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Generalintroduction

Canceras achronic disease

Receiving a diagnosis of canceris an acute, life-changing event for patients
and their relatives, and the patient journey of canceris often described as a
‘rollercoaster’. After the diagnosis, a treatment plan is made in agreement
with the patient, which can involve surgery, systemic therapy (e.g.
chemotherapy, hormone therapy, and immunotherapy), radiation, and stem
cell therapy.'? These treatments and the disease itself can cause
detrimental side effects like pain, declined physical fitness, fatigue, mental
distress, and a diminished health-related quality of life (HRQoL).>” Side
effects can persist for many years and can result in decreased physical
activity (PA) levels, difficulties with returning to work and social functioning,
and a high healthcare consumption.?%?

Over the past decades, the incidence of cancer in the Netherlands
increased rapidly. To illustrate, the absolute number of new cases increased
from 103,638 in 2012 t0 124,109 in 2022, and as a crude rate, from 619 new
diagnoses per 100,000 inhabitants in 2012 to 706 per 100,000 inhabitants
in 2022.° The main reason for this is a demographic transition, with relatively
more older people in the population and more people reaching an older
age', as well as cancer being more common in older people. In addition,
changes in lifestyle play a role, as is shown by a considerable rise in the
incidence of cancers associated with poor lifestyle (e.g. breast and
colorectal cancer).” It is estimated that approximately one-third of cancer
cases could be prevented by reducing exposure to risk factors.! Being
overweight (body mass index >25kg/m?) and physical inactivity (<150 min
moderate-intensity PA/week) are important modifiable risk factors for the
development of cancer and are currently present in 39% and 28% of the
global adult population, respectively.® ™ Finally, improved diagnostic
modalities and national screening programs have led to better detection
and consequently earlier and temporarily more diagnoses of cancer.'?

Not only diagnostic tools but also treatment options progressed quickly,
leading to better survival or longstanding treatment with palliative care. The
combination of increased incidence and improved survival rates hasled to a
substantial raise in the number of people living with or beyond cancer
(hereafter: cancer survivors). Itis expected thatin 2032, 1 out of 13 peoplein
the Netherlands will be living with a (previous) diagnosis of cancer. Hence,




Chapterl

for a large part, cancer is shifting from an acute and life-threatening
disease, to a more chronic condition."'

Modifiable risk factors for developing cancer are also related to other
chronic conditions such as diabetes and cardiovascular disease and
therefore the combined occurrence of cancer and other chronic diseasesis
not uncommon, especially within an ageing population. In a Dutch cohort
study of patients with stage I-lll colorectal cancer, 77% of all patients
suffered from one or more comorbidities six weeks post-treatment.”
Recovery and management of side effects resulting from cancer and its
treatment can be complicated by multimorbidity. Complex care needs that
come along with this require integrated teams with expertise for optimal
survivorship care.’®” Research questions addressed in the current thesis
were formulated based on literature combined with clinical observations
from a supervised exercise program as part of multidisciplinary oncology
rehabilitation, whichis part of usual care at the Maastricht University Medical
Centre (MUMC+) (Box1.1).
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As physicaltherapistsinvolvedin multidisciplinary oncology rehabilitation,

my colleagues and | have personally witnessed the impact of cancerand its
treatment on cancersurvivors. Not only have they lost their physical fitness and
muscle mass, but also the confidence in the functioning of theirown bodies and
theirabilities to participate in their social activities and work. Physical therapists
are the experts of functional movement and can help patients to rebuild physical
fitness, but a multidisciplinary approach is required to solve the complex,
interrelated healthissues that cancer survivors can be confronted with. While
guiding these patients through theirrecoveryin a multidisciplinary team, my
colleagues and|have been measuring physical fitness and collecting patient-
reported outcomes overthe years. However, in the hustle and bustle of a hospital
environment, measurements were not always consistent and we had neverlooked
furtherinto outcomes. Research has shown beneficial effects of rehabilitation
programs, but we questioned whether these results were translatable to the
cancersurvivorsin our program.?° Moreover, we questioned if cancer survivors
were able to stay active after completion of the exercise program and if the
improvementsinphysical fitness and patient-reported outcomes were sustained
or furtherincreased. We felt thiswas animportant question to answer, because
what would be the point of offering patients the best possible rehabilitation
program, if they would lose the progress they gained a few months later, anyway?|
was lucky to get the opportunity to learn more about oncology rehabilitation
during my PhD research project. Working as an embedded scientist, combining
research with mywork as a clinical physical therapist, enabled me to answerthese
questions arising during daily care. These observations in the clinical field and
critical discussions with colleagues have inspired me to conduct the studies
presented in this thesis.

Box 1.1 Personal observations from the clinical field.

Survivorship care

The patient journey of cancer does not end after completing medical
treatment. Where cancer treatment focuses mainly on overall and disease-
free survival, the importance of HRQoL has been increasingly recognised.
Adequate survivorship care along the continuum of cancer care is needed
to reduce the disabling effects of cancer and possible comorbid
conditions, and rehabilitation is an essential part of this.?®? Research in the
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field of exercise rehabilitation in cancer survivors expanded over the last
decades, and growing evidence emerged for the positive effects of
exercise on the adverse effects of cancer and its treatment.??4 The
American College of Sports Medicine (ACSM) reported in their latest
recommendations that there is strong evidence for the effectiveness of
moderate-intensity, aerobic, and/or resistance exercise training on
improving perceived physical fitness and HRQoL and reducing fatigue,
anxiety, and depression. According to their recommendations cancer
survivors should engage in aerobic and/or resistance exercise at least
3times per week, with sessions of=30 minutes, for at least 8-12 weeks. It
was highlighted that exercise should be supervised if possible because
greater effects can be reached in supervised compared to unsupervised
exercise programs.?%2

While most studies focus on exercise interventions alone, multidisciplinary
rehabilitation programs may better address the complex needs of cancer
survivors.?® Dutch Oncology Rehabilitation guidelines advocate
prescription of a supervised multidisciplinary rehabilitation program for
cancer survivors who experience interrelated physical and psychosocial
complaints and/or fatigue.?® Multidisciplinary rehabilitation commonly
consists of exercise training, supplemented by otherinterventions aiming to
improve mental health, chronic fatigue, work reintegration, and nutritional
status. Since literature on multidisciplinary programs is scarce, the
development of these programs is mainly based on single-intervention
studies, which are then combined into one program.?

Beyond supervised rehabilitation

While direct beneficial effects of exercise have been described extensively,
few studies report on the long-term effects.? Kampshof et al. reported that
fatigue returned to baseline levels and aerobic capacity was still “poor” in
cancer survivors compared to healthy adults, 64 weeks after completing an
exercise intervention.?” Research showed that complaints of declined
aerobic capacity, anxiety, depression, and fatigue can remain, even for
years after cancer treatment.>*%% Persisting side effects can prevent
cancer survivors from returning back to work, or could even lead to loss of
independence in activities of daily living. It should be noted that for some
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cancer survivors, treatment has to be continued for several months oryears.
For patients with hormone receptor-positive breast cancer, for example,
hormone treatment commonly lasts five to ten years.*? As cancer survivors
live longer with the consequences of cancer and are more often confronted
with multimorbidity, it is crucial to prioritise their long-term health and
functioning beyond the immediate post-treatment phase.

To sustain or furtherimprove physical fitness levels that are achieved during
an exercise program, patients have to stay physically active beyond these
programs. It has been described extensively in the literature that regular PA
has beneficial effects on several long-term side effects and disease-free
survival.’®333¢ Therefore it is worrying that exercise programs in cancer
survivors seem to have no significant effects on long-term PA levels.?’
Qualitative research showed that cancer survivors experience the transition
from a supervised hospital-based exercise program to independent
community-based exercise as “a confrontation with the real world”.?¢ These
findings stress the importance of promoting long-term PA beyond
supervised exercise programs.

The role of community-based initiatives and telehealth

Extending supervised rehabilitation programs with a follow-up intervention
is a potential way to increase PA maintenance beyond these programs.
However, the increased pressure on the Dutch healthcare systems, asks for
close collaboration with public domains and community-based initiatives
when it comes to promoting a healthy lifestyle, in order to keep healthcare
accessible and affordable.*® Therefore, the possibility to promote long-
term PAin cancer survivors with community-based initiatives and telehealth
should be considered. Recent studies showed that remote coaching
interventions delivered during or after a structured exercise program have
the potential to support PA maintenance in cancer survivors.**-*'No research
has been carried out yet on the effects of remote coaching following
supervised rehabilitation on long-term physical fitness and patient-
reported outcomes. Besides, the acceptability of remote interventions in
the target population should be investigated, before successful
implementationis possible.

13
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Monitoring outcomes: the importance of aerobic
capacity

Measurement tools are the key to detecting impairmentsin cancer survivors
and referring them to adequate survivorship care. Proactive, ongoing
monitoring of functional outcomes from the diagnosis of cancer would be
needed to detect and treat functional impairments and to promote a
healthy lifestyle throughout treatment and survivorship.#? In the Dutch
Integrated Healthcare Agreement (in Dutch: Integraal ZorgAkkoord (IZA)),
which was published in 2022 to present the current and future healthcare
goals in the Netherlands, it was emphasised that improvement of lifestyle
factors is important to mitigate the increasing healthcare demand and
related expenses.*®

Physical fitnessis animportant outcome of a healthy lifestyle, whichis also a
primary focus of our work as physical therapists. Physical fitness is defined
as “a set of attributes or characteristics that people have or achieve that
relates to the ability to perform PA”.%3 An important component of physical
fitness is the aerobic capacity, reflecting the integrative function of
cardiovascular, pulmonary, and metabolic systems and is therefore
considered a ‘clinical vital sign’ and a good reflection of overall health.*
Moreover, aerobic capacity is inversely related to healthcare expenses and
all-cause and cancer-related mortality.*54¢ A study in veterans referred for
exercise testing showed that only small increases in aerobic capacity are
associated with an annual reduction in healthcare costs of roughly 6%.4 For
these reasons, itis worrying that cancer survivors experience alongstanding
decline in aerobic capacity of 5-22%.54

Accurate monitoring of aerobic capacity is important for the identification
of exercise limitations, for adequate individualised training prescription, and
formonitoring training progress.*#’ It could be questioned why other health
parameters like blood pressure and heart rate are monitored throughout the
patient journey of cancer and aerobic capacity is not. Aerobic capacity is
quantified by the maximum amount of oxygen that can be taken in,
transported, and used by the muscles to perform PA. The criterion standard
to examine aerobic capacity is measuring maximum oxygen uptake
(VO2max) during a maximal incremental exercise test with respiratory gas
analysis, usually referred to as a cardiopulmonary exercise test (CPET).%¢
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True VOz2max is achieved when oxygen consumption levels off, despite the
continuation of exercise with an increasing work rate.5 However, in clinical
practice, this plateau is rarely seen in nonathletic or diseased individuals.
Therefore the highest oxygen uptake achieved during a maximal CPET
(VO2zpeak) is considered the best available index of aerobic capacity in
patients with chronic diseases.%?

Dutch Oncology Rehabilitation guidelines recommend performing CPET for
medical clearance before the start of an exercise program, in cancer
survivors with an increased cardiovascular risk, such as pre-existing
cardiovascular disease, treatment with cardiotoxic chemotherapy, and
chest radiation and cancer survivors with unexplained exertional complaints
during exercise (e.g. dyspnoea or fatigue).?¢ This means that CPET is not
always indicated for cancer survivors before the start of an exercise
program. Performing a CPET for all these survivors would not be feasible,
since CPET procedures are time-consuming and require advanced
equipment, trained staff and medical supervision. Therefore, accurate, non-
sophisticated performance-based tests to evaluate aerobic capacity in
patients who currently do not undergo a CPET would be of great added
value. In the Dutch Oncology Rehabilitation guidelines, the steep ramp test
(SRT)is suggested as a performance test to determine training intensity and
evaluate the effects of training. The SRT is a short and practical maximal
exercise test performed on a cycle ergometer with an increasing work rate
of 25 Watts every 10 seconds until voluntary exhaustion. Results of previous
studies indicate that the SRT is valid to estimate aerobic capacity in cancer
survivors.®*® In situations where performance tests are not feasible, like
during a phone consultation or at the oncology day unit, self-reported
questionnaires could be useful to assess aerobic capacity.’® The Duke
Activity Status Index (DASI) and Veterans Specific Activity Questionnaire
(VSAQ) are self-reported questionnaires that are often used to estimate
aerobic capacity in cancer survivors, but the validity of these questionnaires
showed to be suboptimal.®®% Recently, the FitMax©-questionnaire
(hereafter: FitMax), was developed as a self-reported questionnaire to
estimate aerobic capacity, based on the self-reported maximum capacity
of walking, stair climbing, and cycling combined with simple demographic
characteristics. The FitMax showed to be valid to estimate aerobic capacity
in a mixed population of patients with lung, cardiac, and oncologic diseases
and athletes.®® Albeit, for both the SRT and the FitMax, the responsiveness to
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measure change in aerobic capacity has not been studied yet, while this is
animportant measurement property to be able to monitor aerobic capacity
during medical treatment or rehabilitation.’

16
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Aims and outline of this thesis

The main aim of this thesis was to monitor changes in physical fitness (i.e.
aerobic capacity and muscle strength) and patient-reported outcomes (i.e.
HRQoL; fatigue; anxiety and depression) during a supervised exercise
program as part of multidisciplinary oncology rehabilitation, optimise the
transition to independent long-term PA maintenance, and assess the
validity and responsiveness of different methods to monitor aerobic
capacity.

Chapter 2 describes the results of an observational study on the changesin
physical fitness and patient-reported outcomes in cancer survivors
participating in a 10-week supervised exercise program as part of
multidisciplinary rehabilitation, whichis part of usual care at the MUMC+.

Chapters 3 and 4 focus on the period after completion of the supervised
rehabilitation program and aim at improving long-term PA maintenance.
Chapter 3 describes the results of arandomised controlled trial (RCT) on the
effectiveness of remote coaching to optimise PA maintenance during this
period and to further improve physical fitness and patient-reported
outcomes. Chapter 4 presents the results of a qualitative study with
interviews about determinants of PA maintenance during this transition
period and the acceptability of the remote coaching intervention.

Chapters 5 and 6 address the validity and responsiveness of two different
measurement tools to monitor aerobic capacity in cancer survivors
participating in supervised exercise rehabilitation. Chapter 5 describes the
validity and responsiveness of the short and practical steep ramp test, while
Chapter 6 reports on the validity and responsiveness of self-reported
questionnaires to monitor aerobic capacity, including the FitMax.

Chapter 7 provides a general discussion of the most important findings of
the studies described in this thesis. After reflecting on the main findings,
methodological considerations and clinical implications are discussed and
recommendations forfuture research are givenin this final chapter.
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Abstract

Purpose

To describe changes in physical performance and patient-reported outcomes in
cancer survivors who participated in an exercise program as part of usual-care
multidisciplinary rehabilitation and the influence of training adaptations during the
coronavirus-19 (COVID-19) pandemic.

Methods

In an observational cohort study, cancer survivors underwent usual-care
multidisciplinary rehabilitation including a 10-week exercise program. During the
COVID-19 pandemic, the exercise program was adapted with reduced training time
and frequency. Mean changes and 95% confidence intervals in physical
performance (peak oxygen uptake (VOzpeak), peak work rate during a steep ramp
test (SRT-WRpeak), six-minute walking distance, muscle strength), and patient-
reported outcomes (health-related quality of life, fatigue, anxiety and depression)
were assessed between the start and the end of the exercise program. Linear
regression analysis, adjusting for baseline levels of outcomes, was used to
investigate differences in changes in outcomes between participants who
underwent the original and the adapted program.

Results

All outcomes statistically significantlyimproved over time, regardless of adaptations
in the exercise program. VO2peak increased with 9.6% and 7.7% in the original and
adapted program, respectively. Significant smallerimprovements were observed in
SRT-WRpeak (-2.8%) and upper body muscle strength (-27.0%) after participation
in the adapted compared to the original program. No significant between-group
differences were observed forother outcomes.

Conclusion

Physical performance and patient-reported outcomes statistically and clinically
significantly improvedin cancer survivors who participatedin an exercise program as
part of usual-care multidisciplinary rehabilitation. Improvements of performance
outcomes were smaller since the training adaptations, though only significant for
SRT-WRpeak and upper body muscle strength.
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Introduction

Over the last decades, ageing, improved diagnostics, and treatment
modalities have led to an increased number of cancer survivors. In 2018,
approximately 50 million people worldwide were living with or beyond
cancer.! Cancer survivors are often confronted with disease- and
treatment-related side effects, like fatigue, declined aerobic capacity and
muscle strength, anxiety and depression, and a diminished health-related
quality of life (HRQoL).?¢

Research in the field of cancer survivorship care expanded in the past
decades, and growing evidence emerged for the positive effects of
exercise on the aforementioned side effects.’© For this reason,
international guidelines of the American College of Sports Medicine (ACSM)
have emphasised the importance of the integration of exercise in cancer
survivorship care.”

While most studies focus on exercise interventions alone, multidisciplinary
rehabilitation programs may better address the complex needs of patients
with cancer.” Dutch Oncology Rehabilitation guidelines advocate
prescription of a supervised, exercise-based multidisciplinary rehabilitation
program for cancer survivors who experience combined physical and
psychosocial problems.™ Multidisciplinary rehabilitation commonly contains
exercise training, supplemented by arange of treatments to improve mental
health, chronic fatigue, work reintegration, body composition, and
nutritional intake. Recently, two systematic reviews were published about
the effects of multidisciplinary oncology rehabilitation in cancer survivors.
Overall, rehabilitation resulted in positive effects on physical and
psychosocial state, but the effects varied across studies.?™

In recent exercise guidelines, the majority of available evidence on the
efficacy of oncology rehabilitation is derived from randomised controlled
trials (RCTs). RCTs have strengthened the body of proof for the efficacy of
exercise in cancer rehabilitation, but have been reported to lack
generalisability to the clinical setting."™ Patients have to meet pre-
specified criteria (e.g. diagnosis, disease stage, age) in order to be eligible
for enrolment in RCTs and have to give consent to participate. This might
resultin a healthier, fitter, and more motivated population, which may not be
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comparable to a broader population of cancer survivors." While RCTs have
the most powerful study design to investigate the efficacy of rehabilitation
in a specific population under ideal circumstances, observational studies
may be more appropriate to evaluate interventions in daily practice and in
more heterogeneous populations with complex, chronic diseases such as
cancer.

In this observational study we present data about physical performance and
patient-reported outcomes in cancer survivors who participated in an
exercise program as part of multidisciplinary rehabilitation between
February 2019 and March 2021. Due to the coronavirus-2019 (COVID-19)
pandemic, social distance policies and disruption of outpatient clinic care
led to changes in the content of the training and a reduction in the training
time and frequency. Therefore, this study had the following objectives:

The primary objective of this study was to describe changes in aerobic
capacity, muscle strength, HRQoL, fatigue, and anxiety and depression in
cancer survivors who participated in a 10-week exercise program as part of
usual-care multidisciplinary rehabilitation.

The secondary objective was to compare changes in outcomes between
the group of participants that followed the original program and the group
of participants that followed an adapted exercise program, due to COVID-
19 measures.

Methods

Participants

Participants were recruited from the multidisciplinary oncology
rehabilitation program at the Department of Physical Therapy of the
Maastricht University Medical Centre (MUMC+) between February 2019 and
March 2021. Patients participating in the program were asked for consent to
use their exercise rehabilitation data. Patients who signed informed consent
were included in the study. Participants were excluded if they were unable
to follow the training program as intended. Patients were eligible for the
program when they were =218 years, completed active medical treatment
(i.e. surgery, chemotherapy, radiotherapy, stem cell transplantation), and
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were suffering from physical and/or psychosocial complaints and/or
chronic fatigue. Contraindications for participation in the rehabilitation
program were the inability to perform basic activities of daily living and the
presence of disabling comorbidities that seriously hamper physical
exercise.

Study design

This study was a prospective, longitudinal observational cohort study and all
data were collected during usual-care multidisciplinary oncology
rehabilitation at the MUMC+. Study procedures complied with the
Declaration of Helsinki and were approved by the Medical Ethics
Committee of the MUMC+ withregistration number2018-0648.

Rehabilitation program

Participants completed a 10-week supervised, group-based exercise
program. The exercise program consisted of two training sessions weekly,
both starting with one hour of combined resistance and endurance training,
followed by a 30-minute break and, subsequently, 30 minutes of varying
sports activities in the gym or swimming pool. In addition, participants took
part in at least one of the following interventions: a psychoeducational
intervention (seven individual or group-based sessions) guided by the
psychologist or the social worker; fatigue management courses (six
individual or group-based sessions) guided by the occupational therapist;
return-to-work counselling (three individual sessions) guided by the
occupational therapist, and dietary counselling (three individual sessions)
delivered by the dietician. These additional programs were provided (partly)
in parallel with the exercise program. Participants completed exercise tests
and questionnaires before the start of the exercise program (T=0) and in the
week after completing the exercise program (T=1). Of note is that some of
the otherinterventionswere not finished yetat T=1.

Measurements

Performance outcomes

A cardiopulmonary exercise test (CPET) was performed as part of usual-
care, to screen for cardiopulmonary contra-indications to exercise and to
determine aerobic capacity. The CPET was conducted on a cycle
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ergometer (Lode Corival; Lode BV, Groningen, The Netherlands) as
described previously.” After awarm-up phase, the work rate (WR) increased
gradually according to an incremental ramp-protocol, which was
determined based on the participants’ self-reported physical activity level,
aiming at a test duration of 8-12 minutes. The WR increased until the patient
stopped cycling or pedalling frequency fell below 60 rpm. This point was
defined as peak WR (CPET-WRpeak). Continuous breath-by-breath
analysis was obtained using a spirometry system calibrated for respiratory
gas and breathing volume measurements (Vyntus CPX, CareFusion
Netherlands, the Netherlands).

CPET results were analysed by a trained researcher who was blinded for the
moment of testing (T=0 orT=1), using a standardised protocol. Values of VO2
and the respiratory exchange rate at WRpeak (VOzpeak and RERpeak,
respectively) were averaged over 30 seconds. Animprovement in VOzpeak
of 1.0 mL/kg/minwas found to be associated with a 9% risk reductionin all-
cause mortality and was therefore considered a clinically relevant
improvement.’”® Submaximal outcomes of CPET were determined as well.
The oxygen uptake (VO2) at the ventilatory anaerobic threshold (VO2VAT)
was determined using the ‘V-slope’ method” and the ventilatory
equivalents method.?® The VO at the respiratory compensation point
(VO2RCP) was determined using the ventilatory equivalents method and the
minute ventilation/carbon dioxide production (VE/VCO2) slope.?’ The
interrater reliability for determination of VO2VAT and VO:RCP was
determined previously when two researchers at MUMC+ both analysed 48
tests (partly from the current study) independently. This resulted in an
intraclass correlation coefficient (ICC) of 0.95 (95% CI 0.90 ; 0.97) for
determination of the VO2VAT and an ICC of 0.99 (95% CI 0.98 ; 0.99) for
determination of the VO2RCP, which indicates an excellent interrater
reliability. The oxygen uptake efficiency slope (OUES) was derived from the
relation between VO2 and minute ventilation, using the following formula:
VO2=(axLog VE) +b, where ais the OUES.??

In addition, patients performed a six-minute walk test (6-MWT) and a steep
ramp test (SRT). These tests also gave anindication of aerobic capacity and
were performed as part of the usual-care rehabilitation program, to
determine baseline training intensity. During the 6-MWT, participants were
instructed to walk as many meters as possible, on a marked 44m-course,
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within 6 minutes. Based on the minimal clinically important difference (MCID)
of the 6MWT in adults with pathology, a change in the maximal walking
distance of 30.5 m was considered clinically relevant.?®> The SRT was
performed on a cycle ergometer (Lode Corival; Lode BV, Groningen, The
Netherlands) as described previously.” After a warming-up, the WR
increased with 25W/10sec in a ramp-like manner, until the participant
stopped cycling or pedalling frequency fell below 60 rpm. This point was
defined as peak WR (SRT-WRpeak). The minimal detectable change in SRT-
WRpeak was recently determined in survivors of cancer who participated in
exercise-based multidisciplinary rehabilitation in MUMC+. Based on the
findings of this study, an increase of 0.26\W/kg in SRT-WRpeak was seen as
atrueimprovement.”

Lower and upper body muscle strength were measured during submaximal
repetition maximum (RM) tests on the leg press and chest press machine,
respectively. The 5-RMwas estimated for both exercises and the participant
was asked to perform the maximum achievable number of repetitions up to
five repetitions with this weight. When five repetitions were reached, the
weight was increased and participants repeated the exercise after a
Iminute pause until they no longer reached 5 repetitions. True 1-RM values
were calculated afterwards using the Brzycki equation.?* In March 2020 the
gym at MUMC+ was updated and the exercise machines were replaced by
comparable new ones. Each participant performed strength tests at T=0
and T=1 on the same machines. A change in 1-RM chest press of 6.25 kg was
considered clinically relevant, as determined in a study to the MCID of RM
testing in patients with chronic obstructive pulmonary disease.?®

Patient-reported outcomes

HRQoL was measured using the European Organization for Research and
Treatment of Cancer Quality of Life Questionnaire Core-30 (EORTC QLQ-
C30). Each of the 30 items has to be rated on a scale from1to 4 and for two
items from 1 to 7. This questionnaire distinguishes 15 sub-scales. The
functioning scales (physical, role, emotional, social, and cognitive
functioning), the global QoL scale, and a functioning sum score (averaged
across the 15 items that belong to the functioning scales) were calculated.
Sub scores as well as sum scores were linearly transformed on a 100-point
scale, with higher scores indicating higher levels of HRQoL.?¢? A change of
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10 points on each subscale or the sum score, was considered clinically
relevant.?8.2

Fatigue was assessed using the Multidimensional Fatigue Inventory-20
(MFI-20), whichis a 20-item questionnaire with a five-dimensional structure
(general, physical, and mental fatigue, reduced motivation, and activity).
Eachitemis scored onafive-point Likert-scale. The sub scoresrange from 4
to 20, with lower scores indicating lower levels of fatigue. The sum score
was calculated by adding up the sub scores.*° Changes on the MFI-20
subscales that exceeded MCIDs as determined in a cohort of patients with
cancer receiving radiotherapy (ranging from 3.18 to 3.80 for different
subscales), were considered clinically relevant.®

Anxiety and depression was assessed using the 14-item Hospital Anxiety
and Depression Scale (HADS). Items are scored on a 4-point scale and sub
scores for anxiety and for depression range from O to 21, with lower scores
indicating lower levels of anxiety and depression. The sum score was
calculated by adding up the sub scores.> A change of 1.7 points for each
sub score was considered clinically relevant, as assessed in patients with
cardiovascular disease in the study of Lemay et al.*3

Other measurements

Age, cancer type, presence of metastasis and comorbidities, treatment
type, and time since treatment at T=0 were extracted from medical records.
Height and weight were measured at T=0 and T=1, after which body mass
index (BMI) was calculated. The training compliance (%) was calculated by
dividing the number of training sessions that participants attended, by the
number of planned training sessions, multiplied by 100. Indication for other
interventions in the rehabilitation program and completion rates of these
therapies at T=1were reported aswell.

Exercise protocol

Participants performed four strengthening exercises each session,
targeting large muscle groups of the upper and lower body, and core.
Resistance training consisted of three sets of 8-12 repetitions and training
intensity was set at 60% of the participant’s initial 1-RM. Endurance training
in the first training session of the week consisted of 20 minutes of walking
on a treadmill, with a walking speed of 80% of their mean speed in the
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baseline 6-MWT. In the other training session, participants performed two
sets of 10 minutes of interval training on a cycle ergometer, one set before
and one after the resistance training program. Intervals were performed for
30 and 60 seconds at 65% and 30% of the participant’s SRT-WRpealk,
respectively.® The training load was adjusted in a personalised manner,
according to the 0-10 Borg rating of perceived exertion, and a weekly
increase in load was aimed for in order to reach overload. A moderate- to
high exercise intensity was pursued for all training components,
corresponding with a Borg score of 4-6.3°

COVID-19

The rehabilitation program was interrupted between March 2020 and July
2020, because all outpatient activities were cancelled in that time frame,
due to COVID-19 measures. Rehabilitation data of participants who were
enrolledin the exercise program prior to this period and had not finished yet,
were excluded from this study because measurements at T=1 were
cancelled or postponed. In July 2020, national guidelines permitted
resumption of the rehabilitation program. Because of the social distancing
policies, exercise training took place in smaller groups of four instead of
eight patients. In order to avoid a long waiting list, the training frequency
was reduced to once weekly. Because there was only one training session
weekly, endurance training was changed to ten minutes of walking and ten
minutes of cycling in one session. Intensity of the endurance training
remained the same. Contact sports and swimming were not allowed, so
patients could only perform the endurance and resistance training program.
For participants who were recruited from July 2020 onwards, the frequency,
time, and type of exercise training changed. However, we encouraged all
participants to be physically active on other weekdays and to perform
bodyweight strengthening exercises at home once to twice weekly. Online
instructions for a home-based program with strengthening exercises were
offered to all participants. Other interventions of the rehabilitation program
took placeinsmallergroups as well orvia phone calls.

Statistical analysis

Continuous variables were checked fornormality using histograms and Q-Q
plots and are presented as mean +SD or median and interquartile ranges, as
appropriate. Categorical variables are presented as frequencies (n) and
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percentages (%). Performance- and patient-reported outcomes are
reported for the group of participants that completed the original exercise
program and the participants who completed the adapted program since
COVID-19. Outcomes are reported for measurements at T=0 and at T=1.
Mean changes between T=0 and T=1in outcome variables within individuals
are reported with 95% confidence intervals (Cl). Mean differences (and 95%
Cl) in change scores between participants who underwent the original
program and the adapted program were estimated using linear regression
analysis, with the change scores as outcome, a group variable (indicating
whether individuals followed the original or adapted exercise program) as
dependent variable, and additional adjustment for the absolute values of
the outcomes at T=0. Differences between changes in muscle strength
were reported as percentages as well, to account for possible differences
in baseline values due to the change of the exercise machine during the
study. If the 95% CI did not include zero, the mean change or difference in
change was considered statistically significant. MCIDs are reported when
they are available in literature. Changes were considered clinically relevant
when they exceeded MCIDs. Statistical analyses were performed using
SPSSversion 25.0.

Results

Participants

A total of 196 patients participated in the multidisciplinary oncology
rehabilitation program at MUMC+ between February 2019 and March 2021.
Three of them gave no informed consent for the use of their data resultingin
a participation rate of 98.4%. Eight participants were excluded because
they were unable to follow the exercise training as intended (i.e. because of
physical impairments, absence for longer periods). This resulted in a final
sample size of 185 subjects. Seventy-four and 62 participants completed
the original exercise program and the adapted program since the COVID-19
pandemic, respectively. Twelve (11.0%) and 14 (18.4%) participants were
unable to complete the original and the adapted exercise program due to
medical or other reasons, respectively. Twenty-three out of 109 (21.1%)
participants were lost to follow-up due to COVID-19 (Figure 2.7).
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Of the total population, 143 participants (77.3%) were women. Mean age
was 55.7 +11.5 years and mean BMIwas 27.9 + 5.3 kg/m?. Breast cancer was
the most common diagnosis (46.5%). Subjects started with the exercise
program on average 4.7 + 4.4 months after completing active medical
treatment. Patient characteristics were not significantly different between
groups (Table 2.1).

Patients enrolled inthe
oncology rehabilitation
feb 2019-feb 2021
(n=196)

Excluded because

unabletofollowthe

training asintended
(n=8)

A 4

Noinformed consent
(n=3)

Y

Includedinthe cohort
(n=185)

A 4

Early termination of
the training
(n=12)
Medical reasons (n=7)

Otherreason(n=5)

Participatedinthe
original exercise
program

Training frequency Z/wk
(n=109)

Participatedinthe
adapted exercise
program,
since COVID-19
Training frequency l/wk
(n=76)

Training and
measurements
postponed or
canceleddueto
COVID-19
pandemic
(n=23)

A

Early termination of
the training

Completed the exercise
program
(n=74)

Completedthe exercise
program
(n=62)

Figure 2.1Participant flowchart. COVID-19= Coronavirus-19 pandemic.

> (n=14)
Medical reasons (n=7)
Otherreasons (n=7)
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Table 2.1. Characteristics of cancer survivors who started multidisciplinary rehabilitation overall
and according to starting the rehabilitation before or after the start of the COVID-19 pandemic.

Total Cancersurvivorswho Cancer survivors who
population participated in the participated in the
of cancer original exercise adapted exercise
survivors program program, since the
COVID-19 pandemic
(Training frequency (Training frequency
2/wk) 1/wKk)
n=185 n=109 n=76
Sex(n,%)
Male 42(22.7) 27(24.8) 15(19.7)
Female 143(77.3) 82(75.2) 61(80.3)
Age (years) 55.7+£11.5 56.2+11.0 549+12.2
Body height (cm) 169.0+£7.9 169.2+8.0 168.6 7.9
Body mass (kg) 79.3+14.4 79.0+13.8 79.8+15.3
Body massindex (kg/m?) 27.9+5.3 27.6+5.0 28.2+5.8
Cancertype (n,%)
Breast cancer 86 (46.5) 51(46.8) 35(46.1)
Lung cancer 15(8.1) 10(9.2) 4(5.3)
Colorectal cancer 14(7.6) 8(7.3) 7(9.2)
Lymphomas 9(4.9) 5(4.6) 4(5.3)
Leukaemia 9(4.9) 3(2.8) 6(7.9)
Cervix 9(4.9) 5(4.6) 4(5.3)
Prostate 7(3.8) 4(3.9) 3(3.7)
Other 36(19.5) 27(24.8) 16 (21.1)
Metastasis (n, %)
Lymphatic metastasis 38(20.5) 18 (16.5) 20(26.3)
Distant metastasis 16 (8.6) 11(10.1) 5(6.6)
No metastasis 131(70.8) 80(73.4) 51(67.1)
Treatment (n,%)?
Surgery 138 (74.6) 82(75.2)) 56 (73.7)
Chemotherapy 121(65.4) 65 (59.6) 56 (73.7)
Radiotherapy 100 (54.1) 47 (43.1) 38(50.0)
Hormone therapy 57(30.8) 33(30.3) 24 (31.5)
Immunotherapy 25(13.5) 9(8.3) 16 (21.1)
Stem cell transplantation 8(4.3) 3(2.8) 5(6.6)
Time since treatment(months) 4.7+4.4 4.9+49 4.4+3.6
Comorbidity (n,%) P
Cardiovascular 45(24.3) 20(26.3) 25(22.9)
Respiratory 15(8.1) 8(7.3) 7(9.2)
Diabetes 8(4.3) 6(5.5) 2(2.6)

Values are presented as n (%) for categorical variables and as mean + SD for continuous
variables. 2 Sums of percentages are higher than 100% because participants received more
than one type of treatment; ® Sums of percentages are less than 100% because not all
participants were suffering from comorbidities.

