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Abstract

Sleep-wake disturbances are defined as perceived or actual alterations in sleep that result in impaired daytime
functioning. Unlike other cancers, there is limited information about sleep-wake disturbances in adults with primary
brain tumors throughout the illness trajectory. Sleep-wake disturbance is among the most severe and common
symptoms reported by primary brain-tumor patients, particularly those undergoing radiation therapy. As with other
cancers and neurologic illness, sleep-wake disturbance may also be clustered or related to other symptoms such
as fatigue, depression, and cognitive impairment. There is increasing evidence for a genetic basis of normal sleep
and sleep regulation in healthy adults. Specific mutations and single nucleotide variants have been reported to be
associated with both fatigue and sleep-wake disorders, and both inflammation and alterations in circadian rhythms
have been postulated to have a potential role. Guidelines for assessment and interventions have been developed,
with cognitive behavioral therapy, exercise, and sleep hygiene demonstrating benefit in patients with other solid
tumors. Further research is needed to identify risk and appropriate treatment in the brain-tumor patient population.
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The illness trajectory in patients with primary brain
tumors can be unpredictable, yet symptoms related to
the tumor and its treatment are often present and per-
sistent. Symptoms tend not to occur in isolation and
often form clusters or complexes that can influence the
occurrence and severity of symptoms. Two commonly
co-occurring symptoms in solid tumor and primary brain-
tumor patients are fatigue and sleep-wake disturbance.'3
Although cancer-related fatigue and cancer-related sleep-
wake disturbances are distinct concepts, the majority of
studies in patients with cancer support a strong relation-
ship between these 2 symptoms. The occurrence of both
fatigue and sleep-wake disturbances influence the percep-
tions of the intensity and persistence of each symptom
and impact the occurrence of other disease and treatment-
related symptoms.*8

Sleep-wake disturbances are defined as perceived or
actual alterations in sleep that result in impaired daytime
function.® Sleep-wake disturbances encompass 2 distinct
periods: the sleep period (referred to as sleep-wake) and
the wake period (referred to as activity-rest). Patients with
sleep-wake disturbances may complain of difficulty initiat-
ing or maintaining sleep, waking too early, waking up feel-
ing unrefreshed as well as reporting fatigue, hypersomnia,
somnolence, or excessive daytime sleepiness during the
wake period. In the literature, these terms defining daytime
sleepiness are often used interchangeably, leading to a lack
of clarity. For the purpose of this review, we will use the
term “hypersomnia” as defined by the American Academy
of Sleep Medicine, to be constant or recurrent episodes of
extreme sleepiness during the activity-rest period.? These
sleep-wake disturbances, which include both alterations in
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sleep (insomnia) and daytime hypersomnia, can occur in
healthy and ill people and may recur or persist throughout
the trajectory of an illness.'®"3 Situational stress, aging,
drug treatment, and illness are often associated with the
report of sleep disturbances.” As sleep occupies one-
third of our life, sleep-wake disturbances that persist can
impact daily living and be associated with serious health
consequences.®

Unlike other cancers, there is limited information con-
cerning sleep-wake disturbances in adults with primary
brain tumors throughout the illness trajectory. A review
article focused on management of both fatigue and sleep
describes the omission of patient with primary brain
tumors in intervention studies designed to reduce sleep-
wake disturbance in other solid tumor patients.’® Despite
the significance of the symptom in this patient population,
this lack of inclusion may result from the unique differences
and relative rarity of brain tumors. The purpose of this
paper is to synthesize the knowledge of sleep-wake distur-
bances, with a focus on the prevalence and mechanisms of
insomnia and hypersomnia in adult patients with primary
intracranial tumors and to apply what is known from other
solid tumors about screening, assessment, interventions,
and implications to advance both research and practice.
A comprehensive search of the literature related to sleep-
wake disturbance and primary brain tumors was com-
pleted by authors TA and MS using PUBMED between the
years 2000 and 2016. Authors AB and MS explored articles
for sleep assessment and interventions in cancer. The key
words searched were brain tumor, glioma, lesion, sleep
disturbance, sleep-wake disturbance, intervention, adult,
adult patients, and survivors.

Prevalence

Sleep-wake disturbances are common and are estimated
to occur in 10%-20% of the general population.''® In
patients with chronic illness, sleep-wake disturbances
are more common and have been reported to occur in
the majority of patients with ilinesses such as HIV,"™ neu-
rologic illnesses,?®?" and cancer.’” Sleep-wake distur-
bances are reported to occur in > 70% of patients post
stroke,??>%3 in 80% of those with multiple sclerosis, 2024
and in more than 40% of patients after mild traumatic
brain injury.?® Insomnia is the most common sleep-wake
disorder experienced by patients with neurologic illness.®
Characteristically, patients with insomnia not only report
difficulty falling and staying asleep but also excessive day-
time sleepiness (hypersomnia); these complaints are often
associated with reports of depression, fatigue, anxiety, and
pain'21,24,26,27

