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Abstract: Objective: To evaluate the clinical efficacy and safety of pulmonary rehabilitation exercise training in im-
proving lung function, exercise tolerance, cancer-related fatigue, and quality of life in elderly patients with non-sur-
gical non-small cell lung cancer (NSCLC). Methods: A total of 186 elderly NSCLC patients who received non-surgical
treatment at The First Affiliated Hospital of Chongqing Medical and Pharmaceutical College from April 2023 to
October 2024 were retrospectively enrolled. Among them, 95 received routine treatment (control group), and 91
received pulmonary rehabilitation training in addition to routine treatment (rehabilitation group). The intervention
lasted 8 weeks. Evaluation indicators included lung function, exercise tolerance, respiratory function, cancer-related
fatigue, quality of life, negative emotions, and sleep quality. Adverse reactions were also recorded. Results: By week
4, the social and emotional function in the EORTC QLQ-C30 showed no significant improvement, but by week 8,
the rehabilitation group exhibited significantly better outcomes than the control group. Moreover, the rehabilitation
group demonstrated significantly greater improvements in lung function, exercise tolerance, respiratory symptoms,
cancer-related fatigue, and psychological status than the control group at week 8 (P<0.05). In addition, the inci-
dence of adverse reactions in the rehabilitation group was significantly lower (P<0.05). Conclusion: Pulmonary reha-
bilitation training can effectively improve lung function and exercise capacity in elderly non-surgical NSCLC patients,
alleviate fatigue and anxiety, enhance quality of life, and is safe for clinical application.
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Introduction [3, 4]. However, although non-surgical treat-
ments can help control tumor growth, they are
frequently associated with further decline in
pulmonary function, reduced exercise toler-
ance, and impaired quality of life, seriously
compromising patients’ independence and sur-
vival quality [5, 6]. In addition, studies have
shown that pulmonary dysfunction in lung can-
cer patients is influenced not only by aging and
underlying pulmonary diseases but also by the
tumor’s pathophysiological effects [7]. Direct
invasion or compression of the airways, de-
struction of lung parenchyma, cancer-related
inflammation, and cancer cachexia can all lead
to restrictive or obstructive ventilatory impair-

In the context of an aging population, the inci-
dence and mortality of lung cancer among the
elderly have risen markedly in recent years [1].
According to surveys, lung cancer has consis-
tently ranked among the leading malignancies
in incidence and mortality among elderly popu-
lations in China. Especially among those aged
>65, the average annual incidence exceeds
300 per 100,000, and the mortality rate
approaches 240 per 100,000, which is signifi-
cantly higher than in younger and middle-aged
groups [2]. Owing to prevalent comorbidities,
diminished lung function, and elevated periop-
erative risks, many elderly patients are not suit-

able candidates for curative lung resection.
Consequently, treatment often centers on non-
surgical modalities such as chemotherapy and
radiotherapy to manage disease progression

ment, resulting in significantly lower forced vital
capacity (FVC), forced expiratory volume in one
second (FEV,), and diffusion capacity compared
with age-matched healthy individuals [4, 8].
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These impairments often worsen during non-
surgical treatments such as chemotherapy and
radiotherapy, further compromising quality of
life and exercise tolerance [9]. Therefore, en-
hancing pulmonary function and exercise ca-
pacity while mitigating the physical burden of
disease remains a critical challenge in the sup-
portive care of elderly patients with lung
cancer.

