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Abstract

Preoperative physical exercise is emerging as a growing field of research globally. There

are still challenges in recruiting vulnerable older people, and time constraints in preoperative

cancer care to consider. We therefore evaluated the feasibility of short-term supervised

home-based exercise in older people prior to colorectal cancer surgery. This feasibility

study was conducted between September 2016 and June 2018. People�70 years sched-

uled for colorectal cancer surgery were recruited and randomized to an intervention group

receiving supervised home-based physical exercise at a high level of estimated exertion or

a standard care group following the standard preoperative path. The exercise (respiratory,

strength, and aerobic) consisted of 2–3 supervised sessions a week in the participants’

homes, for at least 2–3 weeks or until surgery, and a self-administered exercise program in

between. The primary outcome was process feasibility, including aspects specifically related

to recruitment rate, compliance to the intervention, and acceptability. The secondary out-

come was scientific feasibility including treatment safety, description of dose level and

response, and estimation of treatment results. Twenty-three participants were included

(recruitment rate 35%). A median of 6 supervised sessions was conducted over a 17-day

exercise period. Compliance with the supervised sessions was 97%, and participants found

the intervention acceptable. Concerning the self-administered exercise, a median of 19

inspiratory muscle training, 6 functional strength, and 8.5 aerobic sessions were reported.

Challenges reported by program instructors were time constraints and difficulties in achiev-

ing high exercise intensities on the Borg CR-10 scale. A statistically significant between-

group difference was only found in inspiratory muscle strength, favoring the intervention

group (p<0.01). A short-term preoperative supervised home-based physical exercise
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intervention can be conducted, with respect to compliance and acceptability, in older people

with similar physical status as in this study prior to colorectal cancer surgery. However, mod-

ifications are warranted with respect to improving recruitment rates and achieving planned

intensity levels prior to conducting a definitive trial.

Introduction

Colorectal cancer is the third most common form of cancer worldwide, with its incidence

increasing with age [1]. The primary treatment for colorectal cancer is surgical interventions

where older people receive surgery to a greater extent today than in the past [2]. The disease,

hospitalization, and surgical stress are all factors which could result in reduced cardiopulmo-

nary capacity and muscle function [3]. Older people planned for surgery may have different

needs and outcomes compared to their younger counterparts due to differences in physiology,

limited reserve capacity, heterogeneity, and a higher presence of comorbidities with increasing

chronological age. All this may lead to an increased risk of complications, functional decline,

and decreased health-related quality of life [4]. Therefore, it is crucial for this patient group to

be prepared preoperatively to optimize health and function.

The concept of prehabilitation, in which preoperative physical fitness plays an essential

role, is an emerging field of research globally. Within cancer research, prehabilitation is

defined as “a process on the cancer continuum of care that occurs between the time of cancer

diagnosis and the beginning of acute treatment”, emphasizing the time sensitive component

[5]. For people undergoing abdominal cancer surgery, preoperative exercise such as aerobic

capacity and inspiratory muscle training (IMT) seems feasible, improves physical capacity,

and has shown the potential to reduce postoperative complications [6–13]. However, reviews

imply that further research is needed to identify and evaluate the optimal intervention regard-

ing type, as well as duration and intensity of exercise [6, 7, 14, 15]. To this extent, the Consen-

sus on Therapeutic Exercise Training (CONTENT) scale is recommended to assess

therapeutic validity and to organize the most prominent exercise components [16]. A recent

study was the first to focus on prehabilitation in high-risk patients [8]. Nevertheless, the study

did not solely involve cancer surgery, and the intervention time was 6 weeks, which is longer

than the current preoperative time constraints in Sweden and many other countries where

time from surgery decision to the actual surgery taking place is decreasing. To this end, high-

intensity preoperative training has been suggested due to time constraints [10, 17].

There are still challenges in recruiting vulnerable older people as eligible patients often

decline participation [18]. Also, compliance with preoperative exercise programs might be

poor, which likely inhibits a clear view of the program’s effects on outcomes [6, 7]. Home-

based supervised exercise programs could be one way of increasing adherence rates among

older individuals [19–21], and to meet frequently mentioned objections concerning transpor-

tation [22]. In addition, interventions involving older people should focus on improving out-

comes of importance to the older person, which means functional training, defined as

“training that has a meaning to maintain or improve performance of a specific goal or task in

daily life” [23]. Therefore, we have designed an intervention with a home-based, functional

exercise program in the participant’s habitual daily environment. The aim of this study was,

prior to a larger trial, to evaluate the feasibility of a preoperative, supervised home-based physi-

cal exercise program at a high level of estimated exertion, in older people undergoing colorec-

tal cancer surgery in Sweden: “Can it be done? Should it be done? And if so, how?” [24–26]
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Materials and methods

Participants and study design

We conducted a randomized feasibility study in preparation for a planned two-arm random-

ized controlled trial with a 1:1 allocation ratio. Patients scheduled for colorectal cancer surgery

at Stockholm South General Hospital were informed about the study and asked to participate.

The screening for inclusion was undertaken from September 2016 to June 2018 by a surgeon

and nurse at the weekly colorectal cancer conferences (CRC). There were two interruptions in

recruitment (totaling 3 months) due to limited staff compliment during the Christmas and

summer vacation periods, respectively.

The inclusion criteria were: (1) Age�70 years; (2) ability to understand and speak the

Swedish language; (3) scheduled for surgery due to colorectal cancer or suspected colorectal

cancer. The exclusion criteria were: (1) A health status that prohibits physical exercise, such as

unstable heart disease, severe systematic illness or severe orthopedic conditions; (2) if prolong-

ing the preoperative period by 1–2 weeks was consistent with a medical risk; and (3) if the par-

ticipant lived outside the catchment area of the included primary care units. The ethical

application was approved by the Regional Ethical Board in Stockholm in September 2015

(Dnr: 2015/1179-31). An additional application including a higher intensity of the overall

training intervention was approved in August 2016 (Dnr: 2016/1587-32). The trial was regis-

tered at ClinicalTrails.gov 08/09/2016, registration no. NCT02895464.