Insomnia has often been reported to be the most com-
mon sleep disturbance in cancer patients; however, a
recent review determined that the prevalence of specific
sleep-wake disturbances in cancer cannot be established
from published literature.?®?° Studies that explored the
prevalence of sleep-wake disturbances in cancer patients
have focused on patients with breast and lung cancers.
Women undergoing chemotherapy for breast cancer
have had an estimated 80% prevalence of insomnia

symptoms.3® Sleep-wake disturbances in patients with
lung cancer have been estimated to be as high as 52%.3'
Sleep-wake disturbances can occur throughout the ill-
ness trajectory in cancer patients, with 26% of cancer
patients reporting poor sleep prior to treatment ini-
tiation.3? In cancer patients undergoing chemotherapy,
prevalence estimates have been reported as 30%-50%
of patients experiencing insomnia symptoms.8293033
Sleep-wake disturbances can also continue after therapy
has been completed, with up to 65% of breast cancer
survivors reporting sleep-wake disturbances and poor
sleep quality as compared with women without breast
cancer.?®

The majority of evidence on the occurrence and risk of
sleep-wake disturbances has been published in patients
with other solid tumor malignancies. Table 1 provides an
outline of the limited studies completed to date on the
adult brain-tumor patient population. These reports indi-
cate that sleep-wake disturbance is one of the 5 most
common symptoms reported as moderate to severe by
primary brain-tumor patients?%3* and occurs in anywhere
between 17% and 54% of patients.3>3 Disturbed sleep
has been reported to be significant across tumor grades
and throughout the disease trajectory.’” A recent paper
reported that disturbed nighttime sleep and hypersomnia
were among the most severe symptoms noted by a large
cross-sectional cohort of primary brain-tumor patients,
were worse in those with poor performance status,?®
and were associated with disease progression.?’” As with
other cancers and neurologic illness, sleep disturbance
(both insomnia and hypersomnia) may also be clustered
or related to other symptoms such as fatigue, depression,
and cognitive impairment in the primary brain-tumor
patient population.36:38.39

Insomnia is the most common sleep-wake disorder in
patients with primary brain tumors, but additional sleep-
wake disorders, including sleep-related breathing (eg,
obstructive sleep apnea) and movement disorders (eg,
restless legs syndrome), also may occur.’® Poor sleep can
be particularly bothersome, especially when patients with
brain tumors also report hypersomnia.’$4° Hypersomnia
was reported in more than 90% of primary brain-tumor
patients undergoing cranial radiation therapy.*' In another
study, primary brain-tumor patients who reported hyper-
somnia also reported lower quality of life and had worse
performance status and shorter survival.?

Other clinical and environmental factors may contribute
to sleep-wake disturbances in the brain-tumor population.
Clinicians frequently interrupt hospitalized patients who
are sleeping and may alter their sleep-wake and activity-
rest cycle.*?3 Additionally, side effects of cancer therapy
and concomitant medications such as corticosteroids
and anticonvulsants can alter sleep.'®* Corticosteroids
are commonly prescribed and have a well-documented
impact on sleep, with a recent report indicating that more
than one-third of patients experienced altered sleep and
increased effect based on dose and time on therapy.®®
Patients may experience mood disturbances and altered
daily routines as a result of the tumor itself.*¢ Cognitive
or neurological effects of the tumor or toxicities related
to treatment may result in altered mood or the develop-
ment of maladaptive behaviors such as excessive time in
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Table1 Studies exploring sleep-wake disturbance in the primary brain tumor patient population

Author(s) Purpose Sample Instruments  Results
Armstrong et al, 201526 Descriptive cross- N =621 adult primary  MDASI-BT Insomnia and feeling drowsy (hyper-
sectional study: brain-tumor patients KPS somnia) were 2 of the most severe and
Explore the CMTP 12 frequent symptoms and were consist-
core symptoms in adult ently reported.
oncology studies Symptoms were not different based on

treatment status, tumor grade, or if the
patient had recurrence but were worse
in patients with poor KPS (P<.05).

Armstrong and Gilbert, 2012'® Review: Fatigue and  None; review article None Primary brain tumor patients were not
sleep in primary brain routinely included in studies evaluat-
tumor patients ing management of sleep disturbance

and fatigue.

Armstrong et al., 201134 Descriptive study: N =294 primary brain  MDASI-BT Sleepiness was one of the 5 most
Symptom prediction of tumor patients common symptoms reported as mod-
tumor progression or erate to severe and was not a predictor
recurrence of tumor progression.

Armstrong et al., 201038 Descriptive study: N = 201 patients with MDASI-BT Fatigue was the most prevalent symp-
Prediction of fatigue  primary brain tumors in tom, and severity was associated with
severity and asso- various stages difficulty sleeping, along with overall
ciation with other symptom severity and interference.
symptoms

Brown et al., 2006° Descriptive study: N =194 adult patients  LASA One-third of patients had clinically sig-
Prognostic importance newly diagnosed with  FACT-Br, nificant fatigue at baseline. Increased
of baseline QOL glioblastomas Fatigue SDS, fatigue (P=.003), EDS (P=.01), and

ESS, POMS-SF lower overall QOL scores (LASA, P=
.001; FACT-Br, P=.0001) correlated
with worse performance scores.

