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Introduction: Disrupted sleep and sleep-wake activity are frequently observed
in cancer patients undergoing oncological treatment. These disruptions are often
associated with aggravated symptom burden and diminished health-related quality of life
that in turn may compromise treatment adherence and, thus, effectiveness. In addition,
disrupted sleep has been linked to carcinogenic processes, which ultimately could result
in worse prognostic outcomes.

Aims: Our aim was to systematically review and conduct a meta-analysis of studies
examining the associations between sleep and sleep-wake activity and prognostic
outcomes in cancer patients undergoing oncological treatment.

Methods: A comprehensive systematic search of English language papers was
undertaken in June 2020 using PubMed, The Cochrane Library, and CINAHL. Two
reviewers independently screened 4,879 abstracts. A total of 26 papers were included
in the narrative review. Thirteen papers reporting hazard ratios reflecting associations
between a dichotomized predictor variable (sleep) and prognostic outcomes were
subjected to meta-analysis.

Results: Nineteen of the 26 eligible studies on a total of 7,092 cancer patients reported
associations between poorer sleep and poorer response to treatment, shorter time
to progression, and/or reduced overall survival, but were highly heterogeneous with
respect to the sleep and outcome parameters investigated. Meta-analysis revealed
statistically significant associations between poor self-reported sleep and reduced
overall survival (HR = 1.33 [95% CI 1.09–1.62], k = 11), and shorter time to progression
(HR = 1.40 [95% CI 1.23–1.59], k = 3) and between poor objectively assessed sleep
and reduced overall survival (HR = 1.74 [95% CI 1.05–2.88], k = 4).
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Conclusion: The current findings indicate that disturbed sleep during treatment may be
a relevant behavioral marker of poor cancer prognosis. The limited number of studies,
the common use of single item sleep measures, and potential publication bias highlight
the need for further high quality and longitudinal studies.

Keywords: cancer patients, sleep, sleep-wake activity, survival, time to progression, treatment response

INTRODUCTION

Disturbances and alterations in sleep architecture and behavior
commonly occur when individuals experience medical illness
(Opp and Krueger, 2015), and cancer is no exception (Clevenger
et al., 2012; Sharma et al., 2012; Loh et al., 2018). Such
sleep disturbances are often associated with aggravation of
symptom burden (Palesh et al., 2010; George et al., 2016) and
impairments to quality of life (Trudel-Fitzgerald et al., 2014;
Nho et al., 2017). Additionally, accumulating evidence highlights
the important role of healthy sleep in cell genome stability
(Lamia, 2017), efficient immune responses (Fondell et al., 2011;
De Lorenzo et al., 2015), and sufficient melatonin secretion
that can mitigate carcinogenic processes (Schernhammer and
Schulmeister, 2004; Mirza-Aghazadeh-Attari et al., 2020). Hence,
sleep disturbances and disorders have been linked to various
pathologies, including increased risk of cancer (Erren et al.,
2016; Mogavero et al., 2021), all-cause mortality in the general
population (Dew et al., 2003), and tumor progression in mouse
models (Papagiannakopoulos et al., 2016; De Lorenzo et al.,
2018). Moreover, once diagnosed with cancer, the cancer itself
may serve as an indirect factor influencing sleep, through various
pathophysiological processes, including inflammation, which has
been proposed as an underlying biological mechanism of sleep
disturbance (Raison et al., 2010; Irwin et al., 2016; Besedovsky
et al., 2019). This suggests that the cancer-related inflammatory
response may be an additional contributor to alterations in cancer
patients’ sleep (Mantovani et al., 2008). Apart from biological
mechanisms, psychological symptoms, such as heightened stress,
depression, and anxiety may also play an important role in
the manifestation of sleep disturbance (Ancoli-Israel, 2009;
Liu et al., 2009). In addition, persistent behavioral problems,
including those arising from pediatric cancers, may contribute
to long-term sleep disturbance (Mogavero et al., 2020). However,
both psychologically and biologically driven sleep disturbances
are most likely bi-directionally related, both contributing to
the perpetuation and exacerbation of sleep and sleep-wake
irregularity (Krueger et al., 2003, 2009; Meier-Ewert et al., 2004;
Rockstrom et al., 2018; Ashok Kumar et al., 2019), which makes
the relationship between sleep, sleep-wake activity, tumorigenesis
and cancer progression highly complex.

While sleep disturbances may be present in cancer patients
already prior to treatment (Zhou et al., 2018), many patients
undergoing oncological treatment, especially chemotherapy
and radiotherapy, experience sleep problems with prevalence
estimates ranging from 30% to 75% (Ancoli-Israel et al., 2001;
Savard et al., 2009, 2015; Palesh et al., 2010; Costa et al., 2014).
Cancer prognosis has improved for most cancers, especially
with the introduction of new targeted therapies like immune

checkpoint inhibitors (Kennedy and Salama, 2020). However,
sleep disturbances during treatment in these patients could
challenge response to treatment and compromise survival, by
potentially aggravating symptom burden, hence compromising
adherence to treatment (Kidwell et al., 2014), as well as potentially
disrupting immunological and endocrine processes in protecting
the body against cancer development (Eismann et al., 2010). In
a meta-analysis by Stone et al. (2019), long sleep duration was
found to be associated with increased cancer-specific mortality
for all-cancers, and all-cause mortality for breast cancer. While
this review added to the field by highlighting the long-term risks
of sleep duration on cancer-specific mortality, it focused on sleep
duration in cancer survivors both pre-diagnosis and years after
treatment completion. Other meta-analyses investigating sleep
and cancer-mortality have been limited, primarily focusing on
general population samples (Gallicchio and Kalesan, 2009; Ma
et al., 2016). Thus, to the best of our knowledge, no review
has been published on the association between sleep disturbance
during oncological treatment and the subsequent response to
treatment, time to progression and survival. However, this is an
important time period in the trajectory of cancer patients, since
an increased symptom burden including sleep disturbance may
have prognostic consequences.

Therefore, the primary aim of the present review was to
systematically review and conduct a meta-analysis of available
studies examining associations between disturbed sleep and
sleep-wake activity and cancer prognostics, e.g., treatment
response, time to progression, and survival in a population of
cancer patients undergoing oncological treatment.

Improving our knowledge about the association between sleep
during treatment and treatment response and survival, could
enable the development of targeted interventions to support
patients’ recovery, at a critical time in the course of their disease.

METHODS

Registration and Search Strategy
This present systematic review and meta-analysis adheres to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (Moher et al., 2009), and was
pre-registered in PROSPERO (Page et al., 2018) (registration
ID: CRD42020189880). A broad systematic search of English
language papers was undertaken by the first author and a
librarian in June 2020 using PubMed, The Cochrane Library,
and CINAHL. The following search terms were used, including
MeSH-terms or MeSH-term equivalents: (Sleep OR insomnia
OR “circadian rhythm” OR rhythm) AND (immunotherapy OR
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immunotherapies OR “checkpoint inhibitor” OR “checkpoint
inhibitors” OR ICI OR ICIs OR “PD-1” OR “PD-L1” OR
nivolumab OR pembrolizumab OR chemotherapeutic OR
chemotherapy OR “cancer treatment∗” OR cytostatic) AND
(effect OR effects OR outcome OR outcomes OR “clinical
response” OR “clinical effect” OR response OR “response to
treatment” OR survival OR mortality OR prognos∗) AND
(cancer OR neoplasms OR neoplasm). No publication date
restriction was imposed.

Selection Criteria and Screening
Identified records were imported to the review software
Covidence (Kellermeyer et al., 2018). Two authors (LS and
JTD) independently screened 4,879 abstracts, according to
predefined hierarchically displayed inclusion criteria based on
the PICO framework (Sackett et al., 1996) and adapted to
meet our research question: “Is sleep and sleep-wake activity
in cancer patients receiving oncological treatment associated
with response to treatment, time to progression and survival?”.
Inclusion criteria were: (1) cancer patients regardless of diagnosis,
who have received approved oncological treatment, except for
transplantation; (2) all sleep-related measures (self-reported
and objective) represented by at least one quantified item,
assessed after diagnosis, and immediately prior to or during
cancer treatment; (3) outcome evaluated in relation to a
sleep measure (4) outcome constitutes clinical response to
oncological treatment, overall survival or time-to-progression
after oncological treatment; and (5) all types of observational and
controlled trial studies of adult humans (≥18 years), except for
Phase 1 studies.

If abstracts reported both a sleep measure and measure
of treatment response or survival indicating that results on a
possible association could be found in the full text, studies
were considered eligible for full text review. Full texts were
independently screened by two authors (LS and JTD), and
reasons for exclusion were documented. Conflicts were resolved
at consensus meetings with a third author (RZ). Subsequently,
reference lists of included studies and relevant reviews were
screened for papers missed by the systematic database search.
Moreover, included studies were objects for citation searches.

Quality Assessments
Methodological quality and risk of bias assessment, was
undertaken independently by two authors (LS and JTD) for
all included studies, using the NIH Quality Assessment Tool
for Observational Cohort and Cross-Sectional Studies (National
Heart Lung, 2014). Although 12 studies based their results
on samples obtained in randomized controlled trails, the
measurement of sleep data and outcome met criteria for
observational designs.

Data Extraction and Synthesis
Data extraction was performed independently by two authors
(LS and AC). The data extraction form included: name
of first author, year of publication, title of paper, study
design, number of participants, age and gender of participants,
diagnosis of participants, treatment regimens, treatment-naivety,

method used for assessing sleep or sleep-wake activity (i.e.,
subjective/objective assessment), time of reported sleep measure
(i.e., prior to treatment, during treatment), sleep measure
(actigraphy measure, sleep scale or sleep item), number of
assessments, outcome measure (i.e., response rate, response
classification, time to progression/progression free survival,
and overall survival) results, and median follow-up time. In
case of missing data, the corresponding author of set paper
was contacted for this information. A narrative method was
applied to synthesize the findings, and an a priori decision
was made to perform a meta-analysis if a minimum of
three studies reported comparable predictor and outcome
measures. Analyses were grouped according to the predictor
being self-reported or objective and according to the reported
treatment outcome (i.e., overall survival, time-to-progression and
response to treatment).

