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Abstract
Background: To explore the safety and effectiveness of personalized exercise interven-
tion during chemotherapy for lung cancer patients who were relatively weak and with
compromised cardiopulmonary function.
Methods: Thirty-eight lung cancer patients treated with chemotherapy at Peking Uni-
versity Third Hospital were enrolled in this prospective study. The exercise group
(N = 21) received individualized exercise guidance based on personal test results and
exercised regularly, while the control group (N = 17) only received exercise education
and planed exercise methods according to their own preferences. Both groups under-
went three fitness tests and clinical indicator assessments at 0, 6, and 12 weeks after
starting the exercise, and the differences in trends of various indicators between the
two groups were compared.
Results: No exercise-related adverse events occurred during the 12-week exercise
period. After 12 weeks of exercise training, in terms of fitness, the exercise group
showed significant improvements in 6-min walk test (6MWT) (p < 0.001), peak oxygen
consumption (VO2peak) (p = 0.005), muscle content (p < 0.001), muscle percentage
(p < 0.001), and grip strength (p = 0.008) compared to the control group. In terms of
clinical indicators, the exercise group showed significant improvements in vital capacity
(p = 0.018), D-dimer (p = 0.031), and C-reactive protein (CRP) (p = 0.01), uric acid
(p = 0.003), triglycerides (p < 0.001), functional average score (p < 0.001), and main
symptom average score (p = 0.004) compared to the control group in trends over time.
Conclusion: Rehabilitation exercises using individualized exercise prescriptions tai-
lored by exercise prescription specialists during chemotherapy are safe for lung cancer
patients. Adhering to exercise can achieve comprehensive improvements in physical
fitness and quality of life at 12 weeks.
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INTRODUCTION

Lung cancer has a high incidence and mortality rate and is
the leading cause of cancer worldwide. With the advance-
ment of chemotherapy, targeted therapy, and immunother-
apy, the survival period of lung cancer patients has been
significantly extended compared to the past. However, vari-
ous complications related to cancer and its treatment, such
as dyspnea, muscle atrophy, pain, fatigue, loss of appetite,

and deterioration of physical fitness and lung function, may
further impair the patient’s condition.1 Patients hope not
only to live longer but also to have a better quality of life.
The rehabilitation of cancer patients through exercise has
been a focus since the 1980s,2 and it has been found that
exercise can help patients tolerate higher doses of chemo-
therapy.3 In recent years, multiple studies have confirmed
that exercise can bring benefits to the quality of life and sur-
vival of cancer patients and is safe.4,5 The American Cancer

Received: 28 January 2024 Accepted: 20 February 2024

DOI: 10.1111/1759-7714.15272

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2024 The Authors. Thoracic Cancer published by John Wiley & Sons Australia, Ltd.

906 Thorac Cancer. 2024;15:906–918.wileyonlinelibrary.com/journal/tca

https://orcid.org/0000-0002-7204-0429
mailto:malw678@126.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/tca


Society released the third edition of the Nutrition and Physi-
cal Activity Guidelines for Cancer Survivors, recommending
150–300 min of moderate-intensity activity or 75–150 min
of vigorous activity per week, and ≥2 days of muscle-
strengthening activities per week during and after treat-
ment.6 Regular physical activity can bring many benefits to
cancer patients: not only improving metabolic health, car-
diopulmonary function, and quality of life but also extend-
ing survival time.7–12

Researchers have proposed various exercise prescription
recommendations based on the different side effects related
to the treatment of patients. Most of these recommendations
involve moderate to high-intensity resistance and aerobic
exercises, two to three times per week, continuing for
12 weeks. Researchers unanimously believe that there is no
one-size-fits-all prescription for all cancer patients, and due
to the complexity of cancer and cancer treatment, personali-
zation is crucial. It is necessary to formulate the most appro-
priate exercise prescription based on an individualized
assessment.13,14 To maximize the benefits of exercise therapy
during the cancer survival period, patients should receive
scientific exercise or rehabilitation plans as early as possible.

Although the importance of exercise for cancer patients
is self-evident, in reality, not many cancer patients actually
engage in scientific and regular exercise. Most survivors do
not participate in physical activities at the recommended
level.15–17 The main difficulty is that exercise prescriptions
need to consider scientific validity, individualization, and
safety,14,18 as well as take into full account the patient’s com-
pliance, physical issues, psychological issues,19,20 social
support,21–23 and so on. For lung cancer patients who have
undergone lobectomy or are in a tumor-bearing state, their
cardiopulmonary function is weaker than before, and
their willingness and physical strength to exercise have sig-
nificantly decreased.16 Therefore, it is more challenging to
ensure patients can exercise regularly within a safe range.
Hence, it is necessary to conduct pre-exercise cardiopulmo-
nary function and basic clinical indicator evaluations,
exclude contraindications to exercise, and cautiously carry
out exercise after assessing the patient’s tolerable exercise
intensity to avoid harm.24 Regularly monitor the patient’s
fitness and clinical indicators after exercise, adjust continu-
ously based on feedback, and achieve the most suitable
amount of exercise for each patient.25

