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ABSTRACT ARTICLE HISTORY
Background: Cancer-related fatigue (CRF) reduces physical performance and quality of life (QoL). Some Received 23 July 2025
authors suggest including moderate-intensity physical exercise to manage CRF; however, the optimal timing to Accepted 17 December 2025
offer rehabilitation remains unclear. The primary aim is to investigate the feasibility of a pulmonary rehabilita- KEYWORDS

tion (PR) program, including physical exercise and educational sessions, for lung cancer patients undergoing Rehabilitation; lung
cancer treatments; secondary objectives are to investigate its effect on CRF, physical performance, and QoL. neoplasm; chemotherapy;
Methods: This randomized controlled trial enrolls 40 patients with stage Il or lll non-small-cell lung cancer radiotherapy; fatigue;
undergoing chemotherapy, radiotherapy, or immunotherapy. Patients are randomly assigned to one of two pulmonary rehabilitation;
groups: Group A (early-PR) begins PR after enrollment, at the beginning of non-surgical therapies, while education

Group B (delayed-PR) begins PR for 3 months after enrollment. The PR program consists of two education

sessions focused on CRF management and eight supervised exercise sessions, including aerobic, strength-

ening, stretching, and breathing exercises, combined with home exercises. CRF, QoL, activity level, and

endurance are assessed at the baseline (T0) and at 3 and 6 months (T1-T2). One year after TO, survival is

assessed along with the CRF, QoL, and activity level (T3). Feasibility will be assessed at 3 and 6 months.

Clinical Trial Registration: www.clinicaltrials.gov identifier is NCT06051136.

PLAIN LANGUAGE SUMMARY

What is this article about?

Many patients with lung cancer experience severe exhaustion (cancer-related fatigue, CRF), which makes it
difficult to perform daily activities and lowers their quality of life. Physical exercise is an effective way to manage
this fatigue, but it is not yet clear what is the best time to begin a rehabilitation program during cancer
treatment. This study investigates whether a pulmonary rehabilitation (PR) program, which includes physical
exercise and practical advice, is feasible and safe to implement for lung cancer patients undergoing treatment.
What are the expected results of this study?

This clinical trial involves 40 patients with non-small-cell lung cancer receiving anticancer therapies.
Patients are divided into two groups: one starts rehabilitation immediately, while the other starts 3
months later. The program consists of eight supervised exercise sessions (aerobic, strength, breathing
exercises) and two informational sessions focused on managing fatigue. We expect to demonstrate that
the program is feasible (i.e. patients can complete it) and that by comparing the two groups, we will
identify which timing of rehabilitation (early versus delayed) leads to better outcomes.

What do the results of this study mean?

The findings of the study regarding the feasibility and effect of PR will provide crucial information for clinical
practice. The results will help doctors and rehabilitation specialists understand when and how to offer
rehabilitation support to patients with lung cancer. This knowledge is essential for developing evidence-
based intervention to improve patients’ energy levels, physical function, and quality of life during their cancer
treatment.

1. Introduction Patients affected by this disease experience disabling

Lung cancer is the first most commonly diagnosed cancer ~symptoms caused by cancer itself as well as cancer treatments,
worldwide with almost 2.5 million new cases, accounting for such as dyspnea and fatigue, which reduce physical perfor-
12.4% of all cancers globally diagnosed in 2022 [1]. In Europe, mance and quality of life (QoL) [3,4].

the incidence of lung cancer was 319.236 new cases in Cancer-related fatigue (CRF) is experienced by 90% of patients
2022 [2]. undergoing chemotherapy and 57% of patients undergoing
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Article highlights

e A randomized controlled trial (RCT) design and blinded evaluators
and statisticians reduce bias in assessing the feasibility and effect of
the pulmonary rehabilitation program.

e The study involves a long-term follow-up, up to 12 months after
enrollment.

e The assessment of quality of life and fatigue provides
a comprehensive understanding of the intervention’s effects on the
patient’s overall well-being.

o The results will help researchers plan feasible rehabilitation interven-
tions and self-management strategies to face cancer-related fatigue
during the care journey of lung cancer patients.

resection [5]. CRF is one of the main symptoms affecting cancer
patients, it is often reported from the diagnosis, and it continues
during the course of the disease [6].

