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GENERAL DISCUSSION

The first and main research objective of this thesis was to evaluate the effectiveness and 

cost-effectiveness of a 12-week high intensity (HI) and low-to-moderate intensity (LMI) 

exercise intervention in cancer survivors who completed primary cancer treatment including 

chemotherapy. Furthermore, we tested the underlying hypothesis that exercise improves 

cardiorespiratory fitness and muscle strength, thereby reducing fatigue and consequently 

improving global quality of life (QoL) and physical function. Finally, to facilitate implementation, 

we studied demographic, clinical, psychosocial and environmental factors associated with 

participation in and adherence to exercise programs in cancer survivors, and with daily 

physical activity (PA), aiming to identify intervention targets as well as subgroups at highest 

need for improving exercise and PA. This general discussion will start with a summary of the 

main findings of this thesis. Furthermore, methodological issues related to the studies will be 

discussed, as well as the clinical implications and suggestions for future research.

MAIN FINDINGS

Effectiveness and cost-effectiveness of exercise after completion of primary cancer treatment

Compared to a waiting list control (WLC) group, both HI and LMI exercise resulted in signi fi-

cant and clinically meaningful improvements in cardiorespiratory fitness, reductions in fatigue  

and improved health-related quality of life (HRQoL) in cancer survivors who completed  

cancer treatments including chemotherapy (Chapter 3). Moreover, a head-to-head compa-

rison between HI and LMI exercise showed a potential dose-response relationship regarding 

exercise intensity for cardiorespiratory fitness (i.e., peak oxygen uptake (peakVO2)), favoring 

HI over LMI exercise, but not for fatigue. Furthermore, compared to WLC, improved physical 

function was found after HI and LMI exercise, improved global QoL and reduced anxiety 

after HI exercise, and less problems at work after LMI exercise. Chapter 4 found support 

for the hypothesis that a 12-week resistance and endurance exercise program improved 

cardiorespiratory fitness, leading to lower physical fatigue, and consequently to higher 

global QoL and physical function, illustrating the importance of improving cardiorespiratory 

fitness.

At 64 weeks follow-up (Chapter 5), gain in cardiorespiratory fitness after the 12-week 

intervention was successfully maintained, but there was no significant difference between HI 

and LMI exercise. Furthermore, in both HI and LMI exercise, general and physical fatigue 
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returned to their baseline levels, and differences between exercise groups were statistically 

not significant. Finally, at 64 weeks follow-up, improvements in global QoL and physical 

function tended to be larger for HI than for LMI exercise.

In the Netherlands, the informal societal willingness-to-pay threshold ranges from €20,000 

per Quality Adjusted Life Years (QALY) to €80,000 per QALY depending on the severity 

of a disease. The probability that HI exercise was cost-effective compared to LMI exercise 

analyzed from a Dutch societal perspective ranged from 0.91 at €20,000 per QALY to 0.95 

at €52,000 per QALY, and therefore, HI exercise should be considered as being cost-effective 

compared to LMI exercise (Chapter 5). However, the willingness-to-pay thresholds were not 

reached for cardiorespiratory fitness, hand-grip strength and general fatigue.

Adherence to and participation in exercise

The systematic literature review presented in Chapter 6 showed that exercise history was 

significantly associated with adherence to exercise interventions. Other important demo-

graphic, clinical, psychosocial and environmental correlates of exercise adherence could 

not be distinguished due to the limited number of studies, the inconsistency of findings across 

the studies, and variations in the definition of adherence. In the study described in Chapter 

7 we found that psychosocial factors, such as lower psychological distress and higher self-

efficacy were significantly associated with better exercise adherence in HI exercise, but not 

in LMI exercise. Furthermore, cancer survivors who attained a higher level of education 

were non-smokers, perceived less psychological distress, had higher outcome expectations 

regarding exercise participation and perceived more exercise barriers. They were also 

more likely to participate in a randomized controlled trial (RCT) evaluating effects of a 

combined resistance and endurance exercise program. The research described in Chapter 

8 showed that female breast cancer survivors who were younger, reported lower body mass 

index scores, higher self-efficacy scores or higher social support from family and friends 

were more likely to be physically active.