Based on the project of the Ministry of Science and
Technology of China on the development of precision
exercise prescriptions for the Chinese population and the
construction of an exercise prescription database, to bet-
ter adhere to the principles of individualization and scien-
tific nature of exercise for cancer patients, our center, in
conjunction with Beijing Sport University, conducted
related research on the exercise rehabilitation of cancer
patients. Each patient needs a comprehensive assessment
of physical fitness and clinical indicators before exercis-
ing. After exclusion of contraindications to exercise by
clinical doctors and exercise experts, the most suitable
exercise prescription for the patient is determined based

on the assessment results. Exercise prescriptions are for-
mulated by exercise prescription specialists from Beijing
Sport University. Exercise evaluations and supervision are
completed by graduate students majoring in sports
human science at Beijing Sport University. Patients fully
participate in 12 weeks of regular exercise under guidance
and supervision. During the exercise period, three assess-
ments of patient fitness and clinical indicators are per-
formed, and the effectiveness and safety of the exercise
prescription are continuously evaluated and fed back to
ultimately determine the most suitable personalized exer-
cise prescription for each patient.

METHODS

Research subjects

This study enrolled stage II–IV lung cancer patients who
received chemotherapy in the Oncology Chemotherapy and
Radiotherapy Department of Peking University Third Hos-
pital from May 2019 to May 2022, with all clinical informa-
tion coming from basic information upon admission. In the
exercise group, 16 patients were undergoing first-line che-
motherapy, one was undergoing second-line chemotherapy,
and four were in the postoperative adjuvant chemotherapy
period. Among the 21 patients, seven had previously under-
gone radical lung cancer surgery and re-entered the
advanced treatment stage after recurrence; one patient had
received argon-helium knife treatment before chemother-
apy. The control group consisted of 17 patients who were all
in the inoperable advanced or locally advanced stages at the
time of enrollment, with 14 receiving first-line chemother-
apy and three in second-line treatment. Among these
17 patients, two had previously received radiotherapy. The
chemotherapy regimens for both groups were in accordance
with NCCN guidelines, including the use of etoposide,
pemetrexed, platinum agents, gemcitabine, taxanes, antian-
giogenic drugs, and PD-1 inhibitors. Patient baseline charac-
teristics are shown in Table 1.

After signing the informed consent form, patients were
divided into an exercise group (30 cases) and a control
group (30 cases). Six patients in the exercise group, and
seven patients in the control group were unable to come to
the hospital for testing according to the schedule due to fac-
tors such as COVID-19. In the exercise group, three patients
were unable to continue and complete the 12-week training
due to deterioration in physical condition. In the control
group, six patients were unwilling to further undergo testing
due to worsening physical condition. Eventually, 21 lung
cancer patients in the exercise group were able to regularly
persist in 12 weeks of exercise training, and 17 patients in
the control group were willing to regularly test their physical
fitness. The plan has been certified by the Ethics Committee
of Peking University Third Hospital. All patients signed an
informed consent form. For inclusion and exclusion criteria,
see Table 2.
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Research methods

The exercise group underwent exercise health education and
12 weeks of exercise guidance, following the international
exercise guidelines for cancer patients. This meant combin-
ing 150 min per week of moderate-intensity aerobic and
resistance exercises, while also integrating evaluation results
of the current status of the subjects to comprehensively
develop exercise guidance plans. The exercise guidance
method involved brisk walking for 30 min per day, 5 days a
week, and two resistance training sessions per week, each
lasting 20 min. Specific methods for resistance training were
personalized based on individual assessment results. The
control group was provided with general health education

materials and was allowed to plan their own exercise
methods according to their previous habits and preferences.
Whether to join the exercise group or the control group is
chosen by the patients themselves. Exercise prescriptions
were formulated by exercise prescription specialists and
exercise physiologist from the Sports Human Science major
at Beijing Sport University. Exercise evaluations and super-
visory guidance were completed by graduate students from
the same major at Beijing Sport University. If adverse events
such as falls, arrhythmias, falls from the bed, or severe diar-
rhea and vomiting occurred during the exercise guidance
process, the exercise should be immediately stopped and
medical assistance provided by clinical doctors to ensure the
exercise guidance plan was scientifically safe and feasible.

T A B L E 1 Baseline characteristics of the exercise and control groups.

Variable Type Exercise group (n = 21) Control group (n = 17) p-value

Gender Male 15 (71.43%) 10 (58.82%) 0.502

Female 6 (28.57%) 7 (41.18%)

Age ≤65 14 (66.67%) 8 (47.06%) 0.324

>65 7 (33.33%) 9 (52.94%)

Stage II-III 11 (52.38%) 7 (41.18%) 0.532

IV 10 (47.62%) 10 (58.82%)

Pathology NSCLC 17 (80.95%) 11 (64.71%) 0.293

SCLC 4 (19.05%) 6 (35.29%)

Efficacy CR/PR 12 (57.14%) 7 (41.18%) 0.515

SD/PD 9 (42.86%) 10 (58.82%)

T A B L E 2 Patient inclusion and exclusion criteria.