The European Society of Medical Oncology (ESMO) recom-
mends physical activity, including moderate-intensity aerobic
exercise and muscle strengthening, to manage CRF and improve
QoL [7]. Moreover, the American College of Sports Medicine
(ACSM) guidelines support the important role of physical exer-
cise in improving the survival of cancer patients [8].

Furthermore, physical exercise associated with educational
sessions offered to patients and/or caregivers was deemed to
be more effective than pharmacological treatment alone in
reducing CRF in cancer patients [7,9].

According to previous studies [10,11] and the authoritative
guidelines from ESTRO and ESMO [12], physical exercise is
suggested as a beneficial support for lung cancer patients
undergoing concomitant chemotherapy and radiotherapy.
The goal of these exercise interventions is to improve CRF
and to counteract side effects of anti-tumor therapies, includ-
ing the loss of strength and muscle mass.

Some studies conducted on this specific population during
active treatment reported an inverse correlation between the
level of physical activity and CRF [13]. Furthermore, these
findings highlight the negative impact that CRF has on QoL
and on the psycho-physical well-being of individuals [3,13].

Physical exercise may improve physical and respiratory
performance [14,15], reducing the severity of symptoms and
improving QoL in lung cancer patients [15,16].

The type of exercise found to be most effective to manage
CRF and reduce the side effects of cancer therapies consists of
aerobic exercise associated with muscle-strengthening exer-
cise, performed at moderate intensity, according to recom-
mendations and guidelines [12,17].

Researchers investigating the best modality to provide
exercise for lung cancer patients agree in proposing outpati-
ent and home programs, or a combination of both to facilitate
adherence to exercise sessions [18,19].

Furthermore, there is evidence on safety, feasibility, and
effectiveness of the treatment provided in telerehabilitation,
which can integrate with rehabilitation programs carried out
in person [20,21].

Nevertheless, to date, there is no precise indication on the
best time frame to propose physical exercise during active
cancer therapies, considering toxicity, side effects, and fre-
quency of anti-tumor therapy schedule [16,22,23].

Preliminary evidence supports the safety and effective-
ness of exercise in lung cancer patients both in the pre- and
post-surgical phases [24,25] and during and after treat-
ments [26]. Unfortunately, despite this evidence, many
patients remain sedentary or poorly active [5]. These indivi-
duals often experience both physical and environmental
barriers which prevent them from performing physical activ-
ity [27].

Of course, the health status determined by the toxicity and
side effects of concomitant anti-cancer therapies must be
considered and can negatively influence cancer patients’ life-
style [3,28].

Additionally, the demanding treatment path (such as the
frequency of radiotherapy sessions) can decrease the tolerabil-
ity and hinder the adherence to exercise sessions.

Therefore, given the already demonstrated benefits of physi-
cal exercise on CRF in lung cancer patients, the phase in which
exercise is best tolerated remains to be investigated [22].

The aim of this study is to explore the timing of rehabilita-
tion intervention for patients undergoing non-surgical cancer
treatments and to determine the most feasible in terms of
tolerability and adherence to the protocol.

Therefore, we propose a monocentric, interventional, two-
arm pilot RCT (OVER-CRF, the abbreviation means “overcome
cancer-related fatigue”). This study aims to investigate the
feasibility of an experimental pulmonary rehabilitation (PR)
program for lung cancer patients undergoing active cancer
treatments (chemotherapy and/or radiotherapy and/or
immunotherapy, possibly associated with surgery). The fea-
sibility of providing PR early (in the first 3 months of onco-
logical treatment) will be compared with that of a delayed
schedule (after 3 months from the beginning of oncological
treatment).

2. Materials and methods
2.1. Aims

2.1.1. Primary objective

To verify the adherence to the PR program proposed at the
beginning of non-surgical lung cancer treatments or 3 months
later (early or delayed). The delayed PR will be the control arm.

2.1.2. Secondary objective

- To evaluate the recruitment rate, the adherence to home
sessions, the treatment failure (overall and due to
causes), survival 12 months after enrollment, and the
intervention safety;

- To investigate clinical outcomes, such as the CRF, QolL,
physical performance, and the level of physical activity in
the first 12 months after enrollment.