Rehabilitation program

The training compliance rate was 93.7+7.7% and 91.37 %= 11.8% in
participants who completed the original and the adapted program,
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respectively. The percentage of indication for other interventions and their
completion rates at T=1 did not differ notably between the groups, but the
otherinterventions were often not completedyetatT=1(Table 2.2).

Table 2.2 Participation of cancer survivors undergoing multidisciplinary rehabilitation in other
interventions than the exercise intervention.

Otherinterventions (n,%) Cancer survivors who Cancer survivors who
participated in the participated in the adapted
Indicated original exercise program exercise program, since the
completed COVID-19 pandemic
(Training frequency 2/wk) (Training frequency 1/wk)
n=74 n=62
Psychology 58(78.4) 50(80.6)
Completed module at T=12 14(24.7) 11(22.9)
Occupational therapy fatigue 57 (77.0) 42 (67.8)
Completed module at T=12 8(14.0) 7(16.7)
Occupational therapy return to work 36(48.7) 32(51.8)
Completed module at T=12 5(13.9) 4(12.5)
Dietetics 12(16.2) 10 (16.1)
Completed module at T=12 8(66.7) 2(0.2)

Datais presented only for participants who completed the exercise training. The frequency and
percentage (n ,%) of participants that were indicated for an intervention are presented. Of
these participants that were indicated for the module, the frequency and percentage (n,%) of
participants that completed the module at the end of the exercise program (T=1) is presented.
2/wk= twice weekly, 1/wk= once weekly. 2 Note that this was the status of completion of the
intervention at T=1and that in many instances the interventions were still ongoing.

Changesin physical performance and patient-reported
outcomes

All measures of aerobic capacity and muscle strength improved statistically
and clinically significantly after 10 weeks of exercise training in both groups.
An increase of 1.9 mL/kg/min (9.6%) and 1.4 mL/kg/min (7.2%) in VO2peak
was observed after participation in the original and the adapted program,
respectively (Table 2.3). Patient-reported outcomes for HRQoL, fatigue,
and anxiety and depression improved statistically significantly after 10
weeks of exercise training, both before and after the changes in the
program due to COVID-19. Clinically relevant improvements in HRQoL were
reached in four out of six subscales of the EORTC-QLQ-C30 in the original
program and five out of six subscales in the adapted program. A clinically
relevant decrease in general and physical fatigue on the MFl was observed
forboth groups. Clinical relevantimprovements on the HADS were seen only
in the depression subscale before the adaptations in the program andin the
anxiety and the depression scale after the adaptations (Table 2.4).
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The influence of training adaptations

For nearly all performance outcomes, changes over time were more
pronounced before the adaptations in the program, albeit only statistically
significantly different for SRT-WRpeak and upper body strength. Mean
upper body strength improved with 48.5% in participants who took part in
the original program and with 21.5% in participants who took part in the
adapted program. Mean SRT-WRpeak improved with 0.36 W/kg(Cl
0.28;0.44) or 11.5% in participants in the original program and 0.23 (Cl|
0.14;0.32) W/kg or 7.6% in participants in the adapted program since
COVID-19 (Table 2.3). In contrast with results of the performance tests,
improvements in patient-reported outcomes were not different between
the groups that participated before orsince training adaptations (Table 2.4).

Discussion

The results of this study showed significant improvements in aerobic
capacity, muscle strength, HRQoL, fatigue, anxiety and depression in
cancer survivors following a 10-week exercise program as part of usual-care
multidisciplinary oncology rehabilitation. Changes were clinically relevant
for nearly all outcomes, MCIDs were not available in literature for 1-RM leg
press, submaximal outcomes of CPET, and for the sum score of the HADS.
For SRT-WRpeak, only the minimal detectable change was available, which
was therefore used to compare our study results with. A significant and
clinically relevant improvement in VOgzpeak of 1.9 mlL/kg/min and
1.4 mL/kg/min was seen after participation in the original program and the
adapted program since COVID-19, respectively. In ameta-analysis by Scott
et al. on the effects of exercise therapy on aerobic capacity in cancer
survivors, a larger improvement of 2.8 mlL/kg/min (Cl weighted mean
difference 1.58 ; 2.67 mL/kg/min in mean VOzpeak was observed.” Current
guidelines of ACSM prescribe an 8-12 week combined aerobic and
resistance exercise program with moderate intensity three times weekly to
improve physical function." The lower improvements in VOzpeak found in
the current study might be explained by a lower training frequency.
Moreover, the moderate-to-high training intensity prescribed in the current
study, was potentially not always reached due to limited adherence of
training intensity. Finally, the training intensity in the current study was based
on baseline performance tests and perceived exertion. Training frequency,
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type, and time were equal for all participants and could be more
personalisedinthe future.

Another plausible explanation for this inconsistency is the fact that Scott et
al. only included RCTs in the meta-analysis, which might have resulted in a
fitter population.’>' Besides, this meta-analysis focused on the effects of
exercise alone, while the current study investigated the effects of exercise
as part of multidisciplinary rehabilitation, in patients with more complex care
needs. Surprisingly, a systematic review of Dennett et al. showed no
significant effects for supervised exercise-based, multidisciplinary
rehabilitation on VO2peak, which was attributed to issues with exercise
prescriptions, which are often not well-reported in trials." In both reviews a
large heterogeneity between studies was seen.

In our study, a significant improvement in HRQolL was seen after
participation in the original program (sum score EORTC-QLQ-C30 +12.48)
and the adapted program (sum score EORTC-QLQ-C30 +16.00).
Comparable improvements were seen in a study on the effectiveness of a
12-week, multidisciplinary rehabilitation program in breast cancer patients
(sum score EORTC-QLQ-C30 +11.67).3¢ However, since most of our
participants did not yet complete the other interventions at T=],
improvements in patient-reported outcomes probably could have been
larger. Studies on oncology rehabilitation vary alotin content, duration, and
timing of the programs and in reported outcome measures. Therefore, a
more extensive comparison of our study results with existing literature was
not possible.

In this study, we also compared changesin outcomes between participants
who exercised twice weekly in the original program and participants who
exercised once weekly due to changes in the program since the COVID-19
pandemic. Significant between-group differences were observed for SRT-
WRpeak and upper body muscle strength, with larger improvements for the
group that participated in the original program. This is not surprising,
because participants in this group attended the exercise training twice
weekly. When looking at changes in the other performance outcomes, non-
significant differences were seen between groups, with larger
improvements for the group in the original program. Attention for habitual
physical activity guidelines may have increased when training frequency and
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time were diminished since COVID-19. Consequently, participants may have
been more active outside the training program since the training
adaptations, which could have reduced the expected difference in training
improvements. No significant between-group differences were seen for
patient-reported outcomes. Unexpectedly, improvements in HRQoL did
not decrease under the circumstances of the COVID-19 pandemic (e.g.
social isolation, anxiety). This could have been due to a ‘response shift’,
referring to changes in internal standards and values during a crisis.”” This
study was not originally designed to investigate the differences between
groups, therefore caution is warranted when drawing conclusions from this
study based on significance testing alone.

A strength of this study was the observational design and the fact that data
was collected during daily practice. The results might give a more realistic
reflection of the physical and psychosocial changes after an oncology
rehabilitation program, when compared to RCTs with strict inclusion criteria,
in an experimental setting.'®'® Another strength was the fact that this study
investigated a multidisciplinary rehabilitation program, which is best suited
in this population with complex care needs, but has not often been studied
before. Furthermore, data on different outcome measures were collected,
covering not only physical but also psychosocial issues and fatigue. The
observational design was not only a strength, but also a limitation of this
study, because it is more challenging to draw firm conclusions about the
changes in outcomes without a control group and random group
assignment. It is likely that the natural course of improvement in physical
performance and patient-reported outcomes after cancer treatment has
played a role in the observed changes in outcomes over time. However, in
the meta-analysis of Scott et al. a negligible meanimprovement in VO2peak
of 0.2 mL/kg/minwas seenin patients with cancerwho received no exercise
intervention. The fact that participants took part in interventions other than
the exercise training during this study, could be seen as a limitation as well.
Although patient-reported outcomes may have been influenced by other
interventions than the exercise interventions alone (e.g. psychoeducational
intervention, fatigue- and return-to-work counselling), these interventions
were less likely to have influenced performance outcomes since they did
not contain exercise elements. Further of note is that this study was aimed at
investigating cancer patients with both physical and psychosocial
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complaints and/or chronic fatigue. Therefore, the findings of the current
study cannot be generalised to all cancer survivors.

Conclusion

The results of this study indicate that cancer survivors with both physical and
psychosocial complaints, significantly improve in aerobic capacity, muscle
strength, HRQoL, fatigue, anxiety and depression during a 10-week
supervised, group-based exercise program as part of usual-care
multidisciplinary oncology rehabilitation. Reductionsin frequency, time, and
type of training during the COVID-19 pandemic still resulted in significant
improvements of all outcomes. However, improvements of most
performance outcomes appeared to be smaller since the training
adaptations, though only significant for SRT-WRpeak and upper body
strength.
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Chapter 3

Abstract

Background

Studies have shown that cancer survivors experience difficulties maintaining
physical activity (PA) levels after participation in a supervised exercise rehabilitation
program. This study aimed to assess the effectiveness of a six-month remote
coaching intervention, following a supervised exercise oncology rehabilitation
program on maintenance of PA levels, and improvement of aerobic capacity, muscle
strength, and patient-reported outcomesin cancer survivors.

Methods

Ninety-seven participants from a Dutch University Hospital’s exercise rehabilitation
program were randomised to the COACH group (n=46), receiving 6 months of
remote coaching after completing the exercise program, or the CONTROL group
(n=50), receiving no additional intervention. Assessment of PA levels; sedentary
time; aerobic capacity; muscle strength; fatigue; health-related quality of life
(HRQoL); levels of anxiety and depression; and return to work (RTW) rates were
conducted at baseline (TO) and 6 months later (T1). Multiple linear regression was
used for between-group statistical comparisons of all outcome measures. Mean
differences at T1 were estimated with corresponding 95% confidence intervals
(95%Cl).

Results

No significant between-group differences were observed for all outcomes at T1. An
adjusted mean difference in weekly PA of 45 minutes (95% CI -50 ; 140) was
observed between the COACH group and the CONTROL group, favouring the
COACH group, yet lacking statistical or clinical significance.

Conclusion

Our six-month remote coaching intervention did not notably improve PA levels;
sedentary time; aerobic capacity; muscle strength; HRQoL; fatigue; anxiety and
depression symptoms and RTW rates after participation in a supervised exercise
oncology program. Although the participants who received coaching showed
slightly higher levels of PA, these differences were not significant. More research is
needed to identify patients in need for follow-up interventions following supervised
exercise program and to investigate the effectiveness of remote coaching
interventionsin these patients.
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Introduction

Cancer survivors often experience a variety of physical and psychosocial
complaints, such as decreased aerobic capacity and muscle strength,
fatigue, and symptoms of anxiety and depression.! These issues can persist
formany years after completing medical treatment and can resultin chronic
fatigue, decreased physical activity (PA) levels, difficulties to return to work
(RTW), impaired social involvement, and consequently a diminished health-
related quality of life (HRQoL).2® For cancer survivors, participating in an
exercise rehabilitation programis away to increase their PAlevels.

Although positive short-term effects of exercise on physical and
psychosocial complaints in cancer survivors have been described
extensively, few studies report on long-term effects and PA maintenance
after completing a supervised exercise program.'*® Kampshoff et al.
reported that improvements in aerobic capacity and HRQoL persisted until
64 weeks after completing an exercise interventionin patients with different
types of cancer, while fatigue returned to baseline level. Moreover, it turned
out that levels of aerobic capacity were still ‘poor’ when compared to
healthy adults.® To further improve the health benefits that are achieved
during an exercise program, patients have to stay physically active.
However, it seems challenging for cancer survivors to sustain PA levels after
completing a supervised exercise program. The literature indicates that
short-term supervised exercise programs may be insufficient for cancer
survivors to reach and sustain PA levels that meet current guidelines.>8
Results of a qualitative study suggested that cancer survivors experience
the transition from a supervised hospital-based exercise program to
independent community-based exercise as difficult. This transition could
be improved through a more structured transition, accessibility of
transferable tools, sustained peer support, and ongoing monitoring.®

In recent randomised studies, it was shown that remote interventions, like
text messages and health coaching delivered during and after a structured
exercise program, can promote PA maintenance in cancer survivors.”"
However, in two of these studies?'°, interventions lasted only for 8 weeks,
which may be too short for habit formation'?, and long-term effects were
not assessed. Besides, the effects of remote coaching on physical and
psychosocial complaints were not examined in these previous studies.
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Therefore, the aim of this study was to examine the efficacy of a six-month
remote coaching intervention, delivered after a supervised exercise
program, on maintenance of PA levels, and on improvement of aerobic
capacity; muscle strength; HRQoL; fatigue; anxiety and depression
symptoms and RTW ratesin cancer survivors.

Methods

Design

This single-blind randomised controlled trial (RCT) recruited participants
between May 2019 and December 2021, from a usual care, supervised
10-week exercise program which was part of multidisciplinary oncology
rehabilitation at the Department of Physical Therapy of the Maastricht
University Medical Centre (MUMC+) in the Netherlands. Patients were
screened for eligibility and asked to participate during the last week of the
exercise program. The content of this exercise program as part of
multidisciplinary rehabilitation that was aimed at improving aerobic capacity
and muscle strength has been described elsewhere.”® Patients who were
willing to participate, gave written informed consent. After baseline
measurements, participants were randomised either to the intervention
group (COACH) or the control group (CONTROL) in a 1:1ratio. The allocation
sequence was generated by an independent researcher using a computer-
based random number generator and was stratified for age (<55 or >55
years old) and sexin blocks of four. The allocation sequence was concealed
for the researcher who enrolled participants and assigned them to groups,
using sequentially numbered, sealed envelopes. Procedures of data
collection were in compliance with the Declaration of Helsinki and were
approved by the Medical Ethics Committee of MUMC+ with registration
number 18-050. The study is reported according to the Consolidated
Standards of Reporting Trials (CONSORT) guidelines and was registered as
NL7729 inthe DutchTrial Register (https://trialsearch.who.int/).

Participants

Patients were eligible to participate in this study when they were =18 years
old; were suffering from physical, and/or psychosocial complaints and/or
chronic fatigue, and completed active medical treatment (i.e. surgery,
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chemotherapy, radiotherapy, stem cell transplantation) and a 10-week
exercise program, as part of multidisciplinary oncology rehabilitation.
Patients were excluded if they had insufficient understanding of the Dutch
language, were in an unstable phase of disease (e.g. receiving palliative
treatment), scheduled for chemotherapy, radiation, or invasive surgery in
the next six months, and if they were unable to perform exercise activities
without supervision (i.e. because of risk of falling orinjuring).

Intervention

The six-month remote coaching intervention was delivered by a
community-based sports organisation (Maastricht Sport, Municipality of
Maastricht, The Netherlands) and aimed to stimulate patients to increase
their PAlevels. Thisinterventionis already successfully implementedin usual
care for patients who completed an exercise cardiac rehabilitation program
at the MUMC+. Involved coaches had at least a bachelor’'s degree in Sports
Science or Sports and Movement Education, were trained in behaviour
change techniques, and were experienced in delivering the intervention.
During a face-to-face intake assessment at the Department of Physical
Therapy of the MUMC+, the coach obtained information about the subjects’
personal motivation and PA preferences, using the Capability, Opportunity,
and Motivation model of Behaviour (COM-B model). In this model about
behaviour change, capability (physical and psychological), opportunity
(physical and social), and motivation (automatic and reflective) are seen as
the drivers of behaviour." The coaches identified facilitators and barriers for
behaviour change in these three constructs using a self-developed
questionnaire and adapted the coaching accordingly. The questionnaire is
reported in an additional file [Appendix 3.1], with the percentage of
participants who answered ‘yes’ and ‘no’. After the intake, the program
consisted of individually tailored, remote coaching. The coaching took
place via phone calls or e-mails, depending on personal preferences. In the
first three months, the coach approached the subjects weekly. Thereafter,
the coach evaluated the individual progress, and the frequency was
reduced to one contact moment per month. Attendance to the intervention
was reported by the coach and adherence (%) was calculated by the
researcher at the end of the study. In case of e-mail contact, participants
had to respond by sending a reply e-mail to adhere to the intervention. The
intervention was reported according to the Template for Intervention
Description and Replication (TIDieR) guidelines.
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Control group

The control group received no additional intervention. However, during the
prior rehabilitation program, all patients were encouraged to reach PAlevels
that meet the World Health Organization (WHO) guidelines and the
healthcare providers advised all patients to sustain these PA levels and
informed them about possibilities for suitable community-based exercise in
theirneighbourhood.

Measurement procedures

Due to the nature of the intervention, it was impossible to blind participants
and care providers. However, the researcher who performed data collection
and data analysis was blinded until after data analysis, and validated,
objective measurement tools were used in order to minimise risk of bias.
Measurements of accelerometer-derived; and patient-reported PA levels;
aerobic capacity; muscle strength; fatigue; HRQoL; anxiety and depression;
and RTW rates were performed during the last week of the exercise
rehabilitation program (TO) and were repeated six months later (T1). Patient
characteristics were obtained from medical records. Self-reported PA
levels before diagnosis were assessed at baseline, during short structured
interviews. During this interview, participants reported the number of hours
per week they walked, cycled, or performed any other kind of exercise
before the diagnosis.

Accelerometer-derived PA levels

Accelerometer-derived PA levels were assessed using the validated,
waterproof, thigh-mounted tri-axial MOX accelerometer (MMOXXT;
Maastricht Instruments B.V.; Maastricht; the Netherlands).’® The MOX
showed good test-retest reproducibility (kappa=0.95) and good validity
compared to direct observations (kappa=0.99) for differentiating between
postures (lying down/sitting and standing) and PA in a laboratory setting.
Besides, the MOX has good validity for estimating time spent in the same
categories in free-living conditions, compared with diary records intraclass
correlation coefficient (ICC=0.98).” The MOX accelerometer was attached
to the right upper thigh, 10 cm proximal to the patella using a non-allergic
plaster. Subjects wore the accelerometers 24 h/day for 7 consecutive days.
With embedded software, acceleration was converted to counts per
second and time could be classified as sedentary (lying down/sitting),
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standing, or PAtime. The primary outcome measure of this study was weekly
accelerometer-derived total PA time in minutes. Weekly PA time and
sedentary time were also calculated as a percentage of waking time.

Patient-reported moderate-to-vigorous intensity PA (MVPA) levels

Patient-reported moderate-to-vigorous intensity PA (MVPA) levels were
monitored during the 7-day wear-time of the MOX accelerometer. Subjects
were asked to report daily activities spent in MVPA of =10 minutes and
wake/sleep time ina PA diary. To instruct participants, MVPA was defined as
‘physical activities while standing or moving that increase the breath and
heart rate (like brisk walking, cycling, gardening and exercising)’. Activities
that were written down were analysed afterwards by the researcher using
the compendium of PA and the total number of minutes spentin MVPA (=3.0
metabolic equivalent of task, MET) was calculated.” At T1, any consultations
with a physical therapist were extracted from the diaries as well, to check for
equal distribution of co-interventions between the groups.

Aerobic capacity

Aerobic capacity was examined during a maximal incremental exercise test
with respiratory gas analysis, usually referred to as the cardiopulmonary
exercise test (CPET). Measuring the highest amount of oxygen consumed
during peak exercise (VOzpeak) during CPET is the criterion standard to
evaluate aerobic capacity, has sufficient test-retest reproducibility
(coefficient of variation 6%)"”, and is safe and feasible in patients with
cancer.?° Height and weight were measured prior to the test. The CPET was
performed on an electronically braked cycle ergometer (Lode Corival; Lode
BV, Groningen, The Netherlands). The test consisted of a 2-minute rest
period, a 3-minute warm-up phase of unloaded cycling, and a test phase
with an incremental ramp protocol, adjusted to the patient’s self-reported
PA level, aimed at reaching a maximal effort within eight to twelve minutes.
Continuous breath-by-breath analysis was obtained throughout all the
phases of the test using an ergospirometry system calibrated for
respiratory gas analysis measurements and volume measurements (Vyntus
CPX, CareFusion Netherlands, the Netherlands). Participants were
instructed to keep cycling until exhaustion, with a pedalling frequency of at
least 60 rotations per minute (rpm). The protocol continued increasing until
the patient stopped cycling or pedalling frequency fell below 60 rpm,
despite strong verbal encouragement. Voluntary exhaustion was
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considered to be achieved when participants showed clinical signs of
intense effort (e.g., unsteady biking, sweating, or clear unwillingness to
continue exercising). CPET results were analysed by a trained researcher
who was blinded for group allocation and moment of testing (TO orT1), using
a standardised protocol. Values of oxygen uptake (VO2) and the respiratory
exchange rate at peak exercise (VO2peak and RER-peak, respectively) were
averaged over 30s. VOzpeak values were also converted to percentages of
reference values for the Dutch general population and the number of
participants that reached a VO2peak beneath the lower limit of normal was
reported.?’ The following submaximal CPET outcomes were determined as
well, as described elsewhere: VO: at the ventilatory anaerobic threshold
(VO2VAT), VO2 at the respiratory compensation point (VO2RCP) and the
oxygen uptake efficiency slope (OUES).”

Muscle strength

Muscle strength of the lower and upper extremities was measured during
submaximal repetition maximum (RM) tests on the leg press and chest press
machine. An indirect determination was used because performing a direct
1-RM testis not feasible in patients and could cause injuries. The indirect RM
test was performed with a weight that allowed for a maximum of
5repetitions. This weight was estimated and the participants were asked to
perform the maximum achievable number of repetitions up to 5 repetitions.
When more than 5 repetitions could be reached, the weight was increased
and participants repeated the exercise after a 1-min break until they no
longer reached >5 repetitions. True 1-RM values were calculated afterwards
using the Brzycki equation.?? The indirect RM-test was found to have a good
test-retest reproducibility in untrained persons (ICC>0.99).2%

Health-related quality of life

HRQoL was measured using the European Organization for Research and
Treatment of Cancer Quality of Life Questionnaire Core-30 (EORTC QLQ-
C30). This is a widely used questionnaire to assess HRQoL in patients with
cancer, showing good psychometric properties.?#?® In this questionnaire,
each of the 30 items has to be rated on a scale from1to 4 and for two items
from 1 to 7. The EORTC QLQ-C30 distinguishes 15 sub-scales. The
functioning scales (physical, role, emotional, social, and cognitive
functioning), the global QoL scale, and a functioning sum score (averaged
across the 15 items that belong to the functioning scales) were calculated
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and linearly transformed on a 100-point scale. For these sub scores, higher
scoresindicate higherlevels of HRQoL.%

Fatigue

Fatigue was assessed using the Multidimensional Fatigue Inventory-20
(MFI-20), which is a validated 20-item questionnaire designed to assess
fatigue in patients with cancer, using a 5-dimensional structure (general,
physical and mental fatigue, reduced motivation and activity). Each items is
scored on a 5-point Likert-scale. The sub scores range from 4 to 20, with
lower scores indicating lower levels of fatigue. The sum score was
calculated by adding up the sub scores.??

Anxiety and depression

Anxiety and depression was assessed using the validated 14-item Hospital
Anxiety and Depression Scale (HADS). Items are scored on a 4-point scale
and sub scores for anxiety and for depression range from O to 21, with lower
scores indicating lower levels of anxiety and depression. The sum score was
calculated by adding up the sub scores.?

Return to work

RTW was assessed during a short, structured interview. Subjects were asked
whether or not they were employed before the diagnosis and for how many
hours if they have reintegrated to the work process, and for how many
hours/week they were working at the moment of the interview. Return to
work was reported as a percentage (%) of pre-diagnosis hours of work per
week.

Sample size calculation

The sample size was calculated a priori in order to be able to identify a
clinically relevant difference in mean total PA time between the intervention
group and the control group. A sample size which provided sufficient power
(i.,e. 80%) to detect a clinically relevant difference of 15min/day or
105min/week (associated with a 4% reduction in all-cause mortality)*©
between both groups, was pursued. When using the standard deviation (sd)
of PA data from a sample of comparable patients (sd=172.46)%, a clinically
relevant change of 105 minutes/week, and an a of 0.05 resulted in a total
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sample size of n=86. Accounting for an expected loss-to-follow-up of 10%,
we aimed to include 96 patients.

Statistical analysis

Statistical analyses were performed using SPSS version 28.0 (IBM Corp.
Released 2020. IBM SPSS Statistics for Windows. Armonk, NY: IBM Corp).
Continuous variables were checked fornormality using histograms and Q-Q
plots and were presented as mean + standard deviation (sd) or as median
and 1Ist and 3rd quartile for continuous variables, as appropriate.
Categorical variables were reported as frequencies and percentages.
Multiple imputation with fully conditional specification was used to impute
incomplete records, to minimise potential bias from using complete cases
only. The number of imputations was set to fifty, and predictive mean
matching was used to draw values to be imputed. Results from inferential
statistics were pooled using Rubin’s rules.

Data were analysed on an intention-to-treat basis. Outcomes are reported
formeasurements at TO and T1 for both groups, with mean changes from TO
to T1 and corresponding 95% confidence intervals (5% Cl). Between-
group differences were calculated and reported as appropriate. Multiple
linear regression was used for between-group statistical comparisons of all
outcomes measures. Adjusted mean differences at T1 were estimated with
corresponding 95% CIl. Randomisation stratification factors (age and sex)
were entered in the regression models.®? In case of perceived group
differences in baseline variables, these variables were entered in the
regression model as well. Effect sizes (Cohen’s d) of the corrected mean
differences were calculated as well. Furthermore, the number of
participants that showed a clinically relevant increase (=105min), remained
stable (-105min ; 105min), or showed a clinically relevant decrease (<105min)
in weekly, accelerometer-derived total PA were reported for each group,
and a Pearson’s chi-square test was used for between-group comparisons.

Results

Participants

Between May 2019 and December 2021, 202 patients participating in the
multidisciplinary rehabilitation program of the MUMC+ were screened for
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eligibility. Sixty-nine patients did not meet the inclusion criteria and
36 patients declined to participate. Reasons for exclusion and declining to
participate are described in Figure 3.1. Ultimately, a total of 97 participants
(48%) were included and randomly assigned to the intervention group
(COACH, n=47) or the control group (CONTROL, n=50). One participants in
the COACH group deceased during the course of the study and was
therefore excluded from analysis (Figure 3.1).

Participants who received the intervention (n=43), completed on average 12
of the 15 intended remote coaching appointments, resulting in a mean
adherence rate of 83%. Due to the measures during the coronavirus-19
(COVID-19) pandemic, the intake assessments originally scheduled for
face-to-face appointments were conducted via phone calls for four
participants. After the intake, seven participants chose to receive the
coaching by e-mail, 34 participants received phone calls and two
participants got a combination of phone calls and e-mails. The duration of
the phone callsranged from10-20 minutes.

Outcome measures at Tl could not be collected in 8 participants in the
COACH group (17%) and 5 participants in the CONTROL group (10%).
Medical issues were the most common reason (46%) for drop-out. Reasons
for drop-out are described in Figure 3.1. For participants who completed
the outcome measurements, mean time between TO and Tl was 27 + 2.3
weeks in the COACH group and 27 + 5.8 weeks in the CONTROL group.
Missing outcome variables were imputed before further analysis.

Baseline characteristics are presented in Table 3.1. Breast cancer was the
most common diagnosis (55%), the mean age was 54 + 12 years and mean
BMI was 27.5 + 4.7 kg/m?. Based on qualitative appraisal of the baseline
characteristics, baseline accelerometer-derived weekly PA differed
between the COACH and the CONTROL group. Mean weekly PA was
848 +£256 min in the COACH group and 894 + 256 min in the CONTROL
group. Other baseline variables were balanced between both groups
(Table 3.1). Therefore, baseline weekly PA was entered in the regression
model as a covariate to adjust between-group analyses.
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Enrollment

Assessed for eligibility

Did not meetinclusion criteria, reasons
(n=69)
* Unsafe to perform exercises without
supervision (e.g. because of balance
problems)(n=14)

* Unstable phase of disease, palliative
treatment (n=13)
* Receiving treatment at the moment/in

the next 6 months that is expected to
influence PA(n=14)

* Did not complete rehabilitation program
asintended (n=14)

* Rehabilitation program interrupted
because of Covid-pandemic (n=5)

3 Unable toread/speak the Dutch
language (n=3)

3 Difficult to reach by phone, limited
compliance during rehabilitation program
(n=5)

. Going abroad for>1monthinthe next 6
months (n=1)

Allocated to the intervention group (COACH)

(n=47)
* Received allocated intervention (n= 44)
+ Did notreceive allocated intervention

(n=3), reasons
- Lostcontact (n=1)*
- Covid-19 measures(n=1)
- Notreferred due to administrative
mistake (n=1)
*Did not complete Tl assessment either (n= )

;

Did not complete Tl assessment, reasons
(n=8)
Deceased (n=1)*
Personal reasons (n=2)*
Medical reasons (n=2)
Lost contact(n=3)*
*Discontinued intervention (n=3)

.
+
.
+

!

Completed Tl assessment
(n=39)

|

Analysed afterimputation
(n=46)
* Excluded from analysis (n=1), reasons
- Deceased(n=1)

(n=202)
Declined to participate, reasons

N (n=36)

B . Time-consuming (did not fitin schedule,
felt like it would be ‘too much’, did not
want obligations) (n=21)

3 Preferred to continue with exercise
independently (n=6)
+ Did not want to wear accelerometer (n=2)
L Did not want to perform exercise tests
again(n=1)
* Medical reasons (n=2)
+ Unknown (n=4)
Randomized
(n=97)
A
Allocation Allocated to the control group (CONTROL)
(n=50
+ Receivedusual care (n=50)
4
Follow-Up Did not complete Tl assessment, reasons
(n=5)
+ Medical reasons (n= 4)
+ Personalreasons (n=1)
Completed Tl assessment
(n=45)
Analysis

Analysed afterimputation
(n=50)

Figure 3.1. Participant flowchart. T1= outcome assessment, 6 months after the start of the

study. Covid-19=Coronavirus-19.
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Table 3.1. Baseline characteristics for the COACH group and CONTROL group.
COACH group CONTROL group

n=46 n=50
Sex(n,%)
Male 9(20%) 12 (24%)
Female 37 (80%) 38 (76%)
Age (years) 52.9+10.4 59,8 2= 12,
Body massindex (kg/m?) 28.0+5.0 26.6+4.2
Cancertype (n,%)
Breast cancer 27 (59%) 26 (52%)
Lung cancer 2 (4%) 5(10%)
Leukaemia 2 (4%) 2 (4%)
Lymphomas 4(9%) 1(2%)
Colorectal cancer 3(7%) 1(2%)
Head- and neck cancer - 3(6%)
Other 8 (17%) 12 (24%)
Metastasis (n, %)
Lymphatic metastasis 7(16%) 17 (34%)
Distant metastasis 3(7%) 1(2%)
No metastasis 36(78%) 32 (64%)
Treatment (n,%)
Surgery 38 (83%) 41(82%)
Chemotherapy 29 (63%) 29 (58%)
Radiotherapy 23(50%) 28 (56%)
Hormone therapy 15(33%) 16 (32%)
Immunotherapy 8 (17%) 7(14%)
Stem cell transplantation 2(4%) 1(2%)
Time since active medical treatment (months) 7.5+6.1 6.3+4.0
Comorbidity (n,%)
Cardiovascular 10 (22%) 11(22%)
Respiratory 1(2%) 5(10%)
Musculoskeletal 11(24%) 19 (38%)
Psychological 4(9%) 7(14%)
Self-reported exercise history before diagnosis 5+5 6+7
(hours/week)
Employed before diagnose 38 (83%) 39(78%)
Weekly physical activity TO (min)A 848 £ 256 894 +256
Peak oxygen uptake TO (mL/kg/min) 22.3+6.1 22.7+6.1
Quality of life (EORTC-QLQ-C30 sum score) 731+15.6 74.6+15.3
Fatigue (MFI-20 sum score) 57+15 54 +18
Anxiety and Depression (HADS sum score) N+6 12+8

Values are presented as n(%) for categorical variables and as mean + SD for continuous
variables. A Accelerometer-derived total physical activity (including physical activity of all
intensities e.g. light, moderate and vigorous intensity). EORTC-QLQ-C30= European
Organization for Research and Treatment of Cancer Quality of Life Questionnaire Core-30,
MFI-20= Multidimensional Fatigue Inventory-20, HADS= Hospital Anxiety and Depression
Scale, TO=Baseline.
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Within-group changes

At T1, mean weekly accelerometer-derived total PA increased with +33 min
(95% CI-48;113) in the COACH group and decreased with -30 min (95% CI
-96;36)inthe CONTROL group comparedtolevelsat TO. Both within-group
changes were not significant. Besides, the weekly time that participants
were sedentary during waking hours decreased with -147 min (95% CI -396 ;
102) in the COACH group and increased with +62 min (95% CI -194 ; 317) in
the CONTROL group, although not significant. No significant changes over
time from TO to T1 were seen either for mean values of weekly self-reported
MVPA, CPET outcomes, upper and lower body muscle strength and
different domains, and sum scores of HRQoL, fatigue, and anxiety and
depression, in both groups. RTW increased significantly in both groups, with
29% (95%CI 16 ; 42) in the COACH group and 35% (95% CI 18 ; 51) in the
CONTROL group (Table 3.2 and 3.3).

In the COACH group, 17 participants (37%) showed a clinically relevant
increase (=105 min) in weekly accelerometer-derived PA, 15 participants
(33%) remained stable and 14 participants (30%) showed a clinically relevant
decrease (<105min). In the CONTROL group, 12 participants (24%) showed a
clinically relevant increase (=105min), 24 participants (48%) showed no
change and 14 participants (28%) showed a clinically relevant decrease
(=105 min) in weekly accelerometer-derived PA. Clinically relevant changes
were not statistically significantly different between groups (p=0.58).
Individual participant changes from TO to TI in weekly accelerometer-
derived physical activity are visualised in line graphs for both groups (Figure
3.2).
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Figure 3.2. Individual participant changes from TO to Tl in weekly accelerometer-derived
physical activity (min) for participants in the COACH group who showed a relevant increase (A),
decrease (B) or no change (C) in weekly physical activity, and for participants in the CONTROL
group who showed a relevant increase (D), decrease (E) or no change (F) in weekly physical
activity. Values of some patients are based on mean of multiple imputed values. COACH-= the
group of participants receiving a remote coaching intervention; CONTROL= the group of
participants receiving no intervention, TO= baseline assessment, start of the study; Tl=
outcome assessment, 6 months after the start of the study.