Meta-Analytic Strategy
A total of 13 studies were subjected to meta-analysis to ascertain
the pooled overall effect estimate and its precision. Eligibility
criteria were results of unadjusted analyses reported as hazard
ratios reflecting associations between a dichotomized predictor
variable (sleep) and the outcome. One study reporting only
adjusted analyses (Sullivan et al., 2006), was also included. To aid
the interpretation of the results, we conducted a Bayesian Model-
Averaged meta-analysis, as a supplement to the conventional
frequentist meta-analysis (Gronau et al., 2017). The frequentist
analyses were performed using Comprehensive Meta-Analysis,
version 3 (Borenstein et al., 2013). The supplementary Bayesian
analyses were conducted with JASP Version 0.12.2 (JASP Team,
2022).

Pooling Effects
An inverse variance-weighted random-effects model considering
the precision of each study was used in all analyses, with
hazard ratios larger than 1.0 taken to indicate an effect in the
hypothesized direction, i.e., poor sleep associated with a shorter
time to progression or shorter overall survival. Three studies
reported survival outcomes for several sleep variables (Palesh
et al., 2014; Cash et al., 2018; Gottfried et al., 2020). For these
studies, the results were combined into one pooled weighted
result to ensure independence of effects included in the meta-
analysis.

Heterogeneity
Heterogeneity was investigated using Q and I2 statistics (Higgins
et al., 2019). Heterogeneity tests aim at determining to which
degree the variation in effect sizes reflects true differences
(heterogeneity) or sampling error. The I2 value is an estimate
of the between-study variance in a pooled effect estimate that
is accounted for by heterogeneity of the effect sizes in the
included studies and is assumed to be relatively unaffected by the
number of studies (Higgins et al., 2003). If the results indicated
heterogeneity (I2 > 0.0), we calculated the 95% prediction
interval, which estimates the expected range of true effects in 95%
of similar future studies (IntHout et al., 2016).
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Publication Bias
The possibility of publication bias was assessed using funnel plots
and Egger’s test (Egger et al., 1997). If results were suggestive
of possible publication bias, sensitivity analyses were conducted
by imputing the “missing studies” and calculating adjusted effect
estimates using the Duval and Tweedie trim-and-fill method
(Duval and Tweedie, 2000).

Moderator Analysis
To explore possible sources of heterogeneity (I2 > 0.0), we
examined the role on the effect size of four possible moderators
with meta-regression based on random-effects models and
estimated with maximum likelihood method. The moderators
included percent women, median follow-up time in months,
mean sample age, and cancer stage (advanced vs. mixed).
If associations were found between the moderators, this was
adjusted for in the analysis.

Bayesian Analysis
A supplementary Bayesian Model-Averaged meta-analysis
(Gronau et al., 2017) of the associations between sleep and
overall survival and time-to-progression, respectively, examined
the results of four models: (a) fixed-effect null hypothesis (fH0),
(b) fixed-effect alternative hypothesis (fH1), (c) random-effects
null hypothesis (rH0), and (d) random effects alternative
hypothesis (rH1). Bayesian Model-Averaged analysis thus
avoids selecting either a fixed- or random-effects model and
addresses two questions in light of the observed data: What
is the plausibility that the overall effect is non-zero and is
there between-study variability in the effect size? We chose
an uninformed prior probability, i.e., 25%, of each of the
four models and 2,000 iterations. Concerning parameter
distributions, we chose previously recommended defaults
(Gronau et al., 2017). We thus used a zero-centered Cauchy prior
with a scale of 0.707 for the effect size. To have zero indicating
the null effect, the hazard ratios and the upper and lower limits
were log-transformed. For the between-study variation, we
used an empirically informed prior distribution of non-zero
between-study deviation estimates based on effect sizes from
705 meta-analyses published in Psychological Bulletin between
1990 and 2013 (van Erp et al., 2017). This distribution has been
approximated by an Inverse-Gamma (1, 0.15) prior on the
standard deviation (Tau) (Gronau et al., 2017).

RESULTS

Search Results
A total of 4,879 studies were identified after duplicate removal
and 10 additional studies were identified by other sources (two
studies through reference list screenings, and eight studies by
citation search) of which five were eligible for full text screening.
A total of 105 papers were eligible for full text screening with
26 studies being included for analysis. Exclusion of the 79
studies upon full-text screening were primarily attributed to
the exclusion criteria “not relating a sleep measure to one of
the predefined outcome measures, e.g., response to treatment,

time to progression or overall survival” (67%). A table of all
excluded studies following full-text screening including reasons
for exclusion are provided in the Supplementary Table 1. Level
of conflict following the abstract screening was 103 out of
4,879 screenings corresponding to a 97.9% agreement between
reviewers. Following full text, agreement was 93.3% (Cohen’s
Kappa 0.82). Full-text conflicts were mainly concerned with
which primary exclusion criterion to apply. Screening and
selection process is provided in the PRISMA flow diagram in
Figure 1.

Study Characteristics
Characteristics of the 26 included studies are shown in Table 1
and described in the sections below.

Diagnosis and Stage
A total of 13 different cancer diagnoses were represented in the 26
studies. The most frequently investigated cancers were colorectal
cancer reported in six studies (Mormont et al., 2000; Maisey et al.,
2002; Innominato et al., 2009, 2012, 2015; Lévi et al., 2014), non-
small cell lung cancer in six studies (Naughton et al., 2002; Braun
et al., 2011; Zhao et al., 2013; Chang and Lin, 2014; Gottfried
et al., 2020; Kuo et al., 2020), and breast cancer in five studies
(Geels et al., 2000; Kramer et al., 2000; Zhao et al., 2013; Chang
and Lin, 2014; Palesh et al., 2014). In four studies, the sample
consisted of mixed cancer populations (Zhao et al., 2013; Chang
and Lin, 2014; Collins et al., 2017; Chandra et al., 2019). Twenty-
four studies included patients with advanced disease, of which 10
studies included mixed cancer stages, and two studies failed to
report cancer stage (Geels et al., 2000; Chandra et al., 2019).

Study Samples
The sample sizes ranged from 33 to 1,194 (median = 190). Three
studies reported data from the same trial, but had different study
objectives and no overlapping data (Innominato et al., 2009, 2012,
2015). Thus, they were considered independent samples. One
paper (Lévi et al., 2014) reported a pooled sample, consisting
of three different samples. Two of these samples were already
represented in our review (Mormont et al., 2000; Innominato
et al., 2009), thus, only the third and newly obtained sample
from the paper was included. One study (Robinson et al., 2012)
reported separate data for two independent samples of women
with ovarian and endometrial cancer.

Study Design and Treatment Regimen
Twelve of the studies reported their sample to be subsamples
from Phase III randomized controlled trials and were therefore
combined samples in which different treatment regimens were
utilized. Treatment regimens were reported in 20 studies,
of which 18 reported having different regimens within the
same study, including systemic treatment (i.e., hormonal and
chemotherapy), radiation or surgery. Seven of the 26 study
samples included treatment-naive participants at study entry.
Thus, in the majority of studies, participants had received
oncological treatment prior to participation.
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FIGURE 1 | PRISMA flow diagram.

Quality Assessments
Supplementary Table 2 provides an overview of the quality
ratings for the individual studies. Overall, the ratings indicated
high quality regarding clear definitions of research question,
study population, exposure and outcome measures, and high
quality in assessing exposure prior to outcome, as well as
including a sufficient timeframe between the two. However,
assessment of sleep more than once had low-quality ratings
in all but five studies, and although all studies meet criteria
for examining effects of different levels of sleep disturbance on
outcome, levels were converted to a dichotomous variable in 16
studies, whereas six studies used quartiles, composite scores or
change in symptom score between two assessments. Continuous
variables were used in four studies. Moreover, power justifications
were only reported in two studies.

Sleep Parameters
Both self-reported (k = 19) and objective (k = 7) measures were
used to evaluate sleep, and one study (Palesh et al., 2014) reported
a self-reported measure verified by an objective measure. Of the
18 studies only using self-reported sleep measures, the majority
(k = 13) were based on a single item regarding sleep disturbances
from the European Organization for the Research and Treatment
of Cancer Core Quality of Life Questionnaire (EORTC QLQ-
C30), a validated quality of life instrument for cancer patients
(Aaronson et al., 1993). In this item cancer patients respond to
the following question about their sleep: “During the past week,
have you had trouble sleeping?”. The four available response
categories are; “Not at all,” “a little,” “quite a bit,” and “very
much” (Aaronson et al., 1993). The Pittsburgh Sleep Quality
Index (PSQI), a 19-item self-rated questionnaire that assesses
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TABLE 1 | Study characteristics.

Study Cancer type Study design N in analysis
(% women)

Sleep (predictor) Timing of sleep
assessment

Prognostic outcomes Median follow-up
(months)

Analysis and
predictor

Results (Direction
of association1 )

Included in
meta-analysis (+)

(S) = Self-report

(O) = Objective

Unadjusted:

Braun et al., 2011 Non-small cell Observational – 1194 (49.7%) EORTC QLQ-C30 (S) Pre-treatment Overall survival NR Insomnia ns

lung cancer retrospective Adjusted:
NR

Unadjusted:

Braun et al., 2012 Prostate Observational – 673 (0%) EORTC QLQ-C30 (S) Pre-treatment Overall survival NR Insomnia ns

cancer retrospective Adjusted:
Insomnia ns

Unadjusted:

Cash et al., 2018 Head and Observational – 38 (40%) Actigraphy (O) Pre-treatment Overall survival 24 Sleep-wake activity (r24) + +

neck cancer prospective Sleep-wake activity (I < 0) +

Response to treatment Sleep-wake activity (I < 0) +

Adjusted:

Overall survival Sleep-wake activity (I < 0) +

Unadjusted:

Chandra et al., 2019 Hematological Observational – 66 (40.90%) PSQI (S) Pre-treatment Overall survival 6 Sleep quality +

malignancy
and lymphoma

prospective Adjusted:
NR

Unadjusted:

Chang and Lin, 2014 Lung, breast, Observational – 68 (50%) Actigraphy (O) During treatment Overall survival 84 Sleep-wake activity (I < 0) + +

gastro and retrospective PSQI (S) Sleep quality +

liver, head and Adjusted:

neck cancer, Sleep-wake activity (I < 0) +

hematology,
genitourinary

Sleep quality ns

Unadjusted:

Collette et al., 2004 Prostate RCT 388 (0%) EORTC QLQ-C30 (S) Pre-treatment Overall survival NR Insomnia + +

cancer Adjusted:

Insomnia +

Unadjusted:

Collins et al., 2017 Hepatobiliary- Observational – 292 (36%) PSQI (S) NR Overall survival NR Sleep latency ns

pancreatic retrospective Sleep efficiency ns

system Shorter sleep duration +

cancers as Shorter and longer sleep duration +

primary Adjusted:

cancers or Shorter sleep duration +

metastases
from other
primary
cancers

Shorter and longer sleep duration +

(Continued)
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TABLE 1 | (Continued)

Study Cancer type Study design N in analysis
(% women)

Sleep (predictor) Timing of sleep
assessment

Prognostic outcomes Median follow-up
(months)

Analysis and
predictor

Results (Direction
of association1 )

Included in
meta-analysis (+)

(S) = Self-report

(O) = Objective

Unadjusted:

Geels et al., 2000 Breast cancer RCT 198 (NR) QoL and CRF (case
report forms) (S)

Pre- and during
treatment

Response to treatment NR Insomnia (QoL)
Insomnia (CRF)

ns
ns

Adjusted:
NR

Unadjusted:

Gottfried et al., 2020 Lung cancer Registry-based 404 (40.80%) Single sleep question (S) Pre-treatment Overall survival 26 Difficulty falling asleep ns +

Frequent arousals at night +

Both of the above combined +

Adjusted models:

Sleep abnormalities +

Unadjusted:

Innominato et al., 2009 Colorectal RCT 130 (43.10%) Actigraphy (O) Pre- and during Overall survival 72 Sleep-wake activity (I < 0) +

cancer treatment Sleep-wake activity (r24) +

Mean rest-activity rhythm ns

Response to treatment Sleep-wake activity (I < 0 and r24) ns

Progression free survival Sleep-wake activity (I < 0 and r24) ns

Adjusted models:

Overall survival Sleep-wake activity (I < 0) +

Unadjusted:

Innominato et al., 2012 Colorectal
cancer

RCT 77 (35.10%) Actigraphy (O) During treatment Overall survival 77.2 Sleep-wake activity (I < 0) + +

Response to treatment &
Progression free survival

Sleep-wake activity (I < 0) ns

Adjusted:

Overall survival Sleep-wake activity (I < 0) +

Unadjusted:

Innominato et al., 2015 Colorectal RCT 361 (38.80%) EORTC Pre- and during Overall survival 89.2 Insomnia + +

cancer QLQ-C30 (S) treatment Time to progression Insomnia +

Response to treatment Insomnia +

Adjusted:

Overall survival Insomnia +
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TABLE 1 | (Continued)

Study Cancer type Study design N in analysis
(% women)

Sleep (predictor) Timing of sleep
assessment

Prognostic outcomes Median follow-up
(months)

Analysis and
predictor

Results (Direction
of association1 )

Included in
meta-analysis (+)

(S) = Self-report

(O) = Objective

Unadjusted:

Kramer et al., 2000 Breast cancer Observational – 187 (100%) EORTC QLQ-C30 (S) Pre-treatment Overall survival 42.2 Insomnia ns +

retrospective Response to treatment Insomnia ns

Adjusted:
NR

Unadjusted:

Kuo et al., 2020 Lung cancer Observational – 33 (18.20%) Actigraphy (O) Pre-treatment Overall survival 6.15 Sleep-wake activity (I < 0) + +

prospective Adjusted:

Sleep-wake activity (I < 0) +

Unadjusted:

Lévi et al., 2014 Colorectal RCT 436 (37.40%) Actigraphy (O) Pre-treatment Overall survival NR Sleep-wake activity (I < 0) +

(Cohort III)2 cancer Progression-free survival (PFS) Sleep-wake activity (I < 0) +

Adjusted:

Overall survival Sleep-wake activity (I < 0) +

Unadjusted:

Maisey et al., 2002 Colorectal RCT 501 (37%) EORTC QLQ-C30 (S) Pre-treatment Overall survival 34.1 Insomnia + +

cancer Adjusted:

Insomnia +

Unadjusted:

Merli et al., 2004 Non-Hodgkin’s
lymphoma

RCT 91 (66%) EORTC QLQ-C30 (S) Pre-, during and
post-treatment

Treatment response NR Insomnia +

Adjusted:
NR

Unadjusted:

Mormont et al., 2000 Colorectal Observational – 192 (33%) Actigraphy (O) Pre-treatment Overall survival 24 Sleep-wake activity (I < 0) +

cancer prospective Objective response Sleep-wake activity (I < 0) +

Sleep-wake activity (r24) +

Adjusted:

Overall survival Sleep-wake activity (I < 0) +

Sleep-wake activity (r24) +

Mean sleep-wake activity +

Unadjusted:

Naughton et al., 2002 Small-cell lung RCT – 67 (29%) Sleep Quality Scale – Pre- and during Overall survival NR Sleep quality ns

cancer companion
study

four items (S) treatment Adjusted:
NR
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TABLE 1 | (Continued)

Study Cancer type Study design N in analysis
(% women)

Sleep (predictor) Timing of sleep
assessment

Prognostic outcomes Median follow-up
(months)

Analysis and
predictor

Results (Direction
of association1 )

Included in
meta-analysis (+)

(S) = Self-report

(O) = Objective

Unadjusted:

Nowak et al., 2004 Pleural Phase II trial 53 (15%) EORTC QLQ-C30 (S) Pre-treatment Overall Survival NR Insomnia ns

mesothelioma single-arm Adjusted:
NR

Unadjusted:

Palesh et al., 2014 Breast cancer Observational – 97 (100%) Sleep logs and NR Overall survival 72 Sleep efficiency + +

prospective actigraphy (S), (O) Time in bed ns

WASO +

Wake episodes +

Wake episode duration +

Sleep latency ns

Adjusted:

Sleep efficiency +

WASO +

Wake episodes +

Wake episodes duration +

Unadjusted:

Robinson et al., 2012 Endometrial Cross- 453 (100%) EORTC QLQ-C30 (S) During and after Overall survival NR Insomnia (Ovarian cancer) ns +

and ovarian sectional treatment Insomnia (Endometrial cancer) ns

cancer Adjusted:

Insomnia (Ovarian cancer) ns

Insomnia (Endometrial cancer) ns

Unadjusted:

Roychowdhury et al., 2003 Bladder RCT 363 (20.80%) EORTC QLQ-C30 (S) Pre-treatment Overall survival NR Insomnia + +

cancer Time to progression Insomnia +

Time to treatment failure Insomnia ns

Adjusted:
NR

Unadjusted:

Sullivan et al., 2006 Prostate RCT 765 (0%) EORTC QLQ-C30 (S) Pre- and during NR NR +

cancer treatment Adjusted:

Overall survival Insomnia ns

Change in insomnia +

Time to progression Change in insomnia +

Unadjusted:

Teunissen et al., 2004 Gastro-entero- Observational – 42 (56%) EORTC QLQ-C30 (S) Pre- and post-treatment Treatment response 1.2 Change in insomnia +

pancreatic
cancers

prospective Adjusted:
NR
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sleep quality and disturbances over a 1-month period was used in
three studies (Zhao et al., 2013; Collins et al., 2017; Chandra et al.,
2019). One study (Gottfried et al., 2020) reported sleep based on
one of two questions: “difficulty falling asleep?” and “frequent
arousals at night?”. The last study (Naughton et al., 2002) assessed
sleep using a single item about “trouble sleeping”, but this was not
clearly described.

In all of the studies with objective evaluations of sleep
(k = 7), the sleep outcome was sleep-wake activity measured
with actigraphy [i.e., a small non-invasive wrist-worn activity
logger (Ancoli-Israel et al., 2003)]. Sleep-wake activity was
evaluated using the dichotomy index I < 0, measuring the
relative amount of activity in bed versus out of bed (Ortiz-Tudela
et al., 2014). Three studies included an additional evaluation—the
autocorrelation coefficient r24— measuring the regularity of the
activity pattern over 24 h (Ortiz-Tudela et al., 2014).

Associations Between Sleep, Treatment Response,
Time to Progression and Survival
Reported prognostic outcomes included treatment response,
time to progression or overall survival. Survival was the most
frequent outcome (k = 22), and nine of the 26 studies reported
on more than one outcome. Overall, 19 of 26 studies found
poor sleep to be significantly associated with poorer survival
or worse treatment response, while seven studies found no
associations. Poor sleep was assessed from both self-reported
(e.g., insomnia symptoms, poor sleep quality) and actigraphy-
derived sleep outcomes (e.g., sleep-wake activity, nighttime
restfulness, wake after sleep onset, sleep latency, sleep efficiency,
and wake episodes). No studies found associations between
better sleep and poorer treatment response, shorter time to
progression or poorer survival. Effect sizes and sample sizes
differed significantly with hazard ratios ranging from 1.10 to
13.70, and sample sizes ranging from 33 to 1,194. Only two
studies examined sleep duration. In one study of patients with
advanced cancers affecting the hepatobiliary and pancreatic
systems, both short and long sleep duration were associated with
increased mortality (linear term: hazard ratio = 0.485; quadratic
term: hazard ratio = 1.064) (Collins et al., 2017), but in another
study of women with advanced breast cancer, there was no linear
or quadratic association between sleep duration and survival
(Palesh et al., 2014).

Adjusted models were reported in 16 of the 26
papers. However, covariates were neither comparable in
characteristic nor in number, and only selected models
were subjected to adjustments. In all but one study (Chang
and Lin, 2014) results of the adjusted models remained
statistically significant.

