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Background: Prehabilitation with physical activity (PA) has the potential to help cancer patients cope with their disease and treatment. The aim of this scoping review was to identify current practices of PA in the cancer prehabilitation setting and knowledge gaps to guide future studies. Methods: The Arksey and O'Malley framework was followed for this review. Four databases (MEDLINE, EMBASE, SCOPUS and WEB OF SCIENCE) were searched until January 20, 2023. Details of the studies were analyzed by two reviewers. Results: Overall, 11,505 articles were identified. After duplicate removal and screening, 50 articles were included; all were conducted pre-surgery. Heterogeneous exercise interventions or PA assessments were investigated for their potential in cancer prehabilitation among different populations worldwide. Overall, the studies found that PA has a beneficial impact on a wide range of outcomes examined. Discussion: Exercise prehabilitation has a clear potential for benefit in symptom control and improved the rehabilitation for cancer patients. Prehabilitation remains a relatively under-investigated area in exercise oncology and a clear need exists for future research that uses standardized approaches to determine the most beneficial type and dose of PA. There is clear potential for benefits in symptom control and improved the rehabilitation for cancer patients.

Introduction

The Physical Activity and Cancer Control (PACC) is a theoretical framework created to stimulate and structure physical activity research across the entire cancer control continuum [START_REF] Courneya | Physical Activity and Cancer Control[END_REF]. PACC consists of three separate periods in the cancer experience (pre-diagnosis, diagnosis, and post-diagnosis) and seven time points when physical activity could be considered to reduce the risk of developing cancer, to improve cancer detection, to buffer the time period before treatment, to improve coping with and rehabilitation after treatment, to improve survival and finally to improve palliation at end of life. Prehabilitation is the third phase in this framework within pretreatment period, between the final diagnosis of cancer and the start of treatment. During this pre-treatment period, the aim of prehabilitation is to address and modify risk factors that may influence patients' physical and emotional state, functional capacity, treatment outcomes and recovery. This proactive approach then allows patients to become active in their care [START_REF] Wynter-Blyth | Prehabilitation : Preparing patients for surgery[END_REF]. A typical surgical prehabilitation program is built around several areas: physical activity and inspiratory muscle training exercises, nutrition, tobacco and alcohol control, and patient mental health [START_REF] Durrand | Prehabilitation[END_REF]. However, common cancer treatment modalities during prehabilitation are not limited to surgery and may include other treatments such as hormone therapy, chemotherapy, or radiation therapy.

While the benefits of physical activity are evident to reduce cancer risk and improve survival [START_REF] Friedenreich | Physical Activity and Mortality in Cancer Survivors : A Systematic Review and Meta-Analysis[END_REF][START_REF] Mctiernan | Physical Activity in Cancer Prevention and Survival : A Systematic Review[END_REF], the evidence for physical activity as a means for cancer prehabilitation has not been fully established [START_REF] Delamarche | Activité physique adaptée et pathologies chroniques : Prévention, prescription, prise en charge[END_REF][START_REF] Yang | Effects of Exercise on Cancer Treatment Efficacy : A Systematic Review of Preclinical and Clinical Studies[END_REF]. There is preliminary,
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Institutes of Health Research. https://cihrirsc.gc.ca/e/41382.html but promising, evidence that physical activity/exercise before and during cancer treatment may improve treatment efficacy (i.e., treatment response), highlighting a potential critical role of cancer prehabilitation in the non-surgical setting [START_REF] Yang | Effects of Exercise on Cancer Treatment Efficacy : A Systematic Review of Preclinical and Clinical Studies[END_REF]. During the pre-treatment period, physical activity has the potential to help cancer patients cope with their disease, improve physical health to allow the continuation of difficult cancer treatment and, in some cases, delay the need for treatment by managing the disease (i.e., active surveillance) [START_REF] Courneya | Physical Activity and Cancer Control[END_REF]. To date, there is no conceptual model for developing and evaluating cancer prehabilitation programs.

To address this gap, we conducted a scoping review to map the available evidence of physical activity as a model of prehabilitation in the oncology setting. A scoping review is an exploratory project that maps "systematically the available literature on a topic, identifying key concepts, theories, sources of evidence and research gaps"1 [START_REF] Grimshaw | A Guide to Knowledge Synthesis-CIHR[END_REF]. Thus, this review will map and summarize the available evidence on the role of physical activity as a model of cancer prehabilitation. We will identify evidence-based interventions that can be incorporated into a cancer prehabilitation program and highlight knowledge gaps to inform future research in this area.

Methods

To conduct this scoping review, we followed the framework defined by Arksey and O'Malley [START_REF] Arksey | Scoping studies : Towards a methodological framework[END_REF], the recommendations of Levac et al. and Perters et. al. (Levac et al., 2010;[START_REF] Peters | Updated methodological guidance for the conduct of scoping reviews[END_REF] by respecting the checklist and explanation of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement (PRISMA-ScR) [START_REF] Tricco | PRISMA Extension for Scoping Reviews (PRISMA-ScR) : Checklist and Explanation[END_REF]. This review had five phases: 1) identifying the research Physical activity for cancer prehabilitation, a scoping review -Azam Alice Mémoire de Master 2 APAS -Parcours APPCM -Université Rennes 2, Année 2022-2023 question; 2) identifying the relevant studies; 3) selecting the studies; 4) charting data; and 5) collating and summarizing the results. A protocol was registered prospectively with the Open Science Framework on March 22, 2023 (https://osf.io/4bgjm).

a. Identifying the research question

The aim of this study was to identify current practices in terms of physical activity during a prehabilitation program in oncology and to establish knowledge gaps to guide future studies. To answer this aim we needed to identify how many observational and intervention studies have been conducted examining the role of physical activity in cancer prehabilitation, what were the patient characteristics, cancer treatment modalities, and intervention characteristics of published studies in that field. We also examined the impact of prehabilitation exercise/physical activity on numerous outcomes assessed in these studies. Finally, we summarized the main gaps that need to be addressed in future studies.

