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Chapter 1

Introduction
The incidence of cancer-related fatigue and its multidimensional
character

Cancer and its medical treatment often cause severe fatigue that can be unusually
persistent. The definition of cancer-related fatigue (CRF) is ‘a distressing, persistent,
subjective sense of physical, emotional and/or cognitive tiredness or exhaustion
related to cancer or cancer treatment that is not proportional to recent activity
and interferes with usual functioning’ [1]. The prevalence of CRF in groups of
cancer patients is dependent on cancer type, stage, treatment received, and time
since treatment. Eighty percent of the patients treated with chemotherapy and/or
radiotherapy experience CRF. Even years after the initial treatment, a third of cancer
survivors in complete remission still experience CRF [2, 3].
Fatigue is a multidimensional symptom which has physical, emotional and
cognitive dimensions. Also, fatigue has both peripheral (i.e. local muscle fatigability)
and central aspects (i.e. central neurological inhibition limiting the capacity for muscle
exhaustion) [4]. At the time of writing, there is no clear indication of what causes
persistent CRF. Many possible explanations have been proposed. These include
pathophysiological, hormonal, behavioral and psychological processes [5–8].
Different pathophysiological processes have been linked to CRF, especially
inflammation [9]. For example, patients with higher levels of CRF also had higher
levels of C-reactive protein (CRP), higher white blood count, and increased levels
of tumor necrosis factor (TNF-alpha) [9]. Central aspects of CRF are believed to
originate from the release of neuroactive substances such as serotonin, cytokines and
prostaglandins, due to cancer treatment, that activate vagal afferent nerves. This, in
turn, results in a number of processes that increase the feeling of fatigue. The activation
of vagal afferent nerves results in a dysregulation of the central regulatory system
(hypothalamic pituitary adrenal axis (HPA-axis)) controlling the release of cortisol.
The changed release of cortisol, with lower levels in the morning, a reduced release
in the afternoon, and a higher level in the evening, alters the circadian rhythm. The
changed circadian rhythm can subsequently cause sleeping difficulties which can
cause or maintain fatigue [6, 10]. In animal studies, the activation of vagal afferent
nerves caused an inhibitory reflex that resulted in the decrease of muscle tone, which
could clinically be perceived as a general weakness and increased effort to complete
a motor task [11].
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A behavioral cause of fatigue can be found in activity dysregulation, i.e. increased
inactivity. Inactivity is often shown by people with emotional distress resulting from a
cancer diagnosis, or from the effect of the treatment of cancer [12]. Inactivity results
in decreasing maximal oxygen uptake which, combined with lower muscle strength,
makes the intensity of activities in daily living closer to anaerobic threshold and
therefore more exerting. Conversely, “overtraining” because of insufficient recovery
time after periods of exertion can also contribute to chronic fatigue [13].
Several psychological characteristics are risk factors for persistent severe fatigue,
in particular: Depression, anxiety, low self-efficacy, and engaging in catastrophizing
or negative thoughts [14–18]. Associations have also been reported between CRF
and pain in patients with cancer [19, 20].
Research into the etiology of CRF is still in the early stages. Many studies of the
biophysical roots of fatigue have only documented associations, but no cause and effect
relationships, because of their cross-sectional design. Also, the lack of standardization
in measurement of biomarkers of inflammation, and the fact that cytokines circulate
throughout the body, and the resulting difficulty of linking them specifically to tumor
activity (and/or fatigue), further complicates the interpretation of findings [21].

Measuring CRF

The diversity in the causes of fatigue and the belief that CRF is a multidimensional
problem is reflected in the wide range of dimensions of fatigue that are often assessed.
These dimensions include physical fatigue, emotional fatigue, lack of motivation
and distress. As CRF is a subjectively experienced symptom, the most common and
preferred assessment of this symptom is through self-report questionnaires [22, 23].
Because the number of questionnaires is proliferating, choosing the most suitable
questionnaire has become a time consuming and difficult task [24].
When choosing a questionnaire, not only the measurement properties (i.e.
reliability and construct validity) are important, but also the burden the questionnaire
might impose on an already strained patient needs to be taken into account. Also,
questionnaires should have easily understood items and be easy to score and interpret.
Therefore, a good questionnaire is not only defined by the quality of its measurement
properties but also by its user-friendliness (feasibility and practicality).
Chapter 2 provides an overview of clinimetric properties and user-friendliness
of questionnaires assessing CRF, based on a systematic review of the literature.
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Prevention and treatment of CRF

There is growing evidence that physical exercise prevents and reduces symptoms of
CRF [25].
Of course, it affects the pure physical aspects of fatigue, by counteracting the
negative effects of deconditioning, but it may also improve fatigue through antiinflammatory effects, changes on the autonomic nervous system balance (e.g.
influence on heart rate variability and HPA-axis), and the influence on neurotrophic
factors (through increased skeletal muscle metabolism) [26]. Additionally, exercise
also reduces fatigue through its positive psychological effects. Exercise can improve
depression, anxiety, confidence, decrease catastrophizing behavior, and increase
self-efficacy [27, 28]. Finally, exercise has positive effects on symptoms that are
regularly associated with fatigue. For example, exercise can decrease pain and mood
disturbances, and improve the quality of sleep [29]. The optimal exercise parameters
to improve different aspects of CRF are still a matter of much debate. In our metaanalysis we combined 18 studies, up to 2008, to evaluate the short- and long-term
effects on CRF of different exercise prescriptions during adjuvant treatment. We also
aimed to gain insight into the safety and feasibility of exercise during adjuvant cancer
treatment. This study is reported in chapter 3.

CRF and symptom clustering

Because of the growing awareness that fatigue is a multidimensional phenomenon,
interest is also growing in possible associations between fatigue and other symptoms.
When multiple concurrent symptoms are related to one another, symptom
clusters may occur [30]. A symptom cluster is defined as two or more concurrent and
interrelated symptoms that occur together with a high degree of predictability [31]. For
example, in an Australian study of twins, it was shown that fatigue, and especially the
symptoms of insomnia, are strong predictors of depression. The association between
fatigue and depression was independent of their overlapping symptomatology [32].
Such symptom clustering can also occur for cancer-related fatigue. For example, in a
diverse population of patients with cancer, patients who experienced higher levels of
pain also had higher levels of CRF and more sleep disturbances [19]. When patients
experience multiple symptoms that are part of a symptom cluster, treating just one of
these symptoms may be inefficient, if not ineffective – in particular if the symptoms
interact [31]. Therefore, identifying symptom clusters of CRF is of clinical relevance.
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The occurrence of symptom clusters in individuals with cancer may be dependent
on age. During aging, changes occur in body composition and physiology.
Progressive deterioration in physiological functions and metabolic processes
ultimately cause a decline of adaptive capacity (the ability of an individual to improve
capacity and performance as needed in response to changing demands). As a result,
symptoms caused by cancer and its treatment may coexist in different symptom
clusters in older cancer survivors, compared to younger survivors. Understanding
of age-related differences in symptom clusters may be important for developing agespecific treatment approaches. In chapter 4, we therefore report on our assessment
of symptom clusters for CRF in patients with colorectal cancer, and compare these
clusters between older and younger cancer survivors.

Fatigue and risk of complications after elective surgery for
colorectal cancer

When self-reported exhaustion, age-related comorbidities and functional decline
are more prevalent, the risk of treatment-related complications among individuals
with cancer increases [33–35]. This suggests the need for screening before treatment
decisions are made in order to assess patients’ accumulated symptom burden and
functional limitations and thereby develop a personalized estimate of risks for
treatment-related complications. This is especially true for older patients, who often
have more than one comorbidity and who may experience age-related decline in
physical functions in addition to the deficits caused by the disease [36].
Growing awareness that older cancer patients have higher risk of treatmentrelated morbidity has led to the introduction of preoperative screening protocols. The
gold standard for such screening is the Comprehensive Geriatric Assessment (CGA)
[37, 38]. CGA was originally developed as a multidimensional tool for geriatricians
[39], which could be defined as ‘a multidisciplinary evaluation in which the multiple
problems of older persons are uncovered, described, and explained, if possible, and
in which the resources and strengths of the person are catalogued, need for services
assessed, and a coordinated care plan developed to focus interventions on the person’s
problems’ [40]. It has become a fundamental aid in oncology for treatment planning
[39]. However CGA is time consuming and costly [38, 41], making it impractical to
use in daily clinical practice.
A possible solution could be to develop a simpler screening tool that could
distinguish between elderly patients who could profit from broader assessment such
11
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as CGA and those who can do without. Previous studies have shown that functional
status, nutritional status and the ability to perform instrumental activities in daily
living (iADL) are each associated with risk of complications [42–44].
We hypothesized that assessment of fatigue might be a useful addition to
preoperative assessments, because fatigue can be seen as an indicator of reduced
physical capacity. In chapter 5 we explore the combined associations of fatigue,
instrumental activities of daily living, and nutritional status with perioperative
complications and length of hospital stay.

Preferences, barriers and facilitators of preoperative physical
training

Older patients who are identified as being at risk for complications during and after
surgery for colorectal cancer might benefit from preoperative physical training. This
could increase their physical strength and cardiopulmonary fitness and consequently
reduce the risk of complications. In recent years, several studies have been published
on the effects of such “prehabilitation” in patients with colorectal cancer [45–48].
While positive effects on physical functioning and functional recovery have been
reported, none of these studies was able to demonstrate that prehabilitation programs
significantly reduce postoperative complications or length of hospital stay. A possible
explanation for this lack of effect can be found in the adherence to physical exercise.
The lowest compliance rate was reported in a randomized controlled trial of Carli et al.
[47]. This study involved a high intensity cycling and strength training program. The
authors concluded that the intervention may have been to intimidating for a relatively
sick population of mainly older cancer patients. Another potential explanation for
the poor compliance, according to the authors, was the lack of social support from
family and friends for participating in such a demanding program. These results
illustrate that, for the vulnerable population of older patients with cancer, adapted
exercise programs are needed to enable them to participate. If programs are better
adjusted to the preferences of elderly, and take the specific barriers and facilitators
of these patients into account, more frail patients may want to join in and complete
prehabilitation programs.
In 2015, the Cancer and Aging research group published recommendations
for the design of exercise trials for older adults with cancer. Their advice was to
actively engage the elderly, experts and other stakeholders in the development of an

12

intervention. They acknowledged that, due to an underrepresentation in research
of the older adults themselves, and minimum involvement of stakeholders, it is
difficult to define an optimal exercise regimen for this population [49]. To inform
the development of future exercise interventions, we performed a qualitative study
to gain insight into the preferences for, barriers to, and facilitators of exercise in the
preoperative phase among elderly who are eligible for surgery and their informal
caregivers. Additionally, we asked health professionals who offer preoperative training
for cancer patients about their experiences and views on the barriers and facilitators
of such training among the elderly (chapter 6).
Chapter 7 provides a summary of the results of all the studies in this thesis, and
discusses the broader clinical and scientific relevance and implications of our findings.
We also provide a brief summary of new evidence that has become available since the
two studies reported in chapter 2 and 3 were published.

Summary
For many patients, CRF is the most distressing symptom caused by cancer and its
treatment. CRF can negatively influence a person’s physical and social functioning and
overall quality of life. This thesis aims to increase our understanding and management
of CRF by providing evidence to support choices on CRF-assessment, reviewing
the evidence on the effectiveness of exercise as an intervention, providing insights
into the associations between CRF and other symptoms in both younger and older
individuals with cancer and with complications in the elderly and, finally, by exploring
how exercise interventions aimed at frail elderly patients with cancer can be made
more accessible and acceptable.
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Chapter 2

Abstract
Objective: Cancer-related fatigue (CRF) is a distressing, persistent, subjective
sense of tiredness or exhaustion that occurs in 70–100% of cancer patients. The
purpose of this review was to provide an overview of the quality of research
performed on existing CRF self-report questionnaires and compare their
reported psychometric properties and user-friendliness.
Methods: Database searches of CINAHL, Cochrane Library, EMBASE, MEDLINE, Scopus, PEDro, and PsycINFO were undertaken to find published scales.
Standardized criteria were used to assess quality and user-friendliness.
Results: Thirty-five articles were included that described 18 questionnaires –
seven one-dimensional questionnaires and 11 multidimensional questionnaires.
The mean item count was 20.8 (range: 3–83). The mean overall score of the
one-dimensional questionnaires was 10.4 of a maximum of 18 points (range:
7.6–14.3). The mean overall score of the multidimensional questionnaires was
9.4 of a maximum of 18 points (range: 4.3–14.4).
Conclusion: Recommendations were made for the selection of a scale. We argue
in favor of repeatedly reassessing psychometric properties of even established
questionnaires to ensure they comply with evermore increasing stringent quality
criteria.
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self-reported questionnaires on cancer-related fatigue: a review

Cancer and its medical treatment often cause severe fatigue that is unusually persistent
[1]. According to the National Comprehensive Cancer Network (NCCN), 70–100%
of cancer patients are affected by fatigue. The updated – in concept – definition
of cancer-related fatigue (CRF) is ‘‘a distressing persistent, subjective sense of
physical, emotional and/or cognitive tiredness or exhaustion related to cancer or
cancer treatment that is not proportional to recent activity and interferes with usual
functioning’’ (NCCN, 2008 [2]).
This new definition clearly reflects the multidimensional nature of CRF. Biochemical, physiological, psychological, and behavioral factors are believed to contribute to CRF [3].
Patients identify CRF as one of the most distressing problems they experience [4,
5]. Even after adjuvant cancer treatment, such as radiation therapy or chemotherapy,
has long ended, CRF continues [5, 6]. CRF profoundly affects patients’ abilities to
perform activities of daily living and limits their personal and social roles within their
family and community, resulting in a signiﬁcant reduction of over-all quality of life [7].
CRF is a subjectively experienced symptom; therefore, the most common and
preferred assessment of this symptom is through self-report questionnaires [8, 9].
Self-report questionnaires use standardized questions in a variety of formats to obtain
information from patients [10]. Self-report questionnaires are inexpensive and time
efﬁcient, because patients can often complete a questionnaire without any assistance.
The diversity of the causes of fatigue and the belief that CRF is a multidimensional
problem is reﬂected in the wide range of dimensions fatigue is assessed in, for example,
physical fatigue, emotional fatigue, the lack of motivation, and distress. Although some
questionnaires measure one aspect of fatigue (one-dimensional questionnaires), most
measure a number of different aspects of fatigue (multidimensional questionnaires).
Because the number of questionnaires is proliferating, choosing the most suitable
questionnaire becomes a time-consuming and difficult task [11]. An overview of
appropriate questionnaires could aid in the search. An important aspect in choosing
a questionnaire is its measurement properties.
The Scientific Advisory Committee of the Medical Outcomes Trust, a complex
mix of nonprofit organizations, academic researchers, public sector agencies, and
commercial firms, set out to define a set of attributes and criteria to carry out instrument
assessments and disseminated a set of review criteria for questionnaires [12]. Terwee
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et al. [13] took on the challenge to further discuss and refine this set of review criteria
and other available explicit criteria for the following measurement properties: content
validity, internal consistency, criterion validity, construct validity, reproducibility,
responsiveness, floor and ceiling effects, and interpretability. Their aim was to
contribute to the development of explicit quality criteria for the design, methods, and
outcomes of studies on the development and evaluation of health status questionnaires.
The refined quality criteria list developed by Terwee et al. [13] was used as a guideline
for the quality criteria used in this review of CRF questionnaires. We believe that a
good questionnaire is not only defined by the quality of its measurement properties but
also by its user-friendliness (feasibility and practicality). Questionnaires should pose a
minimum burden on patients and clinicians. It, therefore, should have easily understood
items and be easy to score and interpret. Pragmatic criteria on user-friendliness were
added to complement the quality criteria. The user-friendliness criteria used in this
review are based on Auger et al. [14], who have provided an overview of questionnaire
criteria that define clinical feasibility and practicality. This article reports on a systematic
literature search of research on CRF self-report questionnaires. The aim of this review is
to provide an overview of these questionnaires and compare the reported psychometric
properties and user-friendliness.

methods
The following electronic databases were searched for appropriate literature from August
15, 2006 to August 1, 2009: CINAHL, Cochrane Library, EMBASE, MEDLINE,
Scopus, PEDro, and PsycINFO. Both text words and MeSH terms of the following
terms were used in different combinations with or without the use of the conjunctions
AND, OR: fatigue, cancer, tumour, neoplasm, oncology, cancer related fatigue, measure,
assess*, scale*, monitor*, score*, scoring, questionnaire, psychometric*, validity,
sensitivity, reproducibility, responsiveness, feasibility. Names of assessment tools that
were found in the literature search were also entered in the electronic databases. The
included studies were checked for relevant references and related articles.

Inclusion criteria

We included self-report questionnaires designed to measure CRF in adult cancer
patients that are available free of cost. No language restrictions were applied.
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Fatigue scales that were subscales of multidimensional questionnaires (i.e., quality
of life) were excluded, unless the psychometric qualities of fatigue subscales were
individually investigated. Self-report questionnaires with unknown psychometric
qualities were excluded.

Data extraction

Two reviewers (H.W. and C.A.-I.) independently scored the research performed on
the included questionnaires according to the quality criteria proposed by Terwee et
al. [13] and user-friendliness criteria proposed by Auger et al. [14].
Disagreement on scoring of the criteria was resolved by consensus. If this was
not possible, a third reviewer made the final decision (M.J.V.).
The following psychometric criteria were assessed [13]:
(1) content validity, (2) internal consistency, (3) construct validity, (4) interpretability, (5) reproducibility, (6) responsiveness, (7) floor and ceiling effects. The
following user- friendliness criteria were assessed: (8) assessor’s burden and (9)
respondent burden. More information on the criteria and their scoring can be found
in the appendix at the end of this chapter.
Each criterion received a score between 0 (did not fulfill criterion or no evidence
criterion was investigated) and 2 (fulfilled criterion fully). A maximum of 14 points could
be scored for the psychometric qualities, and a maximum of 4 points could be scored
for user-friendliness criteria. The sum score (a maximum of 18.0 points) was used as
an indicator of the quality of the research on the questionnaire concerned. Compliance
with the quality criteria on the questionnaires was rated as follows: 0–4.4 points: poor
4.5–8.9 points: moderate, 9.0–13.4 points: satisfactory 13.5–18.0 points: excellent.

Results
Of the 669 potentially eligible articles, 634 were excluded on title or abstract. Two
hundred eighty-one articles were excluded, because they were about no specific fatigue
assessment tool or were a review of different assessment tools. Two hundred fifty-five
articles were excluded, because they were not about fatigue but about quality of life in
general. Seventy-one articles were excluded, because they had a no cancer population.
Twenty-five articles were excluded, because they were duplicates. Two articles on
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assessment tools were excluded, because they described one-item assessment tools
[15, 16] and could not be rated as a questionnaire. Finally, 35 articles were included
that described 18 questionnaires.

One-dimensional questionnaires

Seven questionnaires were one dimensional: (1) Brief Fatigue Inventory (BFI)
[17–22]; (2) Cancer-Related Fatigue Distress Scale (CRFDS) [18, 23]; (3) the
European Organization for Research and Treatment of Cancer Quality of Life Core
Questionnaire Fatigue Subscale (EORTC QLQ-C30 FA) [24–26]; (4) The Fatigue
and Functional Impact Scale (FFIS) [27]; (5) The FACIT-fatigue, a 13-item FACIT
Fatigue Scale [27–29]; (6) Wu Cancer Fatigue Scale (WCFS) [30]; (7) WCFS short
form (rWCFS) [30, 31] (Table 2.1). Two questionnaires were specifically developed
for a population of breast cancer patients (WCFS, rWCFS) and five questionnaires
were developed for a heterogeneous group of cancer patients (BFI, CRDS, EORTC
QLQ-C30 FA, FACIT-fatigue, FFIS).
Three of the seven one-dimensional questionnaires assess different dimensions
of fatigue [27–31]. One questionnaire assesses severity of fatigue only [17, 30]; one
questionnaire assesses physical fatigue [24]; and one questionnaire assesses distress
caused by fatigue [23]. The mean item count of one-dimensional questionnaires was
11.0 (range: 3–20) items.
The mean overall score was 10.1 of a maximum of 18 points (range: 6.9–14.3).
Content validity, internal consistency, and respondent burden scored highest; mode
was 2 of a maximum of 2. Interpretability (mode: 1/2), reproducibility (mode: 0.5/2),
and responsiveness scored poorly (mode: 0/2). Floor and ceiling effects (mode: 2/2),
construct validity (mode: 2/2), and assessors’ burden scored moderately (modal
values of 0.3 and 1.0 of a maximum of 2). Overall, research on three questionnaires
scored moderately (CRFDS, EORTC QLQ-C30 FA, and WCFS).
Two questionnaires scored satisfactory (rWCFS and FFIS), and two
questionnaires scored excellent (BFI and FACIT-fatigue).
Of the one-dimensional questionnaires, the research on BFI and the FACITfatigue scored highest with 15 and 14.3 of a maximum of 18 points.
The one-dimensional questionnaires with the highest psychometric quality
criteria score were the BFI and the FACIT-fatigue (11 of a maximum of 14 points).
The one-dimensional questionnaire with the highest user-friendliness score was the
BFI (4.0 of a maximum of 4.0 points).
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1
1
2
0
0.6
2
0
0
1.6
7.1

Assessor’s burden
The necessity for instruction or schooling
Ease to administer
Ease to judge rating
Respondent burden
Readability
Time needed to complete questionnaire
Intrusive of insensitive line of questioning
Total score user-friendliness
Overall score

1
1
2
0
2
2
2
2
3.0
11.0

2
2
2
0
0
0
0
0
2
8.0
2
2
2
2
2
2
2
2
4.0
15

2
2
2
1
1
2
0
1
2
11.0
0.3
1
0
0
1.6
2
1
2
1.9
7.4

2
2
1
0
0.5
0
1
0
0
5.5
0.6
1
1
0
1.3
2
2
2
2.6
7.6

1
1
2
1
0
0
0
0
0
5.0

EORTC
QLQ-C30 FA

1.3
2
2
0
2
2
2
2
3.3
14.3

2
1
2
1
1
1
1
2
2
11.0

FACIT Fatigue

0.3
0
1
0
1.6
1
2
2
1.9
10.4

0
2
1
1
0.5
1
0
2
2
8.5

FFIS
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WCFS, Wu Cancer Fatigue Scale; rWCFS, Wu Cancer Fatigue Scale short form; BFI, Brief Fatigue Inventory; CRFDS, Cancer-Related Fatigue Distress Scale;
EORTC QLQ-C30 FA, The European Organization for Research and Treatment of Cancer Quality of Life Core Questionnaire Fatigue Scale; FACIT-F, Functional
Assessment of Chronic Illness Therapy-Fatigue 13-item Fatigue Scale; FFIS, Fatigue and Functional Impact Scale; Instruct. or school, instruction or schooling.

2
1
0
0
0.5
0
1
0
2
5.5

Content validity
Internal consistency
Construct validity
Interpretability
Reproducibility
Agreement
Reliability
Responsiveness
Floor and ceiling effects
Total score of quality criteria

CRDS

BFI

WCFS

rWCFS

Non-breast cancer

Breast cancer

Table 2.1 Total per scale of one-dimensional self-report fatigue scales
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Multidimensional questionnaires

Eleven questionnaires were multidimensional: (1) Cancer Fatigue Scale (CFS) [18,
32, 33]; (2) FACIT-F [29, 34]; (3) Fatigue Symptom Inventory (FSI) [35, 36]; (4)
Multidimensional Fatigue Inventory (MFI) [18, 37–43]; (5) Multidimensional FSI
(MFSI) [39]; (6) MSFI short form (MFSI-sf) [39, 44]; (7) New Questionnaire to
Assess Patient Perceptions of Cancer-Related Fatigue (NQAPPCRF) [45]; (8) Piper
Fatigue Scale (PFS) [24, 46, 47]; (9) revised PFS (r-PFS) [24, 46–48]; (10) Schwartz
Cancer Fatigue Scale (SCFS) [18, 49–51]; and (11) SCFS short form (SCFS-6) [41,
49, 50] (Tables 2.2 and 2.3).
All research on questionnaires assessed different aspects of fatigue; that is,
impact, functional impairment, somatic, physical, affective, behavioral, perceptual,
Table 2.2 Totals per scale of multidimensional self-report fatigue scales of breast cancer patients
Breast cancer
FSI

MSFI

MSFI-sf

PFS

r-PFS

Quality criteria
Content validity
Internal consistency
Construct validity
Interpretability
Reproducibility
Agreement
Reliability
Responsiveness
Floor and ceiling effects
Total score of quality criteria

2
2
2
1
1.5
2
1
1
2
11.5

2
2
2
1
1.5
2
1
1
0
9.5

1
2
2
0
1
2
0
1
2
9.0

1
1
0
0
0
0
0
0
2
4.0

1
2
0
0
1
2
0
0
2
6.0

User-friendliness
Assessor’s burden
The necessity for instruction or schooling
Ease to administer
Ease to judge rating
Respondent burden
Readability
Time needed to complete questionnaire
Intrusive of insensitive line of questioning
Total score user-friendliness
Overall score

1.3
2
2
0
1.6
1
2
2
2.9
14.4

0.6
1
1
0
0.3
0
1
0
0.9
10.4

0.6
1
1
0
1.3
0
2
2
1.9
10.9

0.3
0
1
0
0.0
0
0
0
0.3
4.3

0.6
1
1
0
0.6
0
1
1
1.2
7.2

FSI, Fatigue Symptom Inventory; MFSI, Multidimensional Fatigue Symptom Inventory; MFSI-sf,
Multidimensional Fatigue Symptom Inventory short form; PFS, Piper Fatigue Scale; r-PFS, revised
Piper Fatigue Scale.
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0.6
1
1
0
2
2
2
2
2.6
10.6

User-friendliness
Assessor’s burden
The necessity for instruct. or school
Ease to administer
Ease to judge rating
Respondent burden
Readability
Time needed to complete questionnaire
Intrusive or insensitive line of questioning
Total score of user-friendliness criteria
Total score
0
0
0
0
0.6
1
1
0
0.6
11.1

2
1
1
2
1.5
2
1
1
2
10.5

MFI

1.3
1
1
2
1
2
1
0
2.3
9.3

2
1
1
0
1
2
0
0
2
7.0

SCFS

0
0
0
0
2
2
2
2
2.0
7.0

1
2
0
0
1
2
0
1
0
5.0

SCFS-6

1.3
2
2
0
2
2
2
2
3.3
14.3

2
1
2
1
1
1
1
2
2
11.0

FACIT-F

0
0
0
0
2
2
2
2
2.0
10.0

2
2
1
1
0
0
0
0
2
8.0

NQAPPCRF
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CFS, Cancer Fatigue Scale; MFI, Multidimensional Fatigue Inventory; SCFS, Schwartz Cancer Fatigue Scale; SCFS-6, Schwartz Cancer Fatigue Scale short
form; NQAPPCRF, New Questionnaire to Assess Patient Perceptions of Cancer-Related Fatigue.