Procedure

At the first visit in the surgical office, eligible participants received oral and written study infor-

mation from a surgeon and nurse. The following day, a physiotherapist contacted the eligible

participant by telephone for additional information and to ask for participation. Written

informed consent was collected before the baseline assessments commenced. Participants

were randomized to an intervention group receiving home-based preoperative physical exer-

cise, or a standard care group. The sequence of allocation was generated through a web-based

spreadsheet and conducted in blocks of five with six participants each. As a sample size calcula-

tion for a definitive trial was initially intended, the desired sample size was therefore 30 indi-

viduals [27]. However, due to a slow recruitment rate, coupled with the feasibility design and

descriptive nature of primary outcomes, we ended the recruitment process earlier than

intended [28]. The power calculation for the definitive trial will be based on a previous cohort

study instead [29]. The study coordinator performed the randomization prior to the first

assessment to enable surgical planning. Participants were unaware of their group allocation

until after the first assessment, and assessors were blinded throughout three assessments of

physical performance. It was, logically, not possible to blind study participants or physiothera-

pists conducting the exercise program in primary care due to the intervention type.

For both groups, two physiotherapists with expertise in the surgical field (with >20 years of

clinical work experience each) conducted assessments of physical performance at the hospital

at three time points: before the intervention, reassessments the day before surgery, and postop-

erative assessments on discharge from the hospital ward. Functional capacity was measured

with the Six-Minute Walk Test according to guidelines from the American Thoracic Society

statement [30], and walking distance in meters was recorded [31]. Habitual and maximal gait

speed (m/s) were measured over 10 meters with a 2-meter acceleration and deceleration phase.

Lower extremity strength was measured with the number of chair stands achieved during 30

seconds [32]. Inspiratory muscle strength was measured as maximal inspiratory pressure

(MIP) with the respiratory pressure meter Micro RPM (Care Fusion, San Diego, California,
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USA) and registered as cmH2O. We developed an instruction manual and the physiotherapists

were collectively trained before the study to assure consistent and standardized assessments.

In addition, the physiotherapists were familiar with the assessment battery from a previous

study [29]. The assessors and the physiotherapists conducting the exercise worked at separate

locations and had no mutual contact during the study. For the intervention group, physiother-

apists with experience in home-based rehabilitation (with clinical experience ranging from

one to>20 years, however not specifically in oncological patients) led the exercise sessions in

the participants’ home. Two physiotherapists each from four primary care units were trained

theoretically in formal workshop form about the intervention in two one-day sessions.

Patient demographic and clinical characteristics

Data regarding age, sex, tumor stage, type of surgery, and laboratory markers (albumin and

hemoglobin) were retrieved from the medical records and from patient interviews. Any

chemo or radiotherapy prior to surgery was registered. Comorbidity was documented accord-

ing to the Charlson Comorbidity Index, which consists of 19 weighted diseases with a score

from 1–6 depending on their association with 1-year mortality [33]. Perception of health-

related quality of life was assessed preoperatively with the cancer-specific core questionnaire

EORTC QLQ-C30 and an additional questionnaire ELD14 for older people [34, 35]. Higher

scores indicate less mobility, more worries, and greater burden of illness, but better perceived

global health status, family support, and maintenance of purpose [34, 35]. The Physical Activ-

ity Scale for Elderly was used to report level of preoperative physical activity. The scale contains

perceptions of occupational, domestic, and leisure activities performed during the past seven

days, as reported by the patient [36].

Intervention

The 1-hour supervised sessions in the participants’ homes included three blocks. The starting

dose of exercise was based on the baseline assessments of physical performance as assessed in

hospital. Block I consisted of inspiratory muscle training (IMT) conducted with the handheld

electronic device Power Breathe K3 (POWERbreathe, International Ltd, UK). The resistance

started at 50% of maximal capacity for 30 breaths twice a day [37]. Progression was encouraged

and monitored with the built-in single breath test (S-index) at each supervised sessions by the

physiotherapist. The resistance was gradually adjusted to achieve a perceived exertion of 5–7

on the Borg CR-10 scale, where if the participant’s estimation was lower, the resistance was

then increased by 5%. Block II consisted of high-intensity (perceived exertion of 7–8 on Borg

CR-10) functional strength exercises such as chair stands and step-up with weight belts starting

with 3x10 repetitions. The physiotherapist monitored progression with a chair-stand test at

each session to establish the weight load and number of repetitions, which were increased if

the estimation of exertion was lower than 7 on Borg CR-10 [38]. Block III consisted of endur-

ance training such as bouts of stair climbing, Nordic walking outdoors, and interval walking

indoors and/or outdoors. Intervals (perceived exertion of 7–8 on Borg CR-10) with, for exam-

ple, brisk walking on a plain surface or with inclines in a small hill were conducted to increase

intensity [17]. The number of steps was registered with a pedometer and interval duration was

noted. The duration of the endurance session, as well as the number and length of the intervals

were increased for progression. Blocks II and III were combined with functional task exercises

according to each individual participant’s needs based on the Patient Specific Functional Scale

(PSFS) [39, 40]. PSFS was used as an instrument to identify and facilitate functional activities

for inclusion in the exercise intervention. The patients were required to define one to three

activities of importance to them but difficult to perform. The activities were graded on a scale
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from 0 (“unable to perform activity”) to 10 (“able to perform activity without any

restrictions”).