In recent years, pulmonary rehabilitation has
become an increasingly well-established inter-
vention for managing chronic respiratory disor-
ders such as chronic obstructive pulmonary
disease (COPD) and interstitial lung disease,
and its application has gradually extended to
patients with lung cancer [10, 11]. Evidence
indicates that pulmonary rehabilitation can
improve pulmonary ventilation, enhance exer-
cise capacity, relieve fatigue and anxiety, and
thus improve overall quality of life through
respiratory muscle training, aerobic exercise,
and behavioral interventions [12, 13]. For
elderly patients ineligible for surgery, pulmo-
nary rehabilitation is not only safe but may also
improve treatment tolerance and reduce the
risk of adverse events [14]. Importantly, the
role of pulmonary rehabilitation differs between
lung cancer patients and those with non-can-
cerous chronic lung diseases. In COPD and
interstitial lung disease, pulmonary rehabilita-
tion primarily mitigates chronic airway remo-
deling, facilitates secretion clearance, and
strengthens respiratory muscle endurance,
thereby slowing disease progression [15, 16].
In contrast, for lung cancer patients, pulmo-
nary rehabilitation addresses exercise limita-
tion caused by deconditioning and respiratory
muscle weakness, enhances tolerance to anti-
cancer treatments, and may indirectly improve
therapeutic efficacy by enhancing systemic
immune function [17, 18]. Therefore, deve-
loping individualized, standardized pulmonary
rehabilitation protocols for elderly patients with
non-surgical lung cancer holds considerable
clinical value.

Based on this background, the present study
focused on elderly patients with non-small cell
lung cancer (NSCLC) who did not undergo sur-
gery. Using a retrospective design, we investi-
gated whether an 8-week pulmonary rehabi-
litation program could improve lung function,
exercise capacity, fatigue, respiratory symp-
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toms, psychological state, and quality of life. A
total of 186 patients were included. We com-
pared changes in both physical performance
tests and questionnaire scores before and
after the 8-week period between the rehabilita-
tion and the control groups. This study aims to
provide evidence-based support for the reha-
bilitation management in elderly non-surgical
lung cancer patients, fill gaps in existing re-
search, and offer data and practical guidance
for developing standardized pulmonary rehabil-
itation strategies and elderly-adapted training
programs.

Materials and methods
Study design

This retrospective study analyzed clinical data
from 186 elderly patients with NSCLC who
underwent non-surgical treatment at The First
Affiliated Hospital of Chongging Medical and
pharmaceutical College between April 2023
and October 2024. Based on treatment type,
95 patients received standard therapy alone
(control group), while 91 received pulmonary
rehabilitation exercise training in addition to
standard therapy (rehabilitation group) (Figure
1). This study was approved by the Ethics
Committee of The First Affiliated Hospital of
Chongqing Medical and Pharmaceutical Colle-
ge.

Inclusion criteria: (1) age =65 years; (2) patho-
logically or cytologically confirmed NSCLC; (3)
medically ineligible for surgery due to comor-
bidities, or refusal of surgical intervention after
clinical evaluation; (4) good treatment compli-
ance; (5) adequate cardiopulmonary reserve
and musculoskeletal function to participate
in rehabilitation exercise, as assessed by a
physiotherapist; (6) complete medical record.
Exclusion criteria: (1) diagnosis of dementia,
severe depression, schizophrenia, or other psy-
chiatric disorders interfering with compliance;
(2) history of lobectomy or pneumonectomy;
(3) severe cardiovascular or neurological dis-
ease; (4) recent acute respiratory infection or
unstable pulmonary function; (5) severe visual
or hearing impairment that could interfere with
participation in exercise training or assess-
ments; (6) concurrent enrollment in any other
structured pulmonary or physical rehabilitation
intervention.

Am J Cancer Res 2025;15(9):4029-4042



Improves lung function and exercise tolerance in non-surgical NSCLC patients

-16 pts did not meet inclusion criteria

[212 pts initially screened

]

196 pts assessed for

TN

cial pulmonary rehabilitation
guidelines jointly issued by
the American Thoracic Society
(ATS) and the European Re-
spiratory Society (ERS), with
modifications tailored to the
physical status of oncology
patients [19]. All training ac-
tivities were demonstrated by
qualified professionals, and in-
structional videos were provid-
ed during the first session to
ensure accurate mastery of
the exercises. The training pro-
gram included the following
components:

101 pts categorized
into the control group

Comprehensive assessment

95 pts categorized
into the rehabilitation

group

Each patient underwent a com-
prehensive assessment, inclu-

! !

ding nutritional, neurological,
circulatory, and respiratory ev-
aluations. Particular attention
was given to treatment-related

6 pts drop-out

(1) 3 disease progression
(2) 3 early withdrawal by
personal request

records

4 pts drop-out
(1) 3 incomplete medical

(2) 1 voluntary
discontinuation of treatment

adverse effects and therapeu-
tic efficacy, and individualized
rehabilitation plans were for-
mulated accordingly.

| !

