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Background: The COVID-19 pandemic has presented major challenges to
clinical practice and delivery of care programs throughout all health care
systems. Exercise programs, that are implemented in most centers for
pediatric oncology in Germany, are a relatively new care program however
with high clinical impact and health benefits.
Objective: The impact and consequences of the pandemic on the delivery and
availability of exercise programs in Germany for pediatric cancer patients and
survivors are unknown. A national survey analyzed restrictions, challenges and
novel approaches of exercise program delivery and scientific research.
Method: A two-stage online survey was distributed to providers of exercise
programs (acute clinics, non-clinical institutions, rehabilitation facilities) via the
established Network ActiveOncoKids. Data was collected during the pandemic
in 2022 and 2023 using a combination of open and closed questions.
Results: In total, n= 27 (response rate: 82%) and n= 17 (response rate: 63%)
providers participated in the first and second survey, respectively. Findings
pointed out restrictions in 85% of all exercise programs in 2020 and 2021,
with slight reductions in 2022. During pandemic, restrictions with major
impact arose within exercise offers during follow-up and declined gradually.
Whereas restrictions within the setting of acute therapy had medium or minor
impact but persisted beyond. Delivery of provided exercise programs
necessitated adaptions, including digital methods, supervised interventions
from a distance and change of locations.
Abbreviations

COVID-19, Coronavirus disease 2019; N, number; NAOK, Network ActiveOncoKids; TUM, Technical
University of Munich.
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Discussion: The findings highlight the adaptability, the demand and the potential
of exercise programs in pediatric oncology. We assume that exercise professionals
have used the pandemic-related challenges to review and modify existing
concepts and made adaptations according to local conditions and novel tools
for the provision of exercise programs. Nevertheless, a conspicuous lack of
exercise-related care has become evident in certain patients and survivors.
Further expansion of programs is imperative to address and accommodate all
pertinent needs.

KEYWORDS

childhood cancer, physical activity, exercise program, COVID-19, survey, restrictions,

adaptions
1 Introduction

Physical activity and exercise are essential for a healthy

physical, psychological and social development during childhood

(1, 2). Therefore, a physically active lifestyle should not only be

promoted for healthy children and adolescents (3), but especially

for children with chronic diseases and impairments (4, 5).

Childhood cancer is a rare disease with a yearly number of 2,200

new cases (0–18 years) in Germany (6) and a worldwide

incidence of 15.6 per 100,000 children (7). Intense treatment

regimens led to 5-year survival rates above 80% (8), but this life-

threatening disease often results in late sequelae (9). Physical

activity and engagement in exercise are frequently low during

(10) and following treatment (11). However, evidence is growing

on positive effects of therapy-adjuvant, supervised exercise

interventions (12–14) and approaches to increase physical

activity in survivors of childhood cancer (15–17) worldwide

within the last 15 years. The need to implement exercise

programs as usual care led to the development of a nationwide

network in Germany: The Network ActiveOncoKids (NAOK)

(18). Recent consensus-based recommendations from the

multidisciplinary NAOK highlight the importance of providing

movement and exercise within this vulnerable group of patients

and survivors (19).

The COVID-19 pandemic, beginning in 2020, has highly

affected everyday life in children and adolescents. Worldwide,

government instructions including social distancing, closing of

schools and sport clubs deprived children and adolescents of

most kinds of movement experiences. This situation resulted in

decreased physical activity patterns (20). Moreover, mental health

status of both patients and their parents was negatively affected

during the onset of the COVID-19 pandemic (21). The

pandemic also had a global impact on childhood cancer

outcomes and care delivery (22). Apart from obviously

indispensable medical treatment of childhood cancer, supportive

care programs, including psychosocial support, school education

and programs to support physical activity and exercise, have

been impaired, interrupted or even stopped during the pandemic

status in Germany. Clinical practice in childhood cancer care has

been challenged due to government regulations, risk factors and

strict hygiene directives (23). Short-termed adaptions and

practical solutions seemed to be necessary to maintain delivery of
02
the widespread status of exercise programs in Germany

compared to the global situation (24).

To the best of our knowledge, the results of this survey

represent the initial attempt to offer a comprehensive overview of

the landscape of exercise programs in pediatric oncology during

the COVID-19 pandemic in Germany. Furthermore, we provide

a thorough synthesis and discussion of limitations inherent in

exercise programs and the challenges they present. Finally, newly

formulated approaches designed to prospectively broaden

outreach are illustrated.
2 Methods

2.1 Procedure

The survey was performed in two steps. From January 19th

until February 27th in 2022 (Survey 1.0) and as a follow-up from

January 18th until February 28th in 2023 (Survey 2.0). Both

retrospective surveys were conducted in cooperation with the

NAOK (18) in Germany concerning methodology and

recruitment. Within the NAOK, the majority of existing pediatric

oncology exercise programs providers nationwide are connected.