b. Identifying the relevant studies

An online search was conducted on January 20, 2023 using the following databases: MEDLINE, EMBASE, SCOPUS and WEB OF SCIENCE, to identify the studies on that field before (no date limit). 

c. Study selection

The titles and abstracts of articles retrieved from the search were uploaded to Covidence (www.covidence.org) to remove duplicates and select studies for inclusion. Firstly, two reviewers (AA and LY) independently selected titles and abstracts for studies to include in the scoping review. We set no limitation on the type of cancer treatments (surgery, chemotherapy, radiation therapy, etc) and no limitation on the study design (observational, interventional, qualitative, and quantitative). The inclusion criteria were: 1) study participants who were individuals diagnosed with cancer; 2) observational studies that to included exercise or physical activity measures before cancer treatment initiation; 3) intervention studies that included exercise or physical activity interventions before cancer treatment initiation; 4) studies that reported cancer patient outcomes related to exercise or physical activity measures or interventions before cancer treatment initiation. We further excluded studies that used a multimodal prehabilitation intervention, inspiratory muscle training alone, and exercise intervention during neoadjuvant treatment. After completing the screening of titles and abstracts, the full texts of all included studies were screened by the two reviewers.

d. Charting data

To extract data from the studies selected for the scoping review, we developed two extraction forms, one for observational studies and one for intervention studies. The data extraction form for the observational studies included: the author names, year and country, study design, cancer site(s), treatment modality, sample size, physical activity Mémoire de Master 2 APAS -Parcours APPCM -Université Rennes 2, Année 2022-2023 assessment methods including how physical activity was categorized and the assessment time-point(s). For intervention studies, we extracted data on: the study name, authors, year and country, study design, cancer site, sample size, intervention modalities, type of control group comparison, and the follow-up time-point(s). For both types of study designs, we also extracted participant characteristics, the outcomes assessed and the study results. Data from the extraction were entered into standardized abstraction forms.

e. Collating and summarizing results

We analyzed the quantitative data using descriptive statistics (frequencies). We also interpreted the results, identified research gaps, and formulated suggestions for future research.

Results

Overall, 11,505 studies were imported for screening, and 5,583 titles remained after removing duplicates. Based on title and abstract screening, 5,471 studies were irrelevant and 112 were selected and corresponded to the inclusion criteria. Following the full-text screening, 62 studies were excluded; 38 because of the type of intervention, 13 because of the patient population studied, four because they were only conference abstracts and seven for other reasons (Figure 1). The remaining 50 articles were included in this scoping review.

a. Characteristics of the included studies

A total of 50 articles were included in this review that reported findings from 43 unique primary studies, including 32 intervention and 11 observational studies. All articles were published between 2000 and 2022 and seven of them were conducted in Netherlands, six in United Kingdom (UK), five in Canada, five in Japan, four in China, three in United States (US), three in Australia, two in Sweden and eight in other countries (Table 1.1 & 1.2).

Among the intervention studies, 20 were randomized controlled trials (RCT), eight were single arm trials, one was a non-randomized controlled trial (NRCT), one was a single arm trial that used a historical control arm, one was a post hoc analysis of two NRCTs, and one was a registry data study. The total sample size in these intervention studies ranged from 10 to 200 (Table 2.1).

For the observational studies, seven were prospective cohort studies, two used data from a cancer registry and two were secondary cohort analyses of randomized controlled trial data. The sample size in observational studies range from 33 and 12,846 participants (Table 2.2).

b. Characteristics of the study participants

The average age of participants followed in all studies was 76.9 (range: 39.3; 73.5 [average age of participants in studies]). In all the studies, the youngest participant was 30.4 years old and the oldest was 93. Moreover, these two participants were in the same study.

Concerning the sex of the populations studied, except for breast and prostate cancers that are restricted to one sex, only the sex distribution was heterogeneous across studies (percent female ranged from 0% to 70%). In most of the studies reviewed here, the race or the ethnicity of participants were not reported (n=36/43).

For the seven studies that specified race/ethnicity, the most frequently investigated race was white. Only two studies have reported on ethnicity, which was Ashkenazi Jewish in both studies.

The cancer sites that have been investigated for exercise prehabilitation included lung cancer (n=11), colorectal cancer (n=7), prostate cancer (n=4) and other cancer sites (n=21) (Table 2 

d. Characteristics of the comparison group

In the intervention studies, nine studies did not include a control group and 23 include a control arm. In 18 trials, the control group received usual care, and four trials used active controls that offered other types of activities. In one of those four studies, the control group received home-based exercise advice [START_REF] Dronkers | Preoperative therapeutic programme for elderly patients scheduled for elective abdominal oncological surgery : A randomized controlled pilot study[END_REF], in another study the participants received a book Prepare for Surgery, Heal Faster and a relaxation audio guide which they were asked to listen to twice daily [START_REF] Ligibel | Impact of a Pre-Operative Exercise Intervention on Breast Cancer Proliferation and Gene Expression : Results from the Pre-Operative Health and Body (PreHAB) Study[END_REF]. In a third study, the control group were given a program with 40 minutes of moderate intensity continuous training, exercise + resistance training three times per week [START_REF] Minnella | Effect of two different pre-operative exercise training regimens before colorectal surgery on functional capacity : A randomised controlled trial[END_REF] and in a fourth study, the control group had the same exercise that the intervention group was given at a reduced frequency rate (i.e., three rather than five sessions per week) [START_REF] Gravier | Prehabilitation sessions can be provided more frequently in a shortened regimen with similar or better efficacy in people with non-small cell lung cancer : A randomised trial[END_REF]. In addition, only one trial used a tree-armed study design which included a supervised exercise intervention group, a home-based program group and a standard care group (the PREPARE-ABC Trial [START_REF] Collaborative | SupPoRtive Exercise Programmes for Accelerating REcovery after major ABdominal Cancer surgery trial (PREPARE-ABC) : Pilot phase of a multicentre randomised controlled trial[END_REF].

