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Objectives: Exercise interventions during and after treatment for pediatric cancer are associated with beneficial physical, psychological, and social effects. However, valid data about adverse events (AEs) of such interventions have rarely been evaluated. This retrospective study evaluates AEs that occurred during supervised oncological exercise programs for pediatric cancer patients and survivors.

Methods: This Germany-wide study used a self-administered online survey focusing on general program characteristics and AEs retrospectively for 2019. The questionnaire included (a) basic data on the offered exercise program, (b) AEs with consequences (Grade 2–5) that occurred in 2019 during an exercise intervention, (c) number of Grade 1 AEs, (d) safety procedures as part of the exercise programs, and (e) possibility to give feedback and describe experience with AEs in free text.

Results: Out of 26 eligible exercise programs, response rate of program leaders was 92.3% (n = 24). Representatives working for Universities (n = 6), rehabilitation clinics (n = 3), acute cancer clinics (n = 12), and activity camps (n = 3) participated. In total, 35,110 exercise interventions with varying duration were recorded for 2019. Six AEs with consequences (Grade 2–3) occurred during exercise interventions after cancer treatment resulting in an incidence of 17 per 100,000 exercise interventions (0.017%). No life-threatening consequences or death were reported and no serious AE occurred during acute cancer treatment. Grade 1 AE occurred with a frequency of 983, corresponding to an incidence of 2,800 per 100,000 interventions (2.8%). Most frequent Grade 1 AE were muscle soreness, circulatory problems, and abdominal pain. The most frequent preventive safety procedures at the institutions were regular breaks, consultations with the medical treatment team, and material selection with low injury potential.

Conclusions: Supervised exercise interventions for pediatric cancer patients and survivors seem to be safe and AEs with consequences comparatively rare when compared to general childhood population data. Occurrence of grade 1 AEs was common, however, causality was probably not evident between AEs and the exercise intervention. Future research should standardize assessment of AEs in clinical practice and research, and prospectively register and evaluate AEs that occur in the context of exercise interventions in pediatric cancer patients and survivors.
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INTRODUCTION

Survival rates in children and adolescents with cancer have increased over the last decades and researchers and health care providers attempt to improve the quality of survival and reduction of negative side effects during treatment and survivorship (1). In this context, exercise program, are one possible supportive approach to increase health-related quality of life and counteract the disease and treatment related negative effects (2). Although research about the effectiveness of such exercise programs is still limited, first evidence supports positive effects on muscle strength, cardiopulmonary capacity, functional mobility, fatigue, and quality of life (3–6). Furthermore, first evidence supports the hypothesis that a hospital-based exercise program may reduce days of hospitalization and thus costs of the cancer treatment (7). Although programs to promote exercise worldwide are still rare, numbers are increasing. In an international environmental scan, 46 exercise programs have been identified with 46% (n = 21) of those located in Germany (8). In Germany, the interdisciplinary Network ActiveOncoKids (NAOK) is working on the expansion and implementation of exercise programs, individualized exercise counseling, qualification of pediatric oncology exercise professionals, and research projects. The evaluation of risks and benefits of exercise programs in children, adolescents, and young adults during and after cancer treatment is one of those research topics identified as relevant in the field of pediatric exercise oncology (9).

In adult cancer patients, the statement “exercise is medicine in oncology (10)” is increasingly being used. However, information about negative events of this medicine “exercise” is deficient. Although feasibility and safety have been described in the current literature (11), a concise evaluation of adverse events (AEs) occurring during exercise programs for children and adolescents with cancer is lacking. Interventional studies evaluating exercise interventions in childhood cancer patients and survivors mostly acknowledge no adverse events (AEs) (12, 13). However, information about the evaluation of such AEs during interventional exercise studies is sparse, not recorded, or not published and no information is available about AEs occurring outside studies during exercise care programs. The purpose of this work is to retrospectively evaluate the frequency and severity of adverse events that occurred during supervised oncological exercise programs for pediatric cancer patients and survivors.