Between-group differences

After adjusting for sex, age, and baseline weekly accelerometer-derived
total PA, no significant between-group differences were seen at T1 for
weekly accelerometer-derived total PA, VOzpeak, 1-RM leg press, 1-RM
chest press, and sum scores forHRQoL, fatigue, anxiety and depression and
RTW (Table 3.3). Ten participants in the COACH group (22%) and ten
participants in the CONTROL group (20%) went to the physical therapist
during the study period, so co-interventions were equally divided between
groups. At T1, weekly accelerometer-derived total PA was on average
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881+268 min in the COACH group and 864 = 253 min in the CONTROL
group. For both groups, this was equal to 14 + 4% of their waking time. An
adjusted mean difference of 45 min (95%CI -50 ; 140, p=0.35) was seen for
the COACH group minus the CONTROL group at T1, indicating slightly higher
levels of PA in the COACH group, although not statistically significant. This
was confirmed by the Cohen’s effect size of d=0.17, indicating a small
effect. Weekly sedentary time during waking hours was 4010 £+ 819 min
(64+11%) in the COACH group and 4002 £ 765 min (63 = 11%) in the
CONTROL group, resulting in an adjusted mean difference of -36 (95%Cl
-389 ; 318, p=0.84) min per week (Table 3.4). The COACH group reached a
mean VOzpeak of 22.3 + 6.1 (71 £ 17% of predicted), while the CONTROL
group showed a mean value of 22.7 £ 6.4 (75 £ 19% of predicted) (Table 3.2).
At T1, 19 participants in the COACH group (41%) and 18 participants in the
CONTROL group (36%) reached a VOzpeak beneath the lower limit of
normal.?' A small, but non-significant effect was found for HRQoL as well,
with a corrected mean difference of 4.0 points (95% CI -2.9 ; 10.0) on the
EORTC-QLQ-C30, and an effect size of d=0.26 favouring the COACH

group.

Table 3.4. Between group differences at T1using linear regression.A

Mean difference® P-value Cohen’sd

(95% ClI) effect
sizeP
Weekly accelerometer-derived total PA (min) 45(-50;140) 0.35 0.17
Weekly accelerometer-derived sedentary wake -36(-389 ; 318) 0.84 -0.05
time (min) ¢
Weekly self-reported weekly MVPA (min) -16 (-190;158) 0.86 -0.04
Peak oxygen uptake, VOzpeak (mL/kg/min) -0.7(-2.9;1.4) 0.50 -0.1
1-RMleg press (kg) 2(-12;17) 0.77 0.06
1-RM chest press (kg) 0(-4;5) 0.94 0.00
Quality of Life, EORTC-QLQ-C30 Sumscore 4.0(-2.9;10.0) 0.28 0.26
Fatigue, MFI Sum score -2(-10; 6) 0.52 -0.1
Anxiety and depression, HADS Sum score -1(-4;2) 0.42 -0.14
Return to work, percentage hours returned (%) -7(-29;16) 0.55 -0.15

A Corrected for gender, age, and baseline values of weekly physical activity. B Mean difference
is = unstandardized B; COACH group minus CONTROL group. ¢ Weekly time that participants
were sedentary during waking hours. P Calculated as the corrected mean difference divided by
the pooled standard deviation for both groups at T1. T1= follow-up; PA= physical activity, MVPA
=moderate-to-vigorous physical activity, VOz2peak=peak oxygen uptake 1-RM=one-repetition
maximum EORTC-QLQ-C30= European Organization for Research and Treatment of Cancer
Quality of Life Questionnaire Core-30, MFI-20= Multidimensional Fatigue Inventory-20,
HADS= Hospital Anxiety and Depression Scale, 95% Cl= 95% confidence interval.
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Discussion

This study shows that extending a supervised exercise-based oncology
rehabilitation program with our six-month remote coaching intervention had
no significant benefits compared to no additional intervention. No
significant between-group differences were seen for weekly
accelerometer-derived PA levels; sedentary time and self-reported MVPA
levels; aerobic capacity; upper and lower body muscle strength; quality of
life; fatigue; anxiety and depression; and RTW; after six months of receiving
or not receiving a remote coaching intervention. An adjusted mean
difference in weekly accelerometer-derived total PA of 45 minutes was
seen between the COACH group and the CONTROL group at T1, favouring
the COACH group, and a small effect size of d=0.17, but effects were not
statistically nor clinically relevant.?® RTW increased significantly in both
groups, while all other outcomes remained stable within both groups, six
months after completing the supervised exercise program. However, non-
significant within-group changes of +33 min in the COACH group and -30
min in the CONTROL group were seen in the primary outcome measure
accelerometer-derived PA.

We hypothesized that the COACH group would maintain or improve PA
levels, while the CONTROL group would show a decrease. However, results
showed that 70% and 72% of the participants in the COACH group and
CONTROL group respectively, were able to maintain orimprove PA levels six
months after completing supervised exercise oncology rehabilitation. No
significant between-group differences were seen for the distribution of
participants that showed a decrease, anincrease, or no change in PA levels.
The ability to maintain PA levels after a supervised rehabilitation program
varied considerably across participants and was not affected by a remote
coachingintervention (Figure 3.2).

At T1, participants in the COACH group had a total accelerometer-derived
PA of 881 + 268 min/week compared to 864 + 253 min/week in the
CONTROL group. For both groups, this was equal to 14 + 4% of their waking
time. Participants in the COACH group and the CONTROL group spent on
average 64% and 63% of their waking time sedentary. The PA levels in the
current study are comparable, but slightly higher compared to those of
patients with colorectal cancer in a Dutch cohort study (n=114), who were
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older than our population (mean age 70.0 years) and showed a physical
activity time of 1.7h/day, equal to 714 min per week, measured with the MOX
accelerometer.®® In an RCT by O’Neill et al., a higher mean total PA time of
1650 min/week was found in participants with esophagogastric cancer in
Ireland (n=22, mean age 61.4 years), measured with the ActiGraph
accelerometer, 3 months after participating in a 12-week multidisciplinary
rehabilitation program containing supervised exercise, with no significant
changes over time since the end of the program.* Sweegers et al.** pooled
ActiGraph accelerometer data of 1447 cancer survivors from the
Netherlands, Australia, Canada, and the United states, with a mean age of
59.3 years and a median time since medical treatment of 46.6 months. They
reported that participants spent on average 66% of their day sedentary,
which is in accordance with the results of the current study. Total physical
activity, on the other hand, was much higherin their study, with 297 min/day,
or 2075min /week. This discrepancy could be partly explained by the fact
that time spent in standing posture was included in PA time in their study,
while this was not the case in the current study. Large differencesin PA time
between studies could be due to differences in the population (e.g. age,
diagnosis, living area) and the use of different accelerometers. Besides, in
some of the studies, participants took partin a rehabilitation program, while
thiswas not the case in other studies.

Itis difficult to furtherinterpret the values for weekly total PA time correctly
because normative values or guidelines do not exist. The WHO guideline
only reports thresholds on the recommended amount of min/week spentin
MVPA (PA with an intensity=3.0METs).% In this study, we did not subdivide
PA, because of a limited reproducibility of the MOX-accelerometer for
estimating minutes of MVPA.” While the recent guidelines only report
thresholds on the amount of MVPA per week, the recommendation to
minimise sedentary behaviour was added.** This was underpinned by the
acknowledgement that replacing sedentary time with any intensity of PA
(including light activity), has health benefits. However, there is still
insufficient evidence to determine quantitative thresholds and specific
recommendations on reducing sedentary behaviour apart from MVPA. We
asked participants to keep a PA diary in order to get insight in minutes of
MVPA. At T1 participants in the COACH group reported 557 +400 min of
MVPA, while the CONTROL group reported 589 + 414 min. These values are
much higher than the WHO guidelines of 150-300 min. It can be expected
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that time of MVPA was highly overestimated by the participants, as was
concluded by Smith et al. in a study about self-reported PA in patients with
prostate cancer.”

In contrast to the findings of our study, a meta-analysis of Roberts et al.
showed significant positive effects for digital interventions on PA levels in
cancer survivors (mean difference in MVPA=49 min/week, 95% CI 16 ; 82).
However, the included studies used self-reported PA as outcomes and high
levels of heterogeneity were seen.*® Gomersal et al. reported that a12-week
tailored text messaging intervention, additional to a standard-care 4-week
oncology rehabilitation program had beneficial effects on sitting time and
time spent in light-intensity PA, but not on MVPA, measured with the
activPAL accelerometer.’ In a study of Gell et al., cancer survivors who
received tailored advice from a health coach and follow-up phone calls and
messages, combined with a Fitbit activity monitor for goal setting following
an exercise-based rehabilitation program maintained accelerometer-
derived (Actigraph) MVPA levels eight weeks later. Participants who got a
Fitbit activity monitor with one-off advice only, showed a significant decline
inMVPA minutes.’

In the current study, we also assessed aerobic capacity. Results showed
that aerobic capacity remained stable from TO to T1in both groups, without
between-group differences. At Tl, participants in the COACH group
reached mean a VOzpeak of 22.2 mL/kg/min (71% of predicted), while
participants in the CONTROL group had a mean VOzpeak of 22.6 mL/kg/min
(74% of predicted). For 41% and 36% of the participants in the COACH
group and the CONTROL group respectively, these values were below the
lower limit of normal.?’ These findings confirm that a 10-week supervised
rehabilitation program was not sufficient to reach normal levels of aerobic
capacity and, in contrast to our hypothesis, additional remote coaching had
no beneficial effects. Thisis worrying since aerobic capacity can be seen as
a clinical vital sign and is inversely related to all-cause and cancer-related
mortality.3?40

Contrary to our expectations and findings of previous studies, our remote
coaching intervention following supervised exercise rehabilitation did not
show to be significantly effective to improve PA levels, sedentary time,
physical fitness, and patient-reported outcomes. One potential
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explanationis the fact that a relatively motivated group of participants was
selected for this study, since they were willing to attend the supervised
rehabilitation program in the first place and consented to participate in this
study afterwards. These patients might have been more motivated to
sustain orincrease PAlevels, compared to the general population of cancer
survivors. This was confirmed by our data, showing that 72% of the
participants in the CONTROL group, who did not receive any additional
intervention after the supervised rehabilitation, was able to maintain or
increase PA levels. Moreover, participants in this study were relatively young
compared to the general cancer population. The mean age was comparable
to other studies on exercise oncology rehabilitation, which indicates that
more research is needed on targeting older cancer survivors for oncology
rehabilitation.’# Potentially, the effects of remote coaching investigatedin
this study would have been significant if only patients in need were
targeted. Harris et al. described that elderly participating in a physical
activity study reported greater physical activity than the non-participants.*?
Furthermore, the study information and the follow-up measurements may
have been a stimulus for participants to sustain PA levels. Receiving
information about the study might have raised the awareness for PA
maintenance and the prospect of follow-up measurements potentially
motivated people to stay active. Besides, participants may have increased
PA during the week of the accelerometer measurement. This phenomenon
is known as measurement reactivity, meaning that behaviour is likely to
change when it is monitored.** However, this probably occurred in both the
COACH group and the CONTROL group and did therefore not influence
intervention effects. This can be confirmed by the finding that aerobic
capacity remained stable over time and did not differ between groups
either, since increasing PA in the week of the measurement does not
influence outcomes of aerobic capacity.

Strengths of our study included the objective and accurate measurement of
PA and sedentary behaviour using the MOX accelerometer and aerobic
capacity using the CPET. However, more research is needed to determine
thresholds for categorising intensities of PA using objective PA
measurements, such as accelerometry. Furthermore, a broad spectrum of
variables was collected, covering not only physical but also psychosocial
outcomes and fatigue. One of the limitations was the fact that participants
were recruited from a multidisciplinary rehabilitation program, suitable for
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patients who experience both physical and psychosocial complaints and/or
chronic fatigue. Therefore, the findings of this study are not generalisable to
all cancer survivors. Besides, PA behaviour might have changed during the
course of this study because of the COVID-19 pandemic. However,
because of the randomised controlled design, this is unlikely to have
distorted the study results. The majority of the participants completed the
intervention asintended despite the COVID-19 measures. Anotherlimitation
was the fact that intervention dose and duration were equal for all
participants in this study. This intervention should be optimised and
personalised in the future. Important keys that play a role in PA maintenance
should be taken into account when optimising the intervention. A qualitative
study showed that the remote coaching intervention investigated in the
current study was acceptable for cancer survivors, but added value differed
between patients. For some participants, the intervention could be
improved by adding face-to-face appointments. Self-efficacy,
accountability, PA habits, physical complaints, and accessibility of facilities
were key themes for PA maintenance and should therefore be taken into
considerationwhenimproving the intervention.**

Future research should focus on identifying determinants (e.g. patient
characteristics, medical status, social environment) that are related to PA
maintenance after supervised rehabilitation. This would enable healthcare
providers to monitor the patients atrisk beyond the program and offerthem
a follow-up intervention. In addition, the content of remote coaching could
be improved accordingly and tested for efficacy. Since reaching, and
motivating patients through remote coaching interventions is challenging,
appropriate methods to achieve this should be explored, as well as the
acceptability of these interventions in the target population. Another
limitationis the fact that little is known about the minimal clinically important
change in PA. Future research should look into the minimal change in PA that
isrelevant for cancersurvivors. Lastly, after optimising thisremote coaching
intervention, knowledge should be expanded to adjacent regions and
effectiveness should beinvestigated at alargerscale.
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Conclusion

Extending a supervised exercise oncology rehabilitation program with a six-
month remote coaching intervention was not effective to improve
maintenance of PA levels; aerobic capacity; muscle strength; and patient-
reported outcomes in cancer survivors. However, a non-significant mean
difference of 45 minutes in PA was found, favouring the group of
participants that received the remote coaching intervention. More research
is needed to identify patients most in need of follow-up interventions
following supervised exercise programs and to investigate the
effectiveness of remote coachinginterventionsin these patients.
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Appendix 3.1

Intake questionnaire remote coachingintervention according
to the COM-B model

Physical capacity |spend atleast 30 minutes daily performing physical activities

Psychological
capacity

Reflective
motivation

74

that make my heartrate and breathing frequency raise. (e.g.
brisk walking, cycling, swimming, running fitness, ball games).

Iknow what the recommended level of physical activity is
according to current guideline.

I know what kinds of physical activities are suitable for
improving my health.

Iknow what kinds of physical activities are not suitable for
improving my health (e.g. because of injuries or healthissues).

Italk regularly (at least once a week) about the theme physical
activity with others.

Iknow how to make a good planning, in order to perform
sufficient physical activity.

[ know how to monitor my physical activity.

Iknow how to avoid skipping planned physical activities.

Iwould identify myself as someone who finds itimportant to be
sufficiently active.

lamresponsible for performing sufficient physical activity.

I am confident that | will manage to perform sufficient physical
activity.

Ibelieve that having an active lifestyle is good for my health.

Ibelieve that having an active lifestyle has a positive effects on
my working- and private environment.

Ibelieve that performing sufficient physical activity makes
people feel good.

YES52%
NO 48%

YES 95%
NO 5%

YES 31%
NO 69%

YES 93%
NO 7%

YES75%
NO 25%

YES 43%
NO 57%

YES75%
NO 25%

YES 89%
NO 11%

YES75%
NO 25%

YES100%
NO 0%

YES100%
NO 0%

YES 86%
NO 14%

YES 93%
NO 7%

YES100%
NO 0%



Automatic
motivation

Physical
opportunity

Social
opportunity

Effects of remote coaching following supervised exercise oncology rehabilitation

Ibelieve that performing insufficient physical activity makes
people feel guilty.

Ihave decided to start performing sufficient physical activity.
It takes little effort for me to perform sufficient physical activity.
lam willing to give up other activities, in order to perform

sufficient physical activity.

I'have clearly in mind what | want to achieve during the remote
coachingintervention.

I encourage myself to make performing sufficient physical
activity a habit.

Performing sufficient physical activity makes me feel good.

| feel like I have the resources in my environment (e.g., time,
money, transportation, materials needed) to perform sufficient
physical activity.

| avoid situations or stimuliin my environment that prevent me
from performing sufficient physical activity.

There are cues orreminders in my environment that remind me
to perform sufficient physical activity.

Ibelieve that most of the people | hang out with perform
sufficient physical activity.

Ibelieve that most of the people | hang out with believe | should
perform enough physical activity.

I feel like lhave enough social support to be perform sufficient
physical activity.

YES100%
NO 0%

YES 80%
NO 20%

YES50%
NO 50%

YES77%
NO 23%

YES 91%
NO 9%

YES 89%
NO 11%

YES 95%
NO 5%

YES 80%
NO 20%

YES 43%
NO 57%

YES 64%
NO 36%

YES 64%
NO 36%

YES73%
NO 27%

YES 84%
NO 16%
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Abstract

Purpose

The purpose of the study was to investigate perceived determinants of physical
activity (PA) maintenance following supervised exercise oncology rehabilitation and
the acceptability of aremote coachingintervention during this period.

Methods

A phenomenological qualitative study with semi-structured interviews was
conducted. Nineteen participants (16 women, 3 men) were recruited from the
intervention (n=12) and control group (n=7) of a randomised controlled trial on the
effectiveness of remote coaching following supervised exercise oncology
rehabilitation. Participants in the intervention group received a 6-month remote
coaching intervention after completing the exercise program, aimed at stimulating
PA maintenance. The interviews were based on the Capability, Opportunity, and
Motivation model of Behaviour (COM-B model) and the framework of acceptability
(TFA) and were coded using template analysis.

Results

Key themes regarding determinants of PA maintenance were self-efficacy, PA
habits, accountability, physical complaints, and facilities. Remote coaching was
perceived acceptable because it stimulated PA maintenance by offering a source of
structure and social support and thereby increased accountability. Moreover, it
improved confidence to perform PA, leading to increased levels of self-efficacy.
The remote nature of the intervention was perceived as convenient by some of the
participants, while others would have preferred additional physical appointments.

Conclusions

Cancer survivors considered remote coaching acceptable to stimulate PA
maintenance following supervised rehabilitation. Interventions should focus on
increasing accountability, and self-efficacy, forming habits, and helping cancer
survivors to overcome barriers.

Implications for cancer survivors

The ability to maintain PA beyond supervised exercise oncology programs depends
on many determinants. Remote coaching interventions have potential to target
individually relevant determinants following exercise programs in cancer survivors.
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Introduction

Cancer survivors can experience longstanding side effects like fatigue,
declined aerobic capacity and muscle strength, psychological distress, and
a diminished health-related quality of life (HRQol)."® It has been well-
established that regular physical activity (PA) improves aerobic capacity and
muscle strength, reduces cancer-related fatigue and psychological
distress, and consequently improves HRQoL.®*” A dose-response
relationship exists between post-diagnosis PA and all-cause and cancer-
related mortality, with risk reductions of up to 35%.8 Therefore, it is worrying
that cancer survivors spend only 34% of their waking time in physical activity
and are sedentary for the remaining time.’

Participation in a supervised exercise-based oncology rehabilitation
program is a structured way to sustain or increase PA levels. However,
existing literature suggests that cancer survivors experience difficulties with
maintaining PA beyond the completion of a supervised exercise program.'©™
To sustain or increase the health benefits achieved during an exercise
program, patients have to stay physically active. In a review about PA
maintenance following exercise interventions, successful PA maintenance
at 3 to 12 months was achieved in less than half of the included trials.™
Schmidt et al. described in their qualitative study that cancer survivors
experience the transition from a supervised hospital-based exercise
program to independent community-based exercise as “a confrontation
with the realworld”.”

A potential way to improve the transition phase following supervised
exercise programs is by supporting it with a remote coaching intervention.
Remote interventions have gained popularity and are promising in the
delivery of lifestyle interventions in cancer survivors." Two recent studies
showed that remote interventions, like text messages and health coaching,
delivered during and after a structured exercise program, are feasible and
lead to increased PA levels in cancer survivors.'®'¢ Contrarily, Groen et al.
reported in their meta-analysis that the effects of distance-based PA
interventions in cancer survivors are small. However, no firm conclusions
could be drawn from these findings, as the included trials had major
limitations.”
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In order to improve PA maintenance following supervised exercise
programs in cancer survivors, it is necessary to getinsight into factors that
influence PA behaviour during this transition period. Ferri et al. performed a
qualitative study on PA maintenance three months after supervised
rehabilitation in a tertiary hospital in Australia and reported that perceived
exercise benefits motivate cancer survivors to stay active after a supervised
exercise program. At the same time, the transition from a supervised
environment to everyday life was a significant barrier to keep exercising.”
When developing or refining PA maintenance interventions, it is essential to
understand PA behaviour following supervised exercise programs and the
context in which this behaviour occurs. Theories of behaviour change canbe
used to understand and unravel the underlying mechanisms.”® The
Capability, Opportunity, and Motivation model of Behaviour (COM-B
model) conceptualises behaviour as part of a system of interacting
factors.”?%In the current study, perceived determinants of PA maintenance
will be explored from the perspectives of the COM-B model.

Even when effective, implementation of interventions that support PA
maintenance is only likely to succeed when these are acceptable for the
target population. The Theoretical Framework of Acceptability (TFA),
defines acceptability as ‘a multi-faceted construct that reflects the extent
to which people delivering or receiving a healthcare intervention consider it
to be appropriate. The TFA comprises seven domains (i.e. affective attitude,
self-efficacy, perceived effectiveness, ethicality, intervention coherence,
burden, and opportunity costs).?’ The TFA is considered to be helpful in
assessing the acceptability of complex healthcare interventions within the
development, piloting and feasibility, outcome and process evaluation, and
implementation phases, as described by the Medical Research Council
(MRC) guidelines.?"??

Dennett et al. reported that an 8-week tele-rehabilitation program was
perceived acceptable in cancer survivors.?® Results from Gell et al. indicate
that a remote coaching intervention is acceptable to improve PA
maintenance following a supervised exercise program.?* To our knowledge,
no studies have been performed yet on the acceptability of remote
coaching following supervised oncology rehabilitation, using the TFA
model.
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The first aim of this study was to get insight into perceived determinants of
PA maintenance in the transition from a supervised exercise oncology
rehabilitation program to habitual PA in the community. The second aim was
to assess the acceptability of a 6-month remote coaching intervention to
stimulate PA maintenance following a supervised exercise program in
cancer survivors.

Methods

Study design and theoretical frameworks

A qualitative study design with a phenomenological approach was used and
semi-structured interviews were conducted. Procedures of data collection
complied with the Declaration of Helsinki and were approved by the Ethical
Review Board of Maastricht University Medical Centre (MUMC+) (registration
number 18-050). Results were reported according to the Consolidated
criteriaforReporting Qualitative research (COREQ).

Theinterviews investigated:

(1) the perceived determinants of PA maintenance following a supervised
oncology exercise program. This part was explorative in nature, using
the COM-B model as a theoretical framework. An explorative approach
was applied to entangle the complex interaction of factors influencing
PAbehaviour;

(2) the acceptability of a remote coaching intervention in this period. This
part was explanatory in nature, using the framework of acceptability
(TFA) as atheoretical basis.

COM-BModel

PAmaintenance was explored from the perspective of the COM-B model. In
this model Capability (physical and psychological), Opportunity (social and
physical), and Motivation (reflective and automatic) are seen as drivers of
Behaviour. Motivationis the central mediator of the model which is affected
by Capability and Opportunity (Figure 4.1). In the COM-B model, behaviour
is seen as part of a complex system of interacting factors.”?° The
interpretation of the constructs of the COM-B modelin the current study is
described in Appendix 4.1. The analysis of perceived determinants of PA
maintenance had an explorative approach because the contribution of the
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different constructs of the COM-B model to PA maintenance is complex
and remains unknown. Focusing only on these distinct constructs might
resultin a thin description of determinants without getting to the root of the
problem of PA maintenance.

Therefore, the COM-B constructs were guiding during the interviews and
analyses but not restrictively defining, and key themes were allowed to
emerge apart from the constructs of the model.

Physical
capability

Capability [

| | Psychological
capability

Reflective
motivation

Motivation

Automatic
motivation

Behaviour

Physical
opportunity

Opportunity

Social
opportunity

Figure 4.1. COM-B Model. Reproduced from Michie et al.” COM-B Model = Capability,
Opportunity, and Motivation model of Behaviour.

TFA

The analysis of intervention acceptability was based on the constructs of
the TFA (i.e. affective attitude, self-efficacy, perceived effectiveness,
ethicality, intervention coherence, burden, opportunity costs). The
interpretation of these constructs as applied to our context is described in
Appendix 4.1. In the TFA model, all aspects of acceptability are captured in
the different constructs.?’ These constructs were used explanatory,
meaning that the interviews aimed to gain insight into whether, to what
extent, and how each construct contributed to the overall acceptability of
the intervention. An explanatory approach was chosen because each of the
constructs of the TFA explains an essential part of the acceptability and
therefore should be included, but additional overarching themes were
allowed to emerge aswell.
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Study context

Participants for this study were recruited from a randomised controlled trial
(RCT) on the effectiveness of 6-month remote coaching following a
10-week supervised exercise program as part of multidisciplinary oncology
rehabilitation at the MUMC+, Maastricht, The Netherlands. The MUMC+ is a
university hospital and is recognised as a Comprehensive Cancer Centre by
the Organisation of European Cancer Institutes. The supervised exercise
program was part of usual care and the content of this programis described
elsewhere.?® After completion of the supervised program, 97 participants
were included in the RCT and randomised to either the intervention group or
the control group. The control group (C) received no additional interventions
after completing the supervised exercise program. Participants in the
intervention group (I) received a remote coaching intervention.
Measurements of PA behaviour and physical- and psychosocial functioning
were carried out at baseline and after sixmonths.

The remote coaching intervention

The 6-month remote coaching intervention was delivered by a community-
based sports organisation (Maastricht Sport, Municipality of Maastricht, The
Netherlands) and aimed to stimulate patients to increase their PAlevels. This
intervention was not newly developed but was identified as potentially
beneficial for PA maintenance in cancer survivors following a supervised
exercise program and is now tested in the evaluation phase of the MRC
framework, in the current study and the RCT. Involved coaches had atleast a
bachelor’s degree in Sports Science or Sports and Movement Education,
were trained in behaviour change techniques, and had experience with
delivering the intervention. During a face-to-face intake assessment at the
Department of Physical Therapy at the MUMC+, the coach obtained
information about the subjects’ personal motivation and PA preferences
using the COM-B model. The coaches identified facilitators and barriers for
behaviour change in these three constructs and adapted the coaching
accordingly. After the intake, the program consisted of individually tailored,
remote coaching. The coaching took place via phone calls or e-mails,
depending on personal preferences. In the first three months, the coach
approached the subjects weekly. Thereafter, the coach evaluated the
individual progress, and the frequency was reduced to one contact moment
permonth.
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Participants

Criterion sampling was used to recruit participants from both the
intervention group () and the control group (C) of the RCT until data
saturation?® was reached. The eligibility criteria for this study were the same
as for the RCT. Patients were eligible to participate in this study when they
were =18 years of age; were suffering from physical, and/or psychosocial
complaints and/or chronic fatigue; had completed active medical
treatment (i.e. surgery, chemotherapy, radiotherapy, stem cell
transplantation) and a 10-week exercise program, as part of
multidisciplinary oncology rehabilitation. Patients were excluded if they had
insufficient understanding of the Dutch language, were in an unstable phase
of disease (e.g. receiving palliative treatment), scheduled for
chemotherapy, radiation, or invasive surgery in the six months after
completing the exercise program, and if they were unable to perform
exercise activities without supervision (i.e. because of risk of falling or
injuring). They were approached to participate during a phone call for
planning their follow-up measurement for the RCT. All participants gave
writteninformed consent.

Interview procedures

Face-to-face, semi-structured interviews took place at the Department of
Physical Therapy at MUMC+. Interviews were planned on the same day as the
follow-up measurements for the RCT and took approximately 30 minutes.
To avoid bias, interviews were conducted by an independent researcher
(NS) not involved in the rehabilitation program or the RCT. A second
independent researcher (LM) was present to take field notes, check for
interview completeness, ask additional questions when needed, and give a
verbal summary for verification at the end. Participants received a written
summary of the interview for a member check. The interview guide was
designed by the researchers a priori, based on the COM-B model
(exploratory) and TFA (explanatory), and was adapted once, after the
seventh interview, to add more in-depth questions to further explore the
initial interview guide’s themes (Appendix 4.2). Interviews were recorded
using a digital voice recorder and transcribed verbatim afterwards.
Recordings were deleted after transcription was completed.
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Codingand analysis

Template analysis?’ was conducted to code the transcripts, using NVivo
V.12. Coding was performed by two researchers (NS, AW) who were guided
by a third, experienced qualitative researcher (JS). An a priori coding
template was developed, based on the COM-B model and the TFA.
Subsequent template versions evolved and were allowed to deviate from
the initial frameworks, based on emerging topics. After coding the first
interview, the template was adapted to aninitial template. Aftereach two to
three interviews the coding template was adapted based on emerging
topics. Codes were added, removed, or merged as appropriate. The
transcripts of the first three interviews were coded independently by two
researchers and discussed afterwards until consensus was reached. After
the first three interviews, transcripts were coded by one researcher and
discussed afterwards with a second researcher for researcher triangulation.
After 16 interviews, the fifth and final version of the coding template was
formed. During the last three interviews, no new codes emerged for both
research aims, whichindicated that code saturationwas reached.?

Researcher characteristics and reflexivity

In this paragraph, the background and characteristics of researchers
involved in data collection and analysis are reported, in order to provide
insight into possible researcher biases. During the course of the study, AW
was working at the Department of Physical Therapy of the MUMC+ as an
embedded scientist in the field of human movement science. She was
working partly as a physical therapist, specialised in exercise oncology
rehabilitation and treating patients with neurological disorders. At the same
time, she was working as a PhD candidate in the field of oncology
rehabilitation. The current study and the aforementioned related RCT were
part of her PhD project. Because of her close involvement in this research
and the patients in the oncology rehabilitation, she did not conduct the
interviews and worked together with independent researchers (NS, LM, and
JS) during data analysis in order to minimize the risk of bias. NS got her
Bachelor’'s degree in physical therapy, was an MSc Human Movement
Science student at the time of the study, and was working as a research
trainee at the Department of Physical Therapy of the MUMC+. LM was
employed as a physical therapist specialised in orthopaedics and geriatrics
and PhD candidate in the field of orthopaedics, at the Department of
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Physical Therapy of the MUMC+. JS was working as an associate professor at
the Department of Anatomy and Embryology at the University of Maastricht
and is a senior researcher in the field of human movement science, with
experience in qualitative research and a focus on physical therapy. TL was
working as a professor of Hospital-based Physical Therapy and has
contributed to several qualitative studies in this field. MB was working as a
sports physician and senior researcher in the field of oncology. They have
both provided supervision during the course of the study and their expertise
contributed to triangulation. AW, NS, LM, and MB had less experience with
qualitative research but they received the necessary training and worked
closely togetherwith JS and TL during the conduct of this study.

Results

Participants

Between March and June 2021, twenty-two patients were eligible to
participate in this study. Three of them declined because of the required
time investment or personal reasons, resulting in a final sample of
19 participants (16 women / 3 men). All participants answered questions
about determinants for PA maintenance. Twelve participants (63.2%)
received the coaching intervention and answered questions about the
acceptability of this intervention, additionally. The participant
characteristics and group distribution are describedin Table 4.1.

Results part |: Determinants for PA maintenance

Key themes regarding perceived determinants of PA maintenance were
self-efficacy, PA habits, accountability, physical complaints, and facilities.
These themes are explained below with quotes andrelated determinants. In
addition, key themes and perceived determinants were clustered
according to the constructs of the COM-B modelinFigure 4.2.
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Table 4.1. Participant characteristics.

Participant Group Sex Age Cancer Medical treatment Time since

(I/C) (F/M) category diagnosis treatment

(years) completion

* (months)
PO1 I & 46-55 Breast Surgery; CT 13-15
P02 | M 56-65 Colorectal Surgery 16-18
PO3 © & 46-55 Breast Surgery; RT 13-15
PO4 | F 56-65 Breast Surgery; CT; RT; HT 13-15
PO5 © & 18-35 Breast Surgery; CT; RT; IT 16-18
PO6 | F 56-65 Breast Surgery; RT 16-18
PO7 I & 56-65 Breast Surgery CT; RT; HT 13-15
P08 C F 18-35 Breast Surgery; CT; RT 9-12
PO9 I & 56-65 Breast Surgery; CT; HT 9-12
P10 C F >65 Lung CT;RT 13-15
P11 © & 56-65 Oesophagus Surgery; CT; RT 13-15
P12 | M 56-65 Prostate Surgery; RT 13-15
P13 I M 35-46 Testis Surgery; CT 9-12
P14 | F 18-35 Leukaemia CT 13-15
P15 I & >65 Breast Surgery; CT,RT; IT; HT 13-15
P16 C F 56-65 Breast Surgery; CT; RT 9-12
P17 I & 36-45 Melanoma Surgery 13-15
P18 | F >65 Lymphoma CT;IT 9-12
P19 © E 36-45 Breast Surgery 16-18

*Time since active medical treatment, hormone therapy, and immunotherapy not included
I=Intervention Group of the RCT; C=Control Group of the RCT; F=Female; M=Male;
CT=Chemotherapy, RT= Radiotherapy, HT=Hormone Therapy, IT=Immunotherapy.

Self-efficacy

Participants described that confidence to perform PA enabled them to
maintain PA levels and overcome perceived barriers. In contrast, feelings of
insecurity and incompetence discouraged patients from being active, even
when the circumstances were optimal. This kind of behavioural control is
often referred to as ‘self-efficacy’ and this topic came up frequently during
the interviews. Self-efficacy is seen as an important part of reflective
motivation and can be defined as “people’s belief in their capabilities to
take control over their own functioning and over events that affect their
lives”.?8 Level of self-efficacy seemed to be related to many other
perceived determinants and was therefore an important key theme. Some
participants mentioned that they experienced PA as a way to take control of
theirrecovery.

PO8(C): “Exercising gives me the feeling that | have influence

overmy recovery. It’s hard for me to let go of control, and this
putsyouincontrol.”
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Some participants hadintentions to perform PAregularly but did not believe
they were capable of sustainingit. Inthese cases, the inability to maintain PA
levels seemed to be related to alack of self-efficacy.

PO1(l): “When you are walking on the treadmill in the hospital
you know you have to, so you just doit. Someone s standing
next to you and you just keep going, because you know you
have to andyoufeel safe with that person. But at home, you
ask yourself ‘Why do | have to do that?’ | am too weak and
something might happen orl might fall.”

Self-efficacy was increased by positive beliefs about and experiences with
PA. Reflections about potential benefits were enablers for PA maintenance
because participants wanted to take control over theirown functioning. The
belief that PA could improve recovery and general health and reduce the risk
of cancer recurrence increased the level of self-efficacy regarding PA
maintenance. Participants also believed and experienced that PA leads to
improved energy levels and physical and mental state.

PO1(l): “I don’t want the cancer to come back. | don’t think it will,
butlnoticed that|feel betterafterwalking or exercising. When
you stay physically active, you get healthier, you can breathe
better. And also mentally... It’'s something you can do for
yourself, foryour health.”

For some participants, their cancer diagnosis was a ‘wake-up call’. It
increased theirawareness about the benefits of healthy living and the role of
PAinthis, leading to higherlevels of self-efficacy.

P13(1): “It was a wake-up call, my disease. | wanted to take care
of myself andwanted to get back on my feet. Well, yes that was
actually my biggest motivation to exercise.”