In total, 36 sites and providers with specific exercise programs

out of 60 acute clinics in Germany are currently represented in

the NAOK in 2024.
2.2 Eligible providers

For the first survey, the NAOK headquarter at the University

Hospital Essen distributed the link for the online questionnaire

to all NAOK member sites hosting an exercise program with or

without scientific studies. Every site, including in- and outpatient

clinics, rehabilitation facilities and non-clinical institutions, was

invited for participation via e-mail (n = 33). One reminder was

sent one week before closing of data collection to maximize the

response rate. Each centre was asked to select one person to

answer the questionnaire (ideally the person responsible for the

exercise program) to avoid multiple responses per centre.

For the follow-up survey in 2023, all participants from the first

survey were contacted again and invited to complete the second
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online questionnaire (n = 27). One reminder was sent one week

before closing of data collection to maximize the response rate.
2.3 Data collection and analysis

The questions were collaboratively developed by researchers

from the Technical University of Munich (TUM), Institute of

Preventive Pediatrics, Department Health and Sport Sciences,

Children’s Hospital Munich Schwabing, Children’s Cancer

Research Centre, Department Clinical Medicine, TUM School of

Medicine and Health and the NAO headquarter, University

Hospital Essen. This survey was hosted using an online survey

tool (LimeSurvey, LLC), chosen because of its compatibility with

all terminal devices and compliance with data protection regulations.

All respondents provided consent to participate voluntarily via

check-boxes within the online survey tool, confirming they

understood the aim of this survey and were providing

information on behalf of their centre. The voluntary option was

given to provide the respondent’s name, contact data for queries

and the location of the participating centre.

The online questionnaire was internally tested by academic

colleagues for readability and ease of use including accessibility

from any device and verified for technically flawless handling

prior to dissemination to respondents. A mixed methods

approach was used, including quantitative and qualitative data

collection (free-text responses). The duration to complete the

questionnaires was approximately 15 min each. All results are

presented as frequency distribution and free-text responses are

provided categorized.
2.4 Questionnaires

The online questionnaire comprised the following categories:

(A) general questions, (B) impact of the COVID-19 pandemic on

exercise programs [within different phases of treatment (acute,

outpatient, follow-up) due to restrictions], (C) approaches to

maintain exercise programs, (D) challenges of COVID-19

pandemic regarding the delivery of exercise programs, (E) impact

on scientific research, (F) feedback/opinions.

Within the initial Survey 1.0, a major part of the questions was

specifically related to the impact of COVID-19 on the availability of

exercise programs and the conduction of scientific studies (see

Supplementary Table S1, supplementary material). Questions

regarding restrictions considered individual pandemic waves with

very high COVID-19 incidence in Germany (25). The follow-up

Survey 2.0 focused on the continuous availability of exercise

programs, further developments, adaptions to enable access to

those programs for childhood cancer patients and survivors and

novel approaches for future integration (see Supplementary

Table S2, supplementary material). Adaptions are considered as

changes in procedures to continue programs taking pandemic-

related circumstances into account (e.g., individual sessions

instead of group sessions, reduction of exercise intensity due to

aggravated breathing wearing face masks). Novel approaches are
Frontiers in Pediatrics 03
delineated as actions and ideas that remained untapped before

the pandemic but have since been adopted and persistently

continued after their successful implementation (e.g., digital offers).
3 Results

The following paragraphs present results from both Survey 1.0

and the follow-up Survey 2.0. With regard to associations and

distinctions, results are compared in-between both surveys

(participants, restrictions, adaptions and approaches) and

subdivided according to different questions in Surveys 1.0 and

2.0 (scientific research, challenges, feedback).
3.1 Participants

Eligibility and participation data regarding both surveys are

presented in the flow chart (see Figure 1). In Survey 1.0, out of

the 33 eligible providers, 27 completed the questionnaire,

culminating in a response rate of 82%. For the follow-up survey

(Survey 2.0), out of a total of 27 contacted providers, 17

responded, yielding a response rate of 63%. Reasons for non-

participation in both surveys remain unknown. Only in Survey

1.0, one in-patient rehabilitation facility answered the

questionnaire.

Table 1 shows the overview of providers participating in both

surveys. To prevent misunderstanding of the following results, it

needs to be stated that some centers (Survey 1.0 n = 12, Survey

2.0 n = 9) provide offers throughout all settings and phases of

treatment (acute and maintenance therapy, follow-up care).

Therefore, the addition of results does not necessarily add

up to 100%.
3.2 Impact on exercise programs

Within Survey 1.0, data regarding the pandemic’s impact on

individual parts of exercise programs was collected (see Figure 2).

The most frequently reported response was major impact during

follow-up and maintenance therapy. Minor impact was estimated

most often during acute therapy. Scientific research was majorly

affected in some centers, whereas all respondents who were not

conducting studies did not reply to this issue.
3.3 Restrictions

In Survey 1.0, the majority of respondents stated restriction due

to the pandemic (85%) in 2022. Most severe restrictions were

mentioned during the first wave at the beginning of COVID-19

in 2020 with a slight reduction in the second and third wave. In

the fourth wave in 2022, restrictions concerning exercise

programs regressed according to the respondents (see Figure 3A).