METHODS

This retrospective cross-sectional study was conducted as a national online survey within the NAOK in Germany. Almost all existing pediatric oncology exercise programs in Germany are NAOK members. Ethical approval was granted by the University of Essen and informed consent was obtained from all those who responded to the online surveys.


Participants

The participants of the survey were identified through NAOK member list screenings, screening of parent's associations with exercise programs (including sailing and climbing groups for example) from homepages and screening of rehabilitation clinics for pediatric oncology. The responsible program coordinators were contacted in June 2020 via email and asked to provide informed consent and to participate in a self-administered online questionnaire. In case of non-response, a first and second reminder was sent out for all participants after 2 weeks each.



Exercise Programs

Exercise is defined as a “subset of physical activity that is planned, structured, and repetitive and has as a final or an intermediate objective the improvement or maintenance of physical fitness” (14). An exercise program in our study was defined as a voluntary offer for childhood cancer patients or survivors outside of prescribed physiotherapy. An exercise intervention was defined as one unit of exercise completed by one childhood cancer patient or survivor (e.g., a 60 min exercise group with 20 childhood cancer survivors counted as 20 exercise interventions, 6 days of skiing with 5 h of active skiing daily with 10 childhood cancer survivors counted as 300 exercise interventions). Although friends and family members sometimes participated in those exercise programs, they were not included in the analysis. Since duration of an exercise intervention may vary between patients during acute cancer treatment and after cancer treatment, exercise interventions in this study had varying durations.



Questionnaire and Data Collection

Since no validated questionnaire was available to assess AEs in pediatric exercise oncology, the questionnaire has been developed by (i) information gathering at the NAOK workshop in January 2020, (ii) an interdisciplinary core team critically reviewing the questions and categories of AEs (definition see Table 1) and tested the preliminary questionnaires for feasibility and clearance, and (iii) published data on AEs in adult oncology (15). The questionnaire was administered via an online platform and included (a) basic data on the offered exercise program including number and modalities of exercise interventions in 2019, (b) number of AEs with consequences (e.g., medication, hospitalization) that occurred in 2019 during an exercise intervention with detailed description of what happened, (c) number of other AEs without consequences, (d) safety procedures as part of the exercise program, and (e) possibility to give feedback and describe experience with AEs in free text. To assess grade 1 AEs (AEs without consequences) and preventive safety measures, the author team predefined AEs (e.g., nausea, pain), and safety measures (e.g., medical clearance, warm-up) that were familiar to them from exercise therapy practice. The respondents were asked to indicate the frequency of these items. It was also possible to add events or measures via a free text field. The respondents were encouraged to answer the questions according to their individual records of exercise interventions and AEs that occurred in 2019. The questionnaire is available via https://www.activeoncokids.de/questionnaire/.


Table 1. Categorization of adverse events during exercise interventions.
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To reduce reporting bias, the questionnaire was answered anonymously. However, the participants could provide their contact data voluntarily to answer any queries that would arise.




RESULTS

Figure 1 presents a flow diagram of screened and included exercise programs. Out of n = 39 identified programs, n = 13 organizations were excluded because they had no active exercise offer in 2019. Out of the remaining n = 26 eligible programs, n = 24 program leaders participated in the study, and n = 2 did not participate (response rate 92.3%). Table 2 describes the characteristics of included programs. The included institutions were categorized into rehabilitation clinics (in-patient 4 week rehabilitation based on the legal right to rehabilitation in Germany), activity camps (exercise program offered by non-university institutions, foundations, or commercial organizations), acute cancer clinic (exercise program is implemented into usual care during and/or after cancer treatment and supervised by an exercise professional employed at the pediatric oncology clinic), and university (a university that cooperates with a pediatric oncology clinic to offer an exercise program during and/or after cancer treatment). Based on the information provided by the respondents, the total number of supervised exercise interventions in 2019 was n = 35,110 consisting of different modalities of exercise interventions during and after treatment like individual and group sessions in the hospital or rehabilitation camps in the aftercare.