e. Outcomes assessment

We summarized the outcomes assessed in Tables 3.1 & 3.2 in the following categories: feasibility, behavioural, health-related fitness, function, psychosocial, clinical and biomarkers outcomes (Supplementary table 1.1, 1.2, 2.1 & 2.2). Overall, 34 articles (30 intervention and four observational studies) reported feasibility outcomes: 24 reported the recruitment rate (range: 15-96%), 22 reported the intervention adherence (range = 50-96%), and 17 reported the number of adverse events (ranged=0-14%). Behavioural outcomes were assessed in 14 studies and included the level of physical activity achieved (n=9), the amount of sedentary behaviour (n=2), the participants' perceived behavioural control (n=1), nutritional indicators (n=1) and one study reported correlates of intervention adherence. A total of 21 studies reported health-related fitness outcomes, including 13 studies that reported cardiopulmonary fitness, nine studies reported muscular strength, seven studies reported body composition measurements and two examined the maximal inspiratory pressure. Among the 22 articles that reported physical functional outcomes, the majority used the 6-minute walk test to measure functional exercise capacity (n= 14). But some studies also reported physical performance (n=3; measured with: fast 6-minute walk test, 400-m walk test, repeated chair rise, usual 6minute walk, 6-minute backward walk, stair climb, five time Sit-to-Stand Test, chair-tostand test or arm curl tests) or assessed physical function that was directly associated with the cancer site (n=6). To measure physical function directly associated with the cancer site, one study used the Disabilities of the Arm, Shoulder and Hand (DASH) questionnaire for breast cancer, for lung cancer (pulmonary function) the assessments used were: forced vital capacity, forced expiratory volume in one second, peak expiratory flow, diffusion lung capacity for carbon monoxide and/or diffusion lung capacity for carbon monoxide of alveoli and for gynecological, one study measured gastrointestinal function recovery with: first exhaust time, first defecation time and bowel sound recovery time. Among them, four studies that measured pulmonary function in lung cancer participants, one reported the pain Physical activity for cancer prehabilitation, a scoping review -Azam Alice Mémoire de Master 2 APAS -Parcours APPCM -Université Rennes 2, Année 2022-2023 Table 3 

f. Study results

When considering the results of intervention studies that investigated outcomes after prehabilitation and before surgery, eight studies measured self-reported physical activity from baseline to pre-surgery and only one found a statistically significant increase in physical activity levels with the prehabilitation exercise intervention [START_REF] Ligibel | Impact of a Pre-Operative Exercise Intervention on Breast Cancer Proliferation and Gene Expression : Results from the Pre-Operative Health and Body (PreHAB) Study[END_REF]. For cardiopulmonary fitness outcomes (V� O2max, V� O2peak, V� O2AT [anaerobic threshold]), most studies (n=7/11) found statistically significant increase for the impact of a physical activity intervention during prehabilitation. Thus, physical activity before surgery improved cardiopulmonary capacities in seven of 11 studies that measured these variables. Similar results were found for the effect of the exercise intervention during prehabilitation on muscle strength or muscle power with most studies (n=5/7) observing a statistically significant effect. Few studies measured the effect of the exercise intervention on anthropometric measurements of the study participants (n=4) and only one obtained statistically significant results.

For intervention studies that examined outcomes obtained after surgery, there were seven studies, that measured physical function (with a 6-minute walking test) of participants post-surgery. One single arm study [START_REF] Hara | Does pre-operative physical rehabilitation improve the functional outcomes of patients undergoing gastrointestinal cancer surgery[END_REF] found a statistically significant decrease in the walking distance achieved by the participants whilst two other single arm studies had no statistically significant results. The four other studies were RCTs, and two of them had statistically significant positive differences between the intervention and control groups suggesting an improvement in physical function after surgery associated with exercise prehabilitation. Concerning quality of life, which was measured in nine studies, only two noted a statistically significant difference between intervention and control groups.

Complications post-surgery were also measured in 11 studies and five of them identified that intervention group had fewer complications than the controls experienced.

Ten studies compared the length of hospital stay between intervention and control groups, and half of these studies determined that intervention group spent significantly shorter time at the hospital after surgery than control group.

In regards with the results from the observational studies, most of the outcomes were obtained after surgery. Four studies measured physical function, but in four different ways. One measured the physical recovery based on a self-reported questionnaire and no statistically significant results were found with prehabilitation exercise. One other study found that function recovery, as assessed by measuring days between surgery and adequate pain control requiring oral analgesia only was improved with prehabilitation activity. In another study, maximum gait speed was improved. The last study found that functional recovery of the participants was significantly improved as measured with a 6-minute walking test. Eight studies assessed complications after surgery with four finding no statistically significant Physical activity for cancer prehabilitation, a scoping review -Azam Alice Mémoire de Master 2 APAS -Parcours APPCM -Université Rennes 2, Année 2022-2023 results, three observing a statistically significant difference between groups that favoured the intervention group and one had mixed results. Some observational studies also measured the length of stay in hospital (n=3) but none obtained statistically significant results for the effect of exercise during prehabilitation on this outcome.

Discussion

We conducted a scoping review to map the available evidence of physical activity as a model of prehabilitation in the oncology setting, to identify knowledge gaps to inform future research in this area. This review identified several important gaps.

First, we note that the place of prehabilitation in the cancer care pathway is not clear. Indeed, in this review we included studies where prehabilitation occurs before any type of treatment (n=34) but also where it occurs after a first neoadjuvant treatment and before surgery (n=8). For our review, we did not include any studies on prehabilitation at the same time as treatment because these do not correspond to the PACC framework [START_REF] Courneya | Physical Activity and Cancer Control[END_REF] which we used as a model for cancer management. However, these different modalities of intervention in terms of prehabilitation highlight that it is important to have more clarity on the timing with respect to cancer treatment for future research studies.

