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Abstract
Introduction. Exercise therapy is a frequently applied method in paediatric oncology but there is insufficient evidence for its 
effectiveness in paediatric stem cell transplantation.
Methods. in a single-centre randomized controlled trial, the effect of exercise therapy (intervention group) was compared with 
concentration and relaxation techniques (control group). overall, 72 children were recruited before transplantation and ran-
domly assigned into these 2 groups. They received exercise therapy during and after their hospital stay. A total of 47 inpatient 
children (age: 6–18 years) were evaluated in phase i: 21 in the intervention and 26 in the control group. The expression of 
cancer-related fatigue before and after therapy was documented by using the PedsQL 3.0 Multidimensional Fatigue Scale.
Results. All patients deteriorated with regard to fatigue during their hospital stay. A total of 23 outpatient children (stratified 
into 4 groups) who continued or started exercise therapy showed a significant improvement over 3 and 6 months (phase ii) 
after discharge from hospital (total fatigue score: p < 0.001, general fatigue: p = 0.002, sleep and rest fatigue: p < 0.001).
Conclusions. inpatient children showed no positive effects of exercise therapy on cancer-related fatigue. After discharge, the 
children in exercise therapy attained better physical constitution. Exercise therapy is effective for successful rehabilitation and 
outpatient reintegration and therefore recommended to reduce cancer-related fatigue.
Key words: cancer-related fatigue, paediatric oncology, childhood cancer, physical therapy, stem cell transplantation, reha-
bilitation
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Introduction

Cancer-related fatigue (CRF), which is considered as one 
of the most bothersome side effects of haematological and 
oncological diseases, has hardly been researched in German 
children. Studies from the USA and Great Britain demonstrate 
the existence of this phenomenon in paediatric oncology [1]. 
Even if the exact cause of CRF has not yet been clarified, 
Repka and Hayward [2] pointed out that ‘significant corre-
lations between changes in fatigue and both protein oxida-
tion and antioxidant capacity indicate that systemic oxidative 
stress may be a potential mechanism for CRF’. A changed 
blood count and a weakened immune system are also fac-
tors suspected to cause fatigue. Assuming these hypothe-
ses, exercise therapy could help to reduce CRF. Maybe that 
was one of the reasons why research on exercise therapy 
and CRF was started at the beginning of the 21st century.

For example, a study by Hinds et al. [3] involved children 
aged 7–18 years with a solid tumour or acute myeloid leu-
kaemia. during their hospitalization and chemotherapy, the 
children were asked to use a bicycle ergometer twice a day 
for 30 minutes.

Yeh et al. [4] developed a 6-week home training program 
with aerobics. The intervention group (iG) began the aerobic 
exercise program 1 week after chemotherapy. A program 
lasting about 12 weeks was examined by Takken et al. [5]. 
it included exercises that were home-based and carried out 

in a community-based physiotherapy practice. Children aged 
6–14 years and treated for acute lymphoblastic leukaemia 
implemented a training program twice weekly at a physio-
therapy practice and twice at home.

Randomized controlled trials (RCTs) and meta-analyses 
in adults examined the influence of exercise therapy and 
pharmacological interventions on fatigue during and after 
cancer therapy [6, 7]. Bhardwaj and Koffman [8] pointed out 
the importance of non-pharmacological interventions for 
managing fatigue among children. in their literature review, 
most studies were performed during treatment or during 
a hospital stay, but none of them showed statistically signifi-
cant results.

Morales et al. [9] describe in their meta-analysis the effect 
of exercise training on improving functional mobility of chil-
dren during and after cancer treatment. An important result 
is that exercise therapy during treatment does not increase 
the risk of mortality, recurrence, or adverse effects. in a review 
by Radossi et al. [10], many forms of traditional and comple-
mentary medicine were applied to children, but most of the 
studies had poor to fair quality. Another study evaluated the 
effect of a home-based exercise intervention in childhood 
cancer survivors [11].

