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Abstract

:

Simple Summary


Lung cancer represents 11.6% of the new cases and 18.4% of the total number of deaths caused by malignant tumors, and it is expected that in the next years the number of cases will continue to increase. Despite the improvements that can be obtained with medical treatment, several sequelae or side effects appear due to the treatment, reducing patients’ quality of life. Thus, this systematic review aims to study the effects of physiotherapy interventions to improve quality of life in patients with lung cancer.




Abstract


Background: Lung cancer is a very common disease and leads to a series of sequelae such as reduced lung capacity or reduced functional capacity in patients, which are associated not only with the disease itself, but also with medical treatment. Thus, physiotherapeutic interventions are needed to improve quality of life and reduce these symptoms. Objectives: To find out the effects of physiotherapy on functional capacity, lung capacity, dyspnea, pain, and quality of life in lung cancer patients. Methods: A systematic review was carried out in five databases. Randomized clinical trials published between 2019–2023 were selected, in which the physiotherapeutic treatment was physical exercise and/or respiratory physiotherapy. Results: Nine articles were included, in which the total sample consisted of 635 lung cancer patients. When combined, respiratory physiotherapy and physical exercise improved functional capacity and lung capacity (p < 0.05). Dyspnea also improved, but less significance was shown in the included studies. Conclusions: Multimodal physiotherapy interventions may offer benefits for some lung cancer patients, but the extent and nature of these benefits may vary depending on the intervention applied. Therefore, it would be of great interest to carry out further scientific research to support this conclusion.
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1. Introduction


Nowadays, lung cancer represents 11.6% of new cases and 18.4% of the total number of deaths caused by malignant tumors [1,2], and it is expected that in the next years the number of cases will continue to increase, due to both external (i.e., tobacco, electronic cigarettes, cigars, pipes, environmental smoke, ambient air pollution) and internal (i.e., genetic predisposition, chronic lung diseases, aged men, sedentarism, among others) risk factors [1]. Despite these data, the survival of patients with lung cancer is also increasing every year. A 5-year overall survival rate for all stages and types of lung cancer of 19.4% was reached in 2019 [2] and it is expected that due to scientific advances and early diagnosis, this figure will rise positively every year [1].



Scientific advances in oncological treatment improve this survival rate. Depending on the TNM stage [3], the invasion of adjacent structures, and the patient’s characteristics, surgery, chemotherapy, and/or radiotherapy may be included as treatment. Early TNM stages of small-cell lung cancer (SCLC) are considered operable, in which adjuvant treatment is administered [4,5]. However, in cases of early SCLC where pneumonectomy is recommended, specialists may exclude this treatment, as it is particularly unlikely to be in the patient’s favor. Moreover, lymph node sampling or lymph node dissection are mandatory in NSCLC treatment when the tumor is >2 cm [4]. Radiotherapy may be also prescribed, regardless of the tumor stage [6]; specifically, the combination of radiotherapy and chemotherapy is applied in patients with III NSCLC cancer stage [6]. However, when patients are not susceptible to surgical treatment, concurrent chemotherapy with radiotherapy is the treatment of choice, followed by immunotherapy. Finally, the standard treatment in metastatic NSCLC is immunotherapy with or without chemotherapy, mainly in tumors not harboring targetable mutations [5,7].



However, despite the improvements that can be obtained with medical treatment, several sequelae or side effects appear due to the treatment. Among these sequelae, the most common are decreased functional capacity and lung capacity, pain, dyspnea, and other non-related physical sequelae such as psychological distress. All these sequelae result indeed in a decrease in the patient’s quality of life (QoL) [8].



Nowadays, physiotherapy interventions such as physical exercise and respiratory physiotherapy are performed not only after the oncological treatment, but also as a preparation for the surgery [9], or even during adjuvant chemoradiotherapy [10]. These interventions have been shown to reduce the negative impact produced by oncological treatment, in both living with and beyond cancer [11]. Moreover, physiotherapy is included in many oncology guidelines [12,13], but its concordance is low. In the last few years, systematic reviews have shown positive effects of prehabilitation and rehabilitation in lung cancer [14,15,16], all concluding on the importance of future studies with more concordant interventions and results.



