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Clinical exercise interventions in pediatric oncology:

a systematic review

Freerk T. Baumann', Wilhelm Bloch' and Julia Beulertz'

Studies in pediatric oncology have shown a positive effect of
physical activity on disease- and treatment-related side effects.
Although several reviews have approved the benefits of thera-
peutic exercise for adult cancer patients, no systematic review
exists summarizing the evidence of physical activity in pedi-
atric oncology. We identified a total of 17 studies using the
PubMed database and Cochrane library. To evaluate the evi-
dence, we used the evaluation system of the Oxford Center
for Evidence-Based Medicine 2001. The findings confirm that
clinical exercise interventions are feasible and safe, especially
with acute lymphoblastic leukemia (ALL) patients and during
medical treatment. No adverse effects have been reported.
Positive effects were found on fatigue, strength, and quality
of life. Single studies present positive effects on the immune
system, body composition, sleep, activity levels, and various
aspects of physical functioning. Child-specific aspects such
as cognitive abilities, growth, adolescence, and reintegration
into peer-groups, school, and sports have barely been taken
into consideration. The evidence for exercise interventions in
pediatric oncology is rated level “3” Although the results are
very promising, future research of high methodological quality
and focusing on child-specific aspects is needed to establish
evidence-based exercise recommendations, particularly for
childhood cancer patients.

As a result of improved treatment regimes in pediatric
oncology, the survival rates of children with cancer have
risen to ~80% for 5-y survival (1-4). Therefore, the popu-
lation of childhood cancer survivors is constantly grow-
ing. Despite these positive developments, childhood cancer
is associated with a wide spectrum of various disease- and
treatment-related side effects that may develop into chronic
diseases and therefore result in long-term consequences. A
negative impact on social, psychological, and physiological
levels can be observed. Inactivity (5-7), impaired cardiopul-
monary and musculoskeletal function, as well as reduced
motor performance levels (8,9) and cognitive abilities (10)
have been detected. Current studies also examined a nega-
tive impact on psychological well-being, satisfaction, and
social functioning (11). Taken together, an impaired quality
of life can thus be determined (8,12).

During the past few years, several studies have generated
first hints describing holistic, positive effects of clinical exer-
cise interventions in pediatric oncology. First results pres-
ent an association between increased physical activity levels
in childhood cancer patients and an improvement in quality
of life (13). In particular, physical functioning is increased,
anxiety is reduced, and social integration is encouraged (14).
Considering the fact that physical activity plays a vital role in
the physiological and psychosocial development of children,
therapeutic exercise in pediatric oncology is particularly
important. However, there is still a lack of comprehensive and
evidence-based data in the field of exercise interventions in
pediatric oncology. Therefore, evidence-based exercise rec-
ommendations for childhood cancer patients are still missing
(15,16).

By contrast, systematic reviews in adult oncology have
already been available for some years (17) and have even
focused on specific entities such as prostate cancer (18). In
pediatric oncology, three reviews (3,15,16) provided an over-
view of current research with promising results, but to our
knowledge, no systematic review on exercise interventions
including evidence levels has yet been published. However,
this information would be important to establish evidence-
based exercise recommendations particularly for childhood
cancer patients.

Because multiple studies on clinical exercise interventions
in pediatric oncology have recently been published, it seems to
be appropriate and necessary to conduct a systematic review,
including levels of evidence and quality of trials. Therefore, the
objective of the following review is to compile and structure
current investigations examining the effects of exercise inter-
ventions in pediatric oncology and to evaluate the evidence of
these studies for the first time.

RESULTS

According to the defined inclusion and exclusion criteria,
17 studies investigating clinical exercise interventions in pedi-
atric oncology with a total of 282 participating children were
included (Table 1). Of all the study participants, 257 children
were diagnosed with cancer. Six of the identified studies did not
enroll a control group (19-26). Ten studies did include 10 or
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more patients (21,25,27-34). Five randomized, controlled tri-
als have been identified (28-31,33) and were ranked with evi-
dence level “2b”” Six studies reached level “3b” as they included
a control group but were not randomized (8,27,32,34-36). Six
studies were classified level “4” (19-26) because they did not
enroll a control group. Only two of all included studies calcu-
lated and published confidence intervals (8,31).