More and more RCTs are addressing the question of what 
effect exercise therapy has on physical fitness and CRF. Lam 
et al. [12] investigated the effectiveness of an integrated pro-
gram: the iG demonstrated significantly lower levels of CRF. 
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Braam et al. [13] only found a significant long-term improve-
ment in lower body muscle strength in the iG compared with 
the control group (CG).

These studies show the importance and possibilities of 
helping inpatient and outpatient children with exercise therapy, 
but the data on physiotherapy or exercise therapy in hemato-
poietic stem cell transplantation (HSCT) are scarce. HSCT is 
a world-renowned therapy for curative care of different pae-
diatric haematological and oncological diseases. it is also 
associated with numerous side effects, e.g. nausea, mucosi-
tis, neutropenia, and CRF [14–16]. Up to several years after 
treatment, the recipients experience CRF, which affects their 
quality of life and participation in daily activities [17–19]. Ex-
ercise therapy seems to be a tool to minimize or even pre-
vent these side effects of the disease. Van Haren et al. [20] 
evaluated 11 RCTs in adult HSCT patients in a meta-analy-
sis. A valuable effect regarding physical functioning, medical 
outcomes, and psychological variables were found prior to, 
during, and after therapy [21–24]. in 2011, exercise therapy 
during paediatric HSCT was evaluated: 13 children were 
assigned to an iG in which a special exercise program was 
carried out. This exercise training was shown to be feasible, 
safe, and promising in the context of health-related quality 
of life and CRF results [25].

The aim of the present study is to evaluate the impact of 
exercise therapy on CRF in children and adolescents under-
going HSCT. This leads to the following research questions:

1. does exercise therapy reduce CRF in paediatric pa-
tients after HSCT (the main research question)?

2. does exercise therapy reduce CRF more than the con-
trol condition?

3. When does the intervention most effectively reduce 
CRF?

Subjects and methods

This RCT examined both the short- and medium-term ef-
fects of a structured exercise therapy during and after HSCT 
in children and adolescents. The entire study measured the 
impact of exercise therapy on health-related quality of life, 
muscle strength, endurance, and CRF.

data were collected between January 2011 and decem-
ber 2014 at the Stem Cell Transplantation Centre of the 
department of Paediatric and Adolescent Medicine of the 
Goethe University Hospital Frankfurt, Germany.

it was ethically difficult to justify using an untreated CG. 
The ethical concerns about an untreated CG result from 
comparative study results that suggest the success of the 
intervention. To eliminate the concern that social contacts 
hinder the results of the experiment, the CG received social 
contact and human empathy as well. This ensures that the 
only difference between the 2 groups was the therapy pro-
vided to the iG.

This study was a monocentric RCT within 2 phases af-
ter HSCT: an inpatient (phase i) and an outpatient (phase ii) 
phase are distinguished. At the beginning of phase i, the par-
ticipants were randomly assigned to iG or CG. The computer-
assisted randomization was performed by an internal study 
manager and was subsequently discussed in detail with pa-
tients and their parents.

Phase i observed patients from the acute phase of trans-
plantation inpatient admission (tpre) to discharge (tpost). 
during inpatient care, both groups received therapy 5 times 
per week for 45–60 minutes.

The iG received an age-appropriate, individualized treat-
ment that included endurance, strength, and flexibility training. 

For the endurance training, the patients with height  136 cm 
used a bicycle ergometer. Given a target exposure time of 
10–30 minutes, they self-determined the resistance in train-
ing. if a continuous 10-minute loading period was not pos-
sible, this should be achieved cumulatively by using the in-
terval method. Children who fell below the minimum body size 
performed alternative endurance-oriented exercises, such 
as step aerobics, ball games, moving stories or endurance 
games with the Nintendo Wii console. To protect against over-
loading, continuous monitoring of the heart rate was ensured. 
The objective limit of 180 – age was based on an implemen-
tation study [26].