METHODOLOGICAL CONSIDERATIONS

In this thesis, various study designs were used to answer our study questions. Each chapter 

contains a discussion of the methodological issues related to the specific study design in 

that particular chapter. Here, we will discuss some general methodological considerations 

of this thesis. 
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Study population, participation rate and generalizability

The Resistance and Endurance exercise After ChemoTherapy (REACT) study was a 

prospec tive multicenter RCT in which participants were recruited from nine hospitals in the 

Netherlands. The eligibility criteria included as many as six cancer diagnoses (primary 

breast, colon, ovarian, cervix and testis cancer, or lymphomas). Although a mixed group 

of cancer survivors were recruited, breast cancer survivors represented 65% of the study 

population, while 1-18% participants represented the other cancer types. As a consequence, 

there was not sufficient statistical power to explore whether patients with other cancer types 

responded different to exercise.

The participation rate in the REACT study was 37%, which is in line with previous 

RCTs evaluating the effects of exercise interventions in cancer survivors [1,2]. The most 

frequently reported reason for non-participation was having too many things on one’s mind 

(Chapter 7), which is a common finding in cancer survivors shortly after completion of 

primary cancer treatments [3]. Perhaps cancer survivors who lack a history of sports or 

exercise might become overwhelmed with a schedule of twice per week supervised exercise 

sessions shortly after cancer treatments. However, sport history and current PA level did not 

differ between the participants and non-participants of the REACT study. Yet, assessments of 

sport history and current PA level relied on self-report measures, which are prone to either 

over- or under-estimation due to inaccurate recall, social desirability and misinterpretation 

of the survey questions [4].

The low response rates may hamper the generalizability of the study findings. However, 

no significant differences in age, gender and cancer type were found between participants 

and non-participants, supporting generalizability. Though, cancer survivors who attained 

a lower or intermediate level of education, were smokers, perceived more psychological 

distress, had lower outcome expectations or perceived less exercise barriers were less likely 

to participate in the REACT study. Therefore, one should be cautious to generalize the results 

from the REACT study to all cancer survivors treated with chemotherapy.

Study designs and statistical power

Different study designs were conducted to address the three primary research objectives 

of this thesis. First, a RCT was conducted to evaluate the (cost-) effectiveness of HI and LMI 

exercise compared with WLC group on physical fitness, fatigue and HRQoL. An RCT is 

considered the most rigorous study design to evaluate the effectiveness of interventions, as it 

controls for selection bias and confounding [5]. While setting up the REACT study (Chapter 2),  

the availability of cancer rehabilitation groups in clinical practices increased rapidly in the 
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Netherlands, and the Dutch guideline for cancer rehabilitation [6] and the international 

PA guidelines for cancer survivors [7] were developed. Both emphasize the importance 

of exercise during and after cancer treatments. To limit non-participation and minimize 

the possibility of contamination (i.e., undertaking supervised exercise on a person’s own 

initiative) whilst allowing optimal care for all participants, a WLC group was included, 

instead of a ‘true’ non-exercising control group. Despite these advantages, the WLC group 

hampered the evaluation of longer-term effectiveness, because all participants had received 

the 12-week intervention at 64 weeks follow-up. In addition, patients may have been 

disappointed when they were assignment to a WLC group, which may have caused patients 

to belief that they would not improve as quickly as possible, and thereby slowing down 

natural recovery or increase the risk for contamination [8]. Yet, in the REACT study, the WLC 

group showed natural recovery on most outcomes (Chapter 3, Table 4), and contamination 

rates were low (8%). Therefore, it seems unlikely that the intervention effects were either 

overestimated or underestimated as a result of the choice for a WLC group.