Meta-Analytic Results
Association Between Self-Reported Sleep and
Overall Survival
As seen in Table 2 and Figure 2, the overall combined hazard
ratio for the 11 studies investigating self-reported sleep and
overall survival in a total of 3,050 patients was 1.33, indicating
that poorer self-reported sleep was statistically significantly
associated with reduced overall survival (95% CI: 1.09–1.62;
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p = 0.005). A sensitivity analysis omitting Sullivan et al. (2006),
which had only used an adjusted model, resulted in a similar
pooled effect size (HR = 1.30; 95% CI: 1.06–1.59; p = 0.012).
A visual inspection of the funnel plot and the statistically
significant Egger’s test (p = 0.012) suggested the possibility
of publication bias in the direction of an association in the
hypothesized direction. As seen in Figure 3, the trim and fill
method yielded five “missing” studies, which, when imputing
these values, resulted in a smaller effect reduced to statistical non-
significance. The high I2 (87.6%) suggests that a considerable
proportion of the variance is explained by systematic differences
between studies rather than sampling error. When exploring the
influence of possible between-study differences on the association
between poorer self-reported sleep and reduced overall survival
with meta-regression, the associations were significantly weaker
in studies with a larger percentage of women (Slope: −0.006:
p < 0.001). As seen in Table 3, the association was maintained
when adjusting for cancer stage. While cancer stage was not
a significant moderator of the association when adjusting for
the percentage of women in the studies, a statistically weaker
association (slope: −0.24; p = 0.032) was found between poorer
sleep and reduced overall survival in studies of patients with
advanced cancer, compared to studies with mixed samples. The
remaining moderating factors explored did not reach statistical
significance. The findings of the frequentist analysis were
supported by the supplementary Bayesian Model-Averaged meta-
analysis, which provided strong evidence for a non-zero effect
of poor self-reported sleep on overall survival corresponding to
a Bayes Factor (BF) (Duval and Tweedie, 2000) of 10.2, i.e.,
indicating that the alternative hypothesis is 10.2 times more likely
than the null-hypothesis. The Bayesian analysis provided very
strong evidence concerning heterogeneity of the effects. The BF
for heterogeneity was 1012 indicating that the probability that the
effect sizes are heterogeneous are extremely likely.

Associations Between Self-Reported Sleep and Time
to Progression
As seen in Table 2 and Figure 4, the overall combined hazard
ratio for the three studies investigating self-reported sleep and
time to disease progression in a total of 1,489 patients showed that
poor self-reported sleep was statistically significantly associated
with shorter time to progression (HR: 1.40; 95% CI: 1.23–
1.59; p < 0.001). The findings of the frequentist analysis were
supported by the supplementary Bayesian Model-Averaged meta-
analysis, which provided strong evidence for a non-zero effect of
poor self-reported sleep on time to progression corresponding to
a BF (Duval and Tweedie, 2000) of 20.9, i.e., indicating that the
alternative hypothesis is more than 20 times more likely than the
null-hypothesis. The BF for non-heterogeneity was 2.5, providing
only anecdotal evidence for non-heterogeneous effect sizes. Due
to the small number of studies, publication bias and moderator
analyses were not conducted.

Associations Between Objectively Assessed Sleep
and Overall Survival
As seen in Table 2 and Figure 5, the overall combined hazard
ratio for the four studies investigating objectively assessed sleep

and overall survival in a total of 216 patients showed that
poor objective sleep was statistically significantly associated
with reduced overall survival (HR: 1.74; 95% CI: 1.05–2.88;
p = 0.032). However, a sensitivity analysis omitting an outlier
with a HR (5.57) approaching two standard deviations from the
pooled HR, resulted in a smaller, and non-significant, effect. The
supplementary Bayesian meta-analysis provided only anecdotal
evidence for a non-zero effect of poor objectively assessed sleep
on overall survival corresponding to a BF (Duval and Tweedie,
2000) of 2.3, i.e., indicating that the alternative hypothesis is
only 2.3 times more likely than the null-hypothesis. The Bayesian
analysis provided strong evidence for heterogeneity of the effects
with a BF of 10.3. Due to the small number of studies, publication
bias and moderator analyses were not conducted.

DISCUSSION

Summary of Main Findings
To the best of our knowledge, this is the first systematic
review of literature on associations between sleep immediately
prior to or during treatment in cancer patients and prognostic
indicators, thus filling a knowledge gap on the role of sleep
during a critical period in the cancer trajectory. Overall, the
findings of the narrative part of this review suggests that
disturbances in sleep and sleep-wake activity immediately prior
to or during treatment are associated with reduced overall
survival, poorer response to treatment, and shorter time to
progression. Traditional frequentist meta-analyses with Bayesian
meta-analysis, provided evidence in support of poorer self-
reported sleep being associated with reduced overall survival
and shorter time to progression. However, these findings should
be interpreted with caution due to the indications of possible
publication bias with respect to the analyses of self-reported sleep,
and less robust results with respect to the association between
objective sleep and overall survival. Moderator-analyses showed a
significantly weaker association between poor self-reported sleep
and reduced overall survival in studies with a higher percentage
of women. Furthermore, when adjusting for the percentage
of women in the studies, a weaker association between poor
self-reported sleep and reduced survival was found in samples
of patients with more advanced cancer. One explanation for
the moderating effect of female sex in the context of breast
cancer could be that while anti-hormonal treatments improve
prognosis, they at the same time induce menopausal symptoms
that may interfere with sleep, e.g., hot flashes (Desai et al., 2013),
thus weakening the association between sleep disturbance and
poor prognosis. No studies reporting associations between sleep
and response to treatment were eligible for meta-analysis, due
to heterogeneity in reported sleep parameter, outcome, and
analytic strategy.

Strengths, Limitations, and Future
Perspectives
Several strengths of this review should be noted. First,
previous reviews have primarily focused on the association
between sleep duration and cancer-mortality in the general

Frontiers in Neuroscience | www.frontiersin.org 11 April 2022 | Volume 16 | Article 817837

https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/neuroscience#articles


fnins-16-817837 April 15, 2022 Time: 11:35 # 12

Strøm et al. Sleep and Cancer Survival

TABLE 2 | Meta-analysis of associations between poorer self-reported sleep and overall survival and time to progression, and between poorer objective sleep and
overall survival.

Heterogeneityc Pooled results

Predictor Outcome Ka Nb Q p I2 Tau2 HRd 95%CI p 95%PIe

Self-reported sleep Overall survival 11 3050 80.7 <0.001 87.6 0.083 1.33 1.09–1.62 0.005 0.67–2.65

Adj. for publication biasf (16) – – – – – 1.02 0.85–1.23 NS –

Overall survival (sensitivity analysis)g 8 2,787 11.4 0.121 38.8 0.012 1.37 1.21–1.56 <0.001 1.01–1.87

Time to progression 3 1,489 0.53 0.766 0.0 0.0 1.40 1.23–1.59 <0.001 –

Objective sleep Overall survival 4 216 13.4 0.004 77.6 0.176 1.74 1.05–2.88 0.032 0.20–14.45

Overall survival (sensitivity analysis)h 3 183 9.3 0.010 78.5 0.131 1.54 0.96–2.46 0.071 –

aK = number of studies in the analysis; One study reported data for two independent samples (Robinson et al., 2012). bN = total number of participants in the analysis.
cQ-statistic: p-values < 0.10 taken to suggest heterogeneity; I2 indicates the proportion of the variance in effect sizes explained systematic (non-random) between-
study differences. dHR = hazard ratio with a value > 1 indicating an association between worse sleep and negative prognosis. ePI = 95% prediction interval: The
interval in which 95% of future observations will fall, given the observed data, calculated for heterogeneous ESs (I2 > 0). f In case of statistically significant ESs and
possible publication bias (Egger’s test statistically significant (p < 0.05), “missing studies” are imputed and an adjusted pooled ES calculated (Duval and Tweedie, 2000).
gSensitivity analysis, including only studies based on the EORTC QLQ-C30 questionnaire. hSensitivity analysis omitting Kuo et al. (2020), an outlier with a HR (5.57)
approaching (93%) two standard deviations from the pooled HR.

FIGURE 2 | Forest plot of poorer self-reported sleep and overall survival.

TABLE 3 | Exploring moderators of the association between poorer self-reported sleep and overall survival.

Moderator Ka Slopeb 95%CI p

Percent women 11 −0.006 −0.007 to −0.005 <0.001

Percent women (adjusting for stage) 11 −0.006 −0.007 to −0.004 <0.001

Follow-up (months) 6 −0.003 −0.011 to 0.006 0.545

Sample mean age 5 0.032 −0.011 to 0.076 0.142

Advanced stage vs. mixed (ref.) 11 −0.117 −0.467 to 0.234 0.514

Advanced stage vs. mixed (ref.) (adjusting for percent women) 11 −0.24 −0.474 to 0.021 0.032

aAnalyses conducted when K ≥ 5. bMixed effects regression (unrestricted ML).

population (Gallicchio and Kalesan, 2009; Ma et al., 2016)
and in cancer survivors (Stone et al., 2019). The present
review of the role of disrupted sleep and sleep-wake activity,
thus, provides a more nuanced picture of sleep assessed
during a critical period in the cancer trajectory and its
associations with prognostic outcomes. Second, the present
review and meta-analysis included both self-reported and
objective sleep parameters, providing a broader scope on

sleep. Although related and to some extent inter-dependent
(Choilek et al., 2021), self-reported and objective parameters
represent qualitatively different aspects of sleep (Acker et al.,
2021). Actigraphy is typically used to objectively examine
sleep-wake-activity and sometimes external light conditions
and temperature as proxies for determining sleep and wake
periods (Acker et al., 2021), whereas self-reported evaluations
of sleep capture the experienced sleep and sleep disturbance
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FIGURE 3 | Funnel plot of suggested publication bias.

FIGURE 4 | Forest plot of poorer self-reported sleep and time to progression (TTP).

and related effects/side-effects (Bastien et al., 2001; Choilek
et al., 2021), and have been shown to be influenced by mood
to a larger degree than objective evaluations (Baillet et al.,
2016). One type of measure is not necessarily better than
the other, but merely highlights the multi-modality of the
sleep construct. Both aspects should be taken into account to
obtain the most accurate picture of a persons’ sleep. Third,
our comprehensive search strategy highlighted the fact that
the majority of studies (k = 20) were not primarily designed
to examine sleep or sleep disturbances in these patients. Our
review thereby provides evidence of the need for rigorous
longitudinal studies focusing on sleep and sleep-wake activity
across the course of treatment and the relationship with
prognostic outcomes.