The training was conducted 2–3 times/week, for at least two weeks, with a minimum num-

ber of six supervised sessions or until surgery was due. On unsupervised days, participants

were instructed to follow the recommendation of 150 minutes/week of moderate physical

activity, do a core set of functional strength exercises (chair stands and step-up, but without

weight belts) 2–3 times/week, and perform IMT for 30 breaths twice a day. All IMT sessions

could be monitored in the Power Breath K3. Participants registered the occasions and dosage

of self-administered training in an exercise diary.

The exercise protocol was used as a guideline; individual adjustments were made within the

blocks if needed due to comorbidities such as rheumatoid arthritis or chronic obstructive pul-

monary disease. Intensity was assessed and described by perceived exertion with the Borg CR-

10 scale, which is a 10-point scale ranging from “nothing at all” to “maximal”, where 5 corre-

sponds to the verbal anchor “strong” [31]. The Borg CR-10 scale was chosen due to the age-

related decline in maximal heart rate, influence of medications (such as beta-blockers) or

comorbidities limiting the ability to compare an objective measurement such as heart rate

with subjective perceptive exertion [17, 41].

The standard care group followed the standard procedure of a two-week waiting period

with ordinary preoperative information, and the advice to follow the recommendation of 150

minutes/week of moderate physical activity [42].

Primary outcome measures (process feasibility)

The primary outcome was process feasibility (as described by Thabane et al. 2010) conducted

with the variables recruitment rate, exercise compliance, and acceptability [25]. We defined

recruitment rate as the number of participants included from the eligible patients, which was

recorded on screening lists by the nurses at weekly CRC conferences. Compliance with the

exercise intervention was defined as the number of sessions attended out of planned sessions

and was registered in the exercise logs by the physiotherapists in primary care. Adherence

rates (attended out of planned sessions) to exercise programs for older people were previously

reported to range from 58–77%, whereas an adherence rate of>80% of supervised sessions

was considered feasible in this study [43, 44]. Acceptability was determined using two surveys

evaluating the participants’ and instructors’ satisfaction with the exercise intervention. The

participant survey contained 19 questions while the instructor survey had 16 questions, with

1–4 or 1–3 response options arranged in an ordinal manner. Both questionnaires further

allowed free-text answers.

Secondary outcome measures (scientific feasibility)

The secondary outcomes were scientific feasibility, as described by Thabane et al. 2010, involv-

ing “the assessment of treatment safety, determination of dose levels and response, and estima-

tion of treatment effect and its variance” [25]. The presence of adverse events during

supervised sessions was registered in the exercise logs by the physiotherapist and in exercise

diaries by study participants for the self-training. The events were divided into musculoskele-

tal-related, cardiovascular episodes, falls, and healthcare use [45]. Estimated treatment results

were reported as median change from baseline to pre-surgical physical assessments within

each group, and as effect size of the difference between groups.

On discharge, patient-reported recovery was collected with the 17-item Postoperative

Recovery Profile (PRP) representing five subdomains (physical symptoms, physical function,

psychological and social impact, and activity) [46]. A higher score indicates better recovery.
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Data on postoperative complications within the first 30 days after surgery were retrieved from

the medical records according to the Clavien-Dindo grading system. The complications are

categorized as infectious, neurological, cardiovascular, surgical, and other complications, on a

scale from I–V [47]. Length of stay was defined as time spent in hospital from the day of sur-

gery until participants were ready for discharge to their homes, rehabilitation clinic, or institu-

tional care setting.

Statistical analysis

Statistical analysis was performed using STATA SE (version 14.2; College Station, TX) and

SPSS statistics (version 24.0; IBM Corp. Armonk, NY). Due to the small sample size, non-

parametric tests were chosen when describing and analyzing data. Demographic and clinical

data were reported as proportions, median with interquartile range, or 95% confidence inter-

vals. Between-group analyses were performed with the Mann Whitney U-test for ordinal data

and continuous data, and Fisher’s exact test for nominal data. The significance level was set at

a p-value of�0.05. Primary outcomes were described in counts and frequencies. Within-

group analyses regarding physical performance at baseline and repeated measures were per-

formed with Friedmans ANOVA and a post-hoc test for pairwise comparison (reported with a

Bonferroni-corrected alpha level 0.05/3 = 0.0167). To estimate the preliminary treatment effect

and its variance in the difference between pre- and post-intervention measures between

groups, effect size was calculated and reported as the Probabilistic Index (based on the Mann-

Whitney statistics). It reports the probability that a given value in the intervention group is

higher than a value in the standard care group [48].

Results

A total of 602 patients were screened for inclusion at the CRC conferences. Of these, only 66

met the inclusion criteria (median age 77 years (IQR 73–84); 47% males), see flow diagram

(Fig 1). Of the 43 individuals declining participation, the median age was 77 years (IQR 74–83)

and 49% were men, compared to a median age of 76 years (IQR 73–84) and 38% men in the

study population (p = 0.67 for age, and p = 0.68 for sex). Of the 23 participants included, 11

were randomized to the intervention group and 12 to the standard care group. One participant

per group was excluded after allocation due to medical reasons and transportation issues.

Demographic and clinical characteristics of each group are reported in Table 1. The baseline

characteristics of the intervention and standard care groups were comparable, except for an

older age and more reported worries about the future in the intervention group (see Table 1).

Process feasibility

Recruitment rate. Of 66 eligible patients, 23 were included, corresponding to a 35%

recruitment rate. The most common reasons for declining participation were other time-con-

suming preoperative examinations; no time for the intervention; or feeling stressed prior to

surgery (n = 12, 28%) (Fig 1). Ten (23%) individuals declined due to an extra hospital visit for

baseline assessments, and six (14%) did not want to delay time until surgery.

