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Effects of cognitive-behavioral therapy

for insomnia compared with controls
among cancer survivors: a systematic review
and meta-analysis of randomized trials
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Abstract

Background Insomnia is highly prevalent among cancer survivors. Meta-analyses examining the effects of
cognitive-behavioral therapy for insomnia (CBT-I) among cancer survivors have focused on within-group (pre-to-post-
intervention) changes, with calls to better evaluate treatment effects.

Objective To conduct a systematic-review and meta-analysis and evaluate the effects of cognitive-behavioral
therapy for insomnia (CBT-I) among cancer survivors, compared with controls, on insomnia.

Methods We followed recommendations from the Cochrane Handbook and PRISMA guidelines. We
comprehensively searched 8 databases (CINAHL/ClinicalTrials.gov/Cochrane Central/Embase/MEDLINE/PEDro/
Psychinfo/Web of Science) and included randomized controlled trials (RCTs) in which adult cancer survivors with
clinically-significant insomnia were randomized to CBT-I or control conditions that included usual care, wait-list,
attention, or sleep hygiene education only. We designated the primary outcome as end-of-intervention Insomnia
Severity Index (ISI) and secondary outcomes included sleep diary parameters, fatigue, and health-related quality
of life (HRQL). We analyzed between-group mean differences (MD's), standardized-mean-differences (SMD’s), and
interpreted results using minimal clinically important difference (MCID) thresholds as endorsed by the American
College of Physicians (ACP) or SMD thresholds. We rated evidence certainty using GRADE, facilitated by GRADEpro
GDT.

Results We included 19 RCTs involving 1,803 participants. Participant mean age was 55 and time-since-diagnosis
was 2.5 years; 94% were women, mostly survivors of breast cancer. At end-of-intervention, compared with controls,
CBT-limproved ISI [MD (95% Cl): -4.4 (-5.3, -3.5) points; assessed in 13 trials] that did not reach the MCID threshold
(i.e, > 6 points) to suggest that many patients derived clinically-important benefit, but is higher than half of the
minimal-important-change (MIC) (i.e., 3-<6 points, including 95% Cl), suggesting that an appreciable number of
patients derived clinically-important benefit. Subjective sleep diary (assessed in 12 trials) sleep latency, wake after
sleep onset, sleep efficiency, fatigue (11 trials), and HRQL (10 trials) were also improved; however, on average, none of
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and/or reporting bias.

non-responders to first-line CBT-.
Protocol registration PROSPERO (CRD42022332584).

insomnia

the improvements reached their respective MCID or SMD thresholds to suggest that many patients derived clinically-
important benefits. In pre-specified subgroup analyses, no intervention or cancer-related characteristics meaningfully
changed results. Evidence certainty was low-to-very-low, primarily due to heterogeneity, performance, publication,

Conclusion Compared with controls, CBT-l improved insomnia at an average magnitude greater than half of the MIC
but did not reach the MCID threshold, suggesting that an appreciable number, not many, of cancer survivors derived
clinically-important benefit. Strategies are needed to improve insomnia for many cancer survivors, particularly among

Keywords Survivorship, Sleep initiation and maintenance, Health-related quality of life, CBT-I, Cancer-related

Introduction

Insomnia — trouble with falling or staying asleep, or early
awakening — is common among cancer survivors (i.e.,
anyone living with or beyond a cancer diagnosis), with
prevalence up to 70% [1, 2] that is thrice compared to the
general population [3], varying by age, cancer type, treat-
ment, method of assessment, and diagnostic criteria [4].
Insomnia can refer to insomnia symptom, syndrome or
cluster of sleep symptoms, or clinical diagnoses guided
by the Diagnostic and Statistical Manual of Mental Dis-
orders (DSM) or International Classification of Sleep
Disorders (ICSD) [5, 6]. The etiology of insomnia in can-
cer is complex and involves inter-relationships between
biological, behavioral, physiological, psychological, and
cancer treatment-related adverse effects [3]. Insomnia
substantially increases daytime fatigue, lead to social
and cognitive dysfunction [7], and impair health-related
quality of life (HRQL) [8]. Despite its clinical importance,
however, insomnia is often underrecognized and inad-
equately treated [9]. Strategies are needed to improve
insomnia, reduce daytime dysfunction, and enhance the
HRQL of cancer survivors [9].

Cognitive-behavioral therapy for insomnia (CBT-I)
is a multi-component intervention that includes, but is
not limited to, a combination of sleep hygiene education,
stimulus control, sleep restriction, cognitive restructur-
ing, and relaxation training [10]. CBT-I is the recom-
mended first-line non-pharmacological treatment for
patients with insomnia [10] — with established efficacy/
effectiveness among individuals with chronic insom-
nia [11], comorbid psychiatric, and medical conditions
including cancer [12] — and effects greater in psychiatric
than in medical populations [13]. Among cancer survi-
vors, systematic reviews and meta-analyses evaluating
the effects of CBT-I have been limited by a relatively small
number of search databases, analyses of within-group
changes (i.e., end-of-intervention compared to baseline)
[14], or standardized measures of between-group dif-
ferences [15] to assess treatment effects. Within-group
changes from baseline can be erroneous in assessing

treatment effects on insomnia due to the natural course
of disease, regression to the mean, cancer-related effects,
and other non-specific effects, with propensity for biases
[16], particular in conditions that are complex and with
high potential for disease status changes such as cancer.
Standardized measures are helpful to aggregate differ-
ent measures but do not allow for absolute magnitude
assessments to inform clinical meaningfulness; they are
not necessary when the same outcome measure is used
across randomized controlled trials (RCTs) [e.g., Insom-
nia Severity Index, (ISI)]. In addition, the choice of com-
parator group is of important consideration to assess
intervention effects — RCTs comparing CBT-I with
another intervention suggested or shown to be equally
effective in improving insomnia (e.g., physical exercise,
mind-body exercise) should be excluded. Finally, prior
meta-analyses identified a need for mechanistic insights
on CBT-I in cancer, evaluation of the effectiveness of
individual and combination of CBT-I components,
impact of behavioral vs. cognitive modifications, a need
for clinical diversity, and evaluation of important down-
stream patient-centered outcomes [14, 15].

The primary objective of this project was to conduct a
more comprehensive systematic review and meta-analy-
sis to examine the effects of CBT-I, compared with con-
trols, on insomnia among cancer survivors. Secondary
objectives included assessment of potential modifying
effects related to cancer characteristics, CBT-I compo-
nents or duration, and relationships between insomnia
control with fatigue and HRQL, two important patient-
centered outcomes in cancer survivorship care [17].

