanden na behandeling. Een reguliere slaapevaluatie vanaf de diagnose
van hoofd-halskanker is nodig om aanhoudende slaapproblemen te identificeren,
vooral bij risicogroepen.
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In hoofdstuk 5 werden de associaties tussen ‘psychoneurologische’ klachten (slechte
slaap, angst, depressie, vermoeidheid en pijn), het diurnale ritme van cortisol (als
indicator van HPA-as) en ontstekingsmarkers (C-reactive protein [CRP], tumor necrosis
factor alpha [TNF-a], interleukin [IL]-6 and IL-10] bij 264 nieuw gediagnosticeerde
hoofd-halskankerpatiénten onderzocht, rekening houdend met relevante covariabelen
(leeftijd en Body Mass Index [BMI]). Netwerkanalyse werd gebruikt om deze complexe
relaties te visualiseren. De meest centrale variabelen in het netwerk werden berekend
in drie indicatoren. Slechte slaap en vermoeidheid hadden de hoogste ‘degree’ (d.w.z.
beide hadden het hoogste aantal verbindingen met andere variabelen), vermoeidheid
en CRP hadden de hoogste ‘closeness’ (beiden staan het dichtst bij alle andere
variabelen) en IL-6 had de hoogste ‘betweenness’ (deze bevond zich meestal op het
kortste pad tussen alle paren van andere variabelen). Het netwerkmodel leverde twee
clusters op: symptomen - cortisol - CRP cluster en IL-6 - IL-10 - TNF-a - leeftijd - BMI
cluster. Beide clusters waren het sterkst verbonden via IL-6. Deze bevindingen
suggereren dat slechte slaap, vermoeidheid, CRP en IL-6 een belangrijke rol spelen in
de complexe verbanden tussen psychoneurologische klachten en biomarkers van stress
en ontsteking bij nieuw gediagnosticeerde hoofd-halskankerpatiénten.

Samenvattend, de bevindingen in dit proefschrift benadrukken het belang van tijdige
signalering van slechte slaap bij nieuw-gediagnosticeerde hoofd-halskankerpatiénten.
Het is belangrijk om eerst een duidelijke definitie te stellen om welk type slaapstoornis
het gaat en vervolgens een gevalideerd slaapmeetinstrument te kiezen. Een reguliere
slaapmeting moet op zijn minst worden toegepast bij patiénten die meer risico lopen
op een aanhoudende slechte slaap. Deze groep patiénten kan baat hebben bij
vroegtijdige interventie die gericht is op zowel slaapproblemen als andere
(psychoneurologische) symptomen. Onze bevindingen geven ook aanwijzingen voor
toekomstig onderzoek, bijvoorbeeld naar de langetermijneffecten van een slechte slaap,
verstoringen van de HPA-as en ontregelingen van het immuunsysteem op de progressie
en overleving van hoofdhalskanker.
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