2
1
2
0
1
2
0
0
2
8.0

Quality criteria
Content validity
Internal consistency
Construct validity
Interpretability
Reproducibility
Agreement
Reliability
Responsiveness
Floor and ceiling effects
Total score of quality criteria

CFS

Non-breast cancer

Table 2.3 Totals per scale of multidimensional self-report fatigue scales of non-breast cancer patients
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and mental fatigue. Five questionnaires were developed specifically for a population
of breast cancer patients (FSI, MSFI, MSFI-sf, PFS, and r-PFS), and six questionnaires
were developed for a heterogeneous cancer population (CFS, MFI, SCFS, SCFS-6,
FACIT-F, and NQAPPCRF).
The mean overall item count of multidimensional questionnaires was 27.1
(range: 6–83) items. The mean overall score was 10 of a maximum of 18 points
(range: 4.3–14.4). Content validity, internal consistency, and ﬂoor and ceiling
effects scored highest on psychometric quality criteria (mode: 2 of a maximum of
2). Interpretability and responsiveness (modal values were 0 and 1) scored poorly.
Reproducibility (mode: 1/2) scored moderately. Respondent burden (mode: 2/2)
scored moderately, but assessor’s burden scored poorly (mode: 1.3/2).
The multidimensional questionnaire with the highest score on the psychometric
quality criteria was the FSI, with 11.5 of a maximum of 14 points. The multidimensional
questionnaire with the highest score on user-friendliness was the FACIT-F, with 3.3
of a maximum of 4 points. Re-search on one questionnaire scored poorly (PFS);
research on two questionnaires scored moderately (r-PFS and SCFS-6); and research
on six questionnaires scored satisfactory (CFS, FSI, MFI, MSFI-sf, NQAPPCRF,
and SCFS). Research on two questionnaires scored excellent (FSI and FACIT-F).
The FSI scored the highest, with 14.4 points of a maximum of 18 points. The
FACIT-F scored second highest, with 14.3 points of a maximum of 18 points.

Discussion
The purpose of this review was to provide an overview of the quality of research
performed on existing CRF self-report questionnaires and compare their reported
psychometric properties and user-friendliness. This review describes the quality
of research on 18 questionnaires seven one-dimensional questionnaires and 11
multidimensional questionnaires.
The quality of the reported research ranged as follows: one with poor quality, five
with moderate quality, eight with satisfactory quality, and four with excellent quality.
The one-dimensional questionnaire that scored highest overall was the FACITfatigue. The multidimensional questionnaire that scored highest overall was the FSI.
We choose to give an overall score for the research quality on the questionnaires,
resulting in an easy-to-use overview. Terwee et al. [13] choose not to provide an
overall score per questionnaire. They write: ‘‘An overall quality score assumes that all
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measurement properties are equally important, which is probably not the case.’’ We
feel that although the questionnaire that has the highest score on the quality criteria
and user-friendliness is rewarded more points than other questionnaires, one should
realize that, sometimes, it might not be the best questionnaire for one’s purpose. A
poor score on a questionnaire does not mean that the questionnaire is not useful, but
that more, good-quality research is needed.
At the time of writing, the criteria list of Terwee et al. [13] was the only one
that reported on the quality of research on questionnaires in an objective way. By
complementing this list with criteria of Auger et al. [14], the clinical feasibility and
practicality of the questionnaires could also be assessed. Both criteria lists have recently
been developed and have not fully been validated. There is ongoing discussion on
the criteria and the way they were tested [52].
In this review, older questionnaires might be disadvantaged over more recent
questionnaires, because insights on (calculating) optimal measurement properties
have changed over the years. This argues in favor of repeatedly reassessing even
established questionnaires for their psychometric properties to ensure they comply
with evermore increasing stringent quality criteria. For instance, currently, some
promising advances are developed in psychometric modeling (e.g., item response
theory [IRT]), which make it possible to compare results of different measurement
tools across different studies and populations [53]. IRT is a relative new method to
assess questionnaires. Although we wanted to include research using IRT techniques
to evaluate measurement properties in CRF questionnaires, we could only ﬁnd two
studies [45, 54]. One study [54] compared the conventional sum scoring used in the
traditional psychometric methods with an IRT-based scoring in the assessment of a
fatigue questionnaire (EORTC QLQ-C30 FA).
The authors concluded that sum scoring and IRT scoring result in similar
measurement properties for the different scales, and because of the simplicity of the
sum scoring method, this should be the preferred method in the assessment of the
EORTC QLQ-C30 FA scales.
A promising paper that is submitted for publication is a description of the
consensus-based standards for the selection of health status measurement instruments
(COSMIN) checklist that was developed to evaluate the methodological quality of
studies on measurement properties of health-related patient-reported outcomes [55].
In this checklist, standards are developed for studies based on classical test theory and
IRT. The checklist is based on arguments, literature references, and other remarks
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given by a panel of members of a Delphi study and by two teams of researchers who
conducted systematic reviews of measurement properties. This checklist might
possibly start a new era of reporting and developing measurement properties of
health-related patient-reported outcomes.
In choosing a questionnaire to measure CRF, the measurement properties and
the user-friendliness of the questionnaire need to be considered. We have reported
on these in this article. In addition, one needs to consider with what purpose one
wants to measure, diagnostic, prognostic, or evaluative and how frequently one
wants to measure. Considering the lack of reproducibility and responsiveness data,
one can assume that most instruments were developed for diagnostic purposes. For
evaluative purposes, sensitivity to change is important. Data on sensitivity to change
or responsiveness (longitudinal validity) were scarce.
If one wants to measure frequently, as in several times a week, then a ‘‘today’’
or ‘‘yesterday’’ recall is preferred. Recall ranged from ‘‘right now’’ (MFI and PFS),
‘‘today’’ (r-PFS), yesterday (WCFS), and prior 2–3 days (CFS) to the prior week
(FSI and MFSI).
We included tools that were in the public domain only. This means that they can
easily be found on the Internet and are free of charge, at least for the English language
versions. Usually, scoring instructions are included.

Conclusion
This review is the only known review of CRF self-report questionnaires that combines
the quality of research on psychometric properties of questionnaires with their
clinical feasibility and practicality. For the assessment of the quality criteria of the
questionnaires, the criteria list of Terwee et al. [13] was used. In course of time, other
criteria lists, such as the COSMIN checklist, might provide a better alternative. We
argue in favor of repeatedly reassessing psycho-metric properties of even established
questionnaires to ensure they comply with evermore increasing stringent quality
criteria.
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Appendix: Scoring of psychometric and
user-friendliness criteria
Psychometric criteria

1.1. Content validity
1) Measurement aim of the questionnaire
Is the questionnaire developed for a discriminative, evaluative or a predictive purpose?
Measurement aim of the questionnaire is named Y/N
2) Is the target population defined Y/N
For which population of cancer patients is the questionnaire developed.
3) Clear framework overall Y/N
Which aspects of fatigue are assessed in the questionnaire?
2 points = patients involved + clear framework + defined purpose+ target population
defined,
1 point = clear framework + defined purpose + target population defined,
0 points = defined purpose + target population defined.
1.2. Internal consistency
The precision of a scale, based on the homogeneity of the scale’s items at one point
in time [1].
2 points = homogeneity scale was checked with factor analysis and Cronbach’s alpha
was calculated for each dimension separately and scored between >0.70–0.95 and
the sample size is 7 x number of items, minimum of 100 patients),
1 point = the internal consistency was explored with the Pearson’s correlation
coefficient or the Cronbach’s alpha was only reported, or the sample size was too small
for factor analysis (min 4 patients/ item 50 patients in total) + Cronbach’s alpha >0.70,
0 points = minimum of 4 patients / item, sample size <50 or Cronbach’s alpha <0.70
or the internal consistency is not reported.
1.3. Construct validity
Construct validity refers to the extent to which scores on a particular instrument relate
to other measures in a matter that is consistent with theoretically derived hypotheses
concerning the concepts that are being measured [2].
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The construct validity can be assessed with a variety of methods. Terwee et al.
[3] chose to use a method called hypothesis testing. This is a method in which
the questionnaire is assessed on theoretically derived hypotheses about expected
correlations between measurement scores.
2 points = specific hypotheses were formulated and at least 75% of the results are in
accordance with these hypotheses + at least 50 patients,
1 point = specific hypotheses were formulated but less than 75% of the results are in
accordance with these hypotheses or a plausible relationship was found with other
measures + at least 50 patients,
0 point = a plausible relationship was found with other measures or no information
was found on construct validity or <50 patients.
1.4. Interpretability
Interpretability is defined as the degree to which one can assign qualitative meaning
to quantitative scores [4].
2 points = means and standard deviation (SD) of scores of at least four relevant
subgroups of patients who are expected to differ in scores are reported,
1 points = means and SD of scores of less than four relevant subgroups of patients
who are expected to differ in scores are reported,
0 points = only means or SD of scores of less than four relevant subgroups of patients
are reported, or no information was found on interpretability.
1.5. Reproducibility
Stability of an instrument over time and inter-rater agreement at one point in time [1].
Agreement and reliability are two aspects of reproducibility. The scores on agreement
and reliability were summed and divided by two which resulted in a single score on
reproducibility.
1.5.1. Agreement
Agreement describes measurement error, and assesses exactly how close the scores
for repeated measurements are [5]. If repeated measures in an unchanged situation
are close together there is a small measurement error, which is required for evaluative
purposes.
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2 points = standard error of measurement is reported or can be calculated or authors
provide a convincing argument that the agreement is acceptable in a sample of at
least 50 patients,
1 point = standard error of measurement is reported or can be calculated or authors
provide a convincing argument that the agreement is acceptable in a sample less than
50 patients,
0 point = agreement is not assessed or cannot be calculated or the authors do not
provide a convincing argument that the agreement is acceptable.
1.5.2. Reliability
Reliability describes the degree to which an instrument is free from random error [1].
2 points = intraclass correlation coefficient (ICC) or weighted Kappa is used to assess
reliability and is ≥0.70 in a sample of at least 50 patients,
1 point = the ICC or weighted Kappa is between 0.60–0.70 in a sample of at least
50 patients or the ICC or weighted Kappa is used and is ≥0.70 in a sample less than
50 patients,
0 point = reliability is not assessed with ICC or weighted Kappa or no information
on reliability was reported.
1.6. Responsiveness
Responsiveness analyses the sensitivity of the questionnaire to changes in the severity
of fatigue over time [1].
An adequate measure of responsiveness is the assessment of the area under the receiver
operating characteristics (ROC) curve (AUC) [6, 7]. Furthermore, an instrument
should be able to distinguish clinically important change from measurement error.
Responsiveness should therefore be tested by relating the smallest detectable change
(SDC) to the minimal important change (MIC) [3].
2 points = the minimal important change (MIC)>the smallest detectable change
(SDC), or the AUC is ≥0.70,
1 point = any measure of responsiveness is named,
0 points = no measure of responsiveness is reported.
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1.7. Floor and ceiling effects
If more than 15% of the respondents achieve the highest or the lowest possible scores
on a questionnaire the questionnaire might not be sensitive enough to detect the
whole spectrum of fatigue. As a consequence, patients with the lowest or highest
possible score cannot be distinguished from each other, thus reliability is reduced.
Furthermore, the responsiveness is limited because changes cannot be measured in
these patients [3].
Floor and ceiling effects are scored as follows:
2 points = ≤15% of respondents achieved the highest or lowest possible scores in a
sample size of at least 50 patients,
1 point = ≤15% of respondents achieved the highest or lowest possible scores in a
sample size <50 patients,
0 point = >15% of respondents achieved the highest or lowest possible score, no
information was found that can be used to assess floor and ceiling effects.

User-friendliness criteria

Assessors and respondent burden are two elements of user-friendliness. The scoring
on user-friendliness provides for an indication of feasibility for the use in the clinical
environment. Both criteria can be divided in three subscores.
1.8. Assessors burden
The subscores on assessors burden were summed and divided by three.
This criterion consists of three subscores:
1. The necessity for instructions or schooling, 2. Ease to administer, 3. Ease to judge
rating.
The criterion was rated as follows:
1.8.1. The necessity for instructions or schooling:
2 points = no schooling needed,
1 point = the assessor needs to study up to one page of instructions,
0 points = the assessor needs to study, more than one page of instructions or has
to have special schooling to be able to use the questionnaire or no information was
reported to assess the necessity for instructions or schooling.
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1.8.2. Ease to administer:
2 points = easy, the items are simply summed,
1 point = moderate, a visual analogue scale (VAS) was used or a simple formula,
0 points = difficult, a VAS and a simple formula or a difficult formula was used, no
information was found to assess the ease to administer.
1.8.3. Ease to judge rating:
By giving a qualitative meaning to a quantitative score the assessor knows which score
correlates with which level of fatigue (e.g. severe, moderate, no fatigue).
2 points = a qualitative meaning is given to a quantitative score. or
0 = no qualitative meaning was given to a quantitative score.
1.9 Respondent burden
This criterion consists of three subscores: 1. readability, 2. time needed to complete
questionnaire, 3. intrusive or insensitive line of questioning. The subscores on
respondent burden are summed and divided by three.
The criteria were rated as follows:
1.9.1. Readability
2 points = patients tested the questionnaire in a pilot study and were directly involved
with the development of the questionnaire,
1 point = patients tested the questionnaire in a pilot study or were directly involved
with the development of the questionnaire,
0 points = patients were not involved or the contribution of patients in the development of the questionnaire was not reported.
1.9.2. Time needed to complete questionnaire
2 points = questionnaire can be completed within 5 minutes,
1 point = questionnaire takes 5–10 minutes to complete,
0 points = questionnaire takes over 10 minutes to complete or no information was
found on the time needed to complete the questionnaire.
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1.9.3. Intrusive or insensitive line of questioning
Intrusive or insensitive line of questioning can be an extra burden for respondents.
Some patients might feel uncomfortable when they are confronted with these
questions.
2 points = no intrusive or insensitive line of questioning was used,
1 point = one intrusive or insensitive question was asked,
0 point = more than one intrusive or insensitive question was asked.
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Abstract
The aim of this meta-analysis was to evaluate the effects of different exercise
prescription parameters during cancer treatment on cancer-related fatigue (CRF).
We also aimed to gain insight into the safety and feasibility of exercise during
adjuvant cancer treatment.
A systematic search of CINAHL, Cochrane Library, Embase, Medline,
Scopus and PEDro was carried out. Randomized controlled trials studying the
effects of exercise during cancer treatment on CRF were included. In total, 18
studies (12 in breast, four in prostate and two in other cancer patients) met all
the inclusion criteria.
During breast cancer treatment, homebased exercise lead to a small, nonsignificant reduction (standardized mean difference 0.10, 95% confidence
interval -0.25 to 0.45), whereas supervised aerobic exercise showed a medium,
significant reduction in CRF (standardized mean difference 0.30, 95% confidence
interval 0.09 to 0.51) compared with no exercise. A subgroup analysis of homebased (n=65) and supervised aerobic (n=98) and resistance exercise programs
(n=208) in prostate cancer patients showed no significant reduction in CRF in
favor of the exercise group.
Adherence ranged from 39% of the patients who visited at least 70% of
the supervised exercise sessions to 100% completion of a home-based walking
program. In more than half the studies (12 of 18; 67%) adverse events were
reported. Eight events in total (0.72%) occurred in these studies.
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In Western societies, one in three people will experience cancer once in their lifetime
[1]. One of the most frequently reported complaints of patients with cancer is fatigue
[2].
The National Comprehensive Cancer Network defines cancer-related fatigue
(CRF) as ‘a distressing, persistent, subjective sense of physical, emotional and/or
cognitive tiredness or exhaustion related to cancer or cancer-related treatment that
is not proportional to recent activity and interferes with usual functioning’ [3]. High
levels of fatigue during or after cancer treatment are reported by 60–96% of patients
[4, 5].
According to recent research, physical exercise shows promise in preventing and
reducing complaints of CRF [6–11]. The rationale supporting exercise interventions
for CRF is based on the proposition that the combined effect of the disease, the
medical intervention and a decreased level of activity during treatment causes a
reduction in physical capacity [4, 5, 12]. A workload of about 40% of maximal oxygen
uptake (VO2peak) can be sustained throughout the day without premature fatigue
[13]. When physical capacity is reduced, the workload of normal physical activities
demands a relatively higher percentage of physical capacity, resulting in premature
fatigue. Physical exercise of sufficient frequency, intensity and duration improves
physical capacity through increased cardiac output and increased capillarization,
an increased number of mitochondria and mitochondrial activity in the periphery,
thereby it may lead to a reduction or prevention of CRF [6–11].
In the past, physicians advised patients with cancer to avoid physical activity.
Despite the fact that more recent investigations show the benefits of early mobilization,
starting during cancer treatment, nowadays early physical exercise is still not an
inherent part of cancer care [6–11]. In order to integrate exercise in regular cancer care
effectively, more evidence for different exercise prescription parameters (population,
exercise type, intensity, duration, frequency and setting) and the feasibility and safety
of exercise during cancer treatment, is necessary.
A meta-analysis that provides evidence that exercise is beneficial in the management of CRF, also during cancer treatment, has recently been published [11].
This meta-analysis included studies during or after cancer treatment describing
adults of any age, regardless of gender, tumor type, tumor stage and type of cancer
treatment. Interventions could take place in any setting and included all types of
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exercise. This meta-analysis did not provide detailed information about the safety
and feasibility of exercise during cancer treatment. The authors of this meta-analysis
recommended further work to determine the most effective parameters of exercise
for fatigue management.
This recommendation is supported by non-cancer studies that also showed
that the effectiveness of exercise is influenced by the frequency, intensity, type and
duration of exercise [14–16].
The general exercise prescription for people undertaking or having completed
cancer treatment is low to moderate intensity, regular frequency (three to five times
a week) for at least 20 min per session, involving aerobic, resistance or mixed exercise
types [17]. Future work needs to push the boundaries of this exercise prescription,
so that we can better understand what constitutes optimal, desirable and necessary
frequency, duration, intensity and type, and how specific characteristics of the
individual (e.g. age, cancer type, treatment, presence of specific symptoms) influence
this prescription [17].
We systematically evaluated and summarized the evidence from randomized
controlled trials that have investigated the effectiveness of exercise during cancer
treatment on reducing CRF. In addition to previous meta-analyses that proved the
effectiveness of exercise during cancer treatment, our meta-analysis aimed to evaluate
the short- and long-term effects of different exercise prescription
parameters during adjuvant treatment on CRF. We also aimed to gain insight
into the safety and feasibility of exercise during adjuvant cancer treatment.

Materials and methods
The Quality of Reporting of Meta-analyses guidelines were used.

Search strategy

A computer-aided search of CINAHL (1982–2008), Cochrane Library (1993–2008),
Embase (1947–2008), Medline (1950–2008), Scopus (1966–2008) and PEDro
(1929–2008)was carried out. Search terms related to cancer (e.g. neoplasm, cancer,
oncology, tumor), adjuvant treatment (e.g. chemotherapy, radiotherapy, hormon*),
exercise (cycle, train*, walk, exercise) and fatigue were used. A search filter for
randomized controlled trials was used [18]. The reference lists of identified studies
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were searched for additional relevant studies. The current controlled trials register
(http://www.controlled-trials.com) was checked and four experts who published
on this subject were contacted with the question whether they were aware of any
published or unpublished randomized controlled trials that should be included in
this meta-analysis.

Inclusion criteria

Types of study
We included randomized controlled trials only.
Types of participant
We included studies that evaluated the effects of exercise on CRF in adults of any age,
regardless of tumor type, tumor stage and type of cancer treatment. Patients had to
actively receive adjuvant treatment for cancer.
Types of intervention
The included studies examined the effects of an exercise intervention during cancer
treatment. We defined exercise during cancer treatment as an overlap of 50% or more
of the exercise intervention with the cancer treatment period. We defined the cancer
treatment period as the period between treatment initiation and either: (a) 1 week
after the last radiation treatment, (b) 3 weeks after the last intravenous chemotherapy
treatment or (c) 3 weeks after the cessation of hormone therapy [19].
The studies compared exercise with no exercise, a usual care group without
emphasis on physical exercise or a different, non-exercise, intervention (e.g. advice).
The intervention could take place in any setting, be delivered to a group or individual
and could be supervised or unsupervised.
All types of physical exercise were included, including aerobic exercise, strength
training, flexibility exercises or combinations of these exercises.
Types of outcome measure
The outcome of interest was patient-reported fatigue by means of reliable and valid
measurement instruments. No language restrictions were used.
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Selection of trials and data extraction
Two independent reviewers (CA, MV) screened the titles and abstracts of identified
studies for eligibility. Papers that seemed to be relevant were obtained, and the full text
articles were screened by the two independent reviewers for inclusion. Disagreement
between reviewers was resolved by discussion. Included trials were summarized in
data extraction forms. Authors were contacted when relevant data were missing.
Quality assessment
Two reviewers (CA, MV) independently rated the methodological quality of included
studies using the PEDro scale [20]. This scale was chosen as it is valid for assessing the
quality of a randomized controlled trial and has been widely used in other rehabilitation
and physical therapy reviews. The PEDro scale consists of 11 items [20]: specification
of eligibility criteria (not rated and taken into account in the PEDro score); use of
randomization; concealed allocation; similarity of groups at baseline regarding the most
important prognostic factors; blinding of subjects; blinding of therapists; blinding of
assessors; obtainment of key outcome measures from more than 85% of the subjects;
use of an intention to treat analysis; reporting of results of between-group statistical
comparisons of at least one key outcome measure and reporting of point estimates and
variability, resulting in a score ranging from 0 to 10. As it was considered that blinding
of subjects and therapists was not feasible for exercise interventions, we omitted these
items [21]. One point was awarded when an item was present, resulting in a range of
scores from 0 to 8. As proposed by van Peppen et al. [22], we used a score of 4 points
as a cut-off: below 4 points the study was considered to be of low methodological
quality. Percentage agreement and Cohen’s kappa were calculated using the Statistical
Package for the Social Sciences (SPSS for Windows, version 14.0).

Data analyses

Study results were pooled, when appropriate, by cancer diagnosis, home-based versus
supervised exercise programs and type of exercise. Considering clinical heterogeneity
due to differences in exercise duration, frequency and intensity, random effect models
were planned a priori. Statistical heterogeneity among the studies was assessed using
a chi-squared test. A p-value <0.10 indicated significant heterogeneity. In case of
significant heterogeneity, a post-hoc sensitivity analysis without the outlying studies
was carried out.
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We summarized the study results by using the standardized mean difference
(SMD) (small effect size: 0.1–0.3, medium effect size: 0.3–0.6: large effect size:
≥0.6) [23]. Review Manager (RevMan 4.2) was used to carry out the meta-analysis.

Study characteristics

We identified 1,097 articles, of which 50 were potentially relevant after screening the
title and abstract. Applying our inclusion criteria led to the inclusion of 19 articles
describing the results of 18 studies involving 1,109 participants (see Figure 3.1). As
only one study described the long-term effects, we decided to limit our meta-analysis
to the short-term effects [24]. Of the 18 studies included in this meta-analysis, 12
studies examined the short-term effects of exercise during breast cancer treatment
[25–36] and six studies during treatment of other cancers (multiple myeloma [n =1],

Studies considered for inclusion: n=1,097

Excluded on title and abstract: n=1,047

Excluded on title and abstract: n=50

Excluded on reading full text: n=31
Reason for exclusions:
patients: n=1, intervention: n=4, double: n=3, outcome: n=8
design, no RCT: n=14, no full text: n=1

Included in systematic review: n=19 articles
describing n=18 trails

Trials of breast cancer
Patients: n=12
- home based exercise: n=7
- supervised exercise: n=5

Trials of other cancer patients: n=6
- multiple myeloma: n=1
- acute myelogenous leukemia: n=1
- prostate cancer: n=1

Figure 3.1 Flow diagram for trail identification and selection.
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acute myelogenous leukemia [n=1] and prostate cancer [n=4]) [37–42]. Nine studies
investigated the effects of an individualized home-based exercise program [25–31, 37,
42], whereas nine trials studied the effects of a supervised exercise program [32–36,
38–41]. CRF was assessed using the following questionnaires: Piper Fatigue Scale
(two studies [29, 30]), revised Piper Fatigue Scale (six studies [25, 26, 31, 32, 36,
39]), the Functional Assessment Cancer Therapy-Fatigue and Anemia scales (four
studies [33, 35, 40, 41]), Profile of Mood States (two studies [29, 37]), Functional
Assessment Cancer Therapy-Fatigue (one study [27]), Brief Fatigue Inventory (three
studies [34, 38, 42]) and the Symptom Assessment Scale (one study [28]).