Inclusion criteria

1. Understand the explanations related to this study and cooperate with the completion of relevant assessments.
2. Diagnosed with malignant lung tumors and regularly undergoing anti-tumor treatment.
3. Signed an informed consent form.
4. Expected survival period of more than 3 months.
5. ECOG score of 0–1.

Exclusion criteria

1. Patients with other malignant tumors.
2. Patients with weight-bearing bone metastasis or spinal instability score (SINS) ≥5 points.
3. Patients with deep vein thrombosis.
4. Patients with gastrointestinal bleeding.
5. Patients with gastric, intestinal, or bladder fistula.
6. Various clinically significant heart rate, conduction, resting ECG morphological abnormalities, such as conduction block, frequent premature

ventricular contractions, researcher-judged clinically significant ST segment depression or elevation, etc.
7. Severe exercise dysfunction.
8. Severe respiratory diseases, such as interstitial lung disease, severe asthma, pulmonary embolism, etc.
9. Patients with active and bleeding prone constitution.

10. Uncontrolled hypertension (systolic blood pressure ≥ 160 mmHg, diastolic blood pressure ≥ 100 mmHg).
11. Spinal cord compression.
12. Unstable brain metastasis.
13. Patients with active infections (T ≥ 38�C).
14. Patients with any of the following laboratory indicator abnormalities: PLT ≤80 � 109/L, absolute neutrophil count (ANC) <1.5 � 109/L,

HGB<90 g/L.
15. Without family caregivers.
16. Other situations judged by the researcher as unsuitable for entry into this study.
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Exercise prescription development

Based on the “American College of Sports Medicine
(ACSM) Guidelines for Exercise Testing and Prescription
(9th edition),” the recommended exercise intensity for can-
cer patients is to achieve a Rating of Perceived Exertion
(RPE) of 13 or moderate exercise intensity. A weekly exer-
cise time of 150 min, at a frequency of 5 days/week, is
recommended, ideally including 2–3 resistance training
sessions.

Exercise duration
The daily aerobic exercise time should be 30 min, meeting
the requirement of 150 min of exercise per week. In addition
to aerobic exercise, 2–3 resistance training sessions are tai-
lored to actual conditions, each approximately lasting
20 min. For cancer patients with anemia, it is more appro-
priate to exercise multiple times a day. Initially, exercise can
be performed for shorter durations, multiple times a day
(in 5–10 min intervals), but each session should last at least
10 min, progressing to sustain exercise for more than
20 min.

Exercise frequency
The exercise frequency chosen for this study was >5 days a
week without specifying fixed rest days. This is because par-
ticipants might feel extremely fatigued on certain days or
have unsatisfactory blood tests, so no rest days are sched-
uled, allowing participants to arrange rest days for other
unexpected events. This maximizes the completion rate of
the exercise guidance plan.

Exercise intensity
The prescribed exercise intensity is 50%–70% of the age-
predicted maximum heart rate. ACSM recommends that
cancer patients exercise at a RPE of 13, which is equivalent
to moderate intensity. Studies have found that the heart
function of cancer patients can be affected by chemotherapy,
leading to changes in heart rate. Therefore, using heart rate
monitoring to gauge the exercise intensity of participants is
no longer scientifically effective. Self-assessment methods
are more suitable for cancer patients to monitor their own
exercise intensity. Since most of the study participants are
older, using RPE is also more suitable for practical operation
in this study. This study uses the RPE scale to monitor exer-
cise intensity, which is consistent with the results of other
current studies.

Exercise type
Aerobic exercises chosen involve walking with a cane, avoid-
ing cycling or mountain climbing to prevent falls. The resis-
tance exercises in this study comprehensively train the
major muscle groups of the human body including the back,
abdomen, buttocks, and lower limbs. However, due to most
cancer patients having central venous catheters in place,
shoulder, chest muscle groups, and full-body movements are
less involved. For patients who need to stay in bed for

treatment, to alleviate muscle stiffness, low-intensity exer-
cises for activating back and buttock muscles, such as glute
bridges and side-lying leg lifts, are selected based on the
principle of comprehensiveness. Ankle pump exercises and
heel lifts are also given to promote overall blood circulation
to prevent thrombosis. Due to the balance impairment often
caused by chemotherapy, it is not appropriate to perform
single-leg or unstable exercises to avoid falls.

Exercise location
As cancer patients have reduced immune function during
chemotherapy, it is not recommended for them to exercise
in crowded or frequently used places during chemotherapy.
The exercise plan in this study is designed for home-based
resistance training and aerobic exercises. There is no need to
go to gyms or sports halls for resistance exercises, which
reduces the likelihood of subjects refusing to exercise due to
weather, venue, or equipment influences, and the less chal-
lenging walking exercises can be performed outdoors or on
home treadmills. When walking outside, subjects should
take protective measures to avoid contracting other diseases.