Strength training was aimed at promoting mobility related 
to activities of daily living and muscle strength. it focused on 
exercises for the lower extremities and trunk muscles (5 times 
per week, 3–6 exercises, 1–3 sets, 8–15 repetitions, breaks of 
60–120 seconds). The individual load intensity was dosed with 
small devices and exercise modifications. Tasks were taught 
outside the bed, but with reduced health or treatment limi-
tations, a bed-adapted program was used.

The flexibility training included active and passive stretch-
ing. To avoid injuries as well as haemorrhages, mainly static 
exercises with slight intensities were recommended.

The CG received age-specific concentration training (me-
morial/mental training, e.g. jigsaw), perceptual and relaxation 
exercises. The training was implemented every day for 
45–60 minutes as well, so that these children also had the 
social benefit of the treatment. Each day, a low-mobility in-
tervention (e.g. attention and concentration training, relax-
ation elements) was performed.

in view of the increasing prevalence of long-term conse-
quences, especially after therapy specific to the central ner-
vous system, the 45–60-minute control intervention included 
predominantly a cognitive promotion:

– This involved riddles, knowledge quizzes, parlour games 
with cognitive pretension, perceptual exercises, etc.

– The second part of the training session comprised pas-
sive relaxation methods, such as hedgehog ball massages, 
autogenic training, or a free employment whose content was 
directed to the individual wishes and inclinations of the pa-
tients.

To ensure that the CG did not experience severe mobil-
ity limitations, the control intervention was performed out-
side the bed, at a table, as much as possible. The physio-
therapist was able to detect early contractures or muscular 
atrophies and initiate necessary measures with the ward 
physicians.

in phase ii of the study, the participants were examined 
at day +100 (t100: 3-month follow-up) and at day +200 
(t200: 6-month follow-up). owing to the special requirements 
for ambulatory follow-up care, a new stratification of the 
subjects was necessary (shown in Figure 1). The participants 
who were previously randomized by a computer into 1 of 
the 2 study conditions were now allocated to 4 new groups. 
Children and adolescents who continued medical care in 
Frankfurt could participate in an outpatient exercise therapy; 
all foreign minors were allocated to a wait-control group. 
The outpatient treatment ended 6 months after HSCT.

The whole study protocol can be accessed at the de-
partment of Stem Cell Transplantation and immunology, 
Children’s Hospital of the Goethe University Frankfurt.

After written consent was obtained, the children completed 
a battery of subjective and objective testing to assess physio-
logical and psychometric criteria at least 7 days prior to hos-
pitalization. Sealed, opaque, and sequentially numbered en-
velopes were opened by the study coordinators after the 
testing.
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To investigate the effect of exercise therapy on CRF, the 
PedsQL 3.0 Multidimensional Fatigue Scale was used [27]. 
The questionnaire has 3 dimensions, each with 6 questions 
that add up to the total fatigue score (TFS). A percentile rank 
of 100 indicates no CRF symptoms; decreasing values indi-
cate increased fatigue. This questionnaire confirms CRF with 
low values in the dimensions of general fatigue (GF), sleep 
and rest fatigue (SRF), and cognitive fatigue (CF), so these 
dimensions were used as primary outcomes. All PedsQL 
questionnaires were evaluated by a blinded reviewer at the 
end of the study.

The study involved a total of 72 children and adolescents 
(24 girls, 48 boys) aged 5–18 years (mean: 11.1 years) who 
underwent allogeneic or autologous stem cell transplantation.

No power calculation was performed. Recruitment was 
based on the inclusion and exclusion criteria as part of the 
medical preparation for transplantation by the physicians.

The inclusion criteria were as follows: written informed 
consent provided by the parents, age of at least 5 years, an 
indication for allogeneic or autologous stem cell transplan-
tation, basic knowledge of German or English (both children 
and their parents).

The exclusion criteria involved age < 5 or > 18 years, con-
traindications for exercise, language barriers, indications for 
specific physiotherapeutic treatment during transplantation, 
as well as severe orthopaedic, neurological, or cardiopulmo-
nary comorbidities.

The study participants and their parents were informed 
in detail verbally and in writing about the objectives of the 
study by a physician. Participation withdrawal was possible 
at any time without giving reasons and regardless of the 
medical therapy effects.