Then, we note that in all the studies, the participants were adults, which highlights the lack of research in the field of prehabilitation in adolescents or children. Furthermore, when examining age, the majority (n=30, 71%) of the studies did not define an age category more precisely than being over 18 years old. However, it may be interesting to examine the impact of a prehabilitative exercise program by age, because depending on the age of the participants, adherence to a particular exercise modality may vary (e.g., an older person will not have the same interest or capacity for the type of physical activity as a younger person). Moreover, we can also hypothesize that depending on the age of the patient, the physical activity program will not have the same impact on patient recovery or on the side effects of the treatments.

Concerning the race studied, we observed that it was rarely specified in the studies included in this review. When it was reported, the most studied race was white since the studies that have reported it were studies conducted in western countries (Canada, United States, United Kingdom and Sweden). For future studies, it is important to conduct studies in racially diverse populations to be able to determine if the modalities of physical activity proposed during prehabilitation differ by race or ethnicity of the populations. We note that the distribution in terms of sex in the studies is not homogeneous; in fact, depending on the study, the concentration of female participants in the studies varied between 0% and 70%. For cancers that affect women and men at a similar frequency, it would be important to compare the impact of exercise during prehabilitation according by sex.

Through this review, we found that the most studied cancers in terms of physical activity during the prehabilitation phase are lung and colorectal cancers. These two types of cancer are the second and third (respectively, 12.2% and 10.7% of cases in 2020) (WCRF, 2022) most common in the world. However, breast cancer, which is the most common cancer in women globally with 12.5% of cases in 2020 (WCRF, 2022), has not been investigated very frequently in physical activity and prehabilitation research studies. To explain this lack of research, we hypothesize that this dearth of evidence can be explained by the fact that breast cancer and its treatments are currently the most known and investigated. The breast cancer care pathway is currently very well developed and there is little or no need to establish new care modalities, such as prehabilitation, but rather to continue research Physical activity for cancer prehabilitation, a scoping review -Azam Alice Mémoire de Master 2 APAS -Parcours APPCM -Université Rennes 2, Année 2022-2023 to improve the strategies already in place. Another hypothesis is that the priority in this field of research is placed on cancers whose surgery (or other treatments) induce strong postoperative complications or have a greater impact on the patient's quality of life. Thus, the practice of physical activity during the prehabilitation phase may be a solution to mitigate these adverse effects of the treatment of these cancers. Moreover, the fact that there are few studies (n=42) on the subject and many different cancers studied (n=14), highlights the importance of continuing research in this field to permit comparisons of the results obtained and to propose recommendations.

Overall, in this review, we found that the only treatment that follows prehabilitation is surgery (100% of the included studies). However, it is clear that surgery is not the only treatment used to treat cancer, other treatments are regularly used such as chemotherapy, radiotherapy, immunotherapy, stem cell or bone marrow transplant and hormone therapy etc. (American Cancer Society, s. d. 2 ; [START_REF] Delamarche | Activité physique adaptée et pathologies chroniques : Prévention, prescription, prise en charge[END_REF][START_REF] Yang | Effects of Exercise on Cancer Treatment Efficacy : A Systematic Review of Preclinical and Clinical Studies[END_REF]. Thus, in future studies, it would be interesting to evaluate the impact of prehabilitation on these treatments and then, more precisely, the impact of physical activity during prehabilitation on patients undergoing these treatments, in short, medium, and long term. It is also known that these treatments have many side effects, so it may be of value to study the impact of physical activity during prehabilitation on side-effects, in also short, medium, and long term. The fact of having only studies on surgery, explains why the stage of the studied cancers was between I and IIIB, i.e., only operable cancers. We can then suggest when it would be important in the future to measure the impact of physical activity in 2 American cancer society. (s. d.). Treatment For Cancer | Cancer Treatment Options. https://www.cancer.org/treatment/treatments-andside-effects/treatment-types.html prehabilitation on cancers that are not operable or do not require surgery.

The physical activity interventions were very different depending on the study design. For intervention studies, all tested aerobic and/or HIIT training. Some studies also examined resistance exercise (i.e., muscle strengthening), inspiratory and/or stretching exercises in addition to aerobic activity. The current state of evidence does not permit an assessment to be made on which type or domain of physical activity is the most beneficial for various outcomes during the prehabilitation phase in the cancer journey. Furthermore, while considering the intervention modalities, there was considerable variation in terms of the frequency of activity ranging from several sessions per day to two sessions per week. The intensity of the physical activity ranged between moderate to vigorous activity and in most studies, the intensity increased progressively during the course of intervention.

The duration of the prehabilitation programs was also variable ranging from approximately 20 minutes to two hours per session and from one to nine weeks. However, it can be noted that there were some common exercise prescriptions tested for specific cancer sites. Indeed, for the studies on colorectal cancer, the duration of a prehabilitation program varied between three and four weeks, for those on prostate cancer it was, on average, six weeks. Rectal cancer studies had intervention durations between six and nine weeks (mostly six weeks) and for breast cancer studies the intervention duration was between 29.3 and 30 days. However, for lung cancer studies there was less consistency across studies for which the duration varies between one and seven weeks. For lung cancer, we also noted that duration of the intervention varied by country. Studies in China had an average duration of 7 days whilst in Physical activity for cancer prehabilitation, a scoping review -Azam Alice Mémoire de Master 2 APAS -Parcours APPCM -Université Rennes 2, Année 2022-2023 Western countries the duration of prehabilitation was between 2-4 weeks except for Spain, which had a duration in one study of 54.4 ± 15.4 days. These variations by country suggests that the duration of a prehabilitation program is more related to the time between diagnosis and surgery in the care pathway of cancer patients, which can vary, by geographic region/country. Indeed, since cancer care treatment pathways, including the temporality, differ across the world, determining the optimal timing for prehabilitation physical activity will depend on the local situations.

