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Summary. Background: Poor initial physical health in cancer patients is associated with a higher risk of treat-
ment-related complications and poorer health outcomes. Physical functioning is amenable to interventions, 
such as exercise focusing on maintaining or building strength and endurance. This systematic review focuses 
on the effect of prehabilitation in patients undergoing or due to undergo cancer treatment on the course of 
treatment, quality of life, physical functioning and fatigue. Materials and methods: A systematic Medline and 
Embase search for randomised controlled trials addressing the effect of exercise interventions prior to or dur-
ing active cancer treatment with radiotherapy, chemotherapy or surgery. Results: The search yielded 21,663 
publications of which 33 publications from 28 studies were included in this review. Exercise interventions had 
the most consistent effect on functional tests (positive effect reported in 69%), followed by the ability to per-
form daily activities (positive effect in 53%), fatigue (41%) and overall quality of life (38%). Three studies also 
reported a positive effect on other outcomes such as chemotherapy completion, treatment-related complica-
tions and duration of hospitalisation. For improving physical functioning, endurance training appears to be 
most beneficial, while for maintaining overall quality of life, combined endurance-resistance exercise appeared 
superior to endurance or resistance exercise only. Conclusion: Although prehabilitative exercise interventions 
increase results on endurance tests, no benefit for quality of life, fatigue or daily functioning was ascertained. It 
is questionable whether these findings justify the investments that prehabilitation interventions require from 
both health care providers and patients.  
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Reviews

Introduction

In the past decades, multiple improvements have 
been seen in the treatment of malignancies, resulting 
in greater chances of cure as well as prolonged survival 
and better disease control. For example, although the 
number of people newly diagnosed with cancer in the 
Netherlands has nearly doubled over the past 25 years, 

the number of cancer-related deaths has risen by only 
25% (1). However, these advances come at a price, as 
physical functioning and quality of life can decrease 
during oncological treatment (2, 3), sometimes tem-
porarily, sometimes irreversibly. 

This may be partly due to the direct impact of the 
cancer itself or the oncological treatment. However, 
other factors also contribute. For some patients, diag-
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nosis and treatment of cancer are synonymous with an 
inactive daily life, (4), resulting in further loss of physi-
cal capacity, muscle mass and strength (4-6). Further-
more, poorer initial physical health and performance 
status are associated with a higher risk of treatment-
related complications and poorer post-treatment 
health outcomes (7). 

However, physical functioning is not a static state 
but can be amenable to intervention, such as exercise 
interventions focusing on maintaining or building 
strength and endurance. Given prior to or during ac-
tive cancer treatment, exercise interventions could aid 
in stimulating an active lifestyle, potentially improv-
ing or maintaining physical reserves and overall health, 
leaving the patient less susceptible to complications or 
functional decline. For vulnerable or unfit patients, 
exercise interventions may improve weakness, even 
in very elderly people (8). Improving baseline func-
tioning may even make specific oncological treatment 
styles feasible that at first appeared to be too aggressive 
for that particular patient.

The aim of this systematic review was to identify 
randomised controlled trials addressing what effect 
exercise interventions prior to or during active cancer 
treatment with radiotherapy, chemotherapy or surgery 
had on the course of cancer treatment, quality of life, 
physical functioning and fatigue. 

Methods

Search strategy and article selection

For this review, exercise was defined as physical 
activity causing an increase in energy expenditure and 
involving a planned or structured movement of the 
body, performed in a systematic manner in terms of 
frequency, intensity and duration; interventions could 
consist of strength or endurance training, or a combi-
nation of both. 

Possible outcomes were: physical functioning ei-
ther assessed from the ability to perform daily activi-
ties or measured objectively using one or more physical 
performance tests; overall quality of life; fatigue; treat-
ment completion, treatment-related complications and 
health care utilisation. Outcome measures were only 

included if they consisted of an objective measurement 
or were assessed using a validated assessment tool. 

On May 29th 2014, a search was performed in 
both Medline and Embase using synonyms of ‘exer-
cise’ and ‘cancer’ and ‘treatment’. Details of the search 
can be found in Appendix 1.