After excluding subjects from analysis (e.g. missing val-
ues), the iG comprised 21 and the CG 26 subjects. The sam-
ple consisted of 18 girls and 29 boys with different tumours 
as shown in Table 1.

in phase ii, the 2 groups were stratified in accordance 
with the participants’ proximity to our centre. Children who 
lived far away received their follow-up examinations in their 
home clinics (which could not perform HSCT). Children liv-
ing close to our centre were offered an outpatient sports pro-
gram with the same content as the iG. Phase ii began right 
after hospital discharge (tpost) and started with a stratified 
sample of 4 groups. These participants received on average 
about 1.5 × weekly training sessions of 30–50 minutes (mean: 
40 minutes). The more distant-living children received only 
tests at t100 and t200. in their home clinics, they practised 

no exercise therapy. Whether or not they started sports ac-
tivities privately, they did not report during the consultation.

This led to the following new grouping:
– group 1: inpatient sports and outpatient no sports (n = 4),
– group 2: inpatient sports and outpatient sports (n = 12),
– group 3: inpatient no sports and outpatient no sports 

(n = 8),
– group 4: inpatient no sports and outpatient sports (n = 11).
Group homogeneity was tested in phase i via an indepen-

dent-measures t-test of the pre-total scores, and in phase ii 
via one-way ANoVA of post-total scores considering both 
samples (owing to exclusions within the repeated measure-
ment design). differences were analysed by using typical 
repeated-measures statistical methods and respective group 
variables were included as between-subject factors. There-
fore, the hypotheses were arranged with a 2-factorial ANoVA 
approach (2 main effects and 1 interaction effect). Consider-
ing tpre and tpost, a 2 × 2 ANoVA was performed with the 
dichotomous group variable (iG, CG). Further analyses to find 
differences within the testing times tpost, t100, and t200 
were conducted by using a 3 × 4 ANoVA owing to the new 
stratification (groups 1–4).

We differentiated between sub-hypotheses regarding 
each subscore of the questionnaire.

The Mauchly’s and correlation tests were performed to 
verify homoscedasticity. Variance homogeneity was tested via 
Levene’s tests. The significance level was preset to  = 0.05 
(tendency significance defined as  = 0.1).

in addition to these analyses, we carried out an intention-
to-treat analysis. Because of our high percentage of missing 
data, a mixed model approach without any ad-hoc imputa-
tion is more powerful than other options.

The CoNSoRT flow diagram of the study is presented 
in Figure 2.

Ethical approval
The research related to human use has complied with all 

the relevant national regulations and institutional policies, 
has followed the tenets of the declaration of Helsinki, and has 
been approved by the ethics committee of the department 
of Medicine at the Goethe University Frankfurt. The study is 
registered at http://www.clinicaltrials.gov under the identifi-
cation number NCT01575704.

Informed consent
informed consent has been obtained from the legal guard-

ians of all individuals included in this study.

iG – intervention group 
CG – control group 
t100 – 3-month follow-up 
t200 – 6-month follow-up 
G – group

Figure 1. Participants after  
randomization (inpatient)  

and stratification (outpatient)
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Table 1. Biometrical data of the samples in different experimental phases

Phase i

Characteristics overall intervention group Control group

Sex
Girls 18 7 11

Boys 29 14 15

Mean SD Mean SD Mean SD

Body height (cm) 150.0 20.7 150.4 21.0 149.7 20.9

Body weight (kg) 41.1 16.9 44.0 17.0 38.7 16.8

Age (years) 11.3 3.6 11.3 3.6 11.3 3.7

Leukaemia
Myelodysplastic syndromes
Neuroblastoma
Haematologic disease
Soft tissue sarcoma
Lymphoma
Malignant tumour

11
3
2
2
1
2
0

12
4
1
2
3
3
1

Phase ii

Characteristics overall Group 1 Group 2 Group 3 Group 4

Sex
Girls 12 (7) 2 (1) 2 (1) 1 (1) 7 (4)