Effectiveness assessment

The effectiveness of the exercise guidance plan includes the
assessment of clinical indicators, physical fitness level, and
quality of life. Clinical indicators include monitoring the
blood routine, biochemistry, coagulation function, CRP,
lung capacity and the Response Evaluation Criteria in Solid
Tumors (RECIST). Physical fitness indicators include 6-min
walk test, grip strength, sit-and-reach, one-leg stand with
eyes closed, and body composition. Quality of life assess-
ment includes the International Physical Activity Question-
naires (IPAQ), cancer fatigue scale (CFS), and the third
edition of the European Organization for Research and
Treatment of Cancer quality of life questionnaire (EORTC
QLQ-C30). As cancer patients typically undergo drug effi-
cacy evaluation every two chemotherapy cycles (6 weeks),
this study aligns with chemotherapy efficacy evaluations,
conducting mid-test and post-test for subjects every two
chemotherapy cycles. Each time patients undergo a physical
fitness test, doctors are responsible for safety management
and medical insurance, preparing emergency medications
and equipment.

Statistical analysis

Statistical analysis was conducted using R 4.0.3 software.
Continuous (quantitative) data were tested for normality
using the Shapiro test. If the data followed a normal distri-
bution, they were expressed as mean ± standard deviation,
and an independent sample t-test was used for comparison
between groups; if not normally distributed, the median
(25th percentile, 75th percentile) was used, and the Wil-
coxon test was employed for between-group comparisons.
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Categorical (qualitative) data are described using frequency
(percentage) and were compared between groups using the
chi-square or Fisher’s exact test. Repeated measures analysis
of variance (ANOVA) was conducted using the stats pack-
age aov function, and survival curves were plotted using the
survival and survminer packages. The log-rank test was used
to compare the survival rates between different groups, with
a two-sided p-value <0.05 considered statistically significant.

RESULTS

At the three time points of exercise at 0, 6, and 12 weeks,
comprehensive assessments of physical fitness indicators
were conducted for both the exercise and control groups,
including changes in 6MWT, VO2peak, muscle content,
time standing on one leg with eyes closed, sit-and-reach,
body fat percentage, and grip strength. The 6MWT test

results within the exercise group after exercising showed sig-
nificant improvement compared to the baseline (p = 0.009),
with significant between-group differences in trends post-
exercise (p < 0.001), and average values between groups also
showing statistical differences (p = 0.006). VO2peak in the
exercise group increased not significantly over time com-
pared to pre-exercise levels (p = 0.051), but with between-
group differences in trends over time (p = 0.005), and aver-
age values within the groups also showing significant statis-
tical differences (p < 0.001). Muscle content and muscle
percentage showed no significant differences before and
after within the exercise and control groups, but there were
significant between-group differences in changes at 6 and
12 weeks post-exercise (p < 0.001). Grip strength also
showed between-group differences in trends over time
(p = 0.008). Details in Table 3.

At the 0, 6, and 12-week marks, clinical indicators for
both the exercise and control groups were evaluated. These

T A B L E 3 The examination of within-subject and between-subject effects for physical fitness indicators.

Outcome variables Independent variable F value p-value

6MWT Time 6.397 0.009*

Time�group 20.415 0.000*

Group 8.395 0.006*

VO2peak Time 4.324 0.051

Time�group 5.664 0.005*

Group 18.475 0.000*

Muscle content Time 2.615 0.240

Time�group 20.660 0.000*

Group 1.052 0.312

Muscle percentage Time 1.722 0.558

Time�group 11.467 0.000*

Group 3.829 0.058

Body fat percentage Time 2.630 0.237

Time�group 1.329 0.271

Group 1.568 0.219

Body fat content Time 2.361 0.306

Time�group 0.166 0.848

Group 0.945 0.338

Weight Time 1.755 0.540

Time�group 0.105 0.901

Group 0.220 0.642

Time standing on one leg with eyes closed Time 2.854 0.273

Time�group 0.389 0.685

Group 0.315 0.592

Grip strength Time 2.239 0.342

Time�group 5.154 0.008*

Group 0.907 0.347

Sit-and-reach Time 0.599 0.563

Time�group 0.056 0.946

Group 0.466 0.517
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included complete blood count, biochemistry, blood lipids,
uric acid, and quality of life scores. The neutrophil-
to-lymphocyte ratio (NLR) and the platelet-to-lymphocyte
ratio (PLR) have some indicative value for the inflammatory
state and prognosis of the tumor immune, therefore these
ratios were calculated indirectly through the complete blood
count and compared between groups.

After exercise, there was a statistically significant differ-
ence in the trends of lung capacity change post-exercise

between the exercise and control groups (p = 0.018). The
uric acid levels showed a gradual decreasing trend in
the exercise group, significantly differing from the control
group’s trend (p = 0.003), with a significant difference in
the average values between the two groups (p = 0.009). Tri-
glycerides in the exercise group showed a decreasing trend
and differed significantly from the control group’s
trend (p < 0.001), with a significant difference in the average
values between the groups (p = 0.030). Hemoglobin levels

T A B L E 4 The examination of within-subject and between-subject effects for clinical indicators.