Pulmonary rehabilitation
implementation

95 pts included in the
definitive analysis

91 pts included in the
definitive analysis

(1) Breathing exercises: Pa-
tients were instructed to sit
upright on a chair or bed.
Training consisted of nasal in-
halation for approximately two

Figure 1. Patient inclusion process.

Intervention methods

Patients in the control group received routine
exercise rehabilitation. They were educated on
lung cancer and its treatment, advised on
dietary practices during the treatment period,
and instructed to walk for 30 min per session,
5 times a week, for a total duration of 8 weeks.

The rehabilitation group underwent a struc-
tured pulmonary rehabilitation program in addi-
tion to the aforementioned routine care. The
intervention was developed based on the offi-
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seconds to achieve full lung

expansion, followed by slow

oral exhalation through pursed
lips, mimicking a whistling posture. Each ses-
sion lasted 10 min and were performed three
times daily.

(2) Airway clearance: A “deep breath-breath-
hold-forceful cough” technique was introduced
to patients to facilitate mucus clearance.
Crossing the arms over the chest was encour-
aged to enhance expiratory force. When neces-
sary, staff assisted with chest percussion or
trained patients in using handheld vibrating
devices. Sessions lasted 10 to 15 min and
were repeated twice daily.
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(3) Physical exercise: Upper limb exercises
included weighted arm lifts using dumbbells
or water bottles, lifting both arms overhead
then slowly lowering them. Resistance training
involved pulling elastic bands outward with
both hands. Each exercise was performed for
20-30 repetitions per set, 2-3 sets per session,
twice daily. Lower limb exercises included stair
climbing or stationary cycling, 30 min per ses-
sion, five times per week, adjusted based on
patient tolerance.

Monitoring and follow-up

To promote adherence, patients were provided
with a daily training log, completed by them-
selves or their caregivers, to record session
duration and any symptoms experienced. Re-
habilitation staff reviewed these records week-
ly. In addition, weekly follow-up calls were made
to monitor progress, answer questions, and
adjust the training regimen as needed. The
entire program lasted for 8 weeks.

Observation indicators and evaluation criteria

In this study, all patients were systematically
evaluated at baseline, as well as at the 4th
and 8th weeks after intervention. Evaluations
encompassed pulmonary function, exercise tol-
erance, respiratory function, quality of life, can-
cer-related fatigue, psychological status, sleep
quality, and adverse events.

Primary outcomes

Pulmonary function: key respiratory parame-
ters included FEV,, FVC, and peak expiratory
flow (PEF).

Exercise tolerance: The 6-minute walk test
(6MWT) [20] was used to evaluate functional
exercise capacity. The test was conducted in a
quiet 30 m hallway, with a trained therapist
encouraging patients to walk as far as possible
within 6 min. A practice trial was performed
beforehand. If chest pain, dyspnea, or dizzi-
ness occurred, the test was stopped immedi-
ately and documented. Additionally, a cardio-
pulmonary exercise testing system (COSMED,
Italy, model K4b2) was used to measure peak
oxygen uptake (VO,max), maximum workload
(MWL), and anaerobic threshold (AT).

Respiratory symptoms: Dyspnea was assessed
using the modified Medical Research Council
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(mMRC) scale [21], which grades severity from
0 to 4. Higher score indicates more severe
symptoms. The St. George's Respiratory Que-
stionnaire (SGRQ) was also administered to
assess the impact of respiratory symptoms on
quality of life, with higher scores reflecting
greater impairment [22]. In addition, all ad-
verse reactions occurred during the interven-
tion period were recorded.

Secondary outcomes

Cancer-related fatigue: The Piper Fatigue Scale
(PFS) was used to assess multidimensional
fatigue, with higher scores indicating greater
fatigue severity. This instrument has been vali-
dated in oncology populations [23].

