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ABSTRACT

Sleep disorders, such as difficulty falling asleep, prob-
lems maintaining sleep, poor sleep efficiency, early
awakening, and excessive daytime sleepiness, are preva-
lent in patients with cancer. Such problems can become
chronic in some patients, persisting for many months or
years after completion of cancer therapy. For patients
with cancer, sleep is potentially affected by a variety of
factors, including the biochemical changes associated
with the process of neoplastic growth and anticancer
treatments, and symptoms that frequently accompany
cancer, such as pain, fatigue, and depression.

Fatigueis highly prevalent and persistent in patients
with cancer and cancer survivors. Although cancer-
related fatigue and cancer-related sleep disorders are
distinct, a strong interrelationship exists between these

symptoms, and a strong possibility exists that they may
be reciprocally related. The majority of studies that
have assessed both sleep and fatigue in patients with
cancer provide evidence supporting a strong correla-
tion between cancer-related fatigue and various sleep
parameters, including poor sleep quality, disrupted ini-
tiation and maintenance of sleep, nighttime awakening,
restless sleep, and excessive daytime sleepiness.

This paper reviews the data from these studies with
a view toward suggesting further research that could
advance our scientific understanding both of potential
interrelationships between sleep disturbance and can-
cer-related fatigue and of clinical interventions to help
with both fatigue and sleep disturbance. The Oncologist
2007;12(suppl 1):35-42
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INTRODUCTION

Fatigue and sleep disturbance are two of the most frequent
side effects experienced by patients with cancer. Although
sleep disruption is common in these patients, it has been a
neglected problem. This is partly because it has been seen
as a normal and transient reaction to cancer and cancer
treatment, and partly because of the underreporting of sleep
disturbances by patients [1-4].

Patients with cancer report insomnia, poor sleep
quality, and short sleep duration. On testing, they are
frequently found to have low sleep efficiency (the ratio
of time asleep to total time in bed) [5]. Precipitating fac-
tors for insomnia in patients with cancer include the diag-
nosis of cancer, the type and stage of cancer, pain, side
effects of treatment (e.g., nausea, vomiting, etc.), and/or
the direct iatrogenic effects of treatment on sleep. Once
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it begins, insomnia is often self-perpetuating because of
the natural tendency of patients to compensate for sleep
loss by extending their sleep opportunity, for example, by
napping, going to bed earlier, and getting out of bed later.
Such behavioral changes are enacted by patients in order
to try to “recover what has been lost,” but they lead to a
mismatch between sleep opportunity and sleep ability and
resultin more frequent and longer awakenings. It may also
be that the fatigue that occurs with cancer and/or antican-
cer therapy may, in and of itself, prompt patients to extend
their sleep opportunity and thus it too becomes a contrib-
uting factor for ongoing insomnia [6].

The occurrence of insomnia in patients with cancer
is frequent and is often severe enough to warrant medical
intervention. Approximately 25%—-50% of all prescrip-
tions written for patients with cancer are for hypnotics [7,8].
Additionally, sleep disruptions can persist in cancer survi-
vors for many years after diagnosis and completion of treat-
ment, making it one of the most pervasive problems faced
by patients with cancer [9,10].

Reports over the past 20-25 years have begun to shed
light on the putative relationship between cancer-related
sleep disorders and cancer-related fatigue (CRF). Cancer
survivors often experience cancer-related sleep disorders
and CRF simultaneously, although to date the interrelation-
ships between these symptoms have not been completely
defined [11-17]. While most of the studies in this area are
correlative in nature, it is generally the case that sleep dis-
turbance is: (a) positively correlated with fatigue, (b) more
severe in fatigued than in nonfatigued patients, and (c) a
significant predictor of fatigue (e.g., the studies reported in
[11,18-20]). These findings are consistent with the concept
that fatigue and insomnia are reciprocally related and sug-
gest the possibility that treatment for one may impact the
other.

This review of the current literature on sleep disrup-
tion and fatigue in patients with cancer outlines both cor-
relative analyses and longitudinal studies that have used
self-report and actigraphy measures to evaluate sleep dis-
turbance.