To our knowledge, there are no updated systematic reviews unifying the effects of physical exercise and respiratory physiotherapy, in patients treated for lung cancer, during their hospital stay. Considering the significant social impact, the limited available information on the advantages of physical exercise for patients with this condition, and the scarcity of research on addressing the aftereffects of medical treatment, conducting a systematic review was considered highly important. The primary aim of this systematic review was to compile existing scientific evidence, shedding light on the importance of the treatment of the sequelae to achieve a good QoL for individuals dealing with lung cancer, to the greatest extent possible.



The main objective of this systematic review was to make known the effect of physical exercise and respiratory physiotherapy on functional capacity, lung capacity, and QoL in patients with lung cancer in each of the phases of the disease. The specific objectives were as follows:




	(1)

	
To highlight the effects of physiotherapy in improving dyspnea, pain, and fatigue in lung cancer patients.




	(2)

	
To describe which interventions are performed the most in lung cancer patients.










2. Materials and Methods


2.1. Study Design


This systematic review was conducted according to the Priority Reporting Items for Systematic Review and Meta-Analysis (PRISMA) [17] and registered by PROSPERO (CRD42024505504). The PICO strategy was used to describe the research question and thus search for randomized clinical trials (RCTs): (a) population: patients over 18 years of age diagnosed with lung cancer at any stage; (b) intervention: any physiotherapy intervention (e.g., physical exercise, respiratory physiotherapy); (c) comparison: traditional treatment by specialists in charge of the oncologic population; and (d) outcome: any outcome that could be improved with a physiotherapy intervention (e.g., functional capacity, lung capacity, quality of life).




2.2. Information Sources


To obtain the necessary information for this systematic review, a search was conducted between May 2023 and early July 2023. Different databases were consulted in this search, including Scopus, MEDLINE (via Pubmed), Web of Science (WOS), the Cochrane Library, and PEDro. These five academic and professional databases were chosen in consultation with a medical librarian. On the other hand, the references of different articles were also reviewed to find articles of interest. The last search to update our systematic review was performed in December 2023.




2.3. Search Strategy


The research was carried out with the use of keywords, which were obtained through the web of health science descriptors (MeSH). In the case of this systematic review, these words were “lung cancer”, “carcinoma non-small-cell lung”, “carcinoma small-cell lung”, and “physiotherapy”. The combination of these terms with the Boolean operators (AND and OR) gave rise to the search equation used in this systematic review: [(lung cancer) OR (carcinoma small-cell lung) OR (carcinoma non-small-cell lung)], [(lung cancer) OR (carcinoma non-small-cell lung)] AND [(physiotherapy)]. This equation was used in the different databases already described, adapted to the specific characteristics of each of these databases. The different equations can be found in Table 1.




2.4. Inclusion Criteria


To select the articles, a series of criteria were considered. The articles included had to (a) be randomized controlled clinical trials (RCTs); (b) have free access through the Library of the University of Granada; (c) be published between 2019 and 2023; (d) have a sample of patients with lung cancer at any stage; and (e) be treatment-focused using respiratory physiotherapy and physical exercise.




2.5. Exclusion Criteria


Articles were excluded if (a) they were systematic reviews, communications to congresses, or any type of publication other than RCTs; (b) the control group received a physiotherapeutic intervention; (c) there was more than one group in the experimental intervention; and (d) a comparison between groups was not carried out.




2.6. Selection Process


The software Rayyan (http://rayyan.qcri.org/, 8 February 2024) [18] was used to carry out the elimination of duplicates, the screening, and the selection of the studies to be included in this systematic review. The first step was to read the titles and abstracts of the articles, in order to discard all those that did not meet the inclusion criteria; then, a complete reading was performed of the remaining articles which were selected for this systematic review. Two reviewers (M.V.M. and M.A.F.G.) performed these steps individually, and, in case of doubt, a third reviewer (L.O.C.) was asked to make a decision.