Methods
We  registered this protocol on PROSPERO
(CRD42022332584) and followed recommendations

from the Cochrane Handbook for Systematic Reviews of
Interventions [18] and the Preferred Reporting Items for
Systematic Review and Meta-Analysis guideline [19].
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Search methods

We expanded the literature search from prior system-
atic reviews of five [14, 15], to eight databases, including
three additional databases: Cumulated Index to Nursing
and Allied Health Literature (CINAHL), Physiotherapy
Evidence Database (PEDro), and Web of Science. The
search strategy was designed to capture the concepts of
cancer and survivors, CBT, sleep disturbances/insomnia,
and RCTs. A health sciences librarian (ES) conducted
searches on July 2022, with queries submitted to: MED-
LINE ALL (Ovid, 1946-present); Embase (Embase.com,
1974-present); Cochrane Central (Cochrane Library,
Wiley); American Psychological Association PsychInfo
(Ovid, 1806-present); ClinicalTrials.gov; Nursing and
Allied Health (CINAHL, Elton B. Stephens Company,
1981-present); Physiotherapy (PEDro, 1929-present);
and Web of Science (E-Table 1). Prior to search, Google
Scholar was considered as a potential database but was
ultimately excluded as it did not identify additional stud-
ies. All records were de-duplicated in EndNote 21, a
citation management software; unique citations were
uploaded to Covidence, a data management system
for systematic reviews (Melbourne, Australia). Refer-
ence lists from existing systematic reviews [14, 15] were
reviewed to crosscheck studies.

Target population

We reviewed all unique citations and included full arti-
cles and abstracts published in English that involved
adult (i.e., age>18 years) outpatient cancer survivors of
breast and other types, at any time along the survivor-
ship life course (i.e., diagnosis to beyond five years), and
with clinically-significant levels of insomnia, including
by established clinical criteria (DSM; ICSD), validated
questionnaires [e.g., Insomnia Severity Index (ISI)>8
points], or sleep parameters (e.g., sleep diary mean
sleep latency>30 min). We included RCTs in which par-
ticipants were allocated to receive CBT-I or usual care,
attention or wait-list control, or sleep hygiene educa-
tion only, a component that is ineffective in improv-
ing insomnia (akin to placebo) and not recommended
by the American Academy of Sleep Medicine (AASM)
as a single-component intervention [10]. We excluded
studies that enrolled inpatients with cancer, used non-
randomized designs, or RCTs in which participants in
the comparator group received treatments suggested to
be similarly efficacious/effective in improving insomnia
(e.g., non-inferiority trials comparing CBT-I with exer-
cise training [20] or acupuncture [21]); or sleep aids /
pharmacotherapy), or experimental conditions that do
not meet the AASM definition of CBT-I (e.g., hypnosis).
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Intervention

We included CBT-I interventions as defined by the
AASM: “[a single- or multi-component intervention
consisting of] “sleep hygiene education, stimulus con-
trol, sleep restriction therapy, cognitive therapy, relax-
ation therapy, and other counter-arousal methods,” with
relaxation therapy or counter-arousal methods defined as
“structured exercises designed to reduce somatic tension
(e.g., abdominal breathing; progressive muscle relaxation;
autogenic training) and cognitive arousal (e.g., medita-
tion; guided imagery training) that may perpetuate sleep
problems” [10]. We additionally characterized interven-
tions as brief behavioral therapy for insomnia (BBT-I)
[10] — an abbreviated version of CBT-I that consists of
four sessions delivered over four weeks, emphasizing
behavioral components [10]. We provided definitions of
CBT-I, BBT-], and individual components in E-Table 2.

Outcome measures

To enhance study design, we created a directed acyclic
graph [22] that hypothesized potential mechanisms of
the relationships between cancer, CBT-I, and outcomes,
in which cancer diagnosis, treatment, and cancer-related
fear / worries can lead to sleep difficulties and insomnia,
with CBT-I influencing sleep behaviors / parameters to
improve insomnia, that in turn, improves downstream
outcomes fatigue and HRQL (E-Figure 1). We followed
recommendations for meta-analyses to include outcome
concept, specific measurement, metric, method of aggre-
gation, time point [23], and defined the primary outcome
as: insomnia as measured by the ISI total score, calcu-
lated as the absolute mean difference (MD) compared
with controls, at end-of-intervention. The ISI assesses
insomnia severity, degree of interference with daily func-
tioning, extent of worry, and impact on HRQL. Total
scores range 0—28 points; higher scores indicate worse
insomnia. The ISI has excellent internal consistency
(Cronbach’s alpha 0.9), adequate discriminant capacity,
and convergent validity [24]. The Pittsburg Sleep Qual-
ity Index, a common sleep measure, was not considered
an appropriate outcome measure as it assesses symp-
toms of other sleep disorders (e.g., sleep apnea, restless
leg syndrome) not expected to be improved with CBT-
I. Secondary outcomes were postintervention (end-
of-intervention and follow-up): (1) sleep behaviors /
parameters [i.e., sleep latency (minutes), sleep duration
(minutes), wake after sleep onset (WASO) (minutes),
and sleep efficiency (percent)], as assessed by sleep diary,
actigraphy, or sleep study; (2) fatigue; and (3) HRQL. All
sleep behaviors / parameters were converted to their
respective units (e.g., hours to minutes), if needed. All
outcomes were recorded at baseline, end-of-intervention,
and follow-up periods (i.e., 1-3 months; 6 months; 12
months postintervention).
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Study selection, data extraction, and data handling

Two authors (JTC, DMH) independently reviewed stud-
ies, first by examining titles and abstracts to code them
for relevance, as “include;” “unclear; or “exclude;” then
full-texts coded as “include” or “unclear;” with disagree-
ments resolved by consensus. A decision record was kept
and simple agreement with kappa statistics were calcu-
lated [25]. Data from full-length articles were extracted
using a standardized form created in Covidence that
included participant and cancer characteristics, inter-
vention components, duration, and outcomes. Study
characteristics included trial pre-registration and pilot
designation as described by the authors or with total
enrollment of <40 participants (20/group). Interven-
tion characteristics included session duration (minutes),
intervention duration (weeks), specific components used,
and mode of delivery (e.g., in-person, telehealth). To align
the directionality of fatigue and HRQL measures across
studies, where needed, we followed recommendations
to reverse the directionality [18], so that higher scores
indicate worse fatigue and better HRQL, respectively
(E-Table 3). Where numerical values for outcomes were
not provided [26, 27], we followed recommendations [18]
and visually inspected figures to estimate the outcome
means and used SD’s from other trials with similar par-
ticipant characteristics.