2.2, Setting

OVER-CRF is a pilot RCT conducted at the Local Health
Authority of Azienda USL-IRCCS of Reggio Emilia, in Northern
Italy.



Inclusion criteria: patients with a new diagnosis of stage
Il or Il non-small-cell lung cancer (NSCLC), candidates for
non-surgical cancer therapies (chemotherapy and/or radio-
therapy and/or immunotherapy); prognosis =12 months;
informed consent signed. Surgery is not an exclusion cri-
terion, but patients will be enrolled at the beginning of
non-surgical cancer therapies or at least 1 month after
surgery.

Exclusion criteria: obstacles to participate in PR
programs (clinical conditions that contraindicate moderate
physical exercise, preexisting serious physical disabilities, ser-
ious/important cognitive or sensitive deficits, and serious psy-
chiatric disorders); stage IV NSCLC, the presence of lung
metastases from another tumor, cerebral metastases, and
bone metastases with fracture risk; patients considered for
surgery alone; language barrier.

2.3. Intervention

Patients will be randomized into two experimental groups:
A (early PR) and B (delayed PR).

Group A will perform PR just after enrollment and carry out
eight sessions supervised by a physiotherapist during the
3months of the intervention and two therapeutic educational
group sessions. The exercise supervised sessions will be
planned every 7-14 days and completed within 3 months.

The physiotherapists who will provide the rehabilitation
intervention have specific expertise in pulmonary and cancer
rehabilitation.

The supervised PR sessions will be tailored to the patients’
conditions and delivered according to specific exercise guide-
lines for cancer [29]. The RP program will include aerobic,
muscle-strengthening, flexibility, and respiratory exercises
(see Table 1).

Moderate-intensity aerobic exercise will be proposed two
to three times per week, and muscle strength training two
times per week, according to the recommendation of the
guidelines for cancer survivors [17]. Respiratory exercises will
be performed every day.

The details of the progression of each exercise component
are the following:

- Progressive aerobic exercise: 20-30 minutes of aerobic
activity at moderate intensity, with a target intensity of
60-80% estimated maximum heart rate (% HRmax). The
duration of aerobic exercise will increase from 20 to 30
minutes over 12 weeks, increasing by 5 minutes every
4 weeks.

- Progressive resistance exercise: muscle strength training
at moderate intensity ranging from 8 to 15 repetitions,
for 2-4 sets for each exercise. The progression of exercise
intensity will change over the weeks based on the parti-
cipant's compliance and performance, increasing the
weight, number of sets, and repetitions.

- Respiratory exercises: the progression will change by
increasing the number of repetitions and the type of
exercise.
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The progression of exercise intensity and difficulty is adjusted
to the patient’s compliance, performance, and perception of
physical effort, ensuring safety and tolerability.

The RP program and educational sessions will last approxi-
mately 60 minutes, 30 minutes if the session is delivered in
telerehabilitation.

The two educational sessions, designed for both patients
and their caregivers, will focus on the management of CRF and
the promotion of an active lifestyle (see Table 2). These ses-
sions will encourage participants to share their experiences
and develop essential skills to enhance their QoL during and
after cancer treatment.

A booklet containing a personalized home-based exercise
program will be delivered to the patients. This booklet
includes images and detailed explanations to support the
unsupervised execution of the exercises, along with
a summary of the contents of the therapeutic educational
sessions.

Patients will be invited to complete a diary of unsupervised
home-based exercises. This diary will be reviewed by the
physiotherapist during supervised sessions to identify any
difficulties encountered, serving as a weekly verification and
motivational mechanism.

In-person and educational sessions will be conducted at
the Physical Medicine and Rehabilitation Unit of Santa Maria
Nuova Hospital of Reggio Emilia.

After the first in-person exercise session, the other sessions
may be delivered in telerehabilitation if the patient requires it.

To prompt adherence, the physiotherapist will plan PR
sessions based on the patient’s needs and the agenda of
their hospital appointments for visits or therapies.

Group B (delayed PR) will begin the program 3 months
after enrollment, using the same PR protocol as Group A.

During the trial, all therapies and medical checkups are
permitted in order to monitor the patient’s health status. If
the clinical conditions worsen or an adverse event occurs, the
PR program will be modified or suspended after consultation
with a physiatrist/oncologist/pulmonologist.