Methodological quality

Kappa statistics for agreement between reviewers on methodological quality was 0.7
(standard error 0.06). The reviewers agreed on 125 of the 144 items of the PEDro
scale (87%). The median score for methodological quality of all included studies was
5.5 (range PEDro score 2–8) (see Table 3.1). Three studies had a low methodological
quality (PEDro score <4) [27, 31, 37]. The low-quality studies did not present any
information about the similarity of groups at baseline, blinding of the assessors, results
of an intention to treat analysis and results of between-group statistical comparisons.
The remaining 15 studies were considered of a high methodological quality (PEDro
score ≥4). Three studies with blind assessment of the outcome received a PEDro
score of 8 (maximum quality) [25, 35, 40].

Randomized controlled trials in breast cancer patients

Twelve studies investigated the effect of exercise during adjuvant treatment of breast
cancer (see Tables 3.2, 3.3) [25–36]. The exercise intervention was home based and
self-monitored in seven studies (see Table 3.2) [25–31] and supervised in five studies
(see Table 3.3) [32–36]. The pooled results of all studies in breast cancer patients
(674 patients included in the analysis) showed a small-sized, significant reduction
in CRF in favor of the exercise group (SMD 0.29, 95% confidence interval 0.06 to
0.52) (see Figure 3.2).
Because heterogeneity was evident (p=0.08), we carried out a sensitivity analysis
without the outlying study of Battaglini et al. [36]. This reduced the effect, although
it remained significant (n=654, heterogeneity p=0.82, SMD 0.22, 95% confidence
interval 0.06 to 0.37).
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Table 3.1 Methodological quality
Total

1

2

3

4

5

6

7

8

Randomized controlled trials in patients with breast cancer home-based exercise program
[25]
8/8
+
+
+
+
+
+
+
[26]
6/8
+
+
+
+
+
[27]
2/8
+
[28]
4/8
+
+
+
[29]
6/8
+
+
+
+
+
[30]
6/8
+
+
+
+
+
[31]
3/8
+
+
+

+
+
+
+
+
+
-

Randomized controlled trials in patients with breast cancer supervised exercise program
[32]
4/8
+
+
+
[33]
6/8
+
+
+
+
+
[34]
5/8
+
+
+
+
[35]
8/8
+
+
+
+
+
+
+
[36]
5/8
+
+
+
+

+
+
+
+
+

Randomized controlled trials in prostate cancer patients
[39]
4/8
+
+
[40]
8/8
+
+
+
+
[41]
7/8
+
+
+
[42]
6/8
+
+
-

+
+
+

+
+
+

+
+
+
+

+
+
+
+

-

-

+

Randomized controlled trial in patients with acute myelogenous leukemia
[38]
5/8
+
+
+
-

+

+

Randomized controlled trials in older patients with multiple myeloma
[37]
3/8
+
+
-
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Reference

1, use of randomization; 2, allocation was concealed; 3, similarity of groups at baseline regarding the
most important prognostic factors; 4, blinding of assessors; 5, obtainment of key outcome measures
from more than 85% of the subjects; 6, use of an intention to treat analysis; 7, reporting of results of
between-group statistical comparisons of at least one key outcome measure; 8, reporting of point
estimates and variability.

Home-based exercise
The mean age of patients participating in home-based exercise was 52 years (range
28–78 years). The included patients were diagnosed with stage 0–III breast cancer
in all but one study that investigated the effect of exercise in advanced breast cancer
(stage IV) [27, 36]. In one study, the tumor stage was not reported [31]. Patients
included in home-based exercise studies underwent hormonal therapy (one study)
[31], radiotherapy only (one study) [26], chemotherapy only (two studies) [27, 28]
and radiotherapy or chemotherapy (two studies) [29, 30].
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Total: 48
I: not
reported
C: not
reported
Total: 108
I: 54
C: 54

Total: 18
I: 9
C: 9

[29]

[31]

[30]

Total: 14
I: 9
C: 5

[28]

Aerobic exercises
[26]
Total: 20
I: 13
C: 7

Patient
characteristics
Intervention

Hormonal
therapy

Stage not
reported
Age: mean 65
(range 56–78)

I: aerobic
exercise
(walking)
C: usual care

Stage 0–III
I: aerobic
Age: mean 50 exercise
(range 35–65) (walking)
C: stretching
Chemotherapy Stage I–II
I: aerobic
Age: mean 44 exercise
(range 34–61) (walking) +
Support group
C: usual care
Radiotherapy
Stage I, II, IIIa I: aerobic
(64%)
definitive
exercise
Chemotherapy surgery
(walking)
(36%)
Age: mean 48 C: usual care
(range 28–75)
Radiotherapy
Stage 0–III
I: aerobic
(58%)
Age: mean 52 exercise
Chemotherapy (range 30–69) (walking)
(42%)
C: usual care

Radiotherapy

Population Adjuvant
Reference (n)
treatment
Intensity

14 weeks

I: 4x per week,
20 min

I: 3–5x per week,
20–45 min
50–70% HRmax
C: 3–5x per week
Duration of
I: 4–5x per week,
chemotherapy 10–45 min brisk
(4–6 months) walking support
group: 1 x per 2
weeks, 90 min
Duration of
I: 5–6x per week,
radiotherapy 10–30 min
(6 weeks) or
chemotherapy
(4–6 months)
Duration of
I: 5–6x per week
radiotherapy 50–70% HRmax,
(6 weeks) or 15–30 min
chemotherapy
(3–6 months)

Duration of
radiotherapy
(7 weeks)

Duration
intervention

Table 3.2 Randomized controlled trials in breast cancer patients (home-based exercise)

r-PFS

PFS

45 (75%)
0
completed
Intervention
(engaged in≥
60 min aerobic
exercise per
week for 67% of
duration trial
90% completed Not
intervention
reported

9 (100%)
completed
intervention (≥
30 min, ≥ 3 x
per week)
70% completed Not
intervention
reported
(≥90 min, 3 x
per week)

SAS

PFS
POMS

100%
completed
intervention

r-PFS

1 over
exercised,
shoulder
tendonitis
0

Assessment Completion
Adverse
fatigue
exercise (n(%)) events (n)

Chapter 3

Chemotherapy Stage IV
I: seated
Age: mean 51 exercise
(range 37–73) program
C: usual care

I: aerobic
exercise
(walking) and
resistance
exercise
C: usual care

I: 3–5 x per week
60% HRmax

Duration of
I: 3x per week
four cycles of 30 min, 5 min
chemotherapy warm up, 20
min moderate
intensity
repetitive motion
exercises, 5 min
cool down

13 weeks

FACIT-F

r-PFS

Not
reported

75% adherence 0

Not reported
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I, Intervention group; C, Control group; HRmax, maximal heart frequency; POMS, Profile of Mood States; r-PFS, revised Piper Fatigue Scale; PFS, Piper
Fatigue Scale; SAS, Symptom Assessment scale; FACIT-F, Functional Assessment of Chronic Illness Therapy-Fatigue

Seated exercise
[27]
Total: 32
I: 16
C: 16

Aerobic and resistance exercise
[25]
Total: 22 Chemotherapy Stage I–II
I: 13
Age:
C: 9
range 36–58
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51

52

Total: 147
I: 74
C: 73

Total: 174
I: 82
C: 92

[33]

[35]

Aerobic exercises
[32]
Total: 19
I: 9
C: 10
Stage IIII
I: usual
Age: mean 48 care +
(range 32–68) exercise class
(aerobic
exercise)
C: usual
care +
monitoring
Stage I–IIIA I: aerobic
Age: mean 49 exercise
(range 25–78) C: usual care

Assessment
fatigue

Duration of
chemotherapy

I: 3x per week
FACT-F
(1 x home based)
5–10 min warm
up, 20 min exercise
(varied: aerobic
exercise 50–75%
HRmax), cool down.
Group discussion

I: 39 (39%)
completed
intervention
(≥70%
exercise)

2 after baseline
maximal exercise
testing: 1) light
headed, hypotensive,
moderately nauseous; 2) dizziness,
weakness, mild
diarrhea
0

0
10 (83%)
completed
intervention
(≥70%
exercise)

Completion
exercise
(n(%))
Adverse events (n)

I: 3x per week 60–
FACT–A I: 56 (72%)
80% VO2max, 15–45
completed
min
intervention
≥66%
exercise)

12 weeks I: 2x per week
r-PFS
5 min warm up, 10–
20 min xercise (varied
aerobic exercises
60–75% HRmax),
cool down

Duration
Patient
intervencharacteristics Intervention tion
Intensity

Radiotherapy Stage 0–III
I: usual
12 weeks
(28%)
Age: mean 52 care +
Chemotherapy (range 29–76) exercise class
(8%)
(aerobic
Radiotherapy
exercise)
+
C: usual care
chemotherapy
(64%)

Radiotherapy
(27%)
Chemotherapy
(27%)
Radiotherapy
+
chemotherapy
(45%)
Chemotherapy

Population Adjuvant
Reference (n)
treatment

Table 3.3 Randomized controlled trials in breast cancer patients (supervised exercise)
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Chemotherapy Stage I–IIIA I: resistance DuraAge: mean 49 exercise
tion of
(range 25–78) C: usual care chemotherapy

Total: 37
I: 17
C: 20

Radiotherapy

Stage not
reported
Age: mean 46
(range 29–66)

I: aerobic
exercise +
resistance
exercise +
stretching
C: advise
5 weeks

FACT-A

I: 2x per week,
r-PFS
max 60 min: 6–12
min cardiovascular
activity, 40–60%
HRmax, 5–10 min
stretching, 15–30 min
resistance exercise,, 8
min cool down
I: 3 x per week 10
BFI
min warm up, 30 min
exercise (stretching
shoulders, treadmill
walking, bicycling
and resistance
exercises), 10 min
cool down

I: 3x per week
2 x 12 repetitions
60–70% 1-RM

Not reported

2 after baseline
maximal exercise
testing: 1) light
headed, hypotensive,
moderately
nauseous; 2)
dizziness, weakness,
mild diarrhea

I: 17 (100%) 0
completed
intervention

Not
reported

I: 56 (68%)
completed
intervention
(≥66%
exercise)
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I, Intervention group; C, Control group; HRmax, maximal heart frequency; VO2max, maximum oxygen uptake; 1-RM, one repetition maximum; r-PFS,
revised Piper Fatigue Scale; BFI, Brief Fatigue Inventory; FACT-F, Functional Assessment Cancer Therapy-Fatigue; FACT-A, Functional Assessment Cancer
Therapy-Anemia.

[34]

Aerobic and resistance exercises
[36]
Total: 20 Radiotherapy Stage M0
I: aerobic
15 weeks
I: 10
Chemotherapy Age: mean 57 exercise +
C: 10
Radiotherapy (range 35–70) resistance
+
exercise +
chemotherapy
stretching
C: usual care

Resistance exercises
[33]
Total: 149
I: 76
C: 73
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Figure 3.2 Randomized controlled trials in breast cancer patients (home-based and supervised
exercise).

In most studies, the home-based exercise intervention consisted of walking [25,
26, 28–31]; in one study combined with resistance exercises [25]. Patients walked
between three and six times for 10–45 min per week. The intensity of exercise varied
between ‘at own desired pace’ to 70% of maximum heart frequency (HRmax) adjusted
for age. In the only study in patients with advanced breast cancer, the home-based
exercise program consisted of seated exercises [27]. Home-based exercise was mostly
(in five of seven studies) offered for the duration of the radiotherapy (6–7 weeks) or
the chemotherapy (3–6 months) [26–30].
Participants allocated to the control group received usual care in all but one study
[26]. In this study, the control group was given a placebo stretching protocol [26].
The completion rate or adherence to the exercise program was reported in all
but one study [25]. Between 70 and 100% of the participants were reported to have
completed the home-based exercises. The occurrence of adverse events was reported
in four studies [26–28, 30].
Three of those studies reported that there were no adverse events; in the fourth
study, only one adverse event was reported: one patient needed to stop the exercise
program due to over exercising (shoulder tendonitis) [26].
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The pooled results of two high-quality studies out of seven studies describing a
home-based exercise program (128 patients included in the analysis), showed a small,
non-significant reduction in CRF (SMD 0.10, 95% confidence interval -0.25 to 0.45)
(heterogeneity: p=0.77) (see Figure 3.2) [26, 30]. The data of three high-quality
studies (84 patients in total) [25, 28, 29] and two low-quality studies (50 patients in
total) [27, 31] could not be included in the pooled analysis, as we were not able to
obtain the data from the researchers.
Supervised exercise programs
The mean age of the participants in supervised exercise programs was 50 years (range
25–78 years). Patients included in supervised exercise programs were diagnosed with
stage 0–III breast cancer. In one study, tumor stage was not reported [34]. Patients
were treated with radiotherapy only (one study) [34] or chemotherapy only (one
study) [33]. In the remaining three studies, patients treated with radiotherapy only,
chemotherapy only, as well as patients treated with a combination of radiotherapy and
chemotherapy, were included [32, 35, 36]. Three supervised exercise interventions
consisted of aerobic exercises [32, 33, 35]. Courneya et al. [33] described a threearmed study, one intervention group performing aerobic exercises; one intervention
group performing resistance exercises and a control group.
Battaglini et al. [36] and Hwang et al. [34] combined aerobic exercises with
stretching and resistance exercises in their exercise intervention. The exercise
programs were offered two of three times a week. Aerobic exercises were carried out
with an intensity of 40–80% HRmax adjusted for age for a duration of 10–30 min. The
resistance exercises were carried out with an intensity of 60–70% of one repetition
maximum (2x12 repetitions). In two studies, the duration (15–30 min) instead of the
intensity of the resistance exercises was presented [34, 36]. Participants allocated to
the control group received usual care in all but one study [34]. In the study of Hwang
et al. [34], the control group was given advice.
The completion rate or adherence to the exercise program was reported in all
but one study [36]. The supervised exercise program was completed by 39–100%
of the participants.
The occurrence of adverse events was reported in four studies [32–35]. In only
one of these four studies, two patients reported adverse events after baseline maximal
exercise testing, namely light headedness and dizziness [33].
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The results of the supervised exercise studies were pooled for studies describing
supervised aerobic; resistance and combined aerobic and resistance exercise programs
separately. The pooled results of three high-quality studies (340 patients included in
the analysis) describing a supervised exercise program consisting of aerobic exercises
showed a medium-sized and significant reduction in CRF in favor of the exercise
groups (SMD 0.30, 95% confidence interval 0.09 to 0.51) (heterogeneity: p=0.46)
(see Figure 3.2) [32, 33, 35].
The results of an individual high-quality study (n=149 patients) describing
a supervised exercise program consisting of resistance exercises showed a small,
non-significant reduction in CRF in favor of the exercise group (SMD 0.13, 95%
confidence interval -0.20 to 0.45) [33]. The pooled results of two high-quality studies
(57 patients included in the analyses) describing a combination of resistance and
aerobic exercises showed a large-sized, although non-significant reduction in CRF
in favor of the exercise group (SMD 1.04, 95% confidence interval -0.71 to 2.80)
[34, 36]. Because statistical heterogeneity was present (p=0.006), we carried out a
sensitivity analysis in which we excluded the outlying study of Battaglini et al. [36].
This reduced the effect to a small-sized and non-significant reduction in CRF (n=37
patients, SMD 0.20, 95% confidence interval -0.45 to 0.85).

Randomized controlled trials in prostate cancer patients

Four studies investigated the effect during adjuvant treatment of prostate cancer (see
Table 3.4) [39–42]. The exercise intervention was home based in one study [42] and
supervised in three studies [39–41]. The pooled results of these four high-quality
studies in prostate cancer patients (heterogeneity: p=0.18, 371 patients included in the
analysis) showed a medium-sized, significant reduction in CRF in favor of the exercise
group (SMD 0.32, 95% confidence interval 0.05 to 0.59) (see Figure 3.3) [39–42].
Home-based exercise
In one high-quality study, patients with prostate cancer (n=65, mean age 69 years
[52–82 years], localized prostate cancer) allocated to the intervention group were
offered a home-based exercise program during radiotherapy [42]. The exercise
intervention consisted of walking three times a week, 30 min with an intensity of
60–70% HRmax, for the duration of the radiotherapy. Participants allocated to the
control group received usual care.
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Figure 3.3 Randomized controlled trials in prostate cancer patients.

All patients (100%) completed the exercise intervention. They walked for at least
1.5 h per week. The occurrence of adverse events was not reported. The results of
the individual study (n=65) of home-based exercise during prostate cancer treatment
showed a medium-sized, although non-significant, reduction in CRF in favor of the
exercise group (SMD 0.33, 95% confidence interval -0.16 to 0.82) (see Figure 3.3).
Supervised exercise programs
The three high-quality studies in patients with prostate cancer investigated the
effectiveness of supervised exercise during radiotherapy and androgen deprivation
therapy [39–41]. The exercise program during radiotherapy was offered for the
duration of the radiotherapy [39]. The exercise program during radiotherapy with or
without androgen therapy or during androgen therapy had a fixed duration of 12 and
24 weeks [40, 41]. The mean age of the participants diagnosed with prostate cancer
in the supervised exercise programs was 68 years (n=331; range 44–85 years). Tumor
stage differed between localized and stage I–IV prostate cancer.
In two studies, patients allocated to the intervention group participated three
times a week in a supervised exercise program consisting of aerobic exercises with
an intensity of 65% of HRmax adjusted for age and 50–75% of the VO2peak (15–45
min) [39, 41].
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Total: 77
I: 37
C: 40

Radiotherapy
With or
without
hormonal
therapy

Stage I–IV
Age: mean 66
(SD 7.0)

Stage localized
Age: mean 69
(range 62–80)

Supervised, aerobic exercises
[39]
Total: 21
Radiotherapy
I: 11
C: 10

[41]

Stage localized
Age: mean 69
(range 52–82)

Patient
characteristics

Home-based, aerobic exercises
[42]
Total: 65
Radiotherapy
I: 32
(external
C: 33
beam)

Reference

Population Adjuvant
(n)
treatment
Intensity

I: aerobic
24 weeks
exercise
C: usual care

I: aerobic
Duration of
exercise
radiotherapy
(walking)
(8 weeks)
C: usual care

I: 3 x per week
15–45 min, 50–
75% VO2 max

I: 3x per week,
warm up, 30 min
walking (65%
HRR), cool down

I: aerobic
Duration of I: 3x per week
exercise
radiotherapy 30 min, 60–70%
(walking)
(4 weeks)
HRmax
C: usual care

Duration
Intervention intervention

Table 3.4 Randomized controlled trials in prostate cancer patients

9 (82%)
completed
intervention

Not
reported

FACT-F

32 (100%)
completed
intervention
(≥1.5 h
exercise per
week)
r-PFS

BFI

Completion
Assessment exercise (n
Fatigue
(%))

2: syncope;
acute
myocardial
infarction

Not
reported

Not
reported

Adverse
events (n)
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Total: 73
I: 33
C: 40

Radiotherapy
with or
without
hormonal
therapy

Stage I–IV
Age: mean 66
(SD 7.0)

Stage I–IV
Age: mean 68
(range 44–85)

12 weeks

I: resistance 24 weeks
exercise
C: usual care

I: resistance
exercise
C: waiting
list

I: 3x per week,
9 resistance
exercises, 2x 12
repetitions,
60–70% 1-RM
C: Same after
12 week waiting
period
I: 2 x per week, 2x
8–12 repetitions,
60–70% 1-RM
FACT-F

FACT-F

Not
reported

Attendance
79%
(28 of 36
sessions)

1: chest
pain

I: knee
injury

chapter 3

I, Intervention group; C, Control group; HRmax, maximal heart frequency; HRR, heart rate reserve; VO2max, maximum oxygen uptake; 1-RM, one repetition
maximum; r-PFS, revised Piper Fatigue Scale; BFI, Brief Fatigue Inventory; FACT-F, Functional Assessment Cancer Therapy-Fatigue.

[41]

Supervised, resistance exercise
[40]
Total: 135 Androgen
I: 74
deprivation
C: 61
therapy
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In two supervised exercise program, the intervention consisted of resistance
exercises two or three times a week with an intensity of two sets of eight to 12
repetitions at 60–70% of one repetition maximum [40, 41]. Participants allocated
to the control group received usual care in these studies.
The completion rate or adherence to the exercise program was reported in
two of three studies [39, 40]. Eighty-two of the participants were reported to have
completed the supervised exercise program [39]. Segal et al. [40] reported an
attendance of 79%. Two studies described the occurrence of adverse events of the
exercise program [40, 41].
Four adverse events were reported: a knee injury, chest pain, syncope and an
acute myocardial infarction.
The results of the supervised exercise studies were pooled for studies describing
aerobic exercise and resistance exercise programs separately. The pooled results from
the two high-quality studies (98 patients included in the analysis) after supervised
aerobic exercise in prostate cancer patients showed a large-sized, although nonsignificant, reduction in CRF in favor of the exercise group (SMD 0.76, 95%
confidence interval -0.42 to 1.93) (see Figure 3.3) [39, 41]. Because statistical
heterogeneity was present (p=0.03), we carried out a sensitivity analysis in which we
excluded the outlying study of Monga et al. [39]. This reduced the effect to small-sized
and a non-significant reduction in CRF (n =77 patients, SMD 0.23, 95% confidence
interval -0.21 to 0.68).
The pooled results of two high-quality studies (208 patients included in the
analysis, heterogeneity p=0.49) studying resistance exercises showed a small-sized,
non-significant reduction in CRF in favor of the resistance exercise group (SMD 0.20,
95% confidence interval -0.07 to 0.47) (see Figure 3.3) [40, 41].

Randomized controlled trials in Other cancer patients

Two studies have been carried out in cancer other than breast and prostate cancer: one
study in patients with multiple myeloma [37] and one study in acute myelogenous
leukemia [38] (see Table 3.5).
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Adjuvant
treatment

I: aerobic
exercise
(walking)
C: usual
care + visit
research assistant

Supervised 3 weeks

I, Intervention group; C, Control group; POMS, Profile of Mood States; BFI, Brief Fatigue Inventory.

Acute myelogenous leukaemia
[38]
Total: 22 Chemotherapy Men: 12
I: 11
(55%)
C: 11
Stage not
applicable
Age: mean 51
(range 22–77)

Intensity

BFI

chapter 3

I: 5 x per week
12 min walking in hospital
hallway
C: 12 min visit
of research
assistant

1:
broken
central
venous
catheter
stitch

96%
0
completed
intervention

Not
reported

Completion Adverse
Assessment exercise
events
fatigue
(n (%))
(n)

Duration of
I: individualized, POMS
chemotherapy aerobic (depen(±6 months) dent of fitness
patient), resistance: stretch
band, upper and
lower extremities
C: 3 x per week,
20 min

Home
based/
Duration
supervised intervention

I: aerobic
Home
exercise +
based
resistance
exercise
C: usual
care +
encouragement to
remain active
(walking)

Patient
characteristics Intervention

Multiple myeloma
[37]
Total:21 Chemotherapy Men: 14
I: 14
+
(58%)
C: 7
tandem
Stage not
reported
peripheral
Age: mean 55
blood
(range 42–74)
stem cell
transplantation

Population
Reference (n)

Table 3.5 Randomized controlled trials in other cancer patients
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Multiple myeloma
In the low-quality study in patients with multiple myeloma (n=21, mean age 55
years; range 42–74 years, tumor stage not reported), participants allocated to the
intervention group were offered a home-based exercise program during chemotherapy
and peripheral blood stem cell transplantation [37]. The exercise program consisted of
a combination of aerobic and resistance exercises, three times a week, for 20 min, for
the duration of the chemotherapy (±6 months). Participants allocated to the control
group received usual care and encouragement to remain active.
The completion rate or adherence to the exercise program was not reported.
One adverse event was reported: a broken central venous catheter stick. The results
of this individual low-quality study in patients with multiple myeloma showed a
small, non-significant reduction in CRF in favor of the exercise group (SMD 0.17,
95% confidence interval -0.74 to 1.08) [37].
Acute myelogenous leukemia
In the high-quality study in patients (n=22, mean age 51; range 22–77 years) with
acute myelogenous leukemia, participants allocated to the intervention group were
offered a 3 week supervised walking program during chemotherapy [38].
Participants walked five times a week for 12 min Table 3.5 reported. Participants
allocated to the control group received usual care and were visited by a research
assistant.
The supervised exercise program was completed by 69% of the participants.
No adverse events occurred. The results of the individual study in patients with
acute myelogenous leukemia of Chang et al. [38] showed a medium-sized, although
non-significant, reduction in CRF in favor of the exercise group (SMD 0.45, 95%
confidence interval -0.40 to 1.30).