Risk of bias

Review authors independently evaluated the risk of bias
of included studies using the Cochrane Collaboration
“Risk of Bias” (RoB) tool [28], broadly similar to a newer
version [29]; all disagreements were resolved by consen-
sus. Trials were rated as having “low” (green traffic light),
“high” (red), or “some concerns” (yellow) for: selection
bias; performance bias; detection of bias; attrition bias;
reporting bias; and other potential sources of bias. To
assess publication bias, we generated funnel plots of the
MD against the standard error (SE) for the ISI and sleep
diary sleep behaviors/parameters between groups at
baseline, tested using the Egger’s test.

Data synthesis & statistical analyses

All outcomes were recorded as continuous variables. We
recorded the means and standard deviations (SD’s) for
each outcome. Where needed, we calculated the SD’s
from 95% confidence intervals (CI’s), SE’s, or standard-
ized effect size (Cohen’s d) using standard procedures
[18]. All meta-analyses were performed using random
effects models. To determine treatment effects, we ana-
lyzed the MD’s between CBT-I and control groups at
end-of-intervention and follow-up periods for the pri-
mary outcome ISI and secondary outcomes sleep behav-
iors/parameters. For fatigue and HRQL outcomes, we
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analyzed the standardized mean differences (SMD’s), as
Hedge’s g, due to variations in measures used.

We summarized treatment effects as MD’s (and 95%
CI’s) and interpreted results using minimal clinically
important difference (MCID) thresholds between groups,
or where different measures were used, SMD’s. We fol-
lowed recent calls to analyze and interpret results using
between-group MD’s/MCID’s [16], instead of the within-
group minimal important change (MIC) thresholds, or
statistical approaches (e.g., SMD) where both the MD/
MCID and SMD approaches were possible [18]. The
MCID refers to the smallest difference between two
groups that is considered clinically important and is rec-
ommended to assess treatment effect, while the MIC
refers to the smallest change within a group [30] that is
considered important but is subjected to biases related to
other effects such as natural history of disease, regression
to the mean, or non-specific effects [16] that can include
placebo effects [31] attributed to participant enthusiasm,
attention, and expectations [32]. In the cancer context,
cancer-related effects such as recurrence and changes
in treatments can also confound effects [3]. There-
fore, between-group MD’s and interpretation using the
MCID’s are methodologically more rigorous and clini-
cally relevant [16, 18, 30].

The MIC (within-group) threshold for the ISI among
individuals with chronic insomnia is a 6-point change
from baseline [33], derived from an RCT evaluating
pharmacologic treatment for adults with primary insom-
nia [34]. To derive a between-group MCID threshold,
we used the approach described by Johnston and col-
leagues [35] that is also endorsed by the American Col-
lege of Physicians (ACP) guideline on insomnia [36]:
between-group MD/MCID greater than or equal to the
MIC (i.e., 26 points) suggest that many patients gain
clinically-important benefit; MD’s up to half of the MIC
(i.e., 3-<6 points) suggest that an appreciable num-
ber of patients derive clinically-important benefit, and
MDs less than half of the MIC (i.e., <3 points) indicate
a small effect and that patients generally do not derive
clinically-important benefit. In addition, we used MD/
MCID thresholds for sleep parameters as endorsed by
the AASM for the pharmacologic treatment of insomnia
[37]: objectively-measured sleep behaviors / parameters
(by actigraphy or sleep study) sleep latency (= 10-minute
reduction), sleep duration (> 20-minute increase), WASO
(220-minute reduction), and sleep efficiency (=5-per-
cent increase); and subjectively-measured (sleep diary)
sleep behaviors/parameters, respectively: >20-minute
reduction, >30-minute increase, >30-minute reduction,
and >10-percent increase. We used SMD thresholds
of 0-0.29, 0.30-0.59, and 20.60 to indicate statistically
small, moderate, and large effect sizes, respectively [38],
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and a threshold endorsed by the AASM to suggest clini-
cal meaningfulness (i.e., 20.50, moderate effect size) [37].

We assessed statistical heterogeneity across studies
using I? statistics and considered thresholds of <40% as
not important; 40-60% moderate; and >60-90% sub-
stantial heterogeneity [18]. To investigate moderate-
to-substantial heterogeneity, we conducted a priori
subgroup analyses by cancer type, time since cancer diag-
nosis, cancer treatment completion status, CBT-I dura-
tion, delivery mode, and phase of RCT (pilot vs. larger
RCTs). We interpreted heterogeneity>70%, particularly
with <7 RCTs, as unreliable [39]. We conducted sensitiv-
ity analyses omitting trials in which mean ISI scores were
estimated from figures [26, 27] or a trial in which the
intervention used a meditation approach that overlaps
with the AASM definition of relaxation training or other
counter-arousal methods but not traditionally considered
CBT-I [40]. Additional sensitivity analyses used the SMD
approach to compare with existing literature.

We conducted all analyses using RevMan Web (8.1.1),
IBM SPSS (29.0.2.0), and defined statistical significance
as p<0.05. We generated a Summary of Findings table
using the GRADE approach that rated the certainty of
evidence: on study design, risk of bias, inconsistency,
indirectness, imprecision, and other considerations,
facilitated by GRADEpro GDT (McMaster University,
Canada).

Results

The initial search resulted 4,082 citations. After de-
duplication, 2,181 unique citations were included for title
and abstract screening, 90 of which underwent full-text
review. There were 26 manuscripts published from 19
RCTs, involving a total of 1,803 participants. Agreement
rates between reviewers were 95% (k=0.54; moderate)
and 83% (k=0.58) for the title and abstract, and full-text
reviews, respectively. Compared to the latest meta-anal-
ysis, of studies up to August 2020 [15], our updated and
expanded search, which included two additional years of
literature and three additional databases, identified 3,476
more records, resulted in 1,646 more studies screened, 42
more full-texts reviewed, 8 more RCTs (2 of which were
published before 2020; 6 published 2020-2022), and an
additional 525 participants (Fig. 1).

Of the 19 RCTs, 15 (80%) enrolled exclusively or pre-
dominantly (>50%) survivors of breast cancer. In all, 94%
of participants were women, with an average mean (and
range) age of 55 (42 to 66) years and time since cancer
diagnosis 2.5 years (2 months to 8 years) (Table 1). The
average mean (and range) duration of CBT-I was 6 (1-16)
total hours, delivered over 6 (4—10) weeks; 15 (80%) of
the interventions included a component of live-interac-
tion with an interventionist or therapist. Six (32%) inter-
ventions used a hybrid (in-person and remote) delivery
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format, seven (37%) remote only, and six (32%) in-person
only (Table 2).