Although eight studies were conducted with acute lympho-
blastic leukemia (ALL) patients (20,22-24,26,28,30,31,34,35),
study cohorts including mixed cancer types have also been
examined (19,21,25,29,33,36). The settings differ from super-
vised exercise intervention (8,19,21-24,27,29,32,33,35) to
home-based exercise programs (31,34). Six studies included
a combination of a supervised and an additional home-based
exercise intervention (20,25,26,28,30,36). Exercise inter-
ventions within the hospital were always supervised. Most
studies were conducted during medical treatment, but four
studies included patients exclusively after cessation of treat-
ment (8,21,25,26). One study included patients during medi-
cal treatment, as well as during survivorship (36). Only two
studies conducted a home-based exercise intervention during
medical treatment (maintenance therapy) (31,34). The dura-
tion varies from a short term 2-4-d intervention (29) to a
2-y program (28). One study even investigated the effects of
an acute exercise intervention of 30 min on immune param-
eters (35). However, most studies covered an 8-16-wk training
period. Regarding the form of exercise, a combined exercise
program including strength, endurance, and coordination was
performed in most studies. Three studies analyzed the effect
of an isolated endurance training (29,34,35), and one study
examined the effects of a yoga intervention (19).

First, the results of all included studies confirm that exer-
cise interventions with childhood cancer patients are feasible
and safe. No adverse effects or complications related to the
exercise intervention were reported in any of these 17 stud-
ies. Within four studies, “feasibility” was one of the main
outcomes, and all authors present positive results within this
context (20,26,32,35). Adherence has been examined within
eight studies and ranges between 67 and 98% (8,21,23,24,27-
29,32,35). Only one study with a duration of 2 y reported an
unsatisfactory adherence to the exercise program (28). Next
to feasibility, all studies included some parameter of physical
functioning (i.e., strength, motor function, and endurance) as
one of the main outcomes. Fatigue has been evaluated within
five of the included studies (21,26,29,32,34) and quality of
life within seven studies (8,19-21,23,24,32,33). However, the
examination of psychological parameters focused only on
quality of life, and a specific psychological analysis has not
been conducted yet.

Most studies investigating fatigue as one of the main out-
comes present a positive impact of clinical exercise during
medical treatment (32,34), as well as during survivorship
(21). However, these findings are not confirmed by all authors
(26,29). Positive effects were also found on health-related qual-
ity of life (8,19,20,32,33) and muscle strength (8,22-24,27,30)
during medical treatment and during survivorship (21).
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Furthermore, clinical exercise interventions have a positive
impact on BMI and body fat (28), sleep efficiency and duration
(29), and activity levels (21,25,31), as well as ankle dorsiflexion
(30), motor function (20), endurance (8,22-24,27), functional
mobility (8,22-24), and flexibility (21). In contrast to these
positive effects, Hartman et al. (28) reported that their exer-
cise program was not more beneficial than standard care in
terms of bone mineral density, motor performance, and ankle
dorsiflexion. However, this might be due to the unsatisfac-
tory adherence within this study. Takken et al. (26) reported
no significant changes in muscle strength, exercise capacity,
functional mobility, and fatigue during their 12-wk exercise
program. However, their program was described as being too
demanding.

The effects of clinical exercise on the immune system sug-
gest that physical activity in pediatric oncology can be safely
undertaken (22-24,27,35,36). None of these studies focusing
on immune parameters found any negative effects that argue
against exercise with childhood cancer patients. However,
Shore and Shepard (36) recommend a careful monitoring of
the immune response.