Quality of life: The European Organization for
Research and Treatment of Cancer Quality of
Life Questionnaire-Core 30 (EORTC QLQ-C30)
was used to evaluate multiple quality-of-life
domains, including physical, emotional, cogni-
tive, social, and role functioning. Each domain
was scored from O to 100, with higher scores
indicating better function and overall well-being
[24].

Psychological and sleep status: The Hamilton
Anxiety Scale (HAMA) and Hamilton Depression
Scale (HAMD) were used to assess negative
emotional states [25]. The Pittsburgh Sleep
Quality Index (PSQI) was employed to evaluate
sleep quality [26]. Higher total scores on these
scales represent more severe emotional or
sleep-related issues.

Statistical analysis

All statistical analyses were performed using
SPSS version 22.0. The normality of continuous
variables was assessed using the Kolmogorov-
Smirnov test. Variables with a normal distribu-
tion were expressed as mean + standard de-
viation (X +s) and compared using the indepen-
dent-samples t-test. Non-normally distributed
variables were presented as median [M (Q,, Q,)]
and analyzed using the Mann-Whitney U test.
For repeated measurements across multiple
time points, pairwise comparisons were con-
ducted using LSD test or Nemenyi test. Ca-
tegorical variables were presented as frequen-
cy and percentage [n (%)] and analyzed using
the x? test or Fisher’s exact test. Graphs and
charts were generated with GraphPad Prism

Am J Cancer Res 2025;15(9):4029-4042
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Table 1. Comparison of baseline characteristics between the two groups

Control group

Rehabilitation group

(n=95) (n=91) vx/z. P
Sex 0.982 0.322
Male 59 (62.11) 50 (54.95)
Female 36 (37.89) 41 (45.05)
Age 70.39+5.92 70.48+5.26 0.114  0.909
Educational level 0.471*
Primary school 40 (42.11) 31(34.07)
Secondary school 33(34.74) 41 (45.05)
High school 18 (18.95) 17 (18.68)
Graduation 4(4.21) 2 (2.20)
BMI (kg/m?) 0.424*
<18.5 17 (17.89) 24 (26.37)
18.5-23.9 51 (53.68) 39 (42.86)
24.0-27.9 23 (24.21) 23 (25.27)
>28 4(4.21) 5 (5.49)
Smoking status 3.473 0.176
Never 5 (5.26) 9 (9.89)
Current 31 (32.63) 37 (40.66)
Former 59 (62.11) 45 (49.45)
Pathological type 0.074 0.786
Adenocarcinoma 52 (54.74) 48 (52.75)
Squamous carcinoma 43 (45.26) 43 (47.25)
Stage 0.467*
1153 2(2.11) 1(1.10)
1A 25 (26.32) 32 (35.16)
1B 63 (66.32) 51 (56.04)
e 5 (5.26) 7 (7.69)
Treatment 3.366 0.186
Radiotherapy alone 37 (38.95) 32(35.16)
Sequential chemoradiotherapy 25 (26.32) 35 (38.46)
Concurrent chemoradiotherapy 33(34.74) 24 (26.37)
ALB (g/L) 35.29 (32.34, 38.73) 35.84 (34.10, 37.91) 0.886 0.376
PAB (mg/L) 146.95 (136.56, 155.24) 142.64 (135.51, 151.16) 1.429 0.153
Hb (g/L) 122.32 (116.80, 132.22) 125.78(118.24,131.19) 0.730 0.465

ALB: albumin, PAB: prealbumin, Hb: hemoglobin. *: Fisher’s exact tests.

software. Statistical significance was defined

as a two-sided P<0.05.

Results

Comparison of baseline characteristics be-

tween the two groups

There were no significant differences between
the control and rehabilitation groups regarding
sex, age, educational level, BMI, smoking sta-
tus, pathological type, clinical stage, treatment
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regimen, or nutritional status (P>0.05) (Table
1).