With the exception of the first wave, the majority of exercise

programs remained consistently available. Instances of
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FIGURE 1

Flow chart of (A) the baseline Survey 1.0 (2022) and (B) the follow-up Survey 2.0 (2023). N, number.

TABLE 1 Characteristics of participating institutions within Survey 1.0
(2022) and Survey 2.0 (2023).

Characteristics Survey
1.0

N (%)

Survey
2.0

N (%)
Eligible providers 33 (100%) 27 (100%)

Providers with response 27 (82%) 17 (63%)

Setting N = 27 N = 17

Acute therapy 20 (74%) 12 (44%)

Maintenance therapy 16 (59%) 11 (41%)

Follow-up care 19 (70%) 12 (44%)

Institution N = 27 N = 17

Acute clinic (in- and outpatient) 16 (59%) 14 (52%)

Rehabilitation facilities 3 (11%) 1 (4%)

Non-clinical institutions/research institutions/
university/activity camps

3 (11%) 1 (4%)

Consulting servicea 1 (4%) 1 (4%)

Not specified 4 (15%) 0 (0%)

aNetwork ActiveOncoKids consulting service.
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cancellations and pauses, followed by program restarts, diminished

across subsequent waves. Notably, no programs were canceled

during the fourth wave (see Figure 3B).

In addition to numerous restrictions, a total of n = 6 exercise

programs was established newly amid the pandemic context

during the initial two years of COVID-19 (2020–2021), while

n = 21 programs were pre-existing.

In Survey 2.0, the status of exercise programs was not yet

comparable to a pre-pandemic level in 2023. However,
Frontiers in Pediatrics 04
restrictions declined noticeably. The most incisions were stated

to consist during acute therapy with 58%, followed by

maintenance therapy with 62% compared to the status before

the COVID-19 pandemic. Exercise programs during follow-up

care reached 80% of the pre-pandemic level and consulting

service (n = 1) was unrestricted.

In Survey 2.0, the constraints identified in Survey 1.0 were

systematically examined, with a particular emphasis on the

perceived impact of these restrictions across various settings.

In hindsight, participants predominantly attributed a

substantial impact on exercise programs to institutional and

governmental restrictions. Conversely, other aspects related to

concerns about infections received ratings indicating medium

impact. Perceived impact on the organization of exercise

programs was rated low. Participants indicated a comparable

level of impact across all settings.
3.4 Scientific research

In Survey 1.0, the pandemic’s influence on the examination of

scientific studies encompassed both their initiation and subsequent

disruption or cessation. Notably, one center had to suspend a study

involving high aerosol emissions for four weeks. Among the

ongoing studies (n = 14), adherence to stringent hygiene

protocols was paramount, with measures such as the use of face

masks (n = 13), mandatory negative COVID-19 tests (n = 4), and

the implementation of individual training sessions (n = 10). One

center reported heightened operational efforts attributed to
frontiersin.org
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FIGURE 2

The pandemic’s impact on individual parts of exercise programs within Survey 1.0 (2022). N, number; n= 13/27 conducted any scientific studies.

FIGURE 3

(A) restrictions on and (B) status of exercise programs considering pandemic waves (03/2020–02/2022). Pandemic waves are defined according to the
rates of high infection reported by the German public health institute: 1st wave March–May 2020, 2nd wave October 2020–February 2021, 3rd wave
March 2021–June 2021, 4th wave August 2021–February 2022 (25). Numbers of institutions in (B) are not stacked with regard to the status of exercise
programs, but are overlapping and amount to the number of each wave shown in (A).

Kesting et al. 10.3389/fped.2024.1372261
limited space and challenges associated with equipment transport.

Furthermore, adaptations were made in response to logistical

constraints, with one center transitioning elements of study

interventions and testing to an online format. Free-text responses

conveyed instances of postponed or canceled study visits due to

isolation regulations, impediments arising from the suspension of

human studies at the local university, the need for special

authorization to proceed with studies, and stringent entrance

requirements for external scientific personnel.
3.5 Adaptions and novel approaches

Free-text responses to all questions related to adaptions of

practice and novel approaches (defined in the methods

paragraph) in exercise programs according to specific restrictions

within the first two years of the pandemic highlighted a number

of common themes. The major aspect was reduced contact

between individuals to limit the risk of infection. On the one

hand, contact was limited to sessions within the clinics and

without contact to others than patients and exercise
Frontiers in Pediatrics 05
physiologists. This led to cessation of offers by external

personnel, no participation of friends and siblings and individual

sessions instead of group sessions were realized. On the other

hand, exercise sessions were performed according to strict

hygiene measures (e.g., face mask, intensified disinfection) and

careful selection of equipment and locations. During follow-up

care, offers within groups were limited to a small number of

participants, and some programs had to be interrupted during

waves of high infection rates.