EVALUATING THE ASSOCIATION BETWEEN
CANCER-RELATED FATIGUE AND SLEEP

Symptom Clusters

CRF and cancer-related sleep disorders are increasingly
reported as part of a cluster of three or more interrelated
symptoms, including pain, depression, and loss of con-
centration and other cognitive functions [21-23], sug-
gesting that CRF and cancer-related sleep disorders may
share acommon underlying etiology. A longitudinal study
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of 93 patients undergoing chemotherapy revealed that a
symptom cluster consisting of pain, fatigue, and sleep dis-
turbance adversely and synergistically affected patient
functional status (Karnofsky Performance Scale) [24].
In addition, the three symptoms were correlated with
one another, albeit only to a small degree (fatigue to sleep
insufficiency, r = —0.13; pain to sleep insufficiency, r =
—0.06; pain to fatigue, r = 0.22). In another study of the
same symptom cluster, Given and colleagues [25] showed
that pain, fatigue, and insomnia were significant and inde-
pendent predictors of reductions in patient functioning
8 weeks after diagnosis compared with 3 months prior to
diagnosis. Mostrecently, an analysis of the results of ques-
tionnaire assessments of fatigue, pain, and sleep distur-
bances in 84 patients with multiple primary cancer diag-
noses revealed that pain influenced fatigue, both directly
and indirectly, viaits effect on sleep [26]. Of the 20% vari-
ation in fatigue that was explained by pain in this popula-
tion, 35% was mediated by sleep disturbances.

Evidence from Prospective Studies

The majority of studies that have prospectively assessed the
relationship between fatigue and sleep in patients with can-
cer or cancer survivors reveal strong correlations between
fatigue and various sleep parameters, including poor sleep
quality, disturbed initiation and maintenance of sleep, lower
perceived adequacy of sleep, insufficient sleep, sleep dis-
turbance, nighttime awakening, and restless sleep (Table 1)
[11,18-20,27—-47]. While most studies have been conducted
in patients with breast cancer undergoing chemotherapy,
correlations between fatigue and sleep disorders have also
been noted in patients undergoing radiotherapy and sur-
gery, as well as in a variety of other cancer types (Table 1).

Evidence Using Patient-Reported Assessment of
Fatigue and Sleep Disturbance

Most studies of insomnia have evaluated the condition using
single-item assessments and have not taken into consider-
ation the related symptoms of fatigue and excessive sleepi-
ness. There is, however, one large-scale study that provides
data on the various insomnia phenotypes (i.e., the type of
insomnia complaint—whether early, middle, or late) [34].
In that study of 982 patients (mean age, 65 years) with six
different types of cancer (breast, gastrointestinal, gyneco-
logic, genitourinary, lung, and nonmelanoma skin cancer),
a “sleep survey” questionnaire was used to evaluate the
presence of various sleep problems (e.g., insomnia due to
difficulty falling asleep, waking up several times a night,
waking up for along time, or waking up too early). The most
prevalent problems reported by this patient sample were:
fatigue (44%), insomnia (31%), and excessive sleepiness
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(28%). The authors noted that patients who reported being
overly fatigued were 2.5 times more likely to have insomnia
than others. Of the 300 patients reporting insomnia, 76%
noted waking several times a night, 44% had difficulty fall-
ing asleep, 35% reported waking for a long time, and 33%
woke up too early. The duration of insomnia was 6 months
or longerin 75% of cases.

Many studies have indicated strong positive cor-
relations between self-reported changes in sleep
and the fatigue experienced by patients with cancer
[5,19,37,40,41,48]. Correlations between fatigue and
sleep problems are still evident in some patients with can-
cer more than a year after completion of their treatment
[11,19]. Servaes and colleagues [46] examined the differ-
ences in arange of quality-of-life measures in disease-free
breast cancer survivors at a mean of 29 months after com-
pletion of treatment. Women who were severely fatigued
experienced significantly greater sleep disturbance than
women with less fatigue.

Not all published data support a correlation between
sleep disorders and CRF. In a study of the diurnal pattern of
off-treatment fatigue in breast cancer survivors, survivors
had significantly greater levels of fatigue than either age-
matched women with benign breast problems or healthy
controls [33]. Surprisingly, however, there were no signifi-
cant group or time effects and no significant group—time
interaction for fatigue and sleep duration. In addition, no
difference in the diurnal pattern of fatigue among the three
groups was found. Similarly, Savard and colleagues [44]
found no relationship between insomnia and fatigue in men
treated with radical prostatectomy for prostate cancer. The
authors noted the uniqueness of this negative finding, and
suggested that this lack of association between fatigue and
insomnia may be a result of the high correlation between
fatigue and other risk factors determined in this study (i.e.,
depression, anxiety, and pain).

