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Abstract

Background: Fatigue is the most common symptom among
cancer survivors. Cancer-related fatigue (CRF) may occur at any
point in the cancer care continuum. Multiple factors contribute
to CRF development and severity, including cancer type,
treatments, presence of other symptoms, comorbidities, and
medication side effects. Clinically, increasing physical activity,
enhancing sleep quality, and recognizing sleep disorders are
integral to managing CRF. Unfortunately, CRF is infrequently
recognized, evaluated, or treated in lung cancer survivors despite
more frequent and severe symptoms than in other cancers.
Therefore, increased awareness and understanding of CRF are
needed to improve health-related quality of life in lung cancer
survivors.

Objectives: 1) To identify and prioritize knowledge and
research gaps and 2) to develop and prioritize research questions
to evaluate mechanistic, diagnostic, and therapeutic approaches
to CRF among lung cancer survivors.

Methods: We convened a multidisciplinary panel to review the
available literature on CRF, focusing on the impacts of physical
activity, rehabilitation, and sleep disturbances in lung cancer.
We used a three-round modified Delphi process to prioritize
research questions.

Results: This statement identifies knowledge gaps in the
1) detection and diagnostic evaluation of CRF in lung cancer
survivors; 2) timing, goals, and implementation of physical
activity and rehabilitation; and 3) evaluation and treatment of
sleep disturbances and disorders to reduce CRF. Finally, we
present the panel’s initial 32 research questions and seven final
prioritized questions.

Conclusions: This statement offers a prioritized research
agenda to 1) advance clinical and research efforts and 2) increase
awareness of CRF in lung cancer survivors.

Keywords: lung cancer; cancer-related fatigue; physical activity;
rehabilitation; exercise training; sleep disturbance; sleep disorder;
survivorship
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Overview

Cancer-related fatigue (CRF) is common in
lung cancer survivors and can occur at any
point in the care continuum. CRF
encompasses physical, emotional, and/or
cognitive tiredness; is related to cancer or
cancer treatments; and interferes with
multiple dimensions of health-related quality
of life (1–3). CRF is poorly understood,
underrecognized, and undertreated.
Furthermore, CRF often presents with a
cluster of symptoms, including pain, mood
disorders, and sleep disturbance. Compared
with survivors of other cancer types, lung
cancer survivors (i.e., anyone living with or
beyond a lung cancer diagnosis) may have
more severe and difficult-to-manage CRF
symptoms. Unfortunately, most CRF-related
research has focused on patients with other

cancer types. The lack of data on CRF in lung
cancer likely arises from the historically poor
survival in this cohort. However, as lung
cancer survival steadily improves, there is a
critical need to prioritize CRF detection and
treatment before, during, and after cancer-
directed care. This American Thoracic
Society (ATS) research statement aims to
identify knowledge gaps and prioritize
research questions to improve the
recognition, evaluation, and treatment of
CRF among lung cancer survivors to guide
future clinical and research efforts.

Introduction

CRF is a common, distressing, complex,
understudied, and underrecognized
symptom during cancer survivorship

(defined by the National Cancer Institute and
the National Coalition for Cancer
Survivorship as any time after cancer
diagnosis; Figure 1) (1, 4–6). Although
fatigue is reported by up to 40% of patients at
cancer diagnosis (7), there is significant
variability in CRF prevalence among studies,
ranging from 12% to 80% in different
cancers (8–11). In patients with metastatic
disease, the prevalence of CRF exceeds
75% (12–14). CRF encompasses physical,
emotional, and/or cognitive tiredness;
development of mood symptoms (i.e.,
anxiety and depression); impaired sleep; and
reduced physical activity (2, 3, 15). CRF
overlaps with comorbidities among lung
cancer survivors and significantly interferes
with health-related quality of life (HRQoL)
(3). As higher symptom burden, depression
scores, and impairments of HRQoL are
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Key Points and Recommendations

� Fatigue negatively affects up to 80% of lung cancer survivors.
� CRF is defined by the National Comprehensive Cancer Network as a “distressing, persistent, subjective sense of physical,

emotional, and/or cognitive tiredness or exhaustion related to cancer or cancer treatment that is not proportional to
recent activity and interferes with usual functioning” (1).

� The epidemiology, pathogenesis, evaluation, and preferred treatment of CRF in lung cancer survivors are poorly understood.
� Symptom clusters in lung cancer may be unique compared with other cancer types; clinical recognition and management of

symptom clusters are uncertain.
� It is unclear if specific tumor characteristics (i.e., histology, location, and stage) and cancer treatment modalities influence

CRF development, progression, and severity in lung cancer survivors.
� Several screening tools for CRF have been validated in various cancer populations, but the optimal screening tool for lung

cancer survivors is unknown.
� Although physical activity appears beneficial in lung cancer survivors, there are significant knowledge gaps regarding the

potential for physical activity programs to improve CRF (and the resultant biological changes).
� Given the unique clinical characteristics of lung cancer survivors (i.e., the effects of advanced age, cigarette smoking,

comorbid cardiopulmonary disease, and lung cancer and its treatments), there is a need to personalize CRF treatment.
� There is a need for physical activity programs to have effective and sustainable implementation strategies to reduce CRF

among lung cancer survivors, including program components, location, setting, and timing along the lung cancer course.
� Sleep disturbances often coexist with CRF and may share common pathophysiologic pathways; however, there are limited

data demonstrating whether treatment of sleep disturbances and/or symptom clusters can reduce CRF in lung cancer
survivors.
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associated with worsened lung cancer
survival, identification and treatment of CRF
are critically important for lung cancer
survivors (16–20). Unfortunately, strategies
for evaluation, diagnosis, and treatment of
CRF are inconsistent (1). As a result, CRF
often goes undiagnosed and unmanaged,
potentially impairing cancer treatment
adherence, disease control, and patient
outcomes (3).

The biological basis and treatment
strategies for CRF are unclear. The
pathophysiology may be multifactorial and
the result of a complex interplay among
biological mediators, comorbidities (medical
and psychiatric), chronic pain, treatment-
related effects, physical activity,
deconditioning, skeletal muscle dysfunction,
and sleep disruption (Figure 2) (2, 3).
Similarly, the optimal treatment for CRF is
uncertain. The National Comprehensive
Cancer Network (NCCN) guidelines for
CRF include nonpharmacologic and
pharmacologic strategies (1). Although the
guidelines recognize that management of
contributory comorbidities may improve
CRF, available studies support that
nonpharmacologic interventions (including
physical activity, sleep, and psychosocial

interventions) may be more efficacious than
pharmacologic interventions (21–27), and
some pharmacologic options (e.g.,
psychostimulants) remain investigational
(1, 28). Therefore, in this work, we focus on
nonpharmaceutical treatment options
approachable by multiple cancer team
members. Although physical activity may
be an effective strategy to reduce CRF
(21, 23–25, 27), physical activity generally
decreases with time and treatment in most
lung cancer survivors (29–33). Sleep
disruption and sleep disorders are highly
prevalent, underrecognized (34), and
strongly correlate with CRF (35).

Cancer survivorship guidelines
recommendmaintaining a physically active
lifestyle with aerobic and resistance exercises
to optimize symptoms, physical functioning,
and HRQoL (36). A physically active lifestyle
may also be an effective strategy to reduce
CRF (21, 23–25, 27). Unfortunately, most
lung cancer survivors are inactive, with
physical activity and functional capacity
generally decreasing with time and treatment
(29–33). In addition, sleep disruption and
sleep disorders are highly prevalent,
underrecognized (34), and strongly correlate
with CRF (35). The NCCN guideline on

CRF recommends evaluating and treating
underlying sleep disturbances (1). Both
physical activity and sleep may play a central
role in developing and/or ameliorating CRF,
so an evidence-based framework for clinicians
to evaluate and address physical inactivity,
sleep disturbances, and CRF is needed.

As advances in cancer care have led to
improved survival (37), the number of lung
cancer survivors is expected to increase by
�25% in the next decade (38). Furthermore,
as lung cancer screening identifies disease in
earlier stages, the number of lung cancer
survivors struggling with CRF will continue
to increase. An improved understanding of
the frequency, pathophysiology, and options
for diagnosing and treating CRF in lung
cancer survivors is paramount. To this end,
the ATS convened a multidisciplinary panel
to 1) identify and prioritize knowledge and
research gaps and 2) develop and prioritize
research strategies to evaluate mechanistic,
diagnostic, and treatment priorities in CRF
in lung cancer survivors. The panel members
agreed to focus on physical activity and sleep,
as they may play a central role in developing
and/or ameliorating CRF; evidence-based
strategies for clinicians to evaluate and
address these factors are needed.

Cancer-Related Fatigue 

Surgery

Pre-Diagnosis

Age
Sex
Patient factors#

Fear & anxiety
Adjustment disorder
lnsomnia

Surgical recovery and pain
Radiation & drug-related side
    effects
Functional limitation*
Sequelae of therapy**

Treatment effects
Psychological
effectsΛ

Advanced cancer
Circadian disruption
Pain medication
Dependence on O2

Diagnosis Therapies Remission Progression

Chemotherapy
lmmunotherapy Radiation Targeted

Therapies

Relapsed or
Recurrent
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Figure 1. Cancer-related fatigue (CRF) over the continuum of cancer care. CRF may affect lung cancer survivors at any point during their
cancer care. The National Comprehensive Cancer Network defines CRF as “Distressing, persistent, subjective sense of physical, emotional,
and/or cognitive tiredness or exhaustion related to cancer or cancer treatment that is not proportional to recent activity and interferes with
usual functioning” (1). Routine screening for the presence of fatigue is encouraged from the point of diagnosis onward. #Comorbid (medical
and psychiatric), habits (physical activity, sleep), and others. *Cardiac, pulmonary, and musculoskeletal. **Infections, hospitalizations, anemia,
thyroid dysfunction, and metabolic conditions. Ânxiety, depression, and post-traumatic stress disorder.
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Methods

Amultidisciplinary and international panel
was assembled, including members of the
ATS Thoracic Oncology, Sleep and
Respiratory Neurobiology, Pulmonary
Rehabilitation, and Nursing Assemblies.
The panel provided expertise in lung cancer,
pulmonology, internal medicine, medical
oncology, sleep medicine, thoracic surgery,
physical medicine and rehabilitation,
palliative care, psychiatry, physiotherapy,
nursing, and social work and included a lung
cancer survivor. We recognized that not all
patients prefer the term “cancer survivor,”
but we use this term throughout the
document for clarity and consistency. Table 1
provides a summary of definitions of terms
used throughout the statement.