Compliance with the exercise intervention. The median number of supervised sessions

attended was 6 (range 4–8) out of a median of 6 planned sessions (range 5–8). Two partici-

pants missed one session each (one due to the physiotherapist being unable to conduct the last

session, and one due to medical reasons resulting in rescheduling surgery). Hence, 58 sessions

were performed out of 60 planned, corresponding to 97% compliance. Concerning the self-

administered, unsupervised, training sessions, participants reported a median of 19 (IQR 18–

22) IMT, 6 (IQR 2–9) functional strength and 8.5 (IQR 6–10) aerobic sessions.
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Intervention acceptability. Participants in the intervention group overall responded with

a high level of acceptability (using the agree and strongly agree response options) regarding

factors such as information given and the content and meaningfulness of the intervention.

Seven participants would have preferred a longer intervention period. The median number of

days from inclusion in the study until surgery was 17 (range 14–24), and the preoperative

period was prolonged with a median of 7 days (range 0–13) compared to the standardized care

process of 14 days. All participants perceived the intensity level of the supervised exercise

blocks to be satisfactory, and one participant perceived the intensity of the self-administered

exercise as too high (Table 2). Overall, the instructors also responded with agree/strongly

Fig 1. CONSORT flow diagram.

https://doi.org/10.1371/journal.pone.0219158.g001
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agree, except for one instructor perceiving difficulties in achieving high intensity and chal-

lenges with planning exercises. Three instructors found barriers with directly applying the

Table 1. Demographic and clinical characteristics per allocation group.

Variable Value

Total n = 21 Intervention n = 10 Standard care n = 11 p-value

Age, median (IQR) 76.0 (73–84) 83.5 (76–85) 74.0 (73–76) 0.026a

Sex, n (%)

Male 8 (38) 4 (40) 4 (36) 0.608b

Living with partner, n (%) 10 (48) 5 (50) 5 (46) 0.590b

Cancer type, n (%) 0.538 b

Colon 18 (86) 9 (90) 9 (82)

Rectal 3 (14) 1 (10) 2 (18)

Charlson Comorbidity Index, median (IQR) 1 (0–3) 2 (1–3) 1 (0–3) 0.425a

Smoking, n (%) 0.520b

No 10 (48) 4 (40) 6 (55)

Yes 1 (4) 1 (9)

Previous smoker 10 (48) 6 (60) 4 (36)

Surgical approach, n (%) 0.633b

Open 6 (29) 3 (30) 3 (27)

Laparoscopic 15 (71) 7 (70) 8 (73)

Minutes of surgery, median (IQR)

Colon 156 (140–176) 150 (140–164) 159 (145–176) 0.627a

Rectal 441 (401–616) 401 529 (441–616) 0.221a

Tumor stage, n (%) 0.052b

0 § 2 (9.5) 2 (18.2)

I 3 (14.3) 3 (27.3)

II 6 (28.6) 5 (50.0) 1 (9.1)

III 9 (42.8) 4 (40.0) 5 (45.4)

IV 1 (4.8) 1 (10.0)

Neoadjuvant radiation, n (%) 3 (14) 1 2 0.538b

Laboratory markers, median (IQR)

Hemoglobin, g/L 121 (111–130) 116 (108–126) 125 (113–133) 0.418a

Albumin, g/L 36 (33–38)† 36 (34–38) 35 (32–36) 0.277a

HRQoL domains, median (IQR)

Global health status (QLQ-30) 66.7 (41.7–75) 45.84 (33.3–75) 66.7 (58.3–75) 0.453a

Mobility (ELD14) 22.3 (11–33.3) 27.8 (22.3–55.7) 22.3 (0–22.3) 0.138a

Worries about others (ELD14) 33.3 (16.7–50) 33.3 (16.7–50) 16.7 (0–33.3) 0.313a

Future worries (ELD14) 33.3 (22.3–55.7) 55.7 (33.3–66.7) 22.3 (22.3–33.3) 0.034a

Maintaining purpose (ELD14) 66.7 (33.3–83.3) 58.3 (33.3–83.3) 66.7 (33.3–83.3) 0.748a

Burden of illness (ELD14) 50 (33.3–66.7) 50 (33.3–66.7) 33.3 (16.7–50) 0.193a

Family support (ELD14) 66.7 (66.7–100) 83.3 (66.7–100) 66.7 (0–100) 0.495a

Self-reported physical activity, median (IQR) 73 (52–107) 72.5 (52–93) 76 (52–121) 0.573a

Abbreviations: IQR = interquartile range, HRQoL = Health-Related Quality of Life
§ = including colon (n = 2)

† = 19 due to missing data in medical records for two participants (both in the intervention group)
a Mann-Whitney U test
b Fisher exact test

https://doi.org/10.1371/journal.pone.0219158.t001
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intervention in their current clinical context, mainly due to time limitations as seen in the free

text answers in Table 3.

Secondary outcome—Scientific feasibility

Presence of adverse events. One participant reported joint pain due to existing knee

arthritis, and another reported back and leg pain due to rheumatoid arthritis (and no cortisone

use prior to surgery). One participant had episodes of dizziness during the aerobic exercise at

three supervised sessions. No adverse events occurred during the self-administered training

Table 2. Participant satisfaction with the exercise intervention (n = 9, one participant did not respond).