Reaching high levels of self-efficacy for PA maintenance is not only the
result of reflective motivation but also requires certain psychological
capabilities. This includes understanding the risks of an unhealthy lifestyle,
but also capabilities for planning and decision-making. Participants
reported that attention and time for PA in daily-life time schedules, but also
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decisions about priorities in life often changed after the diagnosis of
cancer.

P14(l): “Physical activity isimportant and it’s higheron my
priority listnow. Ifit’s necessary | just reschedule work or other
things.”

When PA was not considered a priority, this was mostly not literally
mentioned during the interviews. However, one participant mentioned that
getting fitwas not ‘top of mind’ at that moment, because of changesin daily
routines and the preference to take it slow during recovery. Perceived
determinants related to the self-efficacy theme could be linked to the
following constructs of the COM-B model: reflective motivation and
psychological capability (Figure 4.2).

PA habits

During the interviews, participants who successfully maintained PA often
shared their experiences with the process of habit-forming. When
participants regularly performed PA before their diagnosis, this positively
affected PA maintenance because they already had a PA routine before and
could pick up their old schedule. These participants with prior PA habits
often expressed positive emotions towards PA. Besides, participants who
already performed PA in the past seemed to be more confident about their
capabilities for PAmaintenance, leading to higherlevels of self-efficacy.

PO8(C): “For me itwas not that hard to sustain it, to stay
physically active, because | have always beenbefore. Before
the diagnosis as well. | just really enjoy hiking.”

Some participants were able to form PA habits during the study period,
while they did not performregular PA before.

P13(1): “I came to the point that my PA behaviourwas stable, as a
part of my routine. | used to exercise before occasionally. Now
it’'smore structured and ’'m able to sustainit.”
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Habits are the result of automatic brain processes and determinants related
to habits belong to the construct of automatic motivation in the COM-B
model (Figure 4.2).

Accountability

Participants mentioned that they needed some kind of structure to make PA
part of their routine. Scheduled appointments with others were seen as a
source of structure and were perceived to increase accountability for PA
maintenance. Accountability can be defined as “the fact of being
responsible for your decisions or actions and being expected to explain
them when you are asked”.?” Accountability was a key theme during the
interviews and was discussed from several perspectives.

Participants reported that they felt accountable for showing up when they
had an appointment with their physical therapist, sportsinstructor, or peers.
For some participants who received coaching, the expectation of the next
phone consultations made them feel accountable for PA maintenance.
When a phone consultation was scheduled with the coach, they knew they
would be asked to report on their PA behaviour and they felt accountable to
perform PA. In this way, accountability did also increase the level of self-
efficacy, because the fact that participants had an appointment they had to
meet, or an expectation to fulfil, made them feel more confident about
being able to stick to their PAplans.

PO4 (I): “lliked that | received a phone call once a week, which
gave me a feeling of accountability. It is a good thing to be
more orless accountable for physical activity, because you
know you have to reportit to the coach. It’s the same with an
appointment to participate in a group-based exercise activity,
which | believe you would only cancel if you have a goodreason
forit. Therefore, you’re more likely to participate in that
activity.”

PO3(C): “Unfortunately, | have little self-discipline to start
exercising. | know thatit’s goodforme, butitjust works betterif
someone tells me ‘You have to be there at a certain time’ or
‘Why didyou not show up last week?’. | just need that kind of
structure to feelaccountable.”
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Accountability relies on an expected social interaction and is therefore
closely related to social support.>® Respondents mentioned that social
support motivated them for PA maintenance. Sometimes this support was
offered by relatives who actually exercised together with the patients, but
otherforms of support were mentioned as well, like social support from the
coach, peer support, playing with grandchildren, or walking the dog.
Participants felt accountable to relatives who supported their PA behaviour
because they wanted to fulfil theirexpectations.

POA4(l): “The grandchildren told me ‘Grandma, you have to
exercise!’My granddaughtertold me: Come on, grandma, let’s
go’. That stimulated me. Or my grandson who said: ‘Grandma,
you have to lift me, that willmake you strong’.

Social support did not only offer structure through accountability, but it
made PA also more fun and enjoyable, resulting in positive emotions
towards PA.

PO9(I): “With support, ora sports club orsomethingit’s easier
forme. | find it more enjoyable and fun and I’'m betterable to
keep up withit.”

Determinants related to accountability can be linked to the construct social
opportunityinthe COM-Bmodel. (Figure 4.2)

Physical complaints

The influence of physical complaints on PA maintenance was discussed.
Even after completing the supervised exercise program, participants were
often confronted with physical complaints. Chronic fatigue and treatment
side effects were often mentioned during the interviews. When patients
experienced these kinds of physical disabilities, this was a barrier for PA
maintenance.

POI1(l): “The hormone therapy was really bad for my body. The
side effects almost turned me disabled. | had difficulties with
standing up, with walking. Therefore, the doctorand|decided
to stop the hormone therapy and that was a very positive
experience!l feltmuch betterandwas able to walk and cycle!”

91



Chapter4

Some patients mentioned physical complaints but described how they
maintained PA despite this. The ability to cope with physical complaints
seems to depend on the level of self-efficacy. Some patients were capable
of maintaining PA when experiencing physical complaints or were able to
pick up PA habits after recovering, while others could not. Some
participants felt like they were caughtin a ‘vicious circle’. They felt incapable
to perform PA because of physical complaints and consequently felt less fit,
more fatigued, oreven depressed as aresult of being inactive.

Not only the presence of but also the fear of developing physical
complaints was a barrier for PA. Some participants had a fear of injury when
exercising independently. The confidence to perform PA independently
was related to the patient’s level of efficacy.

P12(C): “If you do it all by yourself, the chance of getting injured
is very high. You have to perform the right exercises.”

Physical complaints can be linked to the construct of Physical Capability in
the COM-B model (Figure 4.2).

Facilities

The accessibility of sports and rehabilitation facilities and thereby PA
maintenance were negatively affected by the COVID-19 pandemic and
related measures. This topic often emerged during the interviews. Some
respondents reported that they managed to maintain PA levels until the
COVID-19 pandemic commenced, but failed to continue when facilities had
to close. The ability to adapt their PA routine in this situation differed
betweenrespondents and was related to the level of self-efficacy.

POA4(1): “COVID-19 was a disadvantage, has made things hard,
because going to exercise independently (incommunity-
based facilities, which had to close) was just not possible.

The theme of facilities is related to the constructs of physical opportunity in
the COM-B model (Figure 4.2).
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Figure 4.2. Key determinants and determinants of physical activity maintenance following
supervised exercise rehabilitation, clustered in the constructs of the COM-B model. Arrows to
show the relation between key themes, with self-efficacy as a central theme.

Results part Il: Acceptability of the coaching intervention

The seven constructs of the TFA were discussed with participants who
received the coaching intervention (n=12), to get insight into whether, to
what extent, and how each of the constructs contributed to the overall
acceptability of remote coaching. In addition, three TFA overarching key
themes were determined. Overlap was seen with the key themes for
determinants of PA maintenance in part |. The first key theme is
accountability since the remote coaching intervention offered structure
and social support thereby leading to an increased feeling of
accountability. This influenced the affective attitude as well as the
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perceived effectiveness of participants towards the intervention. The level
of self-efficacy was the second key theme for the acceptability because
respondents’ belief in their capabilities to follow the advice of the coaching
determined the perceived effectiveness. Besides, participants mentioned
that the coaching made them feel confident, which could lead to an
increase in the level of self-efficacy. The third overarching theme was the
remote nature of the intervention, which was convenient for some
participants, but not for others. The participants’ experience with the
remote nature of the intervention influenced their affective attitude,
perceived effectiveness, self-efficacy, and the burden.

Affective attitude

Overall, participants had positive experiences with the coaching
intervention. They appreciated the personal contact, attention, and
kindness of the coaches.

P18: “Itis about the attention. She was asking me how it went
and | told her what PA activities | did that week and that was
nice.”

Participants also described that the remote coaching intervention made
them feel accountable for performing PA.

PO2:“Itis nice to have an appointment that makes you feel
accountable to perform physical activity like you intended. To
report how itwent and to be more orless accountable.”

However, some participants would have preferred a coaching intervention
with physical appointments. They felt a phone call was not enough to
motivate them. It should be noted that for some of the participants, even
the first appointment, which is usually a physical appointment, had been via
aphone call, due to COVID-19 restrictions.

P12:“If they really have to stimulate me to perform PA, because |
can’tdoit, orbecause ’'mnot motivated, then a phone call is
notenough. Thenyou really need to see someone face-to-
face.”
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Self-efficacy

As already described in the first part of this article, self-efficacy is a key
theme in PA maintenance. In the TFA, self-efficacy refers to persons’
confidence about their ability to perform the required behaviour. Most
participants described that they felt confident to follow the coaches’
advice. They mentioned that PA advices were personalised and based on
shared decision-making. However, for some participants it was difficult to
stay active, despite the advice from the coach, indicating low levels of self-
efficacy.

PO4:“I feel bad about myself, thatI’'m not capable to doit all by
myself. ljust can’t doit. She called me and asked ‘is there
anything | can do foryou?’ Butin the end, | have to do it by

myself, right?”

Perceived effectiveness

The majority of participants believed the coaching intervention was
effective forimproving PA maintenance. They mentioned that the coaching
stimulated them to maintain PA, by offering a source of structure,
accountability, social support, and confidence after the supervised
exercise program.

PO7: “Without the motivational coachingintervention | would
not have exercised, |am 100% sure about that. Maybe | would
have performed anonline program for three or four weeks, but

thenlwould have stopped. The coaching really offered me a

structure to keep exercising.”

However, a few participants perceived no effect, because they had the
feeling they had to perform PA by themselves and the advice did not help
them with this, or because they already felt capable to perform PA
independently without coaching.

P12:“I believe the coachingis effective for people who neediit,
but formeitwasjust a pleasant short chat. | could not say that it
helpedme.”
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Ethicality

Expectations about the coaching intervention were diverse. Some of the
participants well-understood the content of the intervention beforehand
because they read about it in the research participant information. Others
did not know what to expect or expected exercise training given by a sports
coachinstead of remote coaching.

P13:“Actually | didn’t know exactly what it would entail, the
coaching. But they already told me that it was not someone
who sets up a training program for you, it’s more like a source of
accountability, someone who contacts you.”

Participants mentioned that the added value of the coaching intervention
might differ between individuals, depending on their personal needs. They
believed that especially persons who have difficulties with maintaining PA,
might benefitfrom the coaching.

P17:“For people who have difficulties with exercising, or who
don’tregularly perform exercise, | think it might increase
accountability and give extra motivation to push through. | think
it dependsonthe person.”

Intervention coherence

Participants well-understood the aim of the coaching intervention and were
able to describe this. Stimulating PA maintenance and motivation were most
often mentioned as the main goal. Participants also related the aim of this
intervention to health improvement, showing they were aware of PA
benefits.

P17:“To motivate people for physical activity and to sustain it.

And to actually become aware of the importance. We all know

that physical activity isimportant and healthy, but you have to
keep doingit.”

While the goal of the intervention was clear, some participants questioned
whetherremote coaching was the most appropriate mode of delivery. They
believed that physical appointments were needed to stimulate PA
maintenance.
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Burden

The majority of participants did not experience the coaching intervention as
a burden. They thought it was convenient to receive the coaching by phone
and mentioned that the planning by the coaches was flexible. Two
participants experienced the calls as a burden sometimes, when the
coaches called while they were busy.

P13:“It was no burden because the coach was very flexible. We
had an appointment at a certain time, but when that turned out
to be inconvenient she called half an hourlater.”

The remote nature of the intervention positively affected the acceptability
of the intervention in some participants and negatively affected it for
others.

Opportunity costs

No opportunity costs were mentioned during the interviews.

Discussion

The aim of this qualitative study was twofold. First, we wanted to explore
determinants of PA maintenance during the transition from supervised
exercise oncology rehabilitation to habitual PA in the community. Second,
we wanted to investigate whether and for what reasons a remote coaching
intervention was perceived acceptable by cancer survivors during this
period.

Determinants for PA maintenance were explored and five key themes were
identified, covering and linking all constructs of the COM-B model. The
Capability of participants to maintain PA was dependent on physical
complaints (physical capability) and on the level of self-efficacy needed for
tasks like planning and priority-setting (psychological capability). Self-
efficacy was not only dependent on patients’ capability but also related to
their motivation for optimising health and recovery (reflective motivation).
Besides, motivation for PA maintenance relies on automatic habitual
processes, and patients with prior PA habits are more likely to successfully
maintain PA (automatic motivation). The possibility of participants to
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maintain PA was dependent on the accessibility of facilities, which was
negatively affected by the COVID-19 pandemic (physical opportunity), and
on their accountability for PA maintenance, which was reinforced by social
support (social opportunity). The fact that physical complaints like chronic
fatigue and treatment side effects emerged as a perceived barrier for
physical activity after supervised rehabilitation following medical treatment,
implies that more support is needed to achieve long-term PA. Reassurance
and encouragement by healthcare providers, including the physician, are
required for patients to be able to overcome these barriers. Patients should
be informed that performing PA is safe for them and even beneficial.
Moreover, the fact that cancer survivors still experience side effects long
aftercompletion of the treatment, advocates the integration of survivorship
care earlierin the patient journey to prevent for side effects.

According to the COM-B model, Motivation is the central mediator of
behaviour, which is affected by Capability and Opportunity. However, we
believe that Motivation conversely affected the Capability and Opportunity
to maintain PA as well. Patients with higher levels of self-efficacy were more
likely to overcome barriers in the construct of Capability and Opportunity,
like the burden of and fear of physical complaints and the limited
accessibility of facilities during the COVID-19 pandemic. Patients who had
high levels of self-efficacy believed in their capabilities to perform PA
despite these barriers and were able to overcome them, while patients who
did not, mentioned that they could not perform PA because of these
barriers. Therefore, arrows were added in Figure 4.2, pointing back from
Motivation to Capability and Opportunity. These findings confirm the
statement of the COM-B model that behaviour is a complex process which
is partly an entangled system of interacting factors.”2°

Remote coaching was perceived as generally acceptable to cancer
survivors who completed a supervised exercise program. Key themes for
acceptability were self-efficacy, accountability, and the remote nature of
the intervention. Participants reported that the coaching had positive
effects on PA maintenance, by offering structure and confidence, and
consequently improving accountability and the level of self-efficacy. The
perceived effectiveness was also dependent on the level of self-efficacy.
This implies that it could be useful to assess the level of self-efficacy at the
start of a remote coaching intervention and adapt the coaching
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accordingly. The remote nature of the intervention positively affected the
acceptability in some participants and negatively affected it in others.
Some participants would have preferred face-to-face appointments
instead of orin addition to phone calls, while others found the remote nature
convenient

Our findings about determinants for PA maintenance were broadly in line
with those of previous studies. Gell et al. explored female cancer survivors’
perspectives on remote coaching interventions to improve PA maintenance
and identified five themes with great similarities to our study findings:
accountability to a remote partner; plan Bs planning for barriers; the habit
cycle; convenience through technology; and reclaiming health ownership.?®
Ferri et al. reported that the transition from a supervised environment to
everyday life was a significant barrier to maintain exercise participation
following a hospital-based exercise program. Participants had concerns
about fitting exercise in daily life, particularly because participants would
return to work." This concern did not emerge during the interviews of the
current study, which could be explained by the fact that some participantsin
our study did not return to work yet in the 6 months after completing the
exercise program, or were retired. Although not specifically related to work,
difficulties with fitting PA into everyday life were mentioned during the
current study as well. Cantwell et al. conducted an exploratory, qualitative
study of the experiences of patients across the cancer journey.> They
reported that regular PA provided a “vehicle for recovery” and created a
sense of “self-power”, which is in line with our findings about self-efficacy.
Environmental, patient-related, and treatment-related barriers were
reported as well and were similar to our findings. In contrast to our study,
financial costs were a perceived barrier for PA participation. In the current
study, the financial burden was discussed in some interviews but was never
areason to quit PA participation. This may be due to the fact that options for
insurance-covered, low-cost, or even free PA activities were discussed with
the participants at the end of the exercise program. These findings
emphasise the importance of the availability of PA-promoting interventions
for all cancer survivors, regardless of their financial status. Telehealth
interventions have the potential to reach many patients, requiring fewer
resources than face-to-face interventions. The current and previous
findings fit within the Cancer Rehabilitation to Recreation (CaReR)
Framework. In the CaReR Framework, a stepped-care approach is
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proposed, considering the importance of behaviour change and routine
assessment. In accordance with our findings, the framework emphasised
the importance of self-efficacy, by recognising that the most suitable
settings of PAinterventions vary depending on the level of self-efficacy and
recognising that PA counselling should be offered throughout the patient
journey to build self-efficacy.??

Our findings about the acceptability of remote coaching had similarities
with the findings of a review about the use of telehealth in cancer survivors.
In this review, high satisfaction with remote interventions was reported, but
the importance of customization was emphasized. The preference for in-
person follow-up was reported, like in our study, and visual elements were
appreciated when interventions were remote.* These findings indicate that
a combination of physical and remote appointments could be a future
solution and video calls could potentially add benefit compared to normal
phone calls. Gell et al. describe that remote interventions are acceptable to
support PA in female cancer survivors, when known preferences are
incorporated, to focus on personal intentions and goals.?* In the current
study, personal preferences were mapped during the intake appointment
using the COM-B model and incorporated into the remote coaching
intervention. Although the coaching intervention was generally considered
acceptable, participants mentioned that the added value of the
intervention depended on personal needs. During this study, all participants
in the intervention group of the RCT received the coaching intervention.
However, in daily practice, remote coaching following a supervised exercise
program should be offered only when patients need it, are opentoit, and if
the intervention matches or can be tuned to their personal needs and
preferences. Triage would be required to determine if there is an indication
for PA maintenance interventions and which intervention is most suitable.
The optimal mode of delivery, content, duration, and intensity of the
coaching might depend on personal factors, like the patient’s social
environment and their level of self-efficacy, and should be personalised.
The integration of triage and stratification could be based on comparable
interventions, which are already successfully implemented, like the
Coach2Move approach.** This is a personalised and goal-oriented physical
therapy intervention aimed atimproving long-term levels of physical activity
in which patients are stratified to one of three intervention profiles with a
pre-defined number of sessions. The intervention is provided face-to-face
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and future research should explore the potential of combining physical and
remote appointments. Foster et al. identified determinants of PA
maintenance in patients with gastrointestinal cancer and reported that
patients will likely need minimal support for PA maintenance when they
perform a PA activity they enjoy. Besides, they describe that participants
who have a history of exercising, hold strong values of PAimportance, which
isinline with our findings about PA habits.%®

A strength of this study was the fact that perceived determinants for PA
maintenance after a supervised exercise program were assessed in both
cancer survivors who did and did not receive a follow-up intervention. In this
way, we tried to get insight into patients’ experiences with this transition
phase from multiple perspectives. Furthermore, the acceptability of a
potential intervention for PA maintenance was investigated, which is
important for optimising the intervention and successful implementation in
daily practice. A novel aspect of this study can be found in the contribution
of telehealth to promote PA maintenance in cancer survivors. The fact that
we included mainly women with breast cancer can be seen as a study
limitation. Besides, all participants took part in an RCT to the effectiveness
of remote coaching following supervised exercise rehabilitation.
Participants who were included in this RCT were potentially more motivated
for PA and their behaviour and opinions may have been influenced by the
research information. Because of these reasons, the findings of this study
might not be transferable to all cancer survivors. Finally, this study was
conducted during the COVID-19 pandemic. Findings about determinants
for PA maintenance and acceptability of remote coaching would probably
have been differentif notexamined during the COVID-19 pandemic.

Future studies should focus onidentifying cancer survivors at risk for turning
inactive following structured exercise programs and designing appropriate
follow-up interventions for patients with different needs. Since it could be
challenging to reach and motivate these patients to participate in these
interventions, appropriate methods to achieve this should be investigated
as well. Besides, future research should focus on further evaluation,
refinement, and implementation of the remote coaching intervention. We
would propose to use the MRC framework for complex interventions to
guide these future steps.??
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Conclusion

In conclusion, the findings of the current study implicate that the transition
from supervised rehabilitation to daily life PA is influenced by a variety of
determinants that are related to the Capability, Opportunity, and Motivation
of the patient. The level of self-efficacy plays a major role in the ability to
maintain PA following supervised rehabilitation. Besides, the formation of
PA habits, the feeling of accountability, the presence of and fear of physical
complaints, and the accessibility of facilities were reported. A remote
coaching intervention to promote PA maintenance was perceived
acceptable to cancer survivors who participated in a supervised exercise
program but could be improved by adding face-to-face appointments.
Participants experienced the remote coaching intervention as a source of
structure, accountability, social support, and self-efficacy, but the
perceived added value of the intervention differed between participants.
We believe that interventions for PA maintenance need a personalised
approach and should focus on habit-forming and improving self-efficacy,
helping patients to overcome PA barriers like work schedules, treatment-
related side effects, and adapting during crises like a pandemic.
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Appendix 4.1

Interpretation of theoretical frameworks

COM-B Model and interpretation. Reproduced from.'2

Construct

Interpretation

Capability

Physical capability
Psychological capability
Opportunity

Physical opportunity

Social opportunity

Motivation
Reflective motivation

Automatic motivation

Psychological and physical capacity for PA maintenance.
Physique and skills required for PA maintenance.

Capacity to engage in the necessary thought processes,
comprehension and reasoning for PA maintenance.

All the external factors that lie outside an individual that make PA
maintenance possible or prompt it.

Inanimate parts of the environmental system and time affecting
the opportunity for PA maintenance.

Other people and organisations affecting the opportunity for PA
maintenance. (e.g. culture and social norms)

All the brain processes that energise and direct PA maintenance
Analytical decisions, evaluations and plans, consciousintent for
PA maintenance (e.g. planning and evaluation)

Habitual processes, emotional responding to PA maintenance

Theoretical framework of acceptability themes andinterpretation. Reproduced from.3

Theme

Interpretation

Affective attitude
Self-efficacy

Perceived effectiveness
Ethicality

Intervention coherence
Burden

Opportunity costs

How participants feel about the remote coachingintervention
The participants’ confidence in their ability to follow the advice
given during the remote coachingintervention

The extent to which participants perceive the coaching
intervention to be effective (to promote PA maintenance)

The extent to which the remote coaching intervention had good
fit with the participants’ value system and expectations of it

The extent to which the participants understand the aim of the
remote coachingintervention

The perceived amount of effort that was required / the burden to
participate in the remote coaching intervention

The extent to which benefits, profits or values must be given up to
engage in the remote coachingintervention
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Appendix 4.2

Interview guide

>

Question. Did you receive the remote coaching intervention or not
(intervention/control group)?

Partl. Determinants of PA maintenance (all participants)

» Question. What were your experiences with the transition phase from a
supervised rehabilitation program to habitual PA in the community?

» Question. How is exercise/PA currently going?

Capability

» Question. To what extent were you able to maintain PA levels and/or
exercise independently beyond completion of the supervised
rehabilitation program?

» Question. What did you learn during the supervised rehabilitation
program (and the remote coaching?)

Opportunity

» Question. In what way did your current living- and social situation
influence your PAmaintenance?

» Question. Which environmental factors made it easier/more difficult for
you to perform PA? What did you perceive as barriers and enablers for
PAmaintenance?

» Question. What role did (lack of) social support play in PA maintenance?
And professional guidance?

Motivation

» Question. To what extent were you motivated for PA maintenance in the
past sixmonths? Did this change over time and what motivated you?

» Question. Did youfeel confident to perform PAindependently?

» Question. Did you perform PA regularly in the past, before you were
diagnosedwith cancer?

» Question. What are your beliefs about PA benefits?
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Part Il. Acceptability of remote coaching (participants in the intervention
group)

» Question. What were your experiences with the remote coaching
intervention?

Affective attitude
> Question. How did youfeel about the remote coachingintervention?
» Question. How did you experience the personal contact with the coach?

Self-efficacy

» Question. To what extent were you able to follow the advice given
during the remote coaching?

» Question. To what extent did you feel confident about your capability to
follow the advices given during the remote coaching?

Perceived effectiveness

» Question. To what extent did you perceive the remote coaching
intervention to be effective/beneficial?

» Question. To what extent did the remote coachingintervention help you
with PAmaintenance? In which way?

Ethicality

> Question. What were your expectations about the remote coaching
intervention?

» Question. To what extent did the remote coaching intervention match
your expectations?

Intervention coherence
» Question. Could you explain what the aim of the remote coaching
interventionwas?

Burden
» Question. To what extent did you experience the remote coaching
intervention as aburden?

Opportunity costs
» Question. To what extent did you have to cancel/reschedule other
activities to participate in the remote coaching intervention?
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Abstract

Objective

To evaluate the criterion validity and responsiveness of the steep ramp test (SRT)
compared to the cardiopulmonary exercise test (CPET) in evaluating aerobic
capacityinsurvivors for cancer participating in a rehabilitation program.

Design

A prospective cohort study in which survivors of cancer performed a SRT and CPET
before (T=0) and after (T=1) a 10-week exercise rehabilitation program. Peak work
rate achieved during the SRT (SRT-WRpeak) was compared with peak oxygen uptake
measured during CPET (CPET-VO2peak), which is the criterion standard for aerobic
capacity. Correlation coefficients were calculated between SRT-WRpeak and
CPET-VOgzpeak at T=0 to examine criterion validity and between changes in SRT-
WRpeak and CPET-VO2peak from T=0 to T=1to determine responsiveness. Receiver
operating characteristic (ROC) analysis was performed to examine the ability of the
SRTto detect atrueimprovement (6%) in CPET-VOzpeak.

Results

An r of 0.86 (n=106) was found for the relation between SRT-WRpeak and CPET-
VO2peak at T=0. Anr of 0.51 was observed for the relation between changes in SRT-
WRpeak and CPET-VOzpeak (n=59). ROC analysis showed an area under the curve of
0.74 for the SRT to detect a true improvement in CPET-VO2peak, with an optimal
cut-off value of +0.26 W/kg (sensitivity 70.7%, specificity 66.7%).

Conclusions

As SRT-WRpeak and CPET-VOzpeak were strongly correlated, the SRT seems a valid
tool to estimate aerobic capacity in cancer survivors. The responsiveness to
measure changes in aerobic capacity seems moderate. Nevertheless, the SRT
seems able to detect improvement in aerobic capacity, with a cut-off value of
0.26 W/kg.




Criterionvalidity andresponsiveness of the steep ramp test

Introduction

Cancer incidence and survival rates are increasing owing to the aging
population and improved diagnosis and treatment modalities. This leads to
a growing population of cancer survivors, who live longer with the
consequences of cancer and its treatment.! Current guidelines of the
American College of Sports Medicine emphasise the strong level of
evidence for the positive effects of exercise on physical functioning,
fatigue, anxiety, depression, and health-related quality of life in survivors for
cancer.? An important indicator of physical functioning is aerobic capacity,
which is defined as the maximum amount of oxygen that can be taken in,
transported, and used by the muscles during prolonged exercise.® Aerobic
capacity is dependent on the integrative function of the pulmonary,
cardiovascular, and metabolic systems and is considered a good reflection
of overall health.* Moreover, aerobic capacity is found to be inversely
related to all-cause and cancer-related mortality.>¢ Therefore, it is worrying
that patients treated for cancer, experience a longstanding decline in
aerobic capacity of 5-22%.78 Accurate measurement of aerobic capacity is
important not only for the identification of exercise limitations but also for
an adequate individualised prescription of training intensity and for
monitoring of training progress.”°

The criterion standard to examine aerobic capacity is to determine maximal
oxygen uptake (VO2max) during a maximal incremental exercise test with
respiratory gas analysis, usually referred to as the cardiopulmonary exercise
test (CPET)."Atrue VO2maxis achieved when oxygen uptake (VO) levels off,
despite the continuation of exercise with anincreasing work rate.* In clinical
practice, however, this plateau is rarely seen in nonathletic or those with
disease. Therefore, the highest VO; attained during a maximal, symptom-
limited CPET (CPET-VOgzpeak) is considered the best available index of
aerobic capacity.”

Nevertheless, performing a CPET is not always feasible, because the
procedures are time-consuming and require advanced equipment, trained
staff, and medical supervision.® Therefore, accurate, non-sophisticated
performance-based tests to evaluate aerobic capacity are needed. The
steep ramp test (SRT) is a short maximal exercise test performed on a cycle
ergometer, with an increasing work rate of 25 W every 10 seconds until
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voluntary exhaustion. De Backer et al.”® studied the validity of the SRT to
estimate aerobic capacity in 37 survivors for cancer attending an exercise
program and found a strong correlation (r=0.82) between SRT-WRpeak and
CPET-VO2zpeak. Similar correlations were found in patients with diabetes,
healthy children, and children with cystic fibrosis."' To our knowledge, the
responsiveness of the SRT to changes in aerobic capacity has not yet been
studied, while this is considered to be an important measurement property
for performance tests used to monitor training progression and to make
necessary program adjustments.

Therefore, the objective of this study was to evaluate the criterion validity
and responsiveness of the SRT compared to CPET in evaluating aerobic
capacity in survivors of cancer attending a 10-week supervised exercise
rehabilitation program. The following a priori hypotheses were formulated.
First, based on the results of previous studies®, the correlation coefficient
between CPET-VO2peak and SRT-WRpeak was expected to be positive
and strong (>0.70). Second, based on alarger degree of measurement error
that comes along with repeated testing, a moderate correlation
(0.50-0.70) was expected between the change in CPET-VOzpeak and SRT-
WRpeak overtime.”® Third, and for the same reason, the ability of the SRT to
discriminate between participants who did or did not improve in aerobic
capacity was expected to be moderate. As such, the area under the curve
(AUC) of the receiver operating characteristics (ROC) was expected to bein
therange of 0.601t00.80.

Methods

Participants

Participants were consecutively recruited from the multidisciplinary
oncology rehabilitation program at the Department of Physical Therapy of
the Maastricht University Medical Centre+ (MUMC+) between November
2018 and March 2020. This program for survivors of cancer was developed
according to national guidelines for oncology rehabilitation.” Patients were
eligible forthe program when they completed active medical treatment and
were suffering from physical and psychosocial complaints, as identified by
the sports physician, occupational therapist, and psychologist.
Contraindications for participation in the rehabilitation program were the
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inability to perform basic activities of daily living (e.g., walking) and the
presence of disabling comorbidities that seriously hamper physical exercise
(e.g., severe heart failure, chronic obstructive pulmonary diseases,
neurological or cognitive disorders). The program consisted of a 10-week
physical exercise training program, supplemented with treatment by a
psychologist and/or occupational therapist when needed. Patients were
included in the study when they met the criteria for participation in the
rehabilitation program, completed a CPET and SRT before the start of the
exercise program, and gave written informed consent for the use of their
usual care data. Participants were excluded for analysis when they were
unable to cycle until voluntary exhaustion during one or both exercise tests.
Procedures of data collection were in compliance with the Declaration of
Helsinki and were approved by the medical ethics committee of the MUMC+
(registration number 2018-0648). This study was reported according to the
COnsensus-based Standards for the selection of health Measurement
INstruments (COSMIN) guidelines.?°

Exercise program

Participants completed a 10-week supervised exercise program to improve
aerobic capacity and muscle strength as part of the multidisciplinary
oncology rehabilitation program. The program consisted of two training
sessions per week, which both started with one hour of combined
endurance and resistance training, followed by 30 minutes of rest and,
subsequently, 30 minutes of varying sports activities in the sports hall or
swimming pool. Training intensity of the first part of the program was
personalised. To determine the intensity of the resistance training, a
submaximal repetition maximum test was performed on each exercise
machine to calculate the true 1-repetition maximum. Participants performed
4 strength exercises each session, targeting large muscle groups of the
upper body, lower body, and core. Resistance training consisted of 3 sets
of 8-12 repetitions, at a training intensity of 60% of the participant’s one-
repetition maximum. Endurance training in the first training session of the
week consisted of 20 minutes walking on a treadmill, with a walking speed
of 80% of their speed that was achieved during a baseline 6-minute walking
test. In the other training session, participants performed 2 sets of 10
minutes interval training on a cycle ergometer, one set before and one after
the resistance training program. Intervals were performed for 60 seconds
and 30 seconds at 30% and 65% of the participant’'s SRT-WRpeak,
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respectively.”® A moderate to high exercise intensity was pursued for all
training components, corresponding with a 0-10 Borg rating of perceived
exertion of 4-6. Training load was adjusted weekly to achieve this.

Test procedures

Participants performed a CPET and SRT before the start of the exercise
program (T=0) and after 10 weeks of exercise training (T=1). CPET was
performed to check for cardiopulmonary comorbidities and
contraindications to exercise training, and to assess aerobic capacity. The
SRTwas performed for the interval-training prescription, as described by de
Bakker et al.™ The CPET and SRT were planned separately, with a between-
visit time of 2 to 7 days. Planning of the CPET and the SRT had to be adapted
to the rehabilitation trajectory of the patient, because both tests were part
of usual care for all patients participating in the oncology rehabilitation
program. Therefore, test order was SRT-CPET at T=0 and CPET-SRT at T=1.
Seat height was adjusted to the participant’s leg length and the same seat
height was used for both tests at T=0 and T=1. Participants were blinded for
test outcomes during all tests. The CPET and SRT were performed
independently and researchers were blinded for previous test outcomes.

Steep ramp test

The SRT was performed on an electronically braked cycle ergometer (Lode
Corival, Lode BV, the Netherlands). Participants started with a 3-minute
warming-up phase with a work rate of 25 watts. After this, the work rate was
increased by 25 watts per 10 seconds in a ramp-like manner. Participants
were instructed to keep cycling until exhaustion, with a pedalling frequency
of at least 60 rotations per minute (rpm). Peak exercise was defined as the
point where the pedal frequency dropped below 60 rom despite strong
verbal encouragement. Voluntary exhaustion was considered to be
achieved when participants showed clinical signs of intense effort (e.g.,
unsteady biking, sweating, and clear unwillingness to continue exercising).
SRT-WRpeak was expressed in watts per kg bodyweight and was
determined as the highest achieved work rate at peak exercise (W/kg).

Cardiopulmonary exercise test

Anthropometric measurements were conducted before the CPET. After
brief pretest instructions, baseline cardiopulmonary values were collected

116



Criterionvalidity andresponsiveness of the steep ramp test

during a two-minute rest period while seated at a cycle ergometer (Lode
Corival, Lode BV, the Netherlands). After the rest period, the participant
completed a 3-minute warm-up phase of unloaded cycling. Subsequently,
the work rate started to increase by an incremental ramp protocol adjusted
to the patient’s self-reported physical activity level, aimed at reaching a
maximal effort within 8 to 12 minutes. Participants were instructed to keep
cycling until exhaustion, with a pedalling frequency of at least 60 rpm. The
protocol continued until the patient stopped cycling or pedalling frequency
fell below 60 rpm, despite strong verbal encouragement. Continuous
breath-by-breath analysis was obtained during the test using an
ergospirometry system calibrated for respiratory gas analysis
measurements and volume measurements (Vyntus CPX, CareFusion,
Netherlands). Peak exercise was defined as the point where the pedalling
frequency dropped below 60 rpm. Respiratory gas analysis values at peak
exercise were calculated as the average value over the last 30 seconds
before test termination. Similar to the SRT, voluntary exhaustion was
considered to be achieved when participants showed clinical signs of
intense effort.