Comparison of pulmonary function outcomes
between the two groups

At baseline, pulmonary function measures sh-
owed no significant differences between the
two groups (P>0.05). However, by weeks 4 and
8 of the intervention, the rehabilitation group
demonstrated significantly greater improve-
ments in PEF, FVC, and FEV, compared to the
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Table 2. Comparison of pulmonary function between the two groups [M (Q,, Q,)]

Control group (n=95)

Rehabilitation group (n=91) Z P

PEF (L/min) Baseline 323.61(296.87, 355.35) 337.77 (317.31, 355.84) 1.951 0.051
Week 4 357.29 (312.55, 398.73)*  365.45 (335.31, 425.67)*  2.203 0.028
Week 8 376.81(333.43, 418.55)*,# 396.58 (364.52, 438.27)* #  2.432 0.015
FVC (L) Baseline 2.64 (2.43, 2.89) 2.69 (2.31, 2.97) 0.360 0.718
Week 4 2.83(2.58, 3.08)* 3.05 (2.77, 3.29)* 3.445  <0.001
Week 8 2.94 (2.42, 3.26)* 3.12 (2.82, 3.65)*,# 3.577 <0.001
FEV, (L) Baseline 2.06 (1.86, 2.32) 2.00 (1.85, 2.29) 0.215 0.829
Week 4 2.12 (1.96, 2.26) 2.32(2.17, 2.48)* 5190  <0.001
Week 8 2.29 (2.11, 2.47)* # 2.51(2.28, 2.67)* # 4482  <0.001

PEF: peak expiratory flow, FVC: forced vital capacity, FEV,: forced expiratory volume in one second, M: Median, Q,: 1st Quartile,
Q,: 3st Quartile. *: P<0.05 compared with baseline; #: P<0.05 compared with week 4.
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Figure 2. Comparative analysis of exercise tolerance indicators between the control and rehabilitation groups. A.
6MWT; B. VO,max; C. MWL; D. AT. BMWT. 6-minute walk test, VO,max: peak oxygen uptake, MWL: maximum work-
load, AT: anaerobic threshold. ns: not significant; ***P<0.001; ****P<0.0001.

control group (P<0.05). These findings suggest
that pulmonary rehabilitation training effec-
tively enhances respiratory function in elderly
patients with non-surgical NSCLC (Table 2).

Comparison of exercise tolerance between the
two groups

As shown in Figure 2A, the rehabilitation group
achieved significantly longer walking distances
in the BMWT at both 4 and 8 weeks, indicat-
ing marked improvements in functional endur-
ance. As shown in Figure 2B, VO,max was
markedly higher in the rehabilitation group at
both time points, indicating enhanced cardio-
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pulmonary fitness. Figure 2C shows a notable
increase in MWL in the rehabilitation group,
suggesting improved physical performance
and exercise tolerance. Figure 2D shows that
the rehabilitation training improved aerobic
metabolic efficiency and delayed the onset of
anaerobic threshold.

Comparison of respiratory function between
the two groups

At baseline, there were no significant differenc-
es in respiratory function scores between the
two groups. Following the intervention, patients
in the rehabilitation group demonstrated sig-
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Figure 3. Comparison of respiratory function between the two groups. A. mMRC; B. SGRQ. mMRC: modified Medical
Research Council, SGRQ: St. George’s Respiratory Questionnaire. ns: not significant; **P<0.01; ****P<0.0001.
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Figure 4. Comparison of cancer-related fatigue scores between the control and rehabilitation groups. A. Cognitive/
mood; B. Sensory; C. Behavioral/severity; D. Affective meaning. ns: not significant; ****P<0.0001.

nificantly lower scores on both the mMRC dys-
pnea scale and the SGRQ, compared to the
control group. These findings suggest that pul-
monary rehabilitation effectively alleviated dys-
pnea and improved overall respiratory function
(Figure 3).