[image: Figure 1]
FIGURE 1. Study recruitment process.



Table 2. Characteristics of included facilities (rehabilitation clinics, acute cancer clinics, universities, and activity camps) and their offered exercise programs.
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Adverse Events With Consequences (Grades 2–5)

In total, six AEs occurred that were associated with consequences for the patient in 35,110 exercise interventions (0.02%, incidence 17 per 100,000) with four events being classified as grade 2 and two events as grade 3 [see Table 3, grades 2–5, classification according to CTCAE (16)]. No life-threatening consequences or death (classified as grade 4 or 5) occurred in those 35,110 interventions. All six events occurred during exercise interventions (sport camps, sports group, and rehabilitation) after cessation of acute cancer treatment. One of the six events (line 2, Table 3) did not occur directly during exercising but in the immediate surroundings of the sporting activity during physical activity (walking) and the corresponding environment (ski area). Also, all events involved children and adolescents who were reported to be in average or below average training condition, and all interventions were supervised in a 1:4–1:10 ratio. Table 3 lists all six events with detailed information. Two events (grade 2) resulted in clinical diagnostic and short limitations in some instrumental activities of daily living (ADLs) (e.g., preparing meals, shopping for groceries). Two events resulted in limitations in instrumental ADLs with one being also associated with pain medication. The two highest rated events (grade 3) were both bone fractures and resulted in limitations in instrumental and self-care ADLs. Neither of the two fractures had an indication for surgery. In both grade 3 events, the children were in teenage age and both returned to sports after recovery. Three of the six AEs occurred in the context of skiing. Although the questionnaire does not allow an evaluation of the hours or days per sport, based on the knowledge in the network, it can be assumed that there will be approximately 396 skiing days in 2019, which corresponds to an incidence of 7.6 per 1,000 skiing days.


Table 3. Description of occurred Adverse Events with consequences during supervised exercise interventions in pediatric oncology.
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Adverse Events Without Consequences (Grade 1)

Grade 1 AEs occurred with a frequency of 983 including muscle soreness (558 without muscle soreness) in the overall 35,110 exercise interventions (2,800 per 100,000 exercise interventions). Frequency and probability of occurrence of the different grade 1 AEs is shown in Table 4. The incidence (cases per 100,000 interventions) varied from 1,208/100,000 (muscle soreness) to 3/100,000 (disorientation). Most events have been classified as uncommon (affects between 1 in 1,000 and 1 in 100 interventions) or rare/very rare (between <1 in 10,000 and 1 in 1,000). Overall probability of any grade 1AEs was rated as common. The most common event was muscle soreness (43.1% of all grade 1 adverse events). Because muscle soreness is not a part of conventional AEs, but can usually occur during exercise, the calculations of frequencies are given inclusive of muscle soreness, and exclusive of muscle soreness.


Table 4. Frequency of occurred Grade 1 adverse events during supervised exercise interventions in pediatric oncology.
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In Figure 2, the occurrence (% of offered exercise interventions) of the six most frequent grade 1 AEs (muscle soreness, circulatory problems, abdominal pain, headache, back pain, nausea) are separately presented for rehabilitation clinics, acute cancer clinics, Universities, and activity camps.


[image: Figure 2]
FIGURE 2. Occurrence of grade 1 adverse events per institution. The bar indicates the relation (%) of performed exercise interventions and adverse events. The numbers above the bars represent the absolute number of events that occurred. AE, adverse events.




Preventive Safety Procedures

The three most frequent preventive safety procedures at the institutions were regular breaks, consultations with the medical treatment team and appropriate material selection with low injury potential (n = 25 answered “always” or “frequent” each). Other frequent procedures (n = 23 answered “always” or “frequent” each) were consideration of the subjective state of health of the participants, medical permission, establishing rules of behavior for the child, and a warm-up period. Monitoring of heart rate and or oxygen saturation were only used rarely (n = 25 and n = 23 answered “rare” or “never”).




