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Abstract

Purpose: To assess the exercise intervention focused on HIIT in lung cancer survivors.

Design: We performed a literature search using PubMed, Web of Science, and Science Direct (last search
March 2021). Quality assessment and risk of bias were assessed using the Downs and Black scale and the
Cochrane tool.

Participants: A total of 305 patients of 8 studies were assessed, with their mean age ranging from 61+
6.3 to 66 + 10 years in exercise group and from 58.5 + 8.2 to 68 + 9 years in control group.

Methods: A systematic review and meta-analysis of randomized controlled trials and pilot randomized
controlled trials was performed. We included controlled trials testing the effect of HIIT in lung cancer
survivors versus the usual care provided to these patients. The data were pooled and a meta-analysis was
completed for cardiorespiratory fitness(VO2peak).

Results: We selected 8 studies, which included 305 patients with lung cancer: 6 studies were performed
around surgical moment, one study during radiotherapy’s treatment, and other during target therapy. After
pooling the data, exercise capacity was included in the analysis. Results showed significant differences in
favour to HIIT when compared to usual care in cardiorespiratory fitness (standard mean difference =
2.62; 95% confidence interval = 1.55, 3.68; p< 0.00001).

Conclusions and implications: The findings indicated a beneficial effect of HIIT for improving
cardiorespiratory fitness in lung cancer patients in early stages around oncological treatment moment.
Nevertheless, this review has several limitations, the total number of studies was low, and the stage and
subtype of lung cancer patients were heterogeneous, that means that the conclusions of this review should
be taken with caution.

Keywords. Lung Cancer, Oncological Treatment, High Intensity Interval Training, HIIT,

cardiorespiratory fitness.



Introduction

Lung cancer is one of the most common cancer worldwide, in 2018, this cancer was the most diagnosed
cancer in men and the third in women [1]. Lung cancer is also the leading cause of cancer mortality [2],
nevertheless, the survival of these patients has increased in recent years. As a consequence of the survival
gains, there is an increase in comorbidities (e.g., cardiovascular disease and fatigue) which may be linked
to treatment intervention and negative changes in lifestyle activities [3,4].

Patients with lung cancer also develop sequelae because of anti-cancer treatment and inactivity [5]. Lung
resection surgery has been related to persistent dyspnoea and lower functional outcomes [6], and
coadjuvant treatments are associated with an additional impairment that affects all pathways involved in
oxygen transport from the lungs to the working muscles [7]. Taken together, these aspects may markedly
reduce the patients exercise capacity [8], the ability to function in daily life [7], and health-related quality
of life [9].

In this way, oncological prehabilitation, rehabilitation, and palliative care are essential components for the
treatment and secondary prevention of cancer and treatment-related impairments [10]. Independent of the
treatment phase, exercise has shown to have beneficial effects on exercise capacity, functional activities,
and quality of life in patients with cancer [11].

The meta-analysis of Ni et cols published in 2017, demonstrate the positive results of exercise training to
improve cardiorespiratory capacity and health-related quality of life after lung resection, in which many
of patients underwent adjuvant chemotherapy in addition to lung resection [12]. Furthermore, numerous
types of physical training might reduce mortality and recurrence rates of various cancer entities [13,14]
among which high-intensity exercise training (HIIT) was found to be highly cost-effective in adult cancer
patients compared to other types of training, i.e., by lowering supervision time and overhead costs or by
reducing medication use [15].

HIIT may be an efficient exercise modality, inducing positive physiological responses including,
improved physical fitness and health outcomes [16]. This type of training induces a protective
cardiopulmonary phenotype while enhances the oxygen extraction in skeletal muscle by increasing
capillary density and mitochondrial oxidative capacity [17]. As little as 3 sessions per week, with less
than 10 min of HIIT in the session, has been shown to improve exercise capacity, markers of disease, and

muscle oxidative capacity in healthy people and cardiometabolic patients [18]. Furthermore, a recent



systematic review on the impact of high-intensity exercise in cancer patients concluded that HIIT
improves exercise capacity in various cancer entities [19].

Despite some studies that have reviewed the effect of HIIT on different types of cancer, no review has yet
investigated the effect of High-intensity interval training on exercise capacity in patients with lung cancer.
The purpose of the current review was to examine the effects of exercise interventions focus on High-
Intensity Interval Training in lung cancer survivors. A systematic review and a meta-analysis were
conducted. The research question was: Exercise interventions focus on High Intensity Interval Training

are effective in the cardiorespiratory fitness of lung cancer patients?.



Methods

Study registration

The systematic review was conducted and following the guidelines of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement [20] and the Cochrane Collaboration
guidelines for reviewing interventions [21]. The protocol of this systematic review has been registered on
PROSPERO 2021 (registration number: CRD42021231229).

Search strategy

We carried out a wide search of the literature for articles indexed on Pubmed, Web of Science and
Science Direct of randomized controlled trials databases from their inception to March 2021. We realized
a search strategy in MEDLINE using the following steps: 1) development of keywords by examining
relevant key terms used in existing systematic reviews, (2) a thorough examination of the MeSH Database
in reference to the terms: “lung”, “cancer”, “exercise interventions with a focus on high intensity interval
exercise (HIIT)” and “oncological therapy”, (3) and expert guidance and review by a specialist. This
search strategy was tested and refined in order to claim it was the most effective strategy for this review.
Then, this strategy was adapted in order to index across other databases.