A priori power calculations based on a previous uncontrolled trial evaluating the 

effectiveness of a HI resistance and endurance exercise program in 119 cancer survivors 

post-treatment [9], estimated a total sample size of 280 participants on peakVO2 as primary 

outcome measure. Although statistically powered to show a main intervention effect on 

peakVO2 (Chapter 3 and 5), the between-group differences on peakVO2 for HI and LMI 

exercise were smaller than anticipated and therefore we may have failed to show statistical 

significance.

Second, mediation analyses were conducted to identify which exercise intervention 

components (e.g., muscle strength, cardiorespiratory fitness) were most relevant for reducing 

fatigue and consequently improving HRQoL (Chapter 4). Studying causal mechanisms 

underlying intervention effects requires data from a well-designed RCT, including a relatively 

large sample size. Despite using a RCT design, the mediator variables and the outcome 

variables were assessed at the same time-points, and therefore, inferences about causality 

between mediators and outcome variables could not be made.

Third, a cross-sectional study design was used to identify correlates of participation in 

a combined resistance and endurance exercise program and daily PA, however, this type 

of study design is limited in its ability to draw conclusions about causality. Nevertheless, 

studying associations in cross-sectional studies may help to generate hypotheses for future 

research [10] which are useful in the development of targeted interventions to improve 

exercise participation and PA levels, and consequently improving outcomes.
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Primary outcome measures

The REACT study is one of four RCTs included in the Alpe d’HuZes Cancer Rehabilitation 

(A-CaRe) clinical research program [11]. All RCTs within A-CaRe were based on a similar 

conceptual model in which increasing physical fitness and reducing fatigue were both 

expected to improve HRQoL. The primary and secondary outcome measures were carefully 

chosen, based on the International Classification of Functioning, Disability and Health (ICF), 

and the validity and reliability of the instrumentation was established [11].

PeakVO2 was measured during a maximal exercise test, including a continuous gas 

exchange analysis and electrocardiography monitoring. Such a test is widely acknowledged 

as the gold standard for assessing cardiorespiratory fitness [12]. Furthermore, a maximum 

exercise test in cancer survivors provides important diagnostic information before the start 

of an exercise program [13] and could detect cardiac or pulmonary toxicities resulting 

from chest irradiation or chemotherapeutic agents, such as anthracyclines [14] and 

bleomycin [15]. However, there might be a difference in responsiveness between maximal 

and submaximal exercise testing. Because submaximal exercise testing assesses functional 

capacity more directly, larger improvements may be detected following training, representing 

a lower physical strain during the same absolute level of daily activities and decreased 

dependence on anaerobic metabolism [16]. Nonetheless, the international guidelines on 

cardiopulmonary testing recommend that clinical studies in exercise oncology should aim 

to include a maximum exercise test when possible, particularly given the wealth of clinical 

information it can obtain [17].

Upper body muscle strength and lower body function were assessed using a hand-

grip dynamometer and the 30-seconds chair-stand test, both established as valid outcome 

measures [18,19]. Whereas the indirect 1-RM tests, conducted by the physiotherapists 

to evaluate training progress, showed 37% improvements on the leg press and 34% 

improvements on the vertical row, no significant intervention effects were found on hand-grip 

strength or lower body function. Perhaps the hand-grip strength and 30-seconds chair-stand 

test might have been limited to detect changes [20,21]. Therefore, in future studies, it would 

be worthwhile to consider using outcome measures that more directly assess the strength of 

targeted muscle groups, and therefore are more likely to detect changes. For example, a 

handheld dynamometer is a user-friendly tool for clinical practice, and is able to measure 

muscle strength of various upper and lower body muscles [1]. 