Conflicts of interest were disclosed and
managed according to ATS policies and
procedures. The co-chairs (B.C.B., S.A.F.,
D.M.H., M.T., andM.P.R.) developed an
overview of current knowledge gaps of CRF
in lung cancer survivors. These themes were
further defined during premeeting
conference calls with select panel members.
Two virtual meetings were held with the
entire panel during the ATS International
Conference (May 14, 2021, andMay 18,
2021) and consisted of six presentations,
three breakout sessions, and a conclusion
session to expand discussions related to three
overarching themes in CRF: 1) detection and
diagnostic evaluation in patients with lung

cancer; 2) timing, goals, and implementation
of physical activity and rehabilitation; and 3)
evaluation of sleep disturbances and
disorders. The breakout sessions were
moderated by one co-chair and included the
entire panel. The panel discussed research
gaps for each theme in the breakout sessions.
The panel summarized the identified gaps
and potential research topics during the
concluding session. After the meetings, the
co-chairs compiled a comprehensive
summary of the virtual meetings’ discussions
and research topics. On the basis of the
synopsis and knowledge gaps, the chairs
drafted 32 research questions on the
overarching themes. Writing committee
members helped refine the key research
questions. Amodified Delphi process
prioritized each question to achieve
consensus through subsequent online surveys
(Table 2) (39, 40). All panel members (n=18)
participated in each round (i.e., 100%
response rate) (Table 3). In round 1,
participants were asked to indicate the
priority on an eight-point Likert-type scale
(0=not at all important, 7= extremely
important) of the 32 research questions; 1
question inadvertently included a five-point
(rather than an eight-point) Likert-type scale,
with comparable labels. After round 1,
questions were maintained if>80% of
participants ranked the question as
“extremely important,” “important,” or
“somewhat important.” Consensus of>80%
using a modified Delphi approach agreeing

or strongly agreeing with the research
question has been used elsewhere (39–41).
In round 2, a six-point Likert-type scale
(0=not at all important, 5= extremely
important) was used, and questions were
selected for round 3 if>80% of participants
ranked themes as extremely important or
important. In round 3, participants were
shown the seven selected questions and asked
to rank them from “most important” to “least
important.” Consensus of>80% was not
obtained for prioritization of these final seven
questions (i.e., there was significant
heterogeneity in what were considered the
top questions). We present the prioritized
research questions according to the most
votes (Table 2). A limitation of this ranking
process, due to the lack of consensus, was that
the order of ranks depended on where we
started (i.e., if we started with ranking the
least important of the seven questions, we
would have a different ranking order).
However, we elected to rank the questions as
“most” to “least” important because this is
likely to be more interpretable and helpful to
readers. Key points and recommendations
were derived via panel member consensus.

The co-chairs drafted the initial version
of the manuscript with the assistance of the
writing committee (M.B.-B., A.L.C., C.P.E.,
C.L.G., D.G., C.J.P., and S.M.S.). The
manuscript was then disseminated to the
entire panel and iteratively revised. The final
manuscript underwent peer review and was
approved by the ATS Board of Directors.

Sleep
Disruption

Therapies

Physical
lnactivity

Mood
Disorders

Comorbid
Conditions

Factors lmpacting
Cancer-Related

Fatigue in
Lung Cancer

Underlying
Pulmonary
Function

Tumor Histology
& Stage

Nutrition

Toxicities

Figure 2. Factors affecting cancer-related fatigue (CRF) in lung cancer. Multiple factors can affect the development and severity of CRF,
including those related to the patient, cancer, or treatment. The etiology of CRF is uncertain, with multiple probable factors:
immune/inflammatory, metabolic, neuroendocrine, and genetic.
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Table 1. Definitions of Terms

Definition
Advantages (A) and Disadvantages (D) of

Individual Terminology

General
Cancer survivor Anyone with a diagnosis of cancer, starting from the time

of diagnosis to the end of life (National Coalition of
Cancer Survivorship; National Cancer Institute) (5, 6)

A: Inclusive of all phases of the cancer
experience

D:Can be confused with “long-term” cancer
survivor (typically >5 yr after diagnosis)

Cancer-related
fatigue

“A distressing, persistent, subjective sense of physical,
emotional, and/or cognitive tiredness or exhaustion
related to cancer or cancer treatment that is not
proportional to recent activity and interferes with usual
functioning” (3)

A: Focuses on one symptom common among
cancer survivors

D:May be too focused or narrow and may miss
other aspects patients experience related to
fatigue, including concurrent symptoms and/or
underlying mechanisms

Symptom cluster Two or more concurrent symptoms characterized by
stability over time, independence of other clusters,
possibly shared underlying mechanism(s),
shared outcomes(s), and a temporal relationship
between symptoms (190)

A:Contains multiple symptoms that may better
capture patients’ experiences

D:No well-defined or validated symptom cluster,
particularly in lung cancer

Physical activity
Physical activity “Any bodily movement produced by skeletal muscles

that require energy expenditure” (World Health
Organization) (92)

A: Broadest definition of a physical behavior
D:Nonspecific

Exercise “Planned, structured, repetitive, and purposive in the
sense that improvement or maintenance of one or more
components of physical fitness is an objective” (93)

A:More specific than physical activity
D: Lacks individual aspects of specific programs;

omits activities that are occupationally related
Rehabilitation “A set of interventions designed to optimize functioning

and reduce disability in individuals with health
conditions in interaction with their environment”
(World Health Organization) (94)

A: Prioritizes interventions focusing on function
D: “Rehab” may have negative connotation

among some patients

Telerehabilitation “The delivery of therapeutic rehabilitation at a distance
or offsite using telecommunication technologies”
(145); may be delivered to the patient’s home, to a
remote healthcare facility, or in the community and
characteristically contains some degree of two-way
interaction between the patient and healthcare
professional (95)

A: Includes a broad array of telecommunication
technologies including video, text-based,
and/or telephone interactions

D:May be confused with other models of
rehabilitation, including home-based and/or
web-based rehabilitation

Pulmonary
rehabilitation

“A comprehensive intervention based on a thorough
patient assessment followed by patient tailored
therapies that include, but are not limited to, exercise
training, education, and behavior change, designed to
improve the physical and psychological condition of
people with chronic respiratory disease and to
promote the long-term adherence to health-enhancing
behaviors” (217)

A:1) A multidisciplinary program focusing on
optimizing function in patients with chronic lung
disease; 2) individualized regimens incorporate
interventions on multiple aspects of care:
physical activity, education, psychologic,
relaxation

D:Might not be designed for patients with lung
cancer without concomitant lung disease

Physical activity
programs

In this document, the term “physical activity programs”
encompasses

� Physical activity
� Exercise
Rehabilitation (all types)

A: Focuses on an important patient-centered
outcome during or after rehabilitation

D:Omits other components of rehabilitation,
including psychological and/or social support

Sleep
Sleep disruption

or disturbance
Entity that prevents or interrupts consolidated sleep,

thus resulting in daytime symptoms including fatigue
and sleepiness

A: Inclusive of various etiologies that may disturb
sleep

D:Nonspecific factor disrupting sleep that
includes comorbid medical or psychiatric
condition, pain, noise, potentially underlying
sleep disorder

Sleep disorder Refers to sleep disorder according to criteria defined by
the International Classification of Sleep Disorders
from one the following categories: insomnia, sleep-
related breathing disorders, central disorders of
hypersomnolence (narcolepsy, idiopathic
hypersomnia), circadian rhythm sleep–wake
disorders, parasomnias, sleep-related movement
disorders (restless leg syndrome, periodic limb
movement disorder) (218)

A: Sleep disorders meet specific criteria and
subsequent treatment interventions well
defined

D: Term may be used to imply symptom and may
be used without meeting specified criteria

(Continued)
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Results

The results are organized into five sections
to assist scientists and funding agencies in
conducting and supporting CRF research.
The first section provides an overview of
CRF among lung cancer survivors. Sections
II–V provide an overview of general
considerations for research in CRF in lung
cancer (etiology, evaluation, pharmacologic
and nonpharmacologic treatment); detection
and diagnostic evaluation of CRF in lung
cancer; timing, goals, and implementation of
physical activity, rehabilitation, and exercise
training in lung cancer survivors and CRF;
and evaluation of sleep disruption and
underlying sleep disorders in CRF. Finally,
the panel’s prioritized research questions for
sections II–V are listed in Table 2.

Section I: Overview of CRF in Lung
Cancer Survivors
CRF prevalence in lung cancer survivors
ranges from 40% to 80% (8, 42–45).
Compared with other commonmalignancies
(e.g., breast, prostate, colon), several studies
suggest a greater likelihood of fatigue in
patients with lung cancer (8, 46). Studies
evaluating CRF report higher prevalence in
mixed cancer cohorts (56%), earlier cohorts
(i.e., 64% in studies from 1996 to 2000 vs.
43% in studies from 2016 to 2020), and
advanced cancer (61%) and during cancer
treatment (62%) (4). In a study among early-
stage lung cancer survivors after surgical
treatment, fatigue was present in 57%, but as
most lung cancer survivors receive diagnoses

of advanced-stage disease, prevalence is likely
underestimated (43).