A number of limitations highlighted by the present review
should be mentioned. First, although a variety of measures
of sleep disturbance were examined in this manuscript,
which provided a more nuanced picture of sleep during
the cancer trajectory (including self-reported and actigraphy-
based measurements of sleep disturbances), their diversity also
weakens comparability across studies. Second, a majority of
the reviewed studies (19 out of 26) were based on self-
reported sleep outcomes, with more than half of these relying
on only a single item from the EORTC QLQ-C30. While
self-report measures of sleep using multi-item scales such as
the Insomnia Severity Index and Pittsburgh Sleep Quality
Index have been shown to have good psychometric properties
(Beck et al., 2004; Morin et al., 2011), it is unclear whether
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FIGURE 5 | Forest plot of poorer objective sleep and survival.

single-item assessments such as the sleep item from the EORTC
QLQ-C30 exhibits the same level of sensitivity and reliability
in detecting sleep disturbance, which could compromise the
validity of the results. Nevertheless, a sensitivity analysis that
only included studies using the single sleep item from the
EORTC QLQ-C30, revealed a similar hazard ratio. Third, of
the more objective sleep measures included, none consisted
of polysomnography, which could have provided important
details about underlying sleep architecture. Fourth, we could
not include studies of sleep duration in the meta-analysis
highlighting the need for further work in that area (Palesh
et al., 2014; Collins et al., 2017). Fifth, we were not able
to conduct a meta-analysis on the association between sleep
and response to treatment due to heterogeneity in study
methodology. However, it is worth noting that recent lines of
evidence suggest that treatment response may be modulated by
therapies affecting sleep and circadian rhythms. For example,
administration of melatonin, as an adjuvant cancer therapy, may
improve the effectiveness and reduce the side-effects of radio-
and chemotherapies through several mechanisms, including
stimulation of apoptosis and inhibition on angiogenesis (Li
et al., 2017; Farhood et al., 2019; Mortezaee et al., 2019).
Moreover, chronotherapies that take advantage of the control
of the circadian system may modulate the pharmacokinetic
properties of antitumoral agents, thus optimizing their efficacy
and reduce toxicity (Ozturk et al., 2017). Sixth, only overall
survival was reported in the available studies. Hence, whether
these studies reflect associations between sleep and cancer-
specific mortality is not clear. Seventh, only half of the studies
were eligible for meta-analysis, due to heterogeneity in the
analytic strategies, sleep measures and outcome parameters
used, thereby limiting our interpretability of our findings.
Finally, 80% of studies reported associations based on a
single time-point measurement collected immediately prior to
or during treatment. However, sleep disturbances have been
found to fluctuate both during and after treatment, and may,
for some groups, improve over time (Thomas et al., 2010;
Savard et al., 2011). Moreover, when compared to inconsistent
sleep patterns, more regular sleep behavior has been shown
to be associated with lower risk of cancer-specific mortality

(Marinac et al., 2017). Thus, single-time point sleep measures
may be limited in their ability to predict survival, treatment
response and time to progression. This also limits our ability
to infer any causal relationship, leaving the question of
causality unanswered: Do sleep disturbances reflect disease
and symptom burden, or are sleep disturbances disrupting
otherwise protective biological mechanisms and compromising
treatment efficacy? Our results thus highlight the importance
of continuing to investigate the effect of sleep on prognostic
outcomes. Finally, future research should also examine sleep in
a broader range of cancer populations, as cancer treatment varies
according to cancer type.

CONCLUSION

In sum, this review and meta-analysis points to disturbances
in sleep and sleep-wake activity as potential predictive
markers of reduced survival, poorer response to treatment
and shorter time to progression in cancer patients
undergoing oncological treatment, though findings
ought to be interpreted with caution due to issues with
heterogeneity and methodology. Prospective longitudinal
studies investigating fluctuations in sleep across the
course of treatment and its relationship with prognostics
are warranted.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

AUTHOR CONTRIBUTIONS

All authors contributed to the protocol of this systematic review.
The literature search and data exportation were performed
by LS and librarian Gina Bay, and titles and abstracts

Frontiers in Neuroscience | www.frontiersin.org 14 April 2022 | Volume 16 | Article 817837

https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/neuroscience#articles


fnins-16-817837 April 15, 2022 Time: 11:35 # 15

Strøm et al. Sleep and Cancer Survival

were screened by LS and JTD. LS and JTD performed full text
review and quality assessments, validated by RZ, LW and AA.
Data extraction was performed by LS and ALCG, and RZ and
LS were responsible for the analyses. LS and RZ wrote the
manuscript, and all authors critically revised the manuscript and
approved the final version.

FUNDING

LW’s effort was supported by the European Union’s Horizon
2020 Research and Innovation Programme under the Marie
Skłodowska-Curie grant agreement no. 754513 and the Aarhus
University Research Foundation.

ACKNOWLEDGMENTS

The authors extend their gratitude to all of the authors
whose manuscript we critically reviewed or referenced, and
for assisting with retrieval of additional information for the
analyses when needed.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnins.
2022.817837/full#supplementary-material

REFERENCES
Aaronson, N. K., Ahmedzai, S., Bergman, B., Bullinger, M., Cull, A., Duez, N. J.,

et al. (1993). The European Organization for Research and Treatment of
Cancer QLQ-C30: a quality-of-life instrument for use in international clinical
trials in oncology. J. Natl. Cancer Inst. 85, 365–376. doi: 10.1093/jnci/85.
5.365

Acker, J. G., Becker-Carus, C., Büttner-Teleaga, A., Cassel, W., Danker-Hopfe, H.,
Dück, A., et al. (2021). The role of actigraphy in sleep medicine. Somnologie 25,
89–98. doi: 10.1007/s11818-021-00306-8

Ancoli-Israel, S. (2009). Recognition and treatment of sleep disturbances in cancer.
J. Clin. Oncol. 27, 5864–5866. doi: 10.1200/JCO.2009.24.5993

Ancoli-Israel, S., Cole, R., Alessi, C., Chambers, M., Moorcroft, W., and Pollak,
C. P. (2003). The role of actigraphy in the study of sleep and circadian rhythms.
Sleep 26, 342–392. doi: 10.1093/sleep/26.3.342

Ancoli-Israel, S., Moore, P. J., and Jones, V. (2001). The relationship between
fatigue and sleep in cancer patients: a review. Eur. J. Cancer Care 10, 245–255.
doi: 10.1046/j.1365-2354.2001.00263.x

Ashok Kumar, P. V., Dakup, P. P., Sarkar, S., Modasia, J. B., Motzner, M. S.,
and Gaddameedhi, S. (2019). It’s about time: advances in understanding the
circadian regulation of DNA damage and repair in carcinogenesis and cancer
treatment outcomes. Yale J. Biol. Med. 92, 305–316.

Baillet, M., Cosin, C., Schweitzer, P., Pérès, K., Catheline, G., Swendsen, J., et al.
(2016). Mood influences the concordance of subjective and objective measures
of sleep duration in older adults. Front. Aging Neurosci. 8:181. doi: 10.3389/
fnagi.2016.00181

Bastien, C. H., Vallières, A., and Morin, C. M. (2001). Validation of the insomnia
severity index as an outcome measure for insomnia research. Sleep Med. 2,
297–307. doi: 10.1016/S1389-9457(00)00065-4

Beck, S. L., Schwartz, A. L., Towsley, G., Dudley, W., and Barsevick, A. (2004).
Psychometric evaluation of the Pittsburgh sleep quality index in cancer patients.
J. Pain Symptom Manage. 27, 140–148. doi: 10.1016/j.jpainsymman.2003.
12.002

Besedovsky, L., Lange, T., and Haack, M. (2019). The sleep-immune crosstalk in
health and disease. Physiol. Rev. 99, 1325–1380. doi: 10.1152/physrev.00010.
2018

Borenstein, M., Hedges, L., Higgins, J., and Rothstein, H. (2013). Comprehensive
Meta-Analysis Version 3. Englewood, NJ: Biostat.

Braun, D. P., Gupta, D., and Staren, E. D. (2011). Quality of life assessment as
a predictor of survival in non-small cell lung cancer. BMC Cancer 11:353.
doi: 10.1186/1471-2407-11-353

Braun, D. P., Gupta, D., and Staren, E. D. (2012). Predicting survival in prostate
cancer: the role of quality of life assessment. Support. Care Cancer 20, 1267–
1274. doi: 10.1007/s00520-011-1213-x

Cash, E., Duck, C. R., Brinkman, C., Rebholz, W., Albert, C., Worthen, M., et al.
(2018). Depressive symptoms and actigraphy-measured circadian disruption
predict head and neck cancer survival. Psychooncology 27, 2500–2507. doi:
10.1002/pon.4862

Chandra, S., Gupta, V., Chandra, H., Dhyani, M., Kotwal, A., Verma, S. K.,
et al. (2019). Serum interleukin-6 is not linked with sleep-quality, restless
legs syndrome, and depression, but with 6-month survival in hematological
malignancies. J. Neurosci. Rural Pract. 10, 94–100. doi: 10.4103/jnrp.jnrp_
159_18

Chang, W.-P., and Lin, C.-C. (2014). Correlation between rest-activity rhythm
and survival in cancer patients experiencing pain. Chronobiol. Int. 31, 926–934.
doi: 10.3109/07420528.2014.931412

Choilek, S., Karashima, A., Motoike, I., Katayama, N., Kinoshita, K., and Nakao,
M. (2021). Subjective sleep quality, quantitative sleep features, and their
associations dependent on demographic characteristics, habitual sleep–wake
patterns, and distinction of weekdays/weekends. Sleep Biol. Rhythms 19, 369–
381. doi: 10.1007/s41105-021-00326-9

Clevenger, L., Schrepf, A., Christensen, D., DeGeest, K., Bender, D., Ahmed,
A., et al. (2012). Sleep disturbance, cytokines, and fatigue in women with
ovarian cancer. Brain Behav. Immun. 26, 1037–1044. doi: 10.1016/j.bbi.2012.
04.003

Collette, L., van Andel, G., Bottomley, A., Oosterhof, G. O., Albrecht, W., de
Reijke, T. M., et al. (2004). Is baseline quality of life useful for predicting
survival with hormone-refractory prostate cancer? A pooled analysis of three
studies of the European Organisation for Research and Treatment of Cancer
Genitourinary Group. J. Clin. Oncol. 22, 3877–3885. doi: 10.1200/JCO.2004.
07.089

Collins, K. P., Geller, D. A., Antoni, M., Donnell, D. M., Tsung, A.,
Marsh, J. W., et al. (2017). Sleep duration is associated with survival in
advanced cancer patients. Sleep Med. 32, 208–212. doi: 10.1016/j.sleep.2016.
06.041

Costa, A. R., Fontes, F., Pereira, S., Gonçalves, M., Azevedo, A., and Lunet, N.
(2014). Impact of breast cancer treatments on sleep disturbances - a systematic
review. Breast 23, 697–709. doi: 10.1016/j.breast.2014.09.003