Currently, in view of this heterogeneity of intervention modalities, we cannot yet determine which ones are the most beneficial for cancer patients. Therefore, it is important to continue research in this area, and perhaps conduct more studies comparing different physical activity intervention modalities on the same target populations.

In the 22 studies that compared participants undergoing a prehabilitation intervention with participants included in a control group, 18 of them had the control group participants undergoing usual care, which meant without an exercise intervention. However, in the four other studies, the control group participants also received active management (some involved physical activity). The fact that there are few studies using an active control group suggests that prehabilitation is not yet known and recognized as a care modality. Research on prehabilitation remains very recent with the oldest study published in 2000 [START_REF] Wall | Changes in Hope and Power in Lung Cancer Patients who Exercise[END_REF] despite the fact that the concept of prehabilitation is not new. More recent studies have begun to compare two physical activity modalities which is positive progression in this field. As more evidence accumulates regarding direct comparisons of different physical activity modalities in prehabilitation, enhanced clinical guidelines regarding the most appropriate modalities for improved outcomes can be developed.

In this review, we noted that most studies obtained non-statistically significant results in relation to what they measured. This lack of effects can be attributable to the small number of study participants in most of the studies examined here.

Several studies restricted the physical activity assessment to the prehabilitation period without any assessment after treatment, (n=20). This evaluation makes it impossible to determine whether there was an impact of physical activity on the various points evaluated by the authors. However, it does not allow us to know whether an exercise program during the prehabilitation period has an impact on the participants (and their health status) after surgery. However, we found 23 studies evaluated participants after surgery and over different time periods (ranging from four days to one year). For future studies, a more systematic postoperative follow-up of the participants with different temporalities is needed to determine more precisely the impact of a physical activity management in the short, medium, and long term.

Several studies use scientifically validated tests or questionnaires (such as the TM6 or EORTC QOL-C30), but these assessments were not used to evaluate the same time points. Thus, standardizing the assessment methods and timing in research in this field can also facilitate the interpretation of the results in the future. Furthermore, this kind of standardization of assessment methods will assist in the development of clinical exercise guidelines for the prehabilitation period.

We noted that very few studies (n=3) have investigated the impact of such management on biomarkers (markers of the inflammatory system and biomarkers of the tumor). Physical activity can have a positive impact on the inflammatory and oxidative stress on patients with cancer [START_REF] Arena | Effects of Aerobic Exercise on Oxidative Stress in Patients Diagnosed with Cancer : A Narrative Review[END_REF] and this non-Physical activity for cancer prehabilitation, a scoping review -Azam Alice Mémoire de Master 2 APAS -Parcours APPCM -Université Rennes 2, Année 2022-2023 drug therapy has a direct role on the cancerous tumor [START_REF] Ashcraft | Efficacy and Mechanisms of Aerobic Exercise on Cancer Initiation, Progression, and Metastasis : A Critical Systematic Review of In Vivo Preclinical Data[END_REF]. Thus, for future research, should examine how physical activity practiced during the prehabilitation period impacts biomarkers and the tumor environment.

It is important to emphasize that no studies were found to have deleterious effects on any of the outcomes assessed. Moreover, the feasibility measured through the recruitment rate (average: 62.76 %; range: 26-96%) and the adherence rate (average: 79.47%; range: 50-96%), provides some evidence that integrating a program of physical activity during the period of prehabilitation into the cancer care pathway is feasible and without risk.

Conclusion

To conclude, the aim of this review was to map the available evidence of physical activity as a model of prehabilitation in the oncology setting and to identify knowledge gaps in this area. The results of these studies support a role for physical activity during prehabilitation period as a means to improve the health of cancer patients. One of the main gaps observed in the literature is the timing of the prehabilitation in the cancer care pathway. In future research, it will be important to have a clear and standardized definition of this component of cancer patient management. In addition, research is needed on different populations (cancer site, non-operable cancer, age of participant, race, sex and gender) and on different modalities of treatment (chemotherapy, radiotherapy, immunotherapy, hormone therapy) with follow-up assessments in short, medium and long term. The goal of this future research will be to improve understanding regarding the type of exercise, the dose (i.e. frequency, intensity, the duration) that is the most beneficial in reducing symptoms and improving coping and rehabilitation with cancer treatments in these patients. The objective will be individualized exercise prescriptions that take into consideration the cancer site, the treatments prescribed, and the individual sociodemographic characteristics of the patient. Such a precision medicine approach for physical activity at each time point in the cancer experience is the ultimate goal that future research needs to consider.
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Table 1 .1 Characteristics of intervention studies of prehabilitation exercise in cancer patients Study Country Study design Cancer site Intervention Intervention duration Supervision Comparison group Time of last follow- up
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	Study	Country	Study design	Cancer site	Intervention	Intervention duration	Supervision	Comparison group	Time of last follow-up
	Before the initiation of any cancer treatment						
	Jones 2007, 2009; Peddle 2009a, 2009b	Canada	Single-arm trial	Lung	30-40 min progressive MCT to HIIT on cycle ergometers, 5x/week	≥4 weeks	Yes	None	Post-surgery (mean 57 days)
	Timmerman 2011 Netherlands	Single-arm trial	Mixed	2h, aerobic + resistance exercise, 65-85% MHRR, 2x/week	5 weeks (average)	Yes	None	Pre-surgery
	Singh 2017	Australia	Single-arm trial	Prostate	90 min, aerobic + resistance training, 2x/week	6 weeks	Yes	None	6-wk post-surgery
	Brahmbhatt 2020	Canada	Single-arm trial	Breast	30-40 min aerobic + resistance training, 3-5x/week	≥3 weeks, 30±16.6 days	No	None	12-wk post-surgery
	Finley 2020, 2021	United States	Single-arm trial	Lung	30 min moderate intensity aerobic physical activity, 5x/week	28.5±29.9 days	No, wearable monitored	None	16-wk post-surgery
						IG = 15.9			
	Hara 2021	Japan	Single-arm trial	Gastrointestinal	50 min home-based aerobic (50% MHRR)+resistance exercise, unclear frequency	(±6.7) days and DG = 14.3 MG = 14.9 days (±8,.9)	No	None	4-wk post-surgery
						(±3.8)			
	Cho 2014	Japan	Historical control	Gastric	30 kcal/kg/wk aerobic + resistance + stretching training, 3-7x/week	4 weeks	NR	Standard care	1-mo post-surgery
	Wall 2000	United States	RCT	Lung	Walking, stairclimbing, and arm, leg, and breathing exercise, daily	7-10 days	No	Standard care	4 to 6-d post surgery
	Dronkers 2010	Netherlands	RCT	Colon	60 min aerobic + resistance + inspiratory muscle training 2x/week	2-4 week	Yes	Home-based exercise advice	Post-surgery unspecified time
	Pehlivan 2011	Turkey	RCT	Lung	Walking on a treadmill (65-80% MHRR) 3 x days + Chest PT, 2x/day	1 week	Yes	Standard care	Post-surgery unspecified time
	Jensen 2016	Denmark	RCT	Bladder	15 min aerobics+10-15 reps resistance training, 2x/day, daily	2 weeks	No	Standard care	1-d pre-surgery
					30 min progressive aerobic exercise on a				
	Lai 2017	China	RCT	Lung	cross trainer+ 3x/day inspiratory muscle	7 days	Yes	Standard care	30-d post-surgery
					training, daily				
	Sebio García 2017 Spain	RCT	Lung	1 hr progressive MCT to HIIT on cycle; ergometers + resistance + breathing exercises, 3-5x/week	54.5±15.4 days	Yes	Standard care	3-mo post-surgery