The titles and abstracts of all studies retrieved by 
the search were assessed by one investigator (MH) to 
determine which were eligible for further investiga-
tion. All potentially relevant articles were subsequently 
screened as full text by two authors (MH and KA). 
Only full text manuscripts were included. Studies were 
excluded if: they had a single arm or non-randomised 
study design; did not include a care-as-usual or pla-
cebo arm; the study population included patients with 
benign disease; patients were not undergoing or due to 
undergo surgery, radiotherapy or chemotherapy; or pa-
tients were included who had already completed their 
cancer treatment, or the focus was only on pediatric 
patients. The same went for studies addressing the fea-
sibility of or adherence to the exercise intervention or 
if exercise was only one component in a multimode 
intervention. In addition, studies using exercises focus-
ing on a specific part of the body – such as swallowing 
exercises or pelvic floor exercises – were not included. 
Finally, studies were excluded if they were not written 
in English, German, French, Dutch or Spanish. 

Where only an abstract was available, we at-
tempted to find a final report of the study by searching 
Embase and Medline using the names of first, second 
and/or final authors as well as key words from the title. 
Also, in case of insufficient data in the original manu-
script, the authors were contacted for additional infor-
mation. 

Finally, citations of publications included were 
cross-referenced to retrieve any additional relevant 
studies.

Data extraction

Data regarding study design and results were in-
dependently extracted by two investigators (MH and 
KA) for each eligible study. The following items were 
extracted: study setting, study population (number of 
patients, median age, sex, type of malignancy, type of 
cancer treatment), type of exercise intervention (en-
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durance, resistance or both; home-based or supervised; 
intensity of exercise intervention, duration of interven-
tion), adherence to intervention as well as the results 
of the intervention in terms of physical functioning, 
quality of life, fatigue and the course of treatment. 

Quality assessment

The methodological quality of each of the stud-
ies was independently assessed by two reviewers (MH, 
KA), using a nine-item instrument adopted from the 
Cochrane guidelines for the methodological assess-
ment of randomised trials (Appendix 2a) (9, 10). Disa-
greement among the reviewers was discussed during a 
consensus meeting and in case of persisting disagree-
ment, the assistance of a third reviewer (FvdB) was 
enlisted. 

Data synthesis and analysis

As a result of heterogeneity in study designs, di-
versity of patient populations and the wide variety in 
content of exercise interventions, a formal meta-anal-
ysis was not possible. We thus summarised the study 
results to describe our main outcomes of interest for 
all studies combined, as well as for several subgroups 
based on type of exercise, type of intervention, type of 
cancer and type of cancer treatment. For group com-
parisons, the chi-square test was used; a p-value ≤0.05 
was considered statistically significant. Analyses were 
made using the SPSS (Statistical Package for the So-
cial Sciences) version 21.0.

Results

Search and study selection

The search yielded 21,663 publications (Medline 
8,921; Embase 12,742) of which 3,488 were dupli-
cates. After exclusion of another 18,143 publications 
for other reasons (Figure 1), 32 publications from 28 
studies were selected for this review (11-42). Cross-
referencing yielded one more publication (43) from 
one of the 28 studies already included.

Baseline characteristics of studies included can be 
found in Table 1. Thirteen studies focussed on breast 
cancer(15, 16, 19, 20, 24, 26-30, 32, 34-36, 40); other 
malignancies were haematological (n=3) (17, 18, 37),  
prostate (n=3) (31, 41, 42), head and neck (n=2) (38, 
39), lung (n=2) (14, 26) and various (n=5) (11-13, 21-
23, 33, 43). Most studies focussed on chemotherapy 
(n=13) (11-13, 17-21, 24-27, 32, 36, 37) or a com-
bination of chemotherapy and/or radiotherapy (n=7) 
(15, 16, 29, 30, 34, 35, 39, 40);  six studies included 
only patients undergoing radiotherapy (28, 31, 33, 38, 
41-43), one related to surgery (14) and one study in-
cluded various treatment modalities (22, 23). The me-
dian number of patients was 48 (range 15-269). Me-
dian ages per study varied from 40 to 71 years with a 
median of 52 years. Due to the predominance of breast 
cancer studies, the vast majority of patients included 
were female. 

Details on the interventions can be found in Ta-
ble 2. In thirteen studies, the exercise intervention 
consisted of endurance training (13, 15, 17, 21-24, 
26, 29-31, 36, 40, 42); one study focused exclusively 
on resistance training (38), two studies had an endur-
ance training arm as well as a resistance training arm 
(19, 20, 41) and the remaining twelve studies used a 

Figure 1. Search results and study selection

03-hamaker.indd   209 20/02/17   15:06



M.E. Hamaker, K.C. Aalders, A.H. Schiphorst, et al.210
T

ab
le

 1
. B

as
el

in
e 

ch
ar

ac
te

ri
st

ic
s 

of
 s

tu
di

es
 in

cl
ud

ed

03-hamaker.indd   210 20/02/17   15:06



Exercise interventions before and during active cancer treatment 211
T

ab
le

 2
.  