We screened the references of relevant reviews to screen for additional studies that can be potentially
included in this review. Non-English language studies, when a translation could be made available, were
considered for inclusion too.

We applied the PICOS [22] model (Participants, Interventions, Comparisons, Outcome and Study design)
to define the research question. The inclusion criteria were: (1) Lung Cancer survivors; (2) exercise
interventions with focus on High Intensity Interval Training; (3) the exercise intervention had to be
compared to a control intervention or no-treatment; (4) cardiorespiratory fitness was included in the
outcomes; (5) only randomized clinical trials and pilot randomized clinical trials were included.

The inclusion as HIIT intervention was based on the definition proposed by Buchheit and Aursen [23],
including repeated short to long bouts of relatively high-intensity exercise alternated with recovery
periods of either low-intensity exercise or rest.

To reduce the selection bias potential, two authors (A.H.; C.V.) independently performed the literature
search and disagreements were resolved by further consultation from a third author (J.M.). The search

process included removing duplicates and screening titles, abstracts, and eligible full texts.



When the articles were selected, Data extraction and Quality assessment were performed. We used the
Downs and Black quality assessment method to assess the methodological quality of the included studies
[24]. Tt includes 27 items comprising five subscales (study quality, external validity, study bias,
confounding and selection bias, and study power). Quality assessment is classified as follows: Excellent
when it reaches a score with more or equal to 26 points, good between 20 and 25, fair between 15 and 19,
and poor when it is less or equal to 14. This scale has been ranked as one of the six highest quality
assessment scales suitable for use in systematic reviews, due to its high validity and reliability [25,26].
We assessed the risk of bias using The Cochrane Risk of Bias Tool for Randomized Controlled Trials
method [27]. It includes 7 elements with 6 subscales (selection bias, performance bias, detection bias,
attrition bias, reporting bias and other bias). A study is considered to have high quality when there is low
risk for each domain. To have fair quality is considered when one criterion does not meet [28] (i.e. high
risk of bias for one domain) or two criteria are unclear, and there is no known important limitation that
could invalidate the results. Poor quality is considered, when one criterion does not meet or two criteria
are unclear, and there are important limitations that could invalidate the results; and when two or more
criteria are listed as high or unclear risk of bias.

Meta-analysis

We used the Review Manager 5 (RevMan 5) software to perform a meta-analysis on all studies that
presented cardiorespiratory fitness defined as VOz peak [29,30]. When data for VO2 peak Were insufficient
for meta-analyses purposes (e.g., no means provided, no standard deviation provided), we contacted trial
authors if it was possible.

When p-values or 95% confidence intervals were given and standard deviations were missing, these were
calculated via the embedded Review Manager calculator. We used the Q statistic and 12 to examine
statistical heterogeneity. Visual inspection of the forest plots for outlier studies was also undertaken. 12
describes the percentage of total variation across studies that is due to heterogeneity rather than chance
[31]. We interpreted 12 of over 50-90% as an indicator of substantial heterogeneity [21]. When
homogeneity was observed, a fixed-effect model was used [21] and expressed effects as standardized

mean differences (SMD) with accompanying confidence intervals.



Results

Finally, Eight studies were included in the review, 6 of which were included in the meta-analysis.

Please, insert figure 1

This review included 3 RCT [33,38,39], 2 Pilot RCT [32,35] and 3 PROBE [34,36,37] studies. The
development of the HIIT program was in 5 studies performed in a Hospital environment [32,33,34,36,37],
2 studies were developed in a Clinic environment [35,39], and | study developed his intervention in
Fitness centers [38], all of them were in a supervised format. All studies conducted a comparison between
an intervention group (High Intensity Interval Training) and a control group (Usual cares) [32-39].

A total of 305 lung cancer survivors were included in the reviewed studies. Seven [32-38] studies
recruited Non Small Cells Lung Cancer (NSCLC) patients while one study [39] recruited adenocarcinoma
‘s patients; the majority of the disease stage was early stages [32,34-38].

The treatment status of these patients was heterogencous, 6 studies [32,34-38] included patients in
perisurgical resection moment which one of them included also patients after completing chemotherapy
treatment [35], another study was carried out during radiotherapy treatment [33] and the last one during
targeted therapy [39].

The studies quality scores ranged from 20 to 25, with a mean + SD score of 22.38 + 1.68. When Cochrane
Risk of Bias Assessment was applied, half of the studies presented poor quality [34,36,37,39] and the
other half presented fair quality [32,33,35,38].

Please, insert table 1

Details about applied interventions and obtained results are reported in table 2. High Intensity Interval
Training was applied heterogeneously isolated or combined, three studies [34,36,37] applied HIIT
isolated, two studies [32,33] combined HIIT with aerobic training, four studies [32,35,37,38] combined
HIIT with resistance training and one [38] added a respiratory training. The principal HIIT modality was
an aerobic exercise in a treadmill or cycle ergometer, while Messagi-Sator et al. [32] used a HIIT

inspiratory and expiratory muscle training.



The components of the usual care in the control groups were heterogenous, these patients received
standard medical treatment, routine post-treatment physiotherapy, general information and periodic
monitoring from the hospital. Messaggi-Sator et al. [32] added advice to perform physical activity
following World Health Organization recommendations, and Hwang et al. [39] gave patient education,
social phone calls, and exercise instructions. Licker et al. [37] added advice regarding active mobilization
and risk factor management and postoperative care.