Statistical analysis

Statistical analyses were done using SPSS version 23.0. Continuous
variables were checked for normality using histograms and Q-Q plots.
Patient characteristics and exercise test outcomes were presented as
mean = SD or as median and interquartile ranges (IQR) for continuous
variables, as appropriate, whereas data of categorical variables were
expressed as frequencies and percentages. Criterion validity of the SRT was
evaluated for all participants at T=0 using Pearson’s or Spearman’s
correlation coefficient, as appropriate, with corresponding 95%
confidence intervals (Cls) to quantify the relationship between SRT-WRpeak
and CPET-VOgzpeak. To evaluate the responsiveness of the SRT, the
correlation coefficient with corresponding 95% Cl was calculated between
the absolute change in SRT-WRpeak and CPET-VOzpeak from T=0 to T=1,
for participants who completed the exercise tests at both time points.
Receiver operating characteristic (ROC) curves were plotted between the
dichotomised change in CPET-VOzpeak (improvement versus no
improvement) and the absolute change in SRT-WRpeak. The minimal
detectable change for improvement in CPET-VOzpeak was defined as a
relative increase of 26%.2' The area under the curve (AUC) of the ROC curve
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with corresponding 95% Cl was calculated to evaluate the ability of the SRT
to detect a true improvement in CPET-VO2peak of =26% over time. The
Youden index (sensitivity + specificity-1) was calculated for all points of the
ROC curve. The highest value was selected as a potential cutoff point to
indicate the minimal detectable change in CPET-VOzpeak. When the
sensitivity for this cutoff point was <70.0%, a second cut-off value was
chosen at the highest Youden index where the sensitivity was =70.0%,
because sufficient sensitivity is required to detect training progression.
Sensitivity, specificity, and predictive values (%) were calculated for the
cut-off value(s).

Results

Participant characteristics

Of the 116 patients who were eligible to participate, 106 (91.4%) were
included in the analysis. Seven patients (6.0%) dropped out because they
were unable to complete one or both of the exercise tests until voluntary
exhaustion at T=0. One patient was excluded because of a surgical
intervention between the CPET and SRT at T=0. Test results at T=1 were
available for 59 participants (55.7%). For 31 of the 47 participants (66.0%)
who were lost to follow-up, the rehabilitation program and the tests at T=1
were postponed or cancelled due to the COVID-19 pandemic, during which
all outpatient activities were cancelled for four months. This period was too
long for the purpose of this study; therefore, no catch-up measurements
were undertaken for these participants. See Figure 5.1 for a flowchart of
participant inclusion. The final sample consisted of 78 women (73.6%) and
28 men (26.4%). Mean age was 56.6 £ 11.0 years and breast cancer was the
most prevalent diagnosis (48.1%). Further baseline characteristics are
summarised in Table 5.1 for all participants (n=106) and for those who
completedboth exercise testsat T=0 and T=1(n=59).
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Eligible for participation
(n=16)

A 4

Surgicalintervention between
exercise tests
(n=1)

Y

Did notwant to participate
(n=2)

Y

Y

Unable to complete exercise tests,
withreasons(n=7)

-Musculoskeletal problems (n = 2)

- Fearof CPET mask (n=3)

- Severe polyneuropathy (n=1)

- Intermittent claudication(leg)(n=1)

Included participants who completed
exercisetestsatT=0
(n=106)

A 4

Participants that were lost to follow-up,

withreasons (n=47)

- Covid-19 crisis (n = 31)

- Dropped out from the exercise program (n = 8)
- Test cancelation, medical reason (n=4)

-Test cancelation, noreason(n=1)

-Fearof CPETmask(n=1)

- Measurement error CPET (n=2)

Included participants who completed
exercisetestsatT=0and T=1
(n=59)

Figure 5.1. Flowchart of participantinclusion.

Covid-19 = Coronavirus-19 pandemic.
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Table 5.1. Baseline characteristics of the participants.

Participants who Participants who
completed tests at completed tests at
T=0 T=0andT=1
(n=106) (n=59)
Sex(n)
Male 28(26.4) 16 (27.1)
Female 78(73.6) 43(72.9)
Age (years) 56.6+11.0 54.6 £11.0
Body height (cm) 169.6+7.9 170.3+8.1
Body mass (kg) 79.0+13.8 791121
Body mass index (kg/m?) 27.5+4.8 27.4+47
Cancertype (n)
Breast cancer 51(48.1) 30(50.8)
Colorectal cancer 9(8.5) 3(5.1)
Lung cancer 7(6.6) 3(5.1)
Lymphomas 6(5.7) 4(6.8)
Prostate cancer 4(3.8) 2(3.4)
Other 29(27.4) 17 (28.8)
Metastasis (n)
No metastasis 77 (72.6) 45(76.3)
Lymphatic metastasis 17 (16.0) 9(15.3)
Hepatic metastasis 5(4.7) 2(3.4)
Skeletal metastasis 4(3.8) 1(1.7)
Other 3(2.8) 2(3.4)
Treatment (n)
Surgery 80 (75.5) 47(79.7)
Chemotherapy 62 (58.5) 33(55.9)
Radiotherapy 55(B1Y) 26(44.0)
Hormone therapy 32(30.2) 20(33.9)
Immunotherapy 11(10.4) 7(1.9)
Stem cell transplantation 4(3.8) 2(3.4)

Values are presented as n (%) for categorical variables and as mean + SD for continuous
variables.

Exercise test outcomes

SRT-WRpeak and CPET-VO2peak are presented in Table 5.2 for all
participants at T=0 (n=106) and for the participants who completed both
tests at T=0 and T=1 (n=59), with corresponding change scores. Mean + SD
was 3.0 = 0.9 W/kg for SRT-WRpeak and 19.5 + 5.2 mL/kg/min for CPET-
VO2peak at T=0. Median (IQR) between-visit time for the SRT and CPET was
5 (2) days at T=0 and 7 (5) days at T=1. Participants who completed both
tests at T=0 and T=1 showed a mean change of 0.4 + 0.3 W/kg (+12.9%) on
the SRT-WRpeak and a mean change of 2.0 + 2.3 mL/kg/min (+10.0%) on
the CPET-VO:zpeak after completion of the exercise program. Forty-one
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participants (69.5%) showed a relative increase of 26% in CPET-VO2peak
and thus a true improvement in aerobic capacity.

Table 5.2. Exercise test outcomes.

Participants Participants who completed tests
who atT=0andT=1
completed
testsatT=0
(n=106) (n=59)
T=0 T=0 T=1 Change %change
SRT-WRpeak (W/kQ) 3.0+0.9 3.1+0.9 3.5+1.0 0.4+0.3 12.9
SRT duration (min:s) 01:30+00:25 01:33+00:25 01:48 £ 00:26

CPET-VOzpeak (mL/kg/min) 19.5+5.2 20.1£5.3 22163 2.0x23 10.0
CPET test duration(min:s) 09:43+01:35 09:49+01:31 11:01+02:07

Values are presented as mean = SD. SRT test duration and CPET test duration is the duration of
loaded cycling during these tests and is expressed in minutes and seconds. SRT=steep ramp
test; CPET=cardiopulmonary exercise test; SRT-WRpeak=peak work rate achieved at the
steep ramp test; CPET-VO2peak=peak oxygen uptake achieved at the cardiopulmonary
exercise test.

Validity and responsiveness

A Pearson’s r of 0.86 (95% CI 0.80 ; 0.90) was found for the relation
between SRT-WRpeak and CPET-VO2zpeak at T=0 (Figure 5.2). APearson’sr
of 0.51(95% ClI, 0.29 : 0.68) was found for the relation between individual
change scores in SRT-WRpeak and the CPET-VO2peak from T=0 to T=]
(Figure 5.3). ROC analysis showed an AUC of 0.74 (95% CI1 0.60 ; 0.87) of the
SRT to discriminate between participants who did or did not improve in
aerobic capacity (increase in CPET-VO2peak =26%) following the
rehabilitation program (Figure 5.4). The maximal value of the Youden index
was found at 0.38 W/kg, which therefore was chosen as a potential cutoff
value. Using this cutoff value resultedin a sensitivity of 56.1%, a specificity of
83.3%, a positive predictive value (PPV) of 88.5%, and a negative predictive
value (NPV) of 45.5%. A second value was chosen, aiming for a sensitivity
>270.0%. The highest Youden index for a sensitivity 270.0% was found at
0.26 W/kg, which therefore was chosen as the optimal cutoff point of the
SRT to detect a true improvement in aerobic capacity. When using this
cutoff value in the sample, 35 participants (58.3%) improved aerobic
capacity according to the SRT. This resulted in a sensitivity of 70.7%, a
specificity of 66.7%, a PPV of 82.9%, and an NPV of 50.5% (Table 5.3).
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Figure 5.2. Scatterplot for the relationship between SRT-WRpeak and CPET-VO2peak with the
corresponding Pearson’s correlation coefficient (r); SRT-WRpeak=peak work rate achieved
during the steep ramp test; CPET-VO:peak=peak oxygen uptake attained at the
cardiopulmonary exercise test.
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Figure 5.3. Scatterplot for the relationship between change over time (4) in SRT-WRpeak and
CPET-VO2peak with the corresponding Pearson’s correlation coefficient (r). SRT-
WRpeak=peak work rate achieved during the steep ramp test; CPET-VOzpeak=peak oxygen
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Figure 5.4. ROC curve for the ability of the SRT to detect a true improvement in CPET-
VOzpeak. Potential cutoff values are displayed in the graph. @: cutoff value of 0.38 W/kg, which
has a sensitivity lower than 70.0%. m: optimal cutoff value of 0.26 W/kg. ROC=receiver
operating characteristic.

Table 5.3. Sensitivity, specificity, and predictive values of the SRT to detect improvement in
aerobic capacity.

SRT cutoff value (W/kg) Sensitivity (%) Specificity (%) PPV (%) NPV (%)
0.38* 56.1 83.3 88.5 45.5
0.26T 70.7 66.7 82.9 50.0

*The cutoff value with the highest Youden index; T The cutoff value with the highest Youden
index with a sensitivity 270.0%. SRT=steep ramp test; PPV=positive predictive value;
NPV=negative predictive value.”

Discussion

The objective of this study was to examine the criterion validity and
responsiveness of the SRT to evaluate aerobic capacity in survivors of
cancer. Three a priori hypotheses were formulated. Pearson’s correlation
analysis showed a strong relationship (r=0.86) between SRT-WRpeak and
CPET-VOgzpeak at T=0. This indicates that the SRT has a good validity to
measure aerobic capacity, confirming the first hypothesis. These findings
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are similar to the results of de Backer et al., who found anrof 0.82 between
SRT-WRpeak and CPET-VO:peak.® The SRT seemed to be a valid
measurement tool in previous studies with other populations as well.'1
These findings are promising, since the SRT is a practical test, which is less
expensive and time-consuming than CPET and can be performed without
medical supervision. However, CPET in cancer survivorsis not only used as a
test to measure aerobic capacity, but also for the assessment of exercise-
limiting factors and exercise-induced cardiovascular risk.” Because this
information cannot be obtained during the SRT, it is not recommended to
use the SRT as an alternative for CPET in cancer survivors with increased
cardiovascularrisks, such as pre-existent cardiovascular disease, treatment
with cardiotoxic chemotherapy, and left-sided chest radiation.® Yet, the SRT
can be used to provide insight in the aerobic capacity of survivors of cancer
and to personalize physical exercise training program prescription.

A moderate correlation was found between change in SRT-WRpeak and
CPET-VO2zpeak (r=0.51), which is in agreement with the second hypothesis.
This indicates that the SRT has a moderate responsiveness and might not be
the most accurate tool to measure change in aerobic capacity. The current
study was the first to examine the responsiveness for aerobic capacity of
the SRT. However, a prediction model that was developed by the Bakker et
al.” and extended and externally validated by Stuiver et al.?? to predict
aerobic capacity in individual cancer patients based on the SRT, showed
acceptable results at group level but was insufficiently accurate to estimate
CPET-VO2zpeak in individual patients. This is in accordance with the current
findings of a moderate responsiveness, because responsiveness is a
measurement property of agreement between individual changes over
time.”®

The third and last hypothesis was aimed at testing the ability of the SRT to
discriminate between participants who did or did not improve in CPET-
VO2zpeak. An AUC of 0.60-0.80 was expected and results confirmed this.
Results showed an AUC of 0.74 which implicates that the SRT is sufficiently
responsive to indicate a true improvement in aerobic capacity over time.?
The maximal value of the Youden index was found at 0.38 W/kg; however,
using this cutoff value would result in a low sensitivity (56.1%). Because
positive feedback is a strong motivator during rehabilitation, the number of
false negatives of a performance test should be minimised. Therefore, a
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sensitivity of 70.0% was pursued, which resulted in an optimal cutoff point
of an improvement in SRT performance of 0.26 W/kg to detect a true
improvement in CPET-VO2peak (26%).

Forboth the SRT and CPET, a maximal effort was considered to be reached
when participants showed clinical signs of voluntary exhaustion, which is a
subjective criterion. An objective criterion that is often used to confirm a
maximal effort at the CPET is a respiratory exchange rate at peak exercise
(RERpeak) =1.10.24 After analysing the study data, it was noticed that not all
patients performed a maximal effort at the CPET, according to the RERpeak
criterion. These findings are in agreement with several other studies in
cancer survivors, which also show that a RERpeak =1.10 is often not reached
in this population.?®? To elucidate whether this influenced our results
concerning the validity and responsiveness of the SRT, we performed a
post-hoc analysis. As such, a subgroup of patients who met the RERpeak
criterion and a subgroup of patients who did not met this objective criterion
were created.

Mean + SD RERpeak was 1.16 + 0.09 in the total sample (n=106) at T=0. Post-
hoc analysis showed that 77 participants (72.6%) reached an RERpeak =1.10
at T=0. Participants who did not achieve an RERpeak =1.10 at T=0 (n=29,
27.4%), reached an RERpeak ranging from 0.96 t0 1.09. Mean + SD RERpeak
was 1.17 £ 0.10 at T=0 and 1.18 £ 0.10 at T=1in the group of participants (n =
59) who completed CPETs at T=0 and T=1. The post-hoc analysis
demonstrated that 42 of these participants (71.2%) reached an RERpeak
=1.10 during both CPETs. Since objective criteria for a maximal effort do not
exist forthe SRT, the heartrate at peak exercise (HRpeak) during the SRTwas
compared between the SRTs at T=0 and T=1. Participants who completed
the SRT at T=0 and T=1, reached a mean HRpeak of respectively 137 + 23
bpm and 140 + 22 bpm. These results demonstrate only minor differences
between T=0 and T=1 in RERpeak and HRpeak at the SRT and CPET,
respectively. Therefore, it can be assumed that participants showed equal
levels of effort during the SRT and CPET testsatT=0and T=1.

Subsequently, validity and responsiveness analyses were repeated in the
subgroup of participants that met the criteria of an RERpeak =1.10 at the
CPETs. For validity, this post-hoc analysis showed an r of 0.84 for the
relation between SRT-WRpeak and CPET-VOzpeak at T=0. For
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responsiveness, an r of 0.50 was found for the relation between individual
change scores of SRT-WRpeak and CPET-VO2peak. ROC analysis showed
an AUC of 0.74. These results are similar to the original study results, in which
all participants who showed voluntary exhaustion were included, evenif they
failed to reach an RERpeak =1.10. As such, it appeared that the delivered
effort, based on the objective RERpeak criterion, did not affect the study
results.

Study limitations

One study limitation was the fact that the test order was not randomised.
Randomisation could not be performed since the CPET and SRT were part of
usual care and had to be adapted to the rehabilitation trajectory of the
patient. Consequently, day-to-day performance variation could have
influenced the results of the validity and responsiveness of the SRT.

Conclusion

Results suggest that the SRT is a valid tool to estimate aerobic capacity in
cancer survivors. Moderate correlations between change scores indicate
that the SRT has a limited responsiveness to measure changes in aerobic
capacity. Nevertheless, ROC analysis implicates that the SRT is able to
determine whether aerobic capacity has truly improved with a cutoff point
of 0.26 W/kg.
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Abstract

Background

Evaluating the criterion validity and responsiveness of the self-reported FitMax©-
questionnaire, Duke Activity Status Index (DASI), and Veterans Specific Activity
Questionnaire (VSAQ) to monitor aerobic capacity in cancer survivors.

Methods

Cancer survivors participating in a 10-week supervised exercise program were
included. The FitMax©-questionnaire, DASI, VSAQ), and a cardiopulmonary exercise
test (CPET) were completed before (To) and after (Ti) the program. Intraclass
correlation coefficients (ICC) were calculated between VOzpeak estimated by the
questionnaires (questionnaire-VOzpeak) and VO:peak measured during CPET
(CPET-VOgzpeak), at To to examine criterion validity, and between changes in
questionnaire-VOzpeak and CPET-VO2peak (ATo-Ti) to determine responsiveness.
Receiver operating characteristic (ROC) analyses were performed to examine the
ability of the questionnaires to detect trueimprovements (=6%) in CPET-VOzpeak.

Results

Seventy participants were included. Outcomes at Ti were available for 58
participants (83%). Mean CPET-VO:zpeak significantly improved at Ti (A1.6 mL/min/kg
or 8%). Agreement between questionnaire- VOzpeak and CPET-VO2peak at To was
moderate for the FitMax©-questionnaire (ICC=0.69) and VSAQ (ICC=0.53), and
poor for DASI(ICC=0.36). Pooragreement was found between ACPET-VO:zpeak and
Aquestionnaire-VO2peak for all questionnaires (ICC of 0.43, 0.19 and 0.18 for the
FitMax©-questionnaire, VSAQ), and DASI, respectively). ROC analysis showed that
the FitMax©-questionnaire was able to detect improvements in CPET-VO2peak
(area under the curve, AUC=0.77) when using a cut-off value of 1.0 mL/min/kg, while
VSAQ (AUC=0.66) and DASI(AUC=0.64) could not.

Conclusion

The self-reported FitMax©-questionnaire has sufficient validity to estimate aerobic
capacity in cancer survivors at group level. The responsiveness of the FitMax©-
gquestionnaire for absolute change is limited, but the questionnaire is able to detect
whether aerobic capacity improved. The FitMax©-questionnaire showed
substantially better values of validity and responsiveness compared to DASI and
VSAQ.
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Introduction

Cancer and its medical treatment often lead to impairments in aerobic
capacity and consequently decreased physical functioning and health-
related quality of life. Literature suggests that low aerobic capacity is
associated with increased risks for cancer recurrence and all-cause and
cancer-related mortality."? Therefore, it is worrying that cancer survivors
experience alongstanding decline in aerobic capacity of 5-22% during the
course of their treatment.** This decline in aerobic capacity can be
countered or prevented, and it is well-known that physical exercise is an
effective way to do so.%¢

The criterion standard to evaluate aerobic capacity is measuring peak
oxygen uptake (VO2zpeak) during an incremental maximal exercise test with
respiratory gas analysis, also referred to as a cardiopulmonary exercise test
(CPET).” Measuring VO2peak is of great additional value for pre-operative
risk-screening, personalised exercise prescription, and monitoring aerobic
capacity in patients with cancer.®? Moreover, CPET is used for exercise pre-
participation health screening and to determine the underlying cause of
exercise limitation.”'° However, performing CPET is costly, time-consuming,
a burden to the patient, and requires costly advanced equipment, and
medical supervision.” In many clinical circumstances the main aim is to
assess aerobic capacity, without underlying diagnostic question on
exercise limitation. Patient-reported outcome measures (PROMs), such as
self-reported questionnaires, could be a useful alternative to estimate and
monitor aerobic capacity in these settings where a CPET is not feasible or
necessary.

The Duke Activity Status Index (DASI) and Veterans Specific Activity
Questionnaire (VSAQ) are self-reported questionnaires which are often
used in clinical healthcare for the assessment of aerobic capacity in
patients."? The DASI was developed to assess physical functioning in
cardiovascular patients and shows good validity compared to VO2peak
measured during CPET (CPET-VO2peak) when administered by an
interviewer, and moderate validity when self-reported.” In a recent study
with patients scheduled for major cancer surgery, VO2peak estimated using
the DASI (DASI-VO2peak) showed substantial bias with wide 95% limits of
agreement (95% LoA) when compared to CPET-VOzpeak.” The VSAQ was
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developed to estimate aerobic capacity in American Veterans describing
activities of increasing metabolic equivalent of a task (MET) and showed a
moderate correlation with METs derived from CPET.”? One MET is considered
equal to 3.5 mL/kg/min and can be used interchangeably with VOzpeak.' In
amore recent study with healthy adults, VOzpeak estimated using the VSAQ
(VSAQ-VO2peak) also showed considerable bias with wide 95%-LoA."
Although VSAQ and DASI showed a significant correlation with measured
VO2zpeak, agreement was suboptimal. Besides, both questionnaires were
developed and validated in an American population. A major drawback of
the VSAQ is the use of activities, such as basketball and skiing, which are not
practiced globally.'

More recently, the FitMax©-questionnaire, hereafter called FitMax, was
developed as a self-reported questionnaire to estimate VO;peak (FitMax-
VO2peak) in the general Dutch population. FitMax-VOzpeak is based on the
self-reported maximum capacity of walking, stair climbing, and cycling
combined with age, sex, and body mass index (BMI). In a recent study, the
FitMax showed a strong intraclass correlation (ICC=0.93) with CPET-
VO2peak, and acceptable bias (-0.24 with 95% LoA -9.23 ; 8.75), in a
heterogeneous group of 228 patients (with lung, cardiac and oncologic
diseases) and athletes. The results for FitMax were compared with DASI
(ICC=0.62, bias of 3.32 with 95% LoA -14.81; 21.44) and VSAQ (ICC=0.87,
bias of 3.44 with 95% LoA -10.11;16.98) in the same population and showed
betteragreement with CPET-VO2peak.”

The clinical usefulness and applicability of PROMs depend on several
measurement properties including validity, responsiveness, and reliability.
Assessing the responsiveness of an instrument is important to determine
whether it is able to detect changes over time. However, no studies
regarding the responsiveness of these self-reported questionnaires have
been performed before. Therefore, the aim of this study was to assess and
compare the 1) population specific criterion validity and 2) responsiveness
of VOzpeak predicted by FitMax, DASI, and VSAQ as self-reported
questionnaires, to evaluate aerobic capacity in cancer survivors who
participatedinalO-week supervised exercise program.

We hypothesised the population specific agreement between CPET-
VO2peak and FitMax- VOzpeak at To to be moderate-to good, withanICC of
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>0.70;7" and the ICC between change over time in CPET-VO2peak and
FitMax- VOzpeak to be between 0.40 and 0.60.2°? Furthermore, the ability
of the FitMax to discriminate between participants who did or did not
improve in aerobic capacity was expected to be moderate. As such, the
area under the curve (AUC) of the receiver operating characteristic curve
(ROC-curve)was expected to beinthe range of 0.60-0.80.% Lastly, looking
at the results of previous studies, the validity and responsiveness of FitMax-
VOzpeak in this population are expected to be better compared to the
validity and responsiveness of the DASI-VO:peak and VSAQ-VO2peak,
which are expected to show poor-to moderate agreement with CPET-
VOzpeak (ICC<0.70).1722

Methods

Setting

Patients who were scheduled to participate in a supervised exercise
program as part of usual-care multidisciplinary oncology rehabilitation were
prospectively recruited at the Department of Physical Therapy of the
Maastricht University Medical Centre (MUMC+) between January 2021 and
December 2021. The multidisciplinary rehabilitation program consisted of a
10-week supervised physical exercise program, supplemented with
psychological and/or occupational therapy when indicated. The exercise
program consisted of combined endurance and resistance training as
described elsewhere.? Data collection procedures were in compliance with
the Declaration of Helsinki?* and were approved by the medical ethics
committee of the MUMC+ (registration number METC 2020-2300). This
study was reported according to the Consensus-Based Standards for the
Selection of Health Measurement Instruments guidelines (COSMIN).?® The
study was registered as NL8568 in the Netherlands Trial Register
(https://trialsearch.who.int).

Participants

Patients were eligible to participate in the rehabilitation program when they
were suffering from physical and psychosocial complaints and/or fatigue
due to cancer (treatments). Patients were excluded from participation when
they were unable to perform basic activities of daily living (e.g. walking) and
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suffered from disabling comorbidities that seriously hamper physical
exercise.?® Within two weeks before the start (To) and after the 10-week
exercise program (T1) a CPET was conducted as part of usual care. Patients
were included in this study when they were willing to complete three self-
reported questionnaires during both CPET consultations and gave written
informed consent for the use of their questionnaire and CPET data. Patients
who were unable to read and understand the questionnaires, or did not
show signs of voluntary exhaustion during the CPET at To (e.g. due to injuries
orjoint complaints) were excluded from the study.

Test procedures

Anthropometric measurements were conducted before the CPET. After
pre-test instructions, baseline cardiopulmonary values were collected
during a 2-minute rest period while seated at the cycle ergometer (Lode
Corival, Lode BV, Groningen, The Netherlands). After the rest period, the
participant completed a 3-minute warm-up phase of unloaded cycling.
Subsequently, the work rate started to increase by an incremental maximal
ramp protocol adjusted to the patient’s self-reported physical activity level
(assessed by the sports physician independently from the questionnaire
results), aimed to reach a maximal effort within 8-12 minutes.?¢? At Ty, the
same ramp protocol was applied for CPET as at To. Participants were
instructed to keep cycling until exhaustion, with a pedalling frequency of at
least 60 rotations per minute. The protocol continued until the patient
stopped cycling or pedalling frequency fell below 60 rotations per minute,
despite verbal encouragement. Continuous breath-by-breath analysis was
obtained during the test using an ergospirometry system (Vyntus CPX,
CareFusion, Netherlands) calibrated for respiratory gas analysis and volume
measurements. Peak exercise was defined as the point where the pedalling
frequency dropped below 60 rotations per minute. Voluntary exhaustion
was considered to be achieved when participants showed clinical signs of
intense effort (e.g., unsteady biking, sweating or clear unwillingness to
continue exercising). True maximal effort was considered to be reached if
one of the two following criteria was met: i) percentage of age-related
predicted maximal heart rate and ii) age-related peak respiratory exchange
rate (RERpeak).?¢% Participants were blinded for test outcomes during both
test moments and for questionnaire answers at To, during T measurements.
Moreover, researchers were blinded for questionnaire data during the CPET
and for test outcomes at To during the CPET at T1. CPET outcomes were
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analysed by a trained researcher. Oxygen uptake (VO2) and RER values were
averaged over 30 seconds at peak exercise. The VO: at the anaerobic
threshold (VO2AT) was determined as described elsewhere.*°

Questionnaires

On the same day, shortly before the CPET subjects were asked to complete
the DASI, VSAQ), and FitMax as self-reported questionnaires. The DASI
consists of twelve dichotomous questions, of which weighted scores are
usedin an algorithm to estimate the VO2peak." The VSAQ is a single-answer
13-point scale describing activities of increasing intensity. The VSAQ score
and age were used to estimate VOzpeak, according to guidelines of the
questionnaire.”? The FitMax consists of 3 single-answer, multiple-choice
questions assessing the maximum capacity of walking, stair climbing, and
cyclingonal4-,11- and 12-point scale, respectively. Based on the weighted
score of the FitMax combined with sex, age (in whole years), and BMI,
VOzpeak was estimated.” The ability of the current study population to
complete the FitMax was assessed using 3 additional questions on a scale
of 1-10 for the questions about walking, stair climbing, and cycling capacity
separately, inwhich Tindicates “l cannot estimate properly” and 10 indicates
“l can estimate properly”.

Statistical analysis

A sample size estimation was performed using PASS 2008%, in which a
sample size of n=55 was determined to achieve a two-way 95% confidence
interval (Cl) with an expected correlation of r=0.60 (0.40 ; 0.75). Thisisinline
with the minimum of 50 participants as recommended in the COSMIN
guidelines.? Statistical analyses were performed using SPSS version 23.0.32
Continuous variables were checked fornormality using histograms and Q-Q
plots. Continuous variables are presented as mean + standard deviation
(SD) in case of normal distribution or as median and interquartile range
otherwise. Categorical variables are expressed as frequencies with
percentages. Mean changes in outcomes between To and Ti were reported
with 95% CI. When the 95% CI did not include zero, the mean change was
considered statistically significant. Criterion validity and responsiveness
were determined using ICC (two-way random absolute agreement), with
corresponding 95% Cl and standard error of the estimate (SEE). Criterion
validity of the FitMax, DASI, and VSAQ was evaluated for all participants at
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To, by quantifying the agreement between CPET-VO2peak and VOzpeak
estimated using the questionnaires (questionnaire-VO2peak). Furthermore,
Bland-Altman analysis was conducted with calculation of bias and 95% LoA
to assess the agreement between CPET-VO:peak and questionnaire-
VO2zpeak and to determine whether mean differences between both values,
are dependent on the size of the CPET-VOzpeak. Proportional bias was
assessed using linear regression between the means and the differences of
CPET-VO2zpeak and questionnaire-VO2peak. P-values of <0.05 were
considered statistically significant. In case of proportional bias, the ratio of
questionnaire-VOzpeak to CPET-VOzpeak was calculated for each subject
and plotted to the average of the two values with corresponding 95% LoA,
as suggested by Bland and Altman.** To evaluate the responsiveness of the
FitMax, DASI, and VSAQ), the ICC and SEE were calculated between the
absolute change in CPET-VO2peak (ACPET-VO2peak) and questionnaire
VO2zpeak (Aquestionnaire-VO:zpeak) between To and Ty, for participants who
completed both exercise tests. As a secondary analysis, the FitMax-
VO2zpeak without cycling was included for analysis as well, since it was
expected that not all participants cycle regularly (on a regular bicycle
without electronic support).

If the responsiveness to estimate ACPET-VOzpeak was insufficient
(ICC<0.5), ROC-curves were plotted between the dichotomized ACPET-
VOzpeak (improvement vs no improvement) and the Aquestionnaire-
VO2zpeak to assess whether the questionnaires at least were able to detect
improvement in CPET-VOzpeak.”?" The minimal detectable change for
improvement in CPET-VO2peak was defined as arelative increase of 26%.3*
The AUC of the ROC-curve with corresponding 95% Cl was calculated to
evaluate the ability of the questionnaires to detect a true improvement in
CPET-VO2zpeak of =6% over time. Since both sensitivity and specificity were
considered equally important, the value at which the product of both is
maximised was chosen as the optimal cut-off value to indicate an
improvement in CPET-VO2peak.’® Sensitivity, specificity, and predictive
values (%) were calculated for the cut-off values of the questionnaires.
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Results

Participants

Of the 84 patients who were eligible to participate in the study,
70 participants (83%) were included for analysis (15 men and 55 women).
Twelve participants (17%) were lost to follow-up, because they did not
complete any of the questionnaires and/or the CPET at Ti, for several
reasons. Outcome measures at Ty were available for 58 participants (83%)
(Figure 6.1). Mean age at Towas 53.2 + 12.8 years and breast cancer was the
most common diagnosis (39%). Surgery, chemotherapy, and radiotherapy
were the most commonly received treatments and approximately half of
the participants were still receiving medical treatment during the study.
Three of them (4%) were still receiving chemotherapy (Table 6.1).

Table 6.1. Patient characteristics at baseline (To).

Participants who Participants who completed
completed CPET and CPET and questionnaires at
questionnaires at To Toand T,
(n=70) (n=58)
Sex
Male 15 (21%) 9 (16%)
Female 55(79%) 49 (85%)
Age (years) 53.2(x12.8) 54.1(x£11.6)
Body Mass Index (kg/m?) 27.6(£5.6) 27.5(x5.5)
Cancertype
Breast cancer 27 (39%) 25(43%)
Hematologic cancer 12 (17%) 7(12%)
Cervix carcinoma 6(9%) 4(7%)
Lung cancer 5(7%) 4(7%)
Melanoma 4(6%) 3(5%)
Other 16 (23%) 15(26%)
Metastasis
No metastasis 37 (53%) 31(53%)
Lymphatic metastasis 23(33%) 19 (33%)
Bone metastasis 4(6%) 3(5%)
Other 6(9%) 5(9%)
Treatment
Chemotherapy 49 (70%) 41(71%)
Surgery 42 (60%) 39 (67%)
Radiotherapy 36 (51%) 31(563%)
Hormone therapy 19 (27%) 18 (31%)
Immunotherapy 20(29%) 15(26%)
Stem cell transplantation 6(9%) 5(9%)
Treatment completed
Yes 34 (49%) 28 (48%)
No 36 (51%) 30(52%)

Results are displayed as n (%) or mean (+ SD). kg/m?2= kilograms per square meter; n = number
of subjects.
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Patients who were eligible for
participationin the study
(n=284)

A 4

Did not want to participate
(n=5)

Did not complete questionnaires due to
practical considerations (timee.g.)
(n=23)

A 4

Unable to complete questionnaires, with
reasons(n=23)

Cognitive impairments (n=2)
Visualimpairments(n=1)

Y

A 4

Included participants who
completed CPET and
guestionnairesat TO

Did not show voluntary exhaustion
during CPET at TO
(n=3)

Post-traumatic painintheleg(n=1)
Paininthe back and buttock(n=1)
Peripheral arterial vessel disease (n=1)

(n=70)

Y

Y -

Included participants who

Participants who were lost to follow-up,
withreasons(n=12)

Did not complete the exercise program(n = 5)
Did not complete the CPET at T1(n=5)

Did not complete questionnaires at T1(n=1)
Deceased(n=1)

completed CPET and
guestionnaires at TO and T1
(n=58)

Figure 6.1. Participantinclusion flowchart. CPET = cardiopulmonary exercise test.

CPET and questionnaire results

Mean CPET-VOzpeak at Towas18.9 + 5.9 mL/kg/min, whichis 62 £19% of the
reference value for healthy Dutch persons of the same age and sex.> Mean
time between To-Ti was 94 + 16 days. All included participants showed
maximal voluntary exhaustion during CPET. At To, n=62 participants (89%)
met at least one of the objective criteria for true maximal effort during CPET
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and at Ty, n=46 (79%). For RERpeak and heart rate at peak exercise (HRpeak),
no significant differences were seen between To and Ti. Participants who
completed the tests and questionnaires at both To and Ti showed a
significant mean improvement of 1.6 mL/kg/min (95% CI 1.0 ; 2.3) or 8% on
CPET-VO2zpeak after completion of the exercise program. Thirty-four
participants (59%) showed a relative increase of 26% in CPET-VO2peak
which we considered as a true improvement in aerobic capacity.** Body
weight, VO2AT during CPET, FitMax-VOzpeak, DASI-VOzpeak and VSAQ-
VO2peak increased significantly as well (Table 6.2). Most missing values
were observed for DASI-VO2peak. Because some participants did not fill
out the FitMax question about cycling, a sub-analysis was performed
without the maximum cycling capacity.” CPET results and questionnaire-
VO2peak are presented in Table 6.2 for all participants at To (n=70) and for
the participants who completed CPET and the questionnaires at both To and
Ty (n=58), with corresponding change scores. The participants’ ability to
complete the FitMaxon a scalefrom1-10isreported as well.