E
xe

rc
is

e 
in

te
rv

en
tio

n 
pe

r s
tu

dy

03-hamaker.indd   211 20/02/17   15:06



M.E. Hamaker, K.C. Aalders, A.H. Schiphorst, et al.212

combination of both types of exercise (11, 12, 14, 16, 
18, 25, 27, 28 32-35, 37, 39, 43). Exercise was home-
based in ten studies (15, 18, 22-24, 27, 29, 30, 33, 36, 
43), supervised in 14 studies (11, 12, 14, 16, 17, 19-21, 
25, 26, 28, 31, 32, 37, 39, 41) and a combination of 
home-based and supervised in three (13, 34, 35, 38, 
42); (in all this passage, check the numbers of studies 
cited vs the number mentioned in the text) one study 
had a separate arm for home-based exercise and for the 
supervised training programme (40). The exercise in-
tervention took a median of 2.5 hours per week (range 
1-11.5 hours) and lasted a median of 12 weeks (range 
1-26 weeks). Most studies used care-as-usual as the 
control arm; one study used a placebo exercise inter-
vention (28). 

Quality assessment

The results of the quality assessment for included 
studies are summarised in Figure 2; full details can be 
found in Appendix 2b. Reviewer agreement was >95% 
for all items. Many studies did not clearly describe the 
randomisation process or method of allocation con-
cealment, rendering it impossible to determine the 
risk of bias for these items. While all but one study 
had shortcomings in the blinding of participants and 
personnel, it was generally unclear whether outcome 
assessment was free from bias. Handling of attrition 
presented issues in 18% of studies; for another 25% 
this aspect could not be evaluated.

Most studies provided clearly defined primary 
outcomes (93%), demonstrated good baseline group 
comparability (89%) and performed intention-to-treat 
analyses (82%). However, 46% did not report a sample 
size calculation; in addition nine studies had sample 
sizes lower than 25 and fourteen studies lower than 
50, potentially affecting the ability of these studies to 
detect differences between study arms. 

Effect of the exercise intervention on physical functioning

Results of the exercise intervention can be found 
in Table 3; an overall summary as well as subgroup 
analyses are reported in Table 4. Eight out of the 28 
studies (29%) did not find any positive effects from the 
exercise intervention.

Physical functioning was assessed in two ways: ei-
ther based on the ability to carry out daily activities, 
assessed by the physical functioning subscale of various 
quality of life assessment tools, or objectively measured 
using functional or exercise tests. Of the fifteen studies 
that addressed ability to carry out daily activities (11-
13, 15, 16, 22-26, 28, 29, 31, 34, 35, 37, 38, 40), eight 
found a positive effect brought by the exercise inter-
vention (53%). Nine out of the thirteen studies (14, 16-
18, 21, 25, 27, 29, 30, 34-36, 39) (69%) using objective 
physical performance measurements reported a statisti-
cally significant benefit from the exercise intervention. 
No differences were seen when subgroups were made 
according to type of cancer, type of treatment or the 
type or location of the intervention (Table 4). 

Inconsistency in results could not be explained by 
sample size, intensity of the intervention or adherence; 
when comparing studies above and below the medi-
an for each of these items, no differences were seen 
in the proportion of studies reporting a positive effect 
from the intervention. However, 89% of the studies in 
which the intervention took twelve weeks or less found 
a positive effect in functional tests compared to 25% of 
longer interventions (p=0.02, Table 4). Of note, short-
er studies less often focussed on breast cancer patients 

Figure 2. Quality assessment
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Table 3. Effect of exercise intervention on outcome
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Table 4. Summary and subgroup analyses; data presented as proportion of studies that reported a positive effect of the exercise in-
tervention on specified outcome measures
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(33% vs. 70% of longer studies; p=0.06), were generally 
smaller (p=0.008) and were more often fully or partial-
ly supervised (78% vs 30% of longer studies, p=0.06). 

Effect of the exercise intervention on overall quality of life 
and fatigue

Sixteen studies addressed the impact of exercise 
on overall quality of life (11-13, 15, 16, 19, 20, 25, 
26, 28, 31-35, 38, 40, 41, 43), of which six found a 
positive effect (38%). Combined resistance-endurance 
exercise interventions appear to be most effective, as 
71% of these studies found that quality of life was 
better post-intervention when compared to the care-
as-usual group; by comparison, only 17% of the en-
durance exercise only studies reported this result and 
33% of the resistance training only (Table 4, p=0.05). 
Smaller studies more often reported a positive ef-
fect (63% in studies with a sample size equal to or 
below the median, compared to 13% in larger studies; 
p=0.02). Other subgroup comparisons did not reveal 
any differences.