Comorbidities aggravate fatigue and are
present in 53% of lung cancer survivors
compared with 32%, 31%, and 41% among
survivors of breast, prostate, and colon
cancers, respectively (47). In lung cancer
survivors, tobacco-related comorbidities,
including chronic obstructive pulmonary
disease (COPD), coronary artery disease, and
mood disorders, are frequently encountered.
For example, COPD and depression are
present in 24–73% and 11–44% of lung
cancer survivors, respectively. Women with
lung cancer have the highest prevalence of
depression (25%) compared with other
cancer types (48). Chronic pain also
contributes to symptom burden and CRF in
lung cancer survivors (Figures 1 and 2), and
the NCCN guidelines on CRF recommend
evaluation and treatment of pain (1). Thus,
comorbidities in lung cancer survivors are
particularly challenging in CRF
management.

Cancer treatments also affect CRF.
Prior studies have suggested even higher
rates of CRF in patients actively receiving
chemotherapy or radiotherapy (.80%) (8).
As immunotherapy becomes increasingly
integrated into lung cancer treatment,
attention should also be paid to the impact
on CRF. Fatigue is a consistent adverse event
reported in studies with a single-agent
immune checkpoint inhibitor, with an
incidence of 16–37% with anti–PD-1
(programmed cell death protein 1) agents
and 12–24% with anti–PD-L1 agents. Slightly
higher reported rates of fatigue, ranging from

21% to 71%, are noted in those clinical
studies that combine anti–PD-1/PD-L1
agents with other immune checkpoint
inhibitors, chemotherapy, antiangiogenic
agents, and targeted therapies (10).

Treatment guidelines are available
for CRF and include pharmacologic and
nonpharmacologic approaches (1).
Pharmacologic treatments address
comorbidity management (e.g.,
antidepressants, anxiolytics, or pain
medications) and directed therapies (e.g.,
psychostimulants or corticosteroids).
Because there is more supportive evidence
for nonpharmacologic interventions, our
discussion focused on these topics.

CRF in lung cancer is strongly related
to decreased physical activity, exercise, and
sleep, but established treatments lack
validation in lung cancer survivors. Physical
activity and cardiopulmonary fitness predict
lung cancer–related survival (49–53) and
correlate with symptom burden, depressive
symptoms, and HRQoL, with the least active
patients having the most severe impairments
(54, 55). Although aerobic exercise is
beneficial in reducing CRF, few studies have
included lung cancer survivors (27). Of 113
randomized controlled trials (RCTs)
including approximately 11,500 participants
evaluating CRF treatment, only 1 study
focused solely on lung cancer (21). As lung
cancer survivors are at heightened risk for
CRF, identifying strategies to reduce CRF
effectively is of utmost importance to
improve HRQoL.

Patients with baseline symptoms,
inactivity, or functional impairment may

Table 1. (Continued)

Definition
Advantages (A) and Disadvantages (D) of

Individual Terminology

Sleep-related
breathing
disorders

Disorder characterized by abnormal respiration during
sleep, which may include obstructive sleep apnea,
central sleep apnea, or sleep-related hypoventilation

A: Specific term based on risk factors or other
characteristics

D:Can be used without meeting specified criteria
Insomnia Difficulty falling asleep or staying asleep; can also

include early morning awakenings
Specific criteria exist to qualify it as a sleep disorder and

includes three distinct subtypes: short-term insomnia
disorder, chronic insomnia disorders, and other
insomnia disorder (has symptom but does not meet
criteria)

A: Versatile and may be used as a symptom or
imply sleep disorder

D:Often used to describe symptom and not sleep
disorder with specific criteria unless specified

Circadian rhythm Physical, mental, and behavior changes that follow a
24-h cycle

Circadian rhythm sleep–wake disorders reflect a
misalignment between the environment and an
individual’s sleep–wake cycle and result in a chronic
or recurrent sleep disturbance

A: Identifies a pattern to target for evaluation and
intervention

D:Simplified term for a complex process
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Table 2. Prioritization of Research Questions Using Delphi Process

All Research Questions Identified from ATS Workshop
Round 1
Delphi

Round 2
Delphi

Round 3
Delphi

Number of questions 32 31 7 Rank
Section II: General considerations for research in CRF in lung cancer

1. How does CRF in lung cancer differ from other cancer types regarding
prevalence, severity, and course?

� � � 1

2. How do tumoral factors (i.e., location, histology, and stage) and treatment
modalities (i.e., surgery, radiation, chemotherapy, and immunotherapy) affect
the development, severity, and progression of CRF?

� � � 2

3. Beyond individual patient data and biomarkers, can other available metrics help
clarify mechanisms and diagnosis of CRF: population-based studies, machine
learning, imaging (CT, PET, MRI), or tissue samples?

� �

4. Does the pathophysiology of CRF in patients with lung cancer elucidate potential
therapeutic targets?

� �

5. Which symptom clusters are associated with the greatest degree of CRF severity? � �

Section III: detection and diagnostic evaluation of CRF in lung cancer
1. What are the roles of multidisciplinary teams in a patient-driven care model for

recognizing and treating CRF in patients with lung cancer?
� �

2. What is the optimal screening tool and score cutoff for CRF in patients with lung
cancer?

� �

3. What assessments can be used for CRF identification and surveillance:
symptom scores, biomarkers, circadian disruption, sleep fragmentation?

� � � 3

4. How do patient factors (socioeconomic status, race, sex, functional status,
comorbidities, medications, nutrition) affect the diagnosis and treatment of
CRF in patients with lung cancer?

� � � 5

Section IV: timing, goals, and implementation of physical activity, rehabilitation, and
exercise training
1. How do multidisciplinary teams optimize delivery of physical activity

programs (dose, timing, location) to improve CRF for patients with lung
cancer?

� � � 6

2. Do comorbid conditions (e.g., COPD, ILD, CAD, heart failure) predict benefit from
physical activity programs for patients with lung cancer?

� �

3. What is the effect of physical activity programs, including frequency,
intensity, duration, and type, on CRF in patients with lung cancer, before,
during, and after treatment?

� � � 7

4. What are the associated biological and physiological mechanisms relating to
physical activity programs and potential impact of CRF for patients with lung
cancer?

� �

5. What is the optimal timing to commence physical activity programs to prevent or
treat CRF along the lung cancer treatment continuum (before treatment, during
treatment, after treatment, palliative care)?

� �

6. Is there effect modification of physical activity programs along the lung cancer
treatment course (e.g., before treatment; within 1, 3, or 6 mo after treatment)?

� �

7. What are the effects of physical activity programs in combination with psychological
and/or symptom management on CRF and HRQoL in patients with lung cancer
along their life course (i.e., before, during, and after treatment, including specific
time intervals after treatment)?

� �

8. Are there predictors of the benefit of multidisciplinary rehabilitation for patients with
lung cancer and CRF (e.g., older or younger age, presence or absence of comorbid
cardiopulmonary disease, early or advanced stage, curative-intent or non–curative-
intent therapy)?

� �

9. How are physical activity programs being used clinically for patients with lung
cancer, and what are the cost implications for these services?

� �

10. What factors (e.g., patient, socioenvironmental, health care organization) are associated
with referrals and uptake of physical activity programs among patients with lung cancer
that may identify subgroups of patients with high needs and/or low uptake?

� �

11. What is the optimal strategy to increase access to and uptake of physical activity
programs to reduce CRF and improve HRQoL among patients with lung cancer?

� �

12. How can multidisciplinary teams disseminate the importance of physical activity
programs for patients with lung cancer?

� �

13. How can multidisciplinary teams incorporate patient-relevant goals and integrate
physical activity services to manage patients with lung cancer?

� �

14. What is the relationship between nutritional health and the ability to undertake
physical activity and reduce fatigue in lung cancer?

� �

(Continued)

AMERICAN THORACIC SOCIETY DOCUMENTS

e12 American Journal of Respiratory and Critical Care Medicine Volume 207 Number 5 | March 1 2023



benefit from physical activity interventions
(56–58). A walking intervention in lung
cancer survivors improved sleep quality in
patients with poor baseline rest–activity
rhythms (56). Pulmonary rehabilitation
interventions have shown a similar trend.
A study showed no difference between
“conventional” and “comprehensive”
pulmonary rehabilitation, but a subgroup
analysis suggested a benefit in patients with
higher comorbidity and preoperative risk
scores (58). Tarumi and colleagues used
pulmonary rehabilitation during
chemoradiation and reported greater
spirometric improvement in patients with
baseline respiratory impairment (57).
However, the clinical significance of slight
improvements in lung function after
rehabilitation remains uncertain. In
summary, available data suggest that
1) lung cancer survivors are at risk for CRF
associated with functional impairment, and
2) alleviation of symptoms, improvement in
HRQoL, and potentially improvement in
spirometry may be modified by baseline
impairment. Therefore, improved evaluation,
diagnosis, and treatment of CRF in lung
cancer survivors are paramount to
improving HRQoL.

Section II: General Considerations for
Research in CRF in Lung Cancer
Summary of evidence and knowledge gaps.
The extant literature highlights a significant
difference between CRF in lung cancer and
other types of cancer. Despite the
pervasiveness of CRF and its effect on
HRQoL, there is a dearth of evidence on the
prevalence, etiology, epidemiology,
pathogenesis, and clinical sequelae of CRF in
lung cancer survivors. In a systematic review
of CRF, including 126 studies between 1993
and 2020, only 3 focused on lung cancer
survivors (4). Furthermore, studies are
limited by small sample sizes and
heterogeneous mixes of different cancers or
therapies (i.e., postresection, patients
undergoing radiation, or those with
advanced-stage disease) (59–62). It is
uncertain if specific tumor characteristics
(i.e., location, histology, and stage) influence
CRF’s development, progression, and
severity in lung cancer survivors.