2.4. Outcome

2.4.1. Primary outcome

According to the literature, patient adherence is considered
sufficient when it is >70% [29]. We decided to consider “adher-
ent” a patient who attend to at least 70% of the supervised PR
sessions for the relevant allocation group.

2.4.2. Secondary outcomes

(1) Evaluation of the recruitment rate by calculating the
number of subjects participating in the study;

(2) Number of treatment failures, related causes, and num-
ber of sessions carried out;

(3) Survival (patients surviving 12 months after enrollment
in the two intervention arms);

(4) Safety: the research group will report adverse events
related to the PR program in the 3 months of interven-
tion (falls, fractures, muscle pain, exertional dyspnea,
acute inflammation of the muscle-skeletal structures,
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Table 2. Main themes included in therapeutic educational group sessions in the OVER-CRF study.

First session: evidence-based strategies to enhance physical well-being and overall QoL.

Goal Setting

Problem Solving
Physical Activity

Help participants to set realistic short- and long-term goals to enhance self-awareness and manage their daily activities more
effectively.
Help patients to identify obstacles, solutions and to evaluate results.
Through a brainstorming session, participants will explore the benefits of physical exercise, such as reducing therapy side effects,

strengthening muscles, managing joint pain, and improving mental health.

Assistive Devices and
Orthoses

Breathing Techniques and
Relaxation

Second session: managing CRF.

Goal Setting

effectively.
Problem Solving

Guidance on the use of walking aids and supportive devices to enhance mobility and reduce disability.

Practice diaphragmatic breathing and body-scan relaxation exercises to manage stress and fatigue.

Help participants to set realistic short- and long-term goals to enhance self-awareness and manage their daily activities more

Help patients to identify obstacles, solutions, and to evaluate results.

Help patients to plan strategies to include physical activity in everyday life.

Understanding Fatigue

Explore the causes and symptoms of CRF, including physical, emotional, and psychological factors. Through a brainstorming

session, participants will share their experiences and discuss strategies to manage fatigue effectively.

Effective Communication

Relaxation Techniques
promote well-being.
Respiratory Exercises

Teach patients how to ask for help and express their needs to caregivers and healthcare professionals, using role-playing
techniques to improve communication skills.
Practice diaphragmatic breathing and guided relaxation exercises, such as body scan and visualization, to reduce stress and

Introduce specific breathing exercises, including the PEP bottle technique and the use of an incentive spirometer, to improve

respiratory function and alleviate fatigue-related symptoms.

Table 3. Timeline of assessment.

T0 T T2 T3
Evaluations (Baseline) (3 months after TO) (6 months after TO) (phone call, 12 months after T0)
FACIT-FS X X X X
EORTC QLQ-C30 X X X X
6MWT X X X
IPAQ-SF X X X X
Sessions adherence (supervised) X X
Independently physical activity X X X
Survival X
Recruitment rate X
Dropout X X X
Safety X X X

hematomas, etc.) and through the detection of falls or
fractures that occurred between T2 and T3;

(5) Clinical outcomes: CRF will be evaluated through the
Functional Assessment of Chronic Iliness-Fatigue Scale
(FACIT-SF), QoL by the European Organisation for
Research and Treatment of Cancer Quality of Life
Questionnaire-C30 (EORTC-QLQ-C30), and physical per-
formance by 6-Minute Walk Test (6MWT);

(6) The level of physical activity will be assessed through
International Physical Activity Questionnaire — Short
Form (IPAQ-SF) Scale;

(7) Adherence to home-based exercise will be assessed by
self-reported exercise diary filled in by patients.

The outcomes will be evaluated by blind assessors who do not
directly deliver the intervention.

Moreover, baseline information will be collected for each
participant, including age, sex, marital status, household com-
position, education level, occupation, and smoking habits.

(Table 3 shows the timeline of assessment; Figure 1 shows
the timeline of the intervention)

2.5. Sample size

There is no available literature about the feasibility of
a combined intervention (physical exercise + therapeutic

education) in lung cancer patients during adjuvant therapies.
Since this is a pilot study, a sample size calculation was not
performed, according to “CONSORT 2010 statement: extension
to randomised pilot and feasibility trials” [30]. The research
group aims to enroll 40 participants because they think it is
a large enough sample to inform them about the feasibility of
the PR during cancer treatments in lung cancer patients.