Participant response, n = 9

Statement/Question

Did you get enough information on the study? Yes: 9 No: 0

Strongly disagree Disagree Agree Strongly agree Do not know

Did you get enough information from the instructor? 9

Was the content of the supervised exercise relevant? 1 8

Was the content of self-administered exercise relevant? 2 7

I would have preferred to have a longer preoperative

intervention period than currently possible:

1 3 4 1

I was able to push myself during the exercise: 6 3

The intervention felt safe: 2 7

It was motivating to exercise at/nearby my home: 1 8

It was comfortable to exercise at/nearby my home: 2 7

I would rather exercise at an out-patient clinic: 7 1 1

I found it meaningful to exercise before my surgery: 4 5

I felt better prepared physically for my surgical treatment after

the intervention:

5 3 1

Too low Satisfactory Too high

The level of inspiratory muscle training was: 9

The level of aerobic endurance training was: 9

The level of functional strength training was: 9

The level of the self-administered training was: 8 1

Support from next of kin Yes: 7 No: 1 N/A: 1

Overall satisfaction with participating in the study: “It was interesting to get exercise help from a specialist. It made me feel as I was being taken care of, and thus I
have exercised more to show that I can.”
“I live alone and have no relatives, so the social contact with the physiotherapist was invaluable in addition to
the meaningful exercise.”
“I’m feeling much stronger, like I gained muscles, and I got to work with my breathing at the highest level. Also,

I can walk down stairs, which I was bad at before.”
“It was positive to challenge myself and get a little breathless. It was interesting to be able to participate, and
that I got help to improve my fitness. A very good coach/instructor.”
“It was good/very good.” a

“Meaningful. Unfortunately I was not able to complete the full program; however, I am happy that the surgery
happened so soon.” b

Suggestions for change? “If ethically allowed, I would like a longer exercise period i.e. further postponement of surgery.”
“A longer exercise period would hopefully give even better results.”
“Higher sound volume on the inspiratory muscle trainer.”

Abbreviations: N/A = Not applicable
a Comment from three participants
b Earlier surgical date due to anemia.

https://doi.org/10.1371/journal.pone.0219158.t002

Feasibility of preoperative supervised home-based exercise in older adults

PLOS ONE | https://doi.org/10.1371/journal.pone.0219158 July 2, 2019 9 / 21

https://doi.org/10.1371/journal.pone.0219158.t002
https://doi.org/10.1371/journal.pone.0219158


according to self-reported data from participants’ exercise diaries. No falls or additional

healthcare use was reported during the intervention period, and none of the adverse events led

to a manifest injury.

Dose and intensity of exercise intervention. The median intensity during the supervised

sessions was achieved for IMT (at least 5 on the Borg CR-10), but was on average lower than

the planned intensity for functional strength and aerobic endurance (7–8 on the Borg CR-10)

(Table 4). The median IMT load achieved during the supervised sessions was 54% (range 47–

80%) of maximal capacity. Nine out of ten participants used weight belts during the supervised

functional strength exercises. Median weight loads and progression are reported in Table 4.

Types of activities chosen for the patient-specific integration were jogging, making the bed,

Table 3. Instructor satisfaction with the exercise intervention.

Instructor response, n = 6

Statement/Question

Did you feel prepared before study start? Yes: 6 No: 0

Strongly disagree Disagree Agree Strongly agree Do not know

The information from the hospital was

sufficient to plan the exercise:

3 3

The content of the intervention was relevant: 2 4

The physical exercise was high intensive: 1 2 3

I was able to challenge the participants: 4 2

The participants were involved in exercise

planning:

1 2 3

The physical exercise was performed as

planned:

1 4 1

I had enough time to plan, conduct, and

administer the exercise intervention:

1 4 1

The study documents were easy to use and

feasible:

3 3

My competence was enough to conduct the

exercise:

1 5

The home-based approach was feasible: 1 5

The intervention felt safe: 6

Barriers: “The overall time aspect (two physiotherapists at each unit are needed). The participants were sometimes too worried to focus fully on
the exercise.”
“Being able to conduct the planned number of exercise sessions is a challenge, both based on the resources of the primary care unit and
the participants’ other commitments.”
“The inspiratory muscle trainer can be difficult for some patients to use on their own.”
“Time-consuming and at short notice.”

Possibilities: “Home-based exercise means good accessibility for the patients. Good opportunities to increase intensity and see improvement.”
“Well-informed patient prior to surgery, less anxious and they may be able to initiate physical exercise faster postoperatively. Also,

contact has already been initiated with the primary care unit, improving the postoperative care continuum.”
“Increased amount of physical activity in the patients’ everyday life.”
“Works well with patients who can go outside, but can also work okay for those who cannot go outside. Easy to adjust the intensity of
the exercise.”
“That the patient may continue to exercise after the surgery.”

Suggestions for change? “To shorten the visits: Conduct the IMT and functional strength exercise during the supervised visits and do the aerobic exercise within
the self-administered exercise. Remove the PSFS.” a

“Look through the Borg scale more in depth with the participant prior to the intervention.”
“Even clearer instructions regarding the inspiratory muscle trainers, also look over the inspiratory muscle trainers one additional time
before training to avoid technical issues.” a

a Comment from two instructors

https://doi.org/10.1371/journal.pone.0219158.t003
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stair climbing, carrying groceries up the stairs, vacuum-cleaning, up-hill walking, swimming,

walk a longer distance, and carrying wood from the garage (one participant did not choose a

specific activity).

Estimation of treatment effect and its variance. At baseline, the intervention group had

somewhat lower values on the physical performance tests (except for MIP) compared to the

standard care group, as seen in Table 5. Between-group analyses revealed that the intervention

group had a statistically significant increase from baseline to post-intervention assessment in

MIP compared to the standard care group (p<0.01). The effect size analyses, regarding MIP,

performed with the Probabilistic Index showed that the probability of an observation in the

intervention group having a higher value than an observation in the standard care group was

90% (Table 5).

In within-group analyses, the intervention group had a statistically significant preoperative

improvement in MIP after the intervention, and declined significantly in walking distance and

habitual gait speed post surgery. The standard care group did not improve significantly in any

of the physical performance tests prior to surgery, and declined significantly in walking dis-

tance, leg strength, and maximal gait speed post surgery (Table 5). A large variability across

individuals was seen in both groups (Fig 2).