CRFmay behave differently in lung
cancer survivors as opposed to other types of
cancers, in part because of the differences in
demographics, smoking history, and
comorbid symptoms commonly described
in patients with lung cancer. Smoking is a

known risk factor for lung cancer (63), and
after tobacco cessation, patients with lung
cancer experience decreased fatigue and
dyspnea and increased performance status
(64, 65). Ethnic and racial minorities,
however, are less likely to receive and use
tobacco cessation interventions thanWhite
individuals (66), which may increase risk for
tobacco-related disease (e.g., COPD,
cardiovascular disease). Symptom burden
has been higher in lung cancer survivors than
in other cancer survivors (67). Further
studies are thus necessary to understand and
distinguish the differences between CRF in
lung cancer and different types of cancer.

A complex interplay of mechanisms is
presumed to influence the development and
persistence of CRF in cancer survivors.
CRFmay be central and/or peripheral in
origin. Hypotheses behind central fatigue
include cytokine dysregulation,
hypothalamic–pituitary–adrenal axis
disruption, circadian rhythm disruption,
serotonin dysregulation, and vagal afferent
nerve dysfunction (68). Energy
dysregulation, muscle metabolism, and
muscle contractile properties are potential
mechanisms of peripheral fatigue (68).
Because the exact pathogenesis for CRF and

Table 2. (Continued)

All Research Questions Identified from ATS Workshop
Round 1
Delphi

Round 2
Delphi

Round 3
Delphi

15. How do multidisciplinary teams facilitate participation and adherence in appropriate
patient-centered physical activity programs to alleviate symptoms and improve
HRQoL among patients with lung cancer?

� �

16. Does e-health enhance strategies for adherence to maintenance of physical
activity?

�

Section V: evaluation of sleep disruption and underlying sleep disorders in lung cancer
survivors and CRF
1. What factors contribute to sleep disturbance: biomarkers, genetics, nocturnal

hypoxemia, sleep-disordered breathing?
� �

2. What is the prevalence of different sleep disorders (sleep-disordered
breathing, insomnia, circadian dysregulation, movement disorders)?

� � � 4

3. How do symptom clusters affect sleep disruption in patients with lung cancer affect
CRF?

� �

4. Which diagnostic modalities (nocturnal oximetry, home sleep testing,
polysomnography, actigraphy, wearables) can uncover underlying sleep disorders?

� �

5. How do sleep disorders and their treatments (chronotherapy, positive airway
pressure therapy, cognitive-behavioral therapy, oxygen) affect quality of life and
response to therapies in patients with lung cancer and CRF?

� �

6. What strategies can multidisciplinary groups use to raise awareness of sleep
health, reduce sleep disruption, and emphasize sleep hygiene?

� �

7. What is the role of integrative or complementary therapies (yoga, acupuncture,
herbal medication) to address sleep disruption in patients with lung cancer
and CRF?

� �

Definition of abbreviations: ATS=American Thoracic Society; CAD=coronary artery disease; CRF=cancer-related fatigue; COPD=chronic
obstructive pulmonary disease; CT=computed tomography; HRQoL=health-related quality of life; ILD= interstitial lung disease; MRI=magnetic
resonance imaging; PET=positron emission tomography.
Questions in boldface type represent the seven questions ranked “extremely important” or “important” presented in round 3 of the survey.
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the relative contributions of central and
peripheral fatigue mechanisms remain
unclear, targeted pharmacologic therapies
have not been studied.

CRF often occurs as part of a symptom
cluster and coexists with pain, sleep
disturbance, and depression (Figure 3) (1).
Several studies describe the occurrence of
these factors together. In a cross-sectional
study of elderly patients with cancer, patients
reported the coexistence of any two (20%)
or three (29.2%) symptoms of either pain,
fatigue, sleep, or mood disturbance (69).
Among Chinese patients with lung cancer
undergoing surgery, fatigue, sleep
disturbance, and distress were the most
common and severe symptoms; 76.6% of
patients reported cooccurrence of all four
symptoms (70). Moreover, the presence of
sleep disturbance exacerbated fatigue, pain,
and depression symptoms in one small study
of patients with lung cancer (71). Dyspnea
and cough have also been identified as
possible components of a symptom cluster
in patients with lung cancer (72, 73). The
cooccurrence of depression, fatigue, and

pain is not limited only to those with active
cancer; it has also been described in lung,
breast, and prostate cancer survivors (74–76).
Although subjects experience these
symptoms simultaneously, the optimal
modality to identify and treat these symptom
clusters is currently unknown.

CRF as part of a symptom cluster may
be consequent to cause other symptoms or
may share a common etiology with them.
Proinflammatory cytokines produced in
response to the tumor microenvironment,
tissue damage from treatment, and cell
stress/death can activate CNS pathways,
perpetuating pain, disrupting sleep cycles,
and eliciting fatigue (77). Cytokines may also
induce behavioral changes via serotonin,
norepinephrine, and dopamine metabolism
alterations (78). Although these shared
pathways suggest common biological
alterations leading to various symptom
clusters, the association of symptoms and
their predilection for exacerbating CRF
remains uncertain; uncovering these
relationships could help focus future
interventions.

Prioritized research questions. Of the
five questions developed for section II
(Table 2), voting results indicated that
committee members prioritized questions 1
and 2 as first and second, respectively, with
80% consensus not reached among the final
seven questions.

Section III: Detection and Diagnostic
Evaluation of CRF in Lung Cancer
Summary of evidence and knowledge gaps.
Clinical practice guidelines for CRF
developed by the NCCN (1), European
Society for Medical Oncology (7), Canadian
Partnership against Cancer, Canadian
Association of Psychosocial Oncology, and
Oncology Nursing Society (79) recommend
that all cancer survivors be screened and
assessed for fatigue from diagnosis to follow-
up; if identified, evaluation and treatment are
recommended. However, barriers to
identifying CRFmay conceivably stem from
the patient and health care provider. Fatigue
is a subjective symptom perceived by the
patient; it may not be spontaneously
disclosed because it is considered “expected,”

Table 3. American Thoracic Society Lung Cancer and Cancer-related Fatigue Panel

Participant Institution, Country Discipline Project Role

Brett C. Bade, M.D. Yale University, United States Pulmonology, rehabilitation Co-chair, speaker
Duc M. Ha, M.D. Rocky Mountain Regional Veterans

Affairs Medical Center, United States
Pulmonology, rehabilitation Co-chair, speaker

Saadia A. Faiz, M.D. The University of Texas MD Anderson
Cancer Center, United States

Pulmonology, sleep
medicine

Co-chair

Miranda Tan, D.O. Memorial Sloan Kettering Cancer
Center, United States

Pulmonology, sleep
medicine

Co-chair

M. Patricia Rivera, M.D. University of Rochester Medical Center,
United States

Pulmonology, thoracic
oncology

Co-chair, mentor

Margaret Barton-Burke, Ph.D., R.N. Memorial Sloan Kettering Cancer
Center, United States

Nursing research, sleep
medicine

Speaker

Andrea L. Cheville, M.D., M.S.C.E. Mayo Clinic, United States Physical medicine and
rehabilitation

Speaker

Carmen P. Escalante, M.D. The University of Texas MD Anderson
Cancer Center, United States

Internal medicine Speaker

David Gozal, M.D., M.B.A., Ph.D. University of Missouri, United States Pulmonology, sleep
medicine

Speaker

Catherine L. Granger, Ph.D., P.T.,
G.C.U.T.

University of Melbourne, Australia Physiotherapy Speaker

Dawn M. Chamberlaine, M.A. New Haven, United States Patient experience Panel member
Jason M. Long, M.D., M.P.H. University of North Carolina at Chapel

Hill, United States
Thoracic surgery Panel member

Daniel J. Malone, P.T., Ph.D. University of Colorado, United States Physical therapy Panel member
William F. Pirl, M.D., M.P.H. Dana-Farber Cancer Institute, United

States
Psychiatry Panel member

Carolyn J. Presley, M.D., M.H.S The Ohio State University, United
States

Oncology, thoracic
oncology

Panel member

Sheree M. Smith, B.N., M.S.P.D.,
G.C.H.E., Ph.D.

Western Sydney University, Australia Nursing, sleep medicine Panel member

Halley L. Robinson, L.C.S.W. Yale New Haven Hospital, United
States

Social work Panel member

Kazuhiro Yasufuku, M.D., Ph.D. University of Toronto, Canada Thoracic surgery Panel member
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unimportant, or a potential barrier to further
cancer treatment if reported.Without clearly
defined screening tools, adequate time to
obtain a thorough symptom history, and
access to an interdisciplinary cancer
management team, CRF diagnosis and
management may be difficult for
healthcare providers.

