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[T I N R

Abstract: Adolescent and young adult (AYA, ages 15-39 years) oncology patients are an underserved
population with specialized needs. AYA programs are absent from most Canadian centers. We
identified a priority list and sequence for new programs to address. Program goals, priorities, and
activities were developed through literature review, national consensus documents, and expert
opinion. Health care providers (HCPs) involved in AYA cancer care, administrators, and patient
and family representatives were engaged to co-develop program goals and activities. A modified
Delphi technique was used through two iterations followed by an in-person meeting to prioritize
program implementation. Consensus was defined as a mean score of less than 2.0 (not important) or
4.0 or greater (important). Items without consensus (scored between 2.0 and 3.99) were discussed at
the in-person meeting. Sixty provincial stakeholders completed the Delphi survey across multiple
disciplines. Twenty-seven stakeholders attended the in-person meeting. All goals were deemed
important, except development of a research program. Patient implementation tasks ranked highest.
Priority sequence of implementation was: patient care first, followed by HCP education; patient
and family education; program sustainability plan; evaluation; research; then a model for multidis-
ciplinary tumor board review. These represent key goals for new AYA oncology programs and a
priority sequence of implementation.

Keywords: AYA; oncology; program development

1. Introduction

Adolescents and young adults (AYA, defined as ages 15-39 years old) with cancer
suffer interruption of normative physical, behavioral, cognitive, and emotional develop-
ment [1-3]. The AYA period includes development of values, personal identity, formation of
strong personal relationships, starting families, and attaining financial independence [4,5].
A cancer diagnosis disrupts this development, whether through facing early death, inter-
ruption of social life activities, returning to live with parents, and/or fearing for the future
due to treatment late effects or recurrence [4]. In addition, AYAs may experience more
intense symptom burden, have less-developed coping mechanisms, and exhibit poorly
developed autonomy in decision making [4]. Families of AYAs with cancer also experience
distress, which may compromise their ability to support AYA patients. Although the most
inclusive definition ranges from ages 15-39, programs worldwide vary in patient inclusion,
depending on local resources and needs [3,6-8].

Cancer is the leading cause of disease-related death in adolescents and young adults
(AYAs) in the US and Canada [9,10]. Despite improving survival among the broader AYA
cancer population, survival rates continue to lag behind those observed in younger and older
populations for specific cancer types, such as breast cancer, and sarcoma [6,11]. There are
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deficiencies for AYA in care across the cancer journey, through diagnosis and treatment, to
survivorship or palliative care. Multiple factors impact this disparity, including diagnostic delay,
more aggressive disease biology, poor treatment adherence, and system issues such as poor
processes and structures to address unique AYA needs [12-15].

Recognizing the uniqueness of this population, current recommendations state that
AYA cancer therapy be administered by individuals with AYA-specific expertise [16,17].
Despite these recommendations, many oncology programs in Canada lack a dedicated
AYA program, and those that exist lack standardization. Thus, AYAs aged 15-21 years
may thus receive care in pediatric or adult systems, although neither system is specifically
designed for the specific needs of this vulnerable group [18]. This provides the opportunity
to design new bespoke programs that meet the needs of health care providers (HCPs),
patients, and families specific to the Canadian context. Co-designing programs that meet
the needs of all end-users requires involvement of all affected parties, including patients,
families, health care providers, and health care administrators. Though AYA programs
have been proposed in the past, limited data exist regarding implementation sequencing
at the ground level. To that end, we describe the efforts undertaken in the province of
British Columbia (BC), Canada to identify the key priorities for patients, families, front-line
HCPs, and administrators with and without AYA expertise, in improving AYA patient care
delivery. The goal of this work is to identify how various components of an AYA program
may be best implemented and in which priority.

For the context of this study, health care in Canada is largely delivered at the provincial
level with rules, regulations, funding, and organization differing from province to province.
Funding and oversight are provided by provincial organizations, such as BC Cancer in BC,
to regional institutions where health care is delivered to patients. Larger academic centers
typically receive more provincial funding and more staff that could be allocated to specific
programs. As such, a provincial “umbrella” program is feasible through collaboration
between provincial organizations and academic centers. Resources developed through this
program could then be shared with regional centers.

2. Materials and Methods
2.1. Study Design

Proposed AYA program goals, priorities, components, and activities (79 distinct items)
were developed through literature review, national consensus documents, and provincial
expert opinion (via the BC Cancer/BC Children’s provincial AYA Joint Steering Committee).
A modified Delphi survey technique with two iterations was used to gather stakeholder
input and feedback prior to a stakeholder meeting [19,20]. Consensus was defined as a
mean score of less than 2.0 (indicating not important) or 4.0 or greater (indicating important).
Items without consensus (scored between 2.0 and 3.99) after round one were discussed
in-person by stakeholders.

2.2. Program Components

The following program components were pre-identified by the BC AYA Joint Steering
Committee. These components were: (1) program mission and goals; (2) patient care imple-
mentation; (3) health care provider (HCP) education strategy and needs assessment process;
(4) patient and family education strategy; (5) program evaluation strategy; (6) model for
multidisciplinary tumor boards; (7) model for program expansion and sustainability; and
(8) AYA research priorities. For each component, program objectives, criteria, processes,
and strategies were developed prior to the in-person stakeholder session. This was done
using existing resources, expert opinion, national consensus, and peer-reviewed research
(see Appendix B for a complete list of components).

2.3. Participant Identification and In-Person Session Format

Key stakeholders involved in AYA cancer care from each health authority in BC were
identified by contacting medical directors in each health authority, provincial heads of



Curr. Oncol. 2022, 29

nursing, patient and family counseling, and pain and symptom management services.
Participants who completed the online survey were invited to participate in the in-person
session. Individuals were recruited for participation if they had at least 5 years of clinical
oncology experience post terminal degree training, and 10% of their adult clinical prac-
tice included AYA cancer patients. For the health care provider participants based out of
pediatric institutions, a percentage of AYA clinical practice was not pre-specified. Addi-
tionally, regional leaders who are aware of early-career staff recognized as AYA champions
were provided the opportunity to put additional names forward. See Appendix D for the
in-person session agenda.

For the in-person meeting, participants were assigned to groups of 5-6 individuals.
Groups were provided with discussion guides and first-round Delphi survey results and
asked to discuss each component. Results of these discussions were summarized narratively.
Due to the size of the small groups, the multidisciplinary conference tumor board review
and AYA research priority components were not discussed at the stakeholder session, as
these components were ranked lowest for prioritization.

2.4. Data Analysis

Descriptive statistics were generated for participant demographics and Delphi re-
sponses. Mean Delphi results were presented. Survey respondents were asked to prioritize
program component implementation, ranking each component on a scale of 1 to 7 (first
to last). The frequencies of participant rankings for each item were summed. Items were
ranked according to weighted mean rankings from lowest to highest.

3. Results
3.1. Respondent Characteristics

A total of 100 participants were invited to participate. Sixty participants completed
the Delphi survey. Twenty-seven individuals attended the in-person session. Appendix A
(Table Al) provides demographic details on survey respondents and session participants.
Respondents included administration (6.7%), patient and family representatives (1.7%),
oncology physicians (26.7%), nursing (26.7%), counseling (21.7%), pain and symptom man-
agement (6.7%), psychiatry (1.7%), nurse practitioners (1.7%), speech-language pathology
(1.7%), nutrition (1.7%), and unspecified (1.7%)

3.2. Delphi Survey and Round Table Discussion Results

After two rounds of the Delphi survey, consensus was reached on 84% of items. All
items on which consensus was reached were deemed important. Full details of Delphi
survey results and the discussion guide are available in Appendix B. The top 10 highest
rated items across all components are listed in Table 1. Average scores per program
component are shown in Figure 1 and the proportion of items rated “important” per
component is shown in Figure 2. A complete list of items rated “important” is provided in
Appendix C.

All program goals were endorsed as important, except the development of an AYA
research program. Priority of program implementation was ranked as patient care first,
followed by: HCP education; patient and family education; research; program sustain-
ability plan; evaluation; then model for multidisciplinary tumor board review. Of the
various program activities, patient implementation tasks ranked highest. Common themes
that emerged from table discussions during the in-person meeting are categorized and
summarized narratively below.
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Table 1. Top 10 highest rated items across all components.

Domain Score Description

Establish referral pathways for pre-defined high problem issues (such as suicide,
Patient care implementation 4.67 psychosocial distress, fertility preservation, urgent end of life
symptom management)

Develop referral pathways for patients referred to BC Cancer, BCCH, VGH based

Patient care implementation 4.66 . .
on age and diagnosis

Create process so all AYA patients offered AYA program consultation with

i impl i . .
Patient care implementation 4.64 advanced practice nurse (APN) and counselor

Program mission: create a provincial interdisciplinary cancer program for AYA
Program mission and goals 4.61 aged 15-29 years that will regionally implement recommendations across all BC
Cancer sites in partnership with BCCH

Create process so all AYA patients offered follow-up with APN or counselor

Patient care implementation 4.57 during treatment trajectory

Program expansion Foster relationships with motivated survivors, patients, and families for

and sustainability 4.6 ongoing advocacy
Patient care implementation 4.53 Ensure all AYA patients screened for distress at intake
HCP education 4.53 HCP needs assessment survey topic: the unique psychosocial needs of AYA
Patient and family education 4.5 Develop patient education materials on survivorship and late effects for AYA
Patient and family education 4.48 Develop patient education materials on fertility preservation and counseling

5
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Figure 1. Average score per component.
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Figure 2. Proportion of items rated “important” per component.

3.2.1. Scope of Program

Groups highlighted the importance of creating a provincial AYA program, with a
provincial umbrella to provide consistent information, resources, and guidelines to regional
programs (five of five groups). Regional centers should consider regional context and link
to local resources (five of five groups). The need for integration of alternative ways of care
delivery (such as telemedicine, or virtual care) to expand provincial reach was noted (three
of five groups).

The age range of 15-29 years versus 39 years as the upper age limit was debated.
The 15-29 age range was suggested for pilot programs, with increased eligibility to age 39
for a provincial program (five of five groups), with flexible age cutoffs depending on the
tumor group. Program components thought to be missing from the original program goals
include AYA survivorship integration (three of five groups), focused fertility resources
(two of five groups), and focused palliative care resources (one of five groups).

Participants recommended having an AYA “champion” or clinical lead in each tumor
group, bone marrow transplant programs, diagnostic imaging, fertility services, and pallia-
tive care services. Implementation of the program would vary based on regional resources,
including human health resources, and local demand for services. Discussions suggested
that the most sustainable and impactful model would be to develop AYA regional hubs
in major urban centers with higher resource capacity (for example, in Vancouver through
the BC Cancer—Vancouver Centre), and the development of local AYA champions in less
resourced areas, or the provision of virtual services. As regional volumes grow, capacity for
multiple AYA regional hubs could be developed throughout a province (for example, the
Fraser Health Authority including Surrey could be targeted for AYA resource development).

3.2.2. Psychosocial Services

Groups recommended development of an AYA-specific distress screening, with regular
distress screening throughout the care trajectory (four of five groups). Similarly, items
pertaining to psychosocial services scored highly across all domains (Table 2). It was agreed
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that psychosocial wellbeing should be measured and tracked as a program evaluation
strategy, though there was no consensus on what metrics should be evaluated.

Table 2. Item ratings relating to psychosocial services across all program components.

Score Program Item Component

Establish pathways for high problem issues (such as suicide,
4.67 psychosocial distress, fertility preservation, urgent end of life Patient Care
symptom management)

Create referral pathways at each institution based on age

4.66 . . Patient Care
and diagnosis
464 Ensure all AYA patients f)ffered AYA program consultation with Patient Care
advanced practice nurse (APN) and counselor
457 Create process so all AYA patients offered fol}ow—up with APN or Patient Care
counselor during treatment trajectory
456 Foster relatlonsh1p§ Wlth motlve?ted survivors, patients, and Sustainability
families for ongoing advocacy
4.53 HCP education topic: the unique psychosocial needs of AYA HCP Education
4.50 Patient education materials on survivorship and late effects for AYA Patlent/F'amlly
Education

3.2.3. Care Pathways

Participants noted the importance of clearly defined care pathways, with identified
contact points throughout the care trajectory (three of five groups). Definitions of what
a care pathway entailed were not specified, with recognition that disease groups would
likely have different needs. To assist AYA patients with system navigation, an AYA resource
person could be appointed (two of five groups). One group suggested that psychosocial
screening should be done initially and on an ongoing basis, with the first screening and
assessment within 48 h of the first oncology appointment, and thereafter every 2 weeks
during active medical care.

3.2.4. Role of AYA Team

There were mixed opinions as to whether an AYA clinical specialist (such as an advanced
practice nurse (APN) or counselor) should provide direct patient care (two of five groups)
versus helping existing providers to deliver AYA care (three of five groups). Suggested possible
roles for the APN included staff education, direct patient care, building AYA program capacity,
and survivorship care. The importance of using communications technology (email, patient
portal, apps, virtual support groups) was highlighted by two of the five groups. All five groups
throughout discussions mentioned the need for AYA-specific screening tools to help address the
unique psychosocial needs of this group.

3.2.5. Health Care Provider Education Delivery

The group suggested that HCP education delivery could include rounds, newsletters,
emails, champions, modules (with dedicated time or incentives), general practitioner in oncology
(GPO) training, nursing lunch and learns, and by adding resources to institutional websites.

3.2.6. Priorities for Education

Top priorities were HCP education, needs assessments and educating family physi-
cians on the survivorship needs of AYA patients (including sending care plans to family
physicians). It was agreed that creation of an AYA fellowship program should be a long-
term priority and should not be included in the pilot.