Additionally, novel approaches were tested and used as a

solution to counteract barriers resulting from regulations and

restrictions. Live online offers and on-demand videos produced

by diverse sites within NAOK were named to provide ideas for

maintaining physical activity and exercise at home and during

in-patient stays. Those approaches were either used at individual

centers and on the NAOK YouTube Channel at the homepage

(26), accessible for all German-speaking countries. During

treatment as well as during follow-up care programs, centers

integrated outdoor sessions to continue exercise interventions

while reducing the risk of infection within groups following the

government’s behavior rules. To increase physical activity during
frontiersin.org
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FIGURE 4

Novel approaches developed and applied during the pandemic addressed within Survey 2.0 (2023), including future perspectives of use. This question
was answered by n= 6 centers. Clear bars indicate approaches already implemented in exercise programs. Shaded bars indicate the expected future
use and potential of novel approaches.
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home stays, individual training schedules were prepared for

patients and survivors. To provide options for advising and

addressing questions regarding physical activity and exercise

without necessarily visiting the clinics, consulting service hours

were offered via telephone and online tools. During in-patient

stays, especially during periods of isolation, training equipment

was borrowed, including clear instructions for use. One center

started to prepare and distribute cinch bags filled with exercise

equipment, e.g., resistant bands, balloons, training manual, and

QR codes for on-demand training videos by NAOK during acute

therapy.
3.6 Feedback to adaptions and novel
approaches

The feedback received indicated a moderate level of satisfaction,

with participants and families expressing contentment in engaging

with a variety of exercise interventions and offerings, according to

the survey responses. Conversely, critical feedback highlighted

regrets pertaining to individual sessions vis-à-vis group formats, a

perceived elevation in the value of in-person events compared to

virtual counterparts, and spatial limitations within the in-patient

setting due to restricted range of motion. Furthermore, an

acknowledgment of heightened screen time, exacerbated by online

training sessions in conjunction with existing online schooling

commitments, was underscored.

Figure 4 summarizes novel approaches and different uses in

several settings. Six respondents answered this question, whereas

eleven did not provide any response.
Frontiers in Pediatrics 06
3.7 Acceptance and feedback of novel
approaches by patients and survivors

Acceptance and feedback by patients, survivors and families

were reported by the perspective of the participants filling in the

questionnaire. According to this, reactions regarding novel

approaches were mixed. Online offers were only accepted partly,

whereas workout plans for the use at home were wished for

more frequently without information about the actual execution,

in general. Telephone consultation had already been

implemented before and no difference became obvious during

the pandemic. Outdoor training was particularly well-received,

especially in the context of follow-up care.
3.8 Challenges

During the COVID-19 pandemic, obstacles to maintaining

exercise programs intensified. Survey participants emphasize

increased barriers to build personal relationships and trust due to

isolation (during patients’ COVID-19 infection) and face masks.

Additionally, lack of personnel in all areas of care due to

infections was named, leading to an increased workload for all

individuals and emotional stress due to a strained working

atmosphere. Especially in exercise programs, the demand was

often stated high due to cancelation of mainly all other offers

(school, arts therapy, music therapy, occupational offers by

external personnel) during the first and second wave. Furthermore,

the conditions for presenting offers were deemed formidable:

constrained space, heightened time requirements owing to

regulations and hygiene protocols, a demand for remarkably
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adaptable responses, and the potential deterrent effect of face masks

on certain patients, given the associated risks of headaches,

premature fatigue, and impediments to effective communication.

Furthermore, centers emphasize a reduction in funding due to

the cancellation of charity events, emphasizing the imperative to

explore alternative financial support for program provision.

Additionally, the absence of events and opportunities for

professional networking and experience exchange was identified

as a challenge, particularly impacting newcomers in the field of

pediatric exercise oncology. Lastly, delays in personnel

recruitment attributed to regulatory constraints and restrictions

were also noted.
3.9 Positive aspects of the pandemic

However, some positive aspects were extracted as well. The extend

of offers to digital tools resulting in increased flexibility and outreach

was rated positive. Furthermore, according to the respondents,

concerns regarding online tools decreased during the pandemic

period and home training programs supervised online were

implemented. Additionally, a strong commitment and appreciation

of medical personnel regarding exercise programs was named.

Overall, respondents emphasized an increased motivation to

enhance, restructure, and professionalize existing programs. Within

patients, survivors and parents, according to the respondents

physical activity and exercise seemed to attract more attention,

higher demand and acceptance. They also noted an increase of

public appreciation of exercise programswithin the general population.
4 Discussion

To our knowledge, this is the first evaluation of how the

COVID-19 pandemic has impacted the availability of exercise

programs in pediatric oncology. This survey comprised a baseline

survey in 2022 (Survey 1.0, covering the period since the

beginning of the COVID-19 pandemic) and a follow-up survey

in 2023 (Survey 2.0). Considering changes in behavioral patterns

and reduced physical activity in the population of healthy

children and adolescents due to COVID-19 pandemic (20),

support and required offers for children and adolescents with

chronic diseases and health impairments become obvious.