Discussion and conclusion
The primary aim of this meta-analysis was to evaluate the short- and long-term effects
of different exercise prescription parameters during adjuvant treatment on CRF. We
also wanted to gain insight into the safety and feasibility of exercise during adjuvant
cancer treatment. In total, 18 trials were identified, 12 in patients with breast cancer
and six in patients with another cancer diagnosis, including four in prostate cancer
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patients. Although the purpose of this meta-analysis was to study the short- and
long-term effects, we were forced to present only the short-term effects, as only one
study described the long-term effects (6 months) of physical exercise on CRF [24].
A subgroup analysis including pooled results from three high-quality studies
in patients with breast cancer showed a significant reduction in CRF in favor of the
aerobic exercise groups. Supervised aerobic exercise programs were more effective in
reducing CRF than home-based exercise programs, which did not lead to significant
reductions in CRF.
A subgroup analysis of home-based (n=65) and supervised aerobic (n=98)
and resistance exercise programs (n=208) in prostate cancer patients showed no
significant reduction in CRF in favor of the exercise group. This lack of significance
may be due to a limited number of data. In the two studies in patients with other
cancer diagnoses, no significant effects of exercise on CRF were found. Both these
studies were small (n=21 and n=22) and may not have had sufficient statistical power
to yield significant results.
In this meta-analysis, we found that supervised aerobic exercise programs were
more effective in reducing CRF during breast cancer treatment than home-based
exercise. This finding is supported by non-cancer reviews [43, 44]. Especially in the
short term, supervised exercise programs might be superior to home-based exercise
as the intensity of or the adherence to these home-based programs may have been
insufficient to yield physiological benefits.
We found significant positive effects of aerobic exercise during breast cancer
treatment. These findings do not correspond to the results described by Markes et
al. [7]. They found a positive trend only in the differences between the exercise and
control groups. McNeely et al. [6] confirmed the results of Markes et al. in their review,
although they combined studies regarding exercise during and after cancer treatment
in their analysis. We included two newly published studies including a reasonable
number of patients (223 and 174, respectively) describing the effects of supervised
aerobic exercise programs during breast cancer treatment [33, 35]. This may explain
why we found positive effects of exercise on CRF that were not previously reported.
We found, like Cramp and Daniel [11], a significant beneficial effect of exercise
on CRF in prostate cancer patients when the results of all exercise regimens were
pooled. However, we were unable to prove the effectiveness of home-based (n=65)
and supervised aerobic (n=98) and resistance exercise programs (n=208) separately.
This may have been due to a limited number of data.
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In addition to the exercise settings, we set out to study the effect of other exercise
prescription parameters during adjuvant treatment. Due to a considerable degree of
clinical heterogeneity between the studies in terms of exercise duration, frequency
and intensity and the often poor reporting of exercise intensity, we were only able to
present these data to a limited extent. We were able to determine the most effective
setting in breast cancer patients. However, we were not able to determine the most
effective parameters for exercise frequency, duration and intensity. The fact that
aerobic exercise seems effective in patients with breast cancer seems to suggest that
increasing physical capacity helps with decreasing CRF. The mechanism behind this
remains to be determined.
The general exercise prescription for people undertaking or having completed
cancer treatment is low to moderate intensity, regular frequency (three to five times
a week) for at least 20 min per session, involving aerobic, resistance or mixed exercise
types [17].
We observed that the exercise prescription parameters of the included studies
partly fulfilled these exercise prescriptions. In home-based exercise studies, the
exercise frequency and duration is usually sufficient (three to six times a week for
a duration varying from 10 min, but mostly 20–45 min). However, in most studies,
information about exercise intensity is lacking. In most supervised exercise studies,
exercise intensity has been described. The exercise intensity of the supervised
resistance exercises was sufficient, but the intensity of the aerobic exercises was in some
studies too low (40–60% HRmax). In some supervised exercise studies, the exercise
frequency and duration were also not sufficient (two times a week, 12 or 10–20 min)
to yield physiological benefits, although any physical activity is better than none.
The adherence to or completion rate of the exercise program was reported in
most of the studies. However, the described studies did not report the measurement
or the stimulation to long-term adherence to physical exercise. The completion rate
or adherence to the exercise program was reported in 14 of 18 studies. The definition
of adherence varied between the different studies. It ranged from 39% of the patients
who visited at least 70% of the supervised exercise sessions to 100% completion of
a homebased walking program. In more than half of the studies (12 of 18 studies;
67%) adverse events were reported. Eight events in total (0.72%) occurred in these
studies, of which two events seemed to be caused specifically by the exercise program
(over exercising [shoulder tendonitis] and a knee injury). Because a limited number
of adverse events occurred (eight in total, 0.72%) and the adherence to the exercise
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programs was moderate to excellent, it may be concluded that a physical exercise
program, supervised as well as home based, during adjuvant cancer treatment is
feasible and does not cause any additional health risks for cancer patients.
Despite the fact that this meta-analysis aimed to include studies in cancer patients
of any tumor stage, nine of 10 studies that reported tumor stage were carried out in
no metastatic breast cancer patients. We found only one randomized controlled trial
that investigated the effects of exercise in metastatic breast cancer [27]. In two of four
prostate cancer studies, patients with metastatic disease were included at the same
time as non-metastatic patients [40, 41]. The other prostate cancer studies included
only patients diagnosed with localized disease [39, 42]. We were, therefore, unable
to assess if the benefits of exercise extend to those with metastatic disease.
Rest has long been the recommendation to palliative patients. However, more
recent studies have shown that palliative patients are willing and able to participate in
exercise programs and that exercise is a promising intervention to improve physical
performance [45]. More randomized studies are needed to confirm the effect of
exercise in patients receiving palliative treatment for metastatic cancer.

Limitations of this review

Although our findings, especially of supervised aerobic exercise programs in breast
cancer patients, seem to be promising, the conclusions should be interpreted with care.
First, the conclusions are based on a limited amount of data, three studies including
340 patients. The studies describing home-based exercise, supervised resistance
exercises (combined with aerobic exercises) in breast cancer patients, and the studies
in patients with other cancers than breast provided a limited amount of data adequate
for pooling. This may have led to an underestimation of the effectiveness of home-based
exercise programs and supervised resistance exercises during breast cancer treatment
and exercise during adjuvant treatment in other cancer diagnoses than breast cancer.
Furthermore, it was not possible to determine the clinical relevance of our findings. A wide range of measurement instruments for CRF were used in the included
studies and only for one of them, the Functional Assessment Cancer Therapy, have
estimates of clinical important differences been provided [46].
Although we did not study the working mechanism of CRF, we presume that
promising effects of exercise during cancer treatment might be even more positive
than we could show in this meta-analyses. Participants allocated to the intervention
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groups increased their activity levels, whereas the controls maintained their habitual
exercise pattern. Despite the increased activity levels, the intervention groups reported
less increase in fatigue than the controls.

Conclusions and recommendations
Recommendations for research

Supervised aerobic exercise programs during breast cancer treatment seems to be a
promising and feasible therapy in the management of CRF. Short-term significant
effects were found, adherence was moderate to excellent and a limited number of
adverse events occurred. Scientific evidence for home-based exercise and for exercise
in patients with other cancers than breast was not found. Most included studies
investigated the effects of exercise in non-metastatic cancer. Because of the limited
number of studies and heterogeneity, we were not able to determine the most effective
parameters for exercise duration, frequency and intensity.
More studies on the effects of resistance exercises and the effects of home-based
exercise programs during treatment in cancers other than breast cancer and on the
effects of exercise during treatment of metastatic disease are needed. These future
studies should aim to determine the most effective exercise prescription parameters
(intensity, frequency, type and duration), taking into account the Australian
Association for Exercise and Sport Science’s position and the American Cancer
Society Guide for Informed Choices [17].
Studies should report the exercise parameters in detail, so they can be compared
with others. Consensus on outcome parameters of exercise studies across the
International Classification of Functioning and Health domains is needed [47]. A
core set of measures that include physical and psychological variables will greatly
enhance comparability across studies. The framework for assessment in oncology
rehabilitation is a basis for the selection of outcome measures in cancer patients
[48]. Special attention should be directed to extensive reporting of the adverse events
and long-term adherence and the measurement of the long-term effects of physical
exercise on CRF.
Furthermore, studies aimed at getting insight into the underlying pathophysiological causes of CRF and the pathway along which physical exercise might prevent
or reduce CRF are needed.
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Exercise during breast and prostate cancer treatment seems to be feasible, causes
no additional health risks and seems to have promising effects on CRF. Supervised
aerobic exercise programs in breast cancer patients seem promising in the short term.
Therefore, exercise should become part of the usual care of breast cancer patients
during their adjuvant treatment. The indication for referral should be expanded to
include treatment related to CRF and central funding should be made available to
train more exercise professionals specifically in cancer rehabilitation. Despite the fact
that no scientific evidence has yet been published, we expect that exercise might also
have beneficial effects in other cancer diagnoses than breast and prostate cancer. Until
more evidence is available, it is recommended to follow the Australian Association
for Exercise and Sport Science’s position and the American Cancer Society Guide
for Informed Choices [17].
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Abstract
Purpose: Cancer-related fatigue (CRF) is one of the most frequently reported
symptoms in cancer survivors. To be able to optimally treat CRF, knowledge
of symptoms that interact with CRF is helpful. During aging, changes occur in
body composition with progressive deterioration in physiological functions and
metabolic processes causing a decline of adaptive capacity. Therefore, symptoms
caused by cancer and its treatment might coexist in different symptom clusters
in older cancer survivors, compared to younger survivors. The purpose of this
analysis was to identify and compare symptom clusters that include CRF between
older and younger survivors of colorectal cancer (CRC).
Methods: Data were drawn from a cross-sectional study from the Netherlands
Cancer Registry. In total, 1,698 stage I and II CRC survivors diagnosed from
2000 to 2009 completed questionnaires on fatigue and psychological distress.
Survivors were categorized in two groups based on age (≤65 versus >65 years)
Symptom clusters were assessed using principal component analysis. A sensitivity analysis was performed on the results with categorical principal component
analysis.
Results: In both age groups, three components including two symptom clusters
were identified: an emotional symptom cluster containing anxiety, fatigue, and
depression; a pain symptom cluster containing pain and insomnia; and a third
component containing dyspnea only.
Conclusions: Symptom clusters in survivors of CRC appear to be independent
of age. In treating CRC survivors for fatigue, regardless of age, it is advisable to
assess depression and anxiety and, if necessary, refer for further diagnosis and
treatment.
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Cancer-related fatigue (CRF) is one of the most frequently reported symptoms in
cancer patients and survivors. The estimated prevalence of CRF ranges from 25% to
99% depending on the patient population, the type of treatment received, and the
method of assessment [1]. CRF is defined as a distressing, persistent, subjective sense
of physical, emotional, and/or cognitive tiredness or exhaustion related to cancer or
cancer treatment that is not proportional to recent activity and interferes with usual
functioning [2]. This definition of CRF clearly reflects its multidimensional nature.
Depression, pain, sleep disorders and quality of life are known to be related to
CRF [3, 4]. When multiple concurrent symptoms are related to one other, symptomclusters may occur [5]. A symptom-cluster is defined as two or more concurrent and
interrelated symptoms that occur together with a high degree of predictability [6, 7].
When patients experience multiple symptoms that are part of a symptom cluster,
treating just one of these symptoms may be inefficient if not ineffective, in particular
if the symptoms interact [6]. Understanding the relationship between fatigue and
concurrent symptoms might therefore contribute to the effective treatment of fatigue
in cancer patients.
In recent years there has been increasing interest in symptom-clusters in cancer
survivors. Although many such studies included elderly patients, few have compared
the symptom-clusters associated with fatigue between elderly and younger cancer
survivors [8, 9]. During aging, changes occur in body composition, with progressive
deterioration in physiological functions and metabolic processes causing a decline
of adaptive capacity. Therefore, symptoms caused by cancer and its treatment may
coexist in different symptom clusters in older cancer survivors, compared to younger
survivors. Understanding of age-related differences in symptom clusters may be
important for developing age-specific treatment approaches.
Yates et al. combined data from three different studies, two longitudinal and one
cross sectional, including a total of 593 patients on active treatment for diverse types
of cancer [10, 11]. They observed a number of differences in symptom prevalence and
symptom clusters between younger (<60 years) and older (≥60 years) patients. The
most common symptoms were fatigue (reported as lack of energy), pain, difficulty
with sleeping and feeling drowsy. The prevalence of these symptoms was consistently
lower among the older patients. They also found that, among younger patients, fatigue
was part of a treatment-related symptom cluster, whereas in older patients it occurred
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together with a cluster containing symptoms of the upper digestive system and the
lungs (aero-digestive cluster), and a cluster containing nutrition-related symptoms.
In both older and younger patients, fatigue was also part of a malaise symptom
cluster and of a mood/cognitive symptom cluster [12].
A cross sectional study by Cheung et al. included 1,358 patients receiving
palliative care. In older patients (≥60 years), fatigue was found to be part of two
symptom clusters, a malaise cluster and a mood symptom cluster. In younger patients,
fatigue was part of a more diverse symptom cluster that also included pain, wellbeing,
drowsiness, nausea and lack of appetite [8].
The patient samples included in these previous studies were heterogeneous
both in terms of tumor type and stage of disease. There is evidence, however, that
symptom clusters may differ as a function of specific cancer diagnosis and of disease
stage [1, 13, 14]. Therefore we chose to examine symptom clustering within a specific
cancer population. In the current study, we focused on CRF and related symptoms
in survivors of stage I and II colon or rectal cancer (CRC).
The objective of our study was to identify and compare symptom clusters that
include CRF between younger (≤65 years) and older (>65 years) CRC survivors. We
hypothesized that fatigue would be less prevalent in older survivors (OS), and that
it would cluster with different symptoms than in the case of younger survivors (YS).

Materials and methods
Patients

We used data from a patient-reported outcome (PRO) study conducted in December
2010 among adult (age >18) survivors of CRC registered at the Netherlands Cancer
Registry (NCR). Data collection was done within PROFILES, which is a registry for
the study of the physical and psychosocial impact of cancer and its treatment from a
dynamic, growing population-based cohort of cancer patients. Data from PROFILES
studies is available for non-commercial scientific research, subject to study question,
privacy and confidentiality restrictions, and registration (www.profilesregistry.nl)
[15]. Survivors were eligible for participation if they were diagnosed with CRC
between 2000 and 2009 in the southern region of the Netherlands.
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The NCR routinely collects patients’ sociodemographic and clinical data.
Sociodemographic data include age, sex, marital status, education and employment
status. Socioeconomic status is determined by an indicator developed by Statistics
Netherlands [16]. Clinical data include date of diagnosis, tumor grade, clinical stage,
and primary treatment [17]. Comorbidity at time of the survey was assessed with
the adapted Self-administered Comorbidity Questionnaire (SCQ) [18]. Lifestyle
factors, weight and height were self-reported.
We assessed fatigue with the Fatigue Assessment Scale (FAS). The FAS consists
of 10 items: five questions on physical fatigue and five questions on mental fatigue.
[19] Scores on the FAS range from 10 to 50, with a higher score indicating a higher
level of fatigue. A score above 22 has been suggested as a cutoff for defining clinically
relevant fatigue [20]. The FAS has been shown to have good psychometric properties
in a diverse population of patients in primary health care [21] and has been used
previously among cancer patients [19].
In addition to fatigue, we assessed a number of other symptoms that are known
to be associated with fatigue: insomnia, dyspnea, pain, anxiety and depression [3, 22].
Insomnia, dyspnea and pain were assessed using the corresponding domains of the
European Organization for Research and Treatment of Cancer 30-item core quality of
life questionnaire, the EORTC QLQ-C30, version 3 [23, 24]. A higher score on each
symptom item or scale indicates more symptoms. Clinically important differences in
symptoms is assessed using a distribution- based method, with an effect size of 0.5
or greater being considered clinically relevant [25, 26].
We assessed anxiety and depression with the 14-item Hospital Anxiety and
Depression Scale (HADS) The questionnaire yields two subscale scores (for anxiety
and depression) and a total score. Higher scores indicate higher levels of psychological
distress [27, 28]. For the diagnosis of anxiety or depression, cut-off scores are ≥8 [28,
29] and ≥11, respectively [30].

Statistics

We used descriptive statistics to characterize the study sample. We used Fisher’s exact
test and independent sample Student’s t-test to evaluate other sociodemographic and
clinical differences between the groups.
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We used the Spearman correlation coefficient to assess the strength of the
association between fatigue, insomnia, dyspnea, pain, anxiety and depression. We
employed principal component analysis (PCA) with oblimin rotation to investigate
symptom clustering in each of the two age groups. We used the Kaiser–Meyer–
Olkin (KMO) test, which should be above 0.5, to assess sampling adequacy, and we
examined the factor correlation matrix after rotation to check for correlations with
a value around 0.32 or above. If correlations exceed 0.32 then there is 10% or more
overlap in variance among factors and an oblique rotation is warranted [31]. The
number of components extracted was determined using a scree plot (SP) [32], parallel
analysis (PA) [33] and eigenvalues >0.7 (EV) [34]. If these three criteria did not yield
consistent results, we determined the number of relevant components based on two
of the three criteria, provided that the extra component(s) accounted for more than
10% of the total variance. If using two of the criteria failed to yield consistent results,
the most clinically plausible result was used, but those results were also labeled as
inconclusive. All standardized factor loadings were required to be greater than 0.4
and statistically significant. If symptoms loaded on two or more components, the
differences in factor loadings had to be at least 0.2 [35].
Since not all assumptions for PCA were strictly met (i.e. some variables were
scaled at an ordinal level and not all variables exhibited a linear relationship) [36]),
we conducted a sensitivity analysis by comparing PCA results to the clusters found
with a categorical principal component analysis (CATPCA). If these two approaches
yielded different results, we report both results. If similar results were obtained, we
only present the results of the PCA analysis.

Symptom clusters

For analysis of symptom clusters, the data were divided based on age. The somewhat
arbitrary cutoff of >65 years was chosen because 65 years is roughly equivalent to
retirement age in many developed countries [37].
We also assessed if the symptom clusters differ between the age groups if stratified
by time since diagnosis. We distinguished between a time period dominated by
diagnostic and therapeutic efforts (<2 years since diagnosis) and one characterized
by a more stable situation (>2 years since diagnosis).
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3,585 patients were eligible for participation in the survey, of whom 2,625 (73%)
returned a completed questionnaire. Details of the sample selection process of the
two studies have been reported elsewhere [38, 39].
In total, 1,698 stage I and II cancer survivors were included in the current analysis
(Figure 4.1). Four hundred ninety-one survivors (29%) were ≤65 years (YS) and
1207 (71%) >65 years of age (OS). Table 4.1 summarizes the sociodemographic and

Figure 4.1 Flow chart for CRC survivor recruitment.
* NCR, Netherlands Cancer Registry.
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Table 4.1 Demographics and clinical characteristics
Variable

Young (≤65) (n=491)

Old (>65) (n=1207)

Gender
Female

221 (45%)

537 (44.5%)

≤35: 3 (0.6%)
>35–≤35: 4 (0.8%)
>40–≤45: 15 (3.1%)
>50–≤55: 66 (13.4%)
>55–≤60:126 (25.7%)
>60–≤65:247 (50.3%)

>65–≤70: 274 (22.7%)
>70–≤75: 355 (29.4%)
>75–≤80: 326 (27.0%)
>80–≤85: 225 (18.6%)
>85–≤90: 27 (2.2%)

Socio-economic status
Low
Medium
High

75 (15.7%)
198 (41.4%)
196 (41.0%)

265 (22.6%)
475 (40.5%)
417 (35.5%)

Tumor differentiation grade
Well differentiated
Moderately differentiated
Poorly differentiated
Unknown

42 (8.6%)
277 (56.4%)
60 (12.2%)
112 (22.8%)

107 (8.9%)
762 (63.1%)
116 (9.6%)
222 (18.4%)

<2 years 38 (7.7%)
2–5 years 221 (45%)
5–10 years 205 (41.8%)
≥10 years 25 (5.1%)

<2 years 76 (6.3%)
0.056
2–5 years 506 (41.9%)
5–10 years 545 (45.2%)
≥10 years 77 (6.4%)

Stage
Stage I
Stage II

234 (47.7%)
257 (52.3%)

532 (44.1%)
675 (55.9%)

Tumor location
Colon
Rectal

264 (53.8%)
227 (46.2%)

764 (63.3%)
443 (36.7%)

Treatment received
Surgery only
Surgery and RT
Surgery and CT
Surgery, RT and CT
RT only

274 (55.8%)
148 (30.1%)
33 (6.7%)
36 (7.3%)
0 (0%)

830 (68.8%)
286 (23.7%)
37 (3.1%)
52 (4.3%)
1 (0.1%)

n=491
mean 26.54
SD 4.54

n=1,182
mean 26.51
SD 3.95

162 (34.5%)
146 (31.1%)
162 (34.5%)

311 (20.3%)
311 (27.4%)
595 (52.3%)

Age

Time since diagnosis

BMI

Comorbidity
No comorbid conditions
1 comorbid condition
2 or more comorbid conditions

p -value
0.872

0.010

0.130

0.179

<0.001

<0.001

0.889

<0.001

Asthma/ chronic bronchitis/
COPD in the past 12 month
Yes

49 (10.4%)

150 (13.2%)

Stroke in the past 12 month
Yes

7 (1.5%)

46 (4.0%)

Diabetes in the past 12 month
Yes

35 (7.4%)

206 (18.1%)

0.134

0.008
<0.001

Categorical proportions were tested using Fisher Exact, continues proportions were tested using
independent t-test.
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clinical characteristics of the sample. OS were more likely than YS to have a lower
socioeconomic status (p=0.01), to have a colon tumor (p<0.001) and to have two
or more comorbid conditions (p<0.001).
Table 4.2 presents the symptom scores for the sample, stratified by age. Pain,
insomnia and fatigue were the most frequently reported symptoms, with a prevalence
of 35.9–42.6%. OS were more likely to report dyspnea (p<0.001) and depression
(p<0.001). However, no statistically significant differences in clinically relevant scores
between OS and YS were observed for fatigue, anxiety and depression.

Variable

Younger survivors

Older survivors

p value

Fatigue (10–50)

Mean 20.1
SD 6.81

Mean 20.6
SD 6.81

0.104

Pain (0–100)

Mean 16.6
SD 23.4

Mean 26.2
SD 24.2

0.733

Insomnia (0–100)

Mean 20.6
SD 28.15

Mean 20.5
SD 28.58

0.942

Dyspnea (0–100)

Mean 9.4
SD 19.98

Mean 17.1
SD 26.82

<0.001

Anxiety (0–21)
Cutoff ≥8

Mean 4.45
SD 3.77
14.5% possible anxiety
disorder

Mean 4.60
SD 3.78
15.1% possible anxiety
disorder

0.458

Depression (0–21)
Cutoff ≥11

Mean 3.64
SD 3.58
4.8% depressed

Mean 4.64
SD 3.70
5.6% depressed

<0.001
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Table 4.2 Symptom scores as a function of age

Categorical proportions were tested using Fisher’s exact test; numerical data were tested using
independent t test.

Symptom cluster analysis

Table 4.3 presents the correlations between the six symptoms included in the analysis.
The strongest correlations were between depression and fatigue (r=0.586), and
between depression and anxiety (r=0.579).
The results of the PCA indicated that the symptoms experienced by both the
OS and the YS could be grouped into a component with predominantly psychosocial
symptoms and a component with predominantly physical symptoms.
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Table 4.3 Correlations
Symptoms

Pain

Dyspnea

Insomnia

Fatigue

Anxiety

Depression

Pain
Dyspnea
Insomnia
Fatigue
Anxiety
Depression

1
0.292*
0.312*
0.410*
0.279*
0.303*

1
0.168*
0.416*
0.222*
0.348*

1
0.320*
0.365*
0.257*

1
0.528*
0.586*

1
0.578*

1

* Spearman correlation is significant at the 0.01 level (two-tailed).

Younger survivors

The Kaiser-Meyer-Olkin (KMO) Measure of Sampling adequacy was 0.823
(p<0.001). The scree plot (SP) suggested three components, the eigen value (EV)
criterion indicated three components, and the parallel analysis (PA) indicated one
component. Therefore, a three components solution was chosen that explained 80%
of the variance. Component 1 included anxiety, depression, fatigue and insomnia,
accounting for 53% of the total variance. Component 2 included pain and cross loading
of insomnia, accounting for an additional 14% of explained variance. Component 3
included dyspnea and accounted for an additional 12% of explained variance.

Older survivors

The KMO Measure of Sampling adequacy was 0.792 (p<0.001). The SP suggested
three components, the EV criterion indicated three components, and the PA indicated
one component. Therefore, a three components solution was chosen that explained
78% of the variance. Component 1 included depression, anxiety and fatigue and
accounted for 50% of the total variance. Component 2 included insomnia and pain
and accounted for an additional 14% of explained variance. Component 3 included
dyspnea and accounted for an additional 14% of explained variance. The CATPCA
generated equivalent results for the first and second component, but slight differences
in the third component as it included dyspnea, as well as (cross loadings of) pain
and fatigue.