Suggested priority topics for patient and family education included palliative care,
sexuality and sexual health, vocational rehabilitation, returning to work or school, sur-
vivorship and late effects including psychosocial needs, and transitioning to a new normal.
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The group agreed that all resources developed should be evidence-based and supported
by literature. Proposed education delivery methods included web-based, patient portal,
podcasts, Facebook live, webinars, YouTube, and at the point of care. Communication could
occur using social media and posters with AYA images, and ideally be interactive. Proposed
methods for peer support delivery were online, face to face, through peer volunteers, and
through local organizations. Peer support can be social in nature, psychoeducational, or
focus on expressive arts.

3.2.7. Patients and Family Engagement

The group agreed that engagement should be on an ongoing basis and include asking
patients and families for feedback, questionnaires and follow-up in individualized ways
that are meaningful to the person, and communications from individual AYA programs.
There was emphasis to ensure staff are informed regarding patient engagement strategies,
and that the process to engage is transparent. In addition, patient and family involvement
should be incorporated in program evaluation.

3.2.8. Program Expansion and Sustainability

The group suggested building an inventory of available resources and adjusting as
needed over time, as well as developing a separate website and app. The team should
provide education to build capacity within each center. An AYA peer navigator should be
identified to support patients in navigating the system during active treatment and beyond.
It was agreed that dedicated funding is needed for the AYA team. A sustainable program
requires support to liaise with the community and community resources. One suggestion
was that a patient and family advisory council with regional representation should provide
input into the program.

3.2.9. Implementation Prioritization

Eighteen of 27 participants completed this section of the survey. Of these, 15 participants
ranked all seven items while three did not (see Appendix E for individual results). Priority
of program implementation was ranked as patient care first, followed by: HCP education;
patient and family education; program expansion and sustainability; evaluation; research; then
model for multidisciplinary tumor board review. Of the various program activities, patient
implementation tasks ranked highest.

3.2.10. Potential Program Tasks

Actual delivery of the program will vary regionally based on local constraints, re-
sources, and patient volumes, and final implementation will need to be negotiated with
regional and provincial leaders, and adapted over time. The recommendations provided by
the stakeholders provide an overview of the principles that should be in place and priority
targets for development and implementation. Example tasks that could be undertaken at
the provincial and regional level for the top ten high priority items that were discussed are
highlighted (Table 3).



Curr. Oncol. 2022, 29

Table 3. Example tasks of the proposed AYA program.

Domain Priority

Description of Priority Item

Provincial Task

Regional Task

Patient care
implementation

Establish referral pathways for
pre-defined high problem issues
(such as suicide, psychosocial distress,
fertility preservation, urgent end of
life symptom management)

Develop referral pathways for
patients referred to different locations
based on age and diagnosis

Establish provincial working group to
create best practice standard
operating procedures, including
appropriate screening tools and
timelines for access to care

Identify available
local resources

Establish locations for
alternate care when local
resources lacking

Clarify and establish local
limitations through
process mapping

Establish human resource
targets for optimal staffing

Create process so all AYA patients
offered AYA program consultation
with advanced practice nurse (APN)
and counselor

Develop human resource job
descriptions for AYA program staff
and establish number of staff needed
per population

Determine if referral will
happen at new patient
registration or after
first consultation

Create process so all AYA patients
offered follow-up with APN or
counselor during treatment trajectory

Ensure all AYA patients screened for
distress at intake

Create standards for timelines to
referral, and frequency of follow-up
assessments based on disease site

Automate and deliver
routine screening for
AYA-specific
distress factors

Health care
provider education

HCP needs assessment survey topic:
the unique psychosocial needs of AYA

Establish funding and education
opportunities for various AYA HCPs

Create local standards
for continuing
education opportunities

Patient and
family education

Develop patient education materials
on survivorship and late effects
for AYA

Create electronic and
written resources

Tailor individual
education to patient needs
by front-line staff

Develop patient education materials
on fertility preservation
and counseling

Provide easily identifiable
mechanism for navigating to resource
(i.e., provincial website)

Local referrals to
appropriate
regional centers

Program
expansion and
sustainability

Foster relationships with motivated
survivors, patients, and families for
ongoing advocacy

Support and maintain patient and
family advisory mechanisms

Promote engagement
among motivated AYA
patients and family

Identify and recruit ongoing
participants specific to AYA cancer

Direct individuals to
available opportunities

4. Discussion

AYA program development is of value to a wide range of stakeholders. Herein, we
present the first provincial efforts of developing priorities for ground-level implementation.
This work is transferrable to other jurisdictions, as the highest ranked program components
and discussion points raised are relevant to other institutions. Of the program components,
patient care implementation was ranked as the highest priority for stakeholders, followed
by health care provider education. Implementation of a multidisciplinary tumor board
ranked lowest.

Based on round table discussion, while individual regional programs should be
developed to suit the needs of each center, regional “umbrella” programs are required to
ensure that information, resources, and guidelines are consistent. This model allows for
sharing of limited resources between centers and increases consistency of care regardless
of geographic location. While the groups recommended this “umbrella” program be
developed at the provincial level, alternatively this can be done at a national level for
certain items (such as standards of care and guidelines) to avoid duplication of work
between provinces while still allowing regional centers to grow as per their unique needs.
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Items relating to referrals, direct patient care, and psychosocial support scored higher than
those relating to research, quality improvement, or formation of tumor board case reviews.
These findings are logical in the context of a pilot AYA program as patients, families, and front-
line HCPs are more likely to benefit from these tangible interventions. This is consistent with
existing evidence that communication between AYA patients and their HCPs remains poor, and
distress support remains inadequate [21-23]. Pilot AYA programs focusing on patient care and
psychosocial support resonate with front-line staff and patients. This is consistent with grassroots
clinics that have developed thus far in various jurisdictions including Toronto, Montreal, and
Alberta. Fertility preservation screening and referral were identified as specific issues that could
be easily targeted as initial steps. This is consistent with national and international priorities in
the AYA population [2,4,5,16,17].

While items pertaining to QI, research, and indirect patient care such as holding
tumor board discussions did not score as highly, many did still reach the threshold for
consensus and were deemed important. As a strategy to prevent detraction of resources
away from direct patient care and psychosocial support, implementation of items that
do not have immediate impact on patient care can be deferred until an institution’s AYA
program is more established. Items pertaining to patient care implementation scored the
highest of items across all domains, comprising the top three highest rated items and five
of the top 10. Items relating to psychosocial support, automatic referrals, and follow-up
through the AYA program, APN, or counselor were especially highly rated. It must be
acknowledged, however, that AYA patients with cancer are an understudied population
and thus establishing a research program will be essential for the future of AYA treatment
and survivorship. Even if not implemented immediately, establishing a research program
should be part of any AYA program and cannot be forgotten.

Despite consensus to create an AYA APN and counselor with whom patients would be
offered consultation and follow-up, there was lack of consensus regarding their workflow.
This represents the variation in needs of individual institutions even within similar juris-
dictions. Recommendations ranged from the AYA staff seeing all AYA patients, instituting
a referral-based process for high risk AYA, to no direct patient care responsibilities and
capacity building among front-line staff alone. The majority felt some direct patient care
would be beneficial, particularly for higher needs patients. In addition, the need to identify
an AYA resource clinician with clinical expertise in AYA cancer care at each cancer center
to support high needs patients, in addition to the AYA-specific APN and counselor, was
identified. There is need for further clarification of these roles at the level of both umbrella
and institutional program levels.

Although the average rating of items under HCP education was not as high as in other
domains, the number of important items (10) was second highest, behind only patient
care implementation (11). Based on consensus, completing HCP needs assessment surveys
including the following topics is recommended: survivorship and late effects for AYA, the
unique psychosocial needs of AYA, navigating interpersonal relationships for patients in
treatment, palliative care needs for AYA, and coaching lifestyle changes, healthy diet, and
exercise for AYA patients on treatment. These needs assessments would serve to ask HCPs
what they need to succeed, in addition to providing evidence-based information on best
practices in AYA oncologic care. This could include annual grand rounds on AYA oncology,
development of online modules, and establishing partnerships with other organizations.

There was unanimous consensus for a strong focus on HCP education and capacity
building, regardless of the future direct patient care role of the AYA-specific APN and
counselor. Although patient care implementation was identified as the highest priority, HCP
education is inherent to the provision of patient care [24] and requires less infrastructure
to begin. Moving forward with HCP education either as an initial step or concurrently
with patient care implementation based on each center’s resources will impact patient care.
Focusing on HCP education will improve direct patient care through existing personnel
and staff by improving knowledge and skill sets. By providing such continuing education
opportunities, each program will also conform with best practices to ensure ongoing
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development of staff skills. It was evident that staff and patient and family partners
recognize that providing care to this demographic is challenging, particularly when raising
distressing topics, such as loss of fertility, ongoing and long-term toxicity, and incurable
diagnoses. Providing direct support to HCPs and patients during these higher stress
interactions will improve delivery of care and improve HCP and patient satisfaction.

Existing AYA clinical programs exist to varying degrees in Canada. In Toronto, for
example, the Princess Margaret Cancer Centre provides a local AYA program which patients
and health care providers can refer into. With this program, a clinical nurse specialist
provides counseling, and referrals and direction to various resources in the tertiary centers
and community that would be relevant to the individual patient’s concerns [25]. Alberta
Health Services (AHS) is another example. The AHS program provides AYA patient
navigators, who are specially trained registered nurses, at the Edmonton and Calgary
cancer sites to provide individualized support to patients, facilitate referrals to appropriate
services, and link patients to available resources [26]. Although differing in regional
scope, both programs prioritized clinical delivery of care through AYA-specific health
care providers who can help navigate health care systems and provide direction towards
psychosocial support. The current study identifies how to further expand on existing
programs by suggesting proposed next steps for implementation of more comprehensive
AYA programs.

Limitations

This work has limitations. Despite initial invitations, limited responses from patient
and family partners were received during the online iterations. However, despite this
set-back, the overall findings are consistent with national guidelines which were developed
with patient and family representatives and feedback from national AYA advocacy groups.
As the primary goal was to develop an implementation strategy within local centres, diverse
feedback from front-line clinicians, administrators, and clinicians in managerial roles was
needed and successfully obtained.

5. Conclusions

Improving AYA delivery of care is an important priority for stakeholders. This body
of work provides practical steps to support cancer centers in the development of local
programs. Recruiting AYA clinicians to develop and deliver programs and improving
health care provider competencies through education endeavors serves as the initial next
step institutions can undertake.
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Appendix A

Table Al. Delphi survey respondent and engagement session participant areas of work.

Round 1 Round 2

Area of Work Responses (1) % Participants () %
Administration 4 6.7% 1 3.7%
Oncology 16 26.7% 10 37.0%
Nursing 16 26.7% 4 14.8%
Psychosocial and Therapeutic Services 13 21.7% 5 18.5%

Radiation Therapy 1 1.7% 0 0%

Pain and Symptom Management 4 6.7% 0 0%

Nutrition 1 1.7% 0 0%
Patient/Caregiver Advisor 1 1.7% 3 11.1%
Psychiatry 1 1.7% 1 3.7%
Nurse Practitioner 1 1.7% 1 3.7%

Speech Language Pathology 1 1.7% 0 0%
Vocational Rehabilitation 0 0% 1 3.7%
Other—Patient Advocate 0 0% 1 3.7%

No Response 1 1.7% 0 0%
Total 60 100% 27 100%

Appendix B

Note: those items scored <2.00 or >3.99 in round one of the survey were interpreted as
either unimportant and excluded from program development, or important and included
in program development. Those items that scored from 2.01-3.99 were interpreted as
inconclusive, and rescored in the second survey iteration. The table below shows the
weighted mean for rounds one and two of the survey. Those items in yellow in round one
were inconclusive and rescored, and, if green in round two, are important and should be
included in the program.

Appendix B.1. Discussion Guides

Program Mission and Goals—Discussion Guide

Program mission: Create a provincial interdisciplinary cancer program for adolescents and
young adults aged 15-29 years that will regionally implement recommendations across all BC
Cancer sites in partnership with BC Children’s Hospital

- Is this mission appropriate?
- Is the age range appropriate?
- Are there others who should be involved?
Review program goals with the following questions in mind:

- Are these goals comprehensive enough for a provincial program?
- Is there anything missing? Anything that should be omitted?
- What are the priority goals for implementation?

11
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Patient Care Implementation—Discussion Guide

- Should all AYA patients receive a consult with AYA program advanced practice nurse (APN)
or counselor? If not, what are the ideal consultation criteria?

- The new AYA program will hire an APN and counselor to take on the following
activities/roles:

Introduce AYA program to patients and families
Administer AYA distress screen to identify immediate needs
Patient and family counseling and education

Provide access to AYA specific information

Facilitate referral to speciality services

Fertility counseling and referral

Links to community resources

Links to family counseling and support services

CHONONONONONONGC)

B Based on the above, are there any additional activities the APN and counselor should
engage in with patients and families?

- Should the APN or counselor see patients during existing oncology appointments?

- How frequently should APN or counselor check in with patients throughout treatment
trajectory and post treatment?

- What AYA-specific screening tools are needed?

- What role should the AYA APN and counselor play in capacity building of BC
Cancer staff?

Health Care Provider Education—Discussion Guide

- Is the list of education topics exhaustive? Are there other education topics that should
be included?

- How can health care provider education be best delivered?

- How can primary care providers be involved in AYA oncology education?

- What would partnerships with various organizations, such as FPON, CON sites, Divisions
of Family Practice, look like for health care provider education?

Program Evaluation Strategy—Discussion Guide

- How can we collect patient reported outcomes from AYA patients across all tumor groups?

- Review the proposed measures in the draft evaluation strategy—are these the right things
to collect?