Boys 23 (16) 2 (1) 10 (6) 7 (6) 4 (3)

Mean SD Mean SD Mean SD Mean SD Mean SD

Body height (cm)
150.4 

(152.3)
20.8 

(19.2)
155.3 

(176.5)
31.6 

(26.2)
147.1 

(141.4)
18.3  
(7.6)

155.4 
(154.1)

23.5 
(25.1)

148.7 
(154.6)

19.4 
(14.6)

Body weight (kg)
41.3  
(42)

17.1 
(16.7)

43.7 
(57.8)

20.6  
(18)

41.7 
(36.9)

15.9 
(11.2)

42.8 (43)
21.4 

(23.1)
38.9 

(41.4)
15.9 

(14.1)

Age (years)
11.4 

(11.4)
3.7  

(3.2)
12.5 

(15.5)
5.1  

(0.7)
10.6  
(9.9)

3.1  
(1.2)

11.5 
(11.1)

4  
(4.2)

11.8 
(12.1)

3.8  
(3)

Leukaemia
Myelodysplastic syndromes
Neuroblastoma
Haematologic disease
Soft tissue sarcoma
Lymphoma
Malignant tumour

1 (1)
1 (0)
0 (0)
2 (1)
0 (0)
0 (0)
0 (0)

8 (6)
1 (1)
1 (0)
0 (0)
0 (0)
2 (0)
0 (0)

4 (3)
3 (3)
0 (0)
1 (1)
0 (0)
0 (0)
0 (0)

5 (3)
1 (1)
0 (0)
1 (0)
1 (0)
3 (3)
0 (0)

Numbers in brackets represent the smaller sample size in t200 (6-month follow-up)

Results

only data on CRF are presented in this paper. despite 
the initial scepticism of the patients, parents, and staff, there 
was a particularly good acceptance of the intervention.

With regard to group homogeneity, no differences in the 
total score were found either in phase i (tpre score: T_45 = 
1.618, p = 0.113) or in phase ii (tpost score, group t100: F3,34 = 
0.706, p = 0.555; tpost score, group t200: F3,22 = 0.12, p = 
0.947). detailed patient characteristics are shown in Table 1.

Throughout the study, there were some dropouts due to 
complications, patient death (31.6% each), and missing values. 
in phase i, the dropout rate was 50%, so we started phase ii 
with 35 children and finished the study with the data of 23 
children (32.9%).

The reasons for the study dropouts were the death of the 
subjects, changes in health status, and difficulties with the 
questionnaire. Therefore, only 23 patients could be consid-
ered for the analysis of the effect of exercise therapy in out-
patient children.

The iG had an average of 3.1 (± 0.6, range: 2–4) training 
sessions per week in phase i, with a mean training duration of 
50.3 (± 6.3) minutes per training session. The ratings of per-
ceived exertion averaged 13.9 (± 1.2), which indicates that 

the training was somewhat exhausting. The CG received 2.9 
units per week (range: 0.3–4) with 51 minutes per training unit 
(range: 30–60 minutes). The visible and measurable impact 
on CRF was determined as follows.

in TFS, GF, and SRF, a general trend was that median 
values decreased in the intervention phase (from tpre to 
tpost): TFS: –16.67 median points (Mp), GF: –14.58 Mp, 
SRF: –37.5 Mp. The reduced values indicate increased fa-
tigue. Clearly recognizable in both groups is a marked de-
crease in TFS from tpre to tpost. As shown in Figure 3, in the 
iG, a significant decrease of CRF values from tpre to tpost 
is obvious.

For the inpatient phase i, the main research question can-
not be confirmed.

in the follow-up measurements (t100, t200), an increase 
to the base level was obvious (shown in Figures 4 and 5). 
Both groups exhibited a tendency toward a significant reduc-
tion in CRF; the iG demonstrated a significant reduction 
6 months after clinical discharge.