De Lorenzo, B. H. P., de Oliveira Marchioro, L., Greco, C. R., and Suchecki, D.
(2015). Sleep-deprivation reduces NK cell number and function mediated by
β-adrenergic signalling. Psychoneuroendocrinology 57, 134–143. doi: 10.1016/j.
psyneuen.2015.04.006

De Lorenzo, B. H. P., Novaes e Brito, R. R., Paslar Leal, T., Piqueira Garcia,
N., Martins dos Santos, R. M., Alvares-Saraiva, A. M., et al. (2018).
Chronic sleep restriction impairs the antitumor immune response in mice.
Neuroimmunomodulation 25, 59–67. doi: 10.1159/000490352

Desai, K., Mao, J. J., Su, I., Demichele, A., Li, Q., Xie, S. X., et al. (2013). Prevalence
and risk factors for insomnia among breast cancer patients on aromatase
inhibitors. Support. Care Cancer 21, 43–51. doi: 10.1007/s00520-012-1490-z

Dew, M. A., Hoch, C. C., Buysse, D. J., Monk, T. H., Begley, A. E., Houck, P. R.,
et al. (2003). Healthy older adults’ sleep predicts all-cause mortality at 4 to 19
years of follow-up. Psychosom.Med. 65, 63–73. doi: 10.1097/01.psy.0000039756.
23250.7c

Duval, S., and Tweedie, R. (2000). Trim and fill: a simple funnel-plot–based method
of testing and adjusting for publication bias in meta-analysis. Biometrics 56,
455–463. doi: 10.1111/j.0006-341X.2000.00455.x

Frontiers in Neuroscience | www.frontiersin.org 15 April 2022 | Volume 16 | Article 817837

https://www.frontiersin.org/articles/10.3389/fnins.2022.817837/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnins.2022.817837/full#supplementary-material
https://doi.org/10.1093/jnci/85.5.365
https://doi.org/10.1093/jnci/85.5.365
https://doi.org/10.1007/s11818-021-00306-8
https://doi.org/10.1200/JCO.2009.24.5993
https://doi.org/10.1093/sleep/26.3.342
https://doi.org/10.1046/j.1365-2354.2001.00263.x
https://doi.org/10.3389/fnagi.2016.00181
https://doi.org/10.3389/fnagi.2016.00181
https://doi.org/10.1016/S1389-9457(00)00065-4
https://doi.org/10.1016/j.jpainsymman.2003.12.002
https://doi.org/10.1016/j.jpainsymman.2003.12.002
https://doi.org/10.1152/physrev.00010.2018
https://doi.org/10.1152/physrev.00010.2018
https://doi.org/10.1186/1471-2407-11-353
https://doi.org/10.1007/s00520-011-1213-x
https://doi.org/10.1002/pon.4862
https://doi.org/10.1002/pon.4862
https://doi.org/10.4103/jnrp.jnrp_159_18
https://doi.org/10.4103/jnrp.jnrp_159_18
https://doi.org/10.3109/07420528.2014.931412
https://doi.org/10.1007/s41105-021-00326-9
https://doi.org/10.1016/j.bbi.2012.04.003
https://doi.org/10.1016/j.bbi.2012.04.003
https://doi.org/10.1200/JCO.2004.07.089
https://doi.org/10.1200/JCO.2004.07.089
https://doi.org/10.1016/j.sleep.2016.06.041
https://doi.org/10.1016/j.sleep.2016.06.041
https://doi.org/10.1016/j.breast.2014.09.003
https://doi.org/10.1016/j.psyneuen.2015.04.006
https://doi.org/10.1016/j.psyneuen.2015.04.006
https://doi.org/10.1159/000490352
https://doi.org/10.1007/s00520-012-1490-z
https://doi.org/10.1097/01.psy.0000039756.23250.7c
https://doi.org/10.1097/01.psy.0000039756.23250.7c
https://doi.org/10.1111/j.0006-341X.2000.00455.x
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/neuroscience#articles


fnins-16-817837 April 15, 2022 Time: 11:35 # 16

Strøm et al. Sleep and Cancer Survival

Egger, M., Smith, G. D., Schneider, M., and Minder, C. (1997). Bias in meta-analysis
detected by a simple, graphical test. BMJ 315, 629–634. doi: 10.1136/bmj.315.
7109.629

Eismann, E. A., Lush, E., and Sephton, S. E. (2010). Circadian effects
in cancer-relevant psychoneuroendocrine and immune pathways.
Psychoneuroendocrinology 35, 963–976. doi: 10.1016/j.psyneuen.2009.12.011

Erren, T. C., Morfeld, P., Foster, R. G., Reiter, R. J., Groß, J. V., and Westermann,
I. K. (2016). Sleep and cancer: synthesis of experimental data and meta-analyses
of cancer incidence among some 1,500,000 study individuals in 13 countries.
Chronobiol. Int. 33, 325–350. doi: 10.3109/07420528.2016.1149486

Farhood, B., Goradel, N. H., Mortezaee, K., Khanlarkhani, N., Najafi, M., and
Sahebkar, A. (2019). Melatonin and cancer: from the promotion of genomic
stability to use in cancer treatment. J. Cell. Physiol. 234, 5613–5627. doi: 10.
1002/JCP.27391

Fondell, E., Axelsson, J., Franck, K., Ploner, A., Lekander, M., Bälter, K., et al.
(2011). Short natural sleep is associated with higher T cell and lower NK cell
activities. Brain Behav. Immun. 25, 1367–1375. doi: 10.1016/j.bbi.2011.04.004

Gallicchio, L., and Kalesan, B. (2009). Sleep duration and mortality: a systematic
review and meta-analysis. J. Sleep Res. 18, 148–158. doi: 10.1111/j.1365-2869.
2008.00732.x

Geels, P., Eisenhauer, E., Bezjak, A., Zee, B., and Day, A. (2000). Palliative
effect of chemotherapy: objective tumor response is associated with symptom
improvement in patients with metastatic breast cancer. J. Clin. Oncol. 18,
2395–2405. doi: 10.1200/JCO.2000.18.12.2395

George, G. C., Iwuanyanwu, E. C., Anderson, K. O., Yusuf, A., Zinner, R. G., Piha-
Paul, S. A., et al. (2016). Sleep quality and its association with fatigue, symptom
burden, and mood in patients with advanced cancer in a clinic for early-phase
oncology clinical trials. Cancer 122, 3401–3409. doi: 10.1002/cncr.30182

Gottfried, T., Kamer, I., Salant, I., Urban, D., Lawrence, Y. R., Onn, A., et al. (2020).
Self-reported sleep quality as prognostic for survival in lung cancer patients.
Cancer Manage. Res. 12, 313–321. doi: 10.2147/CMAR.S234523

Gronau, Q. F., Van Erp, S., Heck, D. W., Cesario, J., Jonas, K. J., and Wagenmakers,
E.-J. (2017). A Bayesian model-averaged meta-analysis of the power pose effect
with informed and default priors: the case of felt power. Compr. Results Soc.
Psychol. 2, 123–138. doi: 10.1080/23743603.2017.1326760

Higgins, J. P. T., Thomas, J., Chandler, J., Cumpston, M., Li, T., Page, M. J., et al.
(2019). Cochrane Handbook for Systematic Reviews of interventions, 2nd Edn.
(Chichester: John Wiley & Sons). doi: 10.1002/9781119536604

Higgins, J. P. T., Thompson, S. G., Deeks, J. J., and Altman, D. G. (2003). Measuring
inconsistency in meta-analyses. BMJ 327, 557–560. doi: 10.1136/bmj.327.7414.
557

Innominato, P. F., Focan, C., Gorlia, T., Moreau, T., Garufi, C., Waterhouse, J., et al.
(2009). Circadian rhythm in rest and activity: a biological correlate of quality
of life and a predictor of survival in patients with metastatic colorectal cancer.
Cancer Res. 69, 4700–4707. doi: 10.1158/0008-5472.CAN-08-4747

Innominato, P. F., Giacchetti, S., Bjarnason, G. A., Focan, C., Garufi, C., Coudert,
B., et al. (2012). Prediction of overall survival through circadian rest-activity
monitoring during chemotherapy for metastatic colorectal cancer. Int. J. Cancer
131, 2684–2692. doi: 10.1002/ijc.27574

Innominato, P. F., Spiegel, D., Ulusakarya, A., Giacchetti, S., Bjarnason, G. A.,
Lévi, F., et al. (2015). Subjective sleep and overall survival in chemotherapy-
naïve patients with metastatic colorectal cancer. Sleep Med. 16, 391–398. doi:
10.1016/j.sleep.2014.10.022

IntHout, J., Ioannidis, J. P. A., Rovers, M. M., and Goeman, J. J. (2016). Plea for
routinely presenting prediction intervals in meta-analysis.BMJOpen 6:e010247.
doi: 10.1136/bmjopen-2015-010247

Irwin, M. R., Olmstead, R., and Carroll, J. E. (2016). Sleep disturbance, sleep
duration, and inflammation: a systematic review and meta-analysis of cohort
studies and experimental sleep deprivation. Biol. Psychiatry 80, 40–52. doi:
10.1016/j.biopsych.2015.05.014

JASP Team (2022). JASP (Version 0.16.1)[Computer software].
Kellermeyer, L., Harnke, B., and Knight, S. (2018). Covidence and Rayyan. J. Med.