- How should evaluation updates be shared with patients, families, and senior leadership on
a regular basis?

Patient and Family Education and Engagement—Discussion Guide

- Review the list of patient education material topics in the Delphi survey below. Is this list
exhaustive? Are other topics needed?

- What is the best way to provide patient and family education? (e.g., printed materials, new
AYA website, etc.)

- What would an AYA peer support network look like for BC?

- How can we engage patients and families on an ongoing basis to inform
program development?

12
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Program Expansion and Sustainability—Discussion Guide

- What is the best way to expand the program? (for example, increase age range to 39; have
AYA specialist APNs/counselors at each center; capacity building with existing BC Cancer
staff and have AYA APN and counselor as specialists available for consultation)

- What needs to be in place to sustain this program?

- What is currently feasible at each center?

Appendix B.2. Delphi Survey Results Summary

Round 1 Round 2
Item Weighted Weighted
Mean Mean

Program Mission and Goals

Program mission: Create a provincial interdisciplinary cancer program for adolescents and young adults aged 15-29

years that will regionally implement recommendations across all BC Cancer sites in partnership with BCCH a.61 )
Goal 1: Develop health care provider education cu.rr.iculum based on a formal learning needs assessment with 4.08 )
clinical teams
Goal 2: Facilitate clinical consults with referral pathways to other services and flexible access to interventions 4.45 -
Goal 3: Integrate access to AYA-specific psychosocial distress screening and fertility preservation screening 441 B
and referral
Goal 4: Develop multidisciplinary tumor board case reviews supported at BCCH and BC Cancer 3.78 4.04
Goal 5: Create evidence-based quality improvement and program evaluation plans 4.02 -
Goal 6: Develop a comprehensive AYA research program 3.83 3.81
Goal 7: Introduce patient reported outcome measurement to improve patient experience 4.18 -
Goal 8: Support patients and families through education and peer support network 4.43 -
Patient Care Implementation
Develop referral pathways for patients referred to BC Cancer, BCCH, VGH based on age and diagnosis 4.66 -
Ensure all AYA patients screened for distress at intake 4.53 -
Create process so all AYA patients offered AYA program consultation with advanced practice nurse (APN) 4.64 )
and counselor
Create process so all AYA patients offered follow-up with APN or counselor during treatment trajectory 4.57 -
Create process so all AYA patients routinely contactgd at p.re-specified times during care trajectory for follow-up of 430 )
clinical issues
AYA APN and/or counselor to see patients referred into the program only (referral-based program) 3.98 391
AYA APN and/or counselor meet with all AYA patients at least once after new patient intake appointment 4.38 -
AYA APN and counselor to work out of a dedicated space separate from current oncology clinics 3.15 3.70
AYA APN and counselor to see patients during pre-existing oncology clinic appointments 3.79 3.96
Develop/adapt and implement AYA-specific screening tools (psychological distress, fertility screening) 4.33 -
Establish referral pathways for pre-d.eﬁned high problem issues (such as suicide, psychosocial distress, fertility 467 )
preservation, urgent end of life symptom management)
Establish transition pathways between BCCH, BC Cancer, and VGH 4.45 -
Develop/adapt tumor-specific treatment guidelines 4.05 -
Develop/adapt AYA-specific supportive care guidelines 4.35 -
Health Care Provider Education Strategy
Conduct health care provider (HCP) education needs. assessment through surveys of nursi'ng., Founseling, and 3.98 379
physicians at BCCH and BC Cancer asking respondents to rank education priorities
Conduct education needs assessment among GPOs via survey asking respondents to rank education priorities 3.23 4.04
Conduct education needs assessment among primary care providers via survey asking respondents to rank 3.88

education priorities

13
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Round 1 Round 2
Item Weighted Weighted
Mean Mean
HCP needs assessment survey topic: fertility preservation and counseling 4.40 -
HCP needs assessment survey topic: survivorship and late effects for AYA 4.44 -
HCP needs assessment survey topic: the unique psychosocial needs of AYA 4.53 -
HCP needs assessment survey topic: navigating interpersonal relationships for patients in treatment 4.38 -
HCP needs assessment survey topic: palliative care needs for AYA 4.47 -
HCP needs assessment survey topic: coaching lifestyle changes, healthy diet, and exercise for AYA patients 4.20 )
on treatment )
Development of online continuing medical education accredited module in AYA oncology targeted to all health care
. . ) 391 4.13
providers involved in AYA care
Development of AYA fellowship program with Royal College diploma for Focused Competency in Adolescent and
3.80 3.67
Young Adult Oncology
Annual grand rounds on AYA oncology 3.65 4.42
Establish formal partnerships between various organizations for ongoing HCP education (i.e., Family Practice 3.96 4.09
Oncology Network, Community Oncology Network sites) ' )
Patient and Family Education and Engagement Strategy
Conduct environmental scan to determine top educational needs of AYA patients and families 4.38 -
Conduct environmental scan to identify existing AYA patient and family education resources to be adapted to 4.05 B
BC context ’
Gather BC Cancer and BCCH new patient materials to adapt to AYA needs 4.06 -
Develop patient education materials on fertility preservation and counseling 4.48 -
Develop patient education materials on survivorship and late effects for AYA 4.50 -
Develop patient education materials on healthy lifestyle including nutrition and exercise 4.24 -
Develop an AYA peer support network 4.30 -
Develop a long-term patient and family engagement strategy for ongoing feedback into program development 4.14 -
Program Evaluation Strategy
Ensure collection of adequate baseline outputs and outcomes prior to program implementation 4.00 -
Identify opportunities for data collection within existing resources 4.00 -
Identify additional resources required (including staff) for ongoing data collection 3.95 4.23
Establish frequency of data collection and frequency of review by oversight committee 3.85 3.73
Establish outputs and outcomes of relevance for data collection 4.24 -
Determine how evaluation updates will be shared with patients, family, and senior leadership on a regular basis 3.86 3.82
Model for Multidisciplinary Conference (MDC) Tumor Board Review
Identify required team members for tumor board attendance and optional attendees 3.79 4.05
Representatives from medical oncology, radiation oncology, surgery /surgical oncology, pathology, diagnostic
radiology, nursing, and patient and family counseling should be present to provide the complete range of expert 4.45 -
opinion appropriate for the disease site and appropriate for the hospital
Representatives for BCCH and BC Cancer oncology services will attend conference 4.23 -
Establish ideal frequency, date, and timing of tumor boards and how notification will be undertaken—MDC should 3.8 3.89
occur for a minimum of 1 h every 2 weeks ’ ‘
Identify electronic/online tumor board opportunities and platforms 4.21 -
All new AYA patient treatment plans should be forwarded to AYA MDC coordinator 4.04 -
Not all cases forwarded to the MDC coordinator need to be discussed at the AYA MDC 3.82 3.80
The individual physician and the MDC chair can determine which cases are discussed in detail at the MDC 3.94 4.15
Other cases (e.g., recurrent or metastatic cancer) can be forwarded to the MDC coordinator for discussion, at the
. . S - 3.89 3.80
discretion of the individual physician
AYA MDC will primarily serve to identify all suitable treatment options, and ensure the most appropriate treatment 443 )

recommendations are generated for each cancer patient discussed prospectively in a multidisciplinary forum
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Round 1 Round 2

Item Weighted Weighted
Mean Mean
Secondary functions of AYA MDC will include: a forum for the continuing education of medical staff and health
professionals, contributing to the development of standardized patient management protocols, and contributing to 4.22 -
linkages among regions to ensure appropriate referrals and timely consultation
AYA Research Priorities

Form an AYA research and evaluation working group 4.15 -
Identify platforms for data collection 4.05 -
Develop and implement a program evaluation strategy through research 4.00 -
Identify patient reported outcomes and clinical outcomes for collection 4.29 -
Develop a quality improvement plan and strategy 4.14 -
Identify key stakeholders for AYA research 4.00 -

Identify and implement an AYA research agenda 3.95 4.05

Develop an AYA research education plan (e.g., fellowship training for HCPs) 3.76 4.10

Model for Program Expansion and Sustainability

Identify key clinical and operations stakeholders for ongoing expansion 4.23 -
Develop website content and create a program email address 4.42 -
Develop social media strategies 4.00 -
Foster and develop online platform and app development 4.26 -
Review different models of expansion (spoke and hub; health authority-specific champions) 411 -
Identify available resources for de-centralized telemedicine expansion capacity 4.09 -
Identify available resources (including HCP compensation) for physical expansion capacity 4.13 -

Identify and explore operations and infrastructure limitations to expanding AYA program 3.84 4.38
Identify BC Cancer Foundation long-term funding opportunities 4.49 -
Identify AYA “champions” in regional centers to for ongoing program development 4.29 -
Foster relationships with motivated survivors, patients, and families for ongoing advocacy 4.56 -

Appendix C. All Items Rated Important across All Domains
Program Item Score Component

Program mission: Create a provincial interdisciplinary cancer program for
adolescents and young adults aged 15-29 years that will regionally implement 4.61
recommendations across all BC Cancer sites in partnership with BCCH

Program Mission and Goals

Goal 1: Develop health care provider education curriculum based on a formal

learning needs assessment with clinical teams 4.08 Program Mission and Goals
Goal 2: Facilitate clinical copsults with re.ferral pathways to other services and 445 Program Mission and Goals
flexible access to interventions
Goal 3: Integrate access to AYA—sPeaflc psyghosoc:lal distress screening and 441 Program Mission and Goals
fertility preservation screening and referral
Goal 4: Develop multidisciplinary tumor board case reviews supported at .

BCCH and BC Cancer 4.04 Program Mission and Goals

Goal 5: Create evidence-based q.uahty improvement and program 402 Program Mission and Goals
evaluation plans

Goal 7: Introduce patient repprted outcfome measurement to improve 418 Program Mission and Goals
patient experience

Goal 8: Support patients and families through education and peer 443 Program Mission and Goals
support network

Develop referral pathways for patients referred to BC Cancer, BCCH, VGH 466 Patient Care Implementation

based on age and diagnosis
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Program Item Score Component
Ensure all AYA patients screened for distress at intake 4.53 Patient Care Implementation
Create process so all AYA patients offered AYA program consultation with 464 Patient Care Implementation
advanced practice nurse (APN) and counselor
Create process so all AYA pa'tlents offered fol}ow—up with APN or counselor 457 Patient Care Implementation
during treatment trajectory
Create process so all AYA Patlents routinely contactgd .at p.re-spec1f1ed times 430 Patient Care Implementation
during care trajectory for follow-up of clinical issues
AYA APN and/or counselor meet with all AY.A patients at least once after new 438 Patient Care Implementation
patient intake appointment
Develop/adapt and 1mp1e'3ment AYA‘—s’peC1f1c screening tools (psychological 433 Patient Care Implementation
distress, fertility screening)
Establish referral pathways for pre-defined high problem issues (such as
suicide, psychosocial distress, fertility preservation, urgent end of life 4.67 Patient Care Implementation
symptom management)
Establish transition pathways between BCCH, BC Cancer, and VGH 4.45 Patient Care Implementation
Develop/adapt tumor-specific treatment guidelines 4.05 Patient Care Implementation
Develop/adapt AYA-specific supportive care guidelines 4.35 Patient Care Implementation
Conduct education needs assessment among GPOs via survey asking Health Care Provider
. —_— 4.04 :
respondents to rank education priorities Education Strategy
. e . . Health Care Provider
HCP needs assessment survey topic: fertility preservation and counseling 4.40 Education Strategy
HCP needs assessment survey topic: survivorship and late effects for AYA 4.44 Health Care Provider
Education Strategy
HCP needs assessment survey topic: the unique psychosocial needs of AYA 4.53 Health (;are Provider
Education Strategy
HCP needs assessment survey topic: navigating interpersonal relationships for 438 Health Care Provider
patients in treatment ' Education Strategy
HCP needs assessment survey topic: palliative care needs for AYA 4.47 Health Care Provider
Education Strategy
HCP needs assessment survey topic: coaching lifestyle changes, healthy diet, Health Care Provider
. . 4.20 :
and exercise for AYA patients on treatment Education Strategy
Development of online continuing medical education accredited module in 413 Health Care Provider
AYA oncology targeted to all health care providers involved in AYA care ' Education Strategy
Annual grand rounds on AYA oncology 4.42 Health Care Provider
Education Strategy
Estabhsh forr.nal partr}ershlps between various organizations for. ongoing HCP Health Care Provider
education (i.e., Family Practice Oncology Network, Community Oncology 4.09 -
. Education Strategy
Network sites)
Conduct environmental scan to determine top educational needs of AYA 438 Patient and Family Education
patients and families ' and Engagement Strategy
Conduct environmental scan to identify existing AYA patient and family 405 Patient and Family Education
education resources to be adapted to BC context ' and Engagement Strategy
Gather BC Cancer and BCCH new patient materials to adapt to AYA needs 4.06 Patient and Family Education
and Engagement Strategy
Develop patient education materials on fertility preservation and counseling 4.48 Patient and Family Education
and Engagement Strategy
Develop patient education materials on survivorship and late effects for AYA 4.50 Patient and Family Education