2.7. Data Extraction


Following the PICO strategy, the demographic and clinical data of all participants (age, sex, type of cancer, and oncological treatment) and the interventions of both the experimental and control groups (type, duration, frequency) were collected. Moreover, variables, instruments, and their results were registered. Finally, regarding the characteristics of the studies, the year of publication, type of study, and country in which the study was carried out were also collected.




2.8. Risk of Bias


The PEDro scale was used to assess the methodology of the studies included in this systematic review [19]. Depending on the obtained score, an excellent (9–10 points), good (6 to 8), normal (4 to 5), or low (less than 4) methodological quality was obtained [19].





3. Results


3.1. Descriptive Study


After performing the methodological search in the different databases, a total of 321 articles were obtained, of which 36 were eliminated because they were duplicates. The next step was to apply the inclusion criteria, which resulted in a total of 276 articles being discarded, leaving 9 articles for complete analysis and thus for inclusion in the systematic review. Figure 1 shows the process of identification and study selection. The nine articles included in this review were all RCTs published in Sweden [20,21], China [22,23], Australia [24], France [25], Poland [26], Spain [27], and Taiwan [28].




3.2. Participants’ Characteristics


In this review, the total sample reached 635 lung cancer patients, with the most common type of lung cancer being NSCLC. The article with the largest sample was that of Jonnson et al. [20], with 107 patients, while the article with the smallest sample size was that of Gravier et al. [25], with only 36 patients.



With respect to sex, the male sex was predominant. The age of the participants ranged from 56.2 ± 8.7 [22] years to 69 ± 8 years [21]. More information regarding participants’ characteristics can be found in Table 2.




3.3. Interventions


3.3.1. Experimental Group


In general, the most frequent treatment was the combination of physical exercise and respiratory physiotherapy, in addition to the usual medical treatment.



The maximum duration of physiotherapy was 8 weeks in the article by Edbrooke et al. [24] and the minimum was 3 days postoperatively in the article by M. Jonsson et al. [21].



Regarding the frequency of the rehabilitation program, the article with the highest frequency was that of Liu et al. [28] who performed the respiratory physiotherapy twice a day for six weeks and physiotherapy every day for six weeks. The lowest frequency was found in the article by Edbrooke et al. [24] who performed 2–3 sessions per week. In contrast, frequency was not mentioned in the article by Jonsson et al. [20]. Table 3 shows the characteristics of the experimental groups.




3.3.2. Control Group


In the studies included, control groups were only treated with the usual medical treatment for lung cancer patients, i.e., treatment by chemotherapy, radiotherapy, and/or surgery. Particularly, in the article by Fernández-Blanco et al. [27], the control group received only one medical consultation prior to surgery. Table 3 explains the information on the control group.





3.4. Studied Outcomes


The most analyzed outcomes in the included studies were functional capacity [20,21,22,23,24,25,26,28] and lung capacity [20,21,22,25,26,28], followed by dyspnea [20,21,23,26]. Functional capacity was mainly [20,21,22,23,24,26,28] evaluated with the validated 6 minutes walking test (6MWT), which is commonly used not only in cancer patients [29] but also in patients with respiratory diseases to assess functional capacity [30]. For the assessment of the lung capacity, mainly spirometry [31] was used [20,21,22,25,26], as it allows the screening of the pulmonary function and the lung capacity itself [32]. Finally, dyspnea was evaluated in three articles [20,21,23] with the validated Modified Medical Research Council Dyspnea Scale mMRC [33].



Other secondary outcomes such as pain, QoL, anxiety and depression, functional disability, and prevalence of symptoms were also assessed with validated tools, as can be seen in Table 3.