Sixteen trials (84%) evaluated 3—4 CBT-I components,
two trials [26, 41] evaluated BBT-I, and one trial evalu-
ated a single-component relaxation therapy/meditation
approach (E-Table 4). Sixteen trials (84%) assessed the
ISIL. Sleep parameters, fatigue, and HRQL were assessed
in 14 (74%), 11 (58%), and 11 (58%) trials, respectively.
Eight trials (42%) assessed participant adherence and
therapist fidelity; all trials except for one reported com-
pletion rates>70% [26]. Ten trials (53%) were pre-regis-
tered, one retrospectively registered [40], and nine (47%)
designated as pilot trials (Table 2). A minority (<50%)
of trials assessed the primary and secondary outcomes
beyond end-of-intervention.

All 19 RCTs had at least one domain with high concern
for risk of bias — on performance due to lack of blind-
ing of participants and personnel (i.e., participants and/
or study personnel were aware of group assignment) or
selection (due to inadequate allocation concealment).
Approximately 50% of trials did not provide details on
blinding of outcome assessment and therefore were rated
as with some concern for detection bias. All RCTs had
low-to-some concerns on random sequence generation
or incomplete outcome data (E-Figure 2). There was evi-
dence suggestive of publication bias, as detected by the
primary outcome ISI and secondary outcome sleep diary
sleep efficiency, but not sleep latency, duration, or WASO
(E-Figure 3).

Effect of CBT-I on the primary outcome ISI at end-of-
intervention

Among 1,195 participants across 16 RCTs, ISI scores
were similar between groups at baseline. At end-of-
intervention, compared with controls, CBT-I participants
reported improved ISI, with absolute mean (95% CI) ISI
reduction (MD) of -4.4 (-5.3, -3.5) points (I>=61%) that
did not reach the MCID threshold of >6 points to sug-
gest that many participants derived clinically-important
benefit, including the 95% CI (low-certainty evidence,
Table 3). The MD was more than half the MIC (i.e., 3-<6
points), however, suggesting that an appreciable number
of participants derived clinically-important benefit (low-
certainty) (Fig. 2).

Subgroup analyses of RCTs that enrolled cancer sur-
vivors within 12 months of diagnosis, participants who
have completed all cancer treatment, used different
CBT-I delivery modes (in-person, remote, hybrid), dura-
tion (<4 vs.>4 weeks or <6 vs.>6 weeks), and pilot trials
(vs. larger/efficacy RCTs) showed similar magnitudes in
ISI reductions at end-of-intervention (MD’s -3.0 to -5.5
points) across subgroups that again, did not reach the
MCID threshold but reached half of the MIC, suggest-
ing that an appreciable number, not many, of participants
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derived clinically-important benefit. Survivors of non-
breast cancers might have derived higher ISI reduction
[MD: -6.2 (-9.7, -2.8) points], however limited by a small
number of two trials (N=94; I*=58%). There was mod-
erate-to-substantial heterogeneity (I*=58-61%), with
no subgroup substantially reducing (i.e., changed from
moderate-to-substantial to not important) heterogene-
ity, except for trials that used <6 weeks of CBT-I (6 RCTs;
N=560; 12=0%). There was no evidence of differential
treatment effects among subgroups, except for higher ISI
reduction for interventions that lasted>6 weeks [MD:
-5.5 (-6.9, -4.1)] compared to those<6 weeks [MD: -2.9
(-3.6, -2.3) points].

In sensitivity analyses that omitted RCTs in which
the mean ISI scores were estimated from figures in two
trials [26, 27], or one trial that used primarily medita-
tion practices [40] that have overlapping features with
relaxation training or other counter-arousal methods of
CBT-L, results did not substantially change [MD’s: -4.4
(-5.4, -3.5) points; I>=63%; and - 4.4 (-5.4, -3.4) points,
>=66%, respectively). Using the SMD approach in

sensitivity analyses, the effect size (95% CI) of CBT-I on
ISI at end-of-intervention, compared with controls, was:
-0.9 (-1.1, -0.7), statistically large-to-very-large that on
average exceeded the SMD threshold of >0.50, suggest-
ing clinical meaningfulness.

Effect of CBT-I on the ISl at follow up (1-3, 6, and
12-Months)