and Engagement Strategy
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Program Item Score Component
Develop patient education materials on healthy lifestyle including nutrition 404 Patient and Family Education
and exercise ' and Engagement Strategy
Patient and Family Education
Develop an AYA peer support network 4.30 and Engagement Strategy
Develop a long-term patient and family engagement strategy for ongoing 414 Patient and Family Education
feedback into program development ’ and Engagement Strategy
Ensure collection of adequate bfﬁselme outpgts and outcomes prior to 400 Program Evaluation Strategy
program implementation
Identify opportunities for data collection within existing resources 4.00 Program Evaluation Strategy
Identify additional resources requlreq (including staff) for ongoing 423 Program Evaluation Strategy
data collection
Establish outputs and outcomes of relevance for data collection 424 Program Evaluation Strategy
Identify required team merpbers for tumor board attendance and 405 MDC Tumor Board Review
optional attendees
Representatives from medical oncology, radiation oncology, surgery/surgical
oncolqu, pathology, diagnostic rad'lology, nursing, and patient and farr'ul'y 445 MDC Tumor Board Review
counseling should be present to provide the complete range of expert opinion
appropriate for the disease site and appropriate for the hospital
Representatives for BCCH and BC Cancer oncology services will 423 MDC Tumor Board Review
attend conference
Identify electronic/online tumor board opportunities and platforms 4.21 MDC Tumor Board Review
All new AYA patient treatment plan§ should be forwarded to AYA 404 MDC Tumor Board Review
MDC coordinator
The individual physician and the MDC chair can determine which cases are .
discussed in detail at the MDC 415 MDC Tumor Board Review
AYA MDC will primarily serve to identify all suitable treatment options, and
ensure the most appropriate treatment recommendations are generated for 4.43 MDC Tumor Board Review
each cancer patient discussed prospectively in a multidisciplinary forum
Secondary functions of AYA MDC will include: a forum for the continuing
education of medical staff and health professionals, contributing to the
development of standardized patient management protocols, and contributing 4.22 MDC Tumor Board Review
to linkages among regions to ensure appropriate referrals and
timely consultation
Form an AYA research and evaluation working group 415 AYA Research Priorities
Identify platforms for data collection 4.05 AYA Research Priorities
Develop and implement a program evaluation strategy through research 4.00 AYA Research Priorities
Identify patient reported outcomes and clinical outcomes for collection 4.29 AYA Research Priorities
Develop a quality improvement plan and strategy 4.14 AYA Research Priorities
Identify key stakeholders for AYA research 4.00 AYA Research Priorities
Identify and implement an AYA research agenda 4.05 AYA Research Priorities
Develop an AYA research education plan (e.g., fellowship training for HCPs) 4.10 AYA Research Priorities
. . . . . Model for Program Expansion
Identify key clinical and operations stakeholders for ongoing expansion 423 and Sustainability
Develop website content and create a program email address 4.42 Model for Progr.a m 1j2>fpans1on
and Sustainability
. . . Model for Program Expansion
Develop social media strategies 4.00 and Sustainability
Foster and develop online platform and app development 4.26 Model for Program Expansion

and Sustainability
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Program Item Score Component

Review different models of expansion (spoke and hub; health 111 Model for Program Expansion
authority-specific champions) ' and Sustainability

. . . - . . Model for Program Expansion

Identify available resources for de-centralized telemedicine expansion capacity 4.09 N

and Sustainability

Identify available resources (including HCP compensation) for physical 413 Model for Program Expansion
expansion capacity ' and Sustainability

Identify and explore operations and infrastructure limitations to expanding 438 Model for Program Expansion
AYA program ' and Sustainability

. . . - Model for Program Expansion
Identify BC Cancer Foundation long-term funding opportunities 4.49 and Sustainability

Identify AYA “champions” in regional centers to for ongoing 429 Model for Program Expansion
program development ' and Sustainability

Foster relationships with motivated survivors, patients, and families for 456 Model for Program Expansion

ongoing advocacy

and Sustainability

Appendix D. Agenda

BC Adolescent and Young Adult Oncology Program

Create the Program You Need

Time Item Number Items

8:30 a.m. 1.0 Registration, Coffee & Continental Breakfast
9:00 a.m. 2.0 Welcome & Opening Remarks

2.1 A Family’s Experience with AYA Cancer Care

2.2 Cancer Care for AYA in BC—Current Situation

2.3 BC AYA Oncology Program—Program Development to Date
10:00 a.m. 3.0 Table Discussion & Report Back: Program Mission & Goals
11:30 a.m. -Lunch-
12:30 p.m. 4.0 Table Discussion & Report Back: Patient Care Implementation
2:30 p.m. -Break-
3:00 p.m. 5.0 Breakout Sessions

51 Health Care Provider Education Strategy

52 Patient & Family Education Strategy

53 Program Evaluation Strategy

54 Model for Multidisciplinary Tumour Review Board

55 Program Sustainability & Expansion Plan
4:30 p.m. 6.0 Breakout Session Report Back & Large Group Discussion
5:00 p.m. 7.0 Closing Remarks & Next Steps
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Appendix E. Program Implementation Prioritization—Individual Results

Health Care Patient and Program MDC

. . Patient Care / Research Evaluation
Provider Family Implementation Expansion and Prioriti Tumor Board Strat
Education Education plementatio Sustainability torities Review ategy
Respondent Rank in order of prioritization 1-7

1 - - - 1 - 3 2
2 3 2 1 6 4 5 7
3 4 5 1 3 2 6 7
4 2 1 3 4 6 7 5
5 2 3 1 4 5 - 6
6 3 2 1 - - 4 -
7 2 1 3 4 5 6 7
8 3 1 2 5 4 7 6
9 1 2 3 7 4 5 6
10 3 2 1 5 6 7 4
11 3 6 5 7 2 4 1
12 5 4 1 3 6 7 2
13 5 2 1 4 3 6 7
14 2 3 1 4 5 6 7
15 1 2 3 6 7 5 4
16 2 3 1 7 6 4 5
17 1 3 2 5 7 6 4
18 2 3 1 6 7 5 4
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Abstract: Adolescents and young adults (AYA) with acute lymphoblastic leukemia (ALL) have
significantly worse outcomes than their younger counterparts. Current treatment guidelines rely
mostly on non-randomized retrospective studies. We performed a systematic review of studies
published within the last 15 years comparing pediatric-inspired regimens (PIR) versus adult-type
regimens or performing an age-stratified analysis of outcomes in the AYA population. Due to the
heterogeneity of data, a meta-analysis was not possible. However, the gathered data show a trend
toward improvement in outcomes and an acceptable toxicity profile in patients treated with PIRs
compared to conventional adult-type regimens. There is still room for further improvement, as older
patients within the AYA population tend to perform poorly with PIR or conventional adult-type
chemotherapy. Further randomized studies are needed to develop an optimal treatment strategy for
AYA with ALL.

Keywords: acute lymphoblastic leukemia; adolescents and young adult; protocol; pediatric-inspired;
survival

1. Introduction

While the long-term prognosis of children with acute lymphoblastic leukemia (ALL)
has improved in recent decades, the outcome of adolescents and young adults (AYA)
patients aged from 15 to 39 years remains markedly worse than that of their younger
counterparts [1]. Based on population-based data from the EUROCARE-5 study, which
monitors the survival of cancer patients in Europe, the 5-year relative survival of children
aged 0-14 years is 85.8%. In comparison, the relative survival rates in the adolescent (15—
19 years) and young adult (20-39 years) age groups were 62.2% and 52.8%, respectively [2].

Due to the broad age range of the AYA population, these patients are treated in
pediatric as well as adult settings with a myriad of different protocols. However, treating
ALL in this age group is a challenge not only due to an increased incidence of unfavorable
cytogenetic aberrations but also due to unique psychosocial circumstances as well as
higher treatment-related toxicity compared to younger children [3]. Based on the current
data and expert opinion guidelines, the best therapeutic approach for an AYA patient
with ALL is to use a pediatric-inspired regimen (PIR) [3-7]. Compared to conventional
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adult-type protocols, PIRs tend to have more therapy elements and encompass higher
cumulative doses of asparaginase, vincristine, and steroids, in addition to a generally longer
maintenance phase [5]. The most prominent examples of PIR are protocols incorporating
a Dana-Faber Cancer Institute (DFCI) or Berlin-Frankfurt-Miinster (BFM) study group
backbone. However, data on treatment strategies in AYA and ALL are limited due to the
lack of randomized comparative studies and thus prone to bias, making interpretation and
comparison difficult.

The purpose of this systematic review is to provide a comprehensive synthesis of
published comparative studies examining the outcomes and toxicity of AYA patients treated
for ALL with PIR versus conventional adult regimens. Furthermore, we would like to
summarize the available data on age-stratified outcomes and adverse events (AE) in AYA
patients receiving PIR treatment.

2. Materials and Methods

We conducted the systematic literature search according to the PRISMA guidelines in
PubMed in November 2022 [8]. The search strategy was built around the following three
concepts: “acute lymphoblastic leukemia”, “adolescents and young adults”, and “treatment
protocol/strategy” (Supplementary Data). Publications on myeloid leukemia and those
with animal models were omitted through the search strategy. We restricted the search
to studies published between November 2007 and November 2022. The inclusion criteria
were given through the PICO framework [8]. The population included AYA cancer patients
diagnosed with ALL. The AYA population was defined as patients diagnosed between
the ages of 15 and 39 years, or at least 75% of the study population had to be within this
range. The intervention corresponded to the treatment protocol, either a pediatric, pediatric-
inspired, or adult protocol. Depending on the data provided in the eligible publications,
we aimed to compare either adult-type versus pediatric/pediatric-inspired protocols or
pediatric/pediatric-inspired protocols stratified by different age categories. The envisaged
outcomes included survival (e.g., overall (OS) or event-free survival (EFS)), toxicity (e.g.,
toxic death, admission to the ICU), or reasons for the protocols used. However, the final
reporting of these outcomes depended on whether the data were provided in the eligible
publications or not.

Two authors performed the title and abstract screening (MO, AZ) and full-text screen-
ing (AZ, PF) each. Discrepancies between reviewers one and two were solved by a third
reviewer (KS) using the same criteria. We extracted the data from the eligible studies onto a
standard sheet, including the first author, year of publication, study design, patients’ charac-
teristics, information on the treatment protocol, and the outcomes assessed. We assessed the
quality, relevance, and reliability of each included study by using the appropriate critical ap-
praisal tool from the Joanna Briggs Institute (JBI) (https:/ /jbi.global/ critical-appraisal-tools)
(accessed on 15 October 2022), including the checklists for cohort studies. Since the tools
from the Joanna Briggs Institute do not have predefined categorizations, we defined a
classification with three categories. If all criteria of the respective checklist were fulfilled,
we assigned the study “Quality 1”. If one or two criteria were not fulfilled, we assigned the
study to “Quality 2”. If three or more criteria were not fulfilled, the study was assigned
“Quality 3”.

The protocol for this review was published on Prospero (https:/ /www.crd.york.ac.
uk/prospero; ID: CRD42022384667) (accessed on 27 December 2022).

3. Results
3.1. Description of Studies and Regimens

The literature search identified 5132 publications. A total of 168 potentially relevant
full-text articles were retrieved for further evaluation. Among these, 26 met the inclusion

criteria for our systematic review (Figure 1, Table 1, Supplementary Data) [9-34]. Fifteen of
the included studies (57%) had a prospective design [9,14,16,19,20,22,23,25-30,32,33].
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Figure 1. PRISMA flow diagram.

Twelve studies comparing the outcomes and/or toxicity of PIR vs. conventional
adult-type regimens are summarized in Table 2 [10-12,15,17,18,21,22,24,29-31]. None of the
studies were randomized controlled trials. Four studies included patients given PIR that
were compared with historical controls receiving conventional adult regimens [12,24,29,30].
Others compared patients treated with PIR and adult protocols during approximately the
same time periods. One study did not use any risk-adapted treatment for PIR; the others
used some sort of risk stratification of patients [18].

Five studies had a median follow-up shorter than two years for at least one analyzed
group [12,15,17,18,31], and one study did not specify the duration of follow-up [21]. Ad-
ditionally, two studies had significantly longer follow-ups for the patients treated with
conventional adult protocols [12,24], whereas another had significantly longer follow-ups
for the patients treated with PIR [15]. In most studies, the compared groups had well-
matched age distributions. However, in two studies, the group receiving the conventional
adult treatment was slightly older than the PIR group [21,31], whereas the opposite was
true for one study [12].

Nineteen studies, summarized in Table 3, describe the treatment outcomes or toxicities
in different age groups, either within the defined AYA range or as a comparison to younger
or older patients. Three studies have a shorter follow-up than 2 years [12,17,19], while one
has a significantly shorter follow-up for the oldest analyzed age group [32]. Two studies
contain data gathered during two different periods [9,12].
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The regimens of both PIR and conventional adult protocols were different between
the studies. The dosing regimens are described in detail in the corresponding articles.
However, in general, PIR had higher cumulative dosages of chemotherapeutic agents
such as corticosteroids, vincristine, and methotrexate and incorporated more asparaginase.
Regarding the studied populations, the type of ALL (B-ALL, T-ALL, or BCR-ABL positive
ALL) differed between the studies but was consistent within each study (Table 1). Quality
appraisal according to the JBI quality assessment scale for cohort studies is shown in
Table 1.

3.2. Treatment Outcomes and Toxicity in AYA Patients When Treated with PIR versus
Conventional Adult Regimens

A statistically significant improvement in OS in patients given PIR compared to
conventional adult protocols was reported in 6 out of 11 studies (Table 2) [10-12,17,21,22].
Even in the five studies that found that OS did not statistically significantly differ between
the two types of treatment strategies, the reported OS for PIR tended to be higher than in
the adult-type regimens [18,24,29-31].

The limited data and their accuracy did not allow us to perform a meta-analysis to
assess the impact of the treatment strategy used. Even the consultation with the guidance
of Tierney JF et al. did not allow a calculation of the hazard ratios (HR) [35]. Only three
studies report HRs, but the HRs were given for different time points (2 years, 3 years, and
5 years), which further impeded performing a meta-analysis [17,21,31].