Postoperative complications were observed in eight participants (38%); however, none of

these were higher than a Clavien-Dindo grade II (“requiring pharmacological treatment with

drugs” [47]). A higher number of complications, shorter median LoS, and better patient-

reported recovery were observed in the intervention compared to the standard care group.

However, no differences reached statistical significance (Table 6).

Discussion

We undertook this feasibility study to evaluate the process for a future larger scale trial with

the main questions described by Thabane et al. 2010: Can it be done? / Should it be done? /

Table 4. Median intensity achieved during supervised and self-administered sessions, intervention group n = 10.

Total Session 1 Session 2 Session 3 Session 4 Session 5 Session 6

Supervised exercise

Intensity Borg CR-10, median (IQR)

Exercise type

IMT 5 (3–6) 3.5 (3–5) 4 (4–5) 4.5 (3.5–6) 5 (4–6) 5 (3–5) 6 (5–6)

Chair rise 6 (5–7) 5 (3–5) 6 (5–6) 6.5 (5–7) 6 (5–7) 6 (5–7) 6 (4–7)

Step-up 5 (4–6) 3.5 (2–4) 5 (5–6) 6 (5–6) 5 (5–6) 5 (5–7) 5 (4–7)

Aerobic 5 (5–7) 5 (4–5) 6.5 (5–7) 6 (5–7) 5 (5–7) 6 (5–7) 5 (5–7)

Load weight belts (% of body weight), median (IQR)

Chair rise 5 (4–6) 3.8 (3–5) 5.2 (4–5) 5.2 (4–6) 5.4 (5–7) 5.1 (5–7) 5.8 (4–9)

Step-up 5 (4–7) 3.8 (3–5) 5.1 (4–5) 5.2 (4–6) 5.4 (5–7) 6 (5–7.1) 7.1 (5–8)

% of Maximal Inspiratory Pressure, median (IQR)

IMT 54 (50–57) 50 (49–51) 51 (50–55) 53 (51–57) 55 (52–59) 55 (54–60) 56 (55–65)

Self-administered exercise

Intensity Borg CR-10, median (IQR)

IMT 5 (4–5.5)

Functional strength 5.5 (5–6)

Aerobic 5 (5–6)

Abbreviations: IQR = Interquartile range, IMT = Inspiratory Muscle Training

https://doi.org/10.1371/journal.pone.0219158.t004
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And if so, how? We found that supervised home-based physical exercise in one-third of the

total fraction of eligible persons, prior to colorectal cancer surgery, seems feasible with respect

to compliance and acceptability of the intervention. However, low recruitment is a challenge,

which might result in selection bias, as the feasibility of the exercise training is unknown in the

non-recruited people. Consequently, modifications are suggested for a larger scale trial to

improve, for example, recruitment rates and methods to increase intensity.

Like previous studies, the primary issue of feasibility was the low recruitment rate. The low

recruitment can in turn lead to selection bias, where consequences of selection-bias are threats

to external validity and generalizability of study findings [49]. This should be taken into con-

sideration when interpreting the results. The target population of the study is considered a vul-

nerable group based on comorbidities and malignancy. It has previously been noted that the

number needed to screen for inclusion of an older participant is 1:3 [18]. In a study that inter-

viewed older people who declined participation in an exercise trial, barriers mentioned were

related to being active already, poor health, psychosocial factors, and lack of time. Facilitators

to increase recruitment included tailored trial information and evidence that physical exercise

is beneficial [50]. Of the eligible participants in this study, the median age and sex distribution

were similar when comparing those who declined with included individuals. It would have

been valuable to include physical fitness in the comparison, as patients with poor mobility

decline to a larger extent, which could result in bias arising from self-selection [51]. Neverthe-

less, data was not available for patients who declined to participate in our study.

Table 5. Physical performance during the perioperative period within and between the intervention (n = 10) and standard care (n = 11) group.

Intervention group Standard care group Between groups

Baseline Pre-

surgery

Change Post-

surgery

Baseline Pre-

surgery

Change Post-

surgery

Change from baseline

to pre- surgery

Variables Median (95% CI) p§,a p§,b Median (95% CI) p§,a p§,b ES (95% CI)
Walking distance,

meters

418.5 398 15 NS 330 0.03 432 426 -4 NS 278.5 0.003 0.64

(300;

531)

(279; 553) (-29; 46) (241;

448)†
(357;

476)

(380; 482) (-16; 20) (115;

402)††
(0.35; 0.93)

Functional leg

strength, n

11 13.5 +3.5 NS 11 NS 11 12 +1 NS 11.5 0.02 0.68

(6; 14) (10; 16) (0; 4) (1; 13)† (8; 15) (9; 16) (-0.3; 3.3) (4; 14)†† (0.41; 0.94)

Gait speed, m/s

Habitual 1.04 1.15 +0.09 NS 0.89 0.01 1.06 1.12 +0.09 NS 0.80 NS 0.56

(0.86;

1.25)

(0.91;

1.53)

(0; 0.3) (0.71;

1.24)†
(0.86;

1.22)

(0.94;

1.26)

(-0.002;

0.13)

(0.60;

1.08)††
(0.25; 0.86)

Maximal 1.57 1.57 -0.02 NS 1.15 NS 1.67 1.56 0 NS 1.28 0.04 0.32

(1.11;

1.91)

(1.01;

1.91)

(-0.1;

0.03)

(0.94;

1.50)†
(1.20;

1.89)

(1.29;

2.05)

(-0.1; 0.3) (0.73;

1.44)††
(0.06; 0.59)