Criterion validity

An ICC of 0.69 (95% CI 0.18 ; 0.86) was found for the agreement between
CPET-VO2zpeak and FitMax-VOzpeak at To. When the question about
maximum cycling capacity was notincluded, the ICC was 0.62(95% CI 0.01;
0.84) for the agreement with CPET-VOzpeak. Less agreement was found
between CPET-VOzpeak and VSAQ-VO:peak (ICC=0.53) and CPET-
VOgzpeak and DASI-VOzpeak (ICC=0.37) (Table 6.3). The agreement
between questionnaire-VOzpeak and CPET-VO:zpeak is displayed visually in
Figure 6.2A-D. Bland-Altman plots showed proportional bias for the
agreement between CPET-VO2peak and FitMax-VOzpeak, FitMax-VO2peak
without cycling, and VSAQ-VO:zpeak (p<0.05). For this reason, bias and
95% LoA were reported as ratios.*® The mean ratio of FitMax-
VO2peak/CPET-VO2peak was 1.21 (95% LoA 0.80 ; 1.62), which means the
FitMax overestimated CPET-VOzpeak with 21% on average. The mean ratio
bias was 1.28 (95% LoA 0.81;1.75) for FitMax-VO2peak without cycling, 1.06
(95% LoA 0.33;1.79) for VSAQ-VO2peak and 1.26 (95% LoA 0.55-1.97) for
DASI-VO2zpeak.Bland-Altman plots show wider 95% LoA for VSAQ and DASI
when compared to FitMax. The plots for FitMax-VO2peak with and without
maximum cycling capacity look similar, but the results are shifted more
towards a ratio above 1 for the FitMax-VOzpeak without maximum cycling
capacity. SEE for the agreement between CPET-VOzpeak and FitMax-
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VO2peak, FitMax-VO2zpeak without cycling, VSAQ-VO2peak and DASI-
VO2zpeak was 3.28 mL/kg/min, 3.31 mL/kg/min, 4.95 mL/kg/min and 5.46
mL/kg/min, respectively (Figure 6.3A-D; Table 6.3).

Table 6.2. CPET and questionnaire results.
Participants Participants who completed CPET and

who questionnairesatToand T
completed
CPETand
questionnaires
atTo
(n=70)2 (n=58)°
Anthropometric data To Th AToenT,
Body weight (kg) 77.4 £15656 765152 77.4+15.7 0.9 (0.2-1.7)*
CPET data
CPET-VO2peak (mL/kg/min) 18.9+5.9 18.5+54 20.1+59 1.6(1.0;2.3)*
% of thereference VO peak® 62+£19 62 £18 67 £19 6(4;7)
HRpeak (beats/min) 147 £22 147 £ 21 148 £20 1(-3;5)
RERpeak (VCO2/VO2) 116+0.09 115+0.09 116+0.09 0.01(-0.01;0.03)
VO2ar (mL/kg/min) N6+3.2 N4+£29 12.8+3.1 1.3(0.7;1.9)*
ATime CPET To-Ti (days) - - - 94(89;98)*

Questionnaire data
FitMax- VO2peak (mL/kg/min) 232+7.7 22761 247+6.6 1.9(0.6;3.3)*

FitMax- VOzpeak without 2382275 235+6.6 253+6.9 1.8(0.5;3.2)*
cycling (mL/kg/min)

VSAQ- VOzpeak (mL/kg/min) 19.4+7.4 18.0+6.1 21.3+84 3.2(1.4;50)*
DASI-VO2zpeak (mL/kg/min) 229+6.0 222+61 253+54 3.1(1.4;4.8)*

Ability to estimate FitMaxscores 1-10

Walking score estimate 8(7-9) 8(7-9) 8(7-10) -
Stairclimbing score estimate 8(6-9) 8(6-8) 8(7-9) -
Cycling score estimate 5(3-8) 5(3-7) 6(4-8) -

Means +SDs are presented for subjects who completed the CPET and questionnaires at TO. For
subjects who completed CPET and questionnaires at TO and T1, means +SDs are presented for
both time points with the mean difference and corresponding 95%-CIl. *Statistically
significant. The ability to estimate the maximum capacity of walking, cycling and stairclimbing
(1-10) is reported as median (interquartile range). 2 Missing values for subjects who performed
CPET and filled in questionnaires at TO (n=70): VO2AT n=1, FitMax n=5, FitMax without cycling n=1,
DASIn=9, walking score estimate n=2, stairclimbing score estimate n=2, cycling score estimate
n=3. 2 Missing values for subjects who completed CPET and questionnaires at TO and T1(n=58):
VOAT n=1, FitMax n=7, FitMax without cycling n=2, DASI n=13, walking score estimate n=1,
stairclimbing score estimate n=1, cycling score estimate n=1. ¢ Mean VO2zpeak calculated by
prediction model for VOzpeak of the LowlLands Fitness Registry for the general Dutch
population was 31.0 £5.8 mL/kg/min for this population at TO.3¢ CPET=cardiopulmonary
exercise test; DASI=duke activity status index; HRpeak= heart rate at peak exercise;
kg=kilograms; mL=millilitres; mi= minute; n=number of subjects; RERpeak=peak respiratory
exchange ratio; VO2AT=oxygen uptake at the anaerobic threshold; VOzpeak=peak oxygen
uptake; VSAQ=veterans specific activity questionnaire.

142



Criterionvalidity andresponsiveness of self-reported questionnaires

Table 6.3. Agreement between CPET-VOzpeak and questionnaire-VO2zpeak at To.

Variable n ICC 95% CI SEE Mean Ratio Ratio upper
ratio lower
bias 95% LoA 95% LoA
CPET-VO2peak 70 n/a n/a n/a n/a n/a n/a
FitMax-VOzpeak 65  0.69 0.18,;0.86* 3.28 1.21 0.80 1.62
FitMax-VOzpeak 69  0.62 0.01;0.84* S 1.28 0.81 1.75
without cycling
VSAQ-VOzpeak 70 0.53 0.34;0.68* 4.95 1.06 0.33 1.79
DASI-VO2peak 61 0.37 0.10; 0.59* 5.46 1.26 0.55 1.97

Number of subjects per questionnaire (n), ICC with corresponding 95% CI, SEE and mean ratio
bias with 95% LoA are reported for the relation between CPET-VO2peak and questionnaire-
VOzpeak at TO. *Statistically significant. CPET=cardiopulmonary exercise test; DASI=duke
activity status index; ICC=intraclass correlation; n=number of subjects; n/a=not applicable;
SEE=standard error of the estimate; VO2peak=peak oxygen uptake; VSAQ=veterans specific
activity questionnaire; 95% Cl= 95% confidence interval; 95% LoA=95% limits of agreement.
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Figure 6.2A-D. Criterion validity with identity line for relation between questionnaire-VO2peak
and CPET-VO2peak at To. A) FitMax-VOzpeak compared with CPET-VO2peak B) FitMax-
VOgzpeak without cycling compared with CPET-VO2zpeak C) VSAQ-VOzpeak compared with
CPET-VO2peak D) DASI-VOzpeak compared with CPET-VO2peak. CPET=cardiopulmonary
exercise test; DASI=duke activity status index; ICC=intraclass correlation coefficient;
kg=kilograms; mL=millilitres; min=minute; VO2peak=peak oxygen uptake; VSAQ=veterans
specific activity questionnaire.
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Figure 6.3A-D. Bland-Altman plots for the agreement between questionnaire-VOzpeak and
CPET-VO2peak at To. The dashed lines represent the 95% LoA, from -1.96 SD to +1.96 SD. The
solid line represents bias and the dotted line represents the zero bias line. A) FitMax-VOzpeak
compared with CPET-VO:zpeak B) FitMax-VOzpeak without cycling compared with CPET-
VOgzpeak C) VSAQ-VOzpeak compared with CPET- VOzpeak D) DASI-VOzpeak compared with
CPET-VO2zpeak. CPET=cardiopulmonary exercise test; DASI= duke activity status index;
kg=kilograms; mL=millilitres; min=minute; VOzpeak=peak oxygen uptake; VSAQ=veterans
specific activity questionnaire.

Responsiveness

An ICC of 0.43 (95% CI1 0.18 ; 0.63) was found for the agreement between
individual AFitMax-VOzpeak and ACPET-VOzpeak from To to Ti. The ICC
agreement between AFitMax-VOzpeak without the question about
maximum cycling capacity and ACPET-VO2peak was 0.27 (95% CI 0.00 ;
0.49). A lower ICC was found for the agreement between ACPET-VO2peak
and AVSAQ-VO2zpeak (ICC=0.19, 95% CI -0.06 ; 0.42) and the agreement
between ACPET-VOzpeak and ADASI-VOzpeak (ICC = 0.18, 95% CI -0.10 ;
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0.44) (Table 6.4; Figure 6.4A-D). Since the responsiveness to estimate
ACPET-VO2peak was insufficient for all questionnaires, ROC analyses were
performed to determine whether the questionnaires are able to detect a
true improvement in CPET-VO:zpeak (=6 %) with a corresponding optimal
cut-off value.®* An area under the curve (AUC) of 0.77 (95% Cl 0.63 ; 0.91)
was found for FitMax-VO2peak, while the FitMax without maximum cycling
capacity showed an AUC of 0.72 (95% CI 0.59 ; 0.86). The ROC-curve for
VSAQ-VO:zpeak and DASI-VOzpeak showed an AUC of 0.66 (95% C1 0.52 ;
0.80)and 0.64 (95% C1 0.48 ; 0.81), respectively (Table 6.4; Figure 6.5). The
maximum product of sensitivity and specificity was found at
A1.O mL/kg/min, for FitMax-VO2peak and Al.8 mL/kg/min for FitMax-
VO2peak without maximum cycling capacity. These values were therefore
chosen as the optimal cutoff values to discriminate between improvement
and no improvement in CPET-VO2zpeak. The optimal cutoff value for VSAQ-
VO2peak was A3.4 mL/kg/minand A2.7 mL/kg/min for DASI-VOzpeak. Using
the cutoff value for FitMax-VO2peak, resulted in a sensitivity of 71% a
specificity of 75%, a positive predictive value (PPV) of 81% and a negative
predictive value (NPV) of 63%. Sensitivity, specificity, PPV and NPV for the
other questionnaires are presentedinTable 6.4.

Table 6.4. Agreement between CPET-VOzpeak and Questionnaire-VOzpeak for changes (4)
fromTotoTh.

Variable n ICC 95% Cl SEE AUC 95%Cl Cutoff Sens Spec PPV NPV
value (%) (%) (%) (%)
ACPET-VOzpeak 58 n/a n/a n/a n/a n/a n/a nfa n/a n/a n/a

AFitMax- VOzpeak 51 043 0.18;0.63* 207 077 0.63;091 10 7175 8 63
AFitMax-VOzpeak 56 0.27 0.00;049* 223 072 059;086 18 61 78 80 58
without cycling

AVSAQ-VOzpeak 58 019 -0.06;042 225 066 052;080 34° 62 58 68 52
ADASI-VOzpeak 45 018 -0.10;0.44 240 0464 048;081 27 62 63 70 55

Number of subjects per variable (n) and ICC with corresponding 95% CI are reported for the
relation between ACPET-VOzpeak and Aquestionnaire-VOzpeak from To to Ti* Statistically
significant. °The cut-off value for VSAQ-VO:zpeak is also the smallest improvement (which is
~equal to 1.0 MET) that could be measured with VSAQ.? AUC=area under the curve;
CPET=cardiopulmonary exercise test; DASI=duke activity status index; ICC=intraclass
correlation; n=number of subjects; n/a=not applicable; NPV=negative predictive value;
PPV=positive predictive value; SEE=standard error of the estimate; Spec=specificity; Sens=
sensitivity; VOzpeak=peak oxygen uptake; VSAQ=veterans specific activity questionnaire;
95% Cl=95% confidence interval.
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Figure 6.4A-D. Scatterplots for the relation between changes (4) in questionnaire-VO2peak
and CPET-VOzpeak from To-Ti. A) AFitMax-VOz2peak compared with ACPET-VO2peak B) AFitMax-
VO:zpeak without cycling compared with ACPET-VOzpeak C) AVSAQ- VOz2peak compared with
ACPET-VOzpeak D) ADASI-VO2peak compared with ACPET-VO2peak. CPET= cardiopulmonary
exercise test; DASI=duke activity status index; ICC=intraclass correlation coefficient;
kg=kilograms; mL=milliliters; min=minute; VO2peak=peak oxygen uptake; VSAQ=veterans
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Figure 6.5. ROC-curves for the ability of questionnaires to detect a true improvement in CPET-
VO2zpeak. DASI=duke activity status index; ROC-curve=receiver operating characteristics
curve; VSAQ=veterans specific activity questionnaire.

Discussion

In this study among cancer survivors who participated in a10-week exercise
program, we evaluated the criterion validity of 3 questionnaire and found a
moderate agreement between FitMax-VOzpeak and CPET-VO:peak.
Agreement between CPET-VO:zpeak and VSAQ-VOzpeak was moderate as
well, but lower compared to FitMax-VOzpeak, while the DASI-VOzpeak
showed poor agreement. This implies that the criterion validity of the DASI
to evaluate aerobic capacity was insufficient. The criterion validity of the
FitMax and the VSAQ to estimate aerobic capacity is acceptable on group
level, but limited to estimate CPET-VO2peak inindividuals."”

Initial Bland-Altman analysis showed proportional bias, indicating that mean
differences between questionnaire-VOzpeak and CPET-VO:zpeak with
corresponding 95% LoA, are dependent on the size of the CPET-VO2peak
values. This is not surprising, since higher measurement errors are expected
for higher values of CPET-VOzpeak.** For the latter reason, Bland-Altman
analyses were performed using ratios instead of differences between
guestionnaire-VO2peak and CPET-VOzpeak, which showed an
overestimation of CPET-VO;peak for all questionnaires.>* Mean ratio bias
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for FitMax-VO2zpeak (+21%) was smaller compared to DASI-VOzpeak
(+26%), but larger compared to VSAQ-VO:zpeak (+6%). However, 95% LoA
for VSAQ-VOzpeak were wider compared to those for FitMax-VOzpeak.
This could be explained by larger measurement errors for VSAQ-VO2zpeakin
both directions, while FitMax and DASI overestimated CPET-VOpeak in
most cases.

The moderate agreement found between questionnaire-VOz:peak and
CPET-VO2zpeak is in line with previous research, which showed
discrepancies between patient-reported functional capacity and
measured VO2peak.?* Arecent study of Meijer et al., reported higher values
for the agreement between CPET-VO:zpeak and FitMax-VO:peak, DASI-
VO2peak, and VSAQ-VO2peak. On the other hand, SEE for FitMax-VOzpeak
and VSAQ-VO2peak were smaller in the current study, compared to the
previous study, indicating more accurate predictions of CPET-VOzpeak.” It
was not possible to compare Bland-Altman results with previous studies,
because ratios were used instead of absolute values in the current study. In
the original studies about the development of DASI and VSAQ), higher
correlation coefficients between estimated and measured aerobic
capacity were found, but the populations and research methods differed
substantially from our study and both studies were performed more than 25
years ago.""? Low ICC values for the agreement between questionnaire-
VO2zpeak and CPET-VO2zpeak at To in the current study, could be explained
by the small range in VOzpeak values.*® The current study population had a
relatively low aerobic capacity (62% of predicted) and the population was
more homogeneous compared to the original FitMax study.” The fact that
participants in the current study reached lower fitness levels compared to
participants in the original FitMax study (in which the questionnaire and its
prediction model were developed), may have influenced the performance
of the questionnaire as well. It can be expected that estimating physical
abilities is easier when someone is fitter and reaches higher physical activity
levels in daily life or evenin sports. For patients who are mainly sedentary, it
might be more difficult to estimate their physical abilities. Moreover, it could
be questioned whether the question about cycling of the FitMax is
appropriate for the current study population. The area of the MUMC+ is hilly,
making it difficult for elderly to cycle on a regular bike, especially after
receiving cancer treatment. When patients did not cycle regularly or cycled
on an electronic bike, it may have been hard for them to answer the FitMax
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question about maximum cycling capacity. This is in line with the fact that
participants rated their ability to complete the FitMax question about
cycling with a median of 5 at To and 6 at Ty, which is lower compared to the
othertwo questions about walking and stair climbing.

All 3 questionnaires showed poor responsiveness to measure ACPET-
VOzpeak in the current study population. This could be explained by the
increased measurement error that comes along with repeated testing and
by the little variability in data as well.2°?% However, ROC analysis showed
that FitMax-VOzpeak was sufficiently responsive to detect a true
improvement in CPET-VOzpeak (AUC 0.77) when using the optimal cut-off
value of 1.0 mL/kg/min.** This was also the case for the FitMax-VO2peak
without the question about maximum cycling capacity (AUC 0.72 with a cut-
off value of 1.8 mL/kg/min). The AUC for DASI-VO2zpeak (0.64) and VSAQ-
VO2peak (0.66) were insufficient to detect improvement, and therefore it is
not recommended to use these questionnaires to monitor changes in
aerobic capacity.

Compared to a previous study in which a mean change of
2.0 +2.3mL/kg/min was found after a 10-week exercise program as part of
multidisciplinary oncology rehabilitation in MUMC+, larger improvements in
VOzpeak were expected.?® This could be explained by the fact that the
training stimulus in the current study was not given as intended, due to
COVID-19. Because of this pandemic, patients were allowed to train only
once a week instead of twice, and exercise training took place in smaller
groups of fourinstead of eight patients. In order to avoid a long waiting list,
the training frequency was reduced. The smallerimprovement may have led
to less variability in AVO2peak from To to Ty, which could explain low ICC
values for responsiveness. Results for responsiveness could not be
compared with literature, because no previous studies were conducted on
this matter.

Comparing the results for the different questionnaires, we can conclude
that values for criterion validity and responsiveness of the FitMax-VOzpeak
are better compared to VSAQ-VO2peak and DASI-VO:zpeak, in cancer
survivors participating in an exercise program. FitMax-VO2peak was less
accurate without the question for maximum cycling capacity, yet superior to
the DASland VSAQ.
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Strengths of the current study

This is the first study to investigate the responsiveness of self-reported
questionnaires to estimate AVO:zpeak. The direct comparison of the
criterion validity and responsiveness of 3 different self-reported
questionnaires, with CPET-VO:zpeak as criterion standard measure, was a
strength of this study. Since both measurements and the exercise training
were part of usual care, the current study results can easily be translated into
daily care in oncology rehabilitation in the Netherlands. Besides, we
included patients who did and did not complete medical treatment yet,
resulting in a variation of ACPET-VOzpeak in both directions, whichisideal to
study the responsiveness of a measurement.>?' Another strength of the
study was blinding of participants and researchers for test outcomes to
avoid bias.

Limitations of the current study

Alimitation was the fact that the DASI was often not completed. A possible
explanationis the use of twelve dichotomous questions also including some
activities which are difficult to recognize for the general Dutch population,
such as playing basketball. In the absence of only one answer, the DASI-
VO2peak could not be calculated. This suggests that the usability of the
DASI is limited in this population. The fact that true maximum effort
(according to objective criteria) was not reached during all CPETs, could be
seen as a limitation as well. However, these findings are in agreement with
previous studies, which reported that maximal effort criteria are often not
reached in cancer survivors.?** Besides, it can be expected that these
participants are also unable to reach and estimate their maximum capacity
of walking, stairclimbing, cycling, and other daily tasks, as described in the
self-reported questionnaires. Since mean RERpeak and HRpeak were
similar at To and Ty, it is not expected that the delivered effort affected the
study results. Another limitation was the fact that the study population is
quite specific (79% women and in general low fitness) so results may not be
generalisable to other patients with cancer. Validity and responsiveness for
male cancer survivors could differ from the current study results, especially
because VO2peak is sex-dependent. Also the cancer type and treatment
may influence the relationship between questionnaire-VO2peak and CPET-
VO2peak. For instance, breast surgery and breast radiation may cause
limitations in certain activities mentioned in the DASI and VSAQ that include
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the upperbody (i.e. lifting weights). More research is needed in a population
with a better distribution of sex, cancer type, treatment and more variation
in level of aerobic capacity. Also, research on the responsiveness of PROMs
to measure deteriorationin VO2peak would be of additional value, since the
current study focused on improvement. Monitoring deterioration in
VO2peak would be useful during intensive cancer treatment, like
chemotherapy. In this case, rehabilitation can be started as soon as
deterioration in VOzpeak is noted. Besides, PROMs for estimating aerobic
capacity could potentially be improvedin the future, by using computerised
adaptive test (CAT) methods. CAT methods enable PROMs to be adapted to
individual patients while maintaining direct comparability of the scores.“%#
Based on the patient’s previous answers, a computer program personalises
the next questions, in order to obtain precise information in an efficient
manner. A CAT version of the FitMax, could personalise questions on
physical fitness for patients with different diagnoses of cancer, different
treatment modalities, and different fitness levels, which could potentially
lead to more precise estimations of VOzpeak and better values of validity
andresponsiveness.

Clinicalrelevance

Results of the current study show that the FitMax is sufficiently valid to
estimate aerobic capacity on group level and could be used to detect
improvement using a cutoff value of 1.0 mL/kg/min. The advantage of such
a questionnaire is the possibility to monitor aerobic capacity over time with
repeated assessments at a low cost. When choosing self-reported
questionnaires to evaluate aerobic capacity in cancer survivors, it can be
recommended to use FitMax above the DASI and VSAQ, since this recently
developed questionnaire showed better criterion validity and
responsiveness. However, results should be interpreted with caution, since
values for criterion validity and responsiveness were still suboptimal, and it
should be kept in mind that the FitMax overestimates with on average 21%in
this population.?® Moreover, CPET is also used to determine the underlying
cause of exercise limitations and contra-indications for physical exercise.’
Therefore, FitMax should not be considered as a full replacement for CPET,
but rather an alternative tool to be used in clinical orresearch settings where
exercise testing is not feasible or necessary. In cancer survivors with
increased cardiovascular risks, such as pre-existing cardiovascular disease,
treatment with cardiotoxic chemotherapy and left-sided chest radiation,
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performing CPET should still be recommended.#? An online platform
(www.fitmaxquestionnaire.com) was developed, to enable healthcare
professionals and researchers in using the FitMax. The online platform
provides up-to-date information about the questionnaire and research
projects. More information about the research group, hospital and FitMax
can be found on https://www.mmc.nl/english/fitmax/.

Conclusion

The population specific criterion validity and responsiveness of the self-
reported FitMax-VOzpeak are better compared to VSAQ-VO2peak and
DASI-VO2zpeak, in cancer survivors who participated in an exercise program
as part of multidisciplinary rehabilitation. The FitMax is sufficiently valid to
estimate CPET-VOzpeak in cancer survivors on group level, but
overestimates with on average 21%. The responsiveness of the FitMax to
measure absolute changes in CPET-VOzpeak was poor, but the
questionnaire is able to detect whether aerobic capacity improved when
using a cutoff value of only 1.0 mL/kg/min. Therefore, the self-reported
FitMax can be used to estimate and monitor aerobic capacity in cancer
survivors, but results should be interpreted with caution on absolute values
since the agreement with the criterion standard is limited. Refinements of
the questionnaire and the prediction model will be made in the future
potentially leading to a further optimisation of the validity and
responsiveness.
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General discussion

The number of people facing the complex health issues resulting from
cancer and its treatment is increasing and adequate survivorship care to
address these issues is needed.' Physical exercise rehabilitation is an
important part of survivorship care. The benefits of physical activity (PA) and
structured exercise directly after treatment are well-described in the
literature, but it could be questioned if research results are translatable to
cancer survivors with complex, interrelated physical and psychosocial
complaints.? Furthermore, side effects of cancerand its treatment are often
long-standing, which makes it necessary for healthcare providers and
researchers to look beyond rehabilitation programs and even ‘outside the
hospital walls’. A healthcare system like this would ask for the involvement of
multiple survivorship care providers and practical considerations, like the
use of approachable and affordable measurement tools.

The main aim of this thesis was to monitor changes in physical fitness (i.e.
aerobic capacity and muscle strength) and patient-reported outcomes (i.e.
health-related quality of life (HRQol); fatigue; anxiety and depression)
during a supervised exercise program as part of multidisciplinary oncology
rehabilitation, optimise the transition to independent long-term PA
maintenance, and assess the validity and responsiveness of different
methods to monitor aerobic capacity. In this chapter, the main findings of
the studies described in this thesis are discussed, methodological
considerations are addressed and implications for practice and future
research are provided.

Main findings

In Chapter 2, the findings of a usual-care evaluation of an exercise program
as part of multidisciplinary rehabilitation at the Maastricht University Medical
Centre (MUMC+) are described.? This multidisciplinary program comprises a
10-week group-based, supervised exercise program, supplemented with
one or more additional interventions aiming at improving mental health,
chronic fatigue, work reintegration, and nutritional status. Results showed
that cancer survivors show statistically significant improvements in physical
fitness and patient-reported outcomes after completing the 10-week
supervised exercise program. Improvement was clinically relevant for nearly
all outcomes. Unfortunately and unexpectedly, the program was
interrupted and later adapted with reduced training time and frequency due
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torestrictions during the coronavirus-19 (COVID-19) pandemic. Reductionin
training time and frequency during the COVID-19 pandemic resulted in
smaller changes in most performance outcomes. However pre-post
differencesremained statistically significant. These findings implicate thata
‘dose-response’ relation exists between exercise volume and its effect on
physical fitness, with a higher exercise volume leading to larger effects.

Findings of the randomised controlled trial (RCT) in Chapter 3 indicated that
a six-month remote coaching intervention provided after a supervised
exercise oncology program as part of multidisciplinary rehabilitation was
not effective to improve the maintenance of PA levels, physical fitness, and
patient-reported outcomes. A between-group difference of 45 minutes of
PA per week suggested that participants who received the remote
coaching intervention maintained PA levels slightly better compared to
participants who received no additional intervention, but this difference was
not statistically significant. The ability to maintain PA levels after a
supervised rehabilitation program varied considerably across participants
and was not affected by a remote coaching intervention. While the majority
of the participants in both groups were able to maintain or improve PA
levels, 39% of the participants reached values of aerobic capacity that were
still below the lower limit of normal.*

The phenomenological qualitative study in Chapter 4, suggested that
determinants of PA maintenance following a supervised exercise program
were related to the level of self-efficacy, prior and newly formed PA habits,
the feeling of accountability for PA maintenance, the presence of and fear
for physical complaints and the accessibility of exercise facilities.® Interview
findings indicated that remote coaching was generally acceptable to
cancer survivors who completed a supervised exercise program.
Participants felt that the coaching positively affected PA maintenance, but
the added value differed between participants. Some participants would
have preferred face-to-face appointments, while others found the remote
nature convenient.

The second part of this thesis focused on the methodology of measuring
aerobic capacity. In Chapter 5, we investigated the validity and
responsiveness of the steep ramp test (SRT), which is a short and practical
performance test on a cycle ergometer.® Given the strong correlation
(r=0.86) between outcomes of the SRT and the cardiopulmonary exercise
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test (CPET), which is the criterion standard for measuring aerobic capacity,
the SRT proved to be valid to estimate aerobic capacity in cancer survivors.
The responsiveness to measure the absolute change in aerobic capacity, on
the other hand, was moderate (r=0.51). Receiver operating characteristic
analysis showed that the SRT was able to detect improvement in aerobic
capacity (area under the curve (AUC)=0.74) when using a cutoff value of
0.26 watts per kg bodyweight.

In Chapter 6, the validity and responsiveness of three different self-
reported questionnaires to evaluate aerobic capacity were assessed and
compared: the widely used Duke Activity Status Index (DASI) and Veterans
Specific Activity Questionnaire (VSAQ), and the newly developed FitMax-
questionnaire®© (hereafter: FitMax).” The FitMax was recently developed to
estimate aerobic capacity based on the self-reported maximum capacity
of walking, stair climbing, and cycling combined with demographic
characteristics. Results showed that the agreement between aerobic
capacity measured during CPET and estimated by the questionnaires was
moderate for FitMax (ICC=0.69) and VSAQ (ICC=0.53), and poor for DASI
(ICC=0.36). All questionnaires showed to have poor responsiveness to
monitor changes in aerobic capacity (ICC of 0.43, 0.19, and 0.18 for FitMax,
VSAQ), and DASI, respectively). However, the FitMax was able to detect
change(AUC=0.77) with an optimal cutoff value of 1.0 mL/kg/min, while the
DASI (AUC=0.64) and VSAQ (AUC=0.66) were not. Values for validity and
responsiveness were betterfor FitMax compared to DASI and VSAQ.

Methodological considerations

Methodological strengths and limitations were already reported in the
discussion sections of the previous chapters, but three important topics are
discussed more in-depth, to put the results of this thesis into perspective.

Study designs

The use of different study designs was a strength of this thesis, however, the
differences and potential shortcomings of these designs should be taken
into consideration when interpreting the results. In Chapter 2 we presented
the results of a pragmatic observational study, which was performed in
clinical daily care. All participants of the rehabilitation program were eligible
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forinclusion in this study and no additional actions were required from the
participants, besides the use of their usual care data. This resulted in a high
inclusion rate of 94% and therefore the results are expected to be realistic
and generalisable to daily practice. However, the lack of a randomised
control group and therefore the role of the natural course of recovery
should be kept in mind when interpreting the changes in outcomes
observed.?? It would be of interest to compare the effectiveness of an
exercise program as part of multidisciplinary oncology rehabilitation as
described in the Dutch guidelines with an exercise program as a single
intervention, but this is not feasible because the program is part of usual
care and it would be unethical to withhold cancer survivors from receiving
this care.

In Chapter 3 we described the findings of an RCT, which is seen as the most
suitable design forinvestigating the efficacy of interventions. Nevertheless,
RCTs also have limitations as they are described to lack generalisability to
the clinical setting, because of the often strict inclusion criteria.®? In this
study, 34% of the patients screened for eligibility did not meet the inclusion
criteria, and 27% of the eligible patients refused to participate in the study.
We believe this may have been a fitter and more motivated selection of
participants since they met the inclusion criteria, were willing to attend the
supervised rehabilitation program in the first place, and consented to
participate in the RCT afterwards. The null results for the effectiveness of
remote coaching might be explained by the fact that participants in both
intervention arms were already motivated for PA maintenance and part of
them did not need an additional intervention to maintain PA. While all cancer
survivors who completed the supervised exercise program were eligible to
participate in this study, in a future RCT, it may be more relevant to include
only patients in need of a follow-up intervention, to investigate the
effectiveness of remote coaching. In order to make this possible, research
is first required on the identification of these survivorsin need.

Study population

As already mentioned in the previous paragraph, the characteristics of the
study population presumably had aninfluence on the results of the different
studies. As cancer survivors represent a very heterogeneous group, it is
important to zoom in on the characteristics of our study population.
Participants of all studies reported in this thesis were recruited from the
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supervised exercise program as part of multidisciplinary oncology
rehabilitation, which is usual care at the Maastricht UMC+. This program is
aimed at patients with all types of cancerwho are suffering frominterrelated
physical and/or psychosocial complaints and/or fatigue.'® Therefore the
results of this thesis are probably not generalisable to cancer survivors with
less complex care needs.

Besides, it is remarkable that the majority of the participants included in our
studies were women diagnosed with breast cancer, while the program is
aimed at all types of cancer. Given the high participation rate in the
observational study, we can assume that this percentage reflects the
proportion of survivors of breast cancer in the multidisciplinary oncology
rehabilitation at the Maastricht UMC+. Breast cancer is the most common
cancer among women in the Netherlands and in 2022, approximately a
quarter of all new cancer diagnoses concerned breast cancer, pre-invasive
breast cancer not evenincluded." In our study, however, almost 50% of the
participants were diagnosed with breast cancer, which means that they
were overrepresented and were referred relatively more often compared to
other cancer types. Van Nuenen et al. performed a study on the
implementation of a screening- and referral method for cancer survivorship
in 23 Dutch hospitals and concluded that this method was implemented
more oftenin breast cancer patients, compared to other cancer types. This
was explained by the important role of specialist nurses as ‘navigators’ in the
entire patient journey of patients with breast cancer, which was often not
available for patients with other cancer types.'? We could assume thatin the
Maastricht UMC+ as well, the close involvement of the breast cancer nurses
has led to better signalling of impaired functioning and consequently more
referrals to oncology rehabilitation. A bibliometric analysis of cancer
rehabilitation research in the last decades showed that most studies were
done on breast cancer. While we purposely chose to include survivors of all
types of cancer, our results probably apply best to survivors of breast
cancer.”® When comparing our study results to previous research in breast
cancer patients, we found some similarities, but some differences aswell. In
accordance with our results presented in Chapter 2, Leclerc et al. found
significant effects of multidisciplinary rehabilitation on physical fitness and
HRQoL in breast cancer patients. However, the improvements in VO2peak
observed in their study were larger compared to our study. This could be
explained by the fact that all patients were eligible to participate in their
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study after receiving breast cancer surgery, regardless of their complaints
and care needs, while only cancer survivors with interrelated complaints
were included in our study.™ In accordance with our findings, persistent
declines (i.e. 6 months to 3 years post-treatment) in aerobic capacity were
described before in patients with breast cancer.™

COVID-19 pandemic

The global break-out of the COVID-19 pandemic has largely influenced the
conduct and the results of this thesis. Between March 2020 and July 2020,
all outpatient activities including the oncology rehabilitation had to be
cancelled abruptly in the MUMC+. For this reason, my colleagues and |
developed a home-based program with advice according to the PA
guidelines of the World Health Organization: at least 150 minutes of
moderate-to-vigorous PA weekly and muscle or -bone-strengthening
exercise at least twice weekly." Videos were recorded and published online
with bodyweight and resistance band resistance exercises for the largest
muscle groups, with different intensity levels (https://www.mumc.nl/
patient-bezoeker/specialismen-afdelingen/fysiotherapie/oefeningen-
voor-thuis). We encouraged patients to monitor their PA activities and
exercise progress, by filling in provided training schedules. In July 2020,
national guidelines permitted the resumption of the rehabilitation program.
However, because of social distancing policies, exercise training had to
take place in smaller groups of four instead of eight patients. Training
frequency was reduced to once a week, to avoid long waiting lists.
Moreover, contact sports and swimming were not allowed, so this part of
the exercise training could not be restarted. The limited accessibility of the
onsite rehabilitation program led to a shift in focus towards patients’ self-
management to PA in their home environment, which we believe should be
an important element of cancer survivorship in the future. All study results
presented in this thesis have probably been affected by the COVID-19
pandemic.