Cheng et al, 2010%’ Descriptive study: N =92 adult patients EORTC Fatigue (82%) and insomnia (39%)
Baseline QOL prior with histologically con- QLQC30 were 2 of the most frequently reported
to surgery in Chinese firmed glioma BN20 symptoms. Insomnia was worse in
patients MMSE patients >50 years of age (P=.047)

KPS and with poor performance status (P
=.01)

Fox et al., 2007°° Descriptive study: N =73 adult survivors of BFI Depression, fatigue, sleep distur-
Co-occurring symp- brain malignancy GSDS bance, and cognitive impairment were
toms in high-grade FACT-G significantly intercorrelated and cor-
glioma patients related with functional status. Fatigue

and sleep disturbance had minimal
contributions to QOL, not a cause for
distress, and explained 1% of the vari-
ance in functional status.

Gapstur et al., 200957 Review: Factors associ- N = 25 articles None Patients with brain tumors experi-
ated with sleep-wake Categories: ence HPA dysfunction, affecting both
disturbances in child (1) Mixed samples of Process S (homeostasis) and Process
and adult survivors of adult and pediatric sur- C (circadian) of the Two-Process Model
pediatric brain tumors vivors of pediatric brain of Sleep Regulation.

tumors, Factors associated with sleep issues
(2) Pediatric survivors of were hypothalamic damage result-
brain tumors, or 3) Adult ing in EDS, melatonin and hypocretin
survivors of brain defects that contribute to poor arousal
tumors. mechanisms, and changes in circadian
rhythm related to damage to the SCN.

Gustafson et al., 2006%° Descriptive study: N = 39 adult patients EORTC- Median values were higher for symp-
QOL and coping with  diagnosed with low- QLQ-C30 toms of fatigue, sleep disturbance and
illness- grade gliomas. pain, and 21 patients (54%) reported
related problems sleep disturbances.

There was a significant relationship
between overall quality of life and
fatigue (rho: -0.70, P<.001)

Mulrooney et al., 200836 Retrospective study: N = 2645 adult survi- FACIT-Fatigue 16% had a CNS malignancy.
Prevalence and risk vors of mixed cancer PSQl Overall, 19% of survivors were most
factors for fatigue and types (including CNS)  ESS fatigued, 17% reported disrupted
sleep disturbance tumor with and without sleep, and 14% reported increased

radiation daytime sleepiness.

Females were more likely to be
fatigued.
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Powell et al., 20114 Descriptive study:
Incidence pattern and
severity of radiation
somnolence

therapy

Van Someren et al., 2004%* Descriptive study:

Childhood CRT

sleep in adulthood

Yavas et al, 2012% Descriptive study:
Quality of life, cogni-
tive and emotional
distress in high-grade

glioma patients

high-

N =70 adult patients
receiving radical cranial measure
radiation assessed at
baseline, 10 weeks post FACT-G

N = 25 patients

8-29 years after CRT
relationship to altered for medulloblastoma or Sleep and
other intracranial tumorscircadian
N =34 controls

N = 118 patients with

grade glioma followed
longitudinally for the
first 5 years

VAS to 90% of patients experienced > grade
1 somnolence, correlated with VAS
scores

(r=0.456, P<.001).The score

somnolence

EORTC increased from 3 to 12 weeks (P<.001)

QLQ30 + 3 with peak at end of treatment and
improvement 6 weeks later.

Endocrine CRT group had longer sleep duration

levels than the control group.

Sleep-wake rhythms showed greater
amplitude, less fragmentation, and

rhythms less tolerance for alterations in the
using wrist timing of sleep.

actigraphy Regression showed both radiation
PSsaQl, dosage and neuroendocrine status to

CircadianType be predictors of sleep changes.
inventory, flex-

ibility scale of

the Circadian

Type inventory,

The Composite

morningness

Questionnaire.

EORTC-C30 Global score, physical, role and
BN-20 emotional function, insomnia (all P<
MMSE .001) and appetite loss (P=.008) were
HADS associated with disease progression.

Symptom domain scores (including
insomnia) increased over the disease
trajectory.

Abbreviations: BFI, Brief Fatigue Inventory; BN20, Brain Neoplasm; CMTP, Center for Medical Technology Policy; CNS, Central Nervous System;
CRT, Cranial Radiation Therapy; EDS, Excessive Daytime Sleepiness; EORTC QLQC30, The European Organisation for Research and Treatment of
Cancer Core Questionnaire; ESS, Epworth Sleepiness Scale; FACIT-Fatigue, Functional Assessment of Chronic lliness Therapy: Fatigue; FACT-Br,
Functional Assessment of Cancer Therapy-Brain; Fatigue; FACT-G, Functional Assessment of Cancer Therapy: General; GSDS, General Symptom
Distress Scale; HADS, Hospital Anxiety Depression Scale; KPS, Karnofsky Performance Status; LASA, Linear Analogue Scale Assessment; MDASI-
BT, MD Anderson Symptom Inventory- Brain Tumor; MMSE, Mini-Mental State Examination; POMS-SF, Profile of Mood States Short Form; PSQl,
Pittsburgh Sleep Quality Index; QOL, Quality of Life; SCN, Suprachiasmatic Nucleus; SDS, Symptom Distress Scale; VAS, Visual Analog Scale.

bed and reduced physical activity, which may also impact
sleep.’