DISCUSSION

Taken together, the findings of this, possibly first, system-
atic review on exercise interventions in pediatric oncology
confirm that engaging childhood cancer patients in physi-
cal activity is feasible and safe. None of the included studies
described any adverse effects. In addition, the results present
positive effects of supervised physical activity during medi-
cal treatment. Although Huang and Ness (15) found evidence
primarily in terms of positive effects on muscle strength, flex-
ibility, and cardiopulmonary fitness, we found positive evi-
dence mainly in terms of feasibility, fatigue, muscle strength,
and quality of life. Only single studies examined a positive
impact on the immune system (22-24,27,35,36), body com-
position (28), sleep (29), activity levels (21,25,31), and various
aspects of physical functioning (8,20-24,27,30). Therefore,
it is hardly possible to provide any precise statements about
these parameters.

By contrast, the current study situation on exercise interven-
tions with adult cancer patients is considerably better. There is
good evidence that exercise has a positive impact on fatigue,
physical fitness, quality of life, and strength in adult breast can-
cer, prostate cancer, leukemia, and lymphoma patients (37).

In addition, it needs to be noted that the main outcomes in
all included studies are comparable with those in adult oncol-
ogy. Fatigue and quality-of-life questionnaires have been spe-
cifically developed for children, but the effects of therapeutic
exercise on child-specific parameters such as cognitive abili-
ties, motor development, growth, and adolescence have hardly
been evaluated. Moreover, the reintegration into peer groups,
school, and sport has not been examined, as well. To develop
specific exercise interventions for childhood cancer patients,
future research must therefore focus on child-specific aspects.
In addition, psychopathological aspects such as anxiety, depres-
sion, and self-esteem were barely taken into consideration.
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The comprehensive evaluation of the identified studies is
very challenging because they all differ substantially in terms
of study design, outcomes, assessments, duration, and setting.
Regarding the study designs, six studies did not enroll a con-
trol group (19-26), only 10 studies included a sample of 10 or
more patients (21,25,27-34), and only five randomized, con-
trolled trials have been conducted (28-31,33).

In terms of duration and setting, the exercise interventions
differ as well. Whereas most studies were conducted within
a 6-16-wk period, long-term trials of 1-2 y could be found.
Furthermore, most exercise interventions have been conducted
within a study cohort of ALL patients and were carried out
during medical treatment. Except two (31,34), all studies were
supervised programs that present a higher adherence as com-
pared with home-based programs. To date, this large hetero-
geneity in terms of study design, duration, and setting makes
it impossible to define evidence-based exercise recommenda-
tions. However, practical experience reveals that therapeutic
exercise programs for childhood cancer patients are partly inte-
grated into the therapeutic care structure of some childhood
cancer centers. For the main part, these programs differ sub-
stantially. Future research must focus on exercise intervention
studies that are not only feasible and safe but also realistic and
transferable so that childhood cancer patients and their families
are able to integrate them into their everyday lives. Research
must focus on cancer diagnosis other than ALL, as well as on
patients during survivorship and child-specific outcomes.

The overall study situation on exercise interventions in pedi-
atric oncology is considered to be limited. Current literature
includes primarily explorative, descriptive pilot studies. In
summary, the evidence for clinical exercise interventions with
childhood cancer patients is rated evidence level “3” However,
it must be noted that the ranking of all studies according to
the Oxford Levels of Evidence-Based Medicine has been con-
ducted without considering confidence intervals, because
only two studies reported those. Therefore, studies might be
under- or overrated. In addition, certain subjectivity might
exist, although all evaluation systems are associated with some
restrictions (38-40). Another unavoidable limitation of this
systematic review is the literature research. Although a system-
atic and comprehensive research has been performed, possibly
not all relevant studies were identified.