The principal positive observation revealed the emphasis on

the significance and, consequently, the maintenance or early

resumption of paused exercise programs. Despite the heightened

sensitivity observed within this patient cohort, the deemed

importance of these programs warranted their continuation. This

reaffirms prior findings attesting to the safety and feasibility of

supervised exercise programs (12, 27, 28). Furthermore, it was

clear that there was a significant and even increasing demand,

especially during a period of restrictions. Despite challenges,

solutions were found, and new approaches were implemented. In

addition, six exercise programs were successfully introduced

during the COVID-19 pandemic. Scientific studies mostly

continued, aiming to fill research gaps (29, 30).
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The results can be discussed on three different levels and

associated key factors: (1) professional level, (2) patient level, and

(3) social level.

Navigating exercise programs during the COVID-19 pandemic

presented persistent challenges on the professional level. On-site

observations were rendered impossible, underscoring the

importance of a robust network and experience. The absence of

charity events exacerbated funding issues, emphasizing the need

for diverse financial support. Ongoing restrictions, particularly

during acute therapy, posed sensitivity issues, but a noteworthy

reduction of restrictions during certain waves suggests a learning

curve and adaptability gained over time. In summary, while

challenges persist, adaptability and insights gained during the

pandemic offer avenues for improvement in managing exercise

programs effectively. At the patient level, the tailored design of

exercise programs, the development of online offerings, and

increased flexibility are motivating factors. The expansion of

phone consultations, creation of personalized training schedules,

improved reachability, and provision of options for continued

participation further underscore the compelling rationale

for the comprehensive restructuring, optimization, and

professionalization of these programs. This motivation indicates a

collective commitment to enhancing the efficacy and accessibility

of exercise interventions at the patient level, demonstrating a

proactive response to evolving healthcare needs.

The impact on the social level is noteworthy, as exercise

programs have been implemented and conducted despite

substantial barriers. The resilience in overcoming challenges

speaks to a collective commitment and determination within

healthcare teams. The heightened attention and visibility

garnered by these efforts underscore the recognition of the

importance of exercise programs in the broader healthcare

context (31, 32). The collective commitment at the social and

team levels suggests the potential for ongoing improvements in

integrating and optimizing of exercise programs within

healthcare practices.

In relation to novel approaches, only six out of 17 survey

participants in Survey 2.0 responded to these inquiries. While

this comprises just one-third of the respondents, it necessitates

careful examination. Amid the COVID-19 pandemic, six

programs were freshly implemented, and they may have already

incorporated innovative methods, such as digital offerings. The

consultation service demonstrated a higher inclination toward

digital interactions than to face-to-face exercise offerings. It could

be inferred that most exercise programs in Germany had already

achieved high standards in the years preceding the pandemic (18,

19), rendering novel approaches less imperative. Moreover,

throughout the pandemic, staff members were predominantly

engaged in delivering existing exercise programs, and resources

to explore novel approaches were constrained due to time-

consuming restrictions. Nonetheless, some forward-thinking

strategies were adopted during the pandemic, including: (1) the

introduction of digital and resource-efficient offerings to broaden

outreach, (2) the implementation of training schedules to

empower patients’ autonomy and facilitate exercise during home

stays, and (3) the provision of material rentals to enhance
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exercise options for in-patient stays on weekends. Despite these

options, the provision of clear instructions on how to utilize

these offerings and materials is crucial to empower patients to

engage in physical activity autonomously. Further use and

potential of novel approaches and adaptions was considered even

higher than currently used. Nevertheless, the anticipated future

potential of certain novel approaches (Figure 4) was deemed to

be lower compared to their current utilization, particularly in the

case of individual training sessions and outdoor training. This

observation may indicate the prevailing landscape in pediatric

oncology, wherein individual sessions are the conventional norm,

and there exists a substantial preference for group sessions

during follow-up care. While outdoor sessions may find

integration in the future, their prominence during the COVID-19

era may have contributed to a perception that does not

necessarily position them as outstanding in the long-term

context. These approaches align with the evolving landscape of

healthcare, emphasizing patient-centered approaches and the

integration of technology for improved accessibility and

engagement also explored in adult exercise oncology (33) and

other chronic diseases in childhood (34).
5 Limitations

Limitations in our study warrant consideration for a more

nuanced discussion. Firstly, there is a potential for bias in the

representation of providers, especially if particular programs,

such as NAOK, exert a dominant influence. Further exploration

into non-respondents’ reasons and status are essential for a

comprehensive understanding. Secondly, the findings might not

be universally transferable to countries with fewer programs.

Thirdly, the completion of questionnaires was limited to exercise

professionals exclusively, with the exclusion of input from other

professional perspectives. It is acknowledged that incorporating

opinions from diverse professional backgrounds could have

broadened the scope and depth of the survey. However, they can

still serve as a valuable role model, offering new ideas for

implementation and adaptation in diverse contexts.
6 Conclusion

This survey unveiled the implementation of innovative

approaches to actualize exercise programs during periods of

pandemic-related restrictions. However, it appears that exercise

programs in Germany are already held to rigorous standards.

These results of exercise programs being maintained during

difficult situations, facing restrictions, and short-dated successful

adaptions might encourage other countries to initiate similar

programs for pediatric cancer patients and survivors.