Regarding 2 × 2 ANoVA in the case of the main effect tpre 
vs. tpost and 2 groups, we found significant overall results 
in the measures of TFS (F1,45 = 16.79, p < 0.001, 2 = 0.27), 
SRF (F1,45 = 27.44, p < 0.001, 2 = 0.38), and GF (F1,45 = 11.59, 
p = 0.001, 2 = 0.2). No significant effect was observed in 
CF (F1,45 = 1.87, p = 0.18).
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Inpatient (phase I: pre-post)

Outpatient (phase II: post-t200)

Figure 2. CoNSoRT flow diagram of the study
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The randomized iG displayed a significant improvement 
in their fatigue values at t100 and a significant improvement in 
their fatigue values at t200 compared with the inpatient values. 
These results fit the meta-analysis by oberoi et al. [28].

Children randomized to the CG also improved at t100 
and t200, but less distinctly than those in the iG.

An analysis of the GF, SRF, and CF dimensions revealed 
the following:

– The GF dimension was remarkably like TFS: an outpa-
tient improvement at t100 and t200 was more visible in the 
iG than in the CG.

– The SRF dimension demonstrated significant improve-
ments in the iG at t100 and significant improvements at t200 
after the significant inpatient deterioration. The CG improved 
but not significantly.

– in the CF dimension, no improvement was reported.
Furthermore, the iG was not significantly different from 

the CG in each variable; however, the iG presented a ten-
dency of greater values in fatigue scales consistently over all 
subscores (TFS: 13%, GF: 10%, SRF: 12.5%, CF: 15.7%). 
The interactions were shown to be not significant (TFS: p = 
0.25, GF: p = 0.58, SRF: p = 0.2, CF: p = 0.59).

Within phase ii, ANoVA revealed a significant main effect 
over time in TFS (F2,38 = 9.73, p < 0.001, 2 = 0.34), GF (F2,38 = 
9.14, p = 0.002, 2 = 0.33), SRF (F2,38 = 12.63, p < 0.001, 2 = 
0.4), but not in CF (F2,38 = 0.3, p = 0.74), as shown in Figure 4.

differences between groups turned out not significant. 
Because of group homogeneity after stratification, in tpost, 
the ranges in absolute score points were 5.4 in TFS, 11.1 in 
GF, 13.1 in SRF, and 12.5 in CF (Figure 4). The interaction 
evaluation showed no significant effect in each variable (TFS: 
p = 0.89, GF: p = 0.7, SRF: p = 0.93, CF: p = 0.83). The sec-
ond research question cannot be confirmed for inpatient 
children.

The group means over time are presented in Figure 5. 
After the stratification (phase ii), the 4 groups were evaluated 
on the basis of their sporting behaviour.

owing to the recognizable results in TFS, the following 
statements can be made:

– Children who were engaged in sports in phase i but 
stopped exercising after hospital discharge (group 1) expe-
rienced little recovery from fatigue at the end of the study.

– Children who consistently engaged in sports during 
the study period (group 2) showed the greatest reduction in 
fatigue at t100 and t200.

– Children who did not engage in sports during the en-
tire study period (group 3) exhibited only a minimal recovery 
from fatigue.

– Children who were inpatient in the CG and became 
active in phase ii (group 4) presented a marked reduction in 
fatigue at t100 and t200.

The third research question shows that significant CRF 
reduction occurs only after discharge when patients are ex-
ercising. This remains only partly in line with a study by Wit-
lox et al. [29], who described positive short- and long-term 
effects on CRF.

A closer examination of the dimensions revealed the fol-
lowing. in the GF dimension, a similar picture appeared as 
in the case of TFS. Group 2 had the best outcome at t200, 
followed by group 4. The difference between the 2 weaker 
groups (1 and 3) was not very distinct here.

Regarding SRF, a somewhat different picture emerges. 
While group 2 and group 4 continued to present good out-
come after clinical discharge, the result of group 1 is note-
worthy. outpatient children who stopped engaging in sports 
after clinical discharge exhibited the worst values. The values 
were even worse than those in the children who engaged in 
no sports as inpatients or outpatients (group 3). in the CF 
dimension, all children achieved remarkably similar results 
at each point. during the study period, hardly any changes 
were observed.