Influence of time since diagnosis on symptom clustering

Among long term survivors, we did not observe any significant differences in
components between OS and YS. In the short term YS there was a two component
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Discussion
The primary objective of our study was to identify and compare symptom clusters that
include CRF between younger and older survivors of early stage CRC. We identified
similar clusters between these two age groups.
In both groups, three components, including two symptom clusters, were
identified: an emotional symptom cluster containing anxiety, fatigue and depression
(with the addition of insomnia in the YS group), and a pain symptom cluster
containing pain and insomnia. A third component contained dyspnea only.
To control for the possible influence of time since diagnosis on age-related
differences in symptom clusters, we repeated the analyses stratifying by time since
diagnosis. Although there were some minor differences observed in age-related
clustering as a function of time since diagnosis, the general pattern of results was
comparable with that observed in the main analyses (data not shown).
We observed a statistically and clinically relevant age difference in dyspnea, with
the OS group reporting more dyspnea that the YS group [25, 26]. This could not
be explained by age-related differences in the presence of lung disease as comorbid
condition. It is conceivable that the higher levels of dyspnea observed in the OS group
is related to muscle weakness, which in turn may be a function of lower activity levels
and an accumulation of cellular damage leading to loss of fitness among older adults
[39–41]. In a prospective, longitudinal study investigating the differences in symptom
experience between older and younger cancer survivors, shortness of breath was
among the most frequently reported symptoms among the older survivors only [12].
The OS group scored, on average, higher on the depression scale than the YS
group. Although this score was statistically different, it was not clinically relevant based
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solution, whereas in the short term OS there was a three component solution. In
the short term survivors, the first component for both age groups included anxiety,
insomnia, depression and fatigue. The second component in the YS group included
dyspnea, pain and fatigue. The second component in the OS group included dyspnea
and pain, and the third component included insomnia.
The CATPCA showed a slightly different clustering of symptoms only for the
short term YS group, with a cross loading for depression instead of fatigue: component
1 included anxiety, insomnia and depression. Component 2 included dyspnea, pain,
fatigue and depression.
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on distribution-based methods [25, 26]. Similarly, no clinically important differences
in depression scores were observed between the OS and YS groups when employing
the published cut off score of 11 as an indication of clinically relevant depression.
Our study had several limitations that should be noted. In our sample, the YS
and OS differed significantly in socioeconomic status, tumor location, comorbidities
and treatment received. However, these differences are inseparably associated with
older age.
Elderly individuals who are no longer working often have a lower socioeconomic
status than younger individuals, the prevalence of comorbid conditions increases with
age, and choice of treatment is, at least in part, driven by age-related considerations
[42, 43]. The observed difference in tumor site between the OS and YS groups
may reflect the fact that rectal cancer is typically diagnosed earlier (as a result of
symptom reporting) and thus at a younger age than colon cancer. To control for
these differences, we repeated the analysis using tumor site as a covariate. The results
remained unchanged.
There is no consensus in the literature regarding the best methods for identifying
symptoms clusters. To increase the reliability of our results, we chose to employ three
different statistical criteria for defining factors/clusters – the criterion of Jolliffe [34], a
scree plot [32] and parallel analysis [33]. Although our decision rules were somewhat
arbitrary, they are in any case transparent and thus can be replicated. We would note
that our study was of a hypothesis generating nature. Thus additional studies are
needed to confirm our findings using similar methods and decision rules, or using
alternative approaches such as structural equation modeling.
Finally, we would note that our study was limited to CRC survivors. While the
use of a relatively homogeneous sample in terms of tumor type avoided additional
analytic complexity, our results are limited to this specific population. Additional
research is needed to determine if our findings are consistent across more diverse
populations of cancer patient and survivor populations.
The strengths of our research include the relatively large population-based
sample, the high response rate, and the use of a number of different approaches to
determining the presence of symptom clusters.
In conclusion, despite differences in background characteristics such as socioeconomic status, tumor site, prevalence of comorbid conditions and treatment,
symptom clusters were quite similar between older and younger CRC survivors. This
suggests that symptom clusters in survivors of CRC are independent of age. If treating
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CRC survivors for fatigue, regardless of age, it is advisable to assess depression and
anxiety and, if necessary, refer for further diagnosis and treatment. There are many
online resources available for evidence-based treatment of cancer-related fatigue,
and an overview of treatment guidelines and recommendations can been found in
the review of Berger et al. [42].
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Abstract
Background: The incidence of colorectal cancer (CRC) is highest among the
elderly. An important treatment modality is surgery. After surgery, due to poor
functional recovery, some elderly have an increased risk for complications and
prolonged length of hospital stay (LOS). Preoperative elevated levels of fatigue
and impaired functioning in instrumental activities of daily living (iADL) might
be associated with these outcomes, and may therefore be helpful to recognize
patients with elevated risk for complications or prolonged LOS, who should
undergo more thorough functional assessment.
Aims: This exploratory study aims to assess whether physical fatigue, reduced
activity and/or iADL, assessed preoperatively, are associated with postoperative
complications and prolonged length of hospital stay (LOS), in elderly patients
undergoing surgery for CRC.
Methods: We performed an exploratory prospective study in older (≥65 years)
patients (n=57) who were scheduled to undergo elective surgery for colorectal
cancer. Fatigue and iADL-functioning were assessed with questionnaires. Multivariable regression analyses were used to examine the relationship of fatigue
and iADL with complications and LOS.
Results: IADL was not associated with complications or LOS. Fatigue was not
associated with complications. Patients with higher fatigue had increased LOS
in the univariable analyses but not in the multivariable analyses after adjustment
for nutritional status and neoadjuvant treatment.
Discussion: We found that fatigue was associated with increased LOS in the
univariable analysis. The results from the multivariable analysis and path analysis
indicate, however, that this is likely not a causal relationship; the observed
relationship between physical fatigue (PF) and LOS appears to be confounded
by nutritional status (SNAQ) and by having received neo-adjuvant treatment.
Conclusions: Although fatigue is a predictor for increased LOS, assessment of
fatigue and iADL has no additional value for identifying elderly at risk for poor
functional outcome after CRC surgery.
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Colorectal cancer (CRC) incidence is highest among elderly; seventy percent of CRCs
occur in patients aged 65 years or older [1]. Surgery remains the most important
curative treatment modality, other relevant modalities are radiotherapy and systemic
therapy [2, 3]. However, surgery is also associated with negative side effects [4, 5].
A recent systematic review showed that, on average, patients’ physical functioning
is still reduced by 5% at twelve months after CRC surgery [6]. In addition, surgical
treatment for CRC is associated with functional decrement (i.e. decreases in physical
fitness and cognitive function) and reduced quality of life, both of which affect the
elderly in particular. Functional impairments can lead to limitations in activities of
daily living. Indeed, at one year after CRC surgery, nursing home residents experienced
a persistent decline of 61% in self-care capacity [7]. At 22 months follow up, 31%
of community dwelling elderly patients still have reduced self-care capacity [8, 9].
Some elderly also have an increased risk of major complications after surgery
[8, 10]. Patients who experience postoperative complications within 30 days of
surgery take longer to return to their preoperative functional status and have a
reduced long-term survival rate [11, 12]. Also, complications after surgery in elderly
can increase medical costs by 47–70% [13]. Timely identification of elderly with a
decrement of functional reserve capacity, who consequently have an increased risk
for complications, is therefore of great importance.
The international society of Geriatric Oncology (SIOG) advises that all elderly
patients with colorectal cancer should undergo a multidimensional, interdisciplinary
diagnostic screening, to determine their medical, psychological and functional
capabilities. This so-called comprehensive geriatric assessment (CGA) should result
in a coordinated and integrated treatment plan [14]. In clinical practice, this guideline
is not always followed, due to logistical constraints and financial implications. More
research on the clinical implications of predictive factors for clinical outcomes is
warranted [15–17]. SIOG advises that – if CGA is not possible – one should at least
screen for frailty. Although screening for frailty is important, screening for frailty
alone might not be sensitive enough to detect a decline in functional reserve capacity
[17, 18].
Other parameters that are easily obtained or already routinely assessed, may be
associated with decrement of functional reserve capacity and unfavorable recovery
from CRC surgery. If this is the case, these parameters could be helpful to recognize
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patients who might profit from further functional evaluation. Fatigue might be such
a parameter; according to clinical guidelines, it should be recognized, evaluated and
monitored at all stages of disease and before, during and following treatment [19].
Self-reported physical fatigue, as well as reduced physical activity, both of which are
considered dimensions of cancer related fatigue [20], could be useful measures to
identify patients with reduced reserve capacity, as they can be seen as proxies for
reduced physical capacity. Indeed, an association between preoperative perceived
fatigue and longer time to recovery of postoperative physical functioning, in a
population of older patients with colorectal cancer, was found in a recent published
study [21].
Another way to detect a reduction in reserve capacity, might be by assessing
the performance in activities of daily living (ADL). ADL capability can be easily
assessed by self-report [22]. Results of previous research suggest that dependency
in Instrumental activities of Daily Living (iADL) is associated with elevated risk of
complications and with worse postoperative survival in a diverse cancer population
[23–25].
This exploratory study aims to assess whether physical fatigue, reduced activity
and/or iADL, assessed preoperatively, are associated with postoperative complications
and prolonged length of hospital stay (LOS), in elderly patients undergoing surgery
for CRC. If this is the case, it would warrant further research to examine their value
as prescreening measures for a CGA.

methods
The study was performed between January 2016 and February 2018 as a prospective
exploratory study. Participants were recruited from two hospitals in The Netherlands.
One hospital was a cancer institute in Amsterdam (the Netherlands Cancer Institute
(NKI)), the other a medium sized general Hospital in Harderwijk (st. Jansdal
ziekenhuis (stJD)).
Eligible patients were recruited by nursing specialists (at stJD) or the first author
(at NKI) at the colorectal outpatient clinic. All patients who were 65 years or older
and were scheduled for elective surgery for CRC at one of the recruiting centers were
eligible for inclusion. Patients had to be able to read and speak Dutch and had to
provide a written informed consent. Approval for this study was obtained from the
Medical Ethical Committee of the Netherlands Cancer Institute.
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Fatigue was assessed with two domains of the Multidimensional Fatigue Inventoryshort version (MFI-20): physical fatigue (PF) and reduced activity (RA) [20]. Each
domain has 4 items and responses are rated on a 5-point Likert scale. The reported
internal consistency of the subscales assessed with oncology patients in the outpatient
clinic was satisfactory, with Cronbach’s alpha coefficients ranging from 0.82 to 0.90 [26].
Proficiency in Instrumental Activities in Daily living (iADL) was assessed using
the Lawton Brody Scale [27]. This scale assesses the ability to perform activities in
7 domains of functioning in Daily Living, use of the telephone, shopping, preparing
meals, housekeeping, washing, travel possibilities, and handling medication. Item
responses range from 0–3. The scale has demonstrated excellent reliability and validity
in elderly hospitalized patients [28].
Sociodemographic and clinical characteristics of participants were collected
from the medical records and included age, weight and length, disease stage, time
since diagnosis of cancer, neoadjuvant treatment (radiotherapy, chemotherapy, immunotherapy, or a combination of these) functional status (American Society of
Anesthesiology version 2 [ASA]) and nutritional status (Short Nutritional Assessment Questionnaire [SNAQ]), comorbidity and surgical approach (laparoscopic,
open or converted).

Comorbidity

We assessed comorbidity using the Charlson Comorbidity Index (CCI) [29]. The
CCI consists of 17 comorbidities, which are rated between 1 and 6 points, depending
on the mortality risk and disease severity. Higher scores indicate higher comorbidity
burden. The CCI has demonstrated reliability and validity in diverse clinical cohorts
[30] and has been used in previous research to predict complications and survival
after surgery for colon cancer [31–33].

Outcome variables

Data on postoperative complications within a period of 30 days postoperatively were
collected from the medical records, and complications were categorized using the
Clavien-Dindo classification [34, 35]. Length of Stay was calculated as the time from
operation until discharge from the hospital.
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Statistical analysis

We calculated descriptive statistics for the sample, using mean and standard deviation
for continuous variables and frequency and percentage for categorical variables
and strata of age and time since diagnosis. To examine the association of iADL,
PF and RA with risk of complications, we first calculated crude odds ratios using
univariable logistic regression models. Subsequently, we entered all three variables
in a multivariable model to examine the joint association. The multivariable models
were adjusted for nutritional status, surgical approach and (type of) neoadjuvant
treatment to account for potential confounding. Adjustment variables were chosen
based on theoretical considerations (using Directed Acyclic Graphs) and the presence
of an association with both the independent variables and the dependent variable
in this sample. The association of iADL and fatigue with LOS was examined using
univariable and multivariable Cox proportional hazard models.
The multivariable Cox models were adjusted for nutritional status, ASA, surgical
approach and (type of) neoadjuvant therapy. The strength of the associations is
presented using odds ratios and hazard ratios, respectively, with 95% confidence
intervals and a two-sided p-value.
To be able to estimate the direction, magnitude and significance of the associations observed, we performed post-hoc path analysis [36] using a structural equation
model (SEM). This technique facilitates the evaluation of both main effects and
interaction effects while taking measurement error into account. It can be used to
test the models found in the logistic regression model and cox regression model [37].
First, all variables used in the multivariable models were entered into the SEM, based
on our initial interpretation of the observed relationships. Next, paths with a p-value
>0.2 were eliminated from the model in a stepwise fashion, starting with the least
significant paths. The overall goodness of fit of the reduced model was assessed using
the Comparative Fit index (CFI). CFI >.95 are considered excellent, >.90 as good,
and less than .90 as poor. Additionally, the Root Mean Square Error of Approximation
(RMSEA) was calculated, for which values below 0.08 are considered good, and values
between 0.08 and 0.10 mediocre fit [38]. Analysis were performed using statistical
software IBM SPSS 24, and R using the Lavaan package [39].
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Of 159 potentially eligible patients, 38 patients were not recruited because of time
constraints, and an additional 21 patients were not approached after (chemo)
radiotherapy due to logistic problems. Of the remaining 100, nine patients had
insufficient Dutch reading skills, 15 patients declined participation, 15 patients did not
return the questionnaire, and 3 patients completed the questionnaire postoperatively.
One patient returned an incorrectly completed informed consent, and could not be
approached preoperatively to correct this. Finally, one patient was excluded after
surgery because the operation was ended preliminary due to extensive disease.
Thus, 56 patients were included in the study (Figure 5.1). The participants were
predominantly male (64%), between 70–74 years of age (44%), within 2 years after
diagnosis (89%) and had colon cancer (64%). Ten patients lost weight without intent,

x
x
x
x

x

x

Figure 5.1 Consort statement.
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Table 5.1 Patients characteristics (n=56)
Characteristic
Age category, n (% )

65–69
70–74
75–79
80–84
85–89

17 (30%)
25 (45%)
8 (14%)
5 (9%)
1 (2%)

Gender, n (%)
Male
Female

36
20

(64%)
(36%)

Length in meters (SD)

1.72

(0.1)

Weight in kg (SD)
Median (range)

78.55
80

(15.7)
39–124

BMI (median, min-max)

25.94

15–44

Time since diagnosis n (%)

<2 years
2–5 years
5–10 years
≥10 years

50 (89%)
2 (4%)
2 (4%)
2 (4%)

Comorbidity n (%)

1
2
3
4
5
>5

2 (4%)
30 (54%)
8 (14%)
3 (5%)
4 (7%)
9 (16%)

Nutritional status n (%)

0
1
2
3
4

38 (68%)
8 (14%)
2 (4%)
7 (13%)
1 (2%)

ASA n (%)

ASA1
ASA2
ASA3

19 (34%)
31 (55%)
6 (11%)

Cancer location n (%)

Colon cancer
Rectal cancer
Combined

36 (64%)
16 (29%)
4 (7%)

Treatment n (%)

Surgery only
Surgery and Radiotherapy
Surgery and Chemotherapy
Surgery, Radiotherapy and chemotherapy
Surgery and Immunotherapy

44 (79%)
1 (2%)
5 (9%)
5 (9%)
1 (2%)

Laparoscopy/laparotomy, n (%)
Converted
ASA, American Society of Anesthesiology version 2; BMI, body-mass index.
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with a median weight loss of 4.5% of body weight (range 3–9% of body weight). Full
details on the characteristics of the participants are shown in Table 5.1.

Risk of complications

Both in univariable and multivariable analysis, there was no association between
iADL and complication risk (adjusted OR 0.99, 95% CI 0.79–1.25, p=0.95). Also,
neither physical fatigue nor reduction in activity were associated with complication
risk (adjusted OR 1.12, 95% CI 0.90–1.40, p=0.31, and OR 0.89, 95% CI 0.69–1.15,
p=0.37 respectively) (Table 5.2).

In univariable analysis, there was no association between iADL and LOS (HR 0.94,
95% CI .861–1.021, p=0.14), but higher scores for both physical fatigue and reduction
in activity were associated with increased length of stay (HR for discharge 0.94, 95%
CI 0.88–0.99, p=0.026, and HR 0.93, 95% CI 0.88–0.98, p=0.018 respectively). In
multivariable analysis, after adjusting for nutritional status, received neoadjuvant
treatment and surgical approach, the associations of fatigue and iADL with LOS were
no longer significant (Table 5.3).

Table 5.2 Logistic regression on complications
Univariable OR (95% CI)

p value

Adjusted OR (95% CI)

p value

iADL

1.04 (0.88, 1.23)

0.66

1.00 (0.80, 1.24)

0.99

Physical fatigue

1.11 (0.99, 1.24)

0.07

1.08 (0.90, 1.32)

0.43

Reduced activity

1.11 (0.98, 1.25)

0.10

0.97 (0.78, 1.20)

0.76

iADL, instrumental activities of daily living. Adjusted OR give the values after correction of nutritional status, received neoadjuvant treatment and surgery approach.

Table 5.3 Cox proportional hazards regression for length of hospital stay
Univariable HR (95% CI)

p value

Adjusted HR (95% CI)

p value

iADL

0.94 (0.86, 1.02)

0.14

0.96 (0.87, 1.07)

0.50

Physical fatigue

0.94 (0.88, 0.99)

0.03*

0.97 (0.88, 1.07)

0.57

Reduced activity

0.93 (0.88, 0.99)

0.02*

1.00 (0.92, 1.11)

0.87

iADL, instrumental activities of daily living. Adjusted HR gives the values after correction for
nutritional status, received neoadjuvant treatment and surgery approach. *p≤0.05.
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Path analysis

Path analysis showed direct associations of nutritional status, neoadjuvant treatment
and complications with length of stay (β=2.133, p=0.003 and β=4.861, p=0.019 and
β=5.896, p<0.001 respectively), which were not mediated through other factors.
The path of RA to length of stay was not significant (p=0.733) and was therefore
eliminated from the model. The SEM indicated an indirect path from neoadjuvant
treatment through reduced activity to physical fatigue. The SEM showed a direct
association between neoadjuvant treatment and reduced activity, in turn reduced
activity was directly associated with increased physical fatigue. There was a direct
path from nutritional status to physical fatigue (Figure 5.2). The direct association
between nutritional status and physical fatigue is also reflected in the univariable
analysis, where we observed an association between physical fatigue with length of
stay. The overall fit of the model was reasonable; RMSEA=0.09; CFI=0.98.

Nutritional
status

0.21 p<0.05

Hospital
stay

4.86 p<0.20

Neoadjuvant
treatment
5.23 p<0.01

5.91 p<0.01

Complications

1.07 p<0.01

Reduced
activity
0.78 p<0.001

Physical
fatigue
Figure 5.2 Structural equation model.
The one headed arrows indicate a directional relationship between two variables. The numbers
represent the standardized estimates of regression coefficients, with the p-values.

Discussion
We investigated the relationship of physical fatigue, reduction in activities, and level of
iADL functioning with complications and LOS after elective surgery in elderly CRC
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patients. We hypothesized that fatigue and iADL – as proxies for reduced functional
reserve capacity – would be associated with risk of complication, and consequently
with LOS. Although we found no association of fatigue or iADL with complications,
fatigue was associated with increased LOS in the univariable analysis. The results
from the multivariable analysis and path analysis indicate, however, that this is likely
not a causal relationship; the observed relationship between PF and LOS appears to
be confounded by nutritional status (SNAQ) and by having received neo-adjuvant
treatment. Both nutritional status and neo-adjuvant treatment result in a decline in
functional reserve capacity [40]. The increased levels of fatigue that we observed in
patients after neo-adjuvant treatment and in those with poor nutritional status may
well be a reflection of this. As such, our hypothesis that fatigue is a proxy for reduced
reserve capacity is only partly supported by our findings.
IADL does not seem to have any relationship with complications and LOS in our
study. This is in contrast with our hypothesis and with earlier research [23–25]. This
finding is most likely explained due to lack of variation in iADL ability in our sample;
almost all patients included in this study had a good ability in iADL preoperatively.
The limited variation and the relatively high level of iADL functioning may be an
idiosyncrasy of our sample, or a result of selective non-response of less healthy elderly.
Because of this, and because of the discrepancy with previous studies [41, 42], we do
not believe that our results refute the existence of an association between iADL and
LOS. Further studies should therefore not yet dismiss iADL as a possible predictor
of poor functional recovery.
In our research we did not observe any association between comorbidities
and risk of complications or LOS. Recent studies on the effect of comorbidities
have yielded mixed results. In a retrospective review of 372 patients with colon
resection and 215 patients with rectal resection a Charlson Comorbidity Score of
≥2 was significantly associated with prolonged hospital stay [43]. However, no such
association was found in a study investigating the predictive value of a Comprehensive
Geriatric Assessment on the postoperative outcome in patients 75 years and older
undergoing elective colorectal cancer surgery [44]. Possibly this association is only
present in a frail population. Our sample, although having a range of comorbidities
was relatively fit, as is reflected in the iADL scores.
The relationship of nutritional status and length of hospital stay that we observed
has also been reported in a recent retrospective study of patients who underwent
elective colorectal cancer resection [45]. Immune- and inflammatory responses can
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induce anorexia in older patients with cancer. Secondary to malnutrition, skeletal
muscle wasting and decrease in muscle function, are further aggravated by inactivity.
Ultimately, this results in a decline in functional reserve capacity [46]. In both
recruiting hospitals, all patients are screened for preoperative malnutrition by nurses
at the outpatient clinic. All patients reporting unintentional weight loss in the months
leading up to the surgery are referred to a dietician for advice and treatment. This
includes advice to increase protein intake to at least 1.5 g/kg body weight. Yet, our
results indicate that the risk of complications and increased LOS was not completely
mitigated by this policy. This is likely due to the fact that not all patients who were
referred to a dietician actually followed through on that advise or to non-adherence
to prescribed nutritional interventions. In our sample, only six of the ten patients to
whom this applied followed up on the referral. The effects of the interventions for
these patients were not assessed because of the limited time preoperatively.
A limitation of our study is its small sample size, which limited the precision of
the estimates of associations in our analyses. The small sample size was due to the low
response rate for the study (37%). This is a common problem in studies involving
elderly patients with cancer. A previous study on enrollment rates in cancer studies
showed the elderly being strikingly underrepresented [47]. The authors of that study
suggest that barriers likely include health issues, attitudes and beliefs. Our results
should therefore be interpreted with caution, and should be seen as a first step in
understanding the association between fatigue and instrumental activities in daily
living with complications and hospital stay.
The aim of our research was to study if fatigue and iADL could aid in recognizing
patients who will benefit from extra comprehensive geriatric assessment (CGA).
Although our results are compatible with the concept of fatigue as a proxy for poor
functional reserve capacity, this is of limited clinical consequence. Based on our
results, assessing fatigue in addition to nutritional status and the status with regard to
neo-adjuvant therapy, both already routinely assessed or available, seems to have no
added value for recognizing patients at risk for poor complications or increased LOS.
Further investigation of the added value of iADL for pre-CGA screening of elderly
with poor functional reserve capacity, scheduled for CRC surgery is still warranted.
Future research should also focus on other variables that may indicate poor mental
and physical reserve capacity. This could include cognitive impairment, depression
[48, 49] and objectively measured low physical activity level or grip strength. For
now, CGA should still be recommended for all frail older patients.
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Abstract
Objective: Seventy percent of patients with colorectal cancer (CRC) are aged
65 years or older. Surgery is an important treatment modality, depending on
cancer stage and the resectability of the tumor. Frail older patients are at an
increased risk for complications and reduced self-care capacity after surgery.
Increasing physical fitness preoperatively (prehabilitation) might improve
treatment outcomes, but challenges remain with regard to uptake, attrition, and
non-compliance. The objectives of this study were to investigate the barriers,
facilitators, and preferences for preoperative exercise programs in older patients
scheduled for CRC surgery.
Methods: This was a qualitative study, using in-depth interviews of fifteen patients aged 65 years and older and surgically treated for CRC, thirteen informal
care givers (ICs) and nine health care providers (HCPs) with experience in
prehabilitation. Data analysis was done through thematic coding analysis.
Results: Limited time, not receiving or misunderstanding information, physical
ailments, and emotional impact of the diagnosis are barriers to preoperative
exercise. Not having physical complaints (Patients, ICs, HCPs), understandable
information provided by a physician (Patients, ICs), and low cost programs (ICs,
HCPs) facilitate exercise. Exercise should not be too intensive (Patients, ICs)
and should be adjusted to personal preferences and be provided close to home
(Patients, ICs, HCPs).
Conclusions: To engage frail older adults with CRC in preoperative exercise
programs information on exercise should improve. Exercise programs should be
easily accessible and take personal preferences, needs and abilities into account.
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Seventy percent of patients with colorectal cancer (CRC) are aged 65 years or older
[1]. Surgery is an important treatment modality, depending on cancer stage and the
resectability of the tumor [2]. After surgery, patients with reduced functional reserve
capacity have an increased risk for complications and long-term limitations in selfcare capacity [3, 4]. Increasing the physical reserve capacity in older adults before
surgery through training may help to reduce the risk of post-surgical complications
and long-term decline in self-care capacity [5–7]. However, enrollment in preoperative
exercise trials and adherence to exercise recommendations have been a challenge
in this population [8, 9]. Although not all publications on prehabilitation trials for
patients with CRC have reported the number of eligible patients, refusal rates range
up to 71% [9–15]. Additionally, compliance to the intervention in prehabilitation
trials varies widely (16–97%). Carli et al. reported the lowest compliance rate (16%)
in a prehabilitation study that employed a high intensity cycling and strengthtraining program [9]. The authors suggested that, for a relatively sick population
of pre-dominantly older patients with cancer, this intervention may have been too
intimidating. Lack of social support from family and friends in participating in
such a demanding program may have further contributed to the poor compliance.
These findings illustrate the importance of aligning prehabilitation programs to
the preferences and abilities of the participants. Currently, there is a paucity of
information about the barriers, facilitators, and preferences for prehabilitation
among older adults with CRC. Due to an underrepresentation of older patients in
exercise intervention studies, it is difficult to define an optimal preoperative exercise
regimen that is acceptable for this population [16]. Additionally, to date, there has
been minimal involvement of important stakeholders other than the patient, such
as informal caregivers and health care professionals, in the development of exercise
interventions [16].
The purpose of the current qualitative study was to investigate the barriers to,
facilitators of, and preferences for exercise in the preoperative phase among older
patients who are or were eligible for surgery for CRC, and their informal caregivers.
Additionally, we explored the views of health care professionals who offer preoperative
training for cancer patients.
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methods
Design

This was a qualitative, observational study in which we interviewed patients, informal
caregivers and health care providers about preoperative exercise for older patients with
CRC. The study was approved by the institutional review board of the Netherlands
Cancer Institute. All participants provided written informed consent.