Outcome variables Independent variable F value p-value

Lung capacity Time 3.384 0.117

Time�group 4.239 0.018*

Group 3.795 0.059

NLR Time 1.750 0.543

Time�group 0.317 0.730

Group 1.988 0.167

PLR Time 0.853 0.43

Time�group 0.204 0.816

Group 0.187 0.668

Uric acid Time 0.820 0.445

Time�group 6.193 0.003*

Group 7.658 0.009*

Triglycerides Time 1.725 0.558

Time�group 13.522 0.000*

Group 5.136 0.030*

Total cholesterol Time 1.845 0.552

Time�group 2.179 0.139

Group 0.492 0.499

High-density lipoprotein cholesterol Time 0.075 0.928

Time�group 0.127 0.882

Group 0.025 0.879

Low-density lipoprotein cholesterol Time 0.632 0.544

Time�group 1.482 0.257

Group 0.513 0.494

Hemoglobin Time 7.448 0.003*

Time�group 1.242 0.295

Group 1.258 0.269

Eosinophil percentage Time 0.406 0.668

Time�group 0.238 0.789

Group 0.000 0.985

Functional status Time 7.186 0.003*

Time�group 8.923 0.000*

Group 4.450 0.042*

Primary symptoms Time 0.129 0.879

Time�group 6.122 0.004*

Group 0.836 0.367

Overall health status Time 1.751 0.181

Time�group 1.183 0.312

Group 13.276 0.001*
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in the exercise group showed a rising trend post-exercise
compared to their baseline, which was statistically signifi-
cant (p = 0.003). The functional average score improved
gradually within the exercise group compared to their base-
line (p = 0.003), showing a significant statistical difference
in the trends of change between the two groups (p < 0.001),
and there was a significant difference in the average scores
between the groups (p = 0.042). The average score for pri-
mary symptoms showed a statistically significant difference
in the trend of change between the exercise and control
groups (p = 0.004). There was also a significant difference
in the average level of overall health status between the two
groups (p = 0.001), but there was no significant difference
within each group’s own pre- and post-exercise comparison.
No significant statistical differences were found in the
intragroup comparisons before and after exercise and
the intergroup comparisons for total cholesterol, high-
density lipoprotein cholesterol, low-density lipoprotein cho-
lesterol, eosinophil percentage, NLR, and PLR (Table 4).

Since coagulation function and CRP were not tested
every cycle, most patients only had two test results at the
three time points. A paired-test analysis comparing the last
monitoring indicator post-exercise with before exercise was
conducted. The results revealed that the exercise group
showed a significant downward trend in D-dimer
(p = 0.031) and CRP (p = 0.01), while the control group
showed an upward trend in CRP (p = 0.042). The details
are in Tables 5 and 6.

DISCUSSION

We found that after 12 weeks of training, the exercise group
showed improvements in physical fitness indicators such as the
6MWT, VO2peak, muscle content, muscle percentage, and
grip strength. At the same time, clinical indicators that
improved included lung capacity, D-dimer, CRP, uric acid, tri-
glycerides, hemoglobin, functional average score, average score
of primary symptoms, and overall health status. The control
group, which received health education and kept their previous
exercise routine, did not achieve such significant changes.

The cardiopulmonary function of patients in the exercise
group improved significantly in our center. Studies

specifically observing nonexercising lung cancer patients
have shown that for 50 patients with non-small cell lung
cancer (NSCLC) (stages I–III) monitored over 6 months,
the 6MWT significantly decreased from diagnosis to treat-
ment period and continued to decrease after 6 months.26

Cardiopulmonary health, which includes the respiratory sys-
tem, cardiovascular system, vascular system, blood, and skel-
etal muscle system, can be reduced by many cancer-related
factors in lung malignancies.27 The main reasons are: first,
the presence of the tumor and related surgeries might
decrease oxygen intake, thereby affecting the respiratory sys-
tem; second, in advanced disease, the oxidative capacity of
skeletal muscles can be impaired with reduced capillariza-
tion and mitochondrial density; third, chemotherapy drugs
and radiation may damage the cardiac pump, blood cell
groups, and vascular function.27 Many cancer treatments
have negative cardiovascular effects or cardiac toxicity. Exer-
cise therapy has been found to improve the cardiopulmo-
nary health of cancer patients and alleviate the cardiac
toxicity of cancer treatments.28

VO2peak and the 6MWT are the most applicable assess-
ments of cardiopulmonary function for cancer patients. Simi-
lar to lung function, VO2peak provides clinically relevant
diagnostic and prognostic information. It negatively correlated
with peri- and postoperative complications and serves as an
independent predictor of survival in lung cancer patients. To
date, at least three studies have investigated the relationship
between cardiopulmonary function and survival rates in lung
cancer patients.29–31 A retrospective study assessed lung cancer
patients (stages IIB–IV) after 8–10 weeks of exercise rehabili-
tation, showing significant increases in forced vital capacity
(FVC) and forced expiratory volume in 1 s (FEV1), with even
larger increases in patients with existing respiratory impair-
ments.32 Another study on NSCLC patients (stages I–II) who
had undergone surgical resection found that the exercise
group had a significant increase in VO2peak compared to the
control group.33 Jones and colleagues prospectively found that
every 50-m improvement in the 6MWT reduced the risk of
death for metastatic NSCLC patients by 13%. Additionally,
compared to the group with the lowest 6MWT, there was a
reduced risk of death and increased functional capacity (from
39% to 52%).31 However, some results should be interpreted
with caution due to the lack of a control group.