Of the 22 studies focussing on the impact of ex-
ercise on fatigue (11-13, 16-20, 22-31, 33-38, 41-43), 
nine reported a positive effect (41%). Subgroup com-
parison showed no significant differences.  

Effect of the exercise intervention on the course of treat-
ment and health care utilisation

One study (19, 20) addressed the effect of exercise 
on chemotherapy completion by comparing the rela-
tive dose intensity (i.e. the proportion of the planned 
chemotherapy dose the patient actually received) of 
patients in the exercise group to those receiving usual 
care. This study included both a resistance training 
and an endurance training group. For the latter, no 
significant difference in the relative dose intensity was 
seen (p=0.27) but for patients in the resistance train-
ing group, the mean relative dose intensity was 5.7% 
higher when compared to usual care (p=0.03). 

Two studies addressed the effect of exercise on 
treatment-related complications and duration of hos-
pitalisation. In the first, patients receiving chemother-
apy for various types of cancer were offered endurance 
training while in hospital.(21) Patients randomised to 

the training group had a shorter duration of neutrope-
nia (p=0.01) and a borderline significant decrease in 
thrombocytopenia (p=0.06) and the need for platelet 
transfusion (p=0.06). Patients in the training group 
also experienced a significantly shorter duration of 
hospitalisation (p=0.03). The second study (14), which 
examined a combination of strength and endurance 
training as well as inspiratory muscle training in pa-
tients undergoing surgery for lung cancer, found that 
patients in the exercise group experienced fewer days 
of needing a chest tube (4.7 vs. 9.0 days in the care-as-
usual group, p=0.03), a lower incidence of prolonged 
chest tubes (11% vs. 63% respectively, p=0.03), and the 
need for fewer days in hospital (6.4 vs. 11.1 days for 
usual care, p=0.06). There was no difference in the in-
cidence of respiratory failure or pneumonia. 

No other studies reported on the course of treat-
ment or health care utilisation. A reporting bias cannot 
be excluded.

Discussion

In this systematic review of randomised con-
trolled trials addressing the effect of exercise interven-
tions prior to or during active cancer treatment with 
radiotherapy, chemotherapy and/or surgery, exercise 
appeared to have the most consistent effect on physical 
performance tests (positive effect reported in 69% of 
studies addressing this outcome), followed by the abil-
ity to perform daily activities (positive effect in 53%), 
fatigue (41%) and overall quality of life (38%). Three 
studies also reported a positive effect on other out-
comes such as chemotherapy completion, treatment-
related complications and duration of hospitalisation. 
For improving physical functioning, endurance train-
ing appears to be most beneficial while for maintaining 
overall quality of life, combined endurance-resistance 
exercise appeared superior to endurance or resistance 
exercise only.

There have been several prior reviews addressing 
prehabilitation, each with their own approach (44-50): 
some focussed only on surgery (44-46, 48), included 
patients undergoing non-cancer treatment (45, 46) or 
included studies on post-treatment exercise interven-
tions(46-48, 50). This is the first systematic review 
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focussing exclusively on randomised controlled trials 
comparing exercise interventions to usual care before 
or during active cancer treatment with chemotherapy, 
radiotherapy and surgery. However, this review also 
has some limitations. First of all, although many qual-
ity of life questionnaires use comparable questions to 
explore similar subscales, they ultimately are not the 
same; this also applies to physical performance tests. 
Furthermore, given the heterogeneity in study popu-
lations, type of intervention and outcome measure-
ments, no formal meta-analysis was considered feasi-
ble. Instead, we performed crude subgroup compari-
sons (Table 4), to enable some cursory comparisons. 
As a result, the data should be interpreted cautiously. 
In addition, many studies had methodological flaws or 
were too brief in their reporting of methodology to 
adequately assess their quality. Adherence to interven-
tion was low in some studies. Again, patient numbers 
were relatively small, potentially limiting the ability of 
these studies to detect differences in outcome between 
groups. However, when only the larger studies were 
examined (Table 4), the proportion of studies find-
ing positive results was similar or in some cases lower. 
Thus, the small sample size does not explain the lack of 
effect seen in our review. 