For the observational study described in Chapter 2, the results were
definitely affected, because the content, time, and frequency of the
exercise program changed. The COVID-19 pandemic has also negatively
influenced the statistical power of this study because data collectionhad to
be interrupted, some participants had to be excluded because the exercise
program and measurements were not completed and analyses had to be
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performed in subgroups. However, the changes in the program have
offered the opportunity tolook at the influence of training adaptations.

It could be expected that the COVID-19 restrictions affected the number of
PA minutes/week as measured in the RCT in Chapter 3 but did probably not
influence the effectiveness, since participants were randomised. The
qualitative study described in Chapter 4 showed that the inaccessibility of
facilities during the COVID-19 pandemic negatively affected PA
maintenance. Self-efficacy turned out to be an important feature, defining
patients’ ability to cope with events that affect their lives, which in this case
was not only the cancer diagnosis but also the COVID-19 pandemic.
Findings about determinants for PA maintenance and acceptability of
remote coaching would probably have been different if not examined
during the COVID-19 pandemic. We believe that our research on remote
coachingin Chapters 3 and 4 became even more relevant since the COVID-
19 pandemic because we were forced to deliver healthcare remotely during
the pandemic and experienced the opportunities and challenges of
telehealth.

The sample size and thereby the statistical power of the analyses of the
responsiveness of the SRT in Chapter 5 have been affected since some
participants could not complete the exercise program and follow-up
measurements.

The reduced training time and frequency have probably also affected the
results on the responsiveness of the self-reported questionnaires in
Chapter 6, because smaller improvements in aerobic capacity were
observed, which may have led to less variability in the data, resulting in lower
ICC values.” The use of self-reported questionnaires to assess aerobic
capacity became also more meaningful since these questionnaires enable
healthcare providers to assess aerobic capacity remotely. In conclusion, we
could say that the COVID-19 pandemic has been a challenge, but also an
opportunity for this PhD trajectory.
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Implications for clinical practice

The Maastricht UMC+ has been recognised as a Comprehensive Cancer
Centre (MCCC) by the Organisation of European Cancer Institutes and aims
to ‘provide patient-oriented, multidisciplinary care for oncology patients
and study ways to improve the outcome of oncological (pre-)care along the
continuum of prevention, diagnostics, treatment, nursing and care, and
rehabilitation/post-care with a strong focus on ‘survival with preservation of
function’.® With the increased healthcare demand, changes in healthcare
practice are required in the near future to ensure suitable care, which is
accessible and affordable. Because of the increasing pressure on the Dutch
healthcare system, the Integrated Healthcare Agreement (IZA) was
formulated and published in 2022 as a call for action.” The IZA aims to
provide “the right care and support, together with the patient, in the right
place and with a focus on health instead of disease”. Implications of the
current thesis for clinical practice and future research will be discussed in
the context of the missions of the MCCC and the IZA.

Integrating rehabilitation in the continuum of the cancer
journey

While the term cancer survivorship is often associated with the period after
curation, cancer survivorship care addresses physical and psychosocial
issues spanning from cancer diagnosis until the end of life.?° Decades ago,
Mullan et al. identified three phases of cancer survivorship referring to them
as seasons: the season of acute survivorship, concerning the diagnosis and
treatment phase, the extended survivorship as a period of ‘watchful
waiting’, and the season of permanent survivorship, regarding long-term
remission.? Years later, Miller et al. suggested adding a fourth season of
transitional survivorship to the original model between the acute and
extended survivorship phase, because the transition from active medical
treatment to beyond is often perceived as more difficult than the treatment
itself.?? Survivors often experience a decrease in medical, social, and
financial support during this phase and are confronted with the challenge of
transitioning from “surviving to thriving”.
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The benefits of rehabilitation and the need forlong-term PA
promotion

The transitional phaseis also the period during which oncology rehabilitation
often takes place because it is the moment when complaints become
apparent and are reported to healthcare providers. In Chapter 2, we
described the benefits of exercise training as part of multidisciplinary
oncology rehabilitation during the transitional phase of survivorship care.
However, the transitional phase does not end after supervised rehabilitation
and the transition from rehabilitation to lifelong adherence to PA guidelines
can be difficult for patients because medical supervision is reduced. In
Chapter 3, participants reached on average 73% of the normative values for
aerobic capacity six months after completing supervised rehabilitation.
Furthermore, 39% of all participants reached values that were below the
lower limit of normal, determined as the lowest 3% of the population in
which the normative values were established.* Given the high pressure on
the healthcare system, future research should further investigate the
potential of providing follow-up interventions (partly) remotely and in
collaboration with community-based initiatives. The findings of the
qualitative study in Chapter 4 implicate that remote coaching interventions
are perceived as acceptable to cancer survivors, should be personalised,
and should focus on improving self-efficacy and habit formation, to help
cancer survivors overcome PA barriers like physical complaints and limited
accessibility of PA facilities. We recommend adding these elements to
supervised rehabilitation programs and shifting the focus from exercise
training to encouraging self-management, to stimulate long-term PA
maintenance. Adding face-to-face appointments to remote coaching
interventions could potentially enlarge the perceived effectiveness. More
research is needed on the development, effectiveness, and
implementation of follow-up interventions to stimulate long-term
outcomes beyond supervised oncology rehabilitation programs since the
remote coaching intervention investigated in Chapter 3 did not prove to be
effective.

Fromreactive to proactive, the role of prehabilitation

In Chapters 2, Chapter 5, and Chapter 6, we observed that participants
had low levels of aerobic capacity at the start of the rehabilitation program.
While this thesis focused more on the period beyond active medical
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treatment, we believe that survivorship care should be provided already
before and during treatment, to limit deterioration in aerobic capacity and
prevent functional complaints. The current model of survivorship care in the
Netherlands is ‘reactive’, acting when patients already experience
impairments but is slowly evolving to a ‘proactive’ model of care. Different
frameworks to move towards proactive survivorship care are described in
the literature, proposing integration of ongoing monitoring of functional
outcomes, promotion of a healthy lifestyle, and adequate referral to
survivorship care throughout the entire patient journey, from diagnosis to
long-term follow-up.?>?* When rehabilitation takes place before scheduled
treatment, this is referred to as ‘prehabilitation’. Prehabilitation is gaining
traction worldwide and early results indicate that it can be effective to
improve functional outcomes, treatment effectiveness, post-treatment
recovery and even to decrease healthcare expenditure and mortality
rates.?®2 While the concept of prehabilitation was originally founded for
patients awaiting surgery, prehabilitation can also be delivered before or
during chemotherapy, radiation, and stem cell therapy.? According to the
guidelines of the American Society of Clinical Oncology, combined aerobic
and resistance exercise during active treatment with systemic therapy or
radiotherapy should be recommended, because thisis effective to improve
physical fitness and patient-reported outcomes.?® Resistance training in
patients with prostate cancer receiving androgen deprivation has been
shown to counteract adverse effects on body composition, muscle mass,
muscle strength, and aerobic capacity.?? Combined endurance and
resistance training during chemotherapy was also proven to be effective to
reduce hospitalization rates in patients with breast cancer®*® and to reduce
symptom burden (e.g. pain, vomiting, and constipation), and improve
chemotherapy completion rates in patients with breast- or colon
cancer.’Miller et al.3? proposed the chemotherapy infusion appointments
as an opportunity for initiating the conversation about exercise or even
starting with exercise during the chemotherapy infusion. Animal studies
suggest that light exercise during the chemotherapy infusion may improve
the chemotherapy drug uptake of the tumour, but clinical research is
required to confirm thisin humans.

It could be assumed thatin some cases, rehabilitation after treatment could
be shortened or even eliminated when patients have completed
prehabilitation orrehabilitation during treatment because functional decline
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is limited and patients already have the skills and knowledge to perform PA
independently. An illustrative example of the possibility of and relation

between prehabilitation, rehabilitation during and after treatment, and PA

beyond rehabilitation is visualised in Figure 7.1. However,

this pathway of

survivorship care has many scenarios, dependent on different variables,
such as physical fitness at the time of diagnosis, the stage and prognosis of

the disease, the treatment, and potential complications.
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Stratification for survivorship care

This thesis focused on cancer survivors who experience interrelated
physical and psychosocial complaints and/or fatigue and were therefore
referred to multidisciplinary rehabilitation, as recommended in the Dutch
Oncology Rehabilitation Guidelines. In these guidelines, it is assumed that
approximately 12.5% of all cancer survivors in the Netherlands are in need of
multidisciplinary oncology rehabilitation.' However, the true numbers of
different levels of survivorship care needed and provided remain unknown.
Adequate screening and referral are necessary to provide the right
survivorship care, at the right time, in the right setting and clinicians have an
essential role to “assess, advise and refer”.?> However, a clear decision tree
that can support clinicians in providing cancer survivors with the most
suitable survivorship care is lacking. While the multidisciplinary rehabilitation
program described in this thesis takes place in a hospital outpatient setting,
allied health professionals in primary care have an important role in cancer
survivorship as well. Moreover, according to the IZA, public health authorities
and community-based nitiatives should contribute to improving lifestyle, to
keep healthcare accessible and affordable, suggesting that we should look
beyond healthcare initiatives.? At the Maxima Medical Centre in the
Netherlands, a “Medical Specialists’ Exercise Care approach in Oncology”
was implemented, using a stratification model for personalised survivorship
care.** Based on this thesis, the stratification model of The Maxima Medical
Centre, Dutch Oncology Rehabilitation guidelines, international literature,
and our clinical experience, we would propose a stepped-care stratification
model of cancer survivorship careinto five levels and settings of care, based
on the complexity of the patient’s care needs (Box 7.1). The process of
stratification should be iterative, as cancer survivors’ needs can change
throughout the different phases of the patient journey. This also became
clear in Chapter 3, which indicated that stratification for follow-up care
after a supervised exercise program is required, because the ability to
maintain PA beyond these programs varies across cancer survivors. This
model is mainly focused on exercise, while other allied health professionals
and lifestyle interventions (e.g. focusing on psychosocial functioning,
nutrition, fatigue, etc.) should be incorporated as well, but are beyond the
scope of this thesis. More research is needed to further develop this model
in co-creation with other allied health professionals and lifestyle providers
and to investigate the effectiveness of this stratification method. This is
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discussed in more detail in the paragraph on future research
recommendations.

1. Independent, unsupervised exercise, for cancer survivors forwhomitis
safetoandwho are able to exercise independently. Thisisa group
of patients who were probably already regularly active before the diagnosis,
with high levels of self-efficacy and therefore capable of resuming their
exercise routine. Cancer survivors in this group should be provided with
information on possibilities for independent exercise, and available digital
tools forthis (e.g. websites, mobile applications, activity monitors).

2. Community-based, supervised exercise programs, for cancer survivors
without care needs, for whom it is safe to exercise alone, but with a lack of
confidence and self-efficacy to exercise independently. These programs
cantake placein gyms, with fitnessinstructors offering exercise programs, in
local sports facilities, or remotely like the coaching intervention in Chapter 3
of this thesis. Municipalities should be stimulated to offer free or low-cost
community-based exercise programs forinhabitants.

3. Primary care, supervised rehabilitation, with one or more allied health
professionals (i.e. physical therapist, occupational therapist, psychologist,
social worker, dietician) for cancer survivors with one or more functional
complaints that are not interrelated. Ideally, these allied healthcare
professionals should collaborate in a network. This level of survivorship care
is currently often not (fully) reimbursed by healthcare insurance. In case of
increased cardiovascular risk, non-regulated comorbidities, and
unexplained complaints during exercise, a consultation with a sports
physician should take place before starting the rehabilitation in primary care.

4. Outpatient, multidisciplinary supervised rehabilitation aimed at survivors
with interrelated physical and psychosocial complaints, requiring a
multidisciplinary team under the guidance of a sports or rehabilitation
physician. Thisis also the program described in Chapter 2 of this thesis.

5. Outpatient, high complex, multidisciplinary supervised rehabilitation
under close supervision of the rehabilitation physician, for cancer survivors
with high complex care needs (e.g., in case of an oncological spinal cord
injury oramputation).

Box7.1. Proposed levels of stratified exercise survivorship care.
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Assessment of aerobic capacity

Assessment of impairments is essential for survivorship care stratification.
For pro-active survivorship care, regular assessment of physical fitness and
patient-reported outcomes should take place from the moment of
diagnosis until the phase of permanent survivorship. In the Dutch Oncology
Rehabilitation Guidelines, the Distress Thermometer and Problem List
(DT&PL), in Dutch known as ‘Lastmeter’ is recommended to be used for
screening of survivorship care needs.'® However, this questionnaire is broad
and generic, aiming to assess the patient’s perceived functional, social,
spiritual, and physical complaints. Since physical fitness is often severely
impaired in cancer survivors'®®®, as we also observed in this thesis, and is
often targeted in survivorship care, we believe thatitisimportant to monitor
physical fitness throughout the cancer journey. As described in the
introduction of this thesis, aerobic capacity is an important indicator of
physical fitness and could be seen as a ‘clinical vital sign’, which should be
monitored frequently in cancer survivors.3¢

The criterion standard to monitor aerobic capacity is performing a CPET,
requiring expensive, advanced equipment and medical supervision. Given
the high pressure on healthcare services and the limited amount of time that
healthcare providers can spend with patients consequently, accessible and
easy-to-use tools to assess aerobic capacity should be used if possible.
Based on the findings of Chapter 6, we would recommend using the FitMax
in addition to other questionnaires that are already completed in the
consulting room, such as the DT&PL, to get global insight into the aerobic
capacity and recognize impairments early on. The benefit of questionnaires
is the possibility to monitor outcomes remotely, during phone calls, or using
eHealth platforms like e-mails, websites, or mobile applications. If the
estimated aerobic capacity is below normative values and cancer survivors
are going to participate in an exercise rehabilitation program, it would be
recommended to set off then with a performance test to measure aerobic
capacity more accurately. In Chapter 5, we showed that the SRT is valid to
estimate aerobic capacity in cancer survivors and detect improvement
when using a cut-off value, which is necessary to prescribe exercise training
and monitor progress. However, as also discussed in Chapters 5 and 6, it
should be kept in mind that the CPET is used to determine the underlying
cause of exercise limitations and contra-indications for physical exercise.
Therefore, FitMax and SRT should not be considered full replacements for
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the CPET. For cancer survivors with increased cardiovascular risks, such as
pre-existing cardiovascular disease, treatment with cardio-toxic chemo-
therapy, and chest radiation, and cancer survivors with unexplained
exertional complaints during exercise (e.g. dyspnoea or fatigue) it would be
recommended to start with a CPET under supervision of a sports physician
for risk screening and personalised training advice, as is also described in
the Dutch Oncology Rehabilitation guidelines.™® If indicated, a follow-up
CPET could be plannedforevaluation, or evaluation could be done using the
SRT if no abnormalities were observed during the first CPET. Assessment of
aerobic capacity could also aid in preoperative risk-stratification and
treatment decision-making since preoperative aerobic capacity measured
during CPET is related to postoperative outcomes.*” Cuijpers et al. showed
that the SRT is also useful for preoperative risk assessment in patients with
colorectal cancer, but more research is needed to confirm cutoff values.38

Recommendations for future research

Based on the findings of this thesis, the vision of the MCCC and the IZA, and
existing evidence, the following recommendations can be made for future
researchinthefield of oncology rehabilitation.

Improving cancer survivorship care delivery

Although we have extensively described physical fitness and patient-
reported outcomes in cancer survivors participating in multidisciplinary
oncology rehabilitation in this thesis, insight into cancer survivors who have
notbeenreferredto this programis lacking. Research suggests that despite
existing Dutch Oncology Rehabilitation guidelines, recognition of functional
impairments and subsequent referral to ‘the right care in the right place’ is
not well-implemented in oncology care.®? In order to optimize referral
processesitis necessary to getinsight into the survivorship care needs and
current referral rates.® Furthermore, insight into enablers and barriers for
clinicians to refer to survivorship care and for patients to take part in
survivorship care would help to improve the integration of survivorship care
inthe patientjourney of cancer.
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Selecting the right patients and choosing the right
interventions

In this chapter, we discussed the importance of stratification and
speculated on possible levels of survivorship care. However, more research
isneeded to identify patientsin need of survivorship care at any pointin their
patient journey, and eventually select the most suitable intervention for
them. Larger databases would help to improve the stratification and
personalization of survivorship care along the continuum of cancer care
nationwide. Sharing data across hospitals and primary care settings in the
Netherlands in an overarching data infrastructure would enable us to
address the emerging research questions in a large study sample, but this
would first require consistency in assessing physical fitness and patient-
reported outcomes. If more data are collected on physical fitness and
patient-reported outcomes in rehabilitation programs as we did in
Chapter2, this would enable us to determine associations between
demographic and clinical characteristics and intervention benefits. While
less was known about the effectiveness of multidisciplinary oncology
rehabilitation at the start of this PhD trajectory, literature on this topic has
emerged during the last years. Two recent systematic reviews reported that
multidisciplinary oncology rehabilitation programs have positive effects on
physical and psychosocial outcomes, even though effects varied greatly
across studies.®®4 When we are able to identify patients who do not
respond (‘non-responders’) to multidisciplinary rehabilitation as described
in the Dutch Oncology Rehabilitation guidelines, we would be aware that
these patients need an intervention with a different approach. However,
more research would be required then to find the most suitable program for
these ‘non-responders’ afterwards. While training intensity was
personalised in the rehabilitation program in this thesis, training frequency,
type, and time were equal for all participants and could be more
individualized in the future. There is still no consensus on the specific
frequency, intensity, type, and time of training (FITT factors) and timing in
different patients. Therefore, more research is needed to improve
personalised exercise training in cancer survivors with different types and
stages of cancer, especially in patients with rare cancers. More specifically,
it would be of interest to establish thresholds for the minimum time per
week and intensity of PA needed to achieve health benefits and the
maximum time and/or intensity to ensure safety forthese patients.>164243 As
discussed in Chapters 3 and 4, stratification for patients in need of follow-
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up interventions after supervised rehabilitation would be of added value as
well. If we could identify patients at risk for turning inactive following
supervised rehabilitation, we could target them for follow-up interventions.
More research on effective follow-up interventions for these patients in
need shouldbe conductedinthe future aswell.

Survivorship care: cost-effectiveness and effects onclinical
outcomes

While research on cancer survivorship has accelerated, there is still a lack of
evidence on the effectiveness on outcomes at healthcare service level, like
costs and hospitalization. In a recent review on the cost-effectiveness of
exercise in cancer survivors, 10 of the 16 included trials proved cost-
effectiveness, but interventions were heterogeneous.** Evidence on
healthcare service outcomes for different levels of survivorship care before,
during, directly after, and far beyond medical treatment may result in more
reimbursement of survivorship care for all patients with different care
needs, facilitating the integration of survivorship care along the continuum
of cancer care. When looking at cost-effectiveness, social-economical
costs should not be forgotten, like the costs that come along with cancer
survivors not being able to return to work. Besides, more researchis needed
to confirm the potentially favourable effect of exercise on cancer
recurrence and the development of comorbidities, because this is of great
relevance to limiting the increasing pressure on the healthcare system.*®

To conclude, the findings of this thesis suggest that cancer survivors show
improvements in aerobic capacity; muscle strength; levels of fatigue;
symptoms of anxiety and depression, and HRQoL, after participating in a
10-week supervised exercise program as part of multidisciplinary
rehabilitation. A remote coaching intervention seemed promising to
improve PA maintenance beyond completion of the supervised exercise
program since it was acceptable to cancer survivors, who also perceived
the intervention effective to stimulate PA maintenance. However, the
remote coaching intervention was not effective to improve the
maintenance of PA levels and to further improve physical fitness and
patient-reported outcomes in cancer survivors. The ability to stay active
beyond a supervised program seems to vary considerably between cancer
survivors and levels of aerobic capacity are still below normative values, six
months after completing the exercise program. Aerobic capacity is an
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important indicator of physical fitness, which should be monitored regularly
from the moment of cancer diagnosis, as a ‘clinical vital sign’. This thesis
showed that the FitMax-questionnaire is promising to get global insight into
aerobic capacity, while the SRT is more suitable as a performance test to
monitor aerobic capacity during exercise rehabilitation. However, the
added value of CPET to screen cancer survivors with increased
cardiovascular risk and provide training advice should not be overlooked.
More research is needed to seek demographic and medical characteristics
that can identify cancer survivors in need of survivorship care at any pointin
their patient journey and provide the personalised care they benefit most
from.

Itis time to ‘move beyond exercise oncology rehabilitation’.
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Impact paragraph

Cancer and its treatment can cause detrimental side effects like impaired
physical fitness, mental distress, and chronic fatigue, leading to high
healthcare consumption, decreased participation in social activities, and
difficulties with returning to work.! The increased incidence and improved
survival rates of cancer have resulted in a growing population of people
living with and beyond cancer (hereafter: cancer survivors) and thereby an
increase in societal and financial burden.? The long-standing, complex
health issues that cancer survivors are often confronted with, should be
addressed with adequate survivorship care, aiming to improve outcomes
for the individual patient, but also to decrease the societal and economic
burden."®4 The Maastricht Comprehensive Cancer Centre (MCCC) aims to
provide the best possible oncological care and improve health in the region
through the integration of healthcare, scientific research, and education,
with a strong focus on ‘survival with preservation of function’.®> Because of
the increasing pressure on the Dutch healthcare system, the Integrated
Healthcare Agreement (in Dutch Integraal Zorgakkoord; IZA) was formulated
and published in 2022 as a call for action.® The IZA aims to provide “the right
care and support, together with the patient, in the right place and with a
focus on health instead of disease”. In this thesis, we reported on research
findings about physical fitness and patient-reported outcomes during and
beyond a supervised exercise program as part of multidisciplinary oncology
rehabilitation. Multidisciplinary rehabilitation consists of exercise training,
supplemented by other interventions aiming to improve mental health,
chronic fatigue, work reintegration, and nutritional status. In this impact
section, we will reflect on the scientific and societal impact of the study
results presented by putting this in perspective of the vision of the MCCC
and IZA. This was reported according to the Maastricht University Medical
Centre (MUMC+) Circle of Innovation, which was developed to stimulate
researchers and clinicians to promote healthy living in the region, by
accumulating knowledge, innovating healthcare, and creating value for the
patient by puttingitinto practice.
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Generating knowledge

This thesis contributed to the body of scientific evidence on
multidisciplinary oncology rehabilitation. Results suggested that cancer
survivors with interrelated physical and psychosocial complaints have
significant and clinically relevant improvements in physical fitness and
patient-reported outcomes after participating in a supervised 10-week
exercise program, as part of multidisciplinary rehabilitation at the MUMC+.
Moreover, findings implicated that higher exercise volumes lead to larger
improvements in physical fitness in these patients. The collected data could
serve as a reference for other researchers and clinicians since there is not
much literature on cancer survivors with interrelated physical and
psychosocial complaints.

Another study in this thesis on the effectiveness of remote coaching
following supervised exercise rehabilitation has led to novel findings on the
long-term outcomes of the exercise program. The results indicated that
levels of aerobic capacity remained below normative values at the end of
the exercise program and even six months after completion. The potential
contribution of telehealth to optimise the sustainability of benefits gained
during supervised exercise programs was explored, but a remote coaching
intervention was not effective. The transition from supervised rehabilitation
to independent physical activity (PA) and the role of remote coaching
interventions during this period was also explored from the ‘patient
perspective’ during interviews. These interviews revealed that remote
coaching following a supervised exercise program was perceived
acceptable to cancer survivors because it stimulated PA maintenance by
offering a source of structure, social support, accountability, and
confidence. The remote nature of the intervention was perceived as
convenient by some of the participants, while others would have preferred
additional physical appointments. The ability to maintain PA beyond
supervised rehabilitation was related to the level of self-efficacy (i.e.
people’s belief in their capabilities for performing PA), PA habits, feeling of
accountability, physical complaints, and accessibility of PA facilities.

Finally, findings on the usefulness of a practical performance test and self-
reported questionnaires to monitor aerobic capacity in cancer survivors
were reported. Aerobic capacity is seen as an important component of
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physical fitness, reflecting the integrative function of the cardiovascular
system, lungs, and muscles, and is therefore considered a ‘clinical vital sign’
and a good reflection of overall body health. The cardiopulmonary exercise
test (CPET) is known as the best available measurement tool to assess
aerobic capacity, but is not always feasible because expensive, advanced
equipment and medical supervision are required. Moderate agreement
between the aerobic capacity measured during a CPET and estimated using
the FitMax©-questionnaire (FitMax), indicated that this questionnaire is a
promising tool to get global insight into aerobic capacity. While a strong
correlation between peak work rate achieved during the Steep Ramp test
(SRT) and aerobic capacity measured during CPET, suggests that the SRT is
suitable as a practical performance test to monitor aerobic capacity during
exercise rehabilitation.

In order to have animpact, the knowledge generated during this thesis was
also disseminated to researchers and clinicians. Research results have been
submitted for publication in open-access, scientific peer-reviewed journals
and presented at Dutch and international research conferences.
Additionally, findings were shared and discussed with research and physical
therapy trainees, and with clinicians, aiming for a direct impact on clinical
practice. Moreover, this thesis has led to recommendations for future
research in the field of exercise oncology rehabilitation; i.e. improving
cancer survivorship delivery, selecting the right patients, choosing the right
interventions, and investigating the effectiveness of cancer survivorship
care on costs and outcomes at the healthcare serviceslevel.

Findings on the usefulness of the SRT to monitor aerobic capacity in cancer
survivors were published in the ‘Fysiopraxis’, which is a Dutch trade journal
for physical therapists. Results about the use of the FitMax to measure
aerobic capacity in cancer survivors were shared during a presentation and
panel discussion as part of training for members of a national oncology
physical therapy network (OncoNet). Research results were also presented
and discussed in meetings of the working group ‘Oncology Rehabilitation’
of the oncology network of the South-East part of the Netherlands
(OncoZon).
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Innovating healthcare and creating value

The knowledge generated in this thesis has already led to some healthcare
innovations as well. Some of these innovations have already been
implemented in daily practice, thereby creating value for the cancer
survivors involved. For some innovations, follow-up research is required,
and/or implementation is still ongoing. Therefore, these two steps of the
innovation circle were not always distinct and were described combined.

Standard operating procedures and protocols on the measurement
procedures and the execution of the exercise program of the usual care
multidisciplinary oncology rehabilitation developed at the start of this PhD
project have led to improved agreement and consistency in the process,
conduct, and reporting of the exercise program. During the COVID-19
pandemic, the limited accessibility of the onsite rehabilitation program led
to a shiftin focus towards patients’ self-management to PA in their home
environment. We developed a home-based resistance exercise training
program for the participants in our studies, which is now openly accessible
on the website of the MUMC+. However, more research is needed on the
implementation of thishome-based exercise program.

At the start of this PhD project, a CPET was conducted in all patients before
and after the exercise program at the MUMC+. As the short and
approachable steep ramp test (SRT) turned out to be able to measure
aerobic capacity and detect improvements over time when using a cutoff
value, this test is now used to monitor aerobic capacity, while a CPET is
performed only before the start of the program, to screen for
cardiovascular risk as recommended in the Dutch Rehabilitation
Guidelines.? The FitMax which showed to be valid to estimate aerobic
capacity has been implemented in pre-operative risk screening in patients
with cancer awaiting abdominal surgery.

The study on the effectiveness of remote coaching following supervised
rehabilitation has led to increased attention for long-term PA maintenance
at MUMC+. The collaboration with local sports organisation Maastricht Sport
and the implementation of their coaching program was initiated during the
study and is continued after the completion of the study, despite the null
results of the trial in Chapter 3. We are currently referring cancer survivors to
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Maastricht Sport after the supervised exercise oncology program when
they feelunconfident aboutindependent exercise beyond the program and
are seeking help with choosing a suitable type of PA. We believe that the
remote coaching following supervised exercise oncology rehabilitation
could be effective if only survivors in need would be targeted, but more
research is needed to prove this. The interviews in Chapter 4 revealed that
cancer survivors appreciated the remote coaching intervention and
perceived it to be helpful to stimulate PA maintenance. While the
intervention intensity and frequency were consistent in all participants
during the study, this is more personalised in practice nowadays. Some
cancer survivors receive advice only once, to explore the exercise
possibilities provided by Maastricht Sport, when they are not in need of
long-term coaching but only need support to choose the exercise activity
that suit them best. When patients are still severely impaired and are not
capable to perform exercise independently, on the other hand, a coaching
trajectory with more face-to-face appointments and physical guidance is
possible as well, while these patients were excluded from participation in
the study.

Based on the findings of this thesis combined with previous knowledge, a
newly developed stratification model for survivorship care was proposed in
Chapter 7. However, more research is needed to further develop this model
and toinvestigate the effectiveness of this stratification method.

Healthy living

Altogether, the results of this thesis have contributed to improving healthy
living among cancer survivors by generating knowledge on the preservation
of function and putting some of these findings into practice. We believe
that further integration of cancer survivorship care in the continuum of
cancer care would be valuable to the entire health system in the region, by
preventing treatment complications, cancer progression and recurrence,
and decreasing healthcare demand. Additionally, we think that improving
the collaboration between oncology care and community-based initiatives
could potentially have a societal impact in the future. It could reduce
healthcare demand and costs, by improving lifestyle factors in cancer
survivors without ‘healthcare needs’, thereby preventing disease
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progression or recurrence and improving healthy living with preservation of
function. Maastricht Sport is funded by the municipality of Maastricht and
offers sports activities at no cost to improve the healthy living of inhabitants
of the Maastricht region. This is in line with the vision of the IZA, which states
that community-based initiatives should contribute to improving a healthy
lifestyle, to keep healthcare accessible and affordable.® However, more
research is needed in the future to stratify cancer survivors for the
appropriate level of survivorship care and further investigate the
effectiveness of collaboration with community-based initiatives like
Maastricht Sport. Finally, we believe that the clinical implications suggested
in this thesis can only be further put into practice in collaboration with
stakeholders and decision-makers who are in a position to make
implementation possible. The contribution of this thesis to each step of the
MUMC+innovation circle is summarisedin Figure 1.

+ Improvement of physical
fitness and patient-
reported outcomes.

+ Preservation of function.

+ Furtherintegration of

survivorship care inthe patient
P P Need forlong-term

journe
) 4 physical activity
+ Decreased healthcare promotion.
demand
Approachable tools for
measuring aerobic
capacity.
+ Focuson % Home-basedresistance
self-management. exercise program.
+ Aerobic capacity being Collaboration with
monitored. community-based

initiatives.
+ Personalised remote
coaching.

Stratification-model for
survivorship care.

Figure 1. The findings and implications of this thesis summarised in the MUMC+ Circle of
Innovation.

During this thesis, we generated and shared knowledge on cancer
survivorship care, as the result of embedded research, meaning that there
was a fine line between research and clinical practice. Subsequently, we
innovated healthcare and created value by putting some of these

188



Impact paragraph

innovations into practice and providing implications and recommendations
for the future. To finally conclude that we should move beyond exercise
oncology rehabilitation to improve healthy living in cancer survivors along
the continuum of cancercare.

189



References

190

Duijts SF, Kieffer JM, van Muijen P, van der Beek AJ. Sustained employability and health-
related quality of life in cancer survivors up to four years after diagnosis. Acta Oncol
2017;56(2):174-182.

National Cancer Institute. Cancer in the Netherlands - trends & prognoses untill 2023.
2022.

Campbell KL, Winters-Stone KM, Wiskemann J, May AM, Schwartz AL, Courneya KS et al.
Exercise Guidelines for Cancer Survivors: Consensus Statement from International
Multidisciplinary Roundtable. Med Sci Sports Exerc 2019;51(11):2375-2390.

Wang Y, McCarthy AL, Hayes SC, Gordon LG, Chiu V, Bailey TG et al. Economic evaluation
of exercise interventions forindividuals with cancer: A systematic review. Prev Med
2023;172:107491

Maastricht Comprehensive Cancer Centre. Maastricht Comprehensive Cancer Centre
(MCCC) Vision 2025.2021.

Ministry of Health, Welfare and Sport. Integrated Healthcare Agreement. 2022.

Oncology Network South-East Netherlands (OncoZON). 2023; Available from:
www.oncozon.nl

National Cancer Institute - Dutch Cancer Rehabilitation Guidelines. 2017.




Summary

Summary

This thesis entitled “Moving beyond exercise oncology rehabilitation” aimed
to monitor changes in physical fitness (i.e. aerobic capacity and muscle
strength) and patient-reported outcomes (i.e. health-related quality of life
(HRQoL); fatigue; anxiety and depression) in cancer survivors during a 10-
week supervised exercise program as part of multidisciplinary rehabilitation,
optimise the transition to independent long-term PA maintenance, and
assess the validity and responsiveness of different methods to monitor
aerobic capacity.

In Chapter 1, we described the rationale for and the outline of this thesis. The
increased incidence and improved survival rates of cancer have led to
substantial growth in the number of people living with and beyond cancer.
The patient journey of cancer does not end after medical treatment, since
patients are often confronted with long-standing side effects like declined
physical fitness, chronic fatigue, mental distress, and a diminished HRQoL.
Moreover, cancer survivors often suffer from multimorbidity, since
modifiable risk factors for developing cancer are also related to other
chronic conditions. Altogether, this results in a growing population of
cancer survivors, living longer with complex care needs that should be
addressed by multidisciplinary survivorship care.

In the Netherlands, guidelines advocate the prescription of a multi-
disciplinary rehabilitation program for cancer survivors experiencing
interrelated physical and psychosocial complaints. While there is abundant
literature on exercise in cancer survivors, evidence on multidisciplinary
oncology rehabilitation is scarce and the generalisability of research
findings to cancer survivors with complex care needs is questionable.
Besides, it remains unknown if cancer survivors stay active beyond
supervised rehabilitation programs, while this is essential to reachlong-term
health benefits. Lastly, the importance of measuring aerobic capacity as a
‘clinical vital sign’ throughout the patient journey of cancer has been
increasingly recognised, to identify impairments early on. Research on
approachable and affordable measurement tools to monitor aerobic
capacity is needed to achieve this.




At the Maastricht University Medical Centre (MUMC+), the multidisciplinary
oncology rehabilitation program comprises a 10-week group-based,
supervised exercise program, supplemented with one or more additional
interventions aiming at improving mental health, chronic fatigue, work
reintegration, and nutritional status. Chapter 2 describes the findings of an
observational study on this exercise program as part of multidisciplinary
rehabilitation. For two years, data from 185 patients participating in the
program were collected, thereby giving a realistic reflection of changes in
physical fitness and patient-reported outcomes after such programs. Since
the exercise program had to be interrupted and later adapted with reduced
training time and frequency due to restrictions during the coronavirus-19
(COVID-19) pandemic, we also evaluated the influence of these training
adaptations. Results suggested that cancer survivors show significant and
clinically relevant improvements in physical fitness and patient-reported
outcomes after completion of the supervised exercise program. However,
the lack of arandomised control group and therefore the role of the natural
course of recovery should be kept in mind when interpreting the changesin
outcomes observed. Reduction in training time and frequency during the
COVID-19 pandemic resulted in smaller changes in most of the physical
fitness outcomes but changes over time remained statistically significant.