Study population/eligibility

Patients
We recruited patients from the Netherlands Cancer Institute (NKI). The NKI is an
Organization of European Cancer Institutes (OECI)-recognized comprehensive
cancer center and a tertiary referral center with a nationwide catchment area, although
the majority of patients come from the larger Amsterdam region. The NKI treats
most types of cancer in adults, with exception of hematologic cancers. The institute
has 212 beds and a day care center with 50 beds. The number of hospital admissions
27,304 per year. Treatment at the NKI is reimbursed through basic insurance (which
is obligatory in the Netherlands) by the vast majority of health care insurers [17].
Eligibility criteria for patients were: ≥65 years of age, Dutch speaking, scheduled
to undergo or recently (≤3 months) had surgery for CRC, and one or more of the
following frailty indicators, as reported in the medical record: comorbidity (Chronic
Obstructive Pulmonary Disease, Diabetes Mellitus), chemotherapy in the last half
year, severe osteoarthrosis, heart failure, or other recent surgery limiting functional
capacity. Potentially eligible patients were identified by screening the outpatient
clinic and surgery schedules. Patients were purposefully sampled, using maximum
variation sampling, with the objective to enroll participants of different ages, sexes,
and educational backgrounds, to identify common patterns across the different
groups [18].
Informal caregivers (ICs)
We asked eligible patients to identify an informal caregiver (i.e., persons important to
them in the preoperative phase). Informal caregivers could be a spouse, adult offspring,
or close friend or relative. Maximum variation with regard to age and relationship to
the patient was sought.
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Health care providers (HCPs)
We invited physiotherapists with experience in prehabilitation of patients with CRC
via hospitals that currently provided prehabilitation programs, or had done so in the
past, to participate in the study. We also published a call for participants on the website
of the Oncology Section of the Royal Dutch Society of Physiotherapy. Finally, we
asked participating physiotherapists to recommend potentially eligible colleagues.
All participants were recruited between April 1, 2017 and May 1, 2018.

Data collection was conducted through one-on-one interviews that were planned at a
time and place suitable for the participant. If patients and their ICs both participated,
interviews were conducted separately. Interviews were carried out by one of the
researchers (MKZ, a clinical epidemiologist and physiotherapist with 39 years
of experience with treating older patients; or CAI, a clinical health scientist and
physiotherapist with 27 years of experience with treating older patients and eight
years of experience treating patients in a cancer hospital) in turns, while the other
researcher took notes.
We conducted the interviews based on a loosely structured interview guide, using
open-ended questions that initially defined the areas to be explored. The interview
guide was further developed via an iterative process, with themes and topics added
as they emerged during previous interviews [19]. Initial themes and topics discussed
were chosen based on published research regarding the barriers to, facilitators of and
preferences for physical activity or exercise of patients with cancer and their significant
others [20–26]. The Theory of Planned Behavior (TPB) provided a framework
to guide questioning [27, 28]. Specifically, we discussed intention, attitudes and
subjective norm, normative beliefs, and perceived behavioral control. An additional
topic was general exercise attitude, ability and behavior prior to diagnosis. We also
discussed the extent to which patients’ intention for physical activity had changed in
the period between diagnosis and operation.
Topics that were discussed with all participants included their general background, previous experiences with physical activity and exercise. ICs were asked to
provide their opinions about barriers to, facilitators of, and preferences for exercise
in the preoperative phase for patients, in general, and their loved one in particular.
HCPs were asked to give their views on the barriers and facilitators that older adults
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could experience in taking part in prehabilitation. In addition, we asked HCPs about
their personal preferences for content and delivery of such a training program. All
participants gave permission to audiotape the interviews.

Data analysis

The interviews were transcribed verbatim from the audiotapes and were supplemented
by notes taken during and immediately after the interview. After each interview,
thematic content analysis was performed by two of the authors (CAI and MKZ)
[19]. We combined content analysis and thematic analysis because of the exploratory
nature of the work, which makes open coding preferable, and because of the desire to
identify common threads across all the interviews [29]. To enhance the uniformity
in coding, one interview was coded by both investigators separately, after which the
coding strategy was discussed [19]. For practical reasons, all subsequent interviews
were coded by the investigator who performed the interview, and then reviewed by
the other author. Data collection ended when additional interviews provided no
new information.
After inclusion open coding was completed, groups of codes were clustered to
form themes using axial coding. Axial coding is a ‘set of procedures whereby data are
put back together in new ways after open coding, by making connections between
categories’ [30]. We then placed the emerging themes in the theoretical framework
of The Physical Activity for people with a Disability (PAD) model, a framework
for the development of interventions and research on physical activity promotion
among individuals with a disability [31]. The PAD model combines the International
Classification of Human Functioning and Health (ICF) with constructs from TPB. In
particular, intention self-efficacy and attitude are explicitly addressed in the “personal
factors” domain of ICF, in addition to other personal facilitators and barriers to physical
activity. Also, in the environmental factors domain, a particular emphasis is placed on
the role of social influence (Figure 6.1)
Preliminary results were discussed in a larger group, (MW, MS, CAI, MKZ),
resulting in further refinement of codes and themes. MAXDA software [32] was used
for organization and analysis of data.
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Figure 6.1 Themes placed in the adjusted Physical Activity for people with Disability model.
The figure shows identified from the semistructured interviews (italic font) in relationship to the corresponding constructs of the PAD model. The paler grey
rectangles represent constructs from the ICF model, the darker grey representes constructs originating from the Theory of Planned Behavior.
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Results
A total of 37 interviews were held with fifteen patients, thirteen ICs and nine HCPs.
Thirteen patients were interviewed post-surgery (median 66 days, range: 35–90),
and two before surgery. Twelve patients were interviewed at home and three in the
hospital. Eleven out of thirteen ICs were interviewed at home and two ICs were
interviewed at the hospital. Eight HCPs were interviewed at work and one HCP
was interviewed at home. The education level of participants ranged from primary
school through university. Most patients and ICs were retired from a wide range of
professions, ranging from bicycle repairman to Chief Executive Officer of a company
and family physician (Table 6.1). No patients were referred to or had experience with a
formal exercise program before the CRC surgery. In the following sections, we provide
a narrative summary of the themes that emerged from the interviews. Further detail
is provided in the figure, and tables, with illustrative quotes.
Table 6.1 Sample characteristics
Informal
caregivers

Health care providers
(physiotherapists)

15
4/11
72.7 (4.39)
12/3

13
10/3
68.1 (11.98)

9
5/4
42 (9.96)

6
5
3
36 (13–57)

5
3
5
29 (24–102)

3 BSc
6 MSc

Patients
N
Female/male
Mean age (SD)
Colon/rectal
Level of education
Primary or middle school
High school
College/university
Median interview time minutes, range

46 (36–57)

SD, standard deviation; BSc, Bachelor of Science; MSc, Master of Science.

Barriers of preoperative exercise and physical activity

Barriers to presurgical physical activity or exercise that emerged from the interviews
were both of a personal nature and environmental nature. The most often cited
personal barrier was physical symptoms of cancer or its treatment. All participants
reported fatigue or exhaustion as a reason not to be physically active. Other symptoms
often reported included nausea and peripheral neuropathy. Fecal incontinence was
also reported by one patient and his IC, and by one HCP. Physical limitations due
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to comorbid health conditions, such as joint pain caused by arthrosis, were also
mentioned by all groups of participants.
A theme that emerged clearly as a barrier for preoperative physical activity and
exercise was the impact of the cancer diagnosis. Participants noted both emotional
and practical barriers.
As HCP9 put it: “the feeling of losing grip on things” ………………… “just
sitting on a couch worrying” …………………, “just being busy getting their
personal affairs organized”.

Some patients indicated that they already were sufficiently active, and thus did not
see the need for following a structured exercise program, even if recommended by a
HCP. They considered being able to go about their normal daily activities as proof
of an adequate level of physical fitness.
An important environmental barrier to preoperative exercise mentioned by
all three groups of participants was the many hospital appointments patients have
to attend. This made the scheduling of regular exercise difficult. The limited time
between completion of neoadjuvant treatment and surgery was also mentioned as
a barrier to preoperative exercise. Table 6.2 provides an overview of barriers and
facilitators mentioned, grouped by theme.

Facilitators of preoperative exercise and physical activity

The themes that emerged as facilitators of exercise were understanding its benefits
and having a history of exercising in the past. In addition, both patients and HCPs
mentioned the importance of a physician stimulating a patient to be physically active.
Patient12: “I think that during the briefing before the operation, the doctor should
talk about the importance of physical activity. If he believes that someone is not fit,
he should say so.”
HCP9: “The specialist, I think that he is the one who needs to make it clear to the
patient that it is important to exercise [before the operation].”
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HCP9: “Exercise is discussed, but only on a rational level; explaining that it is
important. But patients have other problems on their mind. They think: I’m busy
trying to survive, and here you are telling me I should exercise?!”
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P12: “I think that at the briefing before the operation the doctor should have spoken about the
importance of exercising. If he thinks that someone isn't fit, he should tell them.”
HCP9: “the specialist, I think that he is first in line to make the importance [of exercising
preoperatively] clear.”

P11: “I got 35 radiation sessions. Then two to three month have passed; that is a lot. And then other
treatments, chemotherapy, you feel like you are in a giant merry-go-round, and you just hope that you
will get better…”
HCP6: “Sometimes people say: ‘I have so many things to do, to organize… there is so much happening’.
They do not get to exercising. … they have to go to the hospital often for all kind of checkups, so much
time is lost… and life at home goes on.”

P5: “Everyone knows that if you have to have an operation, your physical condition has to be good… I
have been under the knife a couple of times so I know how important good fitness is; the fitter you are the
sooner you get out of the narcosis”.

P15: “I have been invited to exercise in the hospital [for therapy] but I didn’t go, because when I walk
around and do things, why should I do more?”
P12: “I think my physical condition is fine, for what I do, I think it is fine, but maybe the doctor thinks
differently.”

P5: “You lose your grip on things, are sitting on the couch and worrying; then you don’t say: stop
worrying put on your shoes, go for a walk… but you really should.”
HCP9: “Exercise, you can talk about it, but many a patient thinks” “I have been busy surviving. Why
should I exercise?"

P7: “Yes I am tired… it is a kind of inexplicable fatigue… but you try to continue. … You can
understand, that if you feel tired that you think… I am going to do less.”
IC5: “fter chemo she was not able to do anything anymore. She was exhausted.”

Selected exemplary quotes

P, patient; IC, informal caregiver; HCP, health care provider.

Empowerment by
physician

Understanding
the benefits of
preoperative exercise

Facilitator

Social
influence

I do enough

Intention

To many hospital
appointments

Impact of diagnosis

Barrier

Barrier

Fatigue/exhaustion
adter chemo

Health
condition

Personal
factors

Environmental
factors

Subthemes

Themes

Table 6.2 Selected illustrative quotes barriers and facilitating factors for preoperative physical activity or exercise
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Patients who had previously experienced benefits of a physical exercise program they
had attended because of a health condition, e.g. after a joint replacement or cardiac
surgery, said this experience made it easier to start exercising at a moment when the
physical condition is poor. Patients who were habitually active indicated they simply
continued their daily routine after diagnosis of CRC.
All groups mentioned the importance of social support. Patients and ICs, in
particular, emphasized how important it is to receive/give practical and emotional
support in relation to exercising. HCPs considered support of fellow patients
important, but most patients and ICs did not share this view. Instead, they considered
the experiences with fellow patients irrelevant to their own situation (Patient12), or
even a barrier to participating in an exercise program (Patient13).
HCP8: “Exercising in a group motivates. Let new patients exercise with other
patients who are further along and have more experience exercising. They
[experienced patients] can then tell them, Yes, you will get muscle aches, but they
will subside too … So yes, if you have open groups, where people get to know each
other, then you are halfway there.”

At the same time, it was acknowledged that exercising in groups might stimulate
adherence to the program (Patients, ICs).
Patient10: “People say that they want to exercise individually because they do not
like to exercise. They hope to get a leaflet with exercises that gives them the feeling
that it helps. I wonder – if patients would only get a leaflet at home – will they do it?”

Preferences

All groups stressed the importance of tailoring exercise to personal needs, possibilities
and preferences (Table 6.3). In general, this implied that exercise programs should not
be “too demanding” (Patients, ICs), and should be possible to do at home (Patients,
ICs), or near home (Patients, ICs, HCPs). Despite their acknowledgement that group
exercising may improve adherence, eight of the fifteen patients preferred to exercise
individually, at home. They felt they knew best what was good for them, and wanted
to determine for themselves how best to exercise, rather than follow instructions.
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Patient13: “When I am exercising in a group, … I don’t necessarily want to talk
about it [having cancer] with others in the group. That would be a barrier for me
to participate.”
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No clear preferences on
time of day

Other

Provide information on film
or orally

Nice music

Advice from doctor
Individually under direct
guidance of an expert
In a group with other patients
Reassurance

On his own accord

Not too demanding
Adjusted to his/her physical
abilities

Informal caregivers

Incorporated in usual
care

At the physiotherapist
In regular sporting
facilities

Advice from doctor
In a (small) group with
other patients

On their own accord
Adjusted to preferences

Adjusted to his/her
physical abilities
Functionally integrated
in daily living

Health care providers

ICG12: “If at all possible, I would say: exercise
in a group. Home based exercise is bound to
adulterate.”

P10: “I am someone who prefers exercising by
myself at home, not in a group. I am not a group
person on the whole.”
P14: “I do not see any advantages of
[exercising] in a group. The advantage is
for the therapist, because he can see multiple
patients at once.”

P5: “ I want to continue playing golf… walk in
the meadow… that is magnificent.”
D6: “My husband doesn’t want to train with a
physiotherapist, actually. He prefers to do his
own thing.”

IC11: “Exercising without it being too
exhausting, once weekly.”

PAD model, Physical Activity for people with Disability model; P, patient; IC, informal caregiver; HCP, health care provider.

Near a toilet
Not in a gym
Nearby

Advice from doctor
Individually
In a group
With my sporting mates

On my own accord
Adjusted to my preferences
Has to be fun

Not too demanding
Adjusted to my physical
abilities

Physical
environment

Environmental
Social
environment

Content of
thought

Personal
Physical

Patients

Table 6.3 Preferences for preoperative physical activity or exercise grouped by theme according to the PAD model
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The patients who preferred to exercise in a group all had previous experience in
group training.
Most ICs (9/13) also preferred their loved one to exercise individually and at
home but, in contrast to the patients, they believed exercise should be done under
the guidance of a professional. This could be direct supervision, guidance via written
materials (e.g., instructions, exercise examples) or by phone.
Preferences for location were diverse; one third of participants (Patients, ICs,
HCPs) reported that they found exercising in fitness facilities boring. Walking,
cycling, playing golf, dancing and working in the garden were suggested as alternatives
(Patients, ICs). Some HCPs cited that exercise should be integrated in activities of
daily living, i.e. doing housework, joining an exercise program on television in the
morning, and walking to the shops.

An important additional theme that emerged was the information given preoperatively.
Half of the patients reported that they had not been informed about the importance of
having a good physical condition before the surgery, or the importance of maintaining
or increasing physical activity. Interestingly, some of the ICs of these patients indicated
that they (and the patient) had been informed about these issues by either by their
doctor, a nursing specialist or a physiotherapist. Misunderstandings between HCPs
and patients were reported as well. For example, the meaning of ‘being in good
physical condition’:
Patient10: “Doctors do tell you: ‘take care to be fit, eat healthy and make sure that
you have a good physical condition’ … I said ‘I don’t feel that I’m in good physical
condition’ and then he (the doctor) looked at my blood count and said: ‘You are in
good physical condition’.”
Another example was the story of a patient who told the interviewer that the hospitalbased physiotherapist had referred him to a physiotherapist near his home. For
practical reasons, he never went there, but he remarked that this was perfectly fine
because if his physical condition would have been a real problem, the physiotherapist
from the hospital would have given him exercises to do.
With regard to how information on exercise should be given, some participants
said it should be primarily in writing, because they could not remember verbal
instructions. Other participants (patients, ICs) mentioned that written information
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could be overwhelming, because there was so much to read, or because the information
itself would upset the patient. HCPs mentioned that information was often not read
and, if it was read, it was not always understood.
Patient4: “You get flooded, you can’t organize it, can’t prioritize, that is difficult,
because you enter a terrain you know nothing about.”
IC10: “Then they give you leaflets about the operation … I think that’s great, but I
don’t read them … everything they are going to do is in there. I do not want to know.”

Discussion
The aim of this study was to gain insight into the barriers, facilitators, and preferences
for preoperative exercise for older people who are treated for CRC as perceived by
patients, their ICs, and HCPs. Overall, (committing to) exercising in the preoperative
stage appears to be a challenging task, even for participants who generally have a
positive attitude towards exercise. People feel insecure about the diagnosis and what
is to come. They feel like they are in a “merry-go-round” with many appointments at
the hospital that are planned for them, and they seem to lose their own direction. It
takes time to adjust to such a situation, and it likely takes even more time to appreciate
the importance of and actually pursue exercise during this critical period. Yet, the
time available between diagnosis and surgery is typically quite short, reflecting the
pressure to minimize waiting time as an indicator of quality of care. Patients are also
typically anxious to undergo surgery as soon as possible, and any delays may be viewed
as potentially negatively influencing their prognosis. However, a recent review of the
association between treatment delay and overall survival in CRC actually found that,
at least for colon cancer, a longer delay was related to better survival [33]. If longer
waiting time does not lead to worse treatment outcomes, we may need to reconsider
the waiting time quality indicator for colon cancer, if we believe that optimizing the
preoperative mental and physical condition of older patients is likely to improve
treatment outcome.
Patients need to be informed about the importance of improving their physical
condition before surgery, preferably by a physician. However, it appears that advice
on exercise is often not given, not heard, or not understood. In previous studies,
professionals reported time constraints and concerns about their own lack of expertise
in promoting exercise as reasons for not discussing exercise with their patients [34].
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If the goal is to stimulate exercise of CRC patients as part of preparation for surgery,
priority should be given to facilitating physicians’ involvement in informing patients
about the value of physical activity and the need to exercise. A recent study among
pre-frail and frail community-dwelling older people also reported on the lack of
information provision with regard to (the importance of) exercise as a barrier.
Comparable to the participants in our study, respondents in that study also preferred
to receive such information from a physician [35].
Additionally, more research is needed on how we can convey information on
exercise effectively to older adults with CRC. Verbal information is often forgotten, and
written information often remains unread. Audiovisual presentation of information,
e.g. instructional films or computer applications, could be alternatives, but need to
be developed and tested.
Once patients are ready to start exercising, exercise programs need to be adjusted
to their individual needs and capabilities. In this study, patients expressed contradictory views with regard to supervision. On the one hand they preferred home-based,
self-directed exercise, as they did not want to be confronted with other patients and
feared that structured exercise programs would be overly demanding. On the other
hand, they acknowledged the need for supervision to stimulate adherence. Therefore,
more research is needed to study the uptake of and adherence to home based exercise
programs, and to establish the feasibility of achieving exercise intensities that are
sufficiently high and progressive to improve the physical capacity of patients.
Several limitations to our study should be noted. First, recruiting frail older adults
was difficult, and even though we screened for frailty indicators, most participants were
relatively physically active. However, the views of more fit patients and their ICs did not
differ from their more frail counterparts. Second, we intended to continue inclusion
of new participants as long as interviews provided new information. Saturation was
achieved in the patient and ICs population after respectively 13 and 11 interviews.
However, we were able to identify only relatively few health care professionals with
experience in treating patients with CRC in the preoperative phase, and most of
these professionals typically had experience with such training in a research context
only. Despite these limitations, our study is the first to explore in depth the views on
preoperative physical exercise of older patients with CRC, their ICs and HCPs. By
doing so, our study provides some clues that may help change practice to improve
uptake of preoperative exercise in this population. This includes devising better ways
of providing information and engaging patients and their ICs, reconsidering the
121

chapter 6

Views about preoperative physical exercise

Chapter 6

timeframe of surgery for older adults with colon cancer, and developing and testing
home-based interventions that better accommodate patients’ needs and preferences.
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Preamble

The incidence of cancer is increasing due to an aging population and lifestyle behaviors
such as smoking, poor diet and physical inactivity. At the same time, survival rates
have increased among patients diagnosed with cancer due to early diagnosis and
better treatment, especially in the Western world [1]. Consequently, the 20-year
cancer prevalence rate (181,000 in the Netherlands for 2018) has seen a dramatic
increase over the last decades [2] . As more people are living with and beyond
cancer, there is also an increasing demand for supportive cancer care to manage acute
and late symptoms and side-effects of the disease and its treatment. Of these side
effects, cancer-related fatigue (CRF) is reported to be the most distressing symptom
experienced by patients and survivors of cancer [3]. The aim of this research was to
investigate different aspects of CRF: the way it is assessed, the associations it has with
other symptoms, its prognostic value for postoperative recovery, and how exercise can
be used as a possible intervention to prevent or limit CRF during medical treatment
for cancer.
In 1998, the Fatigue Coalition [4] suggested four criteria to enable a proper diagnosis of cancer-related fatigue: 1) two weeks of significant fatigue in the past month;
2) the presence of at least 5 symptoms from a list of 10 different symptoms that are
associated with fatigue; 3) the fatigue should be a consequence of cancer or cancer
therapy; and 4) the fatigue is not a consequence of psychiatric comorbidity. Although
these criteria make the diagnosis of CRF clearer, adoption in both clinical practice
and the literature has been limited [5]. In 2010, the National Comprehensive Cancer
Network proposed the following definition in their guideline Cancer-related Fatigue
[6]: “a distressing persistent, subjective sense of physical, emotional and/or cognitive
tiredness or exhaustion related to cancer or cancer treatment that is not proportional
to recent activity and interferes with usual functioning”. This definition is currently
widely accepted, and it is this definition that we have used throughout this thesis.

Psychometric properties and user-friendliness of self-report
questionnaires on cancer-related fatigue

In our review on the methodological quality and user-friendliness of self-report
questionnaires on cancer-related fatigue, we concluded that the questionnaires with
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Translation studies
All translated questionnaires were developed using forward and backward translation
techniques. Some were also culturally adapted with the help of language experts,
health professionals and/or patients (e.g. patients with breast cancer, or patients
undergoing chemotherapy for advanced prostate cancer). Clinimetric qualities and
user-friendliness of the translated questionnaires are not reported in this discussion.
Not all authors of translated questionnaires test the questionnaires for these properties making it impossible to score. One should realize that the clinimetric qualities
and user-friendliness of translated questionnaires can differ in comparison to the
original questionnaire. A complete overview of questionnaires translated since year
2010 is presented in Table 7.1. Of the one-dimensional questionnaires, the Brief
Fatigue Inventory (BFI) was translated in Filipino, Italian, Indonesian, and Amharic
(Ethiopian) [7–10]. None of the translated versions of the BFI were culturally
adapted. These translations were assessed in a diverse population in cancer patients.
Internal consistency was evaluated in all studies, concurrent validity in three studies
[8–10], and divergent validity in three studies [8–10]. None of the studies reported
on responsiveness or sensitivity to change. All questionnaires confirmed the
unidimensionality (one-factor solution) of the original BFI.
Of the multi-dimensional questionnaires, the FACIT-F was translated and culturally adapted to Spanish and Persian [11, 12]. The Spanish translation was tested
on a sample of Uruguayan patients in their first cycle of chemotherapy. The Persian
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the best overall psychometric properties and user-friendliness are the one-dimensional
FACIT-F (Functional Assessment of Chronic Illness Therapy-Fatigue 13-item Fatigue
Scale) and the multidimensional FSI (Fatigue Symptom Inventory). Here we would
stress, however, that choosing a questionnaire to assess CRF should be done with
a clear view on the aims of the assessment. Assessment of fatigue can be done for
diagnostic, prognostic or evaluative reasons, and not all available questionnaires are
equally suitable for all purposes. The FACIT-F and FSI are appropriate for diagnostic
and evaluative purposes.
Since the publication of our review, the results of many new studies have been
published on self-reported CRF-questionnaires. These studies can be fall into three
categories: 1) existing questionnaires translated in different languages; 2) existing
questionnaires being tested for reliability and validity in different populations; and
3) development and evaluation of new questionnaires.
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Language and
questionnaire
Filipino BFI
Italian BFI
Indonesian BFI
Amharic BFI

Study

One-dimensional questionnaires
Mendoza [7]

Catania [8]

Paramita [9]

Gebremariam [10]

Table 7.1 Translation studies

N=202 patients with diverse cancer types

N=121 patients with diverse cancer types

N=206 patients with diverse cancer types
N=170 community dwelling adults
N=341 patients with diverse cancer types

Population

IC, CO, Int, AB, RB

IC, CO, Int, Fl+C, AB, RB

IC, CO, Int, FL+C, RB

IC, CO, Int, FL+C, AB

Clinimetric properties assessed

Chapter 7

Iranian FACIT-F
Greek CFS
Turkish CFS
Brazilian CFS
Chinese MFI-20
Columbian MFI-20
Polish MFI-20
Hindi MFI-20
Korean MFI-20

Italian r-PFS
Spanish r-PFS
Swedish r-PFS

Meysami [12]
Charlambous [13]

Sahin [14]
Guarda Korelo [15]
Tian [33]

Hinz [17]
Buss [18]
Chandel [19]
Song [20]

Giancalone [21]

Cantarero-Villaneuva [24]
Lundgren-Nilsson
Jackobsson [22, 23]

N=79 patients admitted during chemotherapy
diverse cancer types
N=208 patients with breast cancer
N=148 patients with advanced prostate cancer
undergoing chemotherapy
N=80 pts with breast cancer
N=151 patients with breast cancer
N=385 patients with diverse types of cancer
undergoing chemotherapy
N=1,500 inhabitants from 8 mean cities in Columbia
N=340 patients with diverse cancer types
N=200 patients with diverse cancer types
N=595 patients visiting the out-patient department
of family medicine
Control group: pts individuals without fatigue
symptoms who got a routine health examination.
N=115 patients with diverse types of cancer
admitted in a hospital for medical treatment
N=111 patients with breast cancer
N=196 patients undergoing curative RT

CV, IC, CO, Repr, RB
IC, CO, Repr, B

CV, IC, CO, Repr, RB

IC, CO, Int, Fl+Cl
IC, CO, Repr, RB
IC, CO, RB
IC, CO, Int, FL+C, RB

CV, IC, CO, Repr, Fl+C, RB
CV, IC, CO, Repr, RB
IC, CO

CV, IC, CO, Int, Repr, Fl+C, RB
CV, IC, CO, Repr, RB

CV, IC, CO, Int, RB
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BFI, Brief Fatigue Inventory; FACIT-F, Fatigue subscale of Functional Assessment of Cancer Therapy; CFS, Cancer Fatigue Scale; r-PFS, revised Piper
Fatigue Scale; RT, radiation therapy; CV, content validity; IC, internal consistency; Co, construct validity; Int, interpretability; Repr, reproducibility; Res,
responsiveness;, Fl+C, floor and ceiling effects; AB, assessors burden; RB, respondent burden.