Following cancer treatment, patients may be faced 
with a variety of cancer-related or cancer-treatment-
related problems, including pain, fatigue, decondi-
tioning, and difficulty with gait (51). They may also 
have problems resuming their previous level of func-
tioning, which can impact on activities of daily living, 
instrumental activities of daily living, return to previ-
ous home and community activity levels, and return 
to work (51). Prior research has demonstrated that for 
cancer survivors, health-related quality of life is more 
often influenced by these physical issues than by emo-
tional issues. For instance, one study found that one 
in four cancer survivors reported poor physical health 
whereas only one in ten reported poor mental health 
(52). Furthermore, a leading cause or perhaps the lead-
ing cause of emotional distress in cancer survivors is 
physical disability (53, 54). In fact, the risk of psy-
chological distress in individuals with cancer is more 
strongly related to their level of disability than to the 
cancer diagnosis itself (54). Thus, interventions that 
can prevent loss of functional capacity could poten-

tially be an important method of improving quality of 
life in cancer survivors. 

Several studies have demonstrated that exercise 
interventions in patients due to undergo or undergoing 
cancer treatment can aid in improving or maintaining 
muscle strength, body composition and cardiopulmo-
nary function (44, 47). Our review supports these find-
ings, by demonstrating that exercise interventions re-
sult in better physical functioning when measured with 
endurance tests such as a shuttle walk or six minute 
walking test; improvements for the intervention group 
compared to care-as-usual were recorded for 69% of 
studies, with the strongest effect in studies using en-
durance exercise as the intervention (83%). The fact 
that endurance exercise will improve or help maintain 
endurance when compared to no exercise is not un-
expected. However, our review also demonstrates that 
the benefit in terms of quality of life or daily function-
ing is limited. At the same time, the logistic require-
ments for such interventions are significant, as are both 
the motivation and efforts of the patient. Most studies 
required exercising many times a week – with some 
adding up to over 10 hours per week of actual exer-
cise - in addition to whatever time is required to travel 
to the exercise venue in case of supervised exercise 
programmes, while the interventions often lasted for 
extended periods of time. The current review suggests 
that such investments may not be justifiable for many 
patients, given the lack of actual, generalised benefit. 

The balance between investment and benefit may 
be different in situations where improvements in con-
trol or strength of specific muscles directly translate 
into improved functionality, as can be seen in studies 
using pelvic floor exercises prior to prostate surgery to 
preserve urinary continence, or swallowing exercises 
as prehabilitation prior to head and neck surgery (44). 
These types of exercise intervention fell outside the 
scope of this review but have each proved successful 
in several studies (55-57). Similarly, while improving 
or maintaining pulmonary condition with endurance 
exercise - during for instance adjuvant radiotherapy for 
breast cancer - may not measurably impact on quality 
of life or daily functioning, a positive effect from such 
interventions prior to lung surgery (which directly 
compromises pulmonary functioning) is much more 
likely (48). 
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In addition, comparisons between the methodol-
ogy of the studies included in our review show that 
shorter interventions appear to be of greater benefit 
in functional testing than longer interventions (≤12 
weeks 89% vs. >12 weeks 25%). This difference could 
not be explained by differences in adherence. However, 
shorter studies were generally smaller, supervised and 
focussing on malignancies other than breast cancer. 
These factors themselves did not achieve statistical sig-
nificance in the univariate analyses (Table 4); however, 
a formal meta-analysis was not possible. Potentially, it 
is a combination of these factors that determines the 
success of the intervention. Thus, judicious application 
of pre-treatment exercise in specific situations does ap-
pear able to generate benefit in functionality and qual-
ity of life where a more generalised application does 
not. Future research should focus on a more precise 
identification of combinations of intervention and set-
ting in which prehabilitation does result in direct ben-
efit for the individual patient. In addition, explorations 
of multimode prehabilitation programmes, for exam-
ple combining exercise with nutritional psychological 
interventions (58, 59). are warranted. 

Conclusion

This review demonstrates that exercise interven-
tions, particularly using endurance training, are suc-
cessful in improving physical functioning compared to 
usual care when measured with endurance tests. How-
ever, this effect does not appear to translate into benefit 
for overall quality of life, fatigue or daily functioning. 
Because exercise interventions within prehabilitation 
programmes require major investments by both health 
care providers and patients, some reservation must be 
expressed about their broad implementation in cancer 
care. Future research should focus on a more precise 
identification of combinations of interventions, cancer 
treatments and settings in which prehabilitation will 
yield the greatest benefit for patients.
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Appendix 2a. Items for assessment of methodological quality of studies included
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Appendix 2b. Quality assessment of studies included
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Appendix 3. Outcome assessments per study
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