The results after intervention were measured with exercise capacity (VOzpeak) and accompanied by
pulmonary function, quality of life, or activity levels among others. After treatment intervention, most of
the studies showed significant improvements in the exercise capacity of the exercise group while the
control groups got worse [32,34,37-39]. Additionally, the results betweens groups have shown significant
results in favor of exercise groups [32,34,37-39].

In other outcomes like respiratory function, the majority of studies [32,33,35-39] obtained HIIT
improvements that in the case of Messaggi-Sator et al. [32] were significant. The quality of life improved
after treatment with-in and between groups, moreover, in the study of Edvardsen et al. [38] the exercise
group showed significant improvements compared to the control group. Physical Activity levels improved
in both groups of the studies [33,35], but there weren’t differences between groups.

Three studies were carried out follow-up assessments. In the studies of Karenovics et al. [36] and Licker
et al.[37], the exercise group presented fewer postoperative complications and shorter stays in the
intensive care unit compared with the control group, also, the performance improvements were kept one
year after pulmonary resection. Messagi-Sator et al. [32] carried out a follow-up of two years where the

exercise group had significantly fewer recurrences than the control group.

Six studies reported to have dropouts [32, 35-39], most of them were mainly related to issues of
transportation to the program location, recurrences, cerebral metastasis and deaths, but did not
significantly. Only Hwang et al. [39] referred a higher-than-average dropout rates were noted, but most
of the reasons for non-attendance were mainly personal reasons, such as time limitations and family
problems, and none of these reasons were directly related to exercise training. Egegaard et al. [33]
referred not have dropouts during the intervention. Most of the included article [33-35, 38, 39] reported to

have a high adherence task (>70-80%).



Only Edvardsen et al. [38] reported a dropout for one serious adverse event, a hip fracture during balance
training, ptherwise, the intense training was well tolerated. No exercise-related adverse events were
reported in the rest of the included articles [32-34, 39]. The studies reported to be feasible, safe and well

tolerated [32-34, 37-39].

Please, insert table 2

Results obtained in meta-analysis

Results obtained in Exercise capacity have been analyzed across VOzpeak values as shown in Figure 2. The
measurements of the VOzpeak Were analyzed to obtain concrete results on the characteristics of the
treatment.

The pooled mean difference (MD) showed significant overall effect of therapeutic exercise: HIIT
compared with usual care (MD = 2.62, 95% CI=1.55, 3.68; p< 0.00001). Heterogeneity was high (I2=
50%).

Please, insert figure 2



Discussion

The aim of the current review was to examine the effects of exercise interventions focus on High-
Intensity Interval Training in lung cancer survivors. Our results concluded that HIIT aerobic intervention
carried out around oncological treatment moment, in Non-Small Cell Lung Cancer (NSCLC) patients;
improve the exercise capacity in early stages.

The aerobic HIIT was the most used HIIT modality in this review, only the study of Messaggi-Sator et al.
[32] that performed a respiratory training HIIT was different. The application of isolated HIIT or training
combinations was varied, as did the intensity and duration of HIIT, and the ratio of High-intensity
exercise / rest. However, it was not a barrier to study the HIIT efficacy due to the fact that HIIT
encompasses exercise prescriptions that are tailored to individual needs and can be used in almost any
exercise setting [40]. Moreover, some scientists have suggested that the rest periods, or the lower
intensity exercise intervals, make it possible for risked patients to complete high intensity periods in a
good way, providing a great exercise stimulus to the vascular system [41].

The clinical profile of lung cancer survivors, on which HIIT was applied, is so homogeneous, but the
clinical timing was unalike, the studies recruited patients during pre-surgical, post-surgical, radiotherapy
and target therapy periods. However, other studies in different oncological entities have shown positive
effects in the same line of our results [42,43].

The study of Egegaard et al. [33] showed different results to the rest of the studies of this review. This
study showed a decrease in the exercise capacity of the intervention group after HIIT was applied.
Nevertheless, the clinical timing of these patients may justify the results, in the fact that the reduction may
be essentially caused by the radiotherapy’s effects [44], but the applied frequency (5 sessions/week) may
cause an overtraining condition in these patients if we look at the other studies where the session’s
frequency was 3session per week [32,34-39].

Other reviews [45] have shown the application of HIIT in patients with chronic diseases such as COPD
and cardiovascular disorders with similar results to our review. In oncological patients, as in our review,
Mugele H. et al [19] concluded an increase of VOzpeak in the intervention group when HIIT was compared
with usual care; nevertheless this review did not specify the intervention effect in the different oncology
stages and the pre-treatment application.

The VOnzpeak results have great clinic relevance in order to be a strong predictor of decreased cancer-

related mortality, and because VOzpeak is a strong predictor of morbidity and mortality, the clinicians are
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interested in the mechanisms associated with how HIIT affects these functional changes [46]. In the fact
that 70% of cancer survivors do not engage in the recommended amount of exercise required to achieve
health benefits [47], and the benefits observed in HIIT application as treatment strategy, this exercise can
be a preferred election of the patients as routine exercise for dodging the barriers that they find during
exercise practice [48].

Limitations

This review has several limitations. First, the definition applied for HIIT interventions was the most
general one. This can impact the conclusion we obtained due to the differences between interventions, but
this definition has been applied in different reviews about HIIT in chronic patients [49,50]. Secondly, the
total number of studies and included participants was low, nevertheless previous reviews have been
conducted in other populations with a similar number of studies [51]. Also, the stage and subtype of lung
cancer patients were not homogeneous, and the oncological treatment timing was in a similar way,
making it difficult to categorize the results. Finally, the heterogeneity that appeared in the variables that
accompanied exercise capacity in the different studies was a limitation to extrapolate these improvements
as a significant clinical change. All this means that the conclusions drawn in this review should be taken
with caution for clinical application.