3.5. Effects of the Interventions


Results of the effects of the intervention on each variable analyzed in this study can be seen in Table 3. Specifically, the most analyzed variables in these studies were functional capacity [20,21,22,23,24,25,26,28] and lung capacity [20,21,22,25,26,28], followed by dyspnea [20,21,23,26]. Regarding the functional capacity, after the physiotherapeutic intervention, it increased with a significant difference intergroup (p < 0.05) in the studies of Liu, Liu Z, and Rutkowska et al. [22,26,28]. However, increments in the studies of Edbrooke et al., Jonssonª et al., and Jonsson et al. [20,21,24] were found, but with no significant differences between the two groups (p > 0.05).



Lung capacity was evaluated in six articles, among which significant changes intergroup were obtained in three studies [22,26,28], as all pulmonary levels improved after completing the physiotherapy program. In contrast, lung capacity did not show a significant improvement in the studies of Gravier et al., Jonssonª et al., and Jonsson et al. [20,21,25], as lung volumes improved, but not enough to be statistically significant.



Dyspnea was studied in four studies, where significant improvements were found in the studies by Rutkowska et al. and Lu et al. [23,26]. In contrast, no significant intragroup improvements were found in the articles by Jonssonª et al. and Jonsson et al. [20,21].



Finally, other secondary outcomes were also assessed in the included studies. Pain in the experimental group only improved in one [27] of the three studies that evaluated this outcome. QoL was evaluated in two studies, one of them showing intragroup significant difference in favor of the experimental groups [24].




3.6. Risk of Bias


The PEDro scale was used to assess the methodological quality of the RCTs [19]. Among the articles included, the one with the highest methodological quality was that of Rutkowska et al. [26] with a maximum score of 10/10, which is considered to show an article of excellent methodological quality. In contrast, the articles with the lowest quality were those of Fernández-Blanco [27] and Jonssona et al. [21], both with a score of 6/10, which is considered to show a normal quality study. The results of the PEDro scale for the RCTs are shown in Table 4.





4. Discussion


This systematic review was performed with the aim of knowing the effects of physiotherapy, specifically physical exercise, and respiratory physiotherapy, on different variables such as lung capacity, functional capacity, and QoL in patients with lung cancer. After analyzing the results provided by the articles included in this review, we can confirm that physiotherapy improves different outcomes in patients with lung cancer.



Functional capacity improved in four of the eight studies that evaluate this outcome [22,23,24,26]. These authors included multimodal physiotherapy interventions, including both respiratory physiotherapy and physical exercise, except for Edbrooke et al. [24], who only included aerobic exercise. In contrast, Gravier et al. [25] also developed a multimodal intervention; however, they did not use the 6MWT to evaluate this outcome but rather cardiopulmonary exercise testing. However, Gravier et al.’s control groups also included a rehabilitation program [25], whereas Edbrooke et al., Liu et al., Liu Zijia et al., and Rutkowska et al.’s control groups were usual care [22,23,24,26]. As most lung cancer patients are sedentary [34], it may be possible that any intervention, regardless of its duration, may improve this outcome. Moreover, aerobic training included in rehabilitation programs has been shown to improve functional capacity in lung morbidities [35], and other cancer populations [36,37,38,39], so lung cancer patients may also perceive this improvement.



Regarding lung capacity, of the six studies that evaluated this outcome, only three reported significant improvements intergroup [22,26,28]. Although Gravier et al. [25] also included inspiratory muscle training in their experimental group, the interventions performed by Liu et al., Liu Zijia et al., and Rutkowska et al. [22,26,28] included more specific respiratory physiotherapy, which could enhance the results on this outcome, as respiratory physiotherapy causes an increase in lung volumes and therefore an improvement in this capacity [40]. This concords with the results obtained by Messaggi-Sartor et al. [41] which also evidenced improvements in lung capacity after a multimodal intervention in lung cancer patients. However, as that was a pilot randomized clinical trial, future research is advised to reinforce these results.