In summary, sleep-wake disturbance has been com-
monly reported in other solid-tumor malignancies and neu-
rologic illnesses, but there is a paucity of studies in adult
brain-tumor patients. These data would provide insights
into the frequency and severity of these symptoms and
their impact on patient outcomes as well as provide the
foundation for future investigations of pathogenesis and
treatment interventions.

Mechanisms
Genetic Predisposition

There is increasing evidence for a genetic basis of nor-
mal sleep and sleep regulation in healthy adults. Specific
mutations and single nucleotide variants have been
reported to be associated with both fatigue and sleep-
wake disorders.'®48-50 |dentification of candidate variants
may help classify those who may be at higher risk and
may help improve understanding of the mechanism(s)
of sleep-wake disturbance. Polymorphisms in genes
associated with regulation of the circadian system
and those associated with inflammation have been

proposed. However, sleep-wake is a complex process
and involves the interaction of products of many genes
as well as the influence of zeitgerber and other environ-
mental influences.’’ Furthermore, these environmental
influences on sleep-wake may differ by cancer type and
treatment received. The influence of gene-environment
interactions on sleep outcomes has not been extensively
investigated.

In breast cancer patients, variations in 3 cytokine genes
(interleukin 1 receptor 2 [ILTR2], IL13, and NFKB2) pre-
dicted the development of more severe sleep-wake distur-
bances.?? Another polymorphism in /L4 has been reported
in breast cancer patients to correlate with the cluster
of pain, fatigue, sleep-wake disturbance, and depres-
sion.® Similar findings were shown in patients with HIV,
in which polymorphisms in IL7TR2 and RNfA were associ-
ated with short sleep duration.’® In neurologic disease,
mild traumatic brain injury and primary sleep disorders
such as insomnia, sleep apnea, and RLS among others,
clock genes including PER1, PER2, PER3, CYR1, and CRY2
polymorphisms have been associated with sleep onset,
duration, and quality of recovery from sleep deficits.'%2555
This relationship between inflammatory and clock genes/
pathways and symptoms continues to be an area of active
investigation in patients with other solid tumors and neu-
rologic injury.
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STEP 1: ASSESSMENT FOR SLEEP-WAKE DISTURBANCE

PRO Questionnaire: any score >“0”

interfere with daytime functioning?

Two additional screening questions to identify sleep-wake disturbance:
1) Do you have problems with sleep for three or more nights/week? 2) If yes, does this sleep problem

2) If answer is yes to one or both: focused assessment needed.

4

STEP 2: FOCUSED ASSESSMENT:

past diagnosis of Sleep Apnea?

diagnosis of Restless Leg Syndrome?

e Do you snore, gasp for breath or stop breathing during sleep or have a

e More frequent or severe evening urge to move the legs accompanied
by uncomfortable sensation in legs brought on by rest or have a past

e Falling asleep while reading, talking or driving or past diagnosis of
parasomnia or circadian rhythm sleep disorders?

Referralto a
Sleep Specialist

2

STEP 3: EVALUATION FOR TREATABLE ENVIRONMENTAL MECHANISMS OF SLEEP-WAKE DISTURBANCES IN

ADULT BRAIN TUMOR PATIENTS

Contributing Factors COMMON EXAMPLES

1. Screen for occurrence

Comorbid Conditions
Anemia
Endocrine dysfunction

Alcohol/substance abuse

Cardiac/pulmonary disease

and current
management

2. Consider altered
dosing/timing of

Concurrent Symptoms Fatigue

Pain

Hemiparesis/hemiplegia

current medications
or if able to taper off
3. Consider referral for

Direct Tumor Effects

Anhedonia

Pituitary/Hypothalamic Involvement

management of
comorbid conditions

Environmental Stressors Psychosocial

Financial

or neuropsychiatric

Medication Effects Corticosteroids
Anticonvulsants
Pain medication
Antiemetics
Anxiolytics
Antidepressants

management

4. Consider social
work/counseling
referral for
environmental
stressors

Neuropsychiatric Effects Depression

Anxiety

Agitation

Personality Alterations

STEP 4: INTERVENTIONS IF CONTINUED SLEEP DISTURBANCE

Involvement of Patient and Care Provider should be considered for all patients and required for
patients with neurocognitive and behavioral deficits

Fig.1 Assessment and management of sleep-wake disturbance in the primary brain tumor patient population.

Mechanisms in Brain-tumor Patients

Environmental mechanisms in the brain-tumor patient
population can be broadly classified into the following
groups: direct effect by the tumor, effects of medications,
effects of radiation therapy, and neuropsychiatric effects
such as depression and anxiety. Fig. 1 includes a table of
predisposing factors. In any individual patient, multiple
etiologic factors may contribute to the type, occurrence,
severity, and associated impact.