DISCUSSION

This study revealed six AEs grade 2–3 that were associated with the use of a medical treatment or procedure in 35,110 supervised oncological exercise interventions in 2019. All six AEs occurred in exercise programs in the off-treatment phase and no AE was reported for exercise interventions during acute cancer treatment. None of those AEs was fatal, life-threatening, or associated with long-term consequences or lasting impairments. Based on these results it may be stated that exercise interventions for pediatric cancer patients and survivors are safe. However, these six grade 2–3 AEs occurred, which were associated with more or less severe for the patients and although not life-threatening or long-lasting, they compromised the physical and possibly also the psychological condition for a period of time. All children were in average or below-average training condition which allows the conclusion that especially for children who are still physically untrained after the therapy, the re-entry should be well-accompanied and should take place gradually. The two grade 3 events were both bone fractures and resulted in limitations in instrumental and self-care ADLs which is especially unfortunate for young people who have been dependent on help from their parents for so long. At this point, however, it is important to point out that accidents occur during sports. Whether in physical education at school, at club sports, during recreational sports, or even rehabilitation sports, exercise, and playing sports are always associated with the risk of injury (17–19). In comparison to injuries in children in general, the incidence of serious AEs in our cohort is comparably low. The systematic review of Nauta et al. (19) reports that the medically treated injury incidence rate in the included studies with children aged 6–12 years was between 0.15 and 0.56 injuries per 1,000 h of physical activity (vs. 0.17 in our cohort). Nevertheless, it is noteworthy that not one AE graded >1 occurred during the acute treatment phase. Possible reasons could be the lower supervision ratio in aftercare programs, the practice of sports involving risk, or an increase in intensity that is unaccustomed high in comparison with the programs during therapy. Structured rehabilitation training prior to corresponding activities with high intensity after treatment should therefore be considered.

In comparison to the very low number of grade >2 AEs, the overall occurrence of grade 1 AEs was common. However, it is important to consider that in many cases there was probably no causality between the grade 1 AEs that occurred and the exercise intervention, as they were predominantly events that could also be attributed to the medical therapy (i.e., nausea, pain). Other grade 1 AEs like muscle soreness, are a typical sign of intense exercise training, and may occur in healthy as well as diseased children (20). Signs of physical strain (i.e., increased heart rate, physical warming) should be discussed with children and adolescents exercising during cancer treatment as part of normal athletic education. Some children and adolescents even might accept muscle soreness as part of a normality they had before cancer treatment. But if muscle soreness increases individual burden during treatment, the intensity should be reduced. Itching as an AE in the cohort included here, seems to be traced back to vibration exercises (21) that are conducted regularly at one hospital included in this study.

The safety procedures applied within these sites underline the need to communicate with the medical treatment team and the patients and parents (structure and communication), to use low-risk exercise equipment (instruments and material), and to adapt the exercise intervention to the condition of the child (content and individualization).

In comparison to reported AEs in adult oncology (15), the number of overall AEs in our study is slightly higher. Wiskemann et al. reported 672 AEs in 91,252 exercise interventions. Thereof, 10 events were rated as serious AEs (11 out of 100,000 exercise interventions) including bone fractures, scar fractures, torn ligaments, and head injuries, and two cardiac arrest requiring reanimation. Comparing the two studies, we seem to have recorded a higher number of AEs in pediatric oncology, while the severity of AEs was reported to be lower. However, the reasons for these differences may also lie in a differing classification and recording of the events and should be interpreted with caution. Other international research leads into the same direction, that exercise is safe for patients during acute cancer treatment (22), during survivorship (23), and during palliative care (24).