Table 1 .1

 1 Characteristics of intervention studies of prehabilitation exercise in cancer patients

	Study	Country	Study design	Cancer site	Intervention	Intervention duration	Supervision	Comparison group	Time of last follow-up
	Piraux 2020	Belgium	Single-arm trial	Esophagogastric	60 min aerobics + resistance exercise, training, 5x/week 3x/week; 15 min inspiratory muscle	2-4 weeks	No	none	12-wk post-surgery
			Post hoc						
	West 2019	UK	analysis of two	Rectal	40 min progressive HIIT on cycle ergometer, 3x/week	6 weeks	Yes	Standard care	14-wk post NACRT pre-surgery
			NRCTs						
	West 2015; Brunet 2017; Loughney 2017	UK	NRCT	Rectal	40 min progressive HIIT on cycle ergometer, 3x/week	6 weeks	Yes	Standard care	14-wk post NACRT pre-surgery
	Banerjee 2017	UK	RCT	Bladder	Progressive 6 x 5 min HIIT on cycle ergometer, 2x/week	20-45 days	Yes	Standard care	Discharge
	Loughney 2021	UK	RCT	Rectal	40 min progressive HIIT on cycle ergometer, 3x/week	6-9 weeks	Yes	Standard care	9-wk post NACRT pre-surgery
	Berkel 2022	Netherlands	RCT	Colorectal	40 min HIIT on cycle ergometer + 20 min resistance training, 3x/ week	3 weeks	Yes	Standard care	30-d post-surgery

Note: UK=United Kingdom. RCT = Randomized controlled trial. NRCT = Non Randomized controlled trial. Wk= week, mo = month, d = day, yr = year. NACRT = neoadjuvant chemoradiotherapy

Table 1.2 Characteristics of observational studies of prehabilitation physical activity in cancer patients

Study Country Study design Cancer site Sample size PA assessment (questionnaire vs. Device) Categorization for PA assessment PA assessment timepoints

  Characteristics of observational studies of prehabilitation physical activity in cancer patients

	Study	Country	Study design	Cancer site	Sample size	PA assessment (questionnaire vs. Device)	Categorization for PA assessment	PA assessment timepoints
							Level 1: sedentary leisure time.	
							Level 2: some physical activity during at least 4	
	Onerup 2022	Sweden	RCT analyzed as a cohort	Colorectal	668	Self-reported: single item instrument scale) (Saltin-Grimby physical activity level	h/wk; 3 h/wk; Level 3: regular physical activity and training 2-	Pre-surgery
							Level 4: regular hard physical training or	
							competition sports (combined with level 3).	
	Mungovan 2013*	Australia	Prospective cohort	Prostate	34	Self-reported: International Physical Activity Questionnaire; Device: SenseWear Pro 3 Armband	Self-reported: high, moderate, low; Device: 1) MET.min/wk, 2) duration >3METs (min/week).	Baseline; 1-wk pre-surgery; 3-wk post-surgery; 6-wk post-surgery.
	Jonker 2020	Netherlands	Prospective cohort	Mixed	50	Self-reported: Short Questionnaire to Assess Health-enhancing physical activity (SQUASH) questionnaire	Meeting the Dutch physical activity guidelines (MVPA>150 min/wk): yes/no	3-mo post-surgery
	Billé 2021*	UK	Prospective cohort	Lung	90	Device: pedometer	Quartile 1-4	15-d pre-surgery
								Baseline at pre-
	Kuroyama 2021 Japan	Prospective cohort	Lung	42	Device: Lifecorder	Step count	surgery; Post-surgery to
								hospital discharge.
	Mylius 2021	Netherlands	Prospective cohort	Hepato-pancreato-biliary	33	Device: Actigraph wGT3X-BT+	MVPA measured in 10-min bouts	Pre-surgery
	You 2020 Loogman 2021 Yanagisawa 2022b Yanagisawa 2022a	Taiwan, China Netherlands Japan Japan	Registry data Registry data Prospective cohort Retrospective study (unclear)	Colorectal Colorectal Colorectal and gastric Gastrointestinal	12846 1564 101 163	Self-reported: unclear instrument Self-reported: Japanese version of the International Physical Activity Questionnaire short version Self-reported: Short Questionnaire to Assess Health enhancing physical activity (SQUASH) Self-reported: Japanese version of Questionnaire short version the International Physical Activity	Weekly MET<12 vs. ≥ 12 Meeting Dutch PA guidelines: <150 and >150 Active (high and moderate) vs. inactive (low) min/wk MPVA (MET≥3); Extra subgroups :150 to 500, 500 to 1000, and ≥1000 min/wk MVPA Active (high and moderate) vs. inactive (low)	Pre-surgery 1-wk pre-surgery Pre-surgery 1-wk pre-surgery
	Angenete 2016	Sweden	RCT analyzed as a cohort	Prostate	1569	Self-reported: single question on frequency of ≥30 min physical activity	Never; Daily/almost daily (5-7 times a week) Sometimes (1-2 times a week); Often (3-4 time a week);	Pre-surgery