Cranial radiation remains the most common and sig-
nificant factor reported to be associated with hypersomnia
and sleep disturbances in primary brain-tumor patients.
Faithfull and Brandas®®5’ described a somnolence syn-
drome in malignant glioma patients that occurred dur-
ing and immediately following cranial radiation therapy.
Symptoms included fatigue, excessive drowsiness, inco-
ordination, and inability to concentrate that occurred in a
cyclical pattern. Gapstur et al.?® identified dysfunction in
the hypothalamic-pituitary adrenal (HPA) axis and defects
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4

Intervention 1: Behavioral Strategies r/t Sleep Hygiene: Provide education to patient and
caregiver if indicated

* Sleep restriction: Maintain a fixed wake and bed time, avoid daytime naps or limit
to less than 1 hour.
* Relaxation training: Engage in a relaxing activity daily
s Stimulus control: Follow the 20 minute ‘toss and turn” rule (if you don't fall asleep
in 20 minutes, get out of bed and go to a quiet and dark place to relax; return to
bed when ready to fall asleep
* Sleep hygiene used in combination with other strategies
o Exercise regularly but not within 20 minutes of going to bed
o Avoid caffeine, alcohol and nicotine within 6 hours of going to bed
o Keep the room you sleep in comfortable, quiet, cool and free of light

o Avoid clock-watching

4

Intervention 2a: Non-Pharmacologic Agent f‘.’r Adult Starting Dose Effect
Interventions: Insomnia (ahs) H?IPS S leep
Initiation (SI)
1. Cognitive-Behavioral Therapy Improves Total
Sleep Time (TST)
2. Mindfulness-Based Stress Doxepi.n 3-6mg ST
Reduction (MBSR) Esczopiclone 1mg SI, TST
Ramelteon 8mg Sl
3. Exercise Suvorexant 10mg SI, TST
Temazepam 7.5mg SI, TST
Intervent/:on 2b: Pharmacologic iz:z:j:: R Zggmg 2:: ‘Tl'z‘TI'
Interventions Zaleplon 10mg Sl
e Use in conjunction with
behavioral strategies and
Non-pharmacologic interventions
if feasible Agent for hypersomnia Starting Dose (gam)
e Insomnia: Short term (< 4weeks) Methylphenidate 10-20mg
use recommended Modafinil 200mg
e Hypersomnia: Allow 2 weeks for
evaluation of effect. Monitor
patients at least every 6 months
while on pharmacologic ‘
treatment

STEP 5: ASSESS RESPONSE TO INTERVENTIONS EVERY 2 WEEKS

If no improvement consider alternative approach or referral to sleep specialist

e Based on information contained in 6768

Fig.1 continued.



in melatonin and hypocretin secretion that contributed to
excessive daytime sleepiness and damage to the suprachi-
asmatic nuclei affecting arousal and circadian rhythms in
patients with brain tumors.

Sickness models propose that increased secretion of
IL1 and IL-:6 may lead to stimulation of the HPA, causing
symptoms including sleep-wake disturbance, fatigue,
and depression. In the case of brain radiation, inflamma-
tion may be the underlying mechanism leading to fatigue
and the cascade of additional symptoms either directly or
based on its disruption of underlying circadian rhythms.>®
In a recent report exploring the impact of radiation in an
animal model, whole brain irradiation increased non-REM
sleep as well as levels of IL-1B protein expression in the
hypothalamus.®® In a pilot study exploring sleep using
actigraphy and self-report of sleep as well as evaluation
of serum melatonin, it was hypothesized that this neuro-
inflammation may result in aberrant production of mela-
tonin as an immunomodulating response, with secondary
effects including excessive daytime sleepiness (hyper-
somnia) and worsening of inflammation-related fatigue.'®
Altered melatonin secretion has also been reported to
be associated with excessive daytime sleepiness in adult
survivors who had been treated with cranial radiation as
children® and postulated to occur in adult glioma sur-
vivors.8" Animal models exploring the impact of cranial
radiation on melatonin have demonstrated a 2-phase reac-
tion, with immediate reduction in melatonin synthesis fol-
lowed quickly by an increase in melatonin synthesis and
circulating melatonin.®? This increase in melatonin secre-
tion has also been reported in other inflammatory disease
states known to affect the brain.5364 Patients may experi-
ence sleep disturbance from damage of the hypothalamus,
defects in melatonin and hypocretin, or injury to the supra-
chiasmatic nucleus resulting in poor arousal, hypersom-
nia, and disruption in circadian activity.®® In fact, Muller
et al.% found an inverse relationship between melatonin
secretion and excessive daytime sleepiness (hypersomnia)
in patients with craniopharyngioma. Those who receive
cranial radiation may demonstrate longer sleep duration,
circadian rhythms with greater amplitude, less fragmenta-
tion, and poorer tolerance for alterations in the timing of
sleep.® Adult survivors of childhood brain tumors were at
increased risk of having significant problems with sleep as
adults if they received a radiation dose >3500 cGy, were
younger at the time of treatment, and had a diagnosis of
craniopharyngioma.58

Assessment
Guidelines

Information regarding screening and/or assessment and
management of sleep-wake disturbances in patients with
cancer is available from 3 sources: the Pan-Canadian Practice
Guideline (which also includes guidelines for assessment
and management),5667 the National Comprehensive Cancer
Network (NCCN) guidelines for sleep-wake disturbances,%®
and the Oncology Nursing Society Putting Evidence into
Practice (PEP) resources on sleep-wake disturbances focus-
ing on evidence-based interventions.®®
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Assessment Tools

No tool with established reliability and validity in adults
with cancer is used routinely to screen for sleep-wake dis-
turbances comorbid with cancer in primary care, oncol-
ogy, or neuro-oncology clinics.The Pan-Canadian practice
guideline suggests asking patients with cancer about the
presence of sleep problems and then asking about the
relationship between the problem and daily functioning.6®
Questionnaires developed specifically for the brain-tumor
patient population include the Functional Assessment of
Cancer Therapy-Brain (FACT-BR), EORTC QLQ-C30, and
BN20, and the MD Anderson Symptom Inventory-Brain
Tumor (MDASI-BT), all of which include questions related
to the severity of sleep and hypersomnia and use a Likert
scale in which zero represents “not present”’%72 The
benefit of these instruments is that they ask about other
symptoms that may co-occur or impact sleep.