The strength of this study lies in its nationwide multicentric design and the inclusion of the acute as well as the off-treatment phase. Furthermore, different institutions (i.e., rehabilitation clinics and acute cancer clinics) were questioned. A limitation of this study is the retrospective assessment of AEs, which might have led to over- or underreporting of events, especially for grade 1 AEs. However, more serious AEs (grade 2–5) in 1 year are unlikely to be forgotten because they are associated with medical procedures, and a report of the accident. Furthermore, frequencies and types of AEs should be interpreted carefully because the underlying number of interventions varies. The design of the questionnaire does not allow to put number of AEs in relation to conducted number of interventions in a specific sport. As an example, three AEs occurred in the context of skiing. However, we know from network communications and experience that skiing is one of the most offered exercise programs after pediatric cancer treatment and numbers of AEs are probably higher because the total amount of skiing interventions was very high. The estimated incidence of 7.6 AEs per 1,000 skiing days corresponds to the incidence of skiing accidents of 3.9–9.1/1,000 skiing days reported in the literature for children and adolescents in general (25). This is also a common problem in the assessment of AEs during physical education lessons, as written in national reports (26).

Future research should prospectively assess AEs that occur in the context of exercise interventions in pediatric cancer patients and survivors in a nationwide or even international registry. This might not only improve data quality, but also allows for constructive safety warnings to reduce the risk of the same AEs at different institutions. To realize this registry, a standardized definition and classification of AEs are important. From a translational point of view, guidelines that specify existing guidelines (27) by the aspects planning, conducting, monitoring, and evaluation of exercise interventions in pediatric oncology, might help to ensure quality, safety, and efficacy of exercise programs for children and adolescents with cancer.
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instrumental and
self-care ADLs (e.g.,
eating, dressing),
prescription of pain
medication
Limitations in
instrumental and
self-care ADLs

Limitations in
instrumental

ADLs,

prescription of pain
medication

Ciinical diagnostic
and limitations

in some
instrumental ADLs

Procedures

2 days rest

14 days of work
exemption

Conservative
treatment
(immobilization
arm), no surgery

Plaster cast
lower leg, some
outpatient ciinic
visits

1 week limited
participation in
activities

No continuation
of the current
sportlesson

Other remarks

On-site treating surgeon
only suggests
cycing/swimming as
appropriate sports with
prosthesis, which
confused the teenager
Spikes would have been
available and
recommended by sking
team leader

Incident did not disrupt
interest in sking and
sports; re-participation in
sking i the following year

Teenager has returned to
sports after plaster cast;
no longer likes to go on
the trampoline (is afraid of
twisting again)

Teenager participated in
sport activties with
modifications the day after
the incidence

Grading

CTCAE
Grading
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Grade 1 adverse N N (%) of all Grade 1 AEs Incidence (cases Grade Probability of Ratio (Grade 1 AE :
event (abs) 1AE/100,000 occurrence® number of interventions)
Incl. muscle Excl. muscle interventions)
soreness (%/983)  soreness (%/559)

Muscle soreness 424 434 - 1,208 Common 1:83

Circulatory problems 100 102 17.9 285 Uncommon 1:351

Abdominal pain 74 75 182 211 Uncommon 1474

Head ache 70 74 125 199 Uncommon 1:502

Back pain 59 60 10.6 168 Uncommon 1:595

Nausea 55 56 28 157 Uncommon 1:638

Abrasion 49 50 88 140 Uncommon 1717

Hematoma 39 40 7.0 11 Uncommon 1:900

Psychosomatic 39 40 70 11 Uncommon 1:900

reactions

Itching 33 34 59 [ Rare 1:1,084

Vomiting 31 32 55 88 Rare 1:1,133

Dyspnoea 5 05 09 14 Rare 1:7,022

Seizures 4 04 o7 1 Rare 1:8,776

Disorientation 1 0.1 02 3 Very rare 1:35,110

Total (any Grade 1 AEs) 983 100 100 2,800 Common 1:36 incl. and 1:63 excl.
muscle soreness