Physical activity for cancer prehabilitation, a scoping review -Azam Alice Mémoire de Master 2 APAS -Parcours APPCM -Université Rennes 2, Année 2022-2023 Table 1.2 * This study included a pre-surgical PT intervention

Note: UK: United Kingdom. RCT = Randomized controlled trial. MET = Metabolic Equivalent of Task. Wk= week, mo = month, d = day Physical activity for cancer prehabilitation, a scoping review -Azam Alice Mémoire de Master 2 APAS -Parcours APPCM -Université Rennes 2, Année 2022-2023
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 2 Physical activity for cancer prehabilitation, a scoping review -Azam Alice Mémoire de Master 2 APAS -Parcours APPCM -Université Rennes 2, Année 2022-2023Table2.1 Participant characteristics of intervention studies of prehabilitation exercise for cancer Participant characteristics of intervention studies of prehabilitation exercise for cancer

	.1 & 2.2). All 32 prehabilitation
	interventions were conducted before surgery,
	and eight included patients who had
	completed neoadjuvant treatment before
	cancer surgery. There was no prehabilitation
	intervention	study	conducted	before
	neoadjuvant treatment, nor any other non-
	surgical treatment modalities. The cancer stage

Table 2 .1

 2 Participant characteristics of intervention studies of prehabilitation exercise for cancer Participant characteristics of observational studies of prehabilitation physical activity in cancer patients

	Study	Study design	Cancer site	Total no. assigned (exercise vs. control)	Total no. analyzed	Age of population (mean/median and SD or range)	Sex distribution (% female)	Race/Ethnicity	Cancer stage
	Xia 2022	RCT	Gynecological	78 vs. 78	78 vs. 78		39.9±9.5 vs. 38.7±8.4 100% vs. 100%	NR	NR
	Pre-surgery without or after neoadjuvant therapy completion					
	Lorca Parraguez 2022	Registry data	Colorectal	50	50		69.8±11.7	46%	NR	NR
	Valkenet 2016	Single-arm trial	Gastrointestinal	115	115		62.3±10.7	34%	NR	NR
	Piraux 2020	Single-arm trial	Esophagogastric	23	15		61.7±10.6	30.40%	NR	NR
	West 2019	Post hoc analysis of two NRCTs	Rectal		26 vs. 9	26 vs. 9		64.8±10.5 vs. 70.2±8.2	35.6% vs. 0%	NR	advanced resectable rectal cancer
	West 2015; Brunet 2017; Loughney 2017	NRCT	Rectal		22 vs. 17	22 vs. 13		64 (45-82) vs. 72 (62-84)	36% vs. 31%	NR	advanced resectable rectal cancer
	Banerjee 2017	RCT	Bladder	30 vs. 30	27 vs. 28		71.6±6.8 vs. 72.5±8.4 10% vs. 13%	100% White	NR
										advanced
	Loughney 2021	RCT	Rectal		17 vs. 16	13 vs. 12		64±14 vs. 57±10	18% vs. 25%	NR	resectable rectal
										cancer
	Berkel 2022	RCT	Colorectal	39 vs. 35	28 vs. 29		74±7 vs. 73±6	42.9% vs. 51.7%	NR	NR
	Study	Study design		Cancer site	Total sample size	Total no. analyzed	Age of population (mean and SD or range)	Sex distribution (% female)	Race/Ethnicity	Cancer stage
	You 2020	Registry data		Colorectal	12846		4632	65.71±10.99 vs. 65.53±11.23	42%	NR	NR
	Loogman 2021	Registry data		Colorectal	1564		1564	66.3 (31-93)		36%	NR	NR
	Angenete 2016	RCT analyzed as a cohort	Prostate	1569		1467	58 (37-64) vs. 59 (39-64) vs. 59 (39-64) vs. 59 (39-64)	0%	NR	NR
	Onerup 2022	RCT analyzed as a cohort	Colorectal	668		614	68±11		41%	Born abroad 14%	NR
	Mungovan 2013	Prospective cohort	Prostate	34		33	62±6		0%	NR	NR
	Jonker 2020	Prospective cohort	Mixed	50		37	73±5.4		32%	NR	NR

Note: NR = Not Reported. RCT = Randomized controlled trial. NRCT = Non-randomized controlled trial Table 2.2

Table 2 .2

 2 Participant characteristics of observational studies of prehabilitation physical activity in cancer patients

	Study	Study design	Cancer site	Total sample size	Total no. analyzed	Age of population (mean and SD or range)	Sex distribution (% female)	Race/Ethnicity	Cancer stage
	Billé 2021	Prospective cohort	Lung	90	78	46-85	55%	NR	NR
	Kuroyama 2021	Prospective cohort	Lung	42	42	68.9±10.1	26%	NR	NR
	Mylius 2021	Prospective cohort	Hepato-pancreato-biliary	40	33	65.5±9.8	42%	NR	NR
	Yanagisawa 2022b	Prospective cohort	Colorectal and gastric	101	101	69 (63-77)	39%	NR	NR
	Yanagisawa 2022a	Retrospective study (unclear)	Gastrointestinal	163	151	70 (63-77)	36%	NR	NR
	Note: NR = Not Reported. RCT = Randomized controlled trial.						