Several screening tools have been
validated in mixed cancer populations,
including the Brief Fatigue Inventory (BFI),
European Organisation for Research and
Treatment of Cancer quality-of-life
questionnaire (80, 81), and Daily Fatigue
Cancer Scale (Table 4) (82). The BFI is a
psychometrically vetted questionnaire that
incorporates numerical rating scales to assess
fatigue severity and interference (83); is also
widely used in the cancer population,
including lung cancer survivors (84). As with
previously developed measures of similar
conceptual content (i.e., “legacy”measures),
the BFI is derived through classical test
theory, which discriminates well at the
mean but may perform suboptimally at the
ends of the trait range, thereby impeding the
detection of severe CRF. Item response
theory (IRT)–based tools have been widely
adopted as an alternative to legacy tools
because of their flexibility and robust
psychometric properties (85). Currently,
three IRT-modeled item banks are available
to assess fatigue. These include the
Patient-reported OutcomeMeasurement
Information System (PROMIS) Bank version
1.0, the PROMIS Cancer Bank version 1.0,

and the Neuro-QOL Bank version 1.0 (86).
The PROMIS Bank version 1.0 has 95 items.
In contrast, the PROMIS Cancer Bank
version 1.0 has 54 items, affording the former
greater discriminative capacity in cancer and
noncancer populations. As IRT was initially
validated in a mixed cancer population (only
21.3% of participants had lung cancer [87]),
it is unknown if IRT-based tools would
perform better at identifying CRF in lung
cancer survivors compared with legacy tools
or if use of the IRT would be hindered
because of its extensive items. The utility and
ability of these tools to detect meaningful
changes in CRF over time are limited
without adequate implementation efforts to
ensure clinical responses to actionable scores.

Screening tools should be readily
available, be easy to administer and
complete, include salient items to clinicians
and patients, discriminate across the relevant
trait range, ensure appropriate subdomain
coverage, and generate interpretable and
clinically actionable data. For example, studies
that use the BFI among cancer survivors have
revealed impaired physical functioning
associated with BFI scores>7 (83).

However, given CRF’s common
coexistence with other symptoms (including
symptom clusters), the optimal tool to assess
fatigue in lung cancer survivors (as well as
the threshold scores for intervention) is not
well defined in lung cancer. The performance
of screening tools for CRF varies across
mixed cancer populations and throughout
the cancer care continuum (i.e., active

treatment, immediate post-treatment, and
longer term survivorship) (88–90), and one
is not currently endorsed over any other
(Table 4) (1). A delineated and validated
screening tool for lung cancer survivors is
needed.

CRF can affect and be affected by
diverse clinical and psychosocial domains.
Therefore, an integral part of its diagnostic
assessment should include evaluating
potential contributors, including pain,
emotional distress, sleep disturbance,
sleep hygiene, degree of physical activity,
anemia, nutrition, medications and their
side effects, alcohol/substance abuse,
comorbidities/cancer treatment
sequelae, and the absence of a good support
network (1). Currently, there are limited
data on the frequency and distribution of
the aforementioned patient factors in CRF.
A systematic review on exercise and
nutrition interventions in advanced lung
cancer (n=5 studies) suggested that exercise
and nutrition interventions are not harmful,
and potential benefits could include weight
maintenance, strengthening, and functional
performance (91). Standardized objective
clinical and psychosocial assessments to
identify CRF beyond patient-reported
questionnaires currently do not exist, and
whether or to what extent their
implementation may reduce CRF in lung
cancer survivors remains unclear.

Prioritized research questions. Of the
four questions developed for section III
(Table 2), voting results indicated that

Psychoneurological
(Fatigue, Mood Changes,
Pain, Anxiety, Cognitive &

Sleep Disturbances)

Gastrointestinal
(Nausea, Vomiting, Lack of

Appetite)

Respiratory
(Cough, Dyspnea,

Wheezing)

Contributing Factors

Tumor Histology
Cancer Stage
Surgery
Airway/Pleural
lnterventions
Radiation Therapies
Systemic Therapies

Targeted
Chemotherapy
lmmunotherapy

Figure 3. Symptom clusters in lung cancer. Concurrent physical and/or psychosocial symptoms in lung cancer may vary on the basis of the
cancer stage and disease trajectory. Symptom burden is often particularly high in advanced cancer. Various contributing factors may further
exacerbate the patient’s symptom burden, including the side effects of multiple therapies and interventions.
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Table 4. Selected Tools Used to Identify and Quantify Cancer-related Fatigue

Tools Description Strengths Limitations

NCCN DT and PL The DT is a 1-item, 0–10 Likert-
type scale. A score of .4
triggers the PL.

The PL is 40 items covering
practical/family/emotional/
spiritual physical problems.
(Fatigue is 1 item in the
physical problems domain.)

Simple and quick to use (,5 min) Free for personal, nonpromotional,
and educational use; permission
required for publication or
commercial purpose

Primarily a screening tool
Dichotomous (yes/no response)
Positive findings should trigger a more

comprehensive assessment
Better at identifying severe fatigue
Limited psychometrics

One Item Fatigue
Screen

0–10 numerical or verbal scale Simple and quick to use (,1 min)
Semiquantitative assessment

Unidimensional tool
Primarily a screening tool
Positive findings should trigger a more

comprehensive assessment
Limited psychometrics

MD Anderson
Symptom Inventory

13 items total (3 related to
fatigue)

Simple and quick to use (,5 min)
Available in multiple forms (paper,

web-based)
Translated into multiple languages

Requires permission and fee for use
Positive findings should trigger a more

comprehensive assessment

Daily Fatigue Cancer
Scale

Visual analogue scale (10 cm)
3 items addressing general/

physical/emotional fatigue

Simple and quick to use (,2–5 min) Primarily a screening tool
Limited psychometrics

Functional
Assessment of
Chronic Illness
Treatment–Fatigue

40 items total (13 fatigue
specific)

Multidimensional tool (e.g., addresses
fatigue impact on physical, social;
emotional, and functional well-being
over time)

Free to use after registering (FACIT.org)

May take 15 min to complete
Translated version may have fee

Brief Fatigue Inventory 9 items total (3 fatigue severity,
6 fatigue impact on daily
activities)

Short and easy to use (5 min)
Multidimensional tool (e.g., assesses

fatigue directly and fatigue impact on
general activity; walking; mood; work;
relationships; life enjoyment)

Translated into multiple languages

Possible processing fee

European Organisation
for Research and
Treatment of
Cancer quality-of-life
questionnaire mea-
suring cancer-
related fatigue

12 items total Short and easy to use (,5 min)
Multidimension tool (e.g., distinguishes

among physical, emotional, and
cognitive fatigue and assesses fatigue
impact on daily activities and social
life)

Free for academic use

Piper Fatigue
Scale–Revised

22 items total Short and easy to use (,10 min)
Multidimensional (e.g., addresses

fatigue impact on behavioral,
affective, sensory, cognitive/mood)

Translated into multiple languages
Free to use

Multiple versions of the Piper Fatigue
Scale have been developed

Fatigue Severity Scale 9 items total, 0–10 Likert-type
scale

Short and easy to use (5 min)
Multidimensional tool (e.g., evaluates

fatigue impact on motivation, activity,
physical function, work, family, and
social life)

Frequently used for chronic conditions
(less frequently in cancer survivors)

Free to use for nonprofit research,
permission required for
pharmaceutical studies

Cancer Related
Fatigue Distress
Scale

20 items total, 0–10 Likert-type
scale

Free to use

Multidimensional
Fatigue Symptom
Inventory (short
form)

30 items total, five-point
Likert-type scale

Easy to use (5-10 min)
Multidimensional tool (e.g., evaluates

general, physical, emotional, vigor, and
mental fatigue over the past 7 d)

Free to use

Majority of population used in
validation study were women, and
almost 90% identified as White
(219)

Definition of abbreviation: DT=Distress Thermometer; NCCN=National Comprehensive Cancer Network; PL=Problem List.
Adapted from References 1, 220, and 221.
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committee members prioritized questions
3 and 4 as third and fifth, respectively, with
80% consensus not reached among the final
seven research questions.

Section IV: Timing, Goals, and
Implementation of Physical Activity,
Rehabilitation, and Exercise Training
Definitions. In clinical practice, the terms
“physical activity,” “rehabilitation,” and
“exercise training” are often used
interchangeably. TheWorld Health
Organization defines physical activity as
“any bodily movement produced by skeletal
muscles that require energy expenditure”
(92). Exercise is defined as a type of physical
activity that is “planned, structured,
repetitive, and purposive in the sense that
improvement or maintenance of one or
more components of physical fitness is an
objective” (93). TheWorld Health
Organization defines rehabilitation as “a
set of interventions designed to optimize
functioning and reduce disability in
individuals with health conditions in
interaction with their environment” (94).
To make terms even more confusing,
rehabilitation services are provided by
several different disciplines, including
physiotherapists, occupational therapists,
respiratory therapists, registered nurses,
pulmonologists (i.e., pulmonary
rehabilitation), and cardiologists (i.e., cardiac
rehabilitation). Furthermore, rehabilitation
programs can also provide interventions on
nonphysical aspects of health (e.g.,
medication adherence and inhaler
techniques, mindfulness training, spiritual
support, psychosocial support). Therefore,
this document uses the collective term
“physical activity programs” when referring
to physical activity, rehabilitation, and/or
exercise interventions (Table 1). We
recognize the limitation of this term, as
increasing physical activity alone is not
sufficient to meet the definition of
“pulmonary rehabilitation” (95). However,
because of the absence of a well-accepted
term or adequately evaluated program,
we believed that this term emphasizes the
physical aspects of rehabilitation, which is
widely considered an essential component.

Physical activity programs among lung
cancer survivors. SUMMARY OF EVIDENCE AND

KNOWLEDGE GAPS. Most lung cancer survivors
are physically inactive and do not meet
physical activity recommendations at
diagnosis and treatment initiation (29, 96).
On average, lung cancer survivors walk

approximately 3,000–6,000 steps/d (29, 54,
97) and 350–450 m on the 6-minute-walk
test (29, 49, 84, 98), depending on the stage
of disease and functional status. Within six
months after diagnosis, patients often
experience declines in physical activity and
functional exercise capacity associated with
treatment (29, 30, 84). Symptom burden and
self-reported function can also worsen,
including after treatments with curative
intent (16, 84, 99–102). High symptom
burden, functional impairments, and low
physical activity can contribute to
diminished HRQoL during and after lung
cancer treatment (44, 54, 103, 104), including
several years after surgery (105–108).