The clinical endpoints other than OS were very heterogeneous among the studies
(Table 2). Nevertheless, a similar trend can be seen with the reported relapse rates, event-
free survival (EFS), relapse-free survival (RFS), and disease-free survival (DFS), which were
described in 10/12 studies. Three studies demonstrate an improvement in EFS, two in RFS,
and two in DFS for the entire analyzed group [10-12,18,21,22,24,31]. Additionally, Cheng
et al. report a significant improvement in 5-year EFS for a sub-group of untransplanted
patients, and Ganesan et al. report, in addition to the improvement in the relapse rate and
RFS, a trend toward improvement of EFS (p = 0.054) in the analyzed ALL patients [15,18].

Altogether, nine out of twelve studies report an improvement in either OS or EFS/RFS/
relapse rate or both, while three studies found equivalent results. No study reported
statistically significant superior outcomes with conventional adult-type chemotherapy.

The results are less impressive for post-induction complete remission rate (CR), reported by
nine studies, with only two showing a statistically significant increase in CR rate in patients given
PIR compared to patients given conventional adult protocols (Table 2) [10-12,18,22,24,29-31].

Regarding toxicity, the studies show increased toxicity with PIR compared to con-
ventional adult protocols. Most commonly, an increased incidence of pancreatitis, hy-
pofibrinogenemia, neuropathy, hepatic toxicity, and infections was reported by the stud-
ies [10,22,24,29] (Table 2). However, most toxicities were described as mild and manageable
with supportive care [10,24]. Most importantly, except for one study from India, no other
studies reported significantly increased induction-related mortality (IRM) or treatment-
related deaths [15,17,24,29,31]. Almanza-Huante et al. report a decrease in IRM and TRD
with a modified pediatric protocol [12].

3.3. Age-Stratified Analysis of Outcomes and Toxicities in AYA Patients Treated with PIR

Nineteen studies were included in this section. These studies examine outcomes
between different age groups of AYA ALL patients treated with PIR (Tables 1 and 3). For
two studies, an age-stratified PIR vs. adult-type protocol comparison is available. Almanza-
Huante et al. found a significant increase in CR at the end of induction and OS in patients
aged 21-43 years treated with PIR as opposed to an adult-type protocol, with no increase
in IRM. However, the follow-up duration was significantly shorter in patients who were
treated with PIR, which might impact the reported OS. Conversely, Rytting et al. found
no difference in OS between patients aged >21 and <21 years treated with PIR versus an
adult-type protocol.
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The remaining studies examined age-stratified outcomes or toxicity in patients treated
exclusively with PIR (Table 3). Six of these studies report a significantly superior OS in
younger age groups [13,14,23,25,27], with two additional studies also showing a trend
towards inferior OS with increasing age (p = 0.057 and p = 0.055) [17,30]. On the contrary,
four studies found no significant difference in OS between different age groups [16,19,20,28].
Similarly, heterogeneous results can be found for EFS, with four studies showing better
outcomes for younger age groups [14,23,25,32] and five studies showing no significant
difference between the age groups [15-17,27,28]. However, the studies identifying age as a
significant predictor of EFS belong to those with the largest number of enrolled patients
and thus the largest statistical power [14,23,25,32].

Furthermore, there are several adverse events (AE) whose incidence seems to be in-
creasing with age (Table 3). Hough et al. report an overall increased cumulative incidence
of AEs for patients aged >10 years and a significantly shorter time to the first AE after the
start of treatment [23]. The AEs most commonly reported with increasing age are throm-
bosis, hypofibrinogenemia, hepatic injury, and infectious complications [9,14,26,28,30,32,33].
The risk of ICU admission and IRM does not seem to increase with age [14,32,33]. How-
ever, two studies report an increased incidence of toxic deaths in remission in older age
groups [14,23]. Several studies show that the incidence of avascular osteonecrosis (ON)
reaches its peak in the AYA age group, with a decrease in frequency in younger children
and adults [32-34]. Furthermore, Valtis et al. show an increased risk for ON with the use of
pegylated asparaginase, which is used with increasing frequency in new generations of
PIR [34].

4. Discussion

This systematic review of 26 published comparative studies reporting outcomes of
AYA patients with ALL shows a trend towards improvement in outcomes and an acceptable
toxicity profile in patients treated with PIRs, compared to conventional adult-type regimens.
While direct comparison and analysis were difficult due to heterogeneous study popula-
tions, treatment settings, treatment eras, and treatment protocols, most of the included
studies nevertheless reported an increase in survival with the use of PIR.

Despite PIRs quickly becoming the standard of care for ALL treatment in the AYA
population, further improvements are necessary. Our systematic review demonstrates a clear
trend towards poorer survival with increasing age, even when using PIRs [13,14,23,25,27].
This is most likely due to a combination of higher therapy-related toxicity, requiring dose
reductions and protocol adjustments and causing treatment delays, as well as disease
biology [14,23].

Since PIRs are expected to be more intensive than adult-type regimens, an increase in
treatment-related toxicity and adverse events is expected. However, our data show that
while certain AEs increase with age, their toxicity is mostly manageable. Furthermore, PIRs
also showed good results even in lower- and middle-income countries [10,12,17-19,31]. Yet,
setting the age limit for the feasibility of these protocols is crucial so that the added toxicity
and mortality do not surpass the positive effect of PIR on survival. With our analysis of
age-stratified outcomes, we were unable to identify the optimal upper age limit for PIR.

Some of the included studies report low completion rates, high treatment abandon-
ment rates, and large proportions of patients requiring dose reductions and treatment
delays with increasing age [9,19,22,28]. In the study by Ribera et al., there were significantly
more delays during reinductions and dose modifications for vincristine or asparaginase
in young adults than in adolescents (p = 0.04 and p = 0.03, respectively). Adjustments
to the protocol or alterations in the treatment strategy are more likely if the physician is
unfamiliar with the protocol [9]. This is highlighted by the study by Gupta et al., which
found a trend towards inferior EFS in patients treated with PIR in adult centers versus
pediatric centers (HR 1.92, 95% CI 0.99-3.75, p = 0.06). The magnitude of the disparity
between the two types of treatment centers persisted over time and even after adjusting for
sociodemographic factors. This may be partially explained by a larger proportion of AYA
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patients treated in pediatric centers being registered on clinical trials (86/123 (69.9%) vs.
7/152 (4.6%), p < 0.001) or by better psychosocial support [21].

However, it is also well documented that treatment completion in the AYA age group
is often low despite the physicians’ familiarity with the protocol. In the study by Advani
et al., 57% of the AYA patients completed all therapy according to the COG AALL(0232 PIR
protocol versus 74% of the patients below 18 years of age [9]. Furthermore, Hayakawa et al.
also report frequent terminations due to AEs or patients’ wishes. The latter happened pre-
dominantly during maintenance therapy [22]. This is presumably due to long, arduous PIR
treatment programs resulting in low motivation. An alternative explanation for treatment
termination in some low- and middle-income countries is socioeconomic factors, such as
needing to pay for treatment out of pocket [19].

All these factors make translating the conclusions of this systematic review into clinical
practice a precarious endeavor. The main limitations of our systematic review are based on
the limited available data, including the lack of randomized studies and the heterogeneity
in reporting the outcomes.

Randomized studies are needed to establish international treatment standards for AYA
patients with ALL, improve risk stratification, and evaluate treatment response assessment
using minimal disease measurements. Such studies would also ensure better data collection,
adherence to the treatment dosing and schedule, integrated management of the most
common AEs, and better support for physicians unfamiliar with the pediatric-inspired
treatment protocols. Without them, we may not be able to definitively elucidate the
magnitude of the influence of various treatment elements on improved outcomes (the
prescribed regimen, locus of care, physicians” experience with the protocol, compliance,
socioeconomic and psychosocial factors, etc.).

5. Conclusions

Unfortunately, the gathered data do not allow for clear conclusions about the best
treatment protocols to use in the AYA population. The trend towards improved outcomes
with PIR must be viewed with caution, as non-randomized trials are prone to bias and
difficult to compare and interpret. We should strive to enroll AYAs with ALL in randomized
controlled trials of PIR vs. conventional adult-type protocols to definitively elucidate the
best treatment strategy.

Supplementary Materials: The supporting information about our search strategy and extracted data
from each article can be downloaded at: https://www.mdpi.com/article/10.3390/ curroncol3009062
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4.010 AYAs (response 36%) participated. Females, AYAs with a higher socio-economic status (SES),
diagnosed more than 10 years ago, diagnosed with a central nervous system tumor, sarcoma, a
lymphoid malignancy, stage III, or treated with systemic chemotherapy were more likely to participate.
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Including a paper questionnaire increased the response rate by 5% and sending a reminder by 13%.
AYAs who did not participate were either not interested (47%) or did want to be reminded of their
cancer (31%). Conclusions: Study participation was significantly lower among specific subgroups
of AYA cancer survivors. Higher response rates were achieved when a paper questionnaire was
included, and reminders were sent. To increase representativeness of future AYA study samples,
recruitment strategies could focus on integrating patient-reported outcomes in clinical practice and
involving AYA patients to promote participation in research.

Keywords: adolescents and young adults with cancer (AYAs); population-based research; health-
related outcomes; non-participation; recruitment strategies; patient-reported outcomes

1. Introduction

Adolescents and young adults (AYAs) are recognized as a distinct population within
the oncology community due to the unique challenges they encounter, including delayed
diagnosis, lack of progress in treatment, and psychosocial issues [1-5]. The US National
Cancer Institute proposed defining AYAs as those aged 15-39 years at initial diagnosis,
but also concluded that this age range should be flexibly applied, depending on specific
research questions and the health care delivery system [4]. In the Netherlands, care for
cancer patients is categorized into centralized pediatric oncology for children (0-18 years)
and medical oncology for adults (>18 years). Therefore, in the Netherlands, AYAs are
defined as those aged 18 to 39 years at initial cancer diagnosis and can make use of the
age-specific care provided in AYA expert centers nationally coordinated by the Dutch AYA
health care network. Although cancer is a disease predominantly affecting older adults, on
average 3500 AYAs were diagnosed with cancer in the Netherlands annually in the period
between 2010 and 2016 [6]. Survival has been increasing in the AYA population. With a
5-year relative survival of >80%, most AYAs have a long life ahead of them.

In past decades, more and more attention has been paid to the unique clinical needs
of AYA cancer patients and, in parallel, the development of specialized AYA guidelines
and cancer centers internationally [7-11]. The unique needs of AYAs with cancer include
dealing with issues such as fertility, social isolation, family functioning, employment, and
financial toxicity [10-12]. Studies that address long-term health issues show that AYA
cancer survivors are at greater risk for late effects, such as cardiomyopathy, hearing loss,
stroke, thyroid disorders, and diabetes than the general population [13]. Additionally,
regarding psychological aspects, AYA cancer survivors are at greater risk of worse mental
health than their counterparts, even more than 6 years after completion of treatment [14].

To increase knowledge about the long-term health issues among AYAs, it is important
to perform studies among AYAs. However, research has shown that AYA cancer patients
have participated less often in clinical trials than younger and older patients [15]. Although
the reasons for low clinical trial enrollment among AYAs are not well understood, it will
likely be a combination of treatment setting and provider factors (community settings with
limited access to trials; knowledge of available trials), with patient-(concerns, knowledge,
attitudes, personal conflicts, and socioeconomic factors including underinsurance) and
system-level factors (age restrictions; trial availability) [15-17]. Clinical trial participation
of AYAs is very important, because currently there is limited knowledge about the effective-
ness of treatments for AYA, which has been described as one of the reasons for the limited
progress in survival in this age group [18].

Next to clinical trials, patient-reported outcome (PRO) studies can provide relevant
information on health outcomes; however, participation of AYAs in PRO studies is often
low, with response rates ranging from 25% to 52% [19-24].
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In these previously conducted PRO studies, response rates improved by using per-
sonal invitation methods and patients preferred paper-pencil rather than online question-
naires [19]. These studies also showed that certain AYA subgroups were less likely to
participate. For instance, males and Hispanics less often participate in PRO research than
females and non-Hispanic whites [25,26]. In addition, AYAs diagnosed with a melanoma
or gynecologic cancer were slightly underrepresented. Reasons for non-participation in
observational PRO studies among AYA were not studied before and therefore remain
largely unknown.

The burden of adverse long-term health outcomes of cancer and its treatment in
AYA cancer survivors highlighted the importance to get more insight into AYA patient
subgroups that are more susceptible to specific poor long-term health issues [10]. Therefore,
we conducted an observational population-based, cross-sectional cohort study among
5-20-year survivors of AYA cancer; the SURVAYA study (health-related quality of life and
late effects among SURVivors of cancer in Adolescence and Young Adulthood). Most
research focusing on response rates has been done among AYA in treatment or shortly after.
The SURVAYA study provides an optimal opportunity to examine the best way to approach
long-term AYA cancer survivors for PRO research.

The secondary aims of the SURVAYA study were to (1) examine representativeness
of the study sample regarding sociodemographic and clinical characteristics; (2) examine
the impact of different invitation methods on response rate; and (3) describe reasons for
non-participation.

2. Materials and Methods
2.1. Setting and Population

An observational population-based, cross-sectional cohort study was performed
among AYA patients (18-39 years old at time of cancer diagnosis) registered within the
Netherlands Cancer Registry (NCR). The NCR is a population-based registry that covers
the total Dutch population of more than 17 million people. Patients diagnosed with cancer
between 2000 and 2015 (except stated otherwise between brackets) and treated in the
Netherlands Cancer Institute (1999-2014) or one of the university medical centers (Univer-
sity Medical Center Utrecht (1999-2014), Academic Medical Center (1999-2014), Erasmus
Medical Center, Maastricht University Medical Center, Radboud University Medical Center,
VU University Medical Center, Leiden University Medical Center, and University Medical
Center Groningen (1999-2015) were included.