Conclusions and implications

In conclusion, the exercise interventions focused on aerobic HIIT, which had been applied around
oncological treatment moment in NSCLC patients with early stage, improved the exercise capacity of the
patients. However, this review could not show any conclusion about HIIT application in advanced stages,
other lung cancer subtypes, or a specific clinical moment. Future studies need to be developed in which
these patients’” conditions are carried out, in order to improve the personalised approach of lung cancer
patients.

As exercise is systematically recognized as a part of the treatment of cancer patients, HIIT application
could open new therapeutic clinical lines, and therefore based in our results, support units for oncology
patients could present therapeutic lines that include exercise intervention focused on HIIT in lung cancer

survivors around the oncological treatment moment.

11



Declarations

* Funding: Heredia-Ciuré Alejandro received financial support through grant FPU: PP20/05 for
the training of university faculty from the University of Granada. The author Calvache-
Mateo Andrés has received financial support through a FPU (“Formacion Profesorado
Universitario”) grant (FPU:19/02609) of the Spanish Ministry of Education. Rodriguez-
Torres Janet has received financial support through a FPU (“Formacion Profesorado
Universitario”) grant (FPU: 16/01531) of the Spanish Ministry of Education. Lopez-Lopez
Laura received financial support through grant FPU:17/00408 for the training of university
faculty from the Spanish Ministry of Education.

*  Conflicts of interest: The Author(s) declare(s) that there is no conflict of interest.

* Availability of data and material: Not applicable.

¢ Code availability: Not applicable.

* Author contributions: The author Valenza Marie Carmen had full access to all the data in the
study and takes responsibility for the integrity of the data and the accuracy of the data
analysis. Heredia-Ciur6 Alejandro and Ferndndez-Sanchez Manuel had full access to all the
data in the study and takes responsibility for the integrity of the data and the accuracy of the
data analysis. Martin-Nufiez Javier, Calvache-Mateo Andrés, Rodriguez-Torres Janet, and
Lépez-Lopez Laura contributed substantially to the study design, data analysis and
interpretation, and the writing of the manuscript.

*  Ethics approval: Not applicable.

* Consent to participate: Not applicable.

Consent for publication: Not applicable

12



Bibliography

1.

10.

11.

12.

13.

Bray F, Ferlay J, Soerjomataram I, et al (2018) Global cancer statistics 2018: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA: a Cancer
Journal for Clinicians 68(6): 394-424. https://doi.org/10.3322/caac.21492.

Siegel RL, Miller KD, Jemal A (2018) Cancer statistics. CACancer J Clin 68(1): 7-30.
https://doi.org/10.3322/caac.21442.

Kyu HH, Bachman VF, Alexander LT, et al (2016) Physical activity and risk of breast cancer,
colon cancer, diabetes, ischemic heart disease, and ischemic stroke events: systematic review
and dose-response meta-analysis for the Global Burden of Disease Study 2013. BMJ 354: 3857.
https://doi.org/10.1136/bmj.i3857.

Yang M, Kenfield SA, Van Blarigan EL, et al (2015) Dairy intake after prostate cancer diagnosis
in relation to disease-specific and total mortality. Int J Cancer 137(10): 2462-2469.
https://doi.org/10.1002/ijc.29608.

Jones LW, Eves ND, Haykowsky M, et al (2009) Exercise intolerance in cancer and the role of
exercise  therapy to reverse  dysfunction. Lancet Oncol 10(6):  598-605.
https://doi.org/10.1016/S1470-2045(09)70031-2.

Schulte T, Schniewind B, Dohrmann P, et al (2009) The extent of lung parenchyma resection
significantly impacts long-term quality of life in patients with non-small cell lung cancer. Chest
135: 322-329. https://doi.org/10.1378/chest.08-1114.

Curigliano G, Mayer EL, Burstein HJ, et al (2010) Cardiac toxicity from systemic cancer
therapy: a  comprehensive  review. Prog  Cardiovasc Dis  53:  94-104.
https://doi.org/10.1016/j.pcad.2010.05.006.

Cavalheri V, Jenkins S, Cecins N, et al (2015) Impairments after curative intent treatment for
non-small cell lung cancer: a comparison with age and gender-matched healthy controls. Respir
Med 109(10):1332-1339. https://doi.org/10.1016/j.rmed.2015.08.015.

Poghosyan H, Sheldon LK, Leveille SG, et al (2013) Health-related quality of life after surgical
treatment in patients withnon-small cell lung cancer: a systematic review. Lung Cancer 81(1):11-
26. https://doi.org/10.1016/j.lungcan.2013.03.013.

Silver JK (2015) Cancer prehabilitation and its role in improving health outcomes and reducing
healthcare costs. Semin Oncol Nurs 31 (1): 13-30. https://doi.org/10.1016/j.soncn.2014.11.003.
Kripp M, Heufler A-L, Belle S, et al (2015) Does physical activity improve quality of life in
cancer patients undergoing chemotherapy? Oncol Res Treat 38: 230-236.
https://doi.org/10.1159/000381734.

Ni HJ, Pudasaini B, Yuan XT, et al (2017) Exercise training for patients pre- and postsurgically
treated for non-small cell lung cancer: A Systematic Review and Meta-analysis. Integr Cancer
Ther 16: 63—73. https://doi.org/10.1177/1534735416645180.