MIP, cmH2O 63.5 78 +17 0.01 79 NS 61 62 -2 NS 44 NS 0.90

(37; 90) (60; 111) (7; 25) (56; 89)† (44; 89) (44; 97) (-6; 4) (23; 79)† (0.71; 1.08)�

Abbreviations: CI = Confidence Interval, MIP = Maximal Inspiratory Pressure, ES = Effect size (Probabilistic Index based on Mann Whitney U test [48]).
† n = 9
†† n = 8
§ = Bonferroni-corrected p-value from pairwise comparison if the Friedmans ANOVA was statistically significant
a = Between baseline and pre-surgery
b = Between pre-surgery and post-surgery

NS = Not statistically significant

� p<0.01 (Mann Whitney U test)

https://doi.org/10.1371/journal.pone.0219158.t005
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In relation to the above stated, we need to discuss how to improve recruitment for the

definitive trial. Almost half of the screened patients were not eligible for this study due to an

age�70 years. A revision of eligibility criteria such as basing the preoperative screening on

physical performance rather than chronological age to target high-risk patients was previously

Fig 2. (a) Individual and median walking distance pre-, post-intervention and post surgery per group (b) Individual

and mean number of chair stand during 30 sec pre-, post-intervention and post surgery per group.

https://doi.org/10.1371/journal.pone.0219158.g002
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recommended and may include a larger age span [29]. Two out of three eligible patients

declined participation. Reasons to decline included risk of delaying surgery and feelings of

stress due to other time-consuming preoperative examinations, for example. This may partly

be connected to preoperative time constraints in colorectal cancer care, as well as increased

anxiety due to the cancer diagnosis and the upcoming surgery. Nevertheless, the preoperative

psychological state is highly variable between individuals and was not investigated in depth in

this study. The aim of the new standardized care processes in Sweden, which are national qual-

ity guidelines, is to diminish national differences in waiting time and decrease patient distress.

However, it is also stated that there is no evidence that a 1–2 week difference in waiting time

affects survival [2, 52, 53]. It is vital to communicate this information to eligible patients, as

not wanting to delay surgery was an important reason for declining. Nevertheless, the evidence

regarding the effects of preoperative physical exercise is not yet robust enough to motivate pro-

longing the preoperative period from a risk-benefit point of view. This must be further dis-

cussed in a multidisciplinary manner. Feeling stressed prior to surgery can also be related to

fatigue and/or reduced physical capacity, meaning that we also need to consider how to

approach the more frail patients preoperatively with clear and tailored information. For exam-

ple, avoid phrases such as “delaying surgery” and focus on the preoperative “preparation”

period instead. Ten patients declined due to an extra hospital visit for baseline assessments; an

alternative option is to conduct base assessments in participants’ homes or organize transport

to facilitate participation. In combination with suggested improvements for a definitive trial, a

multicenter approach should be considered to expand the catchment area and the number of

eligible patients, as well as other options for alternative designs as was recommended in a

recent review [54].

Compliance in the supervised sessions was high in the participating fraction of patients and

it exceeded the feasibility goal of>80%. It should be kept in mind that this could also be

related to the highly possible selection bias in this study, as program participants might have

been more interested in physical activity than non-participants, a phenomenon seen more

often and necessary to be dealt with in the trial we are planning [51]. Previous literature

reports a large variability (16 to 96%) in compliance rates to exercise programs prior to colo-

rectal cancer surgery [6, 7]. Issues with low exercise compliance are likely to inhibit the effects

on outcomes. One review investigating predictors of exercise adherence during/after cancer

treatment (not pre-surgical only) stated that one of the most important factors was related to

where the intervention was located [20]. Hence, one strength of this study is the supervised

home-based approach (in combination with self-administered exercise), which increased

Table 6. Postoperative outcomes of intervention group (n = 10) versus standard care group (n = 11).

Intervention group Standard care group

p ES (95% CI)
Outcome

Any postoperative complications, n (%) 6 a 2 b 0.06§ -

Length of stay, median days (IQR) 5 (4–6) 6 (4–7) 0.57§§ 0.43 (0.15; 0.71)

Patient-reported recovery, median (IQR) 5.5 (2–10) 2 (0–5) 0.22§§ 0.67 (0.36; 0.97)

Type of complications
a Two wound infections, one pneumonia, two urinary tract infections, and one pulmonary embolism
b One disturbance of fluid balance, and one wound infection.
§ Fisher exact test
§§ Mann-Whitney U test

https://doi.org/10.1371/journal.pone.0219158.t006
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compliance and added the ability to conduct the exercise in the older person’s daily environ-

ment. Home-based preoperative exercise has been shown to be feasible prior to orthopedic

surgery [21], cardiac surgery [55], lung cancer surgery [56], and pancreatic surgery [57]. How-

ever, previous studies of home-based exercise are mainly self-administered as opposed to com-

bining it with supervised home-based exercise. Compliance appears to be higher in supervised

exercise interventions [43]. Compliance with the supervised sessions is easy to register, but

compliance with self-administered exercises, as an adjunct to supervised sessions, should be

interpreted with caution due to self-reporting, which may generate a bias by either over- or

underestimating exercise dose. In this study, for titration, we monitored the progress of the fit-

ness parameters as described in the intervention paragraph. Another possibility is to use tech-

nologies such as accelerometers to reduce reporting bias in self-administered exercise.

The exercise program fulfills the items of the CONTENT scale concerning rationale, con-

tent and adherence [16]. However, two items of the scale should be further discussed in rela-

tion to this study. First, as previously mentioned, there is a risk of selection bias. This must be

considered when interpreting the applicability of the feasibility outcomes. Second, the physio-

therapist in primary care had no specific experience with patients with colorectal cancer. In

communication with instructors who conducted the exercise, multiple participants mentioned

that the intervention was easier to conduct and less time-consuming as the exercise protocol

became more familiar. Preoperative exercise in patients with colorectal cancer has not yet been

implemented in Swedish primary care. Hence, it is important for physiotherapists conducting

the preoperative exercise to expand their experience with these types of patients and training.