Of the 16 RCTs that assessed ISI, a minority (<50%) had
follow up beyond one month. At 1-3 and 6 months pos-
tintervention, the ISI reduction remained lower among
CBT-I compared to control participants, with possibly
smaller magnitude in reduction compared to end-of-
intervention: MD’s -3.3 (-4.3, -2.2) (7 RCTs; N=758;
°=59%) and -3.5 (-4.7, -2.3) (7 RCT; N=576; I*=59%)
points, respectively, that did not reach the MCID to sug-
gest that many participants derived clinically-important
benefit, but could have been greater than half of the MIC
(95% CI’s crossed 3 points), suggesting that possibly an
appreciable number of participants derived clinically-
important benefits; there was no statistically-significant
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ge§ S g or clinically-important effects between groups at
@ g %— _E = % 12-month follow-up [MD: -2.9 (-5.8, +0.04) points] (3
S § § £l ® % h % =] RCTs; N=308; I2=83%; unreliable). Sensitivity analyses
=2>E02 =285 _ac’i of between-group SMD’s (95% CI) at end-of intervention,
- § ° < 1-3, and 6-month follow-up were: -0.91 (-1.09, -0.72);
g % 5 gg E -0.71 (-1.0, -0.40); and -0.80 (-1.2, -0.40), respectively,
5 E E e ~ % statlstlcal‘ly large-to-yery-large effects, suggestive of clini-
E2 8 €z R cal meaningfulness (i.e., SMD > 0.50).
cea =5 %
é ~_§ % < g S é Effects of CBT-l on sleep parameters, fatigue, HRQL (2°
% Outcomes) at end-of-intervention
g = g At baseline, there were no differences in sleep behaviors/
2 © & = = 5 parameters, fatigue, or HRQL between groups. At end-
§ . ; = g% gi g of-intervention, compared with controls, participants in
S8 CHESEL o the CBT-I group reported improved sleep diary behav-
- % iors/parameters [MD’s (95% CI’s)]: sleep latency [-11 (-15,
< s e -8) minutes] (12 RCTs; N=936; I>=38%) (low-certainty);
E gL § _qc’i WASO [-14.7 (-20.8, -8.5) minutes] (12 RCTs, N=937;
- S 4—2 S < 1>=65%) (low-certainty), and efficiency + 7.0 (+5.2, +8.7)
_§ g: 3 é 2 2 2 z percent (13 RCTs; N=994; I? =38%) (very-low-certainty).
Ey ;5 § § _§‘ E SE None of these parameters reached the MCID thresholds
o, £ (including 95% CI’s) [37], with sleep latency, WASO, and
. g é i} E sleep efﬁci‘ency exceeding half of the MIC,. S}lggesting Fhat
T -5 2 a an a.ppreC}able number, not many, of participants derived
£ s g sz clinically-important benefits [36] (low-to-very-low cer-
5 85 g E tainty) (Table 3). Sleep duration was not statistically dif-
% g m‘w é é . ferent between groups at end-of-intervention: +4.5 (-6.9,
£ 25 s %é +15.9) minutes (12 RCTs; N=974; 1>=48%) (very-low-
§ 5 9 §§ £ te certainty). In sensitivity analyses, the SMD’s (95% CI’s)
2 £ 2237 s 8 % for subjective/sleep diary sleep latency, WASO, and sleep
g o g % % i'_’ latency were: -0.56 (-0.73, -0.39); -0.53 (-0.73, -0.34); and
= = ES € £ = +0.67 (+0.52, +0.83), all greater than the >0.50 threshold
£ 5 §2°S = 2 == suggestive of clinical meaningfulness.
=< o >fe= . : gg A minority (6, 32%) of trials assessed objective sleep
s @;6 S g %i behaviors/parameters using actigraphy or sleep study.
E 5 = é g g8 Compared to sleep diary, the magnitude of improve-
£ S 8¢ S _r;i 5 § ments detected by actigraphy at end-of-intervention were
= v =z3R (@ 29 generally lower [sleep latency: -4.0 (-6.4, -1.6) minutes (4
. L5 |8 g 3 RCTs; N=331; I’=0%); WASO: -9.0 (-17.7, -0.3) min-
%? ,Lg o |8 553 utes (4 RCTs; N=335; 1°=79%; unreliable)] that again,
§ 5 §20 |25 4 g did not reach the MCID thresholds (including 95% CI’s)
=2 § =83 |z2gz2 [37] but reached close to half of the MIC (i.e., 5-minute
2 ‘% % §° 2% and 10-minute reductions), suggesting that potentially
w 8 j§ § o 2f an appreciable number of participants derived clinically-
E = L;; 3 ‘§ e 2 § important benefits (unreliable evidence, due to substan-
E 3 g = :E; > 3 gﬁ tial heterogeneity I>>70%, small number of <7 RCTs,
-,% —c& 22 T 5 u% and wide 95% CT’s). There were no statistically-significant
5 |= 5 °=8 |z % g g £ differences between groups in end-of-intervention sleep
g ks T S8 duration [-0.45 (-24.1, +23.2) minutes] (4 RCTs; N=370;
% E § g E % 1% = 83%; unreliable) or sleep efficiency [+ 1.5 (-1.0, +3.9)
S 5 c ‘g § g 2 E percent] (5 RCTs; N = 395; I? =79%; unreliable). Two trials
- |E -% = 5 £ s 8 Es (N=121; I*=0%) assessed sleep parameters using sleep
= z = . §§ E 'q-: g 8 % g study, with none of the sleep behavior / parameters hav-
BlfE29% |58 3 [ - ing differences between groups at end-of-intervention.
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Table 2 Trial and intervention characteristics
First author, Intervention, Duration, Weeks One-on- Sleep Pilot A d A d
year format (total hours) oneinteraction  outcomes trial adherence intervention
(Y/N) (%) fidelity
(Y/N) (%)
Palesh, BBT-CI, 4 Yes ISI Yes Yes (=70) Yes (=70)
2018 [26] Hybrid (3)
Savard, CBT-, 6 Optional ISI, No Yes (>70) Yes (>70)
2016 [49] Remote (5) sleep diary
Savard, CBT-l, 6 Yes ISI, No Yes (>70) Yes (=70)
2014 [50] In-person (5) sleep diary
Casault, CBT-, 6 Yes ISI, Yes Yes (=70) No
2015 [51] Remote O] sleep diary
Savard, CBT-, 8 Group IS, No No No
2005 [52] In-person (12) sleep diary,
sleep study
Dirksen, CBT-l, 6 Mixed ISI, No No No
2008 [53] Hybrid (5.5) sleep diary,
actigraphy
Hall, CBT-l, 4 Yes ISI, Yes Yes (=70) Yes (>70)
2022 [27] Remote (3.75) sleep diary
Zhao, Meditation-focused?, 6 Group ISI, No No Yes (=70)
2020 [54] In-person 9) actigraphy
Zachariae, CBT, 6-9 No ISI, No Yes (68) N/A
2018 [55] Remote (4.5-6) sleep diary (self-help)
Ritterband, CBT-l, 9 No ISI, Yes Yes (=70) N/A
2012 [56] Remote (4.5-6) sleep diary (self-help/internet)
Roscoe, CBT-l, 7 Yes ISI No Yes (=70) No
2015 [57] Hybrid (2.5-5)
Gonzalez, CBT-l, 6 Group ISl Yes Yes (>70) Yes (=70)
2022 [58] Remote 9)
Espie, CBT-, 5 Group Sleep diary, No Yes (>70) Yes (NR)
2010 [59] In-person 4.2) actigraphy
Matthews, CBT, 6 Yes ISI, No No Yes (NR)
2014 [60] Hybrid (2.5-4.7) sleep diary
Palesh, BBT-CI, 6 Yes IS Yes No Yes (NR)
2020 [61] Hybrid (3)
Dean, BBT-I, 4 Yes ISI, Yes Yes (=70) Yes (NR)
2020 [41] Hybrid (2.6) sleep diary
Padron, CBT-l, 6 Yes Sleep diary Yes Yes (=70) Yes (>70)
2019 [62] In-person 9)
Zhang, Meditation-focused?, 8 Group ISI, No No No
2019 [40] In-person (16) sleep diary,
actigraphy,
sleep study
Chung, CBTH, 10 No None® Yes Yes (=70) N/A
2022 [63] Remote (8-12)
Summary CBT-1(14) Interventions <6 Yes -9 ISI-16 Yes-9  Adherence Fidelity assessed
BBT-1(3) wks: 13 trials (68%); Group -5 Sleep diary No-10 assessed and >70% -7,
Meditation- mean (range): 6 Mixed — 1 -13 trials and =70% assessed but NR
focused? (2) (1-16) total hours ~ Optional - 1 Actigraphy - 4 -12; -4
In-person (6) No-3 Sleep study — 2 assessed not assessed
Remote (7) trials trials and <70% - 1; - 8trials
Hybrid (6 trials) not assessed
- 6 trials