Cormie P, Zopf EM, Zhang X, et al (2017) The impact of exercise on cancer mortality,
recurrence, and treatment-related adverse effects. Epidemiol Rev  39:71-92.

https://doi.org/10.1093/epirev/mxx007.

13



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Scott JM, Li N, Liu Q, Yasui Y, et al (2018) Association of exercise with mortality in adult
survivors of childhood cancer. JAMA Oncol 4(10): 1352-1358. https://doi.org/
10.1001/jamaoncol.2018.2254.

Kampshoff CS, Dongen JM, Mechelen W, et al (2018) Long-term effectiveness and
costeffectiveness of high versus low-to-moderate intensity resistance and endurance exercise
interventions among cancer survivors. Journal of cancer survivorship 12 (3): 417-429.
https://doi.org/10.1007/s11764-018-0681-0.

Batacan RB Jr, Duncan MJ, Dalbo V], et al (2017) Effects of high-intensity interval training on
cardiometabolic health: a systematic review and meta-analysis of intervention studies. Br J
Sports Med 51: 494-503. https://doi.org/10.1136/bjsports-2015-095841.

Powers SK, Smuder AJ, Kavazis AN, et al (2014) Mechanisms of exercise-induced
cardioprotection. Physiology (Bethesda) 29: 27-38. https://doi.org/10.1152/physiol.00030.2013.
Metcalfe RS, Babraj JA, Fawkner SG, et al (2011) Towards the minimal amount of exercise for
improving metabolic health: beneficial effects of reduced-exertion high-intensity interval
training. Eur J Appl Physiol 112(7): 2767-2775. https://doi.org/10.1007/s00421-011-2254-z.
Mugele H, Freitag N, Wilhelmi J, et al (2019) High-intensity interval training in the therapy and
aftercare of cancer patients: a systematic review with meta-analysis. J Cancer Surviv 13(2): 205-
223. https://doi.org/10.1007/s11764-019-00743-3.

Page MJ, McKenzie JE, Bossuyt PM, et al (2021) The PRISMA 2020 statement: An updated
guideline for reporting systematic reviews. J Clin Epidemiol 134: 178-189.
https://doi.org/10.1016/].jclinepi.2021.03.001.

Higgins JSG (2011) Cochrane handbook for systematic reviews of interventions version 5.1.0.
The Cochrane Collaboration.

Centre for Reviews & Dissemination (2009) Systematic reviews: CRD’s guidance for
undertaking systematic reviews in healthcare. New York, York.

Buchheit M, Laursen PB (2013) High-intensity interval training, solutions to the programming
puzzle: Part I: cardiopulmonary emphasis. Sports Med 43(5):313-
38. https://doi.org/10.1007/s40279-013-0029-x.

Downs SH and Black N (1998) The feasibility of creating a checklist for the assessment of the
methodological quality both of randomised and non-randomised studies of health care
interventions. J Epidemiol Community Health 52: 377-384.
https://doi.org/10.1136/jech.52.6.377.

Deeks JJ, Dinnes J, D’Amico R, et al (2003) International Stroke Trial Collaborative Group,
European Carotid Surgery Trial Collaborative Group. Evaluating non-randomised intervention
studies. Health Technol Assess 7(27): 1-173. https://doi.org/10.3310/hta7270.

Saunders LD, Soomro GM, Buckingham J, et al (2003) Assessing the methodological quality of
nonrandomized  intervention  studies. West J Nurs Res  25(2): 223-237.
https://doi.org/10.1177/0193945902250039.

Higgins JP and Green S (2011) Cochrane handbook for systematic reviews of interventions, vol.

4. West Sussex, John Wiley & Sons.

14


https://doi.org/10.1001/jamaoncol.2018.2254

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Higgins JP, Altman DG, Getzsche PC, et al (2011) The Cochrane Collaboration’s tool for
assessing risk of bias in randomized trials. Brit Med J 343: 5928.
https://doi.org/10.1136/bmj.d5928.

Green S, Askew C (2018) Vo2peak is an acceptable estimate of cardiorespiratory fitness but not
Vo2max. J Appl Physiol (1985) 125(1): 229-
232. https://doi.org/10.1152/japplphysiol.00850.2017.

Lakoski SG, Barlow CE, Koelwyn GJ, et al (2013) The influence of adjuvant therapy on
cardiorespiratory fitness in early-stage breast cancer seven years after diagnosis: the Cooper
Center  Longitudinal Study. Breast  Cancer  Res Treat 138(3): 909-
16. https://doi.org/10.1007/s10549-013-2478-1.

Higgins JP, & Thompson SG (2002) Quantifying heterogeneity in a meta-analysis. Stat Med 21
(11): 1539-1558. https://doi.org/10.1002/sim.1186.

Messaggi-Sartor M, Marco E, Martinez-Téllez E, et al (2019) Combined aerobic exercise and
high-intensity respiratory muscle training in patients surgically treated for non-small cell lung
cancer: a pilot randomized clinical trial. Eur J Phys Rehabil Med 55(1):113-122.
https://doi.org/10.23736/51973-9087.18.05156-0.

Egegaard T, Rohold J, Lillelund C, et al (2019) Pre-radiotherapy daily exercise training in non-
small cell lung cancer: A feasibility study. Rep Pract Oncol Radiother 24(4):375-382.
https://doi.org/10.1016/j.rpor.2019.06.003.