Additionally, the expansion of digital offerings has the potential

to enhance participants’ overall access to exercise programs and

broaden their reach. These surveys suggest a robust commitment

and appreciation for the exercise programs in pediatric oncology.
Frontiers in Pediatrics 08
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Author contributions

SK: Conceptualization, Formal Analysis, Investigation,

Methodology, Project administration, Supervision, Visualization,

Writing – original draft, Writing – review & editing. DG:

Conceptualization, Formal Analysis, Investigation, Methodology,

Writing – review & editing. JQ: Formal Analysis, Visualization,

Writing – review & editing. MG: Conceptualization, Methodology,

Writing – review & editing. IV: Writing – review & editing,

Conceptualization. CP: Writing – review & editing, Conceptualization.

RO: Writing – review & editing, Conceptualization. GG: Writing –

original draft, Writing – review & editing, Investigation, Methodology,

Project administration, Conceptualization.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.

We acknowledge support by the Open Access Publication Fund

of the University of Duisburg-Essen.
Acknowledgments

We want to thank the initiative DU MUSST KÄMPFEN
Ltd. for financial support of the NAOK headquarter at the
University Hospital Essen during the study period and
the registered association Initiative krebskranke Kinder
München and Jona Viskorf Foundation for financial
support of the exercise program at the children’s hospital
Munich Schwabing, Department Clinical Medicine, TUM
School of Medicine and Health, Technical University of
Munich. We want to express our thanks to all respondents
for taking part in the surveys. Your participation is
truly appreciated.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their
frontiersin.org

https://doi.org/10.3389/fped.2024.1372261
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Kesting et al. 10.3389/fped.2024.1372261
affiliated organizations, or those of the publisher, the

editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by

the publisher.
Frontiers in Pediatrics 09
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fped.2024.

1372261/full#supplementary-material
References
1. Eime RM, Young JA, Harvey JT, Charity MJ, Payne WR. A systematic review of
the psychological and social benefits of participation in sport for children and
adolescents: informing development of a conceptual model of health through sport.
Int J Behav Nutr Phys Act. (2013) 10:98. doi: 10.1186/1479-5868-10-98

2. Agata K, Monyeki MA. Association between sport participation, body
composition, physical fitness, and social correlates among adolescents: the PAHL
study. Int J Environ Res Public Health. (2018) 15(12):2793. doi: 10.3390/
ijerph15122793

3. Pfeifer K, Banzer W, Ferrari N, Füzéki E, Geidl W, Graf C, et al. Empfehlungen
für Bewegung. In: Rütten A, Pfeifer K, editors. Nationale Empfehlungen für Bewegung
und Bewegungsförderung. Auflage 1.2.06.17. Köln: Bundeszentrale für gesundheitliche
Aufklärung (2017). (Forschung und Praxis der GesundheitsförderungSonderheft 03).

4. Dimitri P, Joshi K, Jones N. Moving more: physical activity and its positive effects
on long term conditions in children and young people. Arch Dis Child. (2020) 105
(11):1035–40. doi: 10.1136/archdischild-2019-318017

5. West SL, Banks L, Schneiderman JE, Caterini JE, Stephens S, White G, et al.
Physical activity for children with chronic disease; a narrative review and practical
applications. BMC Pediatr. (2019) 19(1):12. doi: 10.1186/s12887-018-1377-3

6. Spix C, Erdmann F, Grabow D, Ronckers C. Childhood and adolescent cancer in
Germany—an overview. J Health Monit. (2023) 8(2):79–94. doi: 10.25646/11438

7. Steliarova-Foucher E, Colombet M, Ries LAG, Moreno F, Dolya A, Bray F, et al.
International incidence of childhood cancer, 2001–10: a population-based registry
study. Lancet Oncol. (2017) 18(6):719–31. doi: 10.1016/S1470-2045(17)30186-9

8. Erdmann F, Frederiksen LE, Bonaventure A, Mader L, Hasle H, Robison LL, et al.
Childhood cancer: survival, treatment modalities, late effects and improvements over
time. Cancer Epidemiol. (2021) 71(Pt B):101733. doi: 10.1016/j.canep.2020.101733

9. Landier W, Skinner R, Wallace WH, Hjorth L, Mulder RL, Wong FL, et al.
Surveillance for late effects in childhood cancer survivors. J Clin Oncol. (2018) 36
(21):2216–22. doi: 10.1200/JCO.2017.77.0180

10. van Dijk-Lokkart EM, Steur LMH, Braam KI, Veening MA, Huisman J, Takken
T, et al. Longitudinal development of cancer-related fatigue and physical activity in
childhood cancer patients. Pediatr Blood Cancer. (2019) 66(12):e27949. doi: 10.
1002/pbc.27949

11. Antwi GO, Jayawardene W, Lohrmann DK, Mueller EL. Physical activity and
fitness among pediatric cancer survivors: a meta-analysis of observational studies.
Support Care Cancer. (2019) 27(9):3183–94. doi: 10.1007/s00520-019-04788-z