Because of this physiotherapeutic multimodal treatment, statistically significant changes were seen in two of the four included studies that assessed dyspnea [23,26]. Although the intervention developed by Lu et al. [23] only included the active cycle of breathing techniques, it may be more effective to deal with dyspnea symptoms, when compared with the deep breathing exercises performed in the studies of Jonsson et al. and Jonssona et al. [20,21]. Dyspnea is suffered in almost half of patients with a diagnosis of lung cancer [42], and this symptom may be associated to other symptoms such as psychological distress and fatigue. Thus, interventions focused on the management of this outcome are needed, to secondarily improve these dyspnea-associated symptoms.



Only three studies evaluated pain in lung cancer patients, and one showed statistically significant improvements in the experimental group [27]. Although pain is the most common symptom in cancer patients [43], lung cancer patients must deal with many other symptoms, while physiotherapy interventions focus on other outcomes. Moreover, most of the population studied in this systematic review received in-hospital interventions or at-home interventions before surgery or during chemoradiotherapy administration. Indeed, at the in-hospital interventions, usual care may also include medical treatment for cancer [43,44], while physiotherapy interventions may focus on other outcomes.



Finally, although other subjective outcomes such as QoL and depression and anxiety were assessed, only one study showed statistically significant improvements for QoL [24] and anxiety and depression [23]. Even if QoL was not assessed in all included studies, the favorable evolution of other outcomes (i.e., functional capacity and lung capacity) could have led to a significant improvement in the QoL with lung cancer thanks to physiotherapy, but it would be of great interest to carry out new studies to reinforce this affirmation.



Within the two types of treatment that we analyzed in this review (i.e., respiratory physiotherapy and physical exercise), we can say that the most effective treatment would be the combination of both, since it was the most widely used treatment in these studies and significant improvements in the results were obtained. Moreover, as physical exercise and respiratory physiotherapy show improvements when applied alone, it is understandable that when unifying them, results may also be positive.



Limitations and Strengths


Despite the extensive analysis of the articles included in this review, some limitations can be pointed out. First, the number of articles is low (n = 9) due to the insufficient evidence available, which makes it likely that the results may change if the number of articles is increased. Regarding the articles themselves, as present limitations we can highlight that the work protocol is different in each article and that not all the articles evaluate the same variables. However, the present review also has strengths. One of the main strengths of this review is the use of validated tools to analyze the methodological quality of the studies. Another strength is that there is homogeneity among the main studied outcomes and the assessment tools, all of them being validated. Finally, the last strength to highlight is the timeliness of the articles included in the systematic review, since all of them have been published in the last 5 years.



Once this review has been completed, and considering the high incidence of lung cancer and the needs of these patients, it would be advisable to consider a series of guidelines such as the following: (a) a patient with lung cancer can benefit from physiotherapeutic treatment during all stages of medical treatment, that is, before, during, and after; (b) a treatment should be used where physical exercise and respiratory exercise are combined to benefit lung cancer patients; and (c) the therapeutic objective with this type of patients should be to improve their symptoms and therefore their QoL.





5. Conclusions


Physiotherapy interventions including physical exercise and respiratory physiotherapy have the potential to improve outcomes such as functional capacity and lung capacity in lung cancer patients. These improvements may be more significant with combined therapies when compared to a specific intervention. Other outcomes such as dyspnea, pain, and QoL seem to benefit from these interventions, but further research is advisable to confirm the results of this systematic review, as these results may vary depending on the specific intervention, the patients’ characteristics, and measured outcomes.
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Figure 1. Flow diagram of the included studies. 
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Table 1. Search strategies in the consulted databases.
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	Database
	Search Strategy





	SCOPUS
	((“lung cancer” OR “carcinoma non small-cell lung” OR “carcinoma small-cell lung”) AND (“physiotherapy”))



	PUBMED
	(((“lung cancer”) OR (“carcinoma non small-cell lung”)) OR (“carcinoma small-cell lung”)) AND (physiotherapy)



	WEB OF SCIENCE
	lung cancer (All Fields) OR carcinoma small-cell lung (All Fields) OR carcinoma non small-cell lung (All Fields) AND physiotherapy (All Fields)



	COCHRANE
	(lung cancer):ti,ab,kw OR (carcinoma small-cell lung):ti,ab,kw OR (carcinoma non small-cell lung):ti,ab,kw AND (physiotherapy):ti,ab,kw



	PEDRO
	[(lung cancer) OR (carcinoma small-cell lung) OR (carcinoma non small-cell lung)] AND [(physiotherapy)]










 





Table 2. Participants’ characteristics.