Within an intention-to-treat approach of phase ii (post, 
t100, t200), a linear mixed effects model with time*group 
(both as fixed factors) and subjects as random factor was 
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Figure 6. Results of the linear mixed effects model: estimated marginal means of the 4 groups in phase ii and standard errors
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Table 2. Results of significance tests with respect to phase i and phase ii

Phase i (n = 47) tpre–tpost Groups interaction

2 × 2 ANoVAa F1,45 p F1,45 p F1,45 p

GF 11.59 < 0.01* 1.11 0.30 0.32 0.57

SRF 27.44 < 0.01* 0.44 0.51 1.64 0.21

CF 1.87 0.18 2.19 0.15 0.30 0.59

TFS 16.79 < 0.01* 1.44 0.24 1.33 0.25

Phase ii (n = 23) tpost–t100–t200 Groups interaction

3 × 4 ANoVAa F2,38 p F3,19 p F6,38 p

GF 9.14b < 0.01*,b 0.76 0.53 0.60b 0.69b

SRF 12.63 < 0.01* 0.89 0.47 0.31 0.93

CF 0.30 0.74 0.42 0.74 0.47 0.83

TFS 9.73 < 0.01* 0.40 0.75 0.37 0.89

Phase ii (iTT analysis) tpost–t100–t200 Groups interaction

LMM 3 × 4 ANoVAa Chi²2 p Chi²3 p Chi²6 p

GF 33.05 < 0.01* 5.55 0.14 4.76 0.58

SRF 48.65 < 0.01* 9.91 0.02* 2.13 0.91

CF 1.41 0.49 4.49 0.21 6.38 0.38

TFS 29.69 < 0.01* 5.44 0.14 4.47 0.61

GF – general fatigue
SRF – sleep and rest fatigue
CF – cognitive fatigue
TSF – total fatigue score
iTT – intention-to-treat  
LMM – linear mixed model
* significant p values, a variance homogeneity in all groups confirmed, b Greenhouse-Geisser correction

conducted as this procedure may be appropriate to account 
for the high dropout rate. All fixed effects were analysed with 
type ii Wald ^2-tests. Considering the total score, we found 
a significant effect in time ( _2^2 = 29.69, p < 0.001) but not 
in the time*group interaction ( _6^2 = 4.47, p = 0.61). A similar 
result was obtained within GF (time: _2^2 = 33.05, p < 0.001; 
time*group: _6^2 = 4.76, p = 0.58) and SRF (time: _2^2 = 
48.65, p < 0.001; time*group: _6^2 = 2.13, p = 0.91). With 
respect to CF, we revealed no effects (time: _2^2 = 1.41, 
p = 0.49; time*group: _6^2 = 6.38, p = 0.38). The estimated 
marginal means and standard errors are shown in Figure 6.

Table 2 clearly summarizes the results of all essential 
significance tests.

Discussion

Regarding other studies, it must be explained that the 
exercises of this study lasted longer than 30 minutes (medi-
an: 51 minutes; range: 30–60 minutes) [1, 3]. Although other 
studies did not show significant results [8] or ambivalent out-
comes [12], the significant results of this study should be 
discussed against the background of HSCT. it should be 
borne in mind that this sample is a vulnerable population: in-
patient children after HSCT in a state of aplasia, in a progres-
sive deterioration as a transplantation-related degeneration.

To refer to the ‘why does it work,’ our results coincide with 
those obtained by Repka and Hayward [2], who showed that 
exercise therapy led to a more robust and significant in-

crease in antioxidant capacity and decrease in protein oxi-
dation, mitigating CRF.

A causal answer is not possible now, but Chamorro-Viña 
et al. [30] also confirm our hypothesis with 6 children. They 
point out that after HSCT, natural killer cell cytotoxicity (NKCC) 
recovery is important for good outcomes. The ratio of NKCC 
was 8 times greater in their iG. They stated that a moderate-
intensity exercise therapy was feasible and might redistribute 
the natural killer cell subset, improving NKCC. in contrast to 
Repka and Hayward [2], however, they implemented exer-
cise therapy early after HSCT.