12. Rapti C, Dinas PC, Chryssanthopoulos C, Mila A, Philippou A. Effects of
exercise and physical activity levels on childhood cancer: an Umbrella review.
Healthcare (Basel). (2023) 11(6):820. doi: 10.3390/healthcare11060820

13. Coombs A, Schilperoort H, Sargent B. The effect of exercise and motor
interventions on physical activity and motor outcomes during and after medical
intervention for children and adolescents with acute lymphoblastic leukemia: a
systematic review. Crit Rev Oncol Hematol. (2020) 152:103004. doi: 10.1016/j.
critrevonc.2020.103004

14. Morales JS, Valenzuela PL, Rincón-Castanedo C, Takken T, Fiuza-Luces C,
Santos-Lozano A, et al. Exercise training in childhood cancer: a systematic review
and meta-analysis of randomized controlled trials. Cancer Treat Rev. (2018)
70:154–67. doi: 10.1016/j.ctrv.2018.08.012

15. Langworthy E, Gokal K, Kettle VE, Daley AJ. Effects of physical activity
interventions on physical activity and health outcomes in young people during
treatment for cancer: a systematic review and meta-analysis of randomised
controlled trials. BMJ Open Sport Exerc Med. (2023) 9(1):e001466. doi: 10.1136/
bmjsem-2022-001466

16. Munsie C, Ebert J, Joske D, Ackland T. The benefit of physical activity in
adolescent and young adult cancer patients during and after treatment: a systematic
review. J Adolesc Young Adult Oncol. (2019) 8(5):512–24. doi: 10.1089/jayao.2019.0013

17. Shi Q, Zheng J, Liu K. Supervised exercise interventions in childhood cancer
survivors: a systematic review and meta-analysis of randomized controlled trials.
Children (Basel). (2022) 9(6):824. doi: 10.3390/children9060824
18. Götte M, Söntgerath R, Gauß G, Wiskemann J, Buždon M, Kesting S. A national
implementation approach for exercise as usual care in pediatric and adolescent
oncology: Network ActiveOncoKids. Pediatr Exerc Sci. (2022) 34(4):219–226.
doi: 10.1123/pes.2021-0218

19. Götte M, Gauß G, Dirksen U, Driever PH, Basu O, Baumann FT, et al.
Multidisciplinary Network ActiveOncoKids guidelines for providing movement and
exercise in pediatric oncology: consensus-based recommendations. Pediatr Blood
Cancer. (2022) 69(11):e29953. doi: 10.1002/pbc.29953

20. Wunsch K, Kienberger K, Niessner C. Changes in physical activity patterns due
to the COVID-19 pandemic: a systematic review and meta-analysis. Int J Environ Res
Public Health. (2022) 19(4):2250. doi: 10.3390/ijerph19042250

21. Tran A, Hou SHJ, Forbes C, Cho S, Forster VJ, Stokoe M, et al. The impact of the
early COVID-19 global pandemic on children undergoing active cancer treatment and
their parents. Curr Oncol. (2023) 30(2):2441–56. doi: 10.3390/curroncol30020186

22. Majeed A, Wright T, Guo B, Arora RS, Lam CG, Martiniuk AL. The global
impact of COVID-19 on childhood cancer outcomes and care delivery—a
systematic review. Front Oncol. (2022) 12:869752. doi: 10.3389/fonc.2022.869752

23. Moreira DC, Millen GC, Sands S, Kearns PR, Hawkins DS. The care of children
with cancer during the COVID-19 pandemic. Am Soc Clin Oncol Educ Book. (2021)
41:1–10. doi: 10.1200/EDBK_321497

24. Wurz A, Daeggelmann J, Albinati N, Kronlund L, Chamorro-Viña C, Culos-
Reed SN. Physical activity programs for children diagnosed with cancer: an
international environmental scan. Support Care Cancer. (2019) 27(4):1153–62.
doi: 10.1007/s00520-019-04669-5

25. Robert Koch Institut. Epidemiologisches Bulletin: Aktualisierte Phaseneinteilung
der COVID-19-Pandemie | Virushepatitis C im Jahr 2021. [cited 2024 Jan 12].
(20221). Available online at: https://www.rki.de/DE/Content/Infekt/EpidBull/Archiv/
2022/Ausgaben/38_22.pdf?__blob=publicationFile (accessed January 5, 2024).

26. Network ActiveOncoKids. NAOK YouTube Channel. (2023). Available online at:
https://www.youtube.com/@netzwerkactiveoncokids7473/featured (accessed January
3, 2024).