Fatigue was assessed with the Multidimensional Fatigue Inventory (MFI), specially 

designed for use in clinical trials focusing on cancer survivors and the psychometric properties 

are well documented [22]. Although, both exercise interventions achieved significant and 
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clinically meaningful reductions in general and physical fatigue at 12 weeks follow-up, the 

exercise-induced benefits were not maintained at 64 weeks follow-up. The lack of longer-

term effects may suggest that cancer survivors gain more confidence in managing cancer 

and treatment-related problems during supervised exercise program. However, when chores 

of everyday life resume and supervision and support from a physiotherapist is finished, one 

may struggle to remain confident, particularly in the self-management of fatigue [23]. On 

the other hand, while evaluating fatigue in a longitudinal study design, the possibility of 

a “response shift”, defined as a recalibration of a participant’s internal standard used to 

judge one’s current fatigue experience, should also be taken into account [24]. Fatigue is a 

subjective outcome based on self-report, and the internal standard of fatigue perception may 

change throughout the cancer trajectory [24]. To gain a better understanding how exercise-

induced benefits on fatigue can successfully be maintained on the longer term, future studies 

are warranted to identify mediators of the exercise intervention effects on fatigue.

CLINICAL IMPLICATIONS

Supervised HI and LMI exercise shortly after completion of cancer treatment is safe and 

superior to natural recovery on cardiorespiratory fitness, fatigue and HRQoL. We therefore 

recommend implementation of exercise as part of standard cancer care. HI exercise 

may be preferred to LMI exercise when aiming to improve peakVO2 levels in cancer 

survivors, because some indication for a dose-response relationship was found. Improving 

cardiorespiratory fitness of cancer survivors is particularly important because, compared to 

reference values of healthy adults, their peakVO2 levels were “very poor”, which increases 

the risk of reduced ability to carry out activities of daily living [25]. Therefore, a 5-10% gain 

in peakVO2 from supervised exercise can be of great clinical importance for the individual 

patient. Moreover, results from observational studies showed a positive association between 

peakVO2 and survival [26], but causality needs to be established. 

Further, HI exercise may also be preferred over LMI exercise when aiming to improve 

HRQoL. Yet, decisions about implementation of exercise programs as standard and 

reimbursed cancer care are not only guided by their effectiveness on health outcomes, but 

also by their additional costs in relation to these effects (i.e., cost-effectiveness) [27]. In line 

with the results on HRQoL, HI exercise was cost-effective in terms of QALY compared to LMI 

exercise, mostly due to lower medical costs.
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Studying correlates of adherence may identify intervention targets to further improve 

adherence. The finding that higher self-efficacy was significantly associated with high 

session attendance and high compliance with endurance exercises, and lower psychological 

distress was significantly associated with high compliance with resistance exercises in HI 

exercise, but not in LMI exercise, suggests that an individual’s self-efficacy and distress 

levels are important characteristics while accomplishing a HI exercise program. Therefore, 

for improving adherence rates, additional programs may be required for patients with low 

self-efficacy and/or high distress. Cognitive behavioral techniques, such as motivational 

interviewing [28] and goal setting [29], could be included to improve self-efficacy and 

may support cancer survivors in achieving their exercise goals. Hence, patients with lower 

self-efficacy or higher psychological distress could also be recommended to start with LMI 

exercise, and -after gaining further confidence in exercise- the exercise intensity could 

gradually increase over time [30].

The Dutch evidence-based guideline “Cancer rehabilitation” published in 2011 [31], 

underlined the recommendations of the international exercise guidelines for cancer survivors 

(i.e., being as physically active as their abilities and conditions allow and avoid being 

physically inactivity [7]) and included a structured action plan for all disciplines involved in 

cancer care. Health care professionals (i.e., medical specialist, (specialized) nurse, and/

or general practitioner) are appointed to screen cancer survivors on cancer and treatment-

related problems, such as fatigue, psychological distress and reduced physical function. 