2Meditation-focused interventions that had overlapping features with CBT-I: relaxation training, cognitive therapy, and other counter-arousal methods (E-Table 2)

bIncluded for secondary outcome HRQL

AASM=American Academy of Sleep Medicine; BBT-Cl=Brief Behavioral Therapy for Cancer-related Insomnia; BBT-I=Brief Behavioral Therapy for Insomnia;
CBT-1=Cognitive Behavioral Therapy for Insomnia; HRQL =health-related quality of life; ISI=Insomnia Severity Index; NR=Not Reported
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Table 3 Summary of findings on the effects of CBT-I on End-of-Intervention primary and secondary outcomes

Outcomes Absolute Effects Ne of Certainty of Comments
(95% CI) partici- Evidence
pants (GRADE)
(studies)
IS MD 4.4 points lower 1195 @@O On average, did not reach the MCID threshold of > 6 points [24, 33], but
(5.3 lower to 3.5 lower) (16 RCTs) Low™P reached half of the MIC, suggesting an appreciable number, not many,
of participants derived clinically-important benefit.
Fatigue SMD 0.29 lower 831 BPDOQO Statistically small effect size of unclear or no clinical meaningfulness (i.e.,
(043 lower to 0.15 lower) (11 RCTs) Low<de on average, did not reach the recommended SMD threshold > 0.50 to
suggest clinical meaningfulness) [36, 371.
HRQL SMD 0.2 higher 626 BOOO Small effect size of unclear or no clinical meaningfulness (i.e, on aver-
(0.04 higher to 0.36 (10 RCTs) Very low®€  age, did not reach the recommended SMD threshold > 0.50 to suggest
higher) clinical meaningfulness) [36, 37].
Sleep Diary MD 11.5 min lower 936 BPDOO Onaverage, did not reach the MCID threshold of 20 min [36, 371, but
Sleep Latency (15.1 lower to 7.9 lower) (12 RCTs) Low [64]" reached half of the MIC, suggesting an appreciable number, not many,
of participants derived clinically-important benefit.
Sleep Diary MD 4.5 min higher 974 BOOO Notstatistically significant and did not reach the MCID threshold of
Sleep Duration (6.9 lower to 15.9 higher) (12 RCTs) Very low* 9 30 min [36, 37] nor half of the MIC to suggest clinical-important benefit.
Sleep Diary MD minutes 14.7 lower 937 @@QO On average, did not reach the MCID threshold (including the 95% Cl) of
WASO (20.8 lower to 8.5 lower) (12 RCTs) Low®f 30 min [36, 37], but reached close to half of the MIC, suggesting an ap-
preciable number, not many, of participants derived clinically-important
benefit.
Sleep Diary MD 7.0% higher 994 BOOO Onaverage, did not reach the MCID threshold (including the 95% Cl) of
Sleep Efficiency (5.2 higher to 8.7 higher) (13 RCTs) Very low* 5f109% [36, 37], but reached half of the MIC, suggesting that an appreciable

number, not many, of participants derived clinically-important benefit.

a. Due to concern for moderate (30-60%) to substantial (50-90%) statistical heterogeneity (by I-squared test), related to study clinical and/or methodological

diversity
b. As assessed by funnel plot asymmetry and Egger’s test

. In addition to concerns on non-reporting or publication bias as suspected with the ISl, fatigue and HRQL outcomes were assessed among only <60% of included

trials

d. Fatigue and HRQL among cancer survivors could be due to other factors other than insomnia and therefore not directly influenced by CBT-I

e.Due to wide confidence intervals

f. Due to absence of established reliability, validity, and responsiveness, and demonstrated large differences (or poor agreement) between sleep diary compared to
objectively-measured actigraphy and polysomnography (the gold-standard) parameters (specifically on sleep duration, WASO, and sleep efficiency)

g. Due to wide confidence intervals and directionality of effects (both decreased and increased sleep duration following CBT-)

CBT-I=cognitive behavioral therapy for insomnia; HRQL = health-related quality of life; ISI=Insomnia Severity Index; MCID =minimal clinically important difference;
MIC=minimal important change; MD = mean difference; RCT=randomized controlled trial; WASO =Wake after sleep onset

Moreover, compared with controls, there was a statisti-
cal reduction in fatigue among CBT-I participants at end-
of-intervention, with SMD (95% CI) -0.29 (-0.4; -0.15) (11
RCTs; N=831; I*=0%) (low-certainty) (Fig. 3A); similarly,
HRQL was statistically improved [SMD (95% CI)]: +0.2
(+0.04, +0.36) (10 RCTs; N=626; 1>=0%) (very-low-
certainty) (Fig. 3B). However, the magnitude of these sta-
tistical improvements were small and did not reach the
SMD threshold >0.50 to suggest clinical meaningfulness
[37] (Table 3).

In all, the strength of the evidence for primary and all
secondary outcomes at end-of-intervention were low
or very-low, due to heterogeneity, performance, report-
ing, and/or publication bias, with none of the outcomes
reaching their respective MCID thresholds (Table 3). The
magnitudes of treatment effects on ISI, sleep diary/sub-
jective sleep latency, WASO, and sleep efficiency reached
close to or exceeded half of the MIC’s, suggesting that an
appreciable number, not many, of participants derived
clinically-important benefits at end-of-intervention.

Discussion

This systematic review and meta-analysis found with
low to very-low certainty evidence that CBT-I, com-
pared with controls, statistically improved the primary
outcome ISI and secondary outcomes patient-reported
sleep latency, WASO, sleep efficiency, fatigue, and HRQL
that on average, did not reach their respective MCID
thresholds to indicate that many patients derived clin-
ically-important benefits at end-of-intervention, with
unreliable evidence on objective actigraphy sleep param-
eters. In addition, a minority (<50%) of studies assessed
these outcomes beyond end-of-intervention. These
results have important implications for additional and/or
alternative strategies to improve insomnia for the many
cancer survivors who do not respond to traditional, first-
line CBT-I treatment.