Table 2. Participants’ characteristics.





	Author (Year)
	Sample Size
	Gender (Age, Years ± SD)
	Cancer Type (Stage)
	Medical Treatment





	Edbrooke et al. (2019) [24]
	92
	Male: 55.4%

Female: 45.6%

(CG: 62.5 ± 10.9

EG: 64.6 ± 13.4)
	LC
	CT and/or RT



	Gravier et al. (2022) [25]
	36
	Male: 64%

Female: 36%

65–68 ± 8
	NSCLC
	Neoadjuvant RCT



	Fernández-Blanco et al. (2022) [27]
	71
	Male: 61.97%

Female: 38.03%

(CG: 61.1 ± 11.9;

EG: 64.1 ± 15.4)
	LC
	Surgery



	Jonsson et al. (2019) [21]
	94
	Male: 47.9%

Female: 52.1%

(CG: 68 ± 8;

EG: 69 ± 8)
	NSCLC
	Surgery



	Jonsson et al. (2019) [20]
	107
	Male: 43.9%

Female: 56.1%

(CG: 68.4 ± 8.3;

EG: 68.7 ± 7.4)
	LC
	Surgery



	Liu et al. (2020) [28]
	54
	Male: 40.74%

Female: 59.26%

(CG: 66.3 ± 7.9;

EG: 64.2 ± 5.9)
	LC (IA-IIIA stages)
	Surgery



	Liu Z et al. (2020) [22]
	73
	Male: 31.5%

Female: 68.5%

(CG: 56.2 ± 8.7;

EG:56.2 ± 10.3)
	LC
	Surgery



	Lu et al. (2022) [23]
	68
	Male: 41.18%

Female: 58.82%

(CG: 57.03 ± 12.34;

EG: 62.12 ± 8.03)
	LC
	Surgery



	Rutkowska et al. (2019) [26]
	40
	Male: 100%

(CG: 59.1 ± 6.8;

EG: 61.3 ± 8.8)
	NSCLC (IIIB-IV stages)
	CT







CG: control group; CT: chemotherapy; EG: experimental group; LC: lung cancer; NSCLC: non-small-cell lung cancer; RT: radiotherapy; SD: standard deviation.













 





Table 3. Characteristics of the included studies.
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	Author

(Year)
	Sample Size
	Control Group
	Experimental Group
	Duration
	Outcomes
	Results





	Edbrooke et al. (2019) [24]
	92
	Usual care
	Monitored home-based rehabilitation:

	(1)

	
Moderate intensity aerobic (rating “4” on a Borg Dyspnea Scale)




	(2)

	
Resistance exercise (80% of the 10RM)






	2–3 sessions a week during

8 weeks
	FC (6MWT)

QoL (HrQol)

Symptoms (MDADI)
	Between groups

FC: EG = CG (p > 0.05)

QoL: EG > CG (p = 0.001)

Symptoms: EG > CG (p = 0.001)

Within groups

Not reported



	Gravier et al. (2022) [25]
	36
	Long regimen prehabilitation sessions (3 90′ sessions per week for 5 weeks)
	Short regimen of prehabilitation multimodal sessions:

	(1)

	
Moderate aerobic endurance training




	(2)

	
Peripheral muscle strengthening (60–70% of the 1RM)




	(3)

	
Inspiratory muscle training




	(4)

	
Support and education






	5 90′ sessions per week for 3 weeks
	FC (CPET)