It is also important to consider that some components of the supervised sessions, such as mon-

itoring of heart rate and saturation, are related to research context and might be reduced if

implemented in the clinic.

Overall, participants found the intervention acceptable regarding type, dose, and intensity.

They addressed the valuable aspects of receiving guidance from, and having social interaction

with, a physiotherapist. The instructors recognized the potential benefits of increased physical

activity levels overall for participants of the program during the perioperative period. One

challenge pointed out was the preoperative time constraint previously discussed in this article.

Another challenge was difficulties in achieving higher exercise intensities. This was also seen

in participants not achieving the planned intensity in perceived exertion during the blocks of

functional strength and aerobic endurance. One instructor stated that it was sometimes hard

for participants to make an adequate estimation on the Borg scale, with them tending to

underestimate themselves [58]. Also, a progression was observed in both weight loads used

during functional strength exercises and IMT (Table 4). Sufficient instructions and education

of both participants and instructors are important prior to the intervention to enable partici-

pants to achieve higher intensities across different exercise modalities.

The type and dose of exercise in our study seemed to be safe, with a low rate of adverse

events reported (most connected to already existing diseases, and none being severe). For

high-risk patients, it might not be safe to maintain the same intensity during the self-adminis-

tered sessions in comparison to the supervised session with the physiotherapist. One partici-

pant was excluded after randomization and one could not complete the last session as the

planned surgery was performed earlier than scheduled due to anemia. Anemia, iron defi-

ciency, and preoperative blood management are important aspects that need to be further dis-

cussed as they affect aspects such as oxygen transportation, functional status and postoperative

outcomes [59]. For this feasibility study, we followed standard preoperative nutritional care

(according to the ERAS guidelines for perioperative care in colorectal surgery [60] with a mod-

ified Subjective Global Assessment–SGA). A contact nurse screened the patient regarding e.g.

BMI, changes in weight and appetite at the first visit to the surgical office. Contact with a
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dietician was initiated if a risk for malnutrition appeared. The dietician conducted a registra-

tion of dietary intake, gave individual diet advice, and prescribed supplements if needed.

We only aimed to report preliminary estimates and variability of the estimates in this study,

as in pilot studies the aim is not to resolve ‘effectiveness’ but feasibility. Notably, we found that

participants did respond to the intervention (but with a large individual variability). However,

only inspiratory muscle strength improved significantly post intervention, and no significant

loss was seen regarding inspiratory muscle strength on discharge in the intervention group.

One possible reason may be that participants achieved sufficient intensity in the IMT block,

but not for the other blocks. Incorporating short bouts of higher intensity intervals has previ-

ously been suggested as a way of increasing effectiveness in preoperative exercise interventions

[17]. Another reason might be that the IMT is similar to the MIP used at the assessments.

In addition, the standard care group did not improve significantly in any of the physical per-

formance tests prior to surgery, and declined significantly in walking distance, leg strength, and

maximal gait speed post surgery. When interpreting the reported data, it should also be consid-

ered that the intervention group was significantly older, and had higher scores on the Charlson

Comorbidity Index, which could be possible reasons for a somewhat lower baseline physical

performance compared to the standard care group. In contrast, the intervention group reported

more worries about the future at baseline than the standard care group and had a higher rate of

postoperative complications, probably affected by an insufficient sample size, but also due to

higher age and comorbidities. Nevertheless, they had a shorter median LoS and reported a bet-

ter postoperative recovery compared to the standard care group. One possible reason, which

needs further investigation, could be the social contact and support in guiding the exercise ses-

sions provided by the physiotherapist during the supervised sessions, which may have strength-

ened participants’ self-efficacy. Moreover, with a larger sample size in a definitive trial, the

randomization process should minimize differences in baseline data between the groups.

To conclude, suggested modifications for our future definitive trial are as follow:

• Use a multicenter approach to increase the number of eligible patients, and more extensive

and tailored trial information at inclusion, for example changing the semantics such as “pro-

longing the waiting period”to focus on the preoperative “preparation”period instead in the

patient information leaflets.

• Emphasize preoperative physical performance in preoperative screening, by adding tests of

physical performance such as gait speed, functional leg strength, or functional physical capacity

to conventional risk screening, rather than just chronological age to target high-risk patients.

• Conduct home-based baseline assessment or improve synchronization with already sched-

uled visits to the hospital to eliminate additional traveling for participants.

• Modify the exercise protocol to facilitate the daily work of the instructing physiotherapists in

primary care, as well as consider portable tracking devices to register the self-administered

exercise between supervised visits.

• Extend the education period for the instructing physiotherapists in primary care.

• To achieve treatment effects within the current time frame of only two to three weeks, exer-

cise blocks should be of high intensity.

Conclusions

We found that a short-term preoperative supervised home-based physical exercise interven-

tion at a high level of estimated exertion can be conducted, with respect to compliance and
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acceptability, in older people with similar physical status as the study population, prior to colo-

rectal cancer surgery. However, we suggest certain modifications for a definitive trial to

improve recruitment rates and intensity. As surgery affects multiple organ systems, we need to

involve multiple exercise domains in the interventions, such as IMT, strength training, and

aerobic training. Furthermore, the heterogeneity in older adults’ health status is something we

need to consider when designing an exercise intervention. A person-centered approach as well

as the ability to modify exercise programs is needed due to different trajectories in aging. The

possible effectiveness of physical exercise in connection with the current time restraints in pre-

operative cancer care needs to be further evaluated in larger trials.
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