Objective Measurement of Sleep Continuity

A number of studies have also found correlations between
an objective measure of sleep continuity—i.e., actigra-
phy—and self-reported fatigue [30-32,39,42]. Actigraphy
is a simple, noninvasive method of measuring levels of day-
time and nighttime activity that can be used to accurately
estimate the duration of both daytime and nighttime sleep.
In addition, activity patterns over several consecutive days
can be analyzed using autocorrelational techniques to
examine sleep consistency and continuity over time [49,50].
The actigraph is a device approximately the size of a watch
that is worn on the wrist and contains an accelerometer, a
microprocessor, and retrievable memory. Activity counts
are stored to memory, typically in 30—60-second epochs
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for 24-hour intervals. These data provide diurnal activity
counts, nocturnal activity counts, and the means by which
to infer sleep continuity parameters, for example, time in
bed (sleep period), time awake after sleep onset, total sleep
time, and potentially, sleep latency.

Figure 1 shows representative actigraphy data from
a patient undergoing treatment for cancer. The top graph
shows activity measured over a 24-hour period following
the second treatment cycle. The bottom graph is a 24-hour
period after the fourth treatment cycle, 8 weeks later, when
the patient reported increased fatigue. Each graph is an
activity histogram with the y-axis representing frequency
of activity and the x-axis representing 24 hours of measure-
ment. As can be seen, the patient was in bed for much lon-
ger following the later treatment compared with the earlier
one (>9 hours versus <6 hours). While it is unknown why
patients tend to increase their sleep opportunity (time in
bed) in this manner, this behavioral change can be expected
to be insomniogenic [51]. In addition, the substantial
increaseintimeinbedislikely to correspond to “shallower”
sleep (more stage I sleep and/or less slow-wave sleep), as

Sleep period

(<6 hours)

Frequency of activity X}

Eighth day after 2nd i
chemotherapy treatmant

1800 0000 0600
Time (hours)

—h
W41
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Sleep period
(=9 hours)

Frequency of activity 00
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1200 1800 0000 0600 1200
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Figure 1. Activity patterns during fatigue. Twenty-four-hour
activity patterns measured by actigraphy in a patient with
cancer undergoing treatment, showing activity following the
second treatment (top), and the activity pattern 8 weeks later
after the fourth treatment, when the patient reported increased
fatigue (bottom).
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measured by polysomnography. This phenomenon is evi-
dent in the actigraphic data in this example, which show a
50% increase in nocturnal activity in this patient.

Several studies have used actigraphy to demonstrate
the relationship between sleep continuity and fatigue. For
example, Mormont and colleagues [39] found a significant
inverse relationship between rest—activity patterns and
fatigue in patients with metastatic colorectal cancer prior
to chemotherapy. Berger and colleagues conducted studies
using wrist actigraphy to monitor rest—activity patterns in
patients with breast cancer who were receiving chemother-
apy [30-32]. Those studies showed that patients who were
less active in the day and had more restless sleep experi-
enced significantly more intense fatigue (p <.05), and that
the strongest association was between the number of night-
time awakenings and the degree of fatigue. The relationship
between fatigue and sleep disruption was maintained up to
2 months after completion of therapy [32]. Fatigue follow-
ing radiotherapy also correlates with sleep disorders. For
example, a study using wrist actigraphy and the Lee Fatigue
Scale explored the relationship between sleep disturbances
and fatigue in 24 patients receiving radiation therapy for
bone metastasis [38]. The study found that the improvement
noted in morning fatigue scores compared with evening
fatigue scores was significantly correlated with better sleep
efficiency (r=0.37) and decreased number of awakenings
(r=0.30).