27. Rustler V, Hagerty M, Daeggelmann J, Marjerrison S, Bloch W, Baumann FT.
Exercise interventions for patients with pediatric cancer during inpatient acute care:
a systematic review of literature. Pediatr Blood Cancer. (2017) 64(11). doi: 10.1002/
pbc.26567

28. Gauß G, Beller R, Boos J, Däggelmann J, Stalf H, Wiskemann J, et al. Adverse
events during supervised exercise interventions in pediatric oncology-A nationwide
survey. Front Pediatr. (2021) 9:682496. doi: 10.3389/fped.2021.682496

29. Wurz A, McLaughlin E, Chamorro Viña C, Grimshaw SL, Hamari L, Götte M,
et al. Advancing the field of pediatric exercise oncology: research and innovation
needs. Curr Oncol. (2021) 28(1):619–29. doi: 10.3390/curroncol28010061

30. Gaser D, Peters C, Oberhoffer-Fritz R, Götte M, Feuchtinger T, Schmid I, et al.
Effects of strength exercise interventions on activities of daily living, motor
performance, and physical activity in children and adolescents with leukemia or
non-Hodgkin lymphoma: results from the randomized controlled ActiveADL study.
Front Pediatr. (2022) 10:982996. doi: 10.3389/fped.2022.982996

31. Rippe JM. Lifestyle medicine: the health promoting power of daily habits
and practices. Am J Lifestyle Med. (2018) 12(6):499–512. doi: 10.1177/
1559827618785554

32. Albert FA, Crowe MJ, Malau-Aduli AEO, Malau-Aduli BS. Physical activity
promotion: a systematic review of the perceptions of healthcare professionals. Int
J Environ Res Public Health. (2020) 17(12):4358. doi: 10.3390/ijerph17124358

33. Gonzalo-Encabo P, Wilson RL, Kang D-W, Normann AJ, Dieli-Conwright CM.
Exercise oncology during and beyond the COVID-19 pandemic: are virtually
supervised exercise interventions a sustainable alternative? Crit Rev Oncol Hematol.
(2022) 174:103699. doi: 10.1016/j.critrevonc.2022.103699

34. Tomlinson OW, Saynor ZL, Stevens D, Urquhart DS, Williams CA. The impact
of COVID-19 upon the delivery of exercise services within cystic fibrosis clinics in the
United Kingdom. Clin Respir J. (2022) 16(4):335–40. doi: 10.1111/crj.13484
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fped.2024.1372261/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fped.2024.1372261/full#supplementary-material
https://doi.org/10.1186/1479-5868-10-98
https://doi.org/10.3390/ijerph15122793
https://doi.org/10.3390/ijerph15122793
https://doi.org/10.1136/archdischild-2019-318017
https://doi.org/10.1186/s12887-018-1377-3
https://doi.org/10.25646/11438
https://doi.org/10.1016/S1470-2045(17)30186-9
https://doi.org/10.1016/j.canep.2020.101733
https://doi.org/10.1200/JCO.2017.77.0180
https://doi.org/10.1002/pbc.27949
https://doi.org/10.1002/pbc.27949
https://doi.org/10.1007/s00520-019-04788-z
https://doi.org/10.3390/healthcare11060820
https://doi.org/10.1016/j.critrevonc.2020.103004
https://doi.org/10.1016/j.critrevonc.2020.103004
https://doi.org/10.1016/j.ctrv.2018.08.012
https://doi.org/10.1136/bmjsem-2022-001466
https://doi.org/10.1136/bmjsem-2022-001466
https://doi.org/10.1089/jayao.2019.0013
https://doi.org/10.3390/children9060824
https://doi.org/10.1123/pes.2021-0218
https://doi.org/10.1002/pbc.29953
https://doi.org/10.3390/ijerph19042250
https://doi.org/10.3390/curroncol30020186
https://doi.org/10.3389/fonc.2022.869752
https://doi.org/10.1200/EDBK_321497
https://doi.org/10.1007/s00520-019-04669-5
https://www.rki.de/DE/Content/Infekt/EpidBull/Archiv/2022/Ausgaben/38_22.pdf?__blob=publicationFile
https://www.rki.de/DE/Content/Infekt/EpidBull/Archiv/2022/Ausgaben/38_22.pdf?__blob=publicationFile
https://www.youtube.com/@netzwerkactiveoncokids7473/featured
https://doi.org/10.1002/pbc.26567
https://doi.org/10.1002/pbc.26567
https://doi.org/10.3389/fped.2021.682496
https://doi.org/10.3390/curroncol28010061
https://doi.org/10.3389/fped.2022.982996
https://doi.org/10.1177/1559827618785554
https://doi.org/10.1177/1559827618785554
https://doi.org/10.3390/ijerph17124358
https://doi.org/10.1016/j.critrevonc.2022.103699
https://doi.org/10.1111/crj.13484
https://doi.org/10.3389/fped.2024.1372261
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Availability and adaption of exercise programs in pediatric oncology during the COVID-19 pandemic and beyond: a nationwide follow-up survey of providers in Germany
	Introduction
	Methods
	Procedure
	Eligible providers
	Data collection and analysis
	Questionnaires

	Results
	Participants
	Impact on exercise programs
	Restrictions
	Scientific research
	Adaptions and novel approaches
	Feedback to adaptions and novel approaches
	Acceptance and feedback of novel approaches by patients and survivors
	Challenges
	Positive aspects of the pandemic

	Discussion
	Limitations
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