In summary, screening and assessment for sleep-wake
disturbances in brain-tumor patients is not conducted rou-
tinely and, when performed, a variety of measurements
are available for use.

In the clinical setting, Fig. 1 includes assessment guide-
lines to screen for occurrence.®® Further clinical evaluation
is warranted if a positive response is given. For patients
with sleep-wake disturbance that is not responsive to
intervention or if sleep disturbances other than insom-
nia or hypersomnia do not resolve, referral for further
evaluation by a sleep specialist should be considered.
Polysomnography, which is the gold standard for assess-
ing and diagnosing sleep disorders such as sleep apnea
and restless legs syndrome, may be performed.5¢

More detailed assessment may be needed in the
research setting, and the choice of instrument is dependent
on the type of sleep-wake disturbance of interest. Research
studies focusing on cancer patients use the Epworth
Sleepiness Scale frequently when patients report exces-
sive daytime sleepiness/hypersomnia’®’* in addition to
the multi-item Pittsburgh Sleep Quality Index (PSQl) and
Insomnia Severity Scale.”®’¢ Both scales were developed
to assess insomnia that occurs when chronic conditions,
such as cancer, are not present. Both have documented
reliability and validity figures in patients with cancer, but
not for brain-tumor patients. An advantage of the PSQl is
that it screens for sleep apnea, restless legs syndrome, and
other sleep-wake disorders in addition to insomnia. When
sleep apnea is suspected, the STOP-BANG’” and Epworth
Sleepiness Scale (ESS) are used.”® The Patient-Reported
Outcomes Measurement Information System (PROMIS)
for Sleep Disturbance has also begun to be used in cancer
patients and includes a sleep-thermometer tool for use in
self-report.”® Finally, actigraphy or polysomnography may
complement subjective evaluation of sleep in the research
setting, although cost and patient compliance sometimes
ipact their feasibility in clinical research studies.

Interventions

Management of altered sleep-wake is complex and
includes assessment and interventions geared to pro-
moting improvement in the fundamental causes of the
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sleep-wake disturbance. Interventions to improve sleep-
wake disturbances in cancer patients have been primar
ily implemented in women with breast cancer and have
not been tested in patients with brain tumors. Evidence
related to specific interventions in the cancer popula-
tion has been synthesized and is available at the Putting
Evidence into Practice (PEP) online resources (https://www.
ons.org/practice-resources/pep)’® and resultant review
articles.’3808" These guidelines and the Pan-Canadian
guidelines recommend prevention and supportive educa-
tion about sleep for all patients.%® Although evaluation of
interventions in the brain-tumor patient population is lack-
ing, the approaches outlined in these guidelines are rec-
ommended in routine clinical care. Fig. 1 outlines specific
considerations for brain-tumor patients with complaints of
sleep-wake disturbances. Assessment for and modification
of contributing factors and reinforcing sleep hygiene and
sleep promotion activities (see Fig. 1 for behavioral strate-
gies for sleep-wake disturbance®?) are important first steps
for all patients. These preventative and educational strat-
egies can be used in conjunction with nonpharmacologi-
cal or pharmacological interventions, depending on the
suspected underlying etiology and considering individual
patient needs and deficits. In general, pharmacological
interventions should be initiated for a short duration and
monitored due to unwanted adverse drug events. All inter-
ventions need follow-up and ongoing re-evaluation. The
National Comprehensive Cancer Network (NCCN) survi-
vorship guidelines provide a more detailed summary of
the evidence supporting these interventions and comple-
ment the ONS recommendations and available guide for
sleep management (http://www.nccn.org/professionals/
physician_gls/pdf/survivorship).

Nonpharmacological Intervention

The initial step in treatment is based on assessment
and diagnosis of the sleep disorder, as described above.
Other sleep-wake disorders, such as central or obstructive
sleep apnea and restless legs syndrome, need to be ruled
out. Insomnia is thought to be a disorder of hyperarousal;
other factors such as neurophysiological and neuroendo-
crine dysregulation, anxiety, cancer treatments, or altered
circadian rhythmicity have also been reported as etiologic
factors of insomnia in patients with cancer.8588384 Sleep
hygiene should be assessed in any patient with suspected
sleep-wake disturbances, and adaptive strategies should
be considered prior to initiation of any additional interven-
tions (see Fig. 1). Specific interventions have been found to
be helpful in patients with other solid tumor malignancies
and are described in detail below.