An important distinction of our meta-analysis from
priors is the use of between-group MD and MCID
thresholds instead of within-group changes or statistical
SMD’s to interpret results, as recommended to evaluate
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Intervention Control Mean difference Mean difference
Study or Subgroup Mean [points] SD [points] Total Mean [points] SD [points] Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Casault 2015 5.32 293 17 11.31 5.52 18 52% -5.99[-8.90,-3.08]
Dean 2020 6.94 527 16 15.07 442 14 42% -813[-11.60,-466] ——ovd
Dirksen 2008 14.38 5.31 34 16.31 5.03 38 6.3% -1.93[-4.33, 0.47] P .
Gonzalez 2022 78 3.75 15 13.33 6.69 14 35% -5.53[-9.52,-1.54]
Hall 2022 9.34 42 19 15 42 19 57% -566[-8.33,-2.99] —_—
Matthews 2014 9.03 438 30 11.37 438 26 6.5% -2.34[-464, -0.04] ——
Palesh 2018 9.5 5.1 34 1.5 6.7 37 5.5% -2.00[-4.76, 0.76] ———
Palesh 2020 8.185 6.1 31 10.916 6.1 33 5.0% -2.73[-5.72, 0.26]
Ritterband 2012 82 397 13 144 3.85 13 50% -6.20[-9.21,-3.19]
Roscoe 2015 5.61 458 18 10.47 458 19 51% -4.86[-7.81,-1.91]
Savard 2005 7.57 5.25 27 137 5.09 30 56% -6.13[-8.82,-3.44] ——
Savard 2014 59 44 70 1.2 435 77 90% -5.30[-6.72,-3.88] ——
Savard 2016 83 443 57 1.2 435 77 87% -290[-4.41, -139] —
Zachariae 2018 71 44 103 128 53 100 92% -5.70[-7.04,-4.36] —
Zhang 2019 10.82 568 31 15.42 5.9 33 53% -460[-7.44 -176]
Zhao 2020 12.65 286 65 15.48 293 67 102% -2.83[-3.82,-1.84] —
Total (95% CI) 580 615 100.0% -4.37 [-5.26, -3.49] e
Heterogeneity: Tau® = 1.74; Chi* = 38.49, df = 15 (P = 0.0008); I = 61%
Test for overall effect: Z = 9.69 (P < 0.00001) 10 5 0 10
Test for subgroup differences: Not applicable Favours [experimental] Favours [control]
Fig. 2 Between-Group Differences in End-of-Intervention ISI (Primary Outcome)
Cl=confidence interval; ISI=Insomnia Severity Index; SD=standard deviation
Intervention Control Std. mean difference Std. mean difference
Study or Subgroup Mean [points] SD [points] Total Mean [points] SD [points] Total Weight IV, Random, 95% CI IV, Random, 95% CI
Casault 2015 73.55 1563 17 60.99 27.45 18 5.5% 0.55[-0.13, 1.22] -l
Chung 2022 54.59 1963 21 41.38 16 15 5.4% 0.71[0.02, 1.39]
Dean 2020 90.73 2135 15 7467 264 1" 3.9% 0.66 [-0.14 , 1.46] -
Dirksen 2008 118.8 1.9 34 131 18.2 38 115% 0.36 [-0.10, 0.83] 4
Matthews 2014 72.91 14.08 30 71.22 14.08 26 9.1% 0.12[-0.41, 0.64] —
Ritterband 2012 48.51 8.73 14 46.82 101 14 46% 0.17 [-0.57 , 0.92] —_—
Roscoe 2015 879 139 18 797 157 17 5.5% 0.54[-0.14,1.22] -
Savard 2005 67.56 19.86 27 70.1 19.34 30 9.3% -0.13[-0.65, 0.39] —_—
Savard 2014 711 19.2 70 706 19 77 24.0% 0.03 [-0.30, 0.35] —
Savard 2016 714 195 57 69.7 19 77 21.4% 0.09[-0.25, 0.43] —l—
Total (95% CI) 303 323 100.0% 0.20 [0.04, 0.36] ’
Heterogeneity: Tau? = 0.00; Chi*=8.97, df =9 (P =0.44); I’ = 0% ) .
Test for overall effect: Z =2.44 (P =0.01) 1 05 0 05 1
Test for subgroup differences: Not applicable Favours [control] Favours [experimental]

Fig. 3A Between-Group Differences in End-of-Intervention Fatigue (Secondary Outcome)

Cl=confidence interval; ISI=Insomnia Severity Index; SD =standard deviation

intervention effects [42] and is a limitation of existing lit-
erature as raised by the ACP [36]. As such, we included
only RCTs in which appropriate controls (e.g., wait-list,
sleep hygiene education only) were used to better evalu-
ate treatment effects. Most recently, Squires and col-
leagues updated an older meta-analysis and found that,
across 15 trials involving 1,461 participants, CBT-I sta-
tistically reduced ISI from pre-to-postintervention by an
average of -7.8 points (SMD 0.78) that exceeded the MIC
threshold [15]. However, that meta-analysis included four
trials that we excluded based on our pre-registered proto-
col to examine between-group effects: one due to a cross-
over design in which participants in the treatment and
control groups received the intervention before outcome
assessments [43], two due to non-inferiority designs that

compared home-based exercise [44] or Tai-Chi [45] with
CBT-I, both of which reported significant improvements
in insomnia among the comparator group, and another
due to the absence of peer-review on grey literature
involving a low-intensity CBT-I intervention [46] that
may diminish true treatment effects [47]. Despite these
differences, secondary analyses from that meta-analysis
(based on our review of their registered protocol) also
identified that participants in the CBT-I group, com-
pared with the comparator group, derived an average ISI
reduction of -4.3 points at end-of-intervention (results
we manually calculated) that is similar to our findings
(those in the comparator group also improved by -3.5
points). Also like our study, the effects of CBT-I appeared
to numerically decrease over time, were generally smaller
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Intervention Control Std. mean difference Std. mean difference
Study or Subgroup Mean [points] SD [points] Total Mean [points] SD [points] Total Weight IV, Random, 95% CI IV, Random, 95% CI
Casault 2015 1.36 0.58 17 1.54 64 18 43% -0.29[-0.95, 0.38] _—
Dean 2020 6.71 6.12 15 86 35 1 3.1% -0.34[-1.12, 0.45] =
Dirksen 2008 57 53 34 85 76 38 8.6% -0.42 [-0.89, 0.05] —
Hall 2022 47.63 284 19 50 8.4 19 47% -0.08 [-0.72, 0.55] _—
Matthews 2014 3.98 1.83 30 425 83 26 6.8% -0.15[-0.67 , 0.38] —_——
Ritterband 2012 95 18.32 14 19.79 20.64 14 3.3% -0.51[-1.27, 0.24) =
Roscoe 2015 1.88 153 18 297 1.44 17 4.0% -0.72 [-1.40 , -0.03]
Savard 2005 251 0.64 27 244 0.67 30 7.0% 0.11[-0.42, 0.63] — F—
Savard 2014 13 063 70 16 0.71 77 176% -0.44[-0.77 ,-0.12] —_—
Savard 2016 16 0.59 57 16 0.71 77 16.1% 0.00[-0.34, 0.34] —_—
Zachariae 2018 1.2 85 103 15.2 6 100 24.4% -0.42[-0.69,-0.14] —_—
Total (95% CI) 404 427 100.0% -0.29 [-0.43 , -0.15] 3
Heterogeneity: Tau? = 0.00; Chi?=9.41, df = 10 (P = 0.49); I?=0%
Test for overall effect: Z = 4.14 (P < 0.0001) 1 -0.5 0 0'5 1
Test for subgroup differences: Not applicable Favours [experimental] Favours [control]