Libr. Assoc. 106, 580–583. doi: 10.5195/jmla.2018.513
Kennedy, L. B., and Salama, A. K. S. (2020). A review of cancer

immunotherapy toxicity. CA Cancer J. Clin. 70, 86–104. doi: 10.3322/caac.
21596

Kidwell, K. M., Harte, S. E., Hayes, D. F., Storniolo, A. M., Carpenter, J., Flockhart,
D. A., et al. (2014). Patient-reported symptoms and discontinuation of adjuvant

aromatase inhibitor therapy. Cancer 120, 2403–2411. doi: 10.1002/cncr.2
8756

Kramer, J. A., Curran, D., Piccart, M., de Haes, J. C., Bruning, P., Klijn, J., et al.
(2000). Identification and interpretation of clinical and quality of life prognostic
factors for survival and response to treatment in first-line chemotherapy in
advanced breast cancer. Eur. J. Cancer 36, 1498–1506. doi: 10.1016/s0959-
8049(00)00144-1

Krueger, J. M., Churchill, L., and Rector, D. M. (2009). “Sleep and sleep states:
cytokines and neuromodulation,” in Encyclopedia of Neuroscience, ed. N. Squire
(Cambridge, MA: Academic Press), 895–901. doi: 10.1016/B978-008045046-9.
00036-X

Krueger, J. M., Majde, J. A., and Obál, F. (2003). Sleep in host defense. Brain Behav.
Immun. 17, 41–47. doi: 10.1016/S0889-1591(02)00065-X

Kuo, L.-C., Chang, W.-P., Huang, H.-C., and Lin, C.-C. (2020). Association of
time-varying rest-activity rhythm with survival in older adults with lung cancer.
Cancer Nurs. 43, 45–51. doi: 10.1097/NCC.0000000000000647

Lamia, K. A. (2017). Ticking time bombs: connections between circadian clocks
and cancer [version 1; peer review: 2 approved]. F1000Res. 6:1910. doi: 10.
12688/f1000research.11770.1

Lévi, F., Dugué, P.-A., Innominato, P., Karaboué, A., Dispersyn, G., Parganiha,
A., et al. (2014). Wrist actimetry circadian rhythm as a robust predictor of
colorectal cancer patients survival. Chronobiol. Int. 31, 891–900. doi: 10.3109/
07420528.2014.924523

Li, Y., Li, S., Zhou, Y., Meng, X., Zhang, J. J., Xu, D. P., et al. (2017). Melatonin
for the prevention and treatment of cancer. Oncotarget 8, 39896–39921. doi:
10.18632/ONCOTARGET.16379

Liu, L., Fiorentino, L., Natarajan, L., Parker, B. A., Mills, P. J., Sadler, G. R., et al.
(2009). Pre-treatment symptom cluster in breast cancer patients is associated
with worse sleep, fatigue and depression during chemotherapy. Psychooncology
18, 187–194. doi: 10.1002/pon.1412

Loh, K. P., Zittel, J., Kadambi, S., Pandya, C., Xu, H., Flannery, M., et al. (2018).
Elucidating the associations between sleep disturbance and depression, fatigue,
and pain in older adults with cancer. J. Geriatr. Oncol. 9, 464–468. doi: 10.1016/
j.jgo.2018.02.006

Ma, Q.-Q., Yao, Q., Lin, L., Chen, G.-C., and Yu, J.-B. (2016). Sleep duration and
total cancer mortality: a meta-analysis of prospective studies. Sleep Med. 27–28,
39–44. doi: 10.1016/j.sleep.2016.06.036

Maisey, N. R., Norman, A., Watson, M., Allen, M. J., Hill, M. E., and Cunningham,
D. (2002). Baseline quality of life predicts survival in patients with advanced
colorectal cancer. Eur. J. Cancer 38, 1351–1357. doi: 10.1016/S0959-8049(02)
00098-9

Mantovani, A., Allavena, P., Sica, A., and Balkwill, F. (2008). Cancer-related
inflammation. Nature 454, 436–444. doi: 10.1038/nature07205

Marinac, C. R., Nelson, S. H., Flatt, S. W., Natarajan, L., Pierce, J. P., and Patterson,
R. E. (2017). Sleep duration and breast cancer prognosis: perspectives from the
women’s healthy eating and living study. Breast Cancer Res. Treat. 162, 581–589.
doi: 10.1007/s10549-017-4140-9

Meier-Ewert, H. K., Ridker, P. M., Rifai, N., Regan, M. M., Price, N. J., Dinges,
D. F., et al. (2004). Effect of sleep loss on C-Reactive protein, an inflammatory
marker of cardiovascular risk. J. Am. Coll. Cardiol. 43, 678–683. doi: 10.1016/j.
jacc.2003.07.050

Merli, F., Bertini, M., Luminari, S., Mozzana, R., Bertè, R., Trottini, M., et al.
(2004). Quality of life assessment in elderly patients with aggressive non-
Hodgkin’s Lymphoma treated with anthracycline-containing regimens. Report
of a prospective study by the Intergruppo Italiano Linfomi. Haematologica 89,
973–978.

Mirza-Aghazadeh-Attari, M., Mohammadzadeh, A., Mostavafi, S., Mihanfar, A.,
Ghazizadeh, S., Sadighparvar, S., et al. (2020). Melatonin: an important
anticancer agent in colorectal cancer. J. Cell. Physiol. 235, 804–817. doi: 10.1002/
jcp.29049

Mogavero, M. P., Bruni, O., Delrosso, L. M., and Ferri, R. (2020).
Neurodevelopmental consequences of pediatric cancer and its treatment:
the role of sleep. Brain Sci. 10:411. doi: 10.3390/BRAINSCI10070411

Mogavero, M. P., DelRosso, L. M., Fanfulla, F., Bruni, O., and Ferri, R. (2021). Sleep
disorders and cancer: state of the art and future perspectives. Sleep Med. Rev.
56:101409. doi: 10.1016/J.SMRV.2020.101409

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., and Group, T. P.
(2009). Preferred reporting items for systematic reviews and meta-analyses:

Frontiers in Neuroscience | www.frontiersin.org 16 April 2022 | Volume 16 | Article 817837

https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1016/j.psyneuen.2009.12.011
https://doi.org/10.3109/07420528.2016.1149486
https://doi.org/10.1002/JCP.27391
https://doi.org/10.1002/JCP.27391
https://doi.org/10.1016/j.bbi.2011.04.004
https://doi.org/10.1111/j.1365-2869.2008.00732.x
https://doi.org/10.1111/j.1365-2869.2008.00732.x
https://doi.org/10.1200/JCO.2000.18.12.2395
https://doi.org/10.1002/cncr.30182
https://doi.org/10.2147/CMAR.S234523
https://doi.org/10.1080/23743603.2017.1326760
https://doi.org/10.1002/9781119536604
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1158/0008-5472.CAN-08-4747
https://doi.org/10.1002/ijc.27574
https://doi.org/10.1016/j.sleep.2014.10.022
https://doi.org/10.1016/j.sleep.2014.10.022
https://doi.org/10.1136/bmjopen-2015-010247
https://doi.org/10.1016/j.biopsych.2015.05.014
https://doi.org/10.1016/j.biopsych.2015.05.014
https://doi.org/10.5195/jmla.2018.513
https://doi.org/10.3322/caac.21596
https://doi.org/10.3322/caac.21596
https://doi.org/10.1002/cncr.28756
https://doi.org/10.1002/cncr.28756
https://doi.org/10.1016/s0959-8049(00)00144-1
https://doi.org/10.1016/s0959-8049(00)00144-1
https://doi.org/10.1016/B978-008045046-9.00036-X
https://doi.org/10.1016/B978-008045046-9.00036-X
https://doi.org/10.1016/S0889-1591(02)00065-X
https://doi.org/10.1097/NCC.0000000000000647
https://doi.org/10.12688/f1000research.11770.1
https://doi.org/10.12688/f1000research.11770.1
https://doi.org/10.3109/07420528.2014.924523
https://doi.org/10.3109/07420528.2014.924523
https://doi.org/10.18632/ONCOTARGET.16379
https://doi.org/10.18632/ONCOTARGET.16379
https://doi.org/10.1002/pon.1412
https://doi.org/10.1016/j.jgo.2018.02.006
https://doi.org/10.1016/j.jgo.2018.02.006
https://doi.org/10.1016/j.sleep.2016.06.036
https://doi.org/10.1016/S0959-8049(02)00098-9
https://doi.org/10.1016/S0959-8049(02)00098-9
https://doi.org/10.1038/nature07205
https://doi.org/10.1007/s10549-017-4140-9
https://doi.org/10.1016/j.jacc.2003.07.050
https://doi.org/10.1016/j.jacc.2003.07.050
https://doi.org/10.1002/jcp.29049
https://doi.org/10.1002/jcp.29049
https://doi.org/10.3390/BRAINSCI10070411
https://doi.org/10.1016/J.SMRV.2020.101409
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/neuroscience#articles


fnins-16-817837 April 15, 2022 Time: 11:35 # 17

Strøm et al. Sleep and Cancer Survival

the PRISMA Statement. PLoS Med. 6:e1000097. doi: 10.1371/journal.pmed.
1000097

Morin, C. M., Belleville, G., Bélanger, L., and Ivers, H. (2011). The Insomnia
Severity Index: psychometric indicators to detect insomnia cases and evaluate
treatment response. Sleep 34, 601–608. doi: 10.1093/sleep/34.5.601

Mormont, M.-C., Waterhouse, J., Bleuzen, P., Giacchetti, S., Jami, A., Bogdan,
A., et al. (2000). Marked 24-h Rest/activity rhythms are associated with better
quality of life, better response, and longer survival in patients with metastatic
colorectal cancer and good performance status. Clin. Cancer Res. 6, 3038–3045.

Mortezaee, K., Najafi, M., Farhood, B., Ahmadi, A., Potes, Y., Shabeeb, D., et al.
(2019). Modulation of apoptosis by melatonin for improving cancer treatment
efficiency: an updated review. Life Sci. 228, 228–241. doi: 10.1016/J.LFS.2019.05.
009

National Heart Lung (2014). Quality Assessment Tool for Observational Cohort and
Cross-Sectional Studies (Rockville, MD: National Institutes of Health), 1–4.