Bhatia C, Kayser B (2019) Preoperative high-intensity interval training is effective and safe in
deconditioned patients with lung cancer: A randomized clinical trial. J Rehabil Med 51(9):712-
718. https://doi.org/10.2340/16501977-2592.

Cavalheri V, Jenkins S, Cecins N, et al (2017) Exercise training for people following curative
intent treatment for non-small cell lung cancer: a randomized controlled trial. Braz J Phys Ther
21(1):58-68. https://doi.org/10.1016/j.bjpt.2016.12.005.

Karenovics W, Licker M, Ellenberger C, et al (2017) Short-term preoperative exercise therapy
does not improve long-term outcome after lung cancer surgery: a randomized controlled study.
Eur J Cardiothorac Surg 52(1):47-54. https://doi.org/10.1093/ejcts/ezx030.

Licker M, Karenovics W, Diaper J, et al (2017) Short-Term Preoperative High-Intensity Interval
Training in Patients Awaiting Lung Cancer Surgery: A Randomized Controlled Trial. J Thorac
Oncol 12(2):323-333. https://doi.org/10.1016/].jth0.2016.09.125.

Edvardsen E, Skjonsberg OH, Holme I, et al (2015) High-intensity training following lung
cancer surgery: a randomised controlled trial. Thorax 70(3):244-250.
https://doi.org/10.1136/thoraxjnl-2014-205944.

Hwang CL, Yu CJ, Shih JY, et al (2012) Effects of exercise training on exercise capacity in
patients with non-small cell lung cancer receiving targeted therapy. Support Care Cancer
20(12):3169-3177. https://doi.org/10.1007/s00520-012-1452-5.

Gibala MJ, Little JP, Macdonald MJ, et al (2012) Physiological adaptations to low-volume, high-
intensity interval training in health and disease. J Physiol 590(5):1077-1084.
https://doi.org/10.1113/jphysiol.2011.224725.

15


https://doi.org/10.1136/bmj.d5928

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

Wisleff U, Steylen A, Loennechen JP, et al (2007) Superior cardiovascular effect of aerobic
interval training versus moderate continuous training in heart failure patients: a randomized
study. Circulation 115: 3086—3094. https://doi.org/10.1161/CIRCULATIONAHA.106.675041.
Brunet J, Burke S, Grocott MP, et al (2017) The effects of exercise on pain, fatigue, insomnia,
and health perceptions in patients with operable advanced stage rectal cancer prior to surgery: a
pilot trial. BMC cancer 17(1):153. https://doi.org/10.1186/s12885-017-3130-y.

Toohey K, Pumpa KL, Arnolda L, et al (2016) A pilot study examining the effects of low-
volume high-intensity interval training and continuous low to moderate intensity training on
quality of life, functional capacity and cardiovascular risk factors in cancer survivors. Peer J 4:
2613-2620. https://doi.org/10.7717/peerj.2613.

Dimeo FC (2001) Effects of exercise on cancer-related fatigue. Cancer 92:1689—1693.
https://doi.org/10.1002/1097-0142(20010915)92:6+<1689::aid-cncr1498>3.0.co;2-h.

Ross LM, Porter RR, Durstine JL (2016) High-intensity interval training (HIIT) for patients with
chronic diseases. J Sport Health Sci 5(2):139-144. https://doi.org/10.1016/.jshs.2016.04.005.
Schmid D, Leitzmann M (2014) Cardiorespiratory fitness as predictor of cancer mortality: a
systematic review and meta-analysis. Ann Oncol 26: 250.
https://doi.org/10.1093/annonc/mdu250.

Schmitz KH, Courneya KS, Matthews C (2010) American College of Sports Medicine
roundtable on exercise guidelines for cancer survivors. J ACSM  1409-1426.
https://doi.org/10.1249/MSS.0b013e3181e0c112.

Papadopoulos E, Santa Mina D (2018) Can we HIIT cancer if we attack inflammation? Cancer
Causes Control 29(1):7-11. https://doi.org/10.1007/s10552-017-0983-y.

Ross LM, Porter RR, Durstine JL (2016) High-intensity interval training (HIIT) for patients with
chronic diseases. J Sport Health Sci (2):139-144. https://doi.org/10.1016/j.jshs.2016.04.005.
Schoenfeld, B and Dawes, J (2009) High-intensity interval training: Applications for general
fitness training. Strength Cond J 31: 44-46. https://doi.org/ 10.1519/SSC.0b013e3181c2a844.
Santos IKD, Nunes FASS, Queiros VS, et al (2021) Effect of high-intensity interval training on
metabolic parameters in women with polycystic ovary syndrome: A systematic review and meta-
analysis of randomized controlled trials. PLoS One  16(1): e0245023.
https://doi.org/10.1371/journal.pone.0245023.