A 2019 American College of Sports
Medicine international multidisciplinary
roundtable identified strong evidence to
recommend that specific doses of aerobic
training, combined aerobic and resistance
training, and/or resistance training alone
could improve cancer-related health
outcomes, including CRF and HRQoL (36).
To reduce CRF, cancer survivors should
engage in three or more sessions per week
of moderate-intensity aerobic exercise
(i.e., exercise at 65% of maximum heart rate,
45% _VO2max, or a rating of perceived exertion
of 12), for 30-minute sessions, totaling 90
minutes of moderate aerobic exercise per
week. Patients could also engage in two or
more sessions per week of moderate-
intensity resistance training (i.e., exercise at
60% of 1-repetition maximum or a rating of
perceived exertion of 12) of two sets of 12–15
repetitions for major muscle groups. These
aerobic and resistance exercises can be
performed alone or combined for at least
12 weeks. In addition, there may be a higher
benefit on CRF with longer aerobic exercise
program duration and length (36). However,
a dose–response relationship has not been
observed in programs that use combined
aerobic and resistance or only resistance
exercise (36). Critically, the 2019 roundtable
noted that most of the evidence was derived
from breast and prostate cancer survivors,
with insufficient data to further detail
exercise prescriptions according to cancer
type, including lung cancer (36).

Among lung cancer survivors, several
systematic reviews (109, 110), including a
Cochrane review (with moderate-quality
evidence from up to 10 RCTs involving 566
participants), identified that preoperative
exercise training reduces postoperative
pulmonary complications and length of
hospital stay. However, no study assessed

CRF as an outcome. After pulmonary
resection for lung cancer, a single-blind RCT
of 61 patients demonstrated that a 20-week
high-intensity aerobic and resistance training
program starting 5–7 weeks postoperatively,
compared with usual care, resulted in
clinically meaningful and statistically
significant improvements in the primary
outcome of maximal exercise capacity and
secondary outcomes of physical and mental
HRQoL (111). Again, CRF was not assessed
in this study. A 2019 Cochrane systematic
review concluded that exercise training for
patients within 12 months of pulmonary
resection for lung cancer improves functional
andmaximal exercise capacity (112).
However, only three RCTs involving 68
patients assessed CRF as an outcome, with
results showing no statistically significant
difference in the effect of exercise training on
CRF (ungraded-certainty evidence). Another
Cochrane review showed that exercise
training improves functional capacity in
patients with inoperable lung cancer (113).
However, three RCTs involving 90 patients
showed no statistically significant difference
in the effect of exercise training on CRF
(ungraded-certainty evidence).

Given that exercise training improves
CRF in many survivors of other cancers (36),
there is a strong rationale that exercise
training could also improve CRF in lung
cancer survivors undergoing operative and
nonoperative therapies. However, there is
limited evidence on the effects of exercise
training on CRF in lung cancer survivors,
with a low number and small sample size
of studies that assessed CRF as an outcome.
In addition, given that a dose–response
relationship between exercise and CRF has
not been established in cancer survivors,
inference for a causal effect is limited.
Identifying biological and/or physiological
mechanisms can better delineate the
(potentially causal) link between exercise
and CRF among lung cancer survivors.

Intervention strategies to meet the
complex needs of lung cancer survivors.
SUMMARY OF EVIDENCE AND KNOWLEDGE GAPS.
Lung cancer survivors are the most advanced
in age, with a median age at diagnosis of
71 years, compared with those with breast
(62 yr), prostate (66 yr), and colorectal
(67 yr) cancer. In addition, lung cancer
survivors have the highest comorbidity
burden, prevalence of cardiopulmonary
disease (i.e., COPD, heart failure,
cerebrovascular disease, and peripheral
vascular disease) (47), and activity-limiting
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emotional/psychological distress (114).
Across eight different types of cancer, lung
cancer survivors have the highest or second
highest odds of unmet care needs in physical,
emotional, and family/social functioning
within approximately one year after diagnosis
(115). Importantly, a 2019 Global Burden of
Disease Cancer Collaboration systematic
analysis showed that of the 29 types of cancer
across 195 countries, involving 24.5 million
incident cases, lung cancer was the leading
and second leading cause of disability-
adjusted life-years amongmen and women,
respectively (80). Althoughmost of the
disability-adjusted life-years came from years
of life lost, with strong interdependence
between socioeconomic status and health in
general, this analysis and existing literature
highlight that many lung cancer survivors live
with significant functional impairment
and/or disability, likely more so than
survivors of other cancer types.

As approximately 50% of lung cancer
survivors have COPD, many lung cancer
survivors stand to benefit from pulmonary
rehabilitation (116–118). However, to
comprehensively meet the needs of lung
cancer survivors, rehabilitation strategies
may also need to address the unique aspects
of CRF and HRQoL in lung cancer,
including post-traumatic distress and fear of
recurrence or progression after cancer
diagnosis and treatment (119–122). About
50% of patients with advanced cancer,
including lung cancer, perceive their disease
as curable (123, 124), with those who highly
value disease cure having increased risk of
psychological maladjustment (125).
Acceptance and commitment to therapy
provided by psychologists or psychiatrists
may have an important role. For example, in
a study of 222 patients after curative-intent
therapy for breast/colorectal cancer/
melanoma who had high fear of recurrence,
those who received a 10-week intervention
consisting of metacognition and attention
training, acceptance/mindfulness therapy,
andmonitoring of behaviors and value-based
goals (intervention arm) experienced
clinically meaningful and statistically
significantly greater reductions in fear of
cancer recurrence than those who received
relaxation therapy only (attention control
arm) (126). However, CRF was not assessed
in this study. Notably, a meta-analysis of
11,525 patients with cancer identified that
exercise and psychological interventions,
alone or combined, effectively reduced CRF
during and after cancer treatment. These

were better than the available pharmaceutical
options, including antidepressants and
stimulants (21). Psychological interventions
included eclectic; cognitive-behavioral
therapy; behavioral, cognitive, and
psychoeducational support; motivational
interviewing; and cognitive-behavioral stress
management, with the most effective
cognitive-behavioral treatment (21). Yet, of
the 113 RCTs included in this meta-analysis,
only 1 RCT focused on lung cancer survivors
and evaluated a stimulant (127); no study
evaluated psychological (nonpharmaceutical)
interventions.

Symptommanagement support from
nursing may also be necessary. An RCT of
92 patients with lung cancer (predominately
advanced stage) showed that although an
eight-week multidisciplinary home-based
rehabilitation program, compared with usual
care, did not improve functional capacity,
patients experienced improvements in
secondary exploratory outcomes of symptom
severity and HRQoL at six months (128).
A multidisciplinary supportive program
initiated by nursing assessments described
improved psychological distress and HRQoL
12months after lung cancer resection
surgery (129). Finally, the timing after
treatment may modify the effects of
interventions. In a study of 235 patients with
operable lung cancer, a 12-week
rehabilitation program did not affect
maximal exercise capacity at six months;
however, early initiation of this program
(two weeks after surgery), compared with
late (14 weeks after surgery), may prevent
worsening of CRF (130).

The available evidence suggests that
lung cancer is associated with significant
disability. Physical activity programs may be
beneficial and can address the complex needs
of lung cancer survivors, but data are scarce.
Furthermore, the potential additive or
synergistic benefits of program components
and how their effect may be modified by the
timing along the lung cancer continuum are
unknown. Collaborative care (including
palliative care services) may also reduce CRF
burden and/or associated symptom clusters
in lung cancer, particularly for symptom
management and/or psychosocial support
(131–134). The opportunity to test
multimodal programs to reduce CRF could
include newer study designs such as
SMART (Sequential Multiple Randomized
Trials), the MOST (Multiphase
Optimization Strategy), and hybrid (e.g.,
effectiveness–implementation) designs

(135–138). For instance, since physical
activity programs often provide multifaceted
interventions, studies may use the SMART
orMOST design to evaluate the impact of
different program components and at
different times along the lung cancer
continuum (139, 140). Such studies could
pay attention to patient and clinician goals,
as well as timing along the disease course,
such as immediately after diagnosis (and
before treatment), immediately or shortly
after completion of curative-intent therapy,
during systemic therapy, or at the time of
disease recurrence or progression. Hybrid
implementation–effectiveness studies could
evaluate program implementation strategies,
such as in-person or remote delivery, and
associated outcomes (141). Strategies to
reduce biases, such as participant or
personnel performance bias, may also be
needed (142). Moreover, although exercise
training is generally safe in lung cancer
survivors after surgical treatment and those
with advanced/inoperable disease, data
among those with bone metastases are
limited (112, 113). To address this
uncertainty, best practices for cancer
survivors with bone metastases may include
risk assessment of skeletal complications,
medical consultations when appropriate, and
involvement of a physical therapist or
exercise physiologist with cancer exercise
training (143).

Barriers to physical activity programs
among lung cancer survivors. SUMMARY OF

EVIDENCE AND KNOWLEDGE GAPS. Real-world
challenges exist across multiple levels
related to the access, uptake, and
completion of center-based rehabilitation.
Chief among these challenges is limited
program accessibility, including referrals
and patient-related barriers, including
transportation, competing work, and other
life demands (144). Access is even more
limited for patients residing in remote and
rural areas. Remotely delivered programs
that allow patients to participate at home
may effectively increase access to and uptake
of rehabilitation services. Telerehabilitation—
the delivery of therapeutic rehabilitation at a
distance or offsite using telecommunication
technologies—is an alternative strategy to
center-based rehabilitation. Telerehabilitation
in patients with chronic lung disease is
associated with higher patient uptake and
completion, with possibly similar benefits
and safety outcomes compared with center-
based rehabilitation (145–147). In contrast
to center-based rehabilitation, a significantly
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higher proportion (approximately 70%) of
eligible patients with COPD (148, 149) and
advanced cancer (150) enroll in remotely
delivered or home-based rehabilitation
interventions. Also, a systematic review
showed that, compared with center-based
rehabilitation, telerehabilitation is
associated with higher patient adherence
among patients with cardiopulmonary
disease (147). Therefore, there is a critical
need for remotely delivered or home-based
rehabilitation for lung cancer
survivors (151).