Fig. 3B Between-Group Differences in End-of-Intervention HRQL? (Secondary Outcome)
“Large variations in means and SD's due to differences in HRQL measures used
Cl=confidence interval; ISI=Insomnia Severity Index; HRQL = health-related quality of life; SD=standard deviation

for objective compared to subjective sleep behaviors/
parameters, and small or very-small on downstream
patient-centered outcomes fatigue and HRQL [15].

Our meta-analysis adds to the existing literature on
CBT-I among cancer survivors in that our expanded and
updated search includes two additional years of literature
and three additional large databases omitted in the pre-
vious review [15]. As a result, we identified 3,476 more
records and screened 1,646 more unique studies, and —
because we excluded 4 trials involving 183 participants
included in that review — 8 new RCTs and 525 additional
participants [15]. In addition, we detected potential pub-
lication bias, possibly due to higher sensitivity of the Egg-
er’s compared to Begg’s test to detect publication bias, as
also detected by the ACP guideline [36]. Moreover, we
rated the strength of evidence using GRADE, not per-
formed in prior meta-analyses [14, 15], to facilitate inter-
pretation and decision-making.

Interpretation of intervention effects is recommended
to be informed by the between-group MCIDs instead of
statistical approaches such as the SMD unless necessary.
We used a single primary outcome measure (i.e., ISI) to
enhance interpretation and anchored results interpre-
tation on a 6-point MCID threshold established among
individuals with chronic insomnia [24, 33] and endorsed
by the ACP guideline [36]. In doing so, we provided evi-
dence that an appreciable number, not many, of cancer
survivors derived clinically-important benefits with tra-
ditional CBT-I. While these results are limited by the
absence of an established or well-accepted MCID thresh-
old in cancer and our inability to conduct participant-
level analyses, it is highly likely that many (i.e., >50%)
of the participants did not reach the MCID threshold,
as also reported in a 2023 pragmatic RCT evaluating
sleep restriction therapy among individuals with chronic

insomnia [48]. The importance of analyses to examine
responders and non-responders has been raised by the
ACP [36], with recent calls in precision sleep medicine to
adapt CBT-I to better address cancer-specific challenges,
such as fear of cancer recurrence and progression [3].
These findings have implications in the design of future
interventions, including CBT for cancer-related insom-
nia, and methodological considerations to better examine
treatment effects.

Moreover, we identified moderate-to-substantial clini-
cal and methodological heterogeneity among RCTs eval-
uating CBT-I among cancer survivors, notably related to
time since cancer diagnosis that ranged 2 months to 8
years and with CBT-I interventions that ranged 1 to 16
total hours, highlighting a limitation of existing literature
in this population to more concretely define the popula-
tion with regards to timing along the cancer life course
and more uniform interventions to reduce heterogeneity
and improve the certainty of evidence. Further, we iden-
tified an overwhelming number of >90% of participants
enrolled to date being women, predominantly survivors
of breast cancer, which highlight a need to include men
and survivors of other cancer types with insomnia.

The strengths of our systematic review and meta-
analysis include: (1) a more comprehensive and updated
search strategy that resulted in a substantial number
of 8 new RCTs and 525 more participants included; (2)
conduct following standard Cochrane Handbook recom-
mendation for systematic reviews of intervention effects,
including between-group comparison with appropriate
controls; (3) use of a directed acyclic graph to outline
potential mechanisms; (4) thorough evaluation of CBT-I
components, cancer-related characteristics, subgroup,
and sensitivity analyses; (5) use of guideline-endorsed
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MCID thresholds to interpret results; and (6) GRADE
ratings to inform decision-making and future studies.

Limitations include an approximately 2-year lag
between search completion and analyses; however this
2-year lag is similar to prior systematic reviews and meta-
analyses [14, 15], with a substantial greater number of
studies identified and full-length manuscripts reviewed.
Additional limitations include absence of individual par-
ticipant data analyses, limited availability of RCTs that
reported participant-level changes, and small number of
adequately-powered phase III RCTs to determine treat-
ment effect. Further, the very low inclusion of men (6%)
and low inclusion of survivors of cancers other than
breast limit the generalizability of findings to male cancer
survivors and/or those facing sleep related challenges not
due to hormonal or other factors related to female breast
cancer survivors.

Future RCTs can enroll male cancer survivors and/or
evaluate CBT-I among non-breast cancer survivors to
enhance clinical diversity and generalizability. In addi-
tion, evaluation of psychometric properties, including
MCID thresholds, for the ISI and other sleep measures
in cancer is needed to advance the field. Future work can
also update this systematic review and meta-analysis,
recognizing the inherent time lag incurred in a rigorously
conducted study that includes thorough search, review of
results, consensus, data extraction, rating of bias, meta-
analysis, and grading of the strength of evidence.

We conclude with low-to-very low certainty evidence
that among cancer survivors, CBT-I, compared with con-
trols, improved ISI and subjective sleep diary parameters
that on average, did not reach the respective MCID but
reached half of the MIC thresholds, suggesting that an
appreciable number, not many, of participants derived
clinically-important benefits. Future work can conduct
methodologically rigorous RCTs to evaluate CBT-I or
other interventions to improve insomnia among cancer
survivors, enroll men and survivors of non-breast cancer,
establish MCID thresholds in cancer, and evaluate inter-
vention effects by examining participant-level changes.
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PSQl Pittsburgh Sleep Quality Index
RCT Randomized Controlled Trial

RoB Risk of Bias

SDEF  Sleep Disruption Evaluation Form
SE Standard Error

SLE sleep efficiency

SMD  Standardized Mean Difference
SOL Sleep Onset Latency

WASO  Wake After Sleep Onset
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