16


https://doi.org/10.1007/s10552-017-0983-y

52. Table 1. Characteristics of studies and Quality Assessment

Anthropometrical Profile Lung Cancer Profile Quality Assessment
Study (year) Design S 1 S oA Downs and Black
ample ample Age TNM Cancer Stage i i
N (% Men) Years + SD g Treatment Status (Risk of Bias)
Messaggi-Sartor, et . N EG: 642 +8.1 i . . .
al. (2019) [32] Pilot RCT 37 (70.3%) CG: 648 +8.9 I or I NSCLC Post-resection 21 (Fair Quality)
Egegaard. Et al. o EG: 64+58 . . . .
(2019) [33] RCT 15 (33.33%) CG: 65+ 47 Advanced NSCLC During radiotherapy 23 (Fair quality)
Bhatia, et al. RCT 0 EG: 64+ 13 . .
(2019) [34] (PROBE) 151 (60.26%) CG: 6410 [-IITA NSCLC Pre-resection 21 (Poor quality)
. ) Post-resection
Ca(;a(‘)l{l%r 163‘?]31‘ Pilot RCT 17 (29.41%) E(%_6668i+ 1;) I-IIA NSCLC 20 (Fair quality)
U T Post-chemotherapy
Karenovics, et al. RCT 0 EG: 64 £ 13 . .
(2017) [36] (PROBE) 151 (60.26%) CG: 6410 [-IITA NSCLC Pre-resection 23 (Poor quality)
Licker, et al. RCT 0 EG: 6413 . .
(2016) [37] (PROBE) 151 (60.26%) CG 64+ 10 [-IITA NSCLC Pre-resection 24 (Poor quality)
Edvardsen, et al. o EG:644+93 . . .
(2015) [38] RCT 61 (69.72%) CG 659+ 85 NSCLC Post-resection 25 (Fair quality)
Hwang, et al. o EG:61.0+6.3 . . .
(2012) [39] RCT 24 (50%) CG- 585+ 8.2 Adenocarcinoma During targeted therapy 22 (Poor quality)
53.
54. RCT: Randomized Controlled Trial; PROBE: Prospective randomized open blinded end point controlled trial; NSCLC: Non-Small cell lung cancer; SD: Standard Deviation; EG: Exercise Group; CG:
Control Group.
55.
56.
57.
58.
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Table 2. Characteristics of interventions

Study Timmin Outcomes Interventions Experimental Intervention Description Training Main Results
g duration
Exercise: Intensity (Duration) and
frequency
Weeks
Days x week
Minutes
session
Messaggi- 6-8 -Exercise capacity (CPET) EG: HIIT (IEMT) Warm-up: Smin 8 weeks After intervention, EG
Sartor, et al. | weeks -Quality of life (EORTC QLQ- + Aerobic + ) 3 x week improved significantly
(2019) [29] Post- C30) Resistance training HIIT: IEMT 50% Plmax / PEmax (15min) 60 min exercise capacity respect to
resection 'Re§p1rat0ry Function . Aerobic training: Cycle ergometer 60% baseline moment.
(Spirometry) GC: Usual Care .
‘Insulin growth factor ( Levels Wheak (30min) EG had significant
IGF-I and IGFBP-3) Resistance training: Upper limb press 1mpr0.\;ement n e).;erflse
capacity, respiratory
0.5kg (NR) function and Insulin growth
Cool down: Smin factor compared to CG.
Egegaard. Et | Immedia | -Exercise Capacity (CEPT ; EG: HIIT (Aerobic) | Warm-up: Smin 7 weeks No significant differences
al.  (2019) tely 6MWT) + HIIT: Cycle ergometer 80-95%iPPO 5 x week were observed within or
[30] before | -Quality of Life (FACT-L) Aerobic training (10min) 20 min between groups from
radiother | -Respiratory Function Aerobic training: Cycle ergometer baseline to post intervention
apy (Spirometry) 80%i1PPO (5min) in any outcomes.
seasons | ‘Depression and Anxiety GC: Usual Care Cool down: NR
(HADS) EG intervention

-Physical Activity levels
(IPAQ-L, activity monitor)
-Feasibility, safety, adherence