Patients with clinically diagnosed cancer (without histological diagnosis) were ex-
cluded. In addition, the following diagnoses were excluded for multifactorial reasons,
mainly, based on very good prognosis or extreme rarity of the tumor in this age group
(and therefore it is sometimes unclear to the patient that he/she has a form of cancer):
neuroendocrine tumors of the gastrointestinal tract, unknown primary site, skin adnexal
carcinoma, unspecified skin carcinoma, squamous cell carcinoma of skin, basal cell car-
cinoma, dermatofibrosarcoma, Kaposi sarcoma, atypical lipoma, atypical chondroma,
placental trophoblast tumors, cutaneous lymphomas, and unknown tumor types. The
SURVAYA study was approved by the Netherlands Cancer Institute Institutional Review
Board (IRB-IRBd18122) and registered within clinical trial registration (NCT05379387).

2.2. Data Collection

Data collection was conducted between May 2019 and June 2021 within PROFILES
(Patient Reported Outcomes Following Initial treatment and Long-term Evaluation of
Survivorship) [27]. PROFILES is a registry to study the physical and psychosocial impact of
cancer and its treatment from a dynamic, growing population-based cohort of both short-
and long-term cancer survivors. A linkage with the Dutch municipal records database was
established to obtain up-to-date addresses and to know patients are alive at the moment
of inviting.
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All participants were informed about the study via a letter from their (ex-) attending
medical specialist. Three various ways of invitation methods were used and categorized
into the following groups: the paper-optional group, no reminder group, and paper-
included group.

2.2.1. Paper-Optional Group (N = 8291)

The study invitation consisted of a letter with a secure link to a web-based informed
consent form, online questionnaire, and log-in instructions. A reply card with a pre-
stamped return envelope was also included, to give participants the option to request a
paper version of the questionnaire. A reminder was sent to the paper-optional group.

2.2.2. No Reminder Group (N = 1671)

The study invitation was the same as for the paper-optional group; however, no
reminder was sent to assess the impact of a reminder.

2.2.3. Paper Included Group (N = 1334)

This group received the same invitation letter with a secure link to a web-based
informed consent, online questionnaire and log-in instructions, but with a paper question-
naire and a pre-stamped return envelope also included. A reminder was sent.

The reminder for the paper-optional group and paper-included group was anticipated
to be sent within 3 months after the first invitation; however, due to COVID-19, it was not
possible to send invitations in the hospitals and therefore the reminder was sent within a
timeframe of 2-7 months. The reminder letter consisted of a link to a web-based informed
consent form and online questionnaire, and a postcard which could be used to indicate
their reason(s) if patients did not want to participate in the study.

2.3. Measures

Sociodemographic and clinical characteristics were available from the NCR.

Sociodemographic data included gender, age and social-economic status (SES). SES
scores arise from the standardized income per household, extracted from four numbers
and letters of the Dutch postal code of the Netherlands Institute for Social Research [20].
The scores were decoded into deciles, which were consequently classified as low (deciles
1,2,3), medium (deciles 4,5,6), and high (deciles 7,8,9) SES.

Clinical data included tumor type, tumor stage, primary treatments received, and time
since diagnosis. Tumor type was classified according to the third International Classification
of Diseases for Oncology (ICDO-3) [28]. Cancer stage was classified according to TNM or
Ann Arbor Code (Hodgkin lymphoma and Non-Hodgkin lymphoma) [29]. TNM 5 was
used for patients diagnosed from 1999 to 2002, TNM 6 for patients diagnosed from 2003 to
2009, and TNM 7 was used for patients diagnosed from 2010 to 2015. For tumors in the
central nervous system, neuroblastomas, paraganglioma, extragonadal / extracerebral germ
cell tumors, plasma cell tumors, myeloid hematological malignancies such as acute and
chronic myeloid leukemia, myeloproliferative neoplasms, and myelodysplastic syndrome,
tumor stage was not determined nor registered.

Information on marital status and educational level were patient-reported via the
questionnaire (data only available for respondents).

Reasons for not wanting to participate in the study were patient-reported. AYAs could
give multiple answers via the following given response categories (determined a priori
with input from AYAs with cancer): I am not interested in the research, I don’t want to think
about cancer, I prefer an in person invitation, I have never considered myself as an AYA
young adult cancer patient, I don’t see the added value of this research, I see no incentive
or benefit of participating in this research, the questionnaire is too long, I have participated
in research too many times, I am too busy, or an open-answer option.
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2.4. Statistical Analyses

Statistical analyses were conducted using SAS version 9.4. (SAS Institute, Cary, NC,
USA). All differences with a p-value < 0.05 were considered statistically significant. For the
baseline characteristics, frequencies with percentages and means with standard deviations
were used to describe the variables, and Chi-square tests and independent t-tests were
used to test the differences between participants and non-respondents. In a multivariable
logistic regression, associations between socio-demographic (age, gender, SES) and tumor
characteristics (cancer type, stage, primary treatments received and time since diagnosis),
and response were determined. Frequencies with percentages were used to describe the
self-reported reasons of AYA non-responders and response rate of the paper-optional group,
paper-included group, and no reminder group.

3. Results

In total, 17,098 AYA cancer patients were identified via the Netherlands Cancer Reg-
istry, whereof 11,296 were invited to participate in the study (Figure 1). Reasons to exclude
patients (n = 5802) were not having permission from the hospital to invite patients for the
study (55%), or not being able to obtain up-to-date vital status and addresses because it
was not possible or not allowed to link with municipal personal records database (18%). A
total of 4,010 AYAs completed the questionnaire, which resulted in an overall response rate
of 36%.

Table 1 describes the characteristics of the total AYA cancer population. Of the total
population-based study population, 59% were females, average age of diagnosis was
31.5 years, and time since diagnosis was 12.2 years. Breast cancer (20%), germ cell tumors
(16%) and lymphoid hematological malignancies (14%) were the most common tumor
types. The supplementary materials (Table S1) shows the different tumor types divided
into smaller subgroups.
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Pﬂpulalian-hastd study pnpulalian selected from the Netherlands Cancer Registry (NCR) (N=17,098):
F AYA cancer survivors diagnosed in 1999-2000-2014/2015 at age 18-39 years
# Treated in an Academic hospital or Netherlands Cancer Institute
F  Allmalignant tumor types of all stages
#  Alive at time of invitation, which started in May 2019 and ended in June 2021
Excluded:
* Excluded tumor types, for multifactorial reasons, mainly
based on very good prognosis or extreme rarity (n=962)
| * Nopermission of hospitals (n=3192)
+ Mot able to link with municipal personal records
database to obtain up-to<date addresses and vital status
(n=1053)
v
Included (N=11,591)
F Eligible AYA cancer survivors who were invited to participate in the study
Excluded:
» Non-verified addresses (n=515)
= * Mot able to participate (participation in other study,
language problems or cognitive problems or indicated that
they did not have cancer) (n=80)
¥
Included (N=11,295)
»  AYA cancer survivors included for analysis
v v
Respondents (N=4010) Non-respondents (N=7286)
F  AYA cancer survivors included

Figure 1. Flowchart of study participants in the SURVAYA study:.

3.1. Representativeness Study Sample

In multivariable logistic regression analysis, females were more likely to participate
than males (Table 2). AYAs who were diagnosed more than 10 years ago were more likely
to participate compared with AYAs who were diagnosed 5-10 years ago. AYAs with an
intermediate or high SES were more likely to participate, compared with AYAs with a
low SES. Moreover, compared with AYAs with breast cancer, AYAs diagnosed with cancer
in the central nervous system, bone and soft tissues, or with a lymphoid hematological
malignancy were more likely to participate. AYAs diagnosed with stage III cancer were
more likely to participate than AYAs diagnosed with stage I cancer. AYAs treated with
chemotherapy were also more likely to participate compared with AYAs who did not
receive chemotherapy.
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3.2. Methods of Invitation

The overall response rate was 36%. To be more specific, 25% of the AYAs responded
to the initial invitation, 11% after a reminder was sent (Figure 2). Of the total invited AYA
cancer patients in the paper-optional group, 3041 (36%) responded, whereof the reminder
still yielded 13% of the response rate. The highest response rate (1 = 544, 41%) was achieved
in the paper-included group (32% after initial invitation and the remaining 9% after the
reminder). The lowest response rate (n = 429, 26%) was shown in the group to which no
reminder was sent.

3.3. Reasons of Non-Participation

Of the non-respondents, 765 (11%) AYAs returned the postcard upon which they indi-
cated (multiple) reason(s) for why they did not participate in the SURVAYA study. Nearly
half of the AYAs (49%) who completed the postcard were not interested in participating in
the study (Table 3). Furthermore, AYAs did not want to participate because they did not
want to think about cancer (32%), were too busy (19%), considered the questionnaire as
too long, personal or difficult (13%), and/or had never considered themselves as a young
adult cancer patient (13%). The open answer category revealed additional reasons, such as
privacy aspects, study participation invitation mail was not appreciated by AYAs, or AYAs
were not capable to participate due to sickness or language problems.
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4. Discussion

This large observational population-based, cross-sectional cohort study, addressing
(sub)groups that are less inclined to participate, possible reasons for this and different ways
of recruiting patients, recruited more than 4000 long-term AYA cancer survivors. Males
and patients with a lower SES, diagnosed less than 10 years ago, having a lower disease
stage, and not treated with chemotherapy were less likely to participate, as well as patients
with specific tumor types. Paper questionnaires and reminders both had a positive impact
on response rates. Reasons for non-participating in the study mainly included not being
interested in the study or not wanting to be reminded of cancer.

In terms of the characteristics and representativeness of the SURVAYA study sample,
similar to our findings, in previous studies among AYAs, males were less likely to partic-
ipate in research [14,19,25,30]. In general, in health (behaviour) research, males are less
likely to participate [31]. Reasons for lower participation among males are that they were
generally less interested in participating than females, and that they were more likely to
decline research participation due to time constraints [32]. Ryan et al. found that response
rate among males improved substantially through the use of targeted Facebook advertising,
incorporating features such as using images of men that appealed to leadership themes
and using concise text [33]. In addition, male enrolments increased by asking female
participants to invite males.

AYAs who were diagnosed with cancer more than 10 years ago were more likely
to participate. AYAs who are more than 10 years diagnosed with cancer are more often
older adults. We hypothesize that their willingness to take part could have to do with
life stage. It is probably harder to be closer to diagnosis and treatment and juggling with
competing demands.

Contrary to our findings, AYAs diagnosed with melanoma were underrepresented
in previous research [14,25]. AYAs diagnosed with cancer in the central nervous system,
bone and soft tissues, and with a lymphoid hematological malignancy were more likely
to participate compared with AYAs with breast cancer. A possible explanation for this
difference could be that patients diagnosed with less common cancer types probably are
less often invited for participation in research. In addition, they might experience more
consequences from their cancer diagnosis and treatment and might be more willing to tell
their story, which could result in higher response rates among these patients.

Patients with a low SES have shown to be largely underrepresented in research [34].
Barriers for participation of low SES patients could be language barriers, low health literacy,
and distrust of the healthcare system [35]. Adults with a low health literacy were less
interested in participating in research, probably because of the difficulties associated with
understanding and skills needed to complete questionnaires [36]. Unfortunately, we did
not have data on ethnicity, as these data are not collected by the NCR or in electronic patient
files. We know from literature that Hispanic black and Hispanic patients were less likely to
participate than non-Hispanic white patients as well [19,26].

In contrast to what was found in an older cancer population, we found that AYAs
who were treated with chemotherapy were more likely to participate in the study [34,37].
Possibly, because AYAs who received chemotherapy experience daily long-term health
consequences from their cancer diagnosis and treatment and were therefore more willing
to participate.

Our observed participation rate is, on average, similar compared with studies among
AYA populations using similar recruitment strategies [21-24]. Given the younger age of
this study population compared with the general cancer population, it is expected that they
experience less problems or barriers with completing questionnaires online. However, the
response rate improved by including a paper version of the questionnaire. Researchers
from the AYA HOPE study found the same and explained this by the fact that unless thrown
away, a questionnaire on paper is a constant reminder, whereas a computer/telephone
can be turned off [38]. Sending a reminder resulted in a higher response rate and this is
consistent with previous studies [39-41]. Among adolescents, in a study of Richards et al.,
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personal contact seems to be effective. The initial response rate of 20% was improved by
adding follow-up mailing (31%) and after conducting the consent process and questionnaire
by phone (61%) [39].

To the best of our knowledge, no previous studies have assessed self-reported reasons
for non-participation in PRO research among AYAs. Studies among the general population
identified absence of interest and time constraints as reasons for non-participation in
research, which was also found in our study [42—44]. Although patients did not want
to participate in our study, they took the effort and time to return the postcard with
reason(s) for non-participating. Remarkably, in our study, 13% of the AYAs did not consider
themselves as a young cancer patient. A possible explanation could be that a significant
part of the participants outgrew the AYA age and mistakenly did not consider themselves
as an AYA. When approaching AYAs for future studies regarding long-term outcomes, it
is important that participants feel connected and can identify with the target population
of the study. In recent decades, the oncology community became aware of the gap in
the care needs and outcomes of AYA patients [45]. Globally, but also in the Netherlands,
development of AYA programs has flourished. This evolution in the field of AYA oncology
could increase awareness and knowledge among future AYAs about age-specific care and
research, and could thereby increase their willingness to participate in AYA research.