T A B L E 5 D-dimer changes before and after exercise between the two groups.

Variable Group Pre-exercise Post-exercise Diff Statistic p-value

D-dimer Control (N = 13) 0.66 ± 1.1 0.88 ± 1.25 �0.22 ± 0.59 �1.338 0.206

Exercise (N = 21) 0.69 ± 1.03 0.18 ± 0.04 0.52 ± 1.02 2.321 0.031*

T A B L E 6 CRP changes before and after exercise between the two groups.

Variable Group Pre-exercise Post-exercise Diff Statistic p-value

CRP Control (N = 15) 32.13 ± 60.57 41.78 ± 74.82 �9.65 ± 16.75 �2.232 0.042*

Exercise (N = 12) 15.87 ± 13.33 9.38 ± 9.98 6.49 ± 7.23 3.111 0.01*
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In other types of cancer, exercise exposure after cancer
treatment has also been shown to improve cardiovascular
outcomes for patients. During adjuvant chemotherapy for
breast cancer, low-intensity home exercises and supervised
medium-to-high intensity resistance and aerobic exercises
can mitigate the decline in cardiopulmonary function (�9%
vs �17%).34 Another study with a median follow-up of
8.6 years found that the incidence of cardiovascular events
in nonmetastatic breast cancer patients decreased as the
level of physical activity increased, with a 23% reduction in
cardiovascular events for those exercising ≥9 metabolic
equivalent (MET)-hours per week.35 Breast cancer survivors
who had undergone surgery, chemotherapy, and/or radio-
therapy and engaged in aerobic exercise three times per
week for 15 weeks experienced a 15% improvement in car-
diopulmonary function and quality of life.36 The OptiTrain
study found that 16 weeks of aerobic exercise, combined
with resistance training, had positive effects on the physical
and mental health of breast cancer patients during chemo-
therapy.37 Rogers and colleagues reported that nonmeta-
static colorectal cancer patients who engaged in 12 weeks of
moderate-intensity aerobic exercise experienced a 20%
improvement in cardiopulmonary function compared to
those who received standard treatment.38 Supervised
12-week aerobic exercise improved the cardiopulmonary
function of lymphoma patients undergoing chemotherapy
by 17%, while those receiving standard treatment saw a 2%
decline.39 In adult survivors of childhood Hodgkin’s lym-
phoma, a higher level of physical activity (≥9 MET-h/week)
was associated with a 7% absolute risk reduction in cardio-
vascular events (12.2% vs. 5.2%) compared to 0 MET-h/
week.40 A meta-analysis including 571 patients with lym-
phoma, prostate cancer, breast cancer, and colon cancer
showed that compared to the control group, which had a
significant decrease in VO2peak of 1.02 mL/kg/min, the
exercise group had a significant increase of 2.90 mL/kg/
min.41 In a larger meta-analysis of 48 randomized controlled
trials (exercise group: 1900; control group: 1642), the exer-
cise group had an increase in VO2peak of 2.80 mL/kg/min
compared to the control group’s 0.02 mL/kg/min.42

We found that the exercise group showed a significant
increase in muscle proportion and grip strength, consistent
with literature reports. In a 2-year follow-up study of breast
cancer, those who underwent a mix of aerobic and resistance
training experienced lower cancer-related fatigue and higher
muscle strength.43 Compared to low-intensity exercise and
control groups, breast cancer patients undergoing adjuvant
chemotherapy who engaged in medium-to-high intensity
exercise had better muscle strength, physical fitness, and
cognitive function.34 Exercise and nutritional interventions
have shown great potential in reducing the risk of bone and
muscle loss in cancer patients.44 Exercise can mitigate
chronic inflammatory responses by increasing muscle mass.
Interleukin-6 acts as an energy regulator within muscle tis-
sue.45 As muscle mass increases, insulin sensitivity (cell
growth regulation) improves, along with mitochondrial
function, oxidative capacity, and protein synthesis, all of
which can synergistically inhibit tumor growth.46,47

In our study, we found that the exercise group showed
reductions in triglycerides, uric acid, and D-dimer levels,
and there was also an improvement in anemia. Exercise can
induce beneficial changes in the tumor microenvironment
by lowering blood lipid levels and modulating cytokine
release, thereby reducing the protumorigenic effects of
hyperlipidemia.48 The sedentary lifestyle of most people
leads to abnormalities in blood lipids, hypertension, and dia-
betes. Abnormal blood lipids are a fertile ground for the for-
mation of atherosclerotic plaques. Aerobic and resistance
exercises can significantly improve blood lipid levels and
reduce mortality rates related to cardiovascular diseases.49

Exercise can improve hyperuricemia, with moderate-
intensity exercise being more effective than low-intensity
exercise in this regard.50 Exercise can improve anemia
through multiple mechanisms, including bone marrow stim-
ulation, improving the hematopoietic microenvironment,
and controlling levels of inflammation and hormones.51,52

Immobilization is recognized as a major risk factor in the
Wells scoring criteria for deep vein thrombosis (DVT),
which has become a consensus.52,53 Studies have reported
that NLR, PLR, and eosinophil percentage can reflect the
immune and inflammatory status of tumor patients and
have a certain predictive value for the prognosis of lung
cancer54–56; therefore, these indicators were included in this
study, but no significant differences were found between the
exercise and control groups in the end.