Furthermore, the guideline differentiates between single and multiple or complex cancer and 

treatment-related problems, and informs health care professionals whether survivors should 

be referred to either monodisciplinary or multidisciplinary care. Most likely, the majority 

of the cancer survivors with a request for assistance report a single problem suggesting 

monodisciplinary care, such as supervised exercise to be sufficient. Based on the results of 

the REACT study, HI and LMI exercise should be considered as effective monodisciplinary 

strategy to improve cardiorespiratory fitness, fatigue and HRQoL in cancer survivors after 

completing primary treatments.
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FUTURE RESEARCH

To further optimize effectiveness and efficiency of exercise programs for cancer survivors, it 

is necessary to move away from current one-size fits all approaches and to develop targeted 

interventions that meet the capabilities, characteristics and needs of cancer survivors. 

This requires more insight into optimal exercise prescriptions, as well as moderators and 

mediators of intervention effects.

Optimal exercise prescription

Exercise prescriptions should include specific guidelines on four main parameters; frequency, 

intensity, type and duration of exercise (i.e., exercise FITT parameters). However, at present, 

exercise prescriptions for cancer survivors are rather generic. The REACT study was the 

largest RCT to date that primarily evaluated the effects of different exercise intensities 

after completion of primary cancer treatments. Two previous RCTs evaluated the effects of 

different exercise types [32] and doses [2] in breast cancer survivors during chemotherapy 

and reported that the effect of aerobic exercises on peakVO2 was superior to a resistance 

exercises, whereas, the effect of the resistance exercises on upper and lower body muscle 

strength was superior to the aerobic exercises [32]. Further, higher exercise doses (3 times 

60 minutes per week at moderate-to-high intensity) resulted in significantly better physical 

function and less symptoms, compared to standard doses (3 times 30 minutes per week at 

moderate-to-high intensity) [2]. In order to define the optimal exercise prescription for cancer 

survivors, additional head-to-head comparisons on the FITT parameters are needed to further 

detangle their effects on a given outcome, for a given cancer type, in a particular phase of 

the cancer trajectory (e.g., during treatment, after treatment, end of life [33]).

Moderators of exercise intervention effects

Furthermore, to maximize benefits of interventions for the individual, it is important to 

determine which exercise program works, for whom, and under what circumstances (i.e., 

moderators of intervention effects [34]). Moderators identify subgroups of cancer survivors 

that are most responsive to certain exercise programs, and those that are less responsive 

[35]. In the REACT study, larger intervention effects on peakVO2 of both interventions were 

found for younger participants (Chapter 3). Additionally, the intervention effects of HI 

exercise on global QoL were larger for younger participants and for participants with breast 

cancer, compared to other types of cancer, and women showed larger improvements after 

HI exercise in global QoL and physical function than men (Chapter 3). Few previous studies 
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found that demographic (e.g., age [36], marital status [36,37]) and clinical variables 

(e.g., treatment type [37,38]) moderate the physical exercise effects on HRQoL in cancer 

survivors. Hence, none of the forgoing studies (including the REACT study) were designed 

or powered to analyze moderating effects and to conduct subsequent stratified analyses. 

Aiming to overcome these limitations, the Predicting OptimaL cAncer RehabIlitation and 

Supportive care (POLARIS) study [39] was launched in which individual patient data from 

RCTs evaluating the effects of PA and/or psychosocial interventions exercise on HRQoL in 

cancer survivors are pooled to identify moderators of intervention effects. Identifying patient 

subgroups at highest need for improving exercise and PA, enables health care professionals 

to target subgroups in the cancer population more efficiently.