This study was limited by the cross-sectional design, limiting the determination of
attrition rates. Study participants were diagnosed with cancer 5-20 years ago, which might
have led to feeling less connected and attracted to participate in this study. Differentiating
reasons of non-participation by different SES groups was not possible since patients had
not given permission for this. It also remains unknown what the impact of COVID-19 is on
the SURVAYA study. We could imagine that COVID-19 has had an impact on some of the
outcomes of the SURVAYA study. We will examine this in a separate manuscript.

The NCR allowed us to identify more than 17,000 cases of cancer among AYA aged
18-39 years between 1998 and 2015 in the participating hospitals. The NCR did not only
act as a sampling frame, but also made it possible to perform a non-responder analysis,
which gave insight into certain subgroups who are less likely to participate in observational
research. In a previous study among the general cancer population, older patients with
poorer Health-related Quality of Life (HRQoL) were less likely to participate, whereas
younger patients with poorer HRQoL were more likely to participate [27,30]. To obtain more
representative data, future studies should focus on personalized recruitment strategies
to reach those who are less likely to participate, such as males and AYAs with lower SES.
By performing qualitative research via focus groups and interviews, we could gain more
insight into attitude towards participation in research, preferences in research type and
invitation methods in specific subgroups of AYAs.

AYAs themselves might play an important role to stimulate and encourage fellow
AYAs to participate in research. AYAs are widely acknowledged as key stakeholders in
oncology and being used by research committees and advisory boards [44]. Involvement of
AYA patient experts could bridge the gap between patient and research(ers). AYA patient
experts could align research as closely as possible with the target group and help enhance
recruitment, especially those who are less likely to participate (e.g., males, AYAs with
low SES, ethnic minorities) [44]. Another option to get more PRO data of AYAs is better
alignment between research and clinical care. PROs are more and more integrated in clinical
practice. Moreover, PROs are more and more integrated in clinical studies, which reported
high participation rates [46]. Ideally, PROs are used and aligned between research, health
care and policy initiative, and adapted based on purpose. It is important that age-specific
themes (e.g., fertility, body image, sexual health, financial security, life plans (educational
and employment goals), and independence) are identified and described in a core outcome
set and implemented in care and research [47,48].
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5. Conclusions

In summary, the SURVAYA study recruited a large sample of AYA cancer survivors,
however several differences were found between respondents and non-respondents based
on registry data. Future studies should put effort into recruitment strategies, such as
involving AYA patient experts as research partners to reach and encourage AYAs who are
less likely to participate, such as males and AYAs with a low SES.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/ curroncol29080428 /s1, Table S1: Detailed information on tu-
mor types of the total population-based population, and divided in respondents, non-respondents
and excluded.
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Abstract: This study evaluates the unmet needs of sexual and gender minority (SGM) adolescent
and young adult (AYA) cancer survivors by comparing SGM AYA self-rated health (SRH) scores to
their non-SGM (i.e., cisgender/heterosexual) counterparts. The Cancer Needs Questionnaire—Young
People (CNQ-YP) and self-rated health measures were used to assess unmet needs in AYAs aged
15-39 who had been diagnosed with cancer in the previous ten years (n = 342). Participants were
recruited from a National Cancer Institute (NCI) Comprehensive Cancer Center registry using the
modified Dillman’s method. Self-reported sexual orientation and gender identity (SO/GI) data
were collected. Independent t-tests were used to test between-group differences in unmet needs
and Pearson’s chi-square test was used to determine the difference in SRH scores between SGM
and non-SGM AYA cancer survivors. SGM AYA cancer survivors reported greater mean needs
than their non-SGM counterparts across all six domains and reported significantly greater needs in
the domains of Feelings and Relationships, #(314) = —2.111, p = 0.036, Information and Activities,
£(314) = —2.594, p = 0.009, and Education, #(207) = —3.289, p < 0.001. SGM versus non-SGM SRH scores
were significantly different, indicating that a higher percentage of SGM AYAs reported poor/fair
health compared to those who were non-SGM. Unmet life and activities needs were negatively
associated with AYA cancer survivors’ SRH, whereas unmet work needs were positively associated
with AYA cancer survivors’ SRH. An AYA’s gender identity (SGM versus non-SGM) was not a
moderator. SGM AYAs are an understudied group within an already vulnerable patient population.
Unmet psychosocial needs related to one’s feelings and relationships, and information and activity
needs merit further research to develop tailored interventions that reflect the experiences of SGM
AYAs.

Keywords: sexual and gender minority; adolescent and young adult cancer; self-rated health

1. Introduction

Adolescent and young adult (AYA) cancer patients and survivors (15 to 39 years old)
are a vulnerable population who face distinct age-related challenges throughout their
disease trajectory [1,2]. Based on data from the National Cancer Institute (NCI), approxi-
mately 4.5% (over 89,500) of new cancer cases are among the AYA population in 2022, and
nearly 633,000 of survivors in the United States are below the age of 39 [2-4]. On top of
the many common challenges confronting cancer survivors across the age spectrum (e.g.,
treatment-related side- and late-effects), AYA cancer survivors face additional life-stage-
driven concerns, including but not limited to occupational disruptions, financial burden,
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compromised infertility, intimate relationship delays and challenges, sexual dysfunction,
and substance misuse, among others [5-10]. Accordingly, AYAs face unmet psychoso-
cial needs in the domains of health and healthcare, informational needs, communication
and relationships, sexual and reproductive health, emotional wellbeing and coping skills,
vocational disruptions and financial burden [11-13].

Sexual and gender minorities (SGM)—i.e., those who identify as lesbian, gay, bisexual,
transgender, nonbinary, queer, and/or other non-cis-heteronormative identities—are an
underserved population of cancer survivors [14-16]. AYAs who sit at the intersection of
multiple marginalized identities (i.e., AYA and SGM) may face compounded challenges [17].
Including the above-mentioned challenges for all AYAs, SGM AYAs also experience a higher
risk for certain cancers, lower rates of prophylactic screening, fear of discrimination or
denial of care by healthcare providers, internalized homophobia, increased substance
use, and increased psychological distress [15,18-23]. Beyond the unmet needs facing
cisgender /heterosexual AYAs, SGM AYAs face further unmet needs related to identity
development, including disclosing SGM identities to providers, navigating stigmatization,
and accessing safe and relevant care for sexual-, reproductive-, and gender-health before,
during and after active treatment [24-26].

In 2021, about 20.8% of emerging adults, born 1997-2003, also referred to as “Gen Z”,
and 10.5% of young adults, born 1981-1996, also known as “Millennials”, identified as SGM.
These data represent a major increase in self-identification and identity disclosure when
compared to the rate of US adults born before 1980 who self-identified with/disclosed
SGM identities (7.6%) [27]. Therefore, it is reasonable to believe that SGM AYAs are
likely to comprise a sizable fraction of the AYA survivor population, highlighting the
epidemiological significance of attending to the SGM AYA population. The SGM population
as a vulnerable group, compounded by the AYA age-range (another risk factor), have been
consistently connected with a broad domain of compromised physical and behavioral health
outcomes, including, but not limited to, psychological distress, psychosocial functioning,
cancer-related quality of life, and general wellness [28-30]. One salient patient-reported
outcome (PRO), however, that has not been comprehensively studied among SGM AYA
cancer survivors is self-rated health (SRH) [31].

SRH is a patient-centered measure of an individual’s general health status, which
integrates the biopsychosocial and functional aspects of their health, including cultural
beliefs and health behaviors [32,33]. Despite the brevity of SRH as a single-question
measure of global health, studies have documented the predictive power of SRH in relation
to individuals” morbidity and mortality rates across diverse populations [34,35]. Notably,
specifically for the cancer population, SRH has been extensively validated across the sexes,
age spectrum, racial/ethnic groups, and cancer stages, endorsing the broad psychometric
applicability of SRH [36-38]. Several studies have utilized the SRH measure among the
AYA cancer population, suggesting its validity for this population [39,40]. Yet, limited
investigations into risk factors impacting AYA cancer survivors’ SRH exist, with insufficient
examination specifically among SGM AYA.

As such, in this study, our goal was to use the multi-dimensional unmet needs measure
for AYAs with cancer, the Cancer Needs Questionnaire—Young People (CNQ-YP) to evalu-
ate the unmet needs of SGM AYA cancer survivors by comparing between-group SRH score
differences to those of their non-SGM (i.e., cisgender/heterosexual) counterparts [41,42].
We hypothesized that SGM AYAs would have significantly higher unmet needs across all
domains and lower SRH compared to their non-SGM counterparts.

2. Materials and Methods
2.1. Study Design

We used a cross-sectional survey design and evaluated the unmet psychosocial needs
of AYAs living with a cancer diagnosis who are receiving or have received care at an NCI-
Designated Comprehensive Cancer Center (Unversity of Michigan Rogel Cancer Center
at Michigan Medicine). Specifically in this project, we had the following main objectives:
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(1) to describe the unmet psychosocial needs of AYA cancer survivors; (2) to evaluate the
difference between SGM and non-SGM AYA cancer survivors’ SRH and unmet psychosocial
needs; and (3) to preliminarily explore the unmet cancer care needs of AYAs with cancer
in relation to their SRH, especially considering SGM status as a potential moderator. The
study was approved by the University of Michigan IRBMED (HUM00180540).

2.2. Participant Recruitment and Study Procedure

Figure 1 describes the recruitment process. For a participant to be considered eligible
for the study, a respondent must have been between the ages of 15 and 39 years old, with a
current diagnosis of cancer, or a survivor of cancer diagnosed within the previous 10 years,
with at least one appointment for cancer care at the study institution. In accordance with
the definition of the NCI, an individual is considered as a cancer survivor from the time
of diagnosis [43]. Therefore, we included participants in both active treatment and post-
treatment survivorship stages in the current project. Upon approval from the institutional
medical IRB, our team used convenience sampling within the cancer registry at Michigan
Medicine to identify potential participants. The registry query yielded medical record
number (MRN)), class of case (role of the institution in patient’s case), current age (date of
birth), date of first and last contact with Michigan Medicine first and last name, primary
cancer site, ICD-O-3 Histology and Behavior code, current address, and vital status. A total
of n = 3823 potential participants were identified in this manner and were contacted via
postal mail.

Eligible participants for mailed
surveys (n = 3,823)
Exclusion:
1. Invalid returned survey (n = 506)
Number of participants recruited for 2. Passive non-participant (n = 2,993)
survey data collection (n = 324)
I |
Number of SGM participants Non-SGM participants
(n=45) (n=279)

Figure 1. Flow chart for the recruitment of adolescent and young adult cancer survivors.

As a first step, we mailed surveys and consent forms (1 = 3823) to participants between
August 2021 and February 2022 using the modified Dillman’s method [44] Participants
opted to complete the survey by paper or online via Qualtrics. As a result of the survey
dissemination, we received a total of n = 830 returned mailers, including n = 506 invalid
returns (e.g., address no longer active) and n = 324 valid returns (n= 318 by paper, n =6
by Qualtrics). Participants self-reported sexual orientation and gender identity (SO/GI)
using a ‘select all that apply’ format informed by methodological considerations for SO/GI
self-reported data [45]. Participants who selected SO/GI items other than cisgender and/or
heterosexual were categorized as SGM (n = 45).

As a final step, the first author (N.E-L.) and a research assistant tracked and doc-
umented all returned surveys and extracted data to a database internally stored in a
University of Michigan firewall-protected server. The study’s principal investigator (A.Z.)
randomly selected and double-checked the data input of 25% of all valid surveys, revealing
a 99.9% inter-extractor reliability rate. All enrolled study participants were tracked and
reported in the clinical and translational oncology research platform—OnCore. Participants
were mailed a $15 USD incentive to thank them for participating.
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2.3. Measurement
2.3.1. Demographic and Clinical Variables

Demographic and clinical variables were collected as potential covariates. We obtained
participants’ age (in years), current cancer treatment status (1 = active treatment, 2 = within
1 year post-treatment, 3 = 1-3 years post-treatment, 4 = 3-5 years post-treatment, and 5 =5
or more years post-treatment), and race/ethnicity (which was recoded into non-Hispanic
White versus others given the distribution of this variable). SO/GI items included gender
identity (1 = Women/Girl, 2 = Man/Boy, and 3 = Transfeminine, 4 = Transmasculine,
5 = Nonbinary, 6 = Two-spirit, 7 = Cisgender, 8 = Open-response/free-text, and 9 = Prefer
not to say), and sexual orientation (1 = Lesbian, 2 = Gay, 3 = Bisexual, 4 = Pansexual,
5 = Straight/heterosexual, 6 = Queer, 7 = Open-response/free-text, 8 = prefer not to say).
For race/ethnicity and SO/GI items, participants were instructed to select all that apply
and are reported as such. Individuals who selected “Prefer not to say” were included as
SGM.

2.3.2. The Unmet Needs of AYAs with Cancer

The unmet cancer care needs of the participants were measured using the Cancer
Needs Questionnaire—Young People (CNQ-YP). The CNQ-YP was developed to evaluate
the unmet psychosocial and supportive care needs of AYA cancer survivors using a com-
prehensive process of literature review, focus groups with AYAs, and feedback from health
care providers, researchers, and other professionals [41,42]. The CNQ-YP contains a total
of 112 questions and covers 6 main areas of (unmet) needs: (1) Treatment Environment
and Care, (2) Feelings and Relationships, (3) Daily Life, (4) Information and Activities,
(5) Education and (6) Work. Notably, the CNQ-YP has been well-validated by published
literature, indicating strong psychometric properties [41,42]. All six dimensions of the
CNQ-YP in this study reported satisfactory internal consistency, with Cronbach’s alphas
ranging from 76% to 82%.