2.6. Recruitment strategies

Enrollment will last 24 months.

Healthcare professionals involved in lung cancer multidisci-
plinary groups (oncologist, radiotherapist, pulmonologist, phy-
siatrist, physiotherapist, etc.) will screen patients for eligibility
criteria.

Eligible patients will be referred to the physiatrist, who will
visit them, provide detailed information about the study, and
obtain informed consent.

The baseline (TO) assessment will be conducted at the
beginning of anti-tumor treatments, specifically within 30
days from the non-surgical treatment proposal (chemother-
apy, radiotherapy, and/or immunotherapy) made by the multi-
disciplinary lung cancer group or the relevant specialists,
following tumor typing.

For patients undergoing surgery, enrollment will be post-
poned to at least 1T month after the procedure to prevent
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Figure 1. Flow chart of the study.

evaluation biases caused by temporary decline in functional
performance and post-operative pain.

Any refusals to participate in the study will be recorded,
reporting the related reasons.

Physiotherapists will also record the performance status
(ECOQG), cancer stage, and clinical data regarding the diagnosis
and the treatment path (date of the multidisciplinary discus-
sion, possible date of surgery, start and type of oncological
treatment, hemoglobin, etc.).

This information will be collected through direct requests
to the patient and/or a caregiver or obtained from computer-
ized medical records.

2.7. Allocation

Subjects will be allocated with simple randomization between
the two arms according to a 1:1 ratio.

Randomization will be conducted online through the com-
pany software, which will generate allocation assignments
based on a block randomization list of four, previously pre-
pared by the Clinical Studies and Statistics Unit of Azienda
USL-IRCCS of Reggio Emilia.

Due to the nature of the rehabilitation intervention, blind-
ing of the treating physical therapist and the patients was not
feasible. The outcome evaluator, however, is an independent
physical therapist who does not perform the intervention and
is not involved in baseline assessments, randomization, or data
analysis. Therefore, a single-blind design was implemented,
ensuring that the evaluators at T1, T2, and T3, as well as
those analyzing the data, will be blinded to the patient’s
group assignment.

2.8. Rating scales

A blinded evaluator will administer these rating scales:
- FACIT-FS

It is a 13-item measure that assesses self-reported fatigue and
its impact upon daily activities and function. The score ranges
from 0 to 52. The higher the score, the less fatigue the patient
experiences. The FACIT-FS is part of the widely validated
measurement system, and the scale has been formally vali-
dated in various languages (including Italian), demonstrating
excellent reliability and construct validity within the cancer
patient population [31]. The Minimal Clinically Important
Difference (MCID) for the FACIT-F scale was estimated at
three points [32].

- EORTC QLQ-C30

It is a 30-item instrument designed to measure QoL in all
cancer patients, evaluating various dimensions: five functional
scales (physical, role, emotional, cognitive, and social), three
symptom scales (fatigue, pain, and nausea), and a global mea-
sure of health state. The remaining six single-question scales
assess symptoms: dyspnea, loss of appetite, sleep distur-
bances, constipation, diarrhea, and the perceived economic
impact of treating the disease. The EORTC QLQ-C30 is gener-
ally considered to have good reliability, as evidenced by high
internal consistency and strong test-retest reliability. This
scale has also a strong evidence supporting its content, con-
struct, and criterion validity. These metrics support the use of
the EORTC QLQ-C30 as a consistent, stable, and well-validated
measure of quality of life in cancer patients [33,34]. The MCID
for the EORTC QLQ-C30 scale was estimated between 5 and 10
points [35].

- 6MWT

It has been widely used to reliably assess submaximal physical
function in patients with cancer [36]. This test measures the
distance that a patient can quickly walk in a corridor of at least
30 meters in a period of 6 minutes. Furthermore, the number
of stops during the route, saturation and heart rate before and
after the test, respiratory fatigue, and muscle fatigue are mea-
sured. The MCID for the 6MWT in lung cancer patients was
estimated to be 42 meters [37].



- IPAQ-SF

It is a questionnaire used to estimate the amount of physical
activity performed by patients during the 7 days before assess-
ment. The patients indicate weekly frequency and average
duration of vigorous and moderate physical activity and walk-
ing (during work or leisure) and the number of hours spent
sitting per day.