Spanish FACIT-F

Multi-dimensional questionnaires
Dapueto [11]
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translation was presented in a sample of breast cancer patients attending the Iranian
Center of Breast Cancer.
The Cancer Fatigue Scale (CFS) was translated in Greek, Turkish and Brazilian.
The Greek CFS was validated in a population of advanced prostate cancer patients.
The Turkish and Brazilian translations were evaluated in a sample of breast cancer
patients [13–15]. Only the Brazilian questionnaire was culturally adapted [15]. After
the back translation of two bilingual translators a committee of experts studied the
original items, the translated and back-translated versions. The committee developed
the prefinal version based on semantic, idiomatic, experimental and conceptual
equivalence between the versions. This prefinal version was presented to 33 patients
with breast cancer based on their comments a final version was established.
The Multidimensional Fatigue Inventory (MFI-20) was translated into Chinese,
Columbian, Polish, Hindi and Korean [16–20]. The Chinese translation was translated
in Chinese by two Chinese English teachers and two other Chines English teachers
performed the back-translation. Researchers and translators discussed differences and
a final Chinese version was generated. This Chinese version was then presented to a
diverse sample of 385 patients with diverse cancer types. In contrast to the original
MFI, which assesses CRF in five dimensions (general fatigue, physical fatigue, reduced
activity, mental fatigue and reduced motivation), the Chinese version distinguishes
only three dimensions of fatigue, one of which is not present in the original MFI:
physical fatigue, mental fatigue and spiritual fatigue. The Colombian version of the
MFI-20 was tested in a large sample of 1,500 people that can be assumed to be roughly
representative of the Colombian population. The mean values of the scales were slightly
higher than those form the original European sample. The Polish version of the MFI-20
was tested on sample of 340 patients with diverse cancer types, most common lung
cancer and breast cancer. The term for fatigue in Polish was not always preferred by
the patients. Some patients preferred to use the Polish term for weakness. However,
researchers thought the term fatigue describes patients’ experience best and the term
is used in medical literature. Based on tests of construct validity the Polish version
of the MFI-20 only revealed three subscales; General fatigue, Physical fatigue and
Reduced activity were all contained in one subscale (Physical Fatigue). The mental
fatigue and the reduced motivation subscales remained similar to the original MFI20. The Hindi version of the MFI-20 was translated (n=2) and back-translated (n=2)
by four bilingual university teachers. Difference with the original English version
were discussed. A sample of 200 (n=100 women, n=100 men) cancer patients tested
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the translated questionnaire. Women were diagnosed with cervical cancer or breast
cancer. Men were all diagnosed with a cancer in the head and neck region. The original
five dimensions of the questionnaire were recognized in the translated version. The
Korean version of the MFI-20 was discussed with four specialist after being translated
and back-translated to complete the final version of the MFI-K. The final version
was reviewed and approved by dr. Smets, who developed the original MFI-20. This
version was tested with a sample of 595 patients who visited the outpatients clinic of
four university hospitals. MFI-K has only four subscales because it was difficult to
distinguish between general fatigue from physical fatigue.
Finally, Italian, Spanish and Swedish-language versions were made available of the
revised Piper Fatigue Scale (r-PFS) [21–24]. The original questionnaire contained 22
items in four subscales: Behavioral/Severity, Affective meaning, Sensory and cognitive/Mood. The Italian translation of the r-PFS, after translation and back-translation,
was judged by translators and study coordinators for conceptual equivalence with
the original English questionnaire. The translated questionnaire was then tested in
a population of 115 patients diagnosed with cancer and admitted to a medical ward.
Tests on construct validity identified three factors. The first factor combined items of
the original Behavioral/severity and Affective meaning dimensions. The second factor
combined items that originally were found in the sensory and mood dimensions. The
third factor contained items that originally were in the cognitive dimension of fatigue.
The structure of the translated Spanish version of the r-PFS remained similar to
the four factor solution of the original questionnaire. It was tested among hundred
and eleven patients with an early stage of breast cancer. The Swedish translation
of r-PFS was culturally adapted in 2007 but was reevaluated in interviews with 29
patients diagnosed with cancer. The authors of the paper do not state the necessity
of this reevaluation, but some changes were made to earlier item translations based
on these interviews. The translation was tested in a sample of patients undergoing
curative radiation therapy for diverse cancer types. Results were fitted to the Rash
measurement model, based on the Item Response theory (IRT) [25]. The translation
showed a five subscale solution (the original domains of the r-PFS but with cognition
and mood separate). Investigation of differential item functioning (DIF) did not
detect any dissimilarity in item response in groups based on age, sex or diagnosis.
It is important to note that in the process of cultural adaption of questionnaires,
sometimes the original structure of the questionnaire may change. For example, the
number of dimensions can change, or items can be added or eliminated. These changes
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are seldom communicated with the developer of the original fatigue assessment scale.
Changes in the original structure of a questionnaire make comparison among samples
with other cultural backgrounds difficult. This could hinder scientific research.
However, the most important purpose of assessing CRF is to be able to monitor
symptom burden and to test the effectiveness of interventions that treat fatigue. For
example, the Chinese MFI-20 assesses spiritual fatigue, a domain of fatigue that in
Western Europeans is not present. Testing the Chinese with a non-culturally adapted
translated version of the original MFI-20 would leave them with a dimension of fatigue
that could not be addressed.
Updated questionnaires
Some older questionnaires were updated. To enable comparisons between the older
questionnaires examined in chapter 2 and the updated questionnaires, we assessed the
quality of the new questionnaires using the same criteria list [26]. This criteria list is
based on the quality criteria proposed by Terwee et al. [27] and the user-friendliness
criteria proposed by Auger et al. [28].
The sum score, with a maximum of 18 points is used as an indicator of quality:
0–4.4 points is considered poor, 4.5–8.9 moderate, 9.0–13.4 satisfactory, and scores of
13.5–18.0 are considered excellent. In Table 7.1 Criteria the updated questionnaires
could be assessed on are presented.
The Piper Fatigue Short form was shortened to a 15 item ‘QuickPiper’ [29].
This shorter version has a satisfactory quality (scoring 10.5 points). In another study,
an even shorter version of the Piper Fatigue scale, the 12-item scale ‘Piper Fatigue
Scale-12’ [30], was developed and was also of satisfactory quality (12.5).
The MFI-20 was redesigned, eliminating the 10 items that were reversed
scored (MFI-10) [31]. The new version has to be further tested for interpretability,
reproducibility, responsiveness, and floor and ceiling effects. Also, assessors’ burden
is not clearly stated. The quality of the questionnaire based on the available data from
the publication is moderate (7 points).
Another version of the BFI was created, the Modified Brief Fatigue Inventory
(MBFI), by changing the 10-point scale to a 0–7 numeric scale and by expanding
the 24 hours of symptom assessment to 7 days, the authors believe that this modified
questionnaire is less complex to score. Also, they believe that an assessment period of
a week improves the sensitivity for relevant exacerbation of fatigue, without the risk
of recall bias. The authors propose that the modified questionnaire is better suited
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New questionnaires
Five completely new questionnaires have been developed since our original review:
The Four-Item Fatigue Scale (FIFS) [34] was developed because the authors
believed that existing questionnaires could be too burdensome for fatigued patients.
It was tested in a convenience sample of 75 patients with advanced cancer. Overall,
the questionnaire scored moderate on our quality criteria; it was not tested for
reproducibility or responsiveness, and floor and ceiling effects were not reported.
The Hirai Cancer Fatigue Scale (HCFS) [35] was developed because the two
existing multidimensional questionnaires for CRF assessment in Japanese (r-PFS,
CFS) are not user-friendly, according to the authors. The questionnaire was tested
in a diverse sample of patients with various types of cancer who were receiving
chemotherapy and/or radiotherapy and/or hormone therapy. The HCFS has 15
items in three domains: physical sensation, mental sensation and cognitive sensation.
The questionnaire scored as satisfactory (13 points) in our assessment, but further
analysis of responsiveness and validation among different groups of patients is needed.
The EORTC FA 12 was developed by the European Organization for Research
and Treatment of Cancer - Quality of Life group (QLG), in a multinational approach to
fatigue assessment in patients with cancer [36]. The EORTC FA 12 shows satisfactory
quality, with a score of 10 points. Based on the current publication the EORTC FA
12 could not be assessed on responsiveness to change and user-friendliness, as these
were not addressed in the currently published study.
The authors of the Research Assessment and Clinical Tool-Fatigue (ReACT-F)
[37] developed a brief multidimensional questionnaire with five items. These items
were chosen based on the 95 fatigue items that comprise the Patient-Reported
Outcomes Measurement Information System (PROMIS) fatigue item bank. Because
the items in the PROMIS item bank were not selected especially for patients with cancer,
the authors of the ReACT-F developed the short form to specifically address fatigue
content areas that have relevance to cancer patients. The ReACT-F questionnaire has
not been tested yet on its psychometric properties but seems to be user-friendly since
the assessors’ burden is reasonable and respondents’ burden is good.
The EORTC QLG also developed an item response theory (IRT) based
questionnaire, which is available as a computer adaptive test – the EORTC CAT
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to patients with head and neck cancer [32]. According to our criteria, the quality of
the MBFI is satisfactory (10.5).

Chapter 7

Fatigue assessment [38]. It is to be used in addition to the quality of life core
questionnaire (EORTC QLQ-C30) [39]. The item bank contains 34 items, which
were selected based on a literature search and evaluation by experts and patients,
and after testing in a sample of Danish, Dutch, English, French, German and Spanish
patients with cancer [40].
To summarize, research on measures designed to assess CRF is thriving. Many
questionnaires have been translated or updated. Most updated questionnaires show
better quality than the original questionnaires. Some new questionnaires have been
developed. Although, compared to ten years ago, questionnaires are currently being
tested in more diverse patient groups, many questionnaires have still been tested only
or primarily in patients with breast cancer.
An interesting advancement is the development of questionnaires based on
item response theory such as the computer-adaptive versions. With the need to
routinely monitor CRF, the risk of losing the commitment of patients to complete
long questionnaires increases. The use of electronic questionnaires that expose
respondents to a limited number of questions, adjusted to their individual level
of symptoms, supports patients in their commitment [41]. As CAT assessment
limits the time and effort needed to assess a symptom, it provides an opportunity to
reliably assess multiple symptom (e.g. fatigue, depression), without unduly increasing
patients burden. Using CAT-systems, assessor’s burden is also decreased because of
the ease of administration and scoring, and the enhanced clinical interpretability
[42]. Additionally, IRT-based questionnaires provide a person- free and sample-free
measurement; the test score is conditional only on the individual trait-level, and
therefore tests do not need to be validated in each new population. Although, if the set
questions in the CAT were based on research with a completely different population
(e.g. healthy people compared to cancer patients) the set would not suffice. The
clinimetric quality of IRT-based questionnaires is at least similar to that of classical
test theory-based questionnaires, and often better; IRT based questionnaires have
higher reliability, and are therefore more responsive than traditional instruments
developed on the basis of classical test theory. This might also result in decrease of
costs in research, because of the smaller sample size required to detect a clinically
relevant change or difference in fatigue [43].
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The effect of physical exercise on cancer-related fatigue dur-

In the past decades, many intervention studies have evaluated the effect of different
types of interventions on CRF. An important meta-analyses that studied the effect
of different interventions on CRF was published in 2017 [44]. It comprises 113
unique randomized clinical trials including 11,525 adults with cancer during and
after therapy. Interventions studied included pharmaceutical interventions, exercise
studies (aerobic, resistance, non-aerobic or combined), psychological interventions
(cognitive behavioral therapy, psychoeducational interventions, psychotherapy)
and combination of interventions. This review showed that, although the effect size
of exercise is modest, of all treatment modalities, exercise was the most effective in
treating CRF for patients receiving primary treatment, and was significantly more
effective than any pharmaceutical intervention.
In our study of the effect of exercise on CRF in patients receiving primary
treatment in 2010 [45], we found that, during breast cancer treatment, home-based
exercise leads to a small, non-significant reduction in CRF, whereas supervised
aerobic exercise showed a medium, significant reduction in CRF compared to no
exercise [46–51]. Among patients who were treated for prostate cancer, home-based
and supervised aerobic and resistance exercise programs did not show a reduction
of CRF compared to no exercise [52–55]. We found only one study about multiple
myeloma and one study about acute myelogenous leukemia [56, 57].
Since then, the results of many new studies have been published on the effects
of exercise on CRF during the medical treatment of cancer. This included 11 new
systematic reviews and meta-analyses [44, 58–67]. Most reviews included RCT’s,
which studied a diverse population of patients with respect to type of cancer and
phase of treatment. The aggregated results in these reviews are still mainly based on
the RCT’s in patients with breast cancer but, compared to 2009, the evidence for
patients with other types of cancer is growing. This includes evidence for prostate
cancer, hematological cancer, head and neck cancer, colon cancer and ovarian
cancer. The effectiveness of exercise as an intervention for CRF does not appear
to be moderated by age, sex, exercise mode or cancer type (breast versus others)
[44]. Associations have been observed between reduction in CRF cancer stage (no
metastatic, metastatic or combined, greatest reduction in the no metastatic group),
phase of treatment (during/after treatment, greatest reduction after treatment), group
or individual (reductions were greatest in the group-based intervention) and fatigue
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scale used. The greatest reductions in fatigue were reported if fatigue was assessed
by the Revised-Piper Fatigue Scale [44].
Interestingly, based on RCT’s that studied the effect of exercise on CRF using
multidimensional fatigue assessment tools, it seems that exercise has an effect on
general and physical fatigue, but not on cognitive fatigue or affective/emotional
fatigue [68–71]. This finding is in contrast with research studied in 2009 that state that
exercise reduces anxiety and fear and improves mood state [72]. If indeed different
dimensions of fatigue respond differently to treatment, more research on the effect
of interventions aimed specifically at different dimensions of fatigue is needed.
Thus, our conclusion about the positive effect of exercise on CRF, as reported in
chapter 3, remains intact; exercise has a small to medium effect on CRF during the
medical treatment of cancer, compared to no exercise. Based on the current evidence,
resistance training (mainly in patients with prostate cancer), aerobic training, and
combinations of these two modalities, are all beneficial. In contrast to our earlier
findings, recent reviews report that the effect of exercise on CRF is independent of the
level of supervision [61–63]. However, in two of the three reviews, this observation
was based, in part, on studies with non-RCT designs, reducing the strength of the
evidence. The Dutch guideline Cancer Rehabilitation, which was published in 2017,
still recommends that patients exercise under supervision to achieve a maximum effect
on CRF. Additionally, considering that supervision of exercise does have an added
benefit over home-based exercise for improving physical fitness and quality of life [73],
we recommend that patients should exercise under supervision whenever possible.
To date, there is still insufficient data to give a strong recommendation on the
optimal exercise duration and intensity to reduce fatigue. In general, it seems that
effects on CRF are greater when the duration of the exercise training is at least 12
weeks and the training has at least a medium intensity. More research, using head-tohead comparisons, is needed to obtain precise recommendations for FITT factors
(frequency, intensity, type, timing) that optimize exercise prescriptions for reduction
of CRF. The small to medium effect of exercise on CRF, and the fact that exercise does
not appear to effect all dimensions of fatigue equally well, underscore the importance
of recognizing the multidimensional character of the symptom. Exercise seems
to target especially the general fatigue and physical fatigue dimensions. Cognitive
behavioral therapy, an intervention that has also been proven to have positive effects
on CRF, gives mixed results when combined with exercise [44]. Possibly, it targets
different dimensions of CRF.
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In its multidimensionality, CRF shows associations with other symptoms, such as
depression, anxiety and insomnia. When multiple symptoms are related to each
other, symptom clusters may occur [74]. A symptom cluster is defined as two or
more concurrent and interrelated symptoms that occur together with a high degree
of predictability [75]. Symptoms seem to cluster differently depending on the
cancer type, cancer treatment and cancer stage [76–78]. However, the comparison
of results across studies is hindered by the differences in statistical analysis used;
studies comparing different approaches to cluster analysis (i.e. principal component
analysis, factor analysis, etc.) showed that different symptom clusters can emerge
in the same data, dependent on the statistical technique used to obtain the cluster
solution [79, 80].
In chapter 4, we aimed to identify and compare symptom clusters that include
CRF between younger (≤65 years) and older (>65 years) colorectal cancer (CRC)
survivors. We hypothesized that, compared to younger survivors, CRF would be less
frequently reported by older survivors, and also cluster with different symptoms. We
found no difference in intensity of fatigue experienced between the groups. Older
patients were significantly more likely to report depression and dyspnea, but only
the difference in dyspnea was clinically relevant. The difference in dyspnea could
not be explained by age-related differences in the prevalence of lung disease as a
comorbid condition. In both age groups, we obtained a three-component solution,
consisting of two clusters and a single symptom (dyspnea), which explained 80% of
the variance in the younger age group and 78% in the older age group. The first cluster
was predominantly psychosocial and included CRF, anxiety and depression (with
a cross loading of insomnia in the younger group). The second cluster contained
physical symptoms (pain and insomnia), but did not include CRF.
Our results suggest that, in patients with colorectal cancer, CRF symptom clusters
are independent of age. Therefore, we recommend to assess the presence of depression
and anxiety in all survivors of CRC who report high levels of fatigue, and refer them
to psychosocial care for further diagnosis and treatment, where appropriate.
The literature on this subject is scarce, but our results diverge from those
reported in earlier research. Two studies that investigated the difference in symptom
clustering between older and younger patients showed differences in symptom
clusters dependent on age [81, 82]. However, these studies were performed in groups
of patients with many different types of cancer. As symptom clusters may differ
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depending on cancer type and treatment [83], and the prevalence of cancer types
differs between age groups, this may explain the observed differences in symptom
clusters as described in these studies.
In summary, a definitive conclusion cannot yet be drawn on the effect of age
on the clustering of symptoms around CRF. However, the clustering of anxiety and
depression in both age groups within our study, (and insomnia in the younger group)
should stimulate health care providers to assess anxiety and depression (and insomnia
in the younger group) in individuals with colorectal cancer who experience fatigue.
Depending on the outcomes of these assessment, an individualized treatment plan
should be made. If, in the assessment of fatigue, general and/or physical fatigue are
predominantly present, exercise could be a good intervention, possibly in combination
with psychosocial interventions. If, on the other hand, cognitive fatigue or emotional/
affective fatigue are predominantly present, with or without anxiety or depression, a
different treatment plan should be considered. There is evidence that psychosocial
interventions such as cognitive behavioral therapy, are effective for the treatment
of this kind of fatigue, as well as the accompanying anxiety and/or depression [84,
85]. In short, treating individuals with severe multidimensional fatigue calls for a
multidimensional treatment approach, and involvement of more health care providers
with different backgrounds and expertise. Future research should focus on studying
the added benefit of treatments targeted at CRF-related symptom clusters as compared
to treatment of CRF only.

The association between preoperative fatigue with complications
and length of hospital stay in patients undergoing colorectal
surgery

Another aspect of CRF that we studied is its possible association with postoperative
complications and length of hospital stay in older adults who were surgically treated
for colorectal cancer. Currently, elderly patients with colorectal cancer are advised
to undergo an elaborate screening to identify those with a compromised functional
reserve capacity. This so-called comprehensive geriatric assessment (CGA) is not
always performed, due to logistical constraints and costs. Fatigue is easily assessed
and, if present, can reflect underlying poor physical fitness. If preoperative fatigue is
associated with postoperative complications and/ or length of hospital stay, it could
be used to help identify older adults who could profit from further examination
with a CGA. As functioning in instrumental activities of daily living (iADL) has also
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been suggested as a risk factor for poor functional recovery [86–88], we conducted
a prospective study to determine whether physical fatigue, reduced activity and/
or iADL are associated with postoperative complications and prolonged length of
hospital stay (LOS). We found that physical fatigue, reduced activity and iADL
were not associated significantly with complication risk. Higher levels of fatigue
were associated with increased LOS in univariable analyses, but after adjustment
for nutritional status and neoadjuvant treatment, this association was no longer
significant. We therefore conclude that, although fatigue is a predictor for increased
LOS, assessment of fatigue has no additional value for identifying elderly at risk for
complications or increased LOS, considering that nutritional assessment is already
routinely performed and the status of neo-adjuvant therapy is known.
The body of research on measurement instruments to preselect patients who
could benefit from CGA is growing rapidly. Frailty screening methods have been
the most researched methods for pre-CGA screening [87]. However, to date, these
measures exhibit poor specificity and negative predictive value. In addition, frailty
is a difficult construct to be used as a screening tool, as it is a clinical syndrome with
different components. More importantly, there is currently no consensus on the
criteria used to define frailty. Future research is needed to study other variables that
could be used in pre-CGA screening tools. We recommend that such a tool should at
least include nutritional status, preferably combined with an assessment of physical
capacity. Until such a tool is developed, all older patients who are scheduled for
colorectal cancer surgery should preferably be assessed by a geriatrician or another
medical specialist with specialized knowledge of the elderly.

cancer surgery

Older patients with poor physical reserve capacity have an increased risk for
complications and for a long-term reduction in their self-care ability after surgery
[89, 90]. If older patients with colorectal cancer are diagnosed with limited physical
capacity during a preoperative CGA, preoperative physical training could be helpful.
There is some evidence to suggest that prehabilitation may improve postoperative
functional recovery [91–93].
However, uptake of preoperative physical training programs, especially by older
patients, is low [91, 94–97]. To increase the uptake of such programs by older patients,

141

chapter 7

Older adults’ views about physical exercise prior to colorectal

Chapter 7

knowledge of barriers, facilitators and preferences for joining these programs would be
helpful. Therefore, we conducted a qualitative study to investigate barriers, facilitators,
and preferences for preoperative exercise programs of older patients scheduled
for CRC surgery. We found that the main barriers were the limited time between
diagnosis and surgery, the emotional impact of the diagnosis, physical complaints,
and not receiving or misunderstanding the information provided on the importance
of exercise. Facilitators and preferences were receiving understandable information on
exercise from a physician, and affordable programs adjusted to personal preferences
and provided near home. Furthermore, it became apparent that patients experienced
a general sense of loss of control over their lives due to the cancer diagnosis and the
many hospital appointments they have, which limited their ability to self-manage
their physical activity. One of the more important findings of this study was that
individuals who were not used to being physically active, and who consequently
barely perceived the reduction in their physical capacity caused by the cancer or its
treatment, felt that their fitness level was fine. Hence, they also believed that there
was no need to exercise before surgery.
Advice on exercise as given by health care professionals is seldom tailored to the
individual state and circumstances of a patient. As a result, it can easily be discarded
by patients as not applicable to their situation. Our results suggest that this might, in
part, explain the poor adherence to advice regarding pre-operative exercise behavior
that is often observed in clinical practice. Another result of our study that needs
to be addressed is the wish of most patients to train individually and at home. As
mentioned before, the effects of exercise on physical capacity are better if exercise is
supervised, and most healthcare providers believe that group training is stimulating
and motivating. Yet, the impact of the diagnosis and the degree of physical limitations
seem to result in the wish to avoid stimuli, especially among frail patients. However,
patients with previous experience with a formal exercise program acknowledge the
benefits of supervised group training. Therefore, it is advisable to start training frail
patients individually and near their home. As soon as their confidence and physical
ability has increased, supervised group training could be suggested. Further research
is needed to improve home-based exercise programs, and to explore the added value
of e-health to support elderly in maintaining an adequate level of physical activity in
their day-to-day activities, or to provide them with exercise supervision in the safe
environment of their own home [98, 99].
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Summary and overall view on the clinical relevance of the

CRF is a distressing symptom that is requires the attention of healthcare providers
who treat patients in all phases of the disease, on- or off-treatment. Ideally, CRF
should be regularly assessed, preferably with an IRT based questionnaire, using a
CAT system. However, this requires investments in hospital infrastructure, which
may in the short-term limit large-scale implementation of such systems. Meanwhile,
there are several good quality (updated) classical test theory-based questionnaires
which can be used. Our research should enable clinicians and researchers to select
the instrument that is best suited to their needs.
CRF in patients with colorectal cancer is often associated with depression and
anxiety. Patients with colorectal cancer who experience severe fatigue should therefore
be assessed for depression and anxiety as well.
Fatigue scores do not seem useful for the preselection of elderly patients for CGA,
prior to CRC surgery. To date, there are also no other assessment tools available that
can provide an undisputed indication for comprehensive geriatric assessment of older
adults prior to CRC surgery. More research in this area is therefore urgently needed.
Finally, frail older patients who might benefit from physical training before
surgery to improve their physical fitness can best be trained first at home, before
progressing to a supervised group-based training program. The importance of the
limited time between diagnosis and treatment as a barrier to exercise uptake, calls for
reconsideration of what is the optimal time interval between diagnosis and surgery for
older patients with colorectal cancer. However, we do realize that reconsideration of
the optimal time interval is not easy. In recent years, great effort was put in reducing
the time between diagnosis and surgery. And one of the main criteria set by the Dutch
Health Inspectorate is limited time between diagnosis and treatment.
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Summary