In Chapter 3, the results of a randomised controlled trial (RCT) on the
effectiveness of a remote coaching intervention following a supervised
oncology exercise program on improvement of physical activity (PA) levels,
physical fitness, and patient-reported outcomes are reported. Ninety-
seven participants were recruited from the exercise program as part of
multidisciplinary oncology rehabilitation which was described in Chapter 2.
Participants were randomised to either the intervention group (n=46),
receiving six months of remote coaching, or the control group (n=50),
receiving no additional intervention. Measurements of PA levels, physical
fitness, and patient-reported outcomes were performed in the first week of
the study, which was also the last week of the exercise program, and six
months later. Results implicated that remote coaching after participation in
a supervised exercise oncology program was not effective to improve the
maintenance of PAlevel and to furtherimprove physical fitness and patient-
reported outcomes. A between-group difference of 45 minutes of PA per
week suggested that participants who received the remote coaching
intervention maintained PA levels slightly better compared to participants




Summary

who received no additional intervention, but this difference was not
statistically significant. The ability to maintain PA levels after a supervised
rehabilitation program varied considerably across participants and was not
affected by a remote coaching intervention. Besides, participants reached
on average 73% of the normative values for aerobic capacity and 39% of all
participants reached values that were even below the lower limit of normal,
sixmonths after completing the supervised exercise program.

To be able to optimise interventions and make successful implementation
possible, the experiences of the patients in the target group should be
incorporated. Therefore, a phenomenological qualitative study was
performed in Chapter 4 to explore the determinants of PA maintenance
following supervised exercise oncology rehabilitation and the acceptability
of remote coaching during this period. Semi-structured interviews were
conducted with a subsample of the participants of the RCT in Chapter 3 and
analysed afterward using template analysis. The Capability, Opportunity
and Motivation model of behaviour (COM-B model) was used as a
theoretical framework to get insight into determinants of PA maintenance
following supervised exercise rehabilitation. Self-efficacy, PA habits,
accountability, physical complaints, and facilities were key themes that
were perceived to influence PA maintenance. The Theoretical Framework of
Acceptability (TFA) was used to assess the acceptability of the remote
coaching intervention investigated in Chapter 3. Remote coaching was
perceived as acceptable because it stimulated PA maintenance by offering
a source of structure, social support, accountability, and confidence. The
remote nature of the intervention was perceived as convenient by some of
the participants, while others would have preferred additional physical
appointments. In conclusion, remote coaching following supervised
exercise programs was considered acceptable to cancer survivors but
should be personalised and should focus on improving self-efficacy and
habit-formation, in order to help patients to overcome PA barriers like
physical complaints and limited accessibility of PAfacilities.

The second part of this thesis focused on the methodology of measuring
aerobic capacity.

Chapter 5 aimed to assess the validity and responsiveness of a short,
practical performance test on a cycle ergometer, called the steep ramp test
(SRT). Participants were recruited from the supervised exercise program as
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described in Chapter 2 and performed the cardiopulmonary exercise test
(CPET) and SRT before and after the program. Peak work rate achieved
during the SRT (SRT-WRpeak) was compared with peak oxygen
consumption measured during the CPET (CPET-VO:2peak), which is the
criterion standard for aerobic capacity. Given the strong correlation
(r=0.86) between SRT-WRpeak and CPET-VO:zpeak, the SRT proved to be
valid to estimate aerobic capacity in cancer survivors. The correlation
between changesin CPET-VOzpeak and SRT-WRpeak after completing the
exercise program (r=0.51) indicated that the responsiveness to estimate
changes in aerobic capacity over time was moderate. Receiver
operating characteristic analysis showed that the SRT was able
to detect improvement in aerobic capacity (area under the curve
(AUC)=0.74) when using a cutoff value of 0.26 watts perkg bodyweight.

In Chapter 6, the validity and responsiveness of the self-reported Duke
Activity Status Index (DASI), Veterans Specific Activity Questionnaire
(VSAQ), and the FitMax©-questionnaire (FitMax) to monitor aerobic
capacity in cancer survivors were assessed. The FitMax was recently
developed to estimate aerobic capacity based on the self-reported
maximum capacity of walking, stair climbing, and cycling combined with
demographic characteristics. Participants were again recruited from the
exercise program as described in Chapter 2, and completed the three self-
questionnaires on the same day they performed a CPET, before and after
the 10-week exercise program. Results showed that the agreement
between CPET-VO:zpeak and VOzpeak estimated using the questionnaires
(questionnaire-VO2peak) was moderate for the FitMax (intraclass
correlation coefficient (ICC)=0.69) and VSAQ (ICC=0.53), and poor for DASI
(ICC=0.36). Poor agreement between changes in CPET-VO2peak and
changes in questionnaire-VOzpeak show that all questionnaires had poor
responsiveness to monitor changes in aerobic capacity (ICC of 0.43, 0.19,
and 0.18, for FitMax, VSAQ), and DASI, respectively). However, the FitMax
was able to detect change in aerobic capacity (AUC 0.77) with an optimal
cutoff value of 1.0 mlL/kg/min, while the DASI (AUC=0.64) and VSAQ
(AUC=0.66) were not. Values for validity and responsiveness were better for
FitMax compared to DASI and VSAQ.

In Chapter 7, we summarised the main findings of this thesis and reflected
on methodological considerations, implications for clinical practice, and
future research recommendations. The pros and cons of the used study
designs were discussed and the potential influence of the study population
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and the COVID-19 pandemic on the study results were discussed. Clinical
implications were discussed in the context of the missions of the Maastricht
Comprehensive Cancer Centre (MCCC) and the Integrated Healthcare
Agreement (in Dutch: Integraal Zorgakkoord; IZA), leading to a suggestion
for a stepped-care stratification model of cancer survivorship care. Finally,
we speculated on future research directions, with the overall object of
integrating personalised cancer survivorship care along the continuum of
cancer, by selecting the right patients and choosing the rightinterventions.

To conclude, the findings of this thesis suggest that cancer survivors with
interrelated physical and psychosocial complaints show improvements in
physical fitness and patient-reported outcomes after participating in a
10-week supervised exercise program as part of multidisciplinary oncology
rehabilitation. Results showed that remote coaching is not effective to
improve PA maintenance and further improve physical fitness and patient-
reported outcomes beyond completion of supervised exercise programs,
but is acceptable to cancer survivors, who perceived the intervention as
effective to stimulate PA maintenance. The ability to maintain PA varies
across cancer survivors and levels of aerobic capacity remain below healthy
levels in a significant part of the cancer survivors, six months after
completing the remote coaching intervention. Finally, the findings of this
thesis suggested that the FitMax is promising to get global insight into
aerobic capacity, while the SRT is more suitable as a performance test to
monitor aerobic capacity during exercise rehabilitation when performing
CPETis not feasible orindicated.

195






Samenvatting

Samenvatting

Het doel van dit proefschrift getiteld "Moving beyond exercise oncology
rehabilitation" was het in kaart brengen van veranderingen in fysieke fitheid
(aerobe capaciteit en spierkracht) en patiént-gerapporteerde uitkomsten
(gezondheidsgerelateerde kwaliteit van leven; vermoeidheid; angst en
depressie) bij mensen die leven met en na kanker (hierna: cancer survivors)
tijdens een fysiek trainingsprogramma als onderdeel van multidisciplinaire
oncologische revalidatie, het optimaliseren van de overgang naar
zelfstandig bewegen op de lange termijn en het bepalen van de validiteit en
responsiviteit van verschillende meetinstrumenten voor het monitoren van
aerobe capaciteit.

In Hoofdstuk 1 hebben we de aanleiding en de opzet van dit proefschrift
beschreven. De toegenomen incidentie en verbeterde overlevingskansen
van kanker hebben geleid tot een substantiéle groei van het aantal cancer
survivors. De patient journey van kanker eindigt niet na de medische
behandeling, aangezien patiénten vaak worden geconfronteerd met
langdurige bijwerkingen, zoals een verminderde fysieke fitheid, chronische
vermoeidheid, psychische problematiek en een verminderde gezondheids-
gerelateerde kwaliteit van leven. Bovendien is er bij patiénten met kanker
vaak sprake van multimorbiditeit, omdat beinvloedbare risicofactoren voor
het ontwikkelen van kanker ook gerelateerd zijn aan andere chronische
aandoeningen. Almet al resulteert ditin een groeiende populatie van cancer
survivors, die langer leven met complexe zorgbehoeften die vragen om
multidisciplinaire nazorg.

Nederlandse richtlijnen adviseren een multidisciplinair
revalidatieprogramma voor cancer survivors met samenhangende
lichamelijke en psychosociale klachten. Hoewel er veel literatuur is over
fysieke training bij cancer survivors, is het bewijs voor multidisciplinaire
oncologische revalidatie schaars en zijn de onderzoeksresultaten mogelijk
niet te generaliseren naar cancer survivors met complexe zorgbehoeften.
Bovendien is het onbekend of cancer survivors hun activiteitenniveau
kunnen behouden na afloop van gesuperviseerde revalidatieprogramma'’s,
terwijl dit essentieel is om gezondheidsvoordelen op de lange termijn te
kunnen bereiken. Tot slot wordt het belang van het monitoren van aerobe
capaciteit als een ‘klinische vitale parameter’ gedurende het gehele




oncologische traject steeds meer erkend, om zo beperkingen vroegtijdig te
kunnen identificeren. Daarvoor is onderzoek nodig naar laagdrempelige en
betaalbare meetinstrumenten om aerobe capaciteit te monitoren.

In het Maastricht Universitair Medisch Centrum (MUMC+) bestaat het
multidisciplinaire oncologische revalidatieprogramma uit een 10 weken
durend gesuperviseerd fysiek trainingsprogramma in groepsverband,
aangevuld met één of meer interventies gericht op het verbeteren van de
mentale gezondheid, chronische vermoeidheid, arbeidsre-integratie en
voedingstoestand. Hoofdstuk 2 beschrijfft de bevindingen van een
observationele studie naar dit trainingsprogramma als onderdeel van
multidisciplinaire revalidatie. Gedurende twee jaar werden gegevens
verzameld van 185 patiénten die deelnamen aan het programma, waardoor
een realistische weergave kon worden gegeven van veranderingen in
fysieke fitheid en patiént-gerapporteerde uitkomsten na dergelijke
programma's. Het trainingsprogramma moest worden onderbroken enlater
aangepast met een lagere trainingstijd en -frequentie, vanwege
beperkingen tijdens de coronavirus-19 (COVID-19) pandemie. Daarom
evalueerden we ook de invloed van deze trainingsaanpassingen. Resultaten
suggereren dat cancer survivors significante en Kklinisch relevante
verbeteringenin fysieke fitheid en patiént gerapporteerde uitkomstenlaten
zien na deelname aan een 10 weken durende gesuperviseerde
trainingsprogramma. Daarbij moet echter wel het ontbreken van een
gerandomiseerde controlegroep en als gevolg daarvan de rol van het
natuurlijke beloop van herstel in gedachten worden gehouden, bij het
interpreteren van de waargenomen verbeteringen in uitkomsten.
Vermindering van de trainingstijd en -frequentie tijdens de COVID-19
pandemie resulteerde in kleinere veranderingen in de meeste uitkomsten
van fysieke fitheid, maar de veranderingen over de tijd bleven statistisch
significant.

In Hoofdstuk 3 worden de resultaten beschrevenvan een gerandomiseerde
gecontroleerde studie (RCT) naar de effectiviteit van een coaching
interventie op afstand voor het verbeteren van behoud van fysieke
activiteitenniveaus, fysieke fitheid en patiént gerapporteerde uitkomsten,
na afloop van een gesuperviseerd oncologisch trainingsprogramma.
Zevenennegentig deelnemers werden geworven uit het
trainingsprogramma als onderdeel van multidisciplinaire oncologische
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revalidatie dat in Hoofdstuk 2 werd beschreven. De deelnemers werden
gerandomiseerd naar de interventiegroep (n=46), die 6 maanden coaching
op afstand kreeg, of naar de controlegroep (n=50), die geen extra
interventie ontving. Metingen van fysieke activiteitenniveaus, fysieke fitheid
en patiént-gerapporteerde uitkomsten werden uitgevoerd in de eerste
week van het onderzoek, wat tevens de laatste week van het
trainingsprogramma was, en zes maanden later. Resultaten impliceerden
dat coaching op afstand na deelname aan een gesuperviseerd oncologisch
trainingsprogramma niet effectief was voor het verbeteren van behoud van
fysieke activiteitenniveaus en het verder verbeteren van de fysieke fitheid
en patiént-gerapporteerde uitkomsten. Een verschil van 45 minuten fysieke
activiteit per week tussen de groepen suggereerde dat deelnemers die de
coaching op afstand ontvingen hun fysieke activiteitenniveaus iets beter
konden behoudenin vergelijking met deelnemers die geen extra interventie
kregen, maar dit verschil was niet statistisch significant. Het vermogen om
fysieke activiteitenniveaus te behouden na een gesuperviseerd
revalidatieprogramma varieerde aanzienlijk tussen de deelnemers en werd
niet beinvloed door een coaching interventie op afstand. Bovendien
bereikten de deelnemers gemiddeld maar 73% van de normwaarden voor
aerobe capaciteit en 39% van alle deelnemers bereikte waarden die zelfs
onder de ondergrens van normaal lagen, zes maanden na het afronden van
het gesuperviseerde trainingsprogramma.

Om interventies te kunnen optimaliseren en een succesvolle implementatie
mogelijk te maken, moeten ervaringen van de patiénten in de doelgroep
worden meegenomen. Daarom werd in Hoofdstuk 4 een
fenomenologische kwalitatieve studie uitgevoerd om inzicht te krijgen in
determinanten van behoud van fysieke activiteitenniveaus na afloop van
een gesuperviseerd oncologisch revalidatieprogramma en de
aanvaardbaarheid van coaching op afstand in deze periode. Er werden
semigestructureerde interviews afgenomen met een deel van de
deelnemersuit de RCTin Hoofdstuk 3, welke achteraf geanalyseerd werden
met behulp van template analyse. Het Capability, Opportunity en
Motivation model of behaviour (COM-B model) werd gebruikt als
theoretisch kader om inzicht te krijgen in determinanten van behoud van
fysieke  activiteitenniveaus na  afloop  van  gesuperviseerde
trainingsprogramma’s. Zelf-effectiviteit, beweeg gewoonten, gevoel van
verantwoordelijkheid door ‘een stok achter de deur’, fysieke klachten en
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beweeg faciliteiten waren belangrijke thema’s waarvan werd ervaren dat
deze invloed hadden op behoud van fysieke activiteitenniveaus. Het
Theorethical Framework of Acceptability (TFA) werd gebruikt om de
aanvaardbaarheid van de in Hoofdstuk 3 onderzochte coaching interventie
op afstand te beoordelen. Coaching op afstand werd als aanvaardbaar
ervaren, omdat patiénten het gevoel hadden dat het behoud van fysieke
activiteitenniveaus gestimuleerd werd door het bieden van structuur,
sociale steun, een gevoel van verantwoordelijkheid en zelfvertrouwen. Het
feit dat de interventie op afstand plaatsvond, werd door sommige
deelnemers als prettig ervaren, terwijl anderen de voorkeur gaven aan de
toevoeging van fysieke afspraken. Concluderend was coaching op afstand
na een gesuperviseerd trainingsprogramma aanvaardbaar voor cancer
survivors. Dit zou gepersonaliseerd aangeboden moeten worden en zou
zich moeten richten op het verbeteren van zelf-effectiviteit en
gewoontevorming, om patiénten te helpen barrieres voor behoud van
fysieke activiteitenniveaus te overwinnen, zoals fysieke klachten en
beperkte toegankelijkheid van beweegfaciliteiten.

Het tweede deel van dit proefschrift richtte zich op de methodologie van
hetmetenvan aerobe capaciteit.

Het doel van Hoofdstuk 5 was om de validiteit en responsiviteit van
een korte, praktische inspanningstest op een fietsergometer,
genaamd de steep ramp test (SRT), te bepalen. Deelnemers werden
geworven uit het gesuperviseerde trainingsprogramma zoals
beschreven in Hoofdstuk 2 en voerden de cardiopulmonale
inspanningstest (CPET) en SRT voor en na het programma uit. De hoogst
behaalde weerstand die werd bereikt tijdens de SRT (SRT-WRpiek)
werd vergeleken met de hoogst gemeten zuurstofopname
tijidens de CPET (CPET-VO2piek), welke de criterium standaard is
voor het meten van aerobe capaciteit. Gezien de sterke correlatie
(r=0,86) tussen SRT-WRpiek en CPET-VO:2piek, bleek de SRT valide
om aerobe capaciteit te evalueren bij cancer survivors. De correlatie
tussen verandering in CPET-VO:zpiek en SRT-WRpiek na het afronden van
het trainingsprogramma (r=0,5T) suggereerde dat de responsiviteit
om veranderingen in de tijd te meten matig was. Receiver
operating characteristic analyse liet zien dat de SRT in staat was om
verbetering in aerobe capaciteit te detecteren (area under the curve
(AUC) 0,74) bij gebruik van een afkapwaarde van 0,26 watt per kg
lichaamsgewicht.

200



Samenvatting

In Hoofdstuk 6 werden de validiteit en responsiviteit van de zelf-
gerapporteerde Duke Activity Status Index (DASI), Veterans Specific
Activity Questionnaire (VSAQ) en de FitMax©-vragenlijst (FitMax) voor het
monitorenvan aerobe capaciteit bij cancer survivors beoordeeld. De FitMax
werd onlangs ontwikkeld om aerobe capaciteit te schatten op basis van de
zelf-gerapporteerde maximale capaciteit van wandelen, traplopen en
fietsen in combinatie met demografische kenmerken. Deelnemers werden
opnieuw geworven uit het trainingsprogramma zoals beschreven in
Hoofdstuk 2, en vulden de drie zelfvragenlijsten in op dezelfde dag dat ze
een CPET uitvoerden, voor en na het 10 weken durende
trainingsprogramma. De resultaten toonden aan dat de overeenkomst
tussen CPET-VO:2piek en VO2zpiek geschat met behulp van de vragenlijsten
(vragenlijst-VOzpiek) matig was voor de FitMax (intraclass correlatie-
coéfficiént (ICC)=0,69) en VSAR (ICC=0,53), en slecht voor de DASI
(ICC=0,36). De slechte overeenkomst tussen veranderingen in CPET-
VOgzpiek en veranderingen in vragenlijst-VOzpiek laat zien dat alle
vragenlijsten een slechte responsiviteit hadden omveranderingenin aerobe
capaciteit te kunnen meten (ICC van 0,43, 0,19 en 0,18 voor respectievelijk
FitMax, VSAQ en DASI). De FitMax was echter wel in staat om verandering in
aerobe capaciteit te detecteren (AUC=0,77) met een optimale
afkapwaarde van 1,0 mL/kg/min, terwijl de DASI (AUC=0,64) en VSAQ (AUC
0,66) dat niet waren. De waarden voor validiteit en responsiviteit waren
betervoorFitMaxin vergelijking met DASI en VSAQ.

In Hoofdstuk 7 hebben we de belangrijkste bevindingen van dit proefschrift
samengevat en reflecteerden we over de methodologische overwegingen,
implicaties voor de Klinische praktijk en aanbevelingen voor toekomstig
onderzoek. De voor- en nadelen van de gebruikte onderzoeksdesigns
werden besproken en de mogelijke invloed van de studiepopulatie en de
COVID-19 pandemie op de studieresultaten werden besproken. Klinische
implicaties werden beschreven in de context van de missies van het
Maastricht Comprehensive Cancer Centre (MCCC) en het Integraal
Zorgakkoord (IZA), wat leidde tot een voorgesteld stepped-care
stratificatiemodel van beweegzorg bij cancer survivors. Tot slot
speculeerden we over de richting voor toekomstig onderzoek, met als
overkoepelend doel het integreren van gepersonaliseerde revalidatie zorg
voor cancer survivors gedurende het oncologische traject, door het
selecterenvandejuiste pati€ntenen het kiezenvan de juiste interventies.
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Concluderend suggereren de bevindingen van dit proefschrift dat
cancer survivors met onderling samenhangende lichamelijke en
psychosociale klachten verbetering laten zien in fysieke fitheid en
patiént-gerapporteerde uitkomsten na deelname aan een 10 weken
durend gesuperviseerd trainingsprogramma als onderdeel van
multidisciplinaire oncologische revalidatie. De resultaten lieten zien dat
coaching op afstand niet effectief is voor het verbeteren van behoud
van activiteitenniveaus en het verder verbeteren van fysieke fitheid
en patiént-gerapporteerde uitkomsten na afloop van gesuperviseerde
trainingsprogramma’s, maar wel acceptabel is voor cancer survivors, die
de interventie als effectief ervaarden voor het stimuleren van behoud
van fysieke activiteit. Het vermogen om actief te blijven na afloop
van een gesuperviseerd trainingsprogramma varieert tussen cancer
survivors en aerobe capaciteit blijfft onder gezonde waarden voor een
aanzienlijk deel van de deelnemers. Tot slot liet dit proefschrift zien dat de
FitMax veelbelovend is om globaal inzicht te krijgen in aerobe
capaciteit, terwijl de SRT als inspanningstest meer geschikt is om de
aerobe capaciteit te evalueren tijdens fysieke trainingsprogramma’s,
wanneer het uitvoerenvan CPET niet haalbaar of geindiceerdis.
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“Inlife, it's not where you go, it's who you travel with.” | Charles M. Schulz

Endan nuecht hetlaatste hoofdstuk van deze reis, het dankwoord. Terwijl ik
dit schrijf, kan ik haast nog niet geloven dat ik straks eindelijk een echt
boekje in mijn handen heb. Mijn boekje, maar dit was natuurlijk nooit gelukt
zonder heel veel mensen om me heen. Daarom wil ik iedereen die hieraan
bijgedragen heeft ontzettend bedanken en in dit hoofdstuk enkele mensen
in het bijzonder.

Allereerst wil ik graag de patiénten bedanken die hebben deelgenomen aan
de onderzoeken voor dit proefschrift. Zonder hen was er gewoonweg geen
boekje geweest. |k heb het altijd bijzonder gevonden dat zij tijdens een
moeilijke periode in hun leven bereid waren om deel te nemen aan mijn
onderzoek. In vergelijking met de beproevingen die pati€énten moesten
doorstaan, stelde promoveren niets voor en dat leerde mij relativeren. Eén
patiént gaf mij aan het einde van haar revalidatietraject een kaartje met
daarop een spreuk van Pippi Langkous waar ik nog vaak aan heb
teruggedacht: “Ik heb het nog nooit gedaan, dus ik denk dat ik het wel kan”.
Een uitspraak die voor mij vaak van toepassing was de afgelopen jaren en
die ik zekerzal meenemenin de toekomst.

Vervolgens wil ik graag mijn promotieteam bedanken. Ton, de afgelopen
jaren heb ik veel van jou geleerd. Jouw kritische blik, kennis en ervaring met
het doen van toegepast onderzoek hebben mij enorm geholpen. Jij leerde
me ook om mijn eigen keuzes te maken. Dankjewel voor je hulp en de kansen
die je gecreéerd hebt. Ook buiten het MUMC, tijdens de wintersport in
Oostenrijk en het congres in Dubai wees jij de weg. Matty, mijn promotie
paste eigenlijk niet helemaal in jouw straatje, maar toch was je meteen
enthousiast om onderdeel te zijn van mijn team. Jouw kennis over oncologie
en epidemiologie waren een belangrijke toevoeging. Vaak keekjij vanuit een
andere hoek, met een frisse blik en dat was enorm waardevol. Milou, jij was
meer dan alleen een copromotor. Vanaf dag één hebben we nauw
samengewerkt. Ik kon altijd bij je binnen lopen of je een appje sturen en dat
deed ik dan ook vaak. Je leerde me alles over oncologische revalidatie en
CPET. Bedankt voor je enorme betrokkenheid, ook in tijden dat je het zelf
moeilijk had.
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Daarnaast wil ik graag de leden van de leescommissie en de corona
bedanken. Beste prof. dr. Rob de Bie, prof. dr. Jeanine Verbunt, prof. dr.
Fred Hartgens, prof. dr. Marjolein Smidt, dr. Laurien Buffart , dr. Francine
Schneider, dr. Martijn Stuiver en dr. Ingeborg Vriens, bedankt voor de
interesse in mijn proefschrift en de tijd voor het lezen, beoordelen en
opponeren.

Beste George, jij hebt mij geprikkeld om meer van mezelf te laten zien toen
ik aangaf te willen promoveren en gaf me de kans om mezelf te bewijzen.
Dankjewel voor het zetje in mijn rug dat ik toen nodig had. Rob, toen jij het
stokje van George overnam, begon ik net met mijn promotietraject.
Bedankt voor jouw steun en flexibiliteit de afgelopen jaren envoor de ruimte
en kansen die je me geeft om ook in de toekomst verder te kunnen met
onderzoek.

Natuurlijk wil ik ook al mijn collega’s van de afdeling Fysiotherapie
bedanken. Ik ben trots en blij om onderdeel te mogen zijn van dit team.
Bedankt voor jullie geduld, begrip, flexibiliteit, hulp en interesse de
afgelopen jaren. Maar misschien nog wel belangrijker, bedankt voor de
gezelligheid en afleiding tijdens de pauzes, de vele leuke uitjes, sportsessies
enfeestjes.

In het bijzonder wil ik mijn collega’s van de oncologische revalidatie
bedanken. Het is een feestje om met jullie te mogen samenwerken en ik
hoop dan ook dat we dit nog vele jaren kunnen voortzetten. Bedankt voor
jullie hulp bij het onderzoek, maar ook voor de gezelligheid en het luisterend
oor wanneer het even tegenzat. Aniek en Christel, niet alleen als
fysiotherapeut bij de revalidatie, maar ook binnen het onderzoek heb ik veel
van jullie geleerd Al voordat ik aan mijn promotietraject begon waren jullie
een inspiratie voor mij. Jullie stonden als ervaringsdeskundigen altijd voor
me klaar. Dankjewel daarvoor! Maud en Jacqueline, jullie horen natuurlijk ook
in dit rijtje thuis. Bedankt voor alle hulp en oprechte betrokkenheid, maar
daarnaast ook gewoon omdatjullie zulke fijne collega’s zijn.

De andere mede-onderzoekers wil ik ook graag bedanken. Met een aantal
vanjullie werk ik nog steedsintensief samen voor verschillende projecten en
ik hoop dat dit ook in de toekomst zo mag blijven. Samen hebben we uren
doorgebracht in de vele verschillende kantoren die we versleten hebben.
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Tijdens corona, toen we ieder thuis achter onze pc zaten, besefte ik hoe
belangrijk ditis en heb ik dit gemist. Samen sparren, brainstormen, maar ook
niet zelden klagen over hoe zwaar we het hebben. Deze samenwerking ging
ook gepaard met de nodige koffie- en chocomelk-momentjes. Of buiten
werktijd highteas, etentjes en zelfs een congres in Dubai. Daniélle, als
‘onderzoeksgroentje’ mocht ik eerst helpen bij jouw onderzoek. Ik heb veel
van je geleerd en het was altijd gezellig bij ons op het kantoor. Marissa en
Hanneke, jullie begonnen een half jaar eerder dan ik en het was dan ook
super fijn om samen op te trekken. Loes, toen jij een aantal jaren later ook
aan je promotietraject begon op de afdeling, werd je direct onderdeel van
ons onderzoeksteam. Wie had dat ooit gedacht toen we samen de bachelor
scriptie schreven. Rachel en Rik, ook jullie wil ik bedanken voor de hulp en
het delenvanjullie ervaringen entips.

Wilke, jouw administratieve ondersteuning binnen de oncologische
revalidatie is onmisbaar. Daarnaast had jij de belangrijke taak om de
patiénten te randomiseren bij de coaching studie, wat soms best lastig was
omdat je niets mocht verklappen. Tijdens deze studie zat er regelmatig wat
tegen, maar op jouw inzet kon ik altijd rekenen. Bedankt voor je oneindige
enthousiasme en optimisme. Chantal, dankjewel voor je hulp en
ondersteuning wanneer wij de CPET apparatuur weer eens niet aan de praat
kregen, of Technogym een update had gehad. lise, Victoire en Frank, ook
jullie wil ik graag bedanken. Wat is het fijn om altijd bij jullie terecht te kunnen
metvragen, of gewoon voor een gezellig praatje. Jullie zijn toppers!

Ook de secretaresses van Epid die door de jaren heen betrokken zijn
geweest, wil ik graag bedanken voor de praktische ondersteuning. Conny,
Petra, Mariélle en Dora, bedankt voor het wegwijs maken in de
administratieve rompslomp die bij promoveren komt kijken en voor de hulp
bij het plannen van afspraken. En dankjewel Jos, voor de ICT ondersteuning
vanuit UM en Carolien voor de hulp bij vraagstukken over validiteit en
responsiviteit.

Ook wil ik Maastricht Instruments en IDEE bedanken voor het gebruik van
de MOX accelerometers en Wouter in het bijzonder voor de ondersteuning
bij de dataverwerking
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Alle medewerkers van Maastricht Sport, en in het bijzonder Joyce, wil ik
graag bedanken voor de fijne samenwerking. Het werk dat jullie doen is
super belangrijk en daarnaast zijn jullie altijd bereid om mee te denken over
nieuwe initiatieven. Ook nu nog zijn we druk bezig met de uitbreiding van de
samenwerking tussen Maastricht Sport en de afdeling Fysiotherapie en ik
ben ervan overtuigd datwe ditin de toekomst gaanvoortzetten.

Bart, ondanks dat jij geen onderdeel was van mijn promotieteam, heb je mij
ontzettend geholpen. Bij het analyseren van CPET's en alles wat met
inspanningsfysiologie te maken heeft, het maken van grafiekenin GraphPad
en het schrijven van mijn eerste artikel. Dankjewel daarvoor! Het is superleuk
om met jou samen te werken en ik hoop dat er nog veel leuke projecten
volgen. Sander, bedankt voorje ondersteuning bij de statistische dilemma’s
tijdens onze gerandomiseerde studie. Ik ken niemand anders die statistiek
zo begrijpelijk kan uitleggen. Dankjewel voor je hulp! Renske, bedankt voor
de fijne samenwerking bij ons onderzoek naar de FitMax©-vragenlijst.
Allebei vanuit een andere professie en een ander ziekenhuis, maar toch
verliep dit bijzonder soepel. Judith, bedankt dat je me wegwijs hebt
gemaakt in het kwalitatieve onderzoek. Ook alle andere coauteurs wil ik
bedanken voor de samenwerking. En natuurlijk ook alle stagiaires die
hebben geholpen bij de dataverzameling en analyse van verschillende
onderzoeken. Jullie hulp was onmisbaar en ik vond het daarnaast leuk en
leerzaamomjullie te begeleiden.

Kira, bedankt voor jouw creatieve bijdrage. Het is jou perfect gelukt om mijn
boodschap op een originele en mooie manier weer te geven op de kaft van
dit boekje. Ik ben dan ook super blij met het eindresultaat! Tiny, dankjewel
voor je ondersteuning bij de lay-out van dit proefschrift.

Lieve vrienden, dankjewel voor de interesse in mijn proefschrift de
afgelopenjaren envoor de afleiding en steun. ‘Ponkies’, ons vaste kliekje in
Maastricht, de afgelopen jaren zijn we steeds hechter geworden. Dankjewel
voor de vele leuke fietsritjes, etentjes en feestjes, maar ook voor het feit dat
jullie altijd klaar staan als het even minder gaat. Ook de meiden van Stennis
wil ik bedanken. Samen hebben we een leuke studententijd gehad, met
meer feestjes dan tenniswedstrijden. Omdat jullie niet meer in Maastricht
wonen zien we elkaar nu minder vaak, maar als we afspreken is het altijd
gezellig. Olin, jou wil ik nog even in het bijzonder bedanken, omdat jij ook
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Dankwoord

gepromoveerd bent en het heel fijn was om dit te kunnen delen. Lieve
Zeeuwse meiden, we wonen verspreid door het land en zelfs in het
buitenland, maar wanneer we elkaar zien, voelt het meteen vertrouwd en is
het altijd één groot feest. ‘Je kunt de meisjes wel uit Zeeland halen, maar
Zeeland niet uit de meisjes.” Ook ‘een dikke merci’ aan de Belgische
vrienden, die ik via Chris ken, maar die ondertussen ook als echte vrienden
voelen voor mij. De afgelopen jaren waren er vele gezellige weekendjes en
onvergetelijke ski trips, waarbij er ook altijd naar mijn ‘doctoraat’ werd
gevraagd.

Nicole en Anne, al vanaf dag één op de opleiding fysiotherapie waren wij
onafscheidelijk en nog steeds zijn jullie mijn beste vriendinnen. Ondanks dat
Nicole nuwat verder weg woont, zien we elkaar nog regelmatig tijdens onze
weekendjes weg of gewoon ouderwets in Maastricht. We kunnen dan
oneindig kletsen en lachen met een wijntje (of meerdere...). Dankjewel voor
jullie onvoorwaardelijke vriendschap!

Pap en mam, dankjewel voor de steun en het feit dat jullie altijd achter mijn
keuzes staan. In de drukte is het altijd fijn om ‘thuis-thuis’ te komen in Hulst,
maar ook als jullie de stad komen opzoeken is het super gezellig. Ook de
rest van de familie wil ik bedanken voor de hulp die ik kreeg op allerlei
manieren. Hulp met Excel, de Engelse taal, print problemen, keuzes voor de
kaft en tussendoor ook nog even een huis verbouwen. Dankjewel daarvoor,
maar ook voor de gezelligheid tijdens de jaarlijkse weekendjes weg, escape
rooms en vele bezoekjes. Ook mijn schoonfamilie wil ik graag noemen,
dankjewel datjullie er altijd voor ons zijn.

Beiden heb ik al eerder genoemd, maar toch wil ik mijn paranimfen nog eens
extra bedanken. Dankjewel voor jullie ondersteuning bij de laatste loodjes,
Aniek als lieve collega/ervaringsdeskundige en Anne als beste vriendin. De
gedachte dat jullie aan mijn zijde zullen staan bij de verdediging geeft mij nu
al vertrouwen.

Lieve Chris, eigenlijk zou jij ook een bul moeten krijgen, voor je eindeloze
geduld en support de afgelopen jaren. Met de combinatie van mijn soms
chaotische brein en overdreven perfectionisme, optimistische planningen
en plotselinge paniek-momentjes wilde je me vast regelmatig achter het
behang plakken (“kalfje!”). Dankjewel dat jij ondanks dat toch altijd aan mijn
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zijde stond tijdens deze reis. Jij helpt mij letterlijk en figuurlijk bergen te
trotseren, zowel bij mijn promotie, als tijdens het fietsen en op onze reizen.
Soms ben ik jaloers op jouw onuitputbare dosis energie, enthousiasme en
ambitie, maar vaak werkt dit ook aanstekelijk. Daarnaast heb je de gave mij
te kalmeren als mijn hoofd even kortsluiting maakt (iets met te veel
tabbladen open...) en me te laten lachen als ik even in de put zit. Kortom,
zonder jou had ik dit nooit gekund. Dankjewel voor alles en op naar het
volgende avontuur!
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