In this study, we found that the scores of the exercise
group for main symptoms and functional assessments signifi-
cantly improved. Cancer patients often experience a discon-
nection between body and mind, and participating in exercise
can promote a reconnection.57 The prevalence rates of anxi-
ety, depression, and sleep disorders among cancer patients
were 33%, 34%, and 45%–57%, respectively in previous stud-
ies58,59 and patients can experience psychological distress due
to cancer or the adverse effects of its treatment. Physical
activity can improve anxiety and depression by regulating
levels of monoamines and cortisol,60,61 leading to adaptations
in limbic structures.62 Exercise has been shown to have a pos-
itive effect63–66 or neutral effect67 on improving anxiety and
depression. Most cancer survivors who participate in exercise
notice significant physical changes, which help them gain
confidence to continue training,68 and they derive enthusiasm
for life from better physical condition.69,70 Breast cancer sur-
vivors have said that exercise is a tool for rehabilitation; it
heals the body as well as the mind.71 Some cancer survivors
have expressed that social support and physical activity can
build confidence and hope in the fight against cancer.21 Breast
cancer survivors feel that participating in group training can
also provide social support, helping them promote a sense of
healing through discussion and sharing with other mem-
bers.57,72 All the women in the group got along very well,
finding others to be “friendly”.73 Exercise can also improve
the sleep quality of cancer survivors.74 A home-based walking
plan proposed by Chen et al. showed that compared to the
control group, 12 weeks of moderate-intensity exercise was
effective in improving subjective and objective sleep quality in
patients with lung cancer (stages I–IV).75
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Exercise promotes the recovery of immune function and
alleviates chronic inflammatory responses. A prospective
randomized study on postoperative patients with NSCLC
found that exercise significantly promoted the percentage of
peripheral blood mononuclear cells, circulating NK cells,
and natural killer T cells.76 Cancer patients who exercised
using resistance bands during chemotherapy were able to
maintain their white blood cell levels compared to the con-
trol group.77 Exercise can inhibit tumor growth through
adrenaline and IL-6 dependent mobilization and redistribu-
tion of NK cells.78 Serum from acute aerobic exercise condi-
tions, through IL-6 induced DNA damage, inhibited the
proliferation of colon cancer cells.79 In stage III lung cancer
survivors, 24 weeks of moderate-intensity aerobic exercise
for 150 min per week resulted in a 35.4% and 29.6% reduc-
tion in hs-CRP and IL-6, respectively.80 In a prospective
cohort study of 1494 stage III colon cancer survivors,
elevated hs-CRP and IL-6 were associated with a 65% and
52% higher relative risk of disease recurrence or death,
respectively.81

The formulation of an exercise program needs to be
effective while ensuring safety. Throughout the duration of
this study, no exercise-related injuries or adverse events
occurred in any patient. Safety standards that may affect the
initiation or cessation of exercise have been summarized in
position statements from Exercise and Sports Science
Australia (ESSA) and guidance documents from the
ACSM.10,13 The reported rate of serious adverse events
related to exercise during and after cancer treatment is <5%,
and no life-threatening adverse events or deaths related to
exercise have been reported in any exercise and oncology
clinical trial.82 No serious adverse events occurred in
183 patients exercising in the community, at home, or in a
tertiary cancer center before autologous stem cell trans-
plant.83 Under the premise of ensuring safety, too low an
exercise intensity is not suitable for most tumor patients.
Some exercise guidelines recommend that cancer patients
engage in moderate-level exercise training.13,47 It has been
reported that, during the entire treatment process for cancer
patients, moderate-intensity training has greater benefits
than low-intensity training.84 Exercise training usually starts
from an adaptation phase of moderate-intensity aerobic
exercise. Afterwards, the training enters a progressive phase,
where high-intensity exercise can be appropriately intro-
duced.85 However, high-intensity exercise might be more
suitable for application in early-stage cancer patients. Stud-
ies have found that preoperative high-intensity interval
training has a positive impact on the exercise capacity of
early-stage lung cancer patients, with high rehabilitation
rates (87%) and completion rates (92%).86 A small trial for
early-stage colorectal cancer patients reported that both
high- and moderate-intensity interval training significantly
improved the patients’ cardiopulmonary function.87 How-
ever, regarding moderate- and high-intensity exercise pro-
grams, the Alberta Physical Activity and Breast Cancer
Prevention Trial randomized 400 postmenopausal women
to 52 weeks of 150 min per week or 300 min per week of

aerobic exercise. Compared to 150 min per week, the group
randomized to 300 min per week of exercise did not show
significant changes in hs-CRP, IL-6, or TNFα.88 Regarding
the type of exercise, aerobic combined with resistance exer-
cise is more effective than aerobic exercise alone. Engaging
in resistance exercise twice or three times a week for
12 weeks, especially under supervision, can improve HRQoL
during and after treatment, beyond the effects obtained from
aerobic or resistance training alone.13 In summary, to make
exercise an effective treatment for improving fitness and
strength, it is recommended to conduct moderate-intensity
aerobic combined with resistance training in cancer patients.
There is still controversy regarding the use of high-intensity
exercise, the appropriate outcomes for measuring therapeu-
tic effectiveness, and the mechanisms driving the therapeutic
effects of exercise.89