2According to the side effects classification of medications.
N, number; AE, Adverse Event.
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Term Description

Grade 2-6 AE (with
consequences)

Any unfavorable and unintended sign,
symptom, o disease temporally associated
with the use of a medical treatment or
procedure that may or may not be considered
related to the physical activity intervention®

Grade 1 adverse event
(without consequences)

Any unfavorable and unintended sign or
symptom that is not followed by medical
diagnostic or procedure and may or may not
be considered related to the physical activity
intervention

ADL, Activities of Daily Living; AE, Adverse Event.
Based on CTCAE Common Terminology Criteria for Adverse Events v5.0.

Grades

Grade 2—Minimal, local or
non-invasive intervention indicated;
limiting age-appropriate instrumental
ADL®

Grade 3—Medically significant but
not immedately lfe-threatening;
hospitalization or prolongation of
hospitalization indicated; disabling;
limiting self-care ADL®

Grade 4—Life-threatening
consequences; urgent intervention
indicated

Grade 5—Death refated to adverse
event

Grade 1—Clinical or diagnostic
observations only; intervention not
indicated

Shortness of breath, abdominal pain,
disorientation, vomiting, hematormas,
headache, seizures, circulatory
problems, muscle soreness,
psychosomatic reaction (e.g., panic
attack, outbursts of anger), back pain,
abrasions, severe itching, nausea

Pinstrumentel ADL refer to preparing meals, shopping for groceries or clothes, using the telephons, managing money, ete.
©Self-care ADL refer to bathing, dressing and undressing, feeding self, using the toilet, taking medications, etc.

Assessment in the questionnaire

In 2019, did you ever experience any of
the following as a result of an adverse
event while playing sports (e.g., shortness
of breath, dizziness, fal)?

Death

Vital Intervention

Limited seff-care ADL hospitalization or
prolongation of hospitalization
Significant delay in adherence to the
treatment protocol

Taking medication

Limited age-appropriate instrumental
ADL®

> If, yes, detailed description for every
event followed

Please consider whether those adverse
events have ocourred and, if so,
estimate from your recollection the
number that occurred in 2019

> predefined grade 1 AE and free text
box for other grade 1 AE
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Possible exercise programs  Rehabilitation clinics Acute cancer
in the questionnaire N=3) (N=12)

(multiple answers possible)
Number (n) and percentage (%) of fac

n % n
EX program during treatment 0 - 12
Inpatient (single/group) 0/0 = 11/3
Inpatient (single/group) online 00 - 110
Outpatient (single/group/home) 0/0/0 - 10/4/0
Outpatient (single/group) online ~~ 0/0 - 110
EX program after treatment 3 100 8
Single interventions 2 67 7
Group interventions regular® 2 67 7
Group interventions irreguiar® 0 - 5
Group multi-day camps 0 - 3
Rehabiltation several weeks 3 100 1
Home visits o - o
Online (single/group) 00 - 00
EX interventions in 2019 19,993 57 7,539
EX, exercise.

aExercise program takes place in a defined rhythm (e.., weekly exercise group).

bExercise program does not follow a rhythm and take place either once (e.g., ski trip) or selectively throughout the year (e.g., try-out-day).

%

100
92/26

8/-

83/33/-

8/~
67
58
58
42
25
8

22

Activity camps

W=3

Universities
N=6)
es offering the listed EX program in 2019
n % n
4 67 1
an 67/17 0/0
00 - 0o
2/1/0 33/17/- 1/0/0
00 - 00
6 100 3
4 67 1
2 33 2
3 50 3
2 33 2
2 33 0
0 - 9
00 - 00
3,922 11 3,657

33/-/-

100
33
67
100
67

10

Total facilities

=24)
n %
17 7
15/4 63/17
10 4=
13600 54/25/-
1/0 4/~
20 8
14 54
18 50
1 a2
7 27
6 25
0 -
0 .
35,110 100
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