Cognitive Behavioral Therapy Insomnia (CBT-1), mindful-
ness-based stress reduction (MBSR), and exercise are the
interventions with the most evidence for improving sleep
and reducing other associated symptoms in patients with
other solid tumors. CBT-l is a type of psychotherapy that
has been used to help with a variety of behavioral changes.
The main aim of CBT-l is to explore and gain understand-
ing about how a person thinks and feels and the relation-
ship with the resulting behavior, so that new strategies for
healthy thinking, coping, and behaviors can be explored.

For sleep disturbance, CBT-I strategies include sleep restric-
tion, stimulus control, and sleep hygiene modification.

CBT-l has been shown to improve sleep-wake distur-
bances in patients with cancer (most extensively in women
with breast cancer) with meta-analysis reporting significant
improvements in sleep for patients with cancer who partici-
pate in CBT-1.8985 CBT-| has been successful when delivered
by a nurse with specialized training® in group sessions.?’88
For those unable to participate in face-to-face sessions,
self-administered CBT-I using video, MP-3 player, booklets,
or phone consultation are other options.8%%°" Compared
with other nonpharmacological interventions, CBT| has
been considered the best strategy for treating insomnia.®
In patients with primary brain tumors and insomnia related
to anxiety, CBT-l could prove to be an effective intervention
for sleep-wake disturbances related to anxiety or cancer-
related treatment. Sleep restriction during the day may be
a component of CBT-l and are especially helpful in brain-
tumor patients inclined to nap. In these patients who have
cognitive deficits, involvement of a caregiver to utilize and
inforce these strategies may be necessary. It is hypoth-
esized that after CBT-I, patients may experience a change in
neural network dysregulation and other biological mecha-
nisms that could lead to a change in sleep behavior.%?

Mindfulness based stress reduction (MBSR) is “a con-
sciousness discipline that is grounded in Eastern philosophy
and traditions” such as yoga and Buddhism that focuses on
awareness of the present moment. It aims to teach people to
deal more effectively with an experience through awareness
of feelings, thoughts, and bodily sensations, using practices
such as body scan and exercises for yoga and meditation.
Meta-analyses have shown that MBSR interventions may
be a novel approach for managing sleep-wake disturbances
in patients with cancer.®® Formalized MSBR sessions have
shown promising results in patients with breast cancer,%
but home-based MBSR may be more convenient and ben-
eficial for sleep-wake disturbances.®® Self-reported sleep
improved more in those who participated in MBSR when
compared with sleep hygiene.?” In patients with brain
tumors, MBSR could help with sleep-wake disturbance
related to anxiety and, along with its yoga component, help
regulate circadian rhythms. Evaluation of physical and cog-
nitive deficits that would either preclude participation (eg,
receptive aphasia) or require modifications (eg, hemipare-
sis) should be considered and communicated to the parties
involved including patient, caregiver, and provider.

Exercise is defined as physical exertion imposed on the
body with the aim of improving or maintaining physical
and mental fitness level or health. A variety of activities
can be performed as exercise, but the most important ele-
ments are frequency, intensity, time, and type.%® Exercise
interventions have been shown to reduce sleep-wake dis-
turbances in cancer patients undergoing active treatment
and in survivors,®'% including high doses of 50-60 min-
utes of exercise for women with breast cancer’?"92 as well
as home-based walking and strengthening activities03-10%
or a combination of home-based and supervised or video
exercise.'%6107 Exercise frequency, intensity, time, and type
may be modified based on the health of the patient with
cancer. Aerobic exercise has been reported to improve
mental health and promote structural changes in the brain.
Exercise may help regulate disruption in the circadian
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rhythm in addition to building vasculature and promoting
neurogenesis in patients with primary brain tumors who
have suffered damage to these functions.'®® Studies have
shown feasibility of exercise and a relationship between
exercise and survival and physical functioning in brain-
tumor patients with KPS > 70%,'%° but studies exploring
the impact on sleep have not been reported.

The interventions noted above have not been fully evalu-
ated in the brain-tumor patient population, but evidence
supporting their utility for other solid tumor patients war-
rants consideration for their use in the clinical setting and
further studies evaluating their utility for brain-tumor
patients. Other nonpharmacological interventions (eg, light-
therapy) need further study in order to determine their effec-
tiveness on sleep-wake disturbances in patients with cancer.

Pharmacological Interventions

Pharmacological approaches may be important short-term
adjuncts for the brain-tumor patient with sleep-wake dis-
turbance because nonpharmacological interventions may
take time and effort to implement or not be feasible in
selected patients. CBT-I may also be used alone or in com-
bination with low-risk pharmacological agents.”%""" For
example, in breast cancer survivors, CBT-l and armodafinil
reduced the severity of insomnia.”? Other agents may also
be helpful, but studies exploring risks and benefits in the
cancer patient population have not been completed.