Comparison of cancer-related fatigue scores
between the two groups

As shown in Figure 4, scores across all four
dimensions of cancer-related fatigue were sig-
nificantly reduced in the rehabilitation group at
both weeks 4 and 8, and were obviously better
than the control group.
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Comparison of EORTC QLQ-C30 scores be-
tween the two groups

After intervention, the rehabilitation group sh-
owed significant improvement across all func-
tional domains of the EORTC QLQ-C30 com-
pared with the control group. Physical, role,
cognitive, emotional functions improved more
quickly and more significantly in the rehabilita-
tion group at both weeks 4 and 8, whereas
improvements in the control group were limit-
ed. In the domain of social functioning, the
rehabilitation group scored slightly lower than
the control group at week 4 but surpassed it by
week 8 (Figure 5).
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Comparison of psychological status and sleep
quality between the two groups

At baseline, no significant differences were
observed between the two groups in terms of
psychological well-being and sleep quality.
However, following the intervention, the reha-
bilitation group demonstrated markedly greater
reduction in anxiety and depression scores,
along with improved sleep quality, compared
with the control group (Figure 6).

Comparison of incidence of adverse events
between the two groups

The total incidence of adverse events in the
rehabilitation group was 18.68% (17/91), which
was significantly lower than that in the control
group (38.95%, 37/95) (x?=9.265, P=0.002)
(Table 3).
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Figure 5. Comparison of EORTC QLQ-C30 scores be-
tween the control and rehabilitation groups. A. PF; B.
RF; C. CF; D. EF; E. SF. EORTC QLQ-C30: European
Organization for Research and Treatment of Cancer
Quality of Life Questionnaire-Core 30, PF: physical
function, RF: role function, CF: cognitive function,
EF: emotional function, SF: social function. ns: not
significant; *P<0.05; **P<0.01; ***P<0.001;
*%*%*pP<(0.0001.

Multivariate logistic regression analysis of
pulmonary rehabilitation as an independent
predictor of pulmonary function

Pulmonary function was defined as the primary
outcome. Based on standard clinical thresh-
olds, good pulmonary function was classified
as FEV, 21.5 L, FVC 2.5 L, and PEF =300 L/
min (coded as 0), whereas poor pulmonary
function was defined as any value below these
thresholds (coded as 1). The intervention vari-
able was whether pulmonary rehabilitation was
performed. To control for potential confound-
ers, age, sex, and BMI were included as covari-
ates in the logistic regression analysis.

Univariate logistic regression revealed a signifi-
cant association between pulmonary rehabili-
tation and pulmonary function outcomes. Pa-
tients who received pulmonary rehabilitation

Am J Cancer Res 2025;15(9):4029-4042
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Table 3. Comparison of incidence of adverse events between the
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Figure 6. Comparison of psychological status and
sleep quality outcomes between the two groups. A.
HAMA; B. HAMD; C. PSQI. HAMA: Hamilton Anxiety
Rating Scale, HAMD: Hamilton Depression Rating
Scale, PSQI: Pittsburgh Sleep Quality Index. ns: not
significant; ***P<0.001; ****P<0.0001.

fibrosis, and drug-related de-
clines in lung function, thereby

Control group Rehabilitation

2

exacerbating respiratory bur-
P den, impairing physical perfor-

(n=95) group (n=91)
Total adverse events 37 (38.95) 17 (18.68) 9.265 0.002
Nausea/Vomiting 21 (22.11) 11 (12.09)
Pneumonia 8(8.42) 4 (4.40)
Atelectasis 5 (5.26) 2 (2.20)
Pneumothorax 3(3.16) 0

mance, and diminishing qua-
lity of life [30]. Systemic toxici-
ty is another concern, as the-
se regimens can cause both
acute and long-term adverse
effects across multiple organ

had a markedly lower risk of poor pulmonary
function than those who did not (P<0.001).
After adjusting for age, sex, and BMI, multivari-
ate logistic regression confirmed pulmonary re-
habilitation as an independent protective fac-
tor for pulmonary function (P<0.001) (Table 4).