Naughton, M. J., Herndon, J. E. II, Shumaker, S. A., Miller, A. A., Kornblith, A. B.,
Chao, D., et al. (2002). The health-related quality of life and survival of small-
cell lung cancer patients: results of a companion study to CALGB 9033. Qual.
Life Res. 11, 235–248. doi: 10.1023/a:1015257121369

Nho, J.-H., Reul Kim, S., and Nam, J.-H. (2017). Symptom clustering and quality
of life in patients with ovarian cancer undergoing chemotherapy. Eur. J. Oncol.
Nurs. 30, 8–14. doi: 10.1016/j.ejon.2017.07.007

Nowak, A. K., Stockler, M. R., and Byrne, M. J. (2004). Assessing quality of life
during chemotherapy for pleural mesothelioma: feasibility, validity, and results
of using the European Organization for Research and Treatment of Cancer
Core Quality of Life Questionnaire and Lung Cancer Module. J. Clin. Oncol.
22, 3172–3180. doi: 10.1200/JCO.2004.09.147

Opp, M. R., and Krueger, J. M. (2015). Sleep and immunity: a growing field with
clinical impact. Brain Behav. Immun. 47, 1–3. doi: 10.1016/j.bbi.2015.03.011

Ortiz-Tudela, E., Iurisci, I., Beau, J., Karaboue, A., Moreau, T., Rol, M. A., et al.
(2014). The circadian rest-activity rhythm, a potential safety pharmacology
endpoint of cancer chemotherapy. Int. J. Cancer 134, 2717–2725. doi: 10.1002/
ijc.28587

Ozturk, N., Ozturk, D., Kavakli, I. H., and Okyar, A. (2017). Molecular aspects of
circadian pharmacology and relevance for cancer chronotherapy. Int. J. Mol.
Sci. 18:2168. doi: 10.3390/IJMS18102168

Page, M. J., Shamseer, L., and Tricco, A. C. (2018). Registration of systematic
reviews in PROSPERO: 30,000 records and counting. Syst. Rev. 7:32. doi: 10.
1186/s13643-018-0699-4

Palesh, O., Aldridge-Gerry, A., Zeitzer, J. M., Koopman, C., Neri, E., Giese-Davis,
J., et al. (2014). Actigraphy-measured sleep disruption as a predictor of survival
among women with advanced breast cancer. Sleep 37, 837–842. doi: 10.5665/
sleep.3642

Palesh, O. G., Roscoe, J. A., Mustian, K. M., Roth, T., Savard, J., Ancoli-Israel,
S., et al. (2010). ). Prevalence, demographics, and psychological associations
of sleep disruption in patients with cancer: university of Rochester Cancer
Center–Community Clinical Oncology Program. J. Clin. Oncol. 28, 292–298.
doi: 10.1200/JCO.2009.22.5011

Papagiannakopoulos, T., Bauer, M. R., Davidson, S. M., Heimann, M., Subbaraj,
L., Bhutkar, A., et al. (2016). Circadian rhythm disruption promotes lung
Tumorigenesis. Cell Metab. 24, 324–331. doi: 10.1016/j.cmet.2016.07.001

Raison, C. L., Rye, D. B., Woolwine, B. J., Vogt, G. J., Bautista, B. M., Spivey, J. R.,
et al. (2010). Chronic interferon-alpha administration disrupts sleep continuity
and depth in patients with hepatitis C: association with fatigue, motor slowing,
and increased evening cortisol. Biol. Psychiatry 68, 942–949. doi: 10.1016/j.
biopsych.2010.04.019

Robinson, K. M., Christensen, K. B., Ottesen, B., and Krasnik, A. (2012). Diagnostic
delay, quality of life and patient satisfaction among women diagnosed with
endometrial or ovarian cancer: a nationwide Danish study. Qual. Life Res. 21,
1519–1525. doi: 10.1007/s11136-011-0077-3

Rockstrom, M. D., Chen, L., Taishi, P., Nguyen, J. T., Gibbons, C. M., Veasey, S. C.,
et al. (2018). Tumor necrosis factor alpha in sleep regulation. Sleep Med. Rev.
40, 69–78. doi: 10.1016/j.smrv.2017.10.005

Roychowdhury, D. F., Hayden, A., and Liepa, A. M. (2003). Health-related quality-
of-life parameters as independent prognostic factors in advanced or metastatic
bladder cancer. J. Clin. Oncol. 21, 673–678. doi: 10.1200/JCO.2003.04.166

Sackett, D. L., Rosenberg, W. M. C., Gray, J. A. M., Haynes, R. B., and Richardson,
W. S. (1996). Evidence based medicine: What it is and what it isn’t. BMJ 312,
71–72. doi: 10.1136/bmj.312.7023.71

Savard, J., Ivers, H., Savard, M.-H., and Morin, C. M. (2015). Cancer treatments
and their side effects are associated with aggravation of insomnia: results of a
longitudinal study. Cancer 121, 1703–1711. doi: 10.1002/cncr.29244

Savard, J., Ivers, H., Villa, J., Caplette-Gingras, A., and Morin, C. M. (2011). Natural
course of insomnia comorbid with cancer: an 18-month longitudinal study.
J. Clin. Oncol. 29, 3580–3586. doi: 10.1200/JCO.2010.33.2247

Savard, J., Liu, L., Natarajan, L., Rissling, M. B., Neikrug, A. B., He, F., et al.
(2009). Breast cancer patients have progressively impaired sleep-wake activity
rhythms during chemotherapy. Sleep 32, 1155–1160. doi: 10.1093/sleep/32.9.
1155

Schernhammer, E. S., and Schulmeister, K. (2004). Melatonin and cancer risk:
Does light at night compromise physiologic cancer protection by lowering
serum melatonin levels? Br. J. Cancer 90, 941–943. doi: 10.1038/sj.bjc.660
1626

Sharma, N., Hansen, C. H., O’Connor, M., Thekkumpurath, P., Walker, J., Kleiboer,
A., et al. (2012). Sleep problems in cancer patients: prevalence and association
with distress and pain. Psychooncology 21, 1003–1009. doi: 10.1002/pon.2004

Stone, C. R., Haig, T. R., Fiest, K. M., McNeil, J., Brenner, D. R., and Friedenreich,
C. M. (2019). The association between sleep duration and cancer-specific
mortality: a systematic review and meta-analysis. Cancer Causes Control 30,
501–525. doi: 10.1007/s10552-019-01156-4

Sullivan, P. W., Nelson, J. B., Mulani, P. M., and Sleep, D. (2006). Quality of life as
a potential predictor for morbidity and mortality in patients with metastatic
hormone-refractory prostate cancer. Qual. Life Res. 15, 1297–1306. doi: 10.
1007/s11136-006-0003-2

Teunissen, J. J., Kwekkeboom, D. J., and Krenning, E. P. (2004). Quality of Life in
Patients With Gastroenteropancreatic Tumors Treated [177Lu-DOTA0,Tyr3]
octreotate. J. Clin. Oncol. 22, 2724–2729.

Thomas, K. S., Bower, J., Hoyt, M. A., and Sepah, S. (2010). Disrupted sleep in
breast and prostate cancer patients undergoing radiation therapy: the role of
coping processes. Psychooncology 19, 767–776. doi: 10.1002/pon.1639

Trudel-Fitzgerald, C., Savard, J., and Ivers, H. (2014). Longitudinal changes in
clusters of cancer patients over an 18-month period. Health Psychol. 33, 1012–
1022. doi: 10.1037/a0033497

van Erp, S., Verhagen, J., Grasman, R. P. P. P., and Wagenmakers, E.-J. (2017).
Estimates of between-study heterogeneity for 705 meta-analyses reported in
psychological bulletin from 1990–2013. J. Open Psychol. Data 5:4. doi: 10.5334/
jopd.33

Zhao, J., Dai, Y. H., Xi, Q. S., and Yu, S. Y. (2013). A clinical study on
insomnia in patients with cancer during chemotherapy containing high-dose
glucocorticoids. Pharmazie 68, 421–427.

Zhou, E. S., Clark, K., Recklitis, C. J., Obenchain, R., and Loscalzo, M.
(2018). Sleepless from the get go: sleep problems prior to initiating cancer
treatment. Int. J. Behav. Med. 25, 502–516. doi: 10.1007/s12529-018-9
715-2

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Strøm, Danielsen, Amidi, Cardenas Egusquiza, Wu and
Zachariae. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Neuroscience | www.frontiersin.org 17 April 2022 | Volume 16 | Article 817837

https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1093/sleep/34.5.601
https://doi.org/10.1016/J.LFS.2019.05.009
https://doi.org/10.1016/J.LFS.2019.05.009
https://doi.org/10.1023/a:1015257121369
https://doi.org/10.1016/j.ejon.2017.07.007
https://doi.org/10.1200/JCO.2004.09.147
https://doi.org/10.1016/j.bbi.2015.03.011
https://doi.org/10.1002/ijc.28587
https://doi.org/10.1002/ijc.28587
https://doi.org/10.3390/IJMS18102168
https://doi.org/10.1186/s13643-018-0699-4
https://doi.org/10.1186/s13643-018-0699-4
https://doi.org/10.5665/sleep.3642
https://doi.org/10.5665/sleep.3642
https://doi.org/10.1200/JCO.2009.22.5011
https://doi.org/10.1016/j.cmet.2016.07.001
https://doi.org/10.1016/j.biopsych.2010.04.019
https://doi.org/10.1016/j.biopsych.2010.04.019
https://doi.org/10.1007/s11136-011-0077-3
https://doi.org/10.1016/j.smrv.2017.10.005
https://doi.org/10.1200/JCO.2003.04.166
https://doi.org/10.1136/bmj.312.7023.71
https://doi.org/10.1002/cncr.29244
https://doi.org/10.1200/JCO.2010.33.2247
https://doi.org/10.1093/sleep/32.9.1155
https://doi.org/10.1093/sleep/32.9.1155
https://doi.org/10.1038/sj.bjc.6601626
https://doi.org/10.1038/sj.bjc.6601626
https://doi.org/10.1002/pon.2004
https://doi.org/10.1007/s10552-019-01156-4
https://doi.org/10.1007/s11136-006-0003-2
https://doi.org/10.1007/s11136-006-0003-2
https://doi.org/10.1002/pon.1639
https://doi.org/10.1037/a0033497
https://doi.org/10.5334/jopd.33
https://doi.org/10.5334/jopd.33
https://doi.org/10.1007/s12529-018-9715-2
https://doi.org/10.1007/s12529-018-9715-2
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/neuroscience#articles

	Sleep During Oncological Treatment – A Systematic Review and Meta-Analysis of Associations With Treatment Response, Time to Progression and Survival
	Introduction
	Methods
	Registration and Search Strategy
	Selection Criteria and Screening
	Quality Assessments
	Data Extraction and Synthesis
	Meta-Analytic Strategy
	Pooling Effects
	Heterogeneity
	Publication Bias
	Moderator Analysis
	Bayesian Analysis


	Results
	Search Results
	Study Characteristics
	Diagnosis and Stage
	Study Samples
	Study Design and Treatment Regimen
	Quality Assessments
	Sleep Parameters
	Associations Between Sleep, Treatment Response, Time to Progression and Survival

	Meta-Analytic Results
	Association Between Self-Reported Sleep and Overall Survival
	Associations Between Self-Reported Sleep and Time to Progression
	Associations Between Objectively Assessed Sleep and Overall Survival


	Discussion
	Summary of Main Findings
	Strengths, Limitations, and Future Perspectives

	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