Mediators of exercise intervention effects

Finally, conducting targeted interventions requires a good understanding of the mediators 

(i.e., working mechanisms) underlying the exercise intervention effects on fatigue and HRQoL 

in cancer survivors. The REACT study found support for the hypothesis that a 12-week 

resistance and endurance exercise program improves cardiorespiratory fitness, leading 

to lower physical fatigue, and consequently to higher global QoL and physical function 

(Chapter 4). However, cardiorespiratory fitness did not mediate the intervention effect on 

general fatigue, which was in line with previous studies [40,41]. Because general fatigue 

comprises physical as well as mental aspects, only improving cardiorespiratory fitness might 

not be sufficient and concepts other than or additional to cardiorespiratory fitness should 

be taken into account when aiming to reduce general fatigue. Forgoing research in cancer 

survivors reported that the exercise effects on fatigue may be mediated by psychosocial 

factors, such as reduced sleep quality, psychological distress and self-efficacy [40,42]. The 

importance of self-efficacy in relation to fatigue has been acknowledged in earlier reports 

among cancer survivors [42,43] and may suggest a role for behavior change theories, 

such as social cognitive theory in developing interventions for cancer survivors. In addition 

to psychosocial working mechanisms, biological factors (e.g., function of immune and 

metabolic systems) and physiological factors (e.g., neuromuscular function) may mediate the 

effect of PA and exercise on relevant health outcomes, including fatigue and HRQoL [44]. 

Future studies that further investigate the mediating role of psychosocial, biological and 

physiological factors on exercise intervention effects of health outcomes may successfully 

identify the critical intervention components, and therefore, be a support in building and 

refining (cost-)effective exercise programs for cancer survivors.
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Physical activity assessments

In addition to the ultimate aim to optimize the effectiveness and efficiency of exercise 

programs and provide targeted interventions, PA assessments in cancer survivors require 

further investigation as well. The outcome measures for PA in the REACT study included 

self-reported PA using the Physical Activity Scale for the Elderly questionnaire (PASE) and 

objectively measured PA using accelerometers. Although, self-reported measures of PA are 

widely used, these instruments are prone to to either over or under-estimation due to inaccurate 

recall, social desirability and misinterpretation of the survey questions [4]. Objective PA 

monitoring using accelerometers overcomes these limitations and provides a more valid 

estimate of PA. An accelerometer measures vertical accelerations that are converted into 

activity counts per minute (cpm; sum of counts for y-axis, divided by valid wear time). Based 

on the continuous data derived from the accelerometers, multivariable linear regression 

analyses were conducted to evaluate the effectiveness of HI and LMI exercise compared to 

WLC group (Chapter 3 and 5) on PA, and to identify possible correlates of PA (Chapter 8). 

However, more often, count cut-points are applied in objective PA monitoring, categorizing 

the counts into sedentary time, and light, moderate and vigorous intensity PA [45]. These cut-

points have been validated in the general population [45], which generally have a higher 

fitness level, and may therefore be less appropriate for cancer survivors. Future research 

should explore the validity of these accelerometer cut-points in cancer survivors. A more 

accurate estimate of PA provides more precise estimates of intervention effects as well as 

associations with potential determinants.

CONCLUSION

This thesis showed that exercise interventions can improve cardiorespiratory fitness, 

reduce fatigue and enhance HRQoL in cancer survivors who recently completed treatment 

with curative intent, including chemotherapy. Our results advocate the implementation of 

exercise as part of standard cancer care for cancer survivors. Moreover, the current thesis 

provides several directions to optimize exercise programs. First, when offering exercise 

programs aiming to improve peakVO2 and HRQoL among cancer survivors, HI exercise 

may be preferred. Second, cancer survivors who attained a higher level of education were 

non-smokers, perceived less psychological distress, had higher outcome expectations and 

perceived more exercise barriers; they were also more likely to participate in a combined 

resistance and endurance exercise trial. This finding is worth acknowledging when promoting 
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exercise participation as part of cancer care. Third, several demographic, clinical and 

psychosocial factors were found to be significantly associated with exercise adherence 

in which psychosocial factors, such as psychological distress and self-efficacy, were more 

strongly associated with HI than LMI exercise. When offering HI exercise, it may therefore 

be recommended to screen these variables and if needed, include additional behavioral 

motivational strategies or consider starting at a lower training intensity.
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