Discussion

Lung cancer is frequently accompanied by dys-
pnea, weight loss, cough, pain, fatigue, and
sleep disturbances, and most patients are
elderly with comorbidities such as COPD or
cardiovascular disease, complicating treat-
ment decisions [27, 28]. Current therapeutic
approaches include radiotherapy, chemothera-
py, targeted therapy, and immunotherapy [29].
However, conventional options such as radio-
therapy and platinum-based chemotherapy of-
ten lead to radiation pneumonitis, pulmonary
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systems [31]. In this context,

supportive care plays a crucial
role in maintaining patient well-being and treat-
ment tolerance.

A recent consensus from the European So-
ciety for Radiotherapy and Oncology (ESTRO)
and the European Society for Medical Oncology
(ESMO) emphasized several supportive strate-
gies, including smoking cessation, nutritional
support, exercise during treatment, and man-
agement of key symptoms such as esopha-
gitis, cough, dyspnea, and nausea. The state-
ment also highlighted the importance of pro-
tecting cardiovascular health, optimizing radio-
therapy, and tailoring chemotherapy to reduce
toxicity [32]. Notably, the consensus underlined
that aerobic and resistance training can help
restore functional status and recommended
incorporating structured exercise interventions
before and during chemoradiotherapy. Yet, de-
spite strong supporting evidence, these recom-
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Table 4. Univariate and multivariate logistic regression analyses of pulmonary function outcomes

Univariate analysis

Multivariate analysis

B S.E YA P OR (95% Cl) B S.E YA P OR (95% Cl)
Pulmonary rehabilitation training
NO 1.00 (Reference) 1.00 (Reference)
Yes -1.49 0.38 -3.87 <0.001 0.23(0.11-0.48) -1.46 0.39 -3.76 <0.001* 0.23(0.11-0.50)

*: adjusted for age, sex, and BMI.

mendations remain underutilized in routine
clinical practice.

Preoperative rehabilitation has been shown to
offer substantial benefits for patients with ear-
ly-stage NSCLC, as supported by several clini-
cal studies [33, 34]. A 2020 review reported
that individuals with NSCLC who engaged in
physical training prior to lung surgery were 67%
less likely to experience postoperative pulmo-
nary complications. Additionally, they also had
chest drains removed about three days earlier,
hospital stays shortened by four days, 6-minute
walking distances improved by 18 meters, and
slightly better preoperative lung function [35]
but is associated with a risk of postoperative
pulmonary complications (i.e. pneumonia (new
infiltrate coupled with either fever (>38°C))). In
post-surgical setting, the effects of exercise
training on exercise capacity and adverse
events are also well documented. In a 2019
review by Cavalheri et al., which included eight
randomized controlled trials with a total of 450
participants, structured exercise interventions
after surgery led to significant improvements
in both exercise tolerance and walking distan-
ce [36]. In contrast, studies investigating the
impact of pulmonary rehabilitation in elderly
non-surgical lung cancer patients are rare, and
the available evidence remains limited.

In clinical practice, our team observed that
elderly NSCLC patients unfit for surgery often
experienced not only cancer-related symptoms
but also progressive fatigue and breathless-
ness. This led us to explore whether structured
breathing and movement exercises might offer
meaningful improvements. The results showed
that after 4 and 8 weeks of intervention, the
rehabilitation group outperformed the control
group on multiple key indicators. These results
suggest that pulmonary rehabilitation training
is feasible, safe, and clinically valuable this vul-
nerable patient population.
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Previous studies have indicated that pulmonary
rehabilitation can enhance lung compliance
and respiratory muscle efficiency through bre-
athing exercises and aerobic training, thereby
improving ventilation-perfusion disorders and
enhancing lung function and exercise capa-
city [37, 38]. According to the ATS guidelines
released by Rochester et al., patients with
chronic respiratory diseases who undergo pul-
monary rehabilitation experience notable im-
provements in 6MWD and FEV,, along with
reduced hospitalization days and symptom bur-
den [11]. Although these guidelines primarily
target diseases like COPD, the underlying in-
tervention principles and rehabilitation model
align closely with those applied in this study. A
systematic review by He et al. also indicated
that, in patients with severe or very severe
COPD, pulmonary rehabilitation improved the
6MWD by an average of 30-70 m and signifi-
cantly enhanced aerobic endurance and quali-
ty-of-life indicators [10]. In line with these find-
ings, participants in the rehabilitation group in
our study demonstrated significant improve-
ments in 6MWD, VO, max, AT, and MWL by week
8, indicating that such interventions are equally
beneficial for elderly patients with non-surgical
lung cancer.