The implementation of exercise in cancer patients is
challenging. Despite increasing evidence supporting the
safety and effectiveness of exercise therapy for cancer,
whether post-surgery, during treatment, or post-treatment,
most patients are not active enough or are sedentary. A
series of studies have reported low compliance and high
dropout rates in exercise programs.16,90,91 Among the rea-
sons for dropout, side effects related to cancer and a lack of
interest and motivation in most cases are prevalent. There
are many barriers that limit the adherence of lung cancer
patients to physical activity programs, such as interest,
health status, and adverse reactions to treatment. Over time,
environmental and personal exercise preferences, enjoy-
ment, and social influences are important factors affecting
the completion of physical activity programs.92 There is a
pressing need for ongoing collaboration between oncologists
and cancer exercise specialists to tailor exercise programs to
the needs, preferences, and physical and psychological con-
ditions of patients. It is necessary to dynamically create exer-
cise plans that fit the current conditions of patients, and
more precise and flexible exercise prescriptions can improve
patients’ confidence and motivation to continue, leading to
improvements in physical fitness and quality of life over
time. Positive feedback can reinforce the confidence and
motivation of patients to continue exercising.

This study was conducted during the COVID-19 period,
during which remote guidance and home exercise became
the norm. Research has found that home interventions have
improved overall quality of life, social function, and pre-
dicted VO2peak for breast cancer patients.93 The use of tele-
medicine has provided opportunities to address health
inequalities, improve the health status of all patients, and
offer alternatives for patients with transportation difficul-
ties.94 Remote interventions and home exercises have shown
advantages in efficiency, safety, and cost savings.95 Studies
show that patients prefer home interventions.96,97 However,
remote interventions have their drawbacks, such as the
inability to accurately assess patient compliance, with
reports indicating a wide range of adherence to rehabilita-
tion plans, varying from 16% to 97%.98–101 Digital or face-
to-face exercise supervision remains the gold standard.
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It is necessary to identify the drawbacks of remote guid-
ance and find ways to overcome them. Following appropri-
ate templates may increase clinical acceptance of effective
exercise plans, facilitate research replication, reduce research
waste, and improve patient outcomes.102 Compliance can
also be improved through behavior change, which, although
complex,103 can be used effectively during exercise interven-
tions to improve health behaviors and maximize compli-
ance.104 Two rehabilitation trials have specified the use of
behavior change techniques through mobile apps.105 In
addition, the enhancement of self-efficacy is an important
factor in improving compliance.106 These strategies include
participant education about the health impacts of exercise,
setting achievable health-related goals, determining percepti-
ble effects, and strategies to overcome psychological barriers.
Overall, the implementation of exercise can be stratified
according to different patient situations, including super-
vised, unsupervised, community, or home-based models.
The flexibility offered by exercise therapy can maximize
patient participation. High-risk patients may benefit from
supervised, hospital-based, or community-based exercise
therapy programs, while low-risk patients may participate
in unsupervised, home-based programs. For example,
community-based supervised exercise programs.107

This study was a single-center prospective trial, with
professional sports personnel involved in the design, testing,
and execution of the exercise. Throughout the 12-week exer-
cise period, individualized exercise prescriptions were
dynamically and finely made for each patient. The study was
completed under the multilayered review and supervision of
clinicians, exercise prescribers, and sports science profes-
sionals, with a high quality of scientific design and strict
quality control, providing a reference for future research on
exercise rehabilitation in lung cancer patients. However, this
study had some limitations, such as being disrupted by the
pandemic, the use of online teaching methods for exercise,
and a higher dropout rate early in the program. The sample
size was small, and factors such as inconsistent treatment
plans and lines of treatment affect the results. There is much
room for exploration in the field of exercise rehabilitation
for lung cancer. Given the characteristic reduction in cardio-
pulmonary function in lung cancer patients, inappropriate
exercise may increase adverse events, and a customized mul-
tidisciplinary exercise prescription method should be
adopted. This relies on strong collaboration between oncolo-
gists, cardiologists, and exercise physiologists.

CONCLUSION

Exercise during chemotherapy for lung cancer patients has
been proven to be safe and effective at our center. It can
increase patient muscle strength, improve cardiopulmonary
function, enhance metabolic processes, alleviate inflammatory
and hypercoagulable states, and lead to a comprehensive
improvement in the quality of life through the enhancement

of physical and emotional functions. The above results need
to be validated with a larger sample size in the future.
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