Taken together, this systematic review provides evidence
that clinical exercise interventions in pediatric oncology are
feasible and safe. Relatively good evidence is given in terms
of positive effects of supervised exercise programs during

Table 2. Search terms involving physical activity and childhood
cancer used in different combinations

Category Search term
Indication “cancer”OR“oncology”
Population “pediatr*” OR“child*” OR"“adolescent”

Physical activity “exercise” OR“motor performance” OR“physical
activity” OR“sport* therapy” OR“physical

functioning” OR“fitness”
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medical treatment on fatigue, muscle strength, and quality of
life. However, because most studies were conducted within
a study cohort of ALL patients, this review provides the best
evidence only within this patient group. Future research must
therefore focus on cancer diagnosis other than ALL, as well
as on patients during survivorship. Exercise intervention stud-
ies must be designed to be realizable and transferable into the
everyday life of childhood cancer patients. In addition, relevant
child-specific outcomes and appropriate assessments must be
determined to evaluate the holistic effects of therapeutic exer-
cise specifically on childhood cancer patients. Consequently,
as presented in other reviews, the current literature not only
provides promising results but also reveals challenges to be
faced in the future (3,12,13,15,16).

METHODS

This review focuses on clinical exercise interventions among pediatric
cancer patients. Throughout August 2012, two independent research-
ers identified studies by searching the PubMed database and Cochrane
library. The search terms listed in Table 2 were entered in different

8 ™
Literature research in PUBMED
and Cochrane library using the
listed search terms
5 n=3,072
B Exclusion of irrelevant literature \ S
o (not concerning pediatric |:> O
z oncology) after scanning all titles
@ n=2,550 ( A
o
Titles of potentially relevant
literature
n=522
. J
Exclusion of irrelevant literature : @
after reviewing all titles
2 n =439
j
8 Abstracts of potentially relevant
5 literature
n n=283
Exclusion of irrelevant literature
after reviewing all abstracts :>
n=>58
> . .
= Full-text articles of potentially
2 relevant literature
LTE.T n=25
Exclusion of irrelevant literature
after reviewing all full-text :>
articles
n=6
3 Studies included into systematic
= review
E n=19 (17)°

Figure 1. Course of literature research and study design. n, number
of included papers. 2Although 19 full-text articles were included in this
review, only 17 studies are presented because the results of one study
have been published in three articles.
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combinations. Reference lists of selected papers were also tracked
to find additional studies related to our topic. Related reviews were
scanned to find further relevant information. According to defined
inclusion and exclusion criteria, only studies investigating exercise
interventions with pediatric cancer patients (0-21 y of age), published
in the English language, were included. Studies published before 1990
or focusing on physical activity behavior or motivation were excluded.

To evaluate the evidence of the included studies, the evaluation
system of the Oxford Center for Evidence-Based Medicine 2001 was
used because it has been specially developed to evaluate the evidence
of therapeutic interventions (40,41). This evaluation system con-
tains five levels of evidence ranked from 1 (least potential bias) to
5 (most potential bias) and is primarily based on the study design.
The best evidence (level “1a”) is given by systematic reviews of ran-
domized controlled trials. Randomized controlled trials with narrow
confidence intervals are ranked level “1b,” whereas individual cohort
studies or low-quality randomized controlled trials are ranked level
“2b” Individual case—control studies reach level “3b,” and case series
or poor-quality cohort and case-control studies are ranked level
“4” Therefore, the quality of the study and the reported results are
considered likewise, as well (40,41). Ranking studies according to
these defined levels of evidence enable the determination of a lack
of evidence within a specific field of research. This might help future
researchers to generate specific studies aiming to improve therapeutic
exercise in pediatric oncology.

As shown in Figure 1, titles, abstracts, and full-text articles were
viewed considering the inclusion and exclusion criteria. Finally, 19
full-text articles focusing on clinical exercise interventions in pedi-
atric oncology were included in the following systematic review.
However, only 17 studies are described within this review because the
results of one study have been published within three different arti-
cles. All included studies examined some of the following parameters:
acceptance and feasibility, quality of life, physical function/functional
mobility, immune status, fatigue, bone mineral density, ankle dorsi-
flexion, body composition, activity, and/or sleep.
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