LCap (spirometry)

QoL (EORTC-QLQ-C30/LC13)
	No significant changes in any of the assessed outcomes (p > 0.05)



	Fernández-Blanco et al. (2022) [27]
	71
	Usual care
	Preoperative respiratory physiotherapy:

	(1)

	
Directed breathing




	(2)

	
Incentive spirometry




	(3)

	
Expiratory flow increase




	(4)

	
Wound protection in coughing




	(5)

	
Combination of physical therapy and aerosol therapy




	(6)

	
Mobilization of the upper limb






	5 sessions per week for 4 weeks
	Pain (VAS)

PAL
	Between groups

Pain: EG > CG (p = 0.005)

PAL: EG > CG (p < 0.05)

Within groups

Not reported



	Jonsson, et al. (2019) [21]
	94
	Usual care
	In-hospital physiotherapy:

	(1)

	
Ambulation




	(2)

	
Mobility




	(3)

	
Breathing exercises






	5 20–30′ sessions during their hospital stay
	FC (6MWT, IPAQ-E)

LCap (spirometry)

Dyspnea (mMRC)

Pain (NRS)
	Between groups

No significant changes in any of the assessed outcomes (p > 0.05)

Within groups

FC: IPAQ-E improved in EG (p = 0.047)



	Jonsson et al. (2019) [20]
	107
	Usual care
	Pre- and postoperative in-hospital physiotherapy + standard care:

	(1)

	
Individually adapted early mobilization




	(2)

	
Deep breathing exercises




	(3)

	
Exercises for thoracic and shoulder range of motion






	1–2 sessions of 10–30′ per day, 6 days a week, during their hospital stay
	FC (6MWT)

LCap (spirometry)

Dyspnea (mMRC)

Pain (VAS)
	No significant changes in any of the assessed outcomes (p > 0.05)



	Liu et al. (2020) [28]
	54
	Usual Care
	Multimodal intervention:

	(1)

	
Moderate aerobic training (50–70% of the patient’s exercise capacity)




	(2)

	
Respiratory physiotherapy






	Respiratory physiotherapy: twice a day for 6 weeksAerobic exercise: 80′ a day for 6 weeks
	FC (6MWT)

LCap (MEP, MIP, LEV)
	Between groups

FC: EG > CG (p < 0.01)

LCAP: EG > CG (p < 0.05)

Within groups

Not reported



	Liu Z et al. (2020) [22]
	73
	Usual Care
	Multimodal prehabilitation intervention:

	(1)

	
Moderate exercise training (aerobic and resistance exercise)




	(2)

	
Respiratory physiotherapy




	(3)

	
Nutrition counseling






	Exercise training: 30′ 3 days a week for 2 weeksRespiratory physiotherapy: 10′ twice daily for 2 weeks
	FC (6MWT)

LCap (spirometry)

Functional disability (WHODAS 2.0)

Anxiety and depression (HADS)

Short-term recovery quality (QoR-9)
	Between groups

FC: EG > CG (p < 0.001)

LCap (FVC): EG > CG (p = 0.021)

Within groups

Not reported



	Lu et al. (2022) [23]
	68
	Usual Care
	Respiratory Physiotherapy - ACBT training:

	(1)

	
Breathing control




	(2)

	
Thoracic expansion exercises




	(3)

	
Forced expiration technique






	20′ twice a day, during their hospital stay, before and after surgery
	FC (6MWT)

Dyspnea (mMRC)

Anxiety and depression (HADS)
	Between groups

Dyspnea: EG > CG (p < 0.05)

Anxiety and depression: EG > CG (p < 0.05)

Within groups

Not reported



	Rutkowska et al. (2019) [26]
	40
	Usual care
	Multimodal intervention:

	(1)

	
30’ of fitness and respiratory exercises




	(2)

	
Specific respiratory exercises




	(3)

	
Moderate aerobic training (30–80% of the peak work rate)




	(4)