demonstrated to be feasible,
safe and well tolerated.
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Bhatia, et al. | Between | -Exercise capacity (CPET; EG: HIIT (Aerobic) | Warm-up: Smin 2-3 weeks | After intervention, EG
(2019) [31] the 6MWT) 3 x week improved significantly
decision GC: Usual Care HIIT: Cycle ergometer 100% Wpeak 30min exercise capacity respect to
for (20min) baseline moment.
resection Cool down: 5min
and its EG had significant
realizati improvement in exercise
on (2-3 capacity compared to CG.
weeks)
Cavalheri, et 6-10 -Exercise capacity (CPET; EG: HIIT (Aerobic) | Warm-up: NR 8 weeks After intervention, EG had
al.  (2017) | weeks | 6MWT) + Resistance . 3 x week significant improvement in
[32] post- -Quality of life (EORTC QLQ- training HIIT: Walking 70/80% 6MWT speed 60 min daily steps, light activity and
resection | C30, FACT-L, SF-36) (20min) / Cycle ergometer 80% Wmax sedentary behaviour respect
‘Respiratory Function (10min) to baseline moment.
4-8 (Spirometry) GC: Usual Care ) .
weeks -Anxiety and Depression Reslstance training: Step-ups and Hand EG had significant
post- (HADS) weights 1.5kg women / 2 kg men (NR) improvement in exercise
chemoth ~Ph}./s%cal Act.ivity levels Cool down: NR capacity compared to CG.
erapy (activity monitors) and
sedentary behaviours
‘Muscle strength (Quadriceps
and handgrip)
-Fatigue (FACIT-L)
Karenovics, | Between | -Exercise Capacity (CPET) EG: HIIT (Aerobic) | Warm-up: Smin 2-3 weeks 1 year after lung cancer
et al. (2017) the ‘Respiratory Function 3 x week resection, EG didn't have
[33] decision | (Spirometry) GC: Usual Care HIIT: Cycle ergometer 100% Whpeak 30min significant improvement
for ‘Mortality and morbidity (20min) compared to preoperative
resection | score (TMM) Cool down: 5min values.
and its | -Physical Activity (Zebra 1 year after lung cancer
realizati | questionnaire) resection, EG didn't have
on (2-3 | -Dyspnoea (MRC significant changes compare
weeks) | questionnaire) to CG.
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Licker, et al. | Between | -Exercise Capacity (CPET; EG: HIIT (Aerobic) | Warm-up: Smin 2 -3weeks | After intervention EG
(2016) [34] the 6MWT) + 3 x week improved significantly
decision | -Respiratory Function Resistance Training | HIT: Cycle ergometer 100% Wpeak 30min exercise capacity respect to
for (Spirometry) (20min) preoperative moment.
resection | -Mortality and morbidity score GC: Usual Care Resistance Training: NR (NR)
andits | (TMM) Cool down: 5min After surgery, EG had
realizati | -Length of stay and admission significant shorter stay in the
on (2-3 | to the intensive care unit intensive care unit compared
weeks) to CG.
Edvardsen, 5-7 -Exercise Capacity (VOzpeak EG: HIIT (Aerobic) | Warm-up: NR 20 weeks After intervention, EG
et al. (2015) | weeks | protocol test) + Resistance + ) . . 3 x week improved significantly
[35] post- ‘Quality of Life (SF-36) Respiratory training | HUT: Walking uphill on a treadmill 80— 60min exercise capacity and TIco
resection | -Respiratory function 95% HRumax (NR) levels compared to baseline
(Spirometry) Resistance training: Lower limb, Upper moment.
‘Muscle §trength, (RM GC: Usual Care limb and Back weights/press 6-121111)M ..
Concentric leg strength, (NR) EG had significant
Handgrip) improvement in exercise
‘Physical performance (chair Inspiratory muscle training: NR (NR) capacity, Tlco levels, muscle
stand test, maximum stair strength, total muscle mass,
steps, static balance test) Cool down: NR physical performance and
‘Dyspnoea (QLQ-C30 quality of life compared to
subscale) CG.
-Total muscle mass (X-ray
absorptiometry)
Hwang, et | During | -Exercise Capacity and muscle | EG: HIIT (Aerobic) | Warm-up: 10min 8 weeks After intervention, EG
al.  (2012) | targeted | oxygenation (CPET) HIIT: Treadmill or Cycling ergometer 3 x week improved significantly
[36] therapy | -Quality of Life (QLQ-C30, GC: Usual Care 80% VO2peak / RPE 15-17 (25min) 40 min exercise capacity and muscle
L13) Cool-down: 5min oxygenation compared to

- Muscle Strength and
Endurance (Quadriceps
Isokinetic dynamometer)
‘Insulin resistance (HOMA-

baseline moment. In both
group muscles strength and
endurance had a significant
improvement too.
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IR)
‘Inflammatory response (CRP EG showed significant
levels) improvement in exercise
capacity but not in Quality
of Life or other outcomes
compared to CG.

HIIT: High Intensity Interval Training; Wpeak: Peak work rate; IEMT: Inspiratory and expiratory muscle training; Kg: Kilograms; VO2peak: peak oxygen uptake; IGF-I:serum insulin growth factor I; IGFBP-3: IGF
binding protein 3, EORTCQLQ-C30: European Organization for Research and Treatment of Cancer questionnaire; 6MWT: 6 Minutes Walking Test; CPET: perform cardiopulmonary exercise testing SF-36: Short-
Form 36 general health survey, FACT-L: Functional Assessment of Cancer Therapy - Lung scale; HADS: Hospital Anxiety and Depression Scale; FACIT-F: Functional Assessment of Chronic Illness Therapy - Fatigue
subscale; FACIT-L: Functional Assessment of Chronic Illness Therapy - Lung subscale; MRC: Medical Research Council questionnaire; TMM: Modified thoracic mortality and morbidity classification system;
HRMax: Maximum Heart rate; Tlco: Carbon Monoxide transfer factor; 1RM: One-repetition maximum,; iPPO: patient’s peak power; IPAQ-L: Long International Physical Activity Questionnaire ; HOMA-IR:
homeostatic model assessment of insulin resistance; CRP: C-reactive protein;, RPE: Rate of Perceived Exertion; EG: Exercise Group;, CG: Control Group; NR: Non-reported.
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Fig. 1 Flow chart of literature search and study selection [20]
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Fig. 2 Meta-analysis: Forest plot illustrating changes in Exercise Capacity (VO2peax)

Experimental Control Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Messagi-Sartor 2019 16.7 2.14 11 13.7 25 13 332%  3.00(1.14,4.86] ——
Egegaard 2019 187 28 8 238 66 5 3.1% -5.10(-11.20, 1.00] -
Bhatia 2019 211 833 74 191 537 77 22.7%  2.00(-0.25, 4.25] L
Cavlheri 2017 17 25 6 133 21 8 187%  3.70[123,6.17] -
Edvardsen 2015 233 55 30 19 6 31 13.7%  430[141,7.19 —
Hwang 2012 168 41 13 163 46 10 87% 0.50[-3.12,4.12] .
Total (95% Cl) 142 144 100.0%  2.62[1.55,3.68] L 2

- 2 _ _ 12 | | ! !
Heterogeneity: Chi® = 9,95, df = 5 (P = 0.08); I = 50% 10 N ) : 10

Test for overall effect: Z = 4.80 (P < 0.00001)
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