Moreover, clinicians caring for lung
cancer survivors identify barriers in the lack
of integration of physical activity programs
in managing lung cancer, limited care
referral pathways, and inadequate staffing
(152). In addition, studies among patients
with COPD suggest that press andmedia
describing stories of failed attempts among
popular personalities can galvanize negative
views of rehabilitation; patients have voiced
concern over the term “rehab,” believing
there is an attached stigma. Stigma
detrimentally affects lung cancer survivors’
communication, psychosocial, and
behavioral outcomes across multiple levels
(153). Although lung cancer diagnosis may
represent a “teachable moment” for patients
to adopt health-enhancing behaviors
(154, 155), many lung cancer survivors also
require repeated contact/communication to
become receptive to exercise or rehabilitation
services (156). Among older adults in
postacute care, a standardized approach
based on motivation and behavioral change
models to engage patients in physical and
occupational therapy may result in better
outcomes than standard rehabilitation
strategies (157). Also, although CRF and
HRQoL are important health outcomes, lung
cancer survivors may have unique and
individualized goals, including life goals
separate from cancer treatment goals (125).
Concordance in treatment goals among
survivors of advanced lung cancer and their
oncologists can be as low as 20% (158), with
little known regarding the individual goals of
lung cancer survivors after curative-intent
therapy.

Furthermore, in the United States, the
Centers for Medicare andMedicaid Services
introduced in 2010 the Bundled Payments
for Care Improvement Initiative, under
which healthcare systems are accountable for
the entire episode of care (e.g., associated
with a surgical procedure or hospitalization),
including postacute care. As a result,

healthcare policy makers and hospital
administrators are increasingly focused on
minimizing cost while balancing the optimal
quality of care. Concerns about inadequate
reimbursement for pulmonary rehabilitation
services have been raised (159). Therefore,
early integration and repeated introduction
of rehabilitation concepts, particularly in
alignment with patients’ goals and with
attention to the stigma associated with lung
cancer and rehabilitation, may be necessary
to engage lung cancer survivors in
rehabilitation services effectively. Economic
analyses of rehabilitation services may also be
needed to inform decisions at the healthcare
system and policy levels.

Promoting behavior change to enhance
adherence to physical activity programs
among lung cancer survivors. SUMMARY OF

EVIDENCE AND KNOWLEDGE GAPS. An important
goal of physical activity programs is to
promote behavior change and adherence to
health-enhancing behaviors. Promoting
long-term and sustained participation in
daily physical activity is essential for
pulmonary rehabilitation (160). In patients
with COPD, a Cochrane systematic review
reported that, compared with no
intervention, the mean difference in time
spent performing moderate- to vigorous-
intensity physical activity after pulmonary
rehabilitation was 4 min/d (low-certainty
evidence). There was possibly greater
improvement, to 6 min/d, after high-
intensity interval exercise training
(moderate-certainty evidence) (161). There
were mixed results on the effects of adding
physical activity counseling to pulmonary
rehabilitation, with scant evidence for a
sustained/lasting impact after completion of
interventions (161). Newer strategies to
enhance physical activity and improve
psychosocial health, such as social
prescription for community-based patients,
may increase adherence to health-promoting
behaviors (162). A recent review of social
prescribing highlights poor quality studies
with limited time frames for measuring
outcomes (163).

Identifying barriers and facilitators to
physical activity programs among lung
cancer survivors may guide interventions to
promote behavior change. A systematic
synthesis of quantitative and qualitative
studies identified barriers to physical activity
and exercise training among lung cancer
survivors: older age, male sex, high
comorbidity burden including COPD, low
physical capacity, high symptom burden,

psychological influences, perceived
irrelevance, and previous sedentary and
inactive exercise behaviors (33). Facilitators
of higher engagement in physical activity or
exercise training include anticipated and/or
experienced benefits in improved fitness,
strength, daily functioning, fatigue control,
well-being, and influence from clinicians
and caregivers (33). There is also high
heterogeneity in the preferences of lung
cancer survivors on physical activity
programming. For instance, although many
patients prefer moderate-intensity exercise
without supervision, those older and with a
high comorbidity burden prefer light-
intensity exercise with supervision (33).
Quist and colleagues demonstrated that
supervised physical activity programs
improved psychological symptoms and
physical performance among survivors with
advanced lung cancer (164). They measured
physical functional capacity using the
6-minute-walk test but did not include
patient-reported functional status or CRF as
outcomes. Temel and colleagues attempted a
structured group exercise program twice
weekly, but the program was closed early
because of slow accrual (165). Program
challenges may have been due to the
additional weekly visits required for up to
two hours and the high rigor of the exercise
program. Although the barriers, facilitators,
and heterogeneous preferences for exercise
programming are not unique compared with
survivors of other cancers (166, 167), these
systematic syntheses highlight a need for
individualized and tailored approaches to
promote active change in exercise behavior,
including lung cancer survivors. Another
Cochrane systematic review of interventions
to promote habitual exercise among cancer
survivors, including lung cancer, identified
essential behavior change techniques that
included goal setting, graded tasks, and
providing instructions on performing
exercise (low-quality evidence) (168).
However, as in patients with COPD, long-
term follow-up data are also limited (168).
The opportunity to test multimodal
strategies to reduce CRF could include newer
study designs such as SMART, MOST, and
hybrid (e.g., effectiveness–implementation)
designs (135–138). For instance, as physical
activity programs often provide multifaceted
interventions, studies may use the SMART
orMOST design to evaluate the impact of
different program components and at
different times along the lung cancer
continuum (139, 140). Such studies could
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pay attention to patient and clinician goals,
as well as timing along the disease course,
such as immediately after diagnosis (and
before treatment), immediately or shortly
after completion of curative-intent therapy,
during systemic therapy, or at the time of
disease recurrence or progression. Hybrid
implementation–effectiveness studies could
evaluate program implementation strategies,
such as in-person or remote delivery
(including self-help or live interaction), and
associated outcomes (141). Strategies may
also be needed to reduce biases, such as
participant or personnel performance bias
(142). Moreover, although exercise training
is generally safe in lung cancer survivors after
surgical treatment and those with
advanced/inoperable disease, data are
scarce among those with bone metastases
(112, 113). To address this uncertainty, best
practices for cancer survivors with bone
metastases may include risk assessment of
skeletal complications, medical consultations
when appropriate, and involvement of a
physical therapist or exercise physiologist
with cancer exercise training (143).

Prioritized research questions. Of the
16 questions developed for section IV
(Table 2), voting results indicated that
committee members prioritized questions
1 and 3 as 6th and 7th, respectively, with
80% consensus not reached among the final
7 research questions.

Section V: Evaluation of Sleep
Disruption and Underlying Sleep
Disorders in Lung Cancer Survivors
and CRF
Summary of evidence and knowledge gaps.
As for CRF, data on sleep disruption and
underlying sleep disorders in lung cancer
survivors are limited. In a study evaluating
982 ambulatory patients, lung cancer
survivors constituted 12% of the cohort and
had the highest prevalence of sleep
disturbances, including fatigue (56%), use of
sleeping pills (40%), excessive daytime
sleepiness (40%), and insomnia (37%) (169).
Palesh and colleagues prospectively evaluated
823 cancer survivors undergoing
chemotherapy, of whom 120 had lung
cancer, and most (80%) had insomnia
symptoms, with half qualifying for clinical
insomnia diagnosis (170). Similarly, among a
smaller cohort of 75 lung cancer survivors
after curative-intent therapy, 73% reported
sleep difficulties, and 56% had abnormally
high insomnia (171). In a polysomnography
study, lung cancer survivors underreported

sleep difficulties and had sleep patterns
similar to those of otherwise healthy subjects
with insomnia (172). Sleep questionnaires
targeting only lung cancer survivors, albeit
involving smaller cohorts, corroborate
symptoms of sleep disruption, insomnia, and
excessive daytime sleepiness (Table 5) (71,
173–180). Only a few small studies have
suggested an association between sleep-
disordered breathing in newly diagnosed and
advanced patients with lung cancer with CRF
(181–183). However, although preliminary
data imply significant sleep disruption and
sleep disorders in lung cancer survivors,
there are scant data on this population.

Sleep and fatigue are often reported as a
symptom cluster (35) that may include
cough, dyspnea, anxiety, depression, and
pain in lung cancer survivors (15, 184, 185).
The frequent clustering of symptoms with
sleep disturbance suggests a shared etiology
or bidirectional relationship (70, 73, 186, 187).
Although these symptoms are believed to
have common pathways, interventions may
alleviate some symptoms and simultaneously
exacerbate other issues; management options
have not been explicitly addressed in lung
cancer. For example, opiates may relieve
pain but may also worsen sleep-disordered
breathing, exacerbate excessive daytime
sleepiness, and potentiate gastrointestinal
sequelae (nausea, vomiting, constipation)
(188). Similarly, bronchodilator treatments
can improve respiratory symptoms, with
sympathetic activation potentially
exacerbating insomnia. Moreover, CRF,
sleep disturbance, and mood disorders
(such as depression and anxiety) often
coexist, sharing common pathophysiologic
mechanisms such as dysregulation of
proinflammatory cytokines, specifically IL-1,
tumor necrosis factor-a, and IL-6 (189, 190).
Potential manifestations of depressedmood
include insomnia, early morning
awakenings, and excessive daytime
sleepiness; sleep disturbances may even
precede the diagnosis of depression. Risk for
depression may also be exacerbated in those
with shorter or longer sleep duration.
Indeed, estimates of mood disturbances in
lung cancer survivors are high, ranging from
15% to 40% for anxiety and 21% to 44%
for depressive symptoms (181, 187, 191).
Interventions that may have efficacy for
symptom clusters likely consist of several
behavioral or biobehavioral components.
Cognitive-behavioral therapy,
complementary therapy, and exercise
interventions have demonstrated positive

outcomes in several cancer types with
various symptom clusters (190, 192). Further
research in homogeneous samples with
specific symptom clusters is needed and will
allow a better understanding of cooccurring
symptoms and underlying mechanisms and
eventually provide reproducible evidence to
develop guidelines for management.