	
Moderate resistance exercise (40–70% of the 1RM)




	(5)

	
Nordic walking for 45’




	(6)

	
Relaxation training






	5 90′ sessions per week for 6 weeks
	FC (6MWT, Fullerton test)

LCap (spirometry)

Dyspnea (Borg scale)
	Between groups

FC: (6MWT, TUG); EG > CG (p = 0.01)

LCap: EG > CG (p < 0.05)

Dyspnea: EG > CG (p = 0.04)

Within groups

Not reported







1RM: 1 repetition maximum; 10RM: 10 repetition maximum; 6MWT: six minutes walking test; ACBT: active cycle of breathing techniques; CG: control group; COPDAT: Chronic Obstructive Pulmonary Disease Assessment Test; CPET: cardiopulmonary exercise testing; EG: experimental group; EORTC-QLQ: European Organization for Research and Treatment of Cancer; FC: functional capacity; FVC: forced vital capacity; GHQ-12: General Health Questionnaire; HrQoL: health-related quality of life; IPAQ-E: International Physical Activity Questionnaire Modified for the Elderly; LCap: lung capacity; LEV: lung expansion volume; MDADI: MD Anderson Symptom Inventory; MEP: maximum expiratory pressure; MIP: maximum inspiratory pressure; mMRC: Modified Medical Research Council Dyspnea Scale; NRS: numeric rating scale; PAL: postoperative air leak; POS: postoperative pulmonary rehabilitation; PPO: pre- and postoperative pulmonary rehabilitation; PRE: preoperative pulmonary rehabilitation; PSQI: Pittsburgh Sleep Quality Index; QoL: quality of life; ROM: range of motion; SBQ: shortness of breath questionnaire; SF-16: Short Form-16; SFT: Senior Fitness Test; TUG: Timed Up and Go; VAS: visual analogue scale.













 





Table 4. Individual risk of bias.
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	Author, Year
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	Total





	Edbrooke et al. (2019) [24]
	Y
	Y
	Y
	Y
	N
	N
	Y
	Y
	Y
	Y
	Y
	8/10



	Gravier et al. (2022) [25]
	Y
	Y
	Y
	Y
	Y
	N
	N
	Y
	Y
	Y
	N
	7/10



	Fernández-Blanco et al. (2022) [27]
	Y
	Y
	Y
	Y
	N
	N
	N
	Y
	Y
	Y
	N
	6/10



	Jonsson et al. (2019) [21]
	Y
	Y
	Y
	Y
	Y
	N
	Y
	N
	N
	Y
	N
	6/10



	Jonsson et al. (2019) [20]
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y
	Y
	Y
	N
	8/10



	Liu et al. (2020) [28]
	Y
	Y
	Y
	Y
	N
	N
	Y
	N
	Y
	Y
	N
	7/10



	Liu Zijia et al. (2020) [22]
	Y
	Y
	Y
	Y
	N
	N
	Y
	Y
	Y
	Y
	N
	8/10



	Lu et al. (2022) [23]
	Y
	Y
	Y
	Y
	N
	N
	Y
	Y
	Y
	Y
	N
	8/10



	Rutkowska et al. (2019) [26]
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	10/10







1. Eligibility criteria were specified; 2. subjects were randomly allocated to groups (in a crossover study, subjects were randomly allocated an order in which treatments were received); 3. allocation was concealed; 4. the groups were similar at baseline regarding the most important prognostic indicators; 5. there was blinding of all subjects; 6. there was blinding of all therapists who administered the therapy; 7. there was blinding of all assessors who measured at least one key outcome; 8. measures of at least one key outcome were obtained from more than 85% of the subjects initially allocated to groups; 9. all subjects for whom outcome measures were available received the treatment or control condition as allocated or, where this was not the case, data for at least one key outcome were analyzed by “intention to treat”; 10. the results of between-group statistical comparisons are reported for at least one key outcome; 11. the study provides both point measures and measures of variability for at least one key outcome.
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