During chemotherapy or radiotherapy, 80% of cancer patients experience fatigue.
Even years after the medical treatment has ended, approximately one-third of cancer
survivors still suffer from levels of fatigue that negatively affect their daily functioning.
Cancer-related fatigue (CRF) has been defined as: “a distressing persistent, subjective
sense of physical, emotional and/or cognitive tiredness or exhaustion related to
cancer or cancer treatment that is not proportional to recent activity and interferes
with usual functioning”. The aim of this dissertation is to examine different aspects
of cancer-related fatigue (CRF): the way it is assessed, the effect of exercise on CRF
during medical treatment, the associations CRF has with other symptoms, and its
prognostic value for screening older patients with colorectal cancer for risk of poor
postoperative recovery.
The introduction in chapter 1 provides background information on CRF. It
describes the multidimensional character of CRF and introduces different possible
processes that may be causally related to the development and/or chronicity of CRF.
These processes can be pathophysiological, hormonal, behavioral or psychological
in nature. Chapter 1 also outlines the objectives of this thesis, and provides a brief
overview of the five studies it contains.
Given its nature, patient self-report, typically via a questionnaire, is the most
appropriate manner of assessing CRF. Currently, there are so many different selfreport questionnaires for assessing CRF that it is difficult for health care providers
to choose which one to use. In chapter 2, an overview is provided of self-report
questionnaires for assessment of CRF. This includes a quality assessment based on
scoring criteria for clinimetric quality and user-friendliness. Questionnaires assessing
CRF can be divided into two groups, based on whether they have a unidimensional
or a multidimensional structure. The unidimensional questionnaire with the highest
score on clinimetric quality and user-friendliness was the Brief Fatigue Inventory
(BFI). The multidimensional questionnaire that scored best on clinimetric quality
was the Fatigue Symptom Inventory (FSI), while the Functional Assessment of
Chronic Illness Therapy-Fatigue 13 item Fatigue Scale (FACIT-F) scored best on
user-friendliness (see also chapter 7 for an update).
Severe fatigue can be a reason to change or even discontinue cancer treatment,
thus interventions to limit fatigue during treatment are important. Physical exercise is
an intervention that may prevent or reduce fatigue during and after medical treatment.
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In chapter 3, we report the results of a review and meta-analysis of randomized clinical
trials (RCTs) studying the effect of exercise on CRF during medical treatment. A
total of eighteen RCTs are described (twelve RCTs describing patients with breast
cancer, four RCTs that include patients with prostate cancer and two RCTs that
include patients with two types of hematological cancer). The results of this review
indicate that, during the treatment for breast cancer, a physical exercise program at
home has a small and non-significant positive effect on CRF. In contrast, supervised
aerobic training results in a significantly lower fatigue score, with a moderate effect
size (SMD 0.30, 95% CI 0.09–0.51), compared to no training. In RCTs that included
patients with prostate cancer, neither home-based exercise nor supervised exercise in
a group resulted in a significant reduction of CRF. In the 12 RCTs that reported on
adverse events of training, eight adverse events (<1% of all patients) were described.
These were mostly mild (e.g. light headedness, hypotension, nausea, weakness, mild
diarrhea, knee pain). However, in an RCT that included patients with prostate cancer
during radiotherapy, two patients experienced an acute myocardial infarction (see
also chapter 7 for an update).
With increasing awareness that CRF is a multidimensional problem, interest is
growing in the associations of CRF with other symptoms, and in the identification of
possible symptom clusters. A symptom cluster is defined as “two or more concurrent
and interrelated symptoms that occur together with a high degree of predictability”.
When symptoms cluster occur, treating just one of the symptoms is often inefficient
or even ineffective, especially if the symptoms influence each other.
Therefore, it is of clinical importance to investigate the presence of symptom
clusters. In chapter 4, we report on a study of symptom clusters in older and younger
survivors of colorectal cancer. We found that both in older and younger patients,
CRF clusters with depression and anxiety. We also observed a second cluster, which
included pain and insomnia. The way in which these symptoms cluster in patients
with colorectal cancer appears to be independent of age. Based on the results of this
study, it is advisable to examine fatigued patients with colorectal cancer for depression
and anxiety.
Another aspect of CRF investigated in this thesis is the possible association of
CRF with postoperative complications and length of hospital stay. Current guidelines
recommend that all older patients with colorectal cancer who are scheduled for
surgery be examined by a geriatrician or another medical specialist with specialized
knowledge on geriatrics. This examination is called a Comprehensive Geriatric
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Assessment (CGA). However, in clinical practice, this extensive assessment is not
always performed, due to logistical and financial constraints, and because its value is
disputed. An easy screening tool could be helpful to select older patients who would
benefit most from CGA. In chapter 5, we report on an investigation of the extent to
which CRF-assessment may contribute to such a screening tool. CRF is easily assessed,
and could indicate a poor physical reserve capacity. We examined the association of
physical fatigue, reduced activity and instrumental activities in daily living (iADL)
with risk of complications and length of hospital stay (LoS). None of these parameters
was found to be associated significantly with risk of complications. At univariable level,
physical fatigue was associated with LoS. However, when adjusting for nutritional
status and neoadjuvant treatment, this association was no longer significant. Because
nutritional status is routinely assessed preoperatively, and it is known whether or
not patients have received neoadjuvant treatment, the assessment of CRF appears
to add little as a preoperative pre-screening variable for the need for CGA. Thus we
recommend that, until a better screening instrument is developed, all older patients
should be assessed using a CGA.
When CGA indicates a reduced level of physical capacity, preoperative physical
training (prehabilitation) might be considered, as patients with reduced physical
reserve capacity have an increased risk for complications and long-term reduction
in self-care capacity. However, in clinical practice, frail older patients often do not
undertake prehabilitation activities. In chapter 6 we report on a qualitative study
including older patients, their informal care givers and health care providers. In this
study we explored which factors limit or stimulate preoperative physical activity
of older adults scheduled for surgery for colorectal cancer. The most important
limitations reported by participants were the limited time between diagnosis and
surgery, not receiving, hearing or understanding information on the importance
of preoperative exercise, the presence of physical complaints, and the emotional
impact of the cancer diagnosis. Facilitators of exercise were: receiving information
from a physician on the importance of exercising preoperatively, and low costs of
a prehabilitation program. Many patients, and their informal caregivers, preferred
home-based exercise. An important finding was that patients who are not used to
being physically active do not experience the reduction in their physical capacity as
resulting from the (treatment of) cancer, and therefore do not see the need to exercise.
Chapter 7 provides a summary and general discussion of the most important
findings of the research described in this thesis. In addition, we provide an update on
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the state of evidence with regard to CRF-questionnaires and exercise for reduction
of CRF, to determine if the conclusions based on our reviews reported in chapter 2
and 3 still hold today.

Overall conclusions

CRF should be assessed and, if present, should be treated in all phases of the cancer
continuum. CRF can best be assessed with a questionnaire that is based on item
response theory (IRT), and preferably with a computer adaptive test. Patients with
colorectal cancer who report fatigue should be assessed for depression and anxiety.
Patients who experience general and physical fatigue, and who are still on active
medical treatment, could benefit from a physical exercise program under supervision.
More research is needed to develop specific recommendations on treatment of other
domains of fatigue and to select the best training parameters for the reduction of
fatigue.
Fatigue does not appear to be a useful parameter to be used in prescreening
older patients for the need of CGA. Currently, there is no screening tool available to
identify older patients who could benefit most from CGA, and thus further research
on this topic is of utmost clinical importance. Frail older adults who need to improve
their physical reserve capacity preoperatively can best be offered a training program
at home, before they start exercising in a supervised group training program. The
need to improve the functional status of frail older adults with reduced physical
reserve capacity preoperatively is at odds with the current efforts to limit the time
between diagnosis and surgery as much as possible. This calls for a re-evaluation of
what is the optimal time between diagnosis and surgery for frail older adults with
colorectal cancer.
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Samenvatting

Tijdens de behandeling met chemotherapie en radiotherapie heeft 80% van de
patiënten met kanker last van vermoeidheidsklachten. Maar zelfs jaren na beëindiging
van de medische behandeling lijdt nog een derde van deze mensen aan ernstige
vermoeidheidsklachten. Kankergerelateerde vermoeidheid (KGV) wordt gedefinieerd
als ‘een aanhoudend, subjectief gevoel van uitputting gerelateerd aan kanker of aan de
behandeling ervan, dat interfereert met het dagelijks functioneren’. Het doel van dit
proefschrift is om verschillende aspecten van KGV te onderzoeken: de manier waarop
het gemeten wordt, het effect van fysieke training tijdens de medische behandeling
op KGV, de associatie die KGV heeft met andere symptomen, en de voorspellende
waarde van KGV voor screening van oudere patiënten met darmkanker op het risico
op gecompliceerd postoperatief herstel.
Hoofdstuk 1 geeft een introductie in de achtergronden van KGV. Het beschrijft
het multidimensionele karakter van KGV en introduceert verschillende inzichten in
processen die een bijdrage zouden kunnen leveren aan het ontstaan of onderhouden
van KGV. Deze processen kunnen pathofysiologisch, hormonaal, gedragsmatig of
psychologisch van aard zijn. In hoofdstuk 1 worden ook de doelstellingen van dit
proefschrift weergegeven, en worden de vijf studies die in dit proefschrift zijn opgenomen kort gepresenteerd.
KGV kan het best worden gemeten met een vragenlijst die de patiënt zelf invult.
Tegenwoordig zijn er zoveel verschillende vragenlijsten in omloop, dat het moeilijk is
voor een hulpverlener om een keuze te maken. In hoofdstuk 2 wordt een overzicht
gegeven van deze vragenlijsten voor KGV op basis van een systematische review van
de literatuur tot 2009. Daarnaast worden de vragenlijsten beoordeeld op klinimetrische eigenschappen en gebruikersvriendelijkheid met behulp van een scorelijst.
De vragenlijsten op het gebied van KGV kunnen worden opgedeeld in vragenlijsten
die unidimensioneel van structuur zijn en vragenlijsten die multidimensioneel zijn.
Van de unidimensionele vragenlijsten behaalde de Brief Fatigue Inventory (BFI)
de hoogste score voor klinimetrische eigenschappen en gebruikersvriendelijkheid.
Van de multidimensionele vragenlijsten had de Fatigue Symptom Inventory (FSI)
de beste klinimetrische eigenschappen, maar de Functional Assessment of Chronic
Illness Therapy-Fatigue 13-item Fatigue Scale (FACIT-F) was het meest gebruikersvriendelijk.
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Ernstige vermoeidheid kan een reden zijn om de behandeling tegen kanker te
veranderen of zelfs te staken. Daarom zijn interventies die de vermoeidheid beperken
gedurende de medische behandeling van belang. In hoofdstuk 3 rapporteren we over
een meta-analyse van gerandomiseerde klinische studies (RCTs) die het effect van
de fysieke training tijdens de medische behandeling tegen kanker onderzoeken. In
totaal zijn 18 RCTs beschreven. Twaalf daarvan hadden patiënten met borstkanker
geïncludeerd, vier includeerden patiënten met prostaatkanker, en twee RCTs betroffen
patiënten met verschillende soorten van hematologische kanker. De resultaten van
deze review laten zien dat een thuis uitgevoerd fysiek trainingsprogramma gedurende
de behandeling tegen borstkanker een klein, en niet significant effect heeft op de
KGV. Een gesuperviseerd aeroob trainingsprogramma resulteert daarentegen in een
significant lagere vermoeidheidsscore, met een medium effect size (SMD 0,30; 95%
BI 0,09–0,51), vergeleken met geen training. In RCTs die patiënten met prostaatkanker includeerden resulteerde noch het thuis uitgevoerde trainingsprogramma,
noch de gesuperviseerde training in een significante vermindering van KGV. In de
12 RCTs die ook de negatieve bijwerkingen van training beschreven werden in totaal
acht bijwerkingen (<1% van alle patiënten) gemeld. De bijwerkingen waren meestal
mild (bijvoorbeeld duizeligheid, hypotensie, misselijkheid, zwakte, milde diarree,
kniepijn). Echter, in één RCT, die patiënten includeerde die vanwege prostaatkanker
met radiotherapie werden behandeld, kregen twee patiënten een hartinfarct. Voor
een update van de eerste twee studies zie hoofdstuk 7.
Met het voortschrijdend inzicht dat KGV een multidimensioneel probleem is,
neemt ook de belangstelling toe voor de associaties die KGV heeft met andere symptomen, en voor de identificatie van mogelijke symptoomclusters. Een symptoomcluster
wordt gedefinieerd als ‘twee of meer symptomen die gelijktijdig aanwezig zijn en die
aan elkaar gerelateerd zijn met een hoge mate van voorspelbaarheid’. Wanneer er sprake
is van symptoomclusters, dan kan het behandelen van slechts één van de symptomen
inefficiënt of zelfs ineffectief zijn. Dat is vooral het geval als de symptomen elkaar
beïnvloeden. Daarom is het van belang om onderzoek te doen naar de aanwezigheid
van symptoomclusters. In hoofdstuk 4 rapporteren we over een studie die onderzocht
welke symptoomclusters aanwezig zijn bij oudere en jongere survivors van darmkanker (overlevers van kanker). We vonden dat zowel bij oudere als jongere patiënten
KGV clustert met depressie en angst. Een tweede symptoomcluster bevatte pijn en
slaapproblemen. Het lijkt dat de manier waarop symptomen clusteren bij patiënten
met darmkanker onafhankelijk is van de leeftijd. Op basis van deze studie is het te
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adviseren om vermoeide patiënten met darmkanker te onderzoeken op klachten van
depressie en angst.
Een ander aspect van KGV dat in deze thesis wordt onderzocht, is de associatie
die vermoeidheid mogelijk heeft met postoperatieve complicaties en opnameduur.
Huidige richtlijnen stellen dat alle oudere patiënten met darmkanker die voor een
operatie in aanmerking komen uitgebreid moeten worden onderzocht door een geriater of een andere medisch specialist met geriatrische expertise. Dit onderzoek heet
een Comprehensive Geriatric Assessment (CGA). In de klinische praktijk wordt dit
uitgebreide onderzoek niet altijd uitgevoerd, wegens logistieke en financiële redenen
en het feit dat de waarde van CGA wordt betwist. Een makkelijk screeningsinstrument zou kunnen helpen om ouderen te selecteren die baat zouden kunnen hebben
bij CGA. In hoofdstuk 5 onderzoeken we in hoeverre een meting van KGV kan
bijdragen aan zo’n screeningsinstrument. KGV is makkelijk te meten, en kan een
indicatie zijn van een slechte fysieke reservecapaciteit. We onderzochten in welke
mate fysieke vermoeidheid, een verminderd activiteitenniveau en beperkingen in
instrumentele activiteiten van het dagelijks leven (iADL) geassocieerd zijn met het
risico op complicaties en opnameduur. Geen van deze variabelen waren significant
geassocieerd met het risico op complicaties. Univariabel bleek fysieke vermoeidheid wel geassocieerd met opnameduur, maar na correctie voor voedingstoestand
en neoadjuvante behandeling was deze associatie nog slechts zwak en niet meer
significant. Omdat voedingstoestand voor de operatie standaard al wordt gescreend
en het bekend is of een patiënt neoadjuvante behandeling heeft ondergaan, heeft het
meten van vermoeidheid voor de operatie geen meerwaarde voor screening op de
noodzaak van een CGA. Zolang er geen screeningsinstrument is ontwikkeld, adviseren
we daarom alle oudere patiënten met een CGA te onderzoeken voorafgaand aan een
operatie voor darmkanker.
Wanneer de CGA aantoont dat er sprake is van een beperkte fysieke capaciteit
kan preoperatieve fysieke training (prehabilitatie) worden overwogen, aangezien
patiënten met een verminderde fysieke reservecapaciteit een verhoogd risico hebben
op complicaties en postoperatief langdurig beperkt blijven op het gebied van zelfverzorging. In de klinische praktijk nemen kwetsbare oudere patiënten echter vaak niet
deel aan prehabilitatie. In hoofdstuk 6 doen we verslag van een kwalitatieve studie
bij oudere patiënten, hun dierbaren, en zorgverleners. In deze studie onderzoeken we
welke factoren preoperatieve fysieke activiteit bevorderen of belemmeren, bij ouderen
die een operatie voor darmkanker zullen ondergaan. De belangrijkste belemmeringen
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die de deelnemers rapporteerden waren de beperkte tijd tussen de diagnose en de
operatie, het niet krijgen, horen of begrijpen van informatie over het belang van preoperatieve training, de aanwezigheid van fysieke klachten, en de emotionele impact
van de kankerdiagnose. Een arts die het belang van preoperatieve training uitlegt en
lage kosten van een preoperatief trainingsprogramma werden als stimulerende factoren
genoemd. Een belangrijke bevinding was dat patiënten die niet gewend waren fysiek
actief te zijn, de afname van fysieke conditie door de (behandeling van) kanker ook
niet bemerkten. Hierdoor zagen ze ook niet de noodzaak van training.
In hoofdstuk 7 worden de belangrijkste bevindingen van het onderzoek in deze
thesis samengevat en bediscussieerd. Daarnaast wordt een update gegeven over de
huidige evidentie op het gebied van meetinstrumenten voor KGV, en op het gebied
van training tijdens de medische behandeling, om te beoordelen of de conclusies
zoals getrokken in hoofdstuk 2 en 3 sindsdien overeind zijn gebleven.

Algemene conclusie

KGV moet worden gemeten en – indien aanwezig – behandeld, in alle fasen van de
ziekte. KGV kan het beste worden gemeten met een vragenlijst die gebaseerd is op
item-responsetheorie (IRT) en bij voorkeur met behulp van een computer-adaptieve
test. Patiënten met darmkanker die vermoeid zijn zouden moeten worden onderzocht op de aanwezigheid van depressie en angst. Patiënten die algemene en fysieke
vermoeidheid ervaren, en die nog onder medische behandeling zijn, hebben waarschijnlijk baat bij een gesuperviseerd fysiek trainingsprogramma. Meer onderzoek is
gewenst om specifieke aanbevelingen te doen over de beste behandeling voor andere
domeinen van vermoeidheid en om de beste trainingsparameters te vinden voor de
vermindering van vermoeidheid.
Vermoeidheid lijkt geen bruikbare parameter voor screening op de noodzaak
van een CGA bij oudere patiënten die een darmkankeroperatie moeten ondergaan.
Momenteel is er geen effectieve screeningstool om een onderscheid te maken tussen
ouderen die wel of geen baat hebben bij een CGA. Meer onderzoek op dit gebied
blijft van het allerhoogste klinische belang.
Kwetsbare oudere patiënten die voorafgaand aan een darmkankeroperatie hun
fysieke reservecapaciteit moeten verbeteren kan het beste een trainingsprogramma
thuis worden aangeboden, voordat ze aan een gesuperviseerd trainingsprogramma
in groepsverband gaan deelnemen. Het belang om de fysieke status van kwetsbare
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ouderen met verminderde fysieke reservecapaciteit te verbeteren voorafgaand aan
de operatie staat op gespannen voet met het huidige streven om de tijd tussen diagnose en operatie zo kort mogelijk te houden. Dit vraagt om een re-evaluatie van de
optimale tijd tussen diagnose en operatie, voor kwetsbare ouderen met darmkanker.
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Dankwoord
Het afsluiten van dit proefschrift voelt niet als een einde, maar als een nieuw begin.
Een begin van nog meer wetenschappelijke avonturen. In de afgelopen jaren, waarin
ik me heb ontwikkeld als onderzoeker, heb ik kennis en steun van veel mensen mogen
ontvangen. Tijd om hier even bij stil te staan.
Om te beginnen, de deelnemers aan mijn studies of aan andere studies, die een basis
hebben gevormd voor dit proefschrift. Het invullen van vragenlijsten, ondergaan van
testen en uitgebreid in gesprek gaan, kost tijd. En tijd is iets heel kostbaars zeker als jij
of je partner geconfronteerd is met de diagnose kanker. Met name in de gesprekken
met deelnemers van de PEPTONE studie ben ik geraakt door de openheid en het
vertrouwen dat wij als onderzoekers hebben mogen ontvangen. Dit heeft geresulteerd
in een diep inzicht in wat er bevorderend en belemmerend is om fysiek actief te zijn,
in de periode tussen diagnose en operatie, bij patiënten die geopereerd gaan worden
aan darmkanker.
Aan het begin van mijn reis van het uitvoeren van wetenschappelijk onderzoek staat
dr. Wittink, Harriët; dank voor je stimulans om mijn eerste onderzoeken, gedaan in
het kader van mijn Klinisch Gezondheidswetenschappenstudie te publiceren. Later
heb je ook met je overtuiging, dat ik ‘koppig genoeg was om te promoveren’, geholpen
een stap verder te zetten.
Dr. Velthuis, Miranda, jij was ook betrokken bij dit eerste onderzoek. Je maakte
van mijn review een meta-analyse en hebt me op de valreep nog geholpen met de
forestplots. Daarnaast publiceerde je mee met mijn tweede review.
Dr. Dronkers, beste Jaap, met je inspirerende journal clubs, jouw stimulerende wijze
van onderwijsgeven en je geloof in mij als docent, heb je mij tijdens en na mijn
Klinische Gezondheidswetenschappenstudie in contact gebracht met twee passies
in mijn leven; onderzoek en onderwijs. Het doet me dan ook veel plezier dat je hebt
ingestemd om mij ook tijdens de bekroning op mijn werk, de verdediging van mijn
proefschrift, bij te staan als paranimf.
Prof. dr. Aaronson, beste Neil, jouw betrokkenheid bij mijn studies, de feedback die
je me gaf en je positieve instelling, zelfs als de inclusie van een studie dramatisch
blijft verlopen, hebben mij geholpen om de kwaliteit van mijn werk te verbeteren.
De mogelijkheid die je me gaf, om deel te nemen aan de PSOE bijeenkomsten, heeft
170

Dankwoord

mij inzicht gegeven in de werking van een onderzoeksafdeling en heeft mij, door de
bijeenkomsten over statistiek en de presentaties van andere onderzoekers, veel geleerd.
Prof. dr. Punt, beste Kees, allereerst heel hartelijk dank voor het vertrouwen dat je mij,
die toch geheel onverwacht op je drempel stond, hebt gegeven. Jij hebt een compacte
manier van feedback geven die in een enkel woord de kern naar boven haalt. Zo heeft
een enkele opmerking van jou mij soms uren werk bezorgd, maar een artikel werd
er altijd beter van.
Dr. Stuiver, beste Martijn, heel veel dank voor de enorme hoeveelheid tijd en kennis die je in mijn begeleiding hebt gestoken: methodologische issues, het sturen op
hoofdlijnen en op kleine details, je ‘wordsmithing’, en het rotsvaste vertrouwen dat
het uiteindelijk goed zou komen. Het was een feest om met je te mogen samenwerken
en ik hoop ook na mijn verdediging deze samenwerking te continueren.
Hooggeleerde opponenten van de promotiecommissie; prof. dr. Willem Bemelman,
prof. dr. Raoul Engelbert, prof. dr. Carina Hilders, prof. dr. Sophia de Rooij, prof. dr.
Ellen Smets, prof. dr. Cindy Veenhof en prof. dr. Julia van Weert, dank voor de tijd
die u heeft genomen om mijn proefschrift te bestuderen en met mij hierover van
gedachten te wisselen tijdens de openbare verdediging.
Dr. Westerman, Marjan, hartelijk dank dat je bereid was me te begeleiden en mee te
schrijven met de PEPTONE studie. Je kennis en ervaring met het doen van kwalitatief
onderzoek waren van onschatbare waarde voor deze studie.
Dr. Thong, Melissa en Dr. Aufdemkampe, Gerard, dank voor het meeschrijven aan
studies binnen mijn proefschrift.

Medewerkers van de PSOE; prof. dr. Eveline Bleiker, prof. dr. Lonneke van de Poll, dr.
Wim Groen, dr. Jacobien Kieffer, dr. Marieke van Leeuwen, dr. Annelies Boekhout en
Daniëlle Groenewegen, jullie hebben me met jullie vriendelijke woorden, kennis en
ervaring geholpen een plek te verkrijgen binnen de PSOE en de wetenschappelijke
wereld.
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Collegae van de Hogeschool Utrecht, jullie hebben veel begrip getoond als ik weer
eens geen extra klussen oppakte. Ina Bettman, dank voor je ondersteuning. Het liep
uiteen van het plannen van een studiereis naar Wenen, binnen de strakke structuur van
de HU, tot de organisatie van het onderwijs op een manier die het mogelijk maakte
dat ik deelnam aan de NWO beurs. Drs. Mieke Koning-van Zuilen, bedankt dat jij
het PEPTONE onderzoek met mij wilde uitvoeren. Het was leuk om heel Nederland
met je door te toeren en in discussie te gaan over de uitkomsten van de interviews.
Medepromovendi: Brigit van Ee, Aadje Bloem, Manon Bloemen, Marike Boonzaaijer,
François Maissan, Kitty Meijer, Sigrid Mueller Schotte, Janke Oosterhaven en Marlies
Welbie, het was fijn om medereisgenoten te treffen op de lange weg.
Graag wil ik Jacqueline Berg bedanken. Bedankt voor het plaatsen van dit promotietraject in een breder perspectief. Het gaf veel steun op de lastige reis die promoveren heet.
Zwager Jos, bedankt voor je creatieve werk aan de voorpagina van het proefschrift en
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Dankbaar ben ik ook voor Renate Siebes, van Proefschrift.nu. Je snelheid van werken,
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Het was een mooi avontuur.