Furthermore, to evaluate the degree of physical activity
carried out, IPAQ uses Metabolic Equivalent of Tasks (METs),
which have a different value depending on the effort prac-
ticed and allow activities of different intensity to be added
together [38]. The IPAQ-SF has been widely used in epidemio-
logical studies for cross-national monitoring of physical activ-
ity and inactivity and has demonstrated acceptable
psychometric properties, including good reliability and validity
in the general adult population, which supports its utility in
clinical settings [39]. Furthermore, its feasibility and reprodu-
cible use have been demonstrated in Italian cohorts with
chronic conditions [40,41], making it a suitable tool for asses-
sing physical activity levels in this population.

The data collection forms will be stored at the
Rehabilitation and Physical Medicine Department of Azienda
USL-IRCCS of Reggio Emilia.

In the event of dropout, the date and reason for leaving the
study protocol will be recorded, including withdrawal of
informed consent, worsening clinical conditions, death, loss
of motivation to participate, unavailability, loss to follow-up, or
other specified reasons.

Signed informed consent forms and data collection records
will be securely stored at Rehabilitation Unit, accessible only to
authorized researchers. Digital data collection files and other
sensitive documents will be protected by password security
measures.

2.9. Data analysis

The Clinical and Statistical Study Unit of the Azienda USL-
IRCCS of Reggio Emilia will carry out the statistical analysis
(to explore primary and secondary objectives) using the SAS
System or R System. Since the small sample size, for each
percentage determined, the exact bilateral confidence interval
will be calculated according to the Clopper-Pearson approach,
ensuring a confidence level of at least 95%.

The statistical analysis of the variables reported in secondary
outcomes will be descriptive, with a tabular representation of
average, median, minimum, maximum, remarkable percentiles,
and central tendency index (with 95% Cl), chosen on the basis
of the distribution characteristics of the variables in question.

Adherence will be calculated as the ratio between the
number of sessions completed and the number of sessions
scheduled. Patients will be classified as “adherent” to the
protocol if they complete =70% of the planned sessions.

The improvement in CRF will be evaluated taking into
account the changes in the FACIT-FS score exceeding MCID
in the two groups (difference of at least three points between
the score recorded before and after the intervention for each
patient).
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The improvement in QoL will be evaluated taking into
account the changes in EORTC-QLQ-C30 score exceeding
MCID in the two groups (difference of at least five points
between the score recorded before and after the intervention
for each patient).

Physical performance will be evaluated taking into account
the changes in 6MWD in the two groups (difference of at least
42 meters between the score recorded before and after the
intervention for each patient, as reported by Granger [37]).

The percentage of patients exceeding the MCID on the
FACIT-FS, EORTC QLQ-C30, and 6MWT scales will also be cal-
culated for both allocation groups.

Adverse events will be summarized in lists and tables,
categorized into homogeneous classes where applicable.

To promote participants’ retention and adherence to the
intervention, participants are required to fill out a daily diary
reporting their home-based exercise program. During the in-
person session, the participants will return this diary where
they can report critical issues and difficulties encountered.

In the case of dropout, the date and reason for leaving the
protocol are recorded (withdrawal of informed consent, wor-
sening of clinical conditions, death, loss of motivation to
participate in the study, not available, loss to follow-up, and
others).

Missingness issues will not be foreseen on the primary
outcome; statistical analyses for secondary outcomes will be
performed on a complete case basis.

2.10. Patient and public involvement

No patients or associations were involved in the design or
conduct of the study. However, the development of the reha-
bilitative intervention was based on a thorough literature
review, and the priorities of patients were collected by the
specialists during clinical practice.

3. Conclusions

The findings of the study will provide crucial information for
clinical practice, enriching published data on the feasibility of
rehabilitation support during cancer treatments for lung can-
cer patients. Based on both clinical considerations and results
from the current work, the research group will set up
a properly powered RCT to explore efficacy of rehabilitation
on patients’ energy levels, physical function, and quality of
life during lung cancer treatment. The results are essential for
developing evidence-based interventions and will help
oncologists and rehabilitation specialists understand when
and how to offer rehabilitation programs to patients with
lung cancer.
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