The decision to use pharmacological agents must be
made carefully based on patient assessment including his-
tory of sleep-wake disturbance, concomitant medications,
and comorbid conditions. For instance, if insomnia is med-
ication-induced (eg, corticosteroids), lowering the dose
or altering the time taken during the day may improve
sleep. If there are existing comorbid conditions or symp-
tom clusters such as depression, anxiety, or seizures, one
medication may be given to improve insomnia along with
the other factors. In this situation, there are antidepres-
sant, anxiolytic, or barbiturate medications that can be pre-
scribed to be taken at bedtime for their sedative effects.”3
Other medications that may be helpful for patients with
sleep disturbances and other concurrent illnesses or symp-
toms include benzodiazepine hypnotics, benzodiazepine-
receptor agonists, antidepressants, psychostimulants, and
melatonin."* Drug-drug interactions should be considered
and patients monitored for treatment efficacy and side
effects. Medications need to be initiated at a low dose,
administered for short-term duration, and tapered slowly
to prevent withdrawal symptoms.’® Randomized controlled
trials with pharmacological interventions have not been
conducted in the primary brain-tumor patient population.

Implications for Practice and Research

Clinicians need to recognize potential barriers to suc-
cessful intervention implementation in patients with pri-
mary brain tumors. Sleep-wake disturbances such as
insomnia and hypersomnia do not often occur in isolation
but rather may be associated with disease and treatment-
related symptoms. Adult brain-tumor patients may experi-
ence difficulty with patient activation, decision-making, or
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self-efficacy. This may be due to cognitive decline or mood
disturbances.”® The long-term effects of treatment could
result in problems with ambulation or balance, aphasia,
vision and hearing deficits, or hemiparesis, thus making
exercise or MBSR a challenge.""® Sleep-wake disturbances
may be associated with irritability and inability to concen-
trate, impaired compliance, and difficulty making deci-
sions. This impact may be even more critical in the primary
brain-tumor population, a cohort already at risk for neuro-
cognitive difficulties. To overcome these barriers, interven-
tions may need to be modified or individualized for specific
sleep-wake and activity-rest patterns in the brain-tumor
patient population.

In addition to the physiological barriers there are psy-
chological and system barriers. Acceptability, attitudes,
and beliefs about sleep-wake disturbances and hyper-
somnia, perceived benefits, and perceived efficiency of
the intervention may all influence the implementation of
an intervention. There also are cost-related factors such as
reimbursement for CBT-l, MBSR, and gym memberships,
and provider-related barriers such as the lack of clinician or
personal trainer knowledge on the ideologies of interven-
tion implementation.”"8

There is a growing body of evidence that links quality
of sleep with health and overall wellness. Recent reports
in patients with systemic cancer are beginning to uncover
important phenotypes associated with the risk of sleep-
wake disturbances and improved guidelines on assess-
ment within the clinic. In addition, there is evidence of
benefit for CBT-I in patients with solid tumors. Research
is limited, however, in the primary brain-tumor popula-
tion. More extensive studies are needed to evaluate the
influence of clinical and environmental factors and the
association with candidate genes that may allow assign-
ment of risk phenotypes. In addition, further exploration
of the potential role of inflammation and altered circadian
rhythms in primary brain-tumor patients are important
for the development of mechanism-driven interventional
studies.

In practice, it is important to assess patients for sleep
complaints, contributing factors, and symptom clusters.
Educating patients about sleep hygiene and the potential
risk of sleep disturbance based on the disease and its treat-
ment are just as important. The NCCN and Pan-Canadian
guidelines are useful for identifying patients experiencing
sleep-wake disturbances and the type of sleep disorder.
Implementation of interventions such as CBT-l in general
practice requires specialized training and may be limited
by the real-life constraints of daily practice.”® Referrals to
appropriate consultants may include a sleep medicine spe-
cialist for those patients with refractory insomnia or other
sleep disorders, and psychologists for counseling and
CBT.

Conclusions

As noted in the introduction, the purpose of this paper was
to synthesize the knowledge of sleep-wake disturbances,
with a focus on the prevalence and mechanisms of insom-
nia and hypersomnia in adult brain-tumor patients and
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to apply what is known from other solid tumors about
screening, assessment, interventions, and implications to
advance both research and practice. This report has sev-
eral limitations including the paucity of literature related to
describing the incidence in the primary brain-tumor popu-
lation despite its wide clinical recognition and absence of
studies exploring management. This report is also limited
in that it was not a systematic review, and guidelines spe-
cific to this population could not be generated as a result.
Nevertheless, sleep-wake disturbances are common in
adult patients with solid tumors including primary brain
tumors. Guidelines for assessment and management of
sleep-wake disturbance have been identified, and stud-
ies focused on the underlying biologic mechanisms are
beginning to be explored. However, the data specific to
patients with primary brain tumors are quite limited. Sleep
research on brain-tumor patients has focused primarily
on those receiving radiation therapy and on adult survi-
vors of childhood brain cancer. Patients may experience a
fatigue-sleep cluster, most commonly with insomnia and
hypersomnia, but also with severe sleep-wake disorders;
the risk may be highest in those undergoing or who have
previously undergone cranial radiation. This is especially
concerning because of the relative frequency and severity
in studies reported to date and the potential implications
in a patient population at increased risk for neurocognitive
symptoms and functional limitations. Studies exploring
genomic risk and mechanisms are needed. Interventions
to reduce sleep-wake disturbances in patients with other
solid tumors have been developed but need to be tested
in adults with malignant brain tumors to determine their
effectiveness in this vulnerable population.
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