Another noteworthy finding of this study is that,
after the intervention, the rehabilitation group
outperformed the control group across all four
dimensions of the Piper Fatigue Scale (PFS).
This result can be explained from both physio-
logical and psychological perspectives. Phy-
siologically, moderate and regular exercise
training enhances peripheral muscle oxygen-
ation and metabolic efficiency, thereby alleviat-
ing the physical manifestations of cancer-relat-
ed fatigue [39]. Psychologically, the sense of
accomplishment and autonomous participa-
tion in the training process may foster positive
emotions and mitigate emotional exhaustion
[40, 41]. Additionally, the rehabilitation group
achieved better scores than the control group
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in HAMA, HAMD, and PSQI measures, suggest-
ing that pulmonary rehabilitation not only en-
hanced exercise capacity but also supported
mental well-being and sleep quality. Recent
studies have shown that exercise training can
effectively alleviate fatigue, anxiety and sleep
disorders in cancer patients during treatment
[42]. This mechanism may be partly attributed
to exercise-induced enhancement of BDNF
expression and regulation of 5-HT metabolic
pathways in the brain, thereby improving the
functional state of the central nervous system
[43].

It is noteworthy that, at week 4 of the interven-
tion, the rehabilitation group showed slightly
lower scores in social functioning compared to
the control group. We speculate that, during the
early stage of rehabilitation training, patients
were still adapting to the training, with limited
improvement in physical strength, and might
have reduced social interaction due to fatigue
and anxiety. However, as emotional stability
and self-confidence improved, patients became
more inclined to participate in social interac-
tions, thus improving social functioning [44].
A similar delayed improvement was noted in
emotional functioning, underscoring the neces-
sity for sustained and long-term pulmonary
rehabilitation to achieve optimal benefits. Ac-
cordingly, the EORTC QLQ-C30 may be particu-
larly suitable for tracking the medium- and
long-term impacts of rehabilitation training.

Regarding adverse reactions, the incidence of
adverse reactions in the rehabilitation group
was significantly lower than that in the control
group. This may be attributed to the multi-
faceted benefits of pulmonary rehabilitation,
including improved ventilation, enhanced spu-
tum clearance, and increased muscular streng-
th and endurance [45]. In particular, atelecta-
sis and pneumonia occurred less frequently
among patients in the rehabilitation group, sug-
gesting that breathing exercises and airway
clearance techniques may offer additional
protection against treatment-related complica-
tions. In addition, rehabilitation training may
improve drug tolerance, thereby reducing the
likelihood of chemotherapy-related discomfort
such as nausea and vomiting [20, 46, 471].

Naturally, this study has several limitations.
First, as a single-center retrospective study, it
is subject to potential selection bias in patient
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inclusion. Second, discrepancies may exist
between the recorded and actual implementa-
tion of interventions and compliance monitor-
ing, leading to potential information asymme-
try. In the future, multi-center, prospective co-
hort studies can be used to improve sample
representativeness. Another limitation lies in
the wide variability among elderly patients. Due
to wide variations in baseline physical condi-
tions, comorbidities, and willingness to parti-
cipate in rehabilitation, it is still difficult to
achieve complete consistency in training fre-
quency and implementation quality, even under
uniform rehabilitation guidelines, which may
have a certain impact on the effectiveness of
the intervention. Future research should con-
sider stratified study designs that adjust train-
ing intensity based on patients’ physical ca-
pabilities and document actual participation
levels to more accurately assess outcomes.

Conclusion

Pulmonary rehabilitation exercise training can
significantly improve lung function, enhance
exercise endurance, reduce fatigue, and im-
prove quality of life in elderly patients with non-
surgical lung cancer. It also demonstrates a
favorable safety profile, supporting its feasibili-
ty and potential for broader clinical appli-
cation.
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