Table 3 .1

 3 .1 Results of intervention studies of prehabilitation exercise in cancer patients Results of intervention studies of prehabilitation exercise in cancer patients

	Feasibility	Pre-surgery	Post-surgery

surgery without or after neoadjuvant therapy completion

  

	Physical activity for cancer prehabilitation, a scoping review -Azam Alice Physical activity for cancer prehabilitation, a scoping review -Azam Alice						
	Mémoire de Master 2 APAS -Parcours APPCM -Université Rennes 2, Année 2022-2023 Mémoire de Master 2 APAS -Parcours APPCM -Université Rennes 2, Année 2022-2023					
		and the upper-quadrant function in women								
		with breast cancer and another one tested the								Age, sex, BMI, smoking habits, alcohol units per
	Loogman 2021 gastrointestinal function recovery in patients Registry data NR with gynecological cancer (Supplementary		NR	NS		NR		NR	week, education, tumor characteristics, tumor differentiation, stage, morphology, surgical resection, and anastomotic procedure.
		table 2.1). The remaining functional outcomes								Educational level, age, American Society of
	Angenete 2016 that were tested included the global level of RCT analyzed as a cohort NR functioning and disability (n=1; with the WHO		NR	NS		NS		NR	Anaesthesiology-classification, alcohol consumption, smoking, BMI, and surgical technique.
	Onerup 2022 Disability Assessment Schedule [WHODAS 2.0] RCT analyzed as a cohort 41% questionnaire) and dynamic balance (n=1; Mungovan 2013 Prospective cohort 72% Timed Up and Go Test). Psychosocial outcomes Jonker 2020 Prospective cohort 49% were measured using self-reported measure in		Self-reported physical recovery: NS NR NR	↑ NR NR		NS NR NR		NR NR NR	Age, gender, smoking status, risk consumption of alcohol, colon or rectal cancer, tumor stage, and open or laparoscopic surgery NR NR
	Billé 2021 18 studies, including health-related quality of Prospective cohort NR		NR	Mixed		NR		NR	Covariates with a p<0.1, NR
	Lorca Parraguez 2022 Valkenet 2016 Piraux 2020 Kuroyama 2021 life (n= 14), fatigue (n=6), anxiety and Registry data NR Single-arm trial NR Single-arm trial 96% Post hoc Prospective cohort NR Mylius 2021 Prospective cohort 26% depression (n=5) and pain (n=6). Concerning clinical outcomes, 25 reported the Yanagisawa 2022b Prospective cohort NR postoperative complications, some studies also measured and compared the length of stay Yanagisawa 2022a Retrospective study (unclear) NR (n=10) between intervention group and usual care. Only three studies measured and	NR 82% 77%	NR NR NR Maximum gait speed: ↑ Functional recovery: ↑ 6MWT: ↑ NR	NR NS NR NS NS NR ↑	↑ NS NR	NR NS NR NR	NR NR NR	NR NR NR NR	NR NR NR NR in the multivariable regression. NR NR NR NR NR NR If significant in univariate analyses: gender, age, NR NR NR BMI, living situation, work status, smoking status, alcohol nom, symptom burden, aerobic fitness 6MWD, C-reactive protein, combined resection, preoperative sedentary time. Diabetes mellitus, sedentary time, and usual gait speed
	West 2019	analysis of two NRCTs reported biomarkers outcomes.	NR	NR	NR	↑	NR		NR		NR	NR	NR	NR
	West 2015; Brunet 2017; Loughney 2017;	NRCT	NR	96%	NS	↑	NR		NR		NR	↑	NR	NR
	Banerjee 2017	RCT	54%	NR	NR	NS	NR		NR		NR	NR	NS	NS
	Loughney 2021	RCT	49%	91%	NS	↑	NR		NR		NR	NR	NR	NR
	Berkel 2022		RCT	56%	90%	NR	NR	NR		NR		NR	NR	↑	NS
	Note: NR = Not Reported. NS = Non-statistically significant. RCT = Randomized controlled trial. ↑ = improvement ↓ = decrease. 6MWT = 6 minutes walking test. VO2AT =VO2 at
	the Anaerobic Threshold									
	Table 3.2 Results of observational studies of prehabilitation physical activity in cancer patients					
				Feasibility			Post-surgery					
	Study		Study design	Recruitment rate		Physical function	Complication	Length of hospital stay		Survival		Covariate adjustment
												Propensity score matching on age, sex, BMI, tumor
	You 2020	Registry data	NR		NR	↑		NR		↑	location, tumor stage, and adjuvant chemotherapy
												administration.

Note: NR = Not Reported. NS = Non-statistically significant RCT = Randomized controlled trial. ↑ = improvement. BMI = body mass index. 6MWT = 6 minutes walking test.
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Annexes

Baseline: pre-surgery; Follow-up: postsurgry to hospital discharge.

NR NR NR Mylius 2021

Baseline: pre-surgery; Follow-up: 3-mo post-surgery.

Recruitment rate: 26% NR NR

Yanagisawa 2022b

Baseline: 1-wk pre-surgery; Follow-up: 1-3 day before discharge.

NR NR NR

Yanagisawa 2022a

Baseline: 1-wk pre-surgery; Follow-up: 1-d post-surgery to 1-d before discharge. 

NR