Symptom clusters can also vary on the
basis of the disease trajectory and range from
dyspnea, fatigue, and cough in early lung
cancer to fatigue, pain, dyspnea, depressed
appetite, and persistent cough in long-term
lung cancer survivors (72, 193). Longitudinal
studies reveal that fatigue and poor sleep
quality may adversely affect HRQoL and
persist beyond completion of treatment
(193, 194). Circadian dysregulation is
potentiated by high symptom burden in
advanced lung cancer, disrupted sleep–wake
cycles, behavioral influences, and effects of
the tumor or underlying comorbidities on
host clock regulation (195, 196). In a study
with 62 advanced lung cancer survivors,
Sephton and colleagues reported that
flattening the diurnal cortisol rhythm
portended limited survival (197). Modulating
circadian rhythms to alleviate symptoms and
outcomes in lung cancer is understudied and
underused. Integrative strategies, including
cognitive-behavioral therapy for insomnia,
light therapy, exercise, yoga, and tai chi, have
been used in several studies to ameliorate
sleep symptoms (198). Although several
small studies have evaluated yoga in patients
with lung cancer, most integrative and
circadian-based interventions have not been
assessed in lung cancer survivors (199–201).

It is also unclear if combinations of
comorbidities in lung cancer may
differentially influence sleep disturbance
and/or CRF. COPD is associated with
frequent awakenings, difficulty initiating or
maintaining sleep, daytime sleepiness,
reduced total sleep efficiency, and REM sleep
(202). Respiratory disturbances during sleep
in lung cancer survivors, particularly those
with COPD, may include sleep-related
oxygen desaturation, impaired pulmonary
function, and hypoventilation, particularly
during REM sleep. During sleep, oxygen
desaturation in COPDmay exceed the
degree of desaturation, further contributing
to nocturnal hypoxemia and hypoventilation.
Dynamic abnormalities during sleep are well
described in COPD (202, 203) but remain
unexplored in lung cancer survivors with and
without COPD. Patients with concomitant
COPD and obstructive sleep apnea (OSA)
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(i.e., overlap syndrome) have more frequent
nocturnal desaturations, hypoxemia,
hypercapnia, and dysrhythmias (204).
Overlap syndrome is associated with higher
morbidity and hospital readmissions, and
positive airway pressure therapy can improve
survival (205, 206). Lung cancer engenders
additional pulmonary dysfunction with
tumor and treatment-related changes, and
the combination of these processes can
further negatively affect airway and
respiratory mechanics and gas exchange.
The impact of lung cancer with concomitant
overlap syndrome has not been explored
regarding symptoms, prevalence, diagnosis,
interventions, or outcomes.

Aside from other potential
cardiovascular sequelae, the role of hypoxia
and sleep-disordered breathing has unclear
implications in lung cancer. Clinical and
epidemiological series have also shown that
1) the degree of nocturnal hypoxia in OSA
increases the risk for cancer incidence and
mortality, and 2) patients with untreated
OSA have worse outcomes (207–209).

The hallmarks of OSA include intermittent
hypoxia and sleep fragmentation. Both chronic
intermittent hypoxia and sleep fragmentation
can trigger oxidative stress and systemic
inflammation in animal and in vitro cancer
models and promote the activation of
oncogenic pathways (209–211). The lack of
data on lung cancer is of utmost concern given
the increased incidence of underlying
respiratory disease in this cohort. On a larger
scale, population-based independent cohorts
have reported an increased incidence of and
mortality from cancer in those with sleep-
disordered breathing (207, 208, 212, 213). The
underlying etiology centers around chronic
intermittent hypoxia as the presumptive
common link between systemic inflammation
and tumor progression and proliferation in the
setting of sleep-disordered breathing (207,
208). Interestingly, studies also suggested
that treatment for OSA with continuous
positive airway pressure may be protective;
the association between cancer mortality
and OSA severity was less in patients
adherent to therapy (207, 212).

Two large retrospective studies using
cancer registries demonstrated severe
OSA antecedent to a lung cancer diagnosis
(214, 215). The SAILS (Sleep Apnea in Lung
Cancer Screening) study evaluated OSA
prevalence and nocturnal hypoxemia using
home sleep apnea testing. This study
revealed that 76% of individuals at high risk
for lung cancer also had OSA and nocturnal
hypoxemia, with nocturnal hypoxemia being
associated with an increased risk of positive
screen-detected nodules (216). Of note, all
the aforementioned studies targeted patients
without active cancer undergoing cancer
screening, so the prevalence, modality for
detection, and impact on CRF, HRQoL, and
tumor behavior remain uncertain in lung
cancer survivors and should be further
investigated.

Prioritized research questions. Of the
seven questions developed for section V
(Table 2), voting results indicated that
committee members prioritized question
2 as fourth, with 80% consensus not reached
among the final seven research questions.

Table 5. Overview of Self-administered Questionnaires and Objective Measures to Evaluate Sleep Disturbance and Disorders

Tool Type Description

Pittsburgh Sleep Quality
Index

Survey Assesses sleep quality and habits during the past month; 19 items with varying
response categories

Global score ,5 indicates good sleep and .5 indicates poor sleep; maximum score 21
Insomnia Severity Index Survey Evaluates for insomnia and severity; 7 items on five-point Likert-type scale. Scores

of 22–28 indicate severe clinical insomnia
STOP-BANG Questionnaire Survey Screening questionnaire for OSA; 8 dichotomous yes/no questions. Scores of 5–8

indicate high risk for receiving a diagnosis of OSA
International Restless Legs

Syndrome Scale
Survey Evaluates the severity of restless leg syndrome and the impact on sleep quality,

daily affairs, and mood; 10 items on a five-point Likert-type scale (0 = no restless
leg symptoms, 4 = very severe restless leg symptoms), scored as a sum
(maximum score 40)

Epworth Sleepiness Scale Survey Estimates likelihood of falling asleep in eight situations on a four-point Likert-type
scale. Score .10 indicates daytime sleepiness; maximum score 24

Functional Outcomes of
Sleep Questionnaire

Survey Assesses impact of sleepiness on conducting daily activities and QoL; 30 items
(long version) or 10 items (short versions) with a four-point Likert-type scale

FACT-L Survey Thirty-six items on a four-point Likert-type scale. Higher scores indicated better
QoL. Composed of 27-item FACT-general and 7-item lung cancer subscale;
maximum score 136

Actigraphy Diagnostic tool Wrist-worn monitoring of activity used in assessment of sleep/wake patterns.
Software used to analyze data contains several sleep algorithms with
correlations to high concordance to PSG measures for estimations of sleep
quality, quantity, and circadian phasing on the basis of movement

Polysomnogram Diagnostic tool In-laboratory sleep study monitored and recorded on a multichannel system used
to diagnose various sleep disorders, including sleep-disordered breathing and
parasomnias

Home Sleep Test Diagnostic tool Unattended sleep study with portable monitor sensors to diagnose OSA in the
home environment; reliable alternative to PSG in patients with high pretest
probability of OSA

Sleep Diaries Patient-generated
log

Self-reported daily record of sleep patterns, sleep efficiency, and sleep
quality/satisfaction. Useful to diagnose circadian rhythm disorders and
characterize insomnia symptoms over time

Definition of abbreviations: FACT-L=Functional Assessment of Cancer Therapy–Lung; OSA=obstructive sleep apnea; PSG=polysomnography;
QoL=quality of life; STOP-BANG=snoring, tiredness, observed sleep apnea, high blood pressure, body mass index. 35 kg/m2, age. 50 years,
neck circumference. 40 cm, male gender.
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Conclusions

The urgency of CRF recognition and
treatment in lung cancer survivors is
demonstrated by this panel’s patient
representative: “If I had to continue living
my life this way, I wouldn’t want it.” CRF is

an underrecognized entity in lung
cancer survivors, and additional research is
needed for evaluation and treatment.
Our multidisciplinary workshop
highlighted the challenges and barriers
associated with the diagnosis, evaluation,
and treatment of CRF in lung cancer

survivors and the impact of physical
activity and sleep (Figure 4). This
statement offers a prioritized research
agenda to 1) advance evaluation,
treatment, and research efforts and
2) increase patient and clinician awareness
of CRF in lung cancer.�
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CRF symptoms detract from
the focus of cancer treatment

Social determinants of
healthcare limit CRF

Not a priority for the patient or
caregiver

Access to care or
specialized expertise
Financial constraints
Limited resources
Cultural barriers

Added burden and time for
testing and intervention

CRF symptoms are
underrecognized

Dismissed as effect of
cancer or treatment
Lack of awareness from
clinical teams

CRF symptoms are
difficult to detect

Unvalidated screening
tools in lung cancer
Lack of ownership to
specific clinical team
lmpact of interventions
unclear

Figure 4. Challenges in the study and management of cancer-related fatigue in lung cancer. Cancer-related fatigue (CRF) in lung cancer
survivors is underrecognized, and both challenges and barriers to the evaluation and treatment of CRF exist.
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