Even if a sports program involves certain risks after HSCT, 
no incidents were identified.

These findings correspond with a meta-analysis per-
formed by Meneses-Echávez et al. [6], who described ex-
ercise therapy as safe and effective for improving CRF.

The clinical daily routines are stressful factors which may 
have influenced the outcome of this study. Another frequently 
underestimated factor is the deconditioning of physical con-
stitution occurring within HSCT pre-treatment. The condition-
ing regime is an important determinant of fatigue after trans-
plantation. Mustian et al. [7] indicated in a meta-analysis that 
the effect of exercise therapy depended on the stage of can-
cer and the baseline treatment. during and after cancer ther-
apy, exercise and psychological interventions were signifi-
cantly more effective than pharmaceutical options.

Cumulative toxicities increase the extent to which trans-
plantation is negatively affected and raise the morbidity and 
mortality risk. Muscular atrophy, neuromuscular deficits, and 
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cardiopulmonary impairment are observed in children during 
and after primary treatment.

overall, it must be admitted that after stratification into 
the subgroups, the study involved a small sample. Few HSCT 
patients completed the study (owing to varied disorders or 
problems, e.g. high morbidity and mortality risk, non-re-
sponders).

With reference to CF, the following questions could arise: 
does CRF not affect this dimension in children, or do they not 
correctly reflect their feelings? Maybe the PedsQL 3.0 Mul-
tidimensional Fatigue Scale does not adequately assess CF? 
Are adolescents ashamed of showing weaknesses in this 
area? The results concerning CF confirm observations from 
a previous study [27].

owing to an overlapping training effect from the inpatient 
exercise therapy in group 1, they presented moderate values 
at t100 but could not improve at t200 without engaging in 
sports. The minimal recovery from CRF in group 3 could 
represent a spontaneous remission without training.

The intention-to-treat analysis largely confirmed the re-
sults of the as-treated analysis. in relation to TFS, which ex-
hibited the most significant improvement, the intention-to-treat 
analysis and the as-treated analysis are 87.5% identical. only 
in the as-treated analysis did groups 1 and 3 swap the last 
places. For SRF and GF, the intention-to-treat and as-treated 
analyses for t200 gave identical results. The improvement 
of GF in group 1 at t100 in the as-treated analysis, possibly 
caused by statistical outliers, was levelled in the intention-
to-treat analysis.

our results, as well as those obtained by Repka and Hay-
ward [2], encourage the current guidelines for cancer survi-
vors, which suggest moderate physical activity as an option 
to ‘reduce treatment-associated side effects, an effect that 
may be in part due to changes in antioxidant capacity and 
oxidative stress’.

Limitations

despite the promising results, a few study limitations must 
be mentioned. The HSCT underlying diseases led to a very 
heterogeneous study population, with different chemotherapy 
regimens. The difference between allogeneic and autologous 
transplantation is one aspect that was ignored owing to 
a small number of cases. Because of a small sample size, 
it can be assumed that the type ii error was high. But this also 
means that the descriptive tendencies are not negligible. Re-
garding the significant effects identified, the small sample 
size is not critical.

in phase ii, the sample had a minor gender bias (16 boys, 
7 girls) and an age bias between groups 1 and 2 (mean age: 
15.5 and 9.9 years, respectively). A follow-up study with 
a larger number of children is recommended.

Conclusions

owing to the low effect during the stationary phase, other 
applications for reducing side effects can be given priority 
here. The impressive reduction of CRF after clinical discharge 
shows how important exercise therapy can be for children in 
paediatric oncology. Not only the participation in sports and 
thus a higher quality of life but also the possibly of better func-
tioning at school are feasible with less fatigue. For these rea-
sons, the authors recommend early sporting activities after 
HSCT, which should be maintained even after clinical dis-
charge in the rehabilitation phase. Because of the small num-
ber of cases, the result should only constitute a careful recom-
mendation.
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