Our group has used actigraphy to assess the association
between sleep and sleep—wake patterns and fatigue in 78
patients with breast cancer attheir second and fourth on-study
chemotherapy cycles [42]. Severity of fatigue was assessed
using two standard subjective measures on the seventh day
after each treatment. Patients also wore an actigraph for 72
hours starting 6 days after each treatment. Daily patterns of
sleep and activity were compared across the 3-day period
by autocorrelation analyses to calculate a “consistency of
sleep—wake pattern” score for each patient. Comparisons
after the second cycle indicated that the two paper-and-pen-
cil measures of fatigue correlated well with the actigraphic
measure of sleep—wake pattern stability (both p <.05). The
two subjective measures of fatigue were not significantly
related to total daily sleep. They were, however, associated
with increased daytime napping (both p <.05). Changes in
fatigue from the second to the fourth on-study treatment were
also significantly correlated with concurrent changes in the
consistency of the sleep—wake pattern (both p <.05). Thus,
overall, more fatigue was reported by patients with less stable
sleep—wake patterns who frequently napped.

Most recently, Ancoli-Israel and colleagues [28]
reported that sleep disorders and fatigue were prevalent in
patients with breast cancer prior to the start of chemother-
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apy. However, while subjective measures of the two symp-
toms were significantly correlated, no significant correla-
tion was found between subjective measures of fatigue and
objective evaluation of sleep (by actigraphy).

Correlations with Daytime Symptoms of

Sleep Disturbance

Correlations have also been noted between fatigue and day-
time symptoms of sleep problems such as feeling drowsy,
daytime sleepiness, and napping [11,27,31,36]. Ahsberg
and Fiirst [27] examined different aspects of perceived
fatigue in patients undergoing radiotherapy and found cor-
relations for lack of energy and sleepiness with fatigue (Fig.
2). Using a multidimensional model, Hwang and coworkers
[36] showed a significant correlation between a parameter
of sleep rarely reported—feeling drowsy—and CRF.

Cancer-Related Fatigue and Sleep Disorders

In general, the evidence supports a close association
between CRF and sleep disorders. Several recent reviews
[3,6,52-56] indicate that CRF and cancer-related sleep
disorders are associated, and their prevalence and associa-
tion depends on the timing of assessment (before diagnosis,
before treatment, during treatment, and at various times
after treatment). Following a review of the epidemiology
of insomnia in patients with cancer, Savard and Morin [2]
concluded that insomnia disorder added “an additional risk
for experiencing intense and persistent fatigue after cancer
treatment.” Other investigators have suggested that CRF
and sleep disturbances should be considered as a clinical

W CR10 O SOFI lack of energy [0 SOFI sleepiness @ KSS

Mean score
w
:

Before RT Last week of RT One month post RT  Three months post RT
Occasion

Figure 2. Perceived fatigue in patients with cancer receiving
radiotherapy. Intensity of fatigue was measured using a cat-
egory ratio scale (CR10); “lack of energy” was evaluated using
the Swedish Occupational Fatigue Inventory (SOFI); sleepi-
ness was assessed using the SOFI and the Karolinska Sleepi-
ness Scale (KSS).

Abbreviation: RT, radiotherapy.

Based on data from Ahsberg E, Fiirst CJ. Dimensions of
fatigue during radiotherapy—an application of the Swedish
Occupational Fatigue Inventory (SOFI) on cancer patients.
ActaOncol 2001;40:37-43.
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syndrome [57]. Most of the work done in this area does indi-
cate that poor sleep is a major factor in CRF. Indeed, in a
recent review, O’Donnell [56] purported that although the
two conditions of CRF and insomnia are distinct, evidence
in the literature suggests a strong interrelationship.

CONCLUSIONS

Sleep disorders are a common and often chronic prob-
lem for both patients with cancer and cancer survivors.
Until recently, such symptoms have attracted little atten-
tion. Although CRF and sleep disturbances are distinct
conditions, they are closely linked in terms of prevalence,
often occurring as part of a multisymptom cluster. Further
investigation is warranted in order to better understand the
nature of sleep disturbances, the complex relationship they
have with CRF, and their association with other symptoms
commonly reported by patients with cancer, such as depres-
sion, pain, and anxiety. Current understanding of the pos-
sible link between CRF and sleep disturbances suggests that
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interventions targeting disordered sleep and daytime sleepi-
ness could provide promising potential treatments for CRF.
Given the emerging data that suggest sleep disturbance is
common in patients with cancer and that it may be both a
cause of and caused by fatigue, it follows that targeted treat-
ment of either symptom may positively affect the other.
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