2.3.3. Self-Rated Health (SRH)

SRH was measured by a single question asking the participant, “In general, would
you say your health is?” A participant responded to a 5-point Likert scale of “5 = Excellent”,
“4 = Very Good”, “3 = Good”, “3 = Fair”, or “1 = Poor” to indicate their perceived health
status. Given the distribution of this variable, SRH was regrouped into “Excellent or Very
Good”, “Good”, or “Poor or Fair”.

2.4. Statistical Analysis Plan

Data analysis was conducted in R statistical software (version 4.2.1). Two research
assistants first conducted descriptive statistics for the entire sample, reporting means
and standard deviations for continuous variables; frequency and percentage for nominal
variables. Then, descriptive statistics were reported separately using participants’ SO/GI
combined as the group variable. Finally, we evaluated the between-group difference
(SGM versus non-SGM groups) for unmet needs and SRH to determine if there were
any significant differences. We conducted the independent sample’s t-test for continuous
outcomes (using the Levene’s Test for Equality of Variances to determine the p value) and
the chi-square test for nominal variables. Given the distribution of the SRH variable, we
used multinomial logistic regression to evaluate the relationship between unmet cancer
care needs and SRH (recoded into: 0 = poor or fair health, 1 = good health, or 2 = very good
or excellent health). Important covariates were controlled for, including age, race/ethnicity,
SO/GI (SGM versus non-SGM), and cancer treatment stage. We explored the possible
mediation role of sexual orientation/gender identity by creating a series of interaction
terms between significant factors correlated with SRH.
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3. Results
3.1. Descriptive Statistics of the Study Population

Key findings indicate that SGM participants reported greater mean unmet needs
across all dimensions overall, and significantly greater unmet needs in areas of Feelings
and Relationships, Information and Activities, and Education. Findings also reveal a
statistically significant difference in SRH between SGM versus non-SGM participants, with
SGM participants reporting poorer SRH.

Table 1 displays the descriptive statistics of the study population. A total of n = 324
eligible AYAs with cancer completed and returned valid surveys. Participants reported
an average age of 30.22 years old (SD = 6.50) and ranged from 16 to 39 years old. Most
participants (28.4%) were long-term survivors who, at the time of the study, were more
than 5 years post-treatment. The second largest treatment group were AYAs who were 1-3
years post-treatment (26.2%), followed by those who were 3-5 years post-treatment (17.3%).
The two smaller treatment groups were AYAs within 1 year post-treatment (14.2%) and
about 13.9% were in active treatment at the time of the study.

Most participants identified as non-Hispanic White (n = 289, 89.2%), with the remain-
ing participants identifying as Black/African American (n = 8; 2.5%), Asian (n = 8; 2.5%),
Native Hawaiian or other Pacific Islander (n = 8; 2.5%), American Indian or Alaska Native
(n = 1; 0.3%), Hispanic/Latino (n = 5; 1.6%), Bi/Multi-racial (n = 3; 0.9%), or Another
race/ethnicity not listed (n = 2; 0.6%). SGM participants (i.e., those who selected SO/GI
items other than cisgender and/or heterosexual) comprised n = 45. Nearly 8.95% (1 = 29)
participants identified as both non-cisgender and non-heterosexual.

For gender, most participants (1 = 215; 66.4%) identified as Woman/Girl (participants
who selected Woman/Girl, or Woman/Girl AND Cisgender). Ninety-four (29%) identified
as Man/Boy (participants who selected Man/Boy, or Man/Boy AND cisgender). One (0.3%)
identified as Transmasculine, one (0.3%) identified as a Man/Boy AND Transmasculine,
and several participants identified as Nonbinary (1 = 7; 2.2%).

Regarding sexual orientation, most participants identified as Straight/heterosexual
(n = 279; 86.4%), followed by seventeen (5.3%) who identified as Bisexual, five (1.6%) as
Pansexual, six (1.5%) as Gay, three (0.9%) as Queer, and one (0.3%) as Lesbian, and the
remainder are outlined in Table 1.

For SRH, over one-third of the study participants reported Good overall health (1 =120,
37%) or Very Good overall health (n = 106, 32.7%), while sixty-three participants (19.4%)
reported Fair overall health, whereas twenty-eight participants (8.6%) reported Excellent
overall health and seven participants (2.2%) reported Poor overall health.

3.2. Between-Group Differences in Self-Rated Health (SRH) and Unmet Cancer Needs

Table 2 shows the between-group differences in SRH and unmet cancer needs between
SGM and non-SGM participants. Overall, the difference in SRH between SGM and non-
SGM AYA participants was statistically significant, with x?(4) = 15.95, p = 0.031. The result
of the chi-square test revealed that SGM AYA cancer survivors reported significantly lower
SRH when compared to their counterparts who are non SGM AYAs with cancer.

In addition, in terms of unmet cancer needs, SGM participants reported higher needs
across all dimensions as shown by the higher means of all dimensions compared to non-SGM
participants. Furthermore, SGM participants reported significantly greater needs than their
non-SGM counterparts in areas of Feelings and Relationships, #(314) = —2.111, p = 0.036,
Information and Activities, #(314) = —2.594, p = 0.009, and Education, #(207) = —3.289, p < 0.001.
Between-group differences were statistically non-significant in areas of Treatment Environ-
ment and Care, Daily Life, and Work.
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Table 1. Descriptive Statistics of Adolescents and Young Adults with Cancer (1 = 324) *.

Name of Variable

Mean/SD OR Frequency (%)

Dimensions of Unmet Needs

Treatment Environment and Care 3.99/0.61
Feelings and Relationships 2.13/0.89
Daily Life 2.19/0.94
Information and Activity 2.98/0.91
Education 297/1.26
Work 3.14/1.44
Age (Years) 30.22/6.50
Cancer Status
Active treatment 45 (13.9%)
Within 1 year survivor 46 (14.2%)
1-3 years survivor 85 (26.2%)
3-5 years survivor 56 (17.3%)
>5 years survivor 92 (28.4%)
Race/ethnicity
Black/African American 8 (2.5%)
Hispanic/Latino 5 (1.5%)
Non-Hispanic White only 289 (89.2%)
American Indian or Alaska Native 1 (0.3%)
Another race/ethnicity not listed 2 (0.6%)
Hispanic/Latino and Bi/Multi-racial or ethnicity 1 (0.3%)
Non-Hispanic White and American Indian or Alaska Native 1 (0.3%)
Bi/Multi-racial or ethnicity 1 (0.3%)
Asian American 8 (2.5%)
Native Hawaiian or Other Pacific Islander 8 (2.5%)
Gender
Woman/Girl 215 (66.4%)
Man/Boy 94 (29%)
Transmasculine 1 (0.3%)
Nonbinary 7 (2.2%)
Woman/Girl and Nonbinary 1 (0.3%)
Woman/Girl and Cisgender 2 (0.6%)
Man/Boy and Transmasculine 1 (0.3%)
Man/Boy and Cisgender 3(0.9%)
Sexual Orientation
Lesbian 1 (0.3%)
Gay 6 (1.5%)
Bisexual 17 (5.2%)
Pansexual 5 (1.5%)
Straight/Heterosexual 279 (86.4%)
Queer 3(0.9%)
Another sexual orientation not listed 1 (0.3%)
Prefer not to say 5 (1.6%)
Lesbian and Queer 1(0.3%)
Gay and Queer 1 (0.3%)
Bisexual and Pansexual 2 (0.6%)
Bisexual and Straight/Heterosexual 1 (0.3%)
Bisexual and Queer 1(0.3%)
Pansexual and Queer 1 (0.3%)
Self-Rated Health
Poor 7 (2.2%)
Fair 63 (19.4%)
Good 120 (37.0%)
Very good 106 (32.7%)
Excellent 28 (8.6%)

* mean/SD for continuous variables, and 1 (%) for categorical variables.
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Table 2. Between Group Differences of Self-Rated Health *.

X% X%
Name of Variable ?r?:lvéllS) N?:;SS;; Difference

Dimensions of Unmet Needs

Treatment Environment and Care 4.027/0.640 3.990/0.610 £(309) = —0.376, p = 0.707

Feelings and Relationships 2.460/0.940 2.144/0.928 t(314) = —2.111, p = 0.036

Daily Life 2.327/0.892 2.109/0.889 £(229) = —1.116, p = 0.276

Information and Activities 3.307/0.928 2.931/0.895 t(314) = —2.594, p = 0.009

Education 3.634/1.086 2.849/1.249 £(207) = —3.289, p < 0.001

Work 3.250/1.240 3.121/1.466 £(278) = —0.527, p = 0.599
Age (years) 28.568/6.460 30.491/6.479 £(317) = 1.846, p = 0.066
Cancer Status

Active treatment 6 (13.3%) 39 (14%)

Within 1 year survivor 6 (13.3%) 40 (14.3%) -

1-3 years survivor 13 (28.9%) 72 (25.8%)

3-5 years survivor 9 (20.0%) 47 (16.8%)

>5 years survivor 11 (24.4%) 81 (29%)
Race/ethnicity

Black/African American 2 (4.4%) 6 (2.2%)

Hispanic/Latino 0 (0.0%) 5(1.8%)

Non-Hispanic White only 40 (88.9%) 249 (89.2%)

American Indian or Alaska Native 0 (0.0%) 1(0.4%)

Asian American 1(2.2%) 7 (2.5%) _

Native Hawaiian or Other Pacific Islander 2 (4.4%) 6 (2.2%)

Another race/ethnicity not listed 0 (0.0%) 2 (0.7%)

Hispanic/Latino and Bi/Multi-racial or ethnicity 0 (0.0%) 1 (0.4%)

Non-Hispanic White and American Indian or Alaska Native 0 (0.0%) 1 (0.4%)

Non-Hispanic Asian or Bi/Multi-racial or ethnicity 0 (0.0%) 1 (0.4%)
Self-Rated Health

Poor 4 (8.9%) 3(1.1%)

Fair 12 (26.7%) 51 (18.6%)

Good 17 (37.8%) 103 (36.9%) X%(4) =15.95,p = 0.031

Very good 11 (24.4%) 95 (33.9%)

Excellent 1(2.2%) 27 (9.5%)

* mean/SD for continuous variables, and n (%) for categorical variables. ** SGM = Sexual and gender minority.

3.3. The Relationship between Unmet Cancer Needs and SRH

Table 3 demonstrates the relationship between unmet cancer care needs and SRH. For
both SGM and non-SGM AYAs with cancer, an AYA cancer survivor’s daily life needs were
significantly associated with their SRH. Specifically, for each unit increase in an AYA cancer
survivor’s unmet daily life needs, they are 9.5% less likely to report good health versus
fair or poor health, OR = 0.905, 95% CI [0.839, 0.977], p < 0.01. For each unit increase in
their unmet daily life needs, an AYA is 11.5% less likely to report very good or excellent
health versus fair or poor health, OR = 0.885, 95% CI [0.816, 0.961], p < 0.001. In addition,
the unmet work needs are significantly associated with SRH. Interestingly, for each unit
increase in their unmet work needs, an AYA is 1.21 times more likely to report good health
versus fair or poor health, OR = 1.210, 95% CI [1.009, 1.451]. Similarly, for each unit increase
in their unmet work needs, an AYA is 1.225 times more likely to report excellent or very
good health versus fair or poor health, OR =1.225, 95% CI [1.016, 1.476], p < 0.05. Moderator
analysis evaluating the moderating role of SGM identities on the relationship between the
unmet daily life needs and SRH, and between the unmet work needs and SRH, did not
indicate SGM status being a significant moderator.
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Table 3. Multinomial Logistic Regression 1,

Reference Group: Fair or Poor Health

Good Health Excellent or Very Good Health

OR 95% CI OR 95% CI
Non-SGM (versus SGM) 0.709 [0.097, 5.175] 4.056 [0.347, 47 .415]

Unmet cancer care needs

Treatment environment and care 0.989 [0.955, 1.025] 1.008 [0.971, 1.045]
Daily life 0.905 ** [0.839, 0.977] 0.885 ** [0.816, 0.961]
Feelings and relationships 1.025 [0.957,1.097] 0.958 [0.886, 1.036]
Information and activities 0.938 [0.794, 1.109] 0.937 [0.785, 1.118]
Education 1.033 [0.870, 1.226] 1.058 [0.885, 1.265]
Work 1.210* [1.009, 1.451] 1.225* [1.016, 1.476]

! Other variables controlled in the model included age, cancer treatment stage, and race/ethnicity. We also
evaluated the potential moderating role of SGM versus non-SGM for significant predictors in the model, none
were statistically significant, thus not presented in the model. T p < 0.06, * p < 0.05, ** p < 0.01.

4. Discussion

The current study provides novel insights into the relationship between unmet needs
and self-rated health among SGM AYA cancer survivors. Additionally, our study sheds
light on the experiences of a population of cancer survivors about whom little is known:
SGM AYAs. We hypothesized that SGM AYAs would have significantly greater unmet
needs across all six domains and lower SRH compared to their non-SGM counterparts.

Our finding that SGM AYAs have greater mean unmet needs across all domains builds
on the literature which shows that SGM populations are more likely to report unmet
medical needs [46]. SGM populations as a whole report a lack of knowledge on the part
of health care providers about their health care needs [47]. Specifically, in oncology, most
provider knowledge is centered on cancer screening and prevention. Further, transgender
and gender-diverse patients have additional distinct needs [48]. In terms of health care
delivery, distinct needs for transgender and gender-diverse AYAs include specialized
counsel for fertility preservation decision making in light of emergent gender-diverse
identities [49]; guidance regarding the contra indications of gender-affirming hormone
use before, during, or after chemotherapy [17]; and therapeutic counsel about gender
dysphoria arising from disruption to gender-affirming hormones if indicated by therapeutic
or supportive treatments [50-52]. Future research into transgender and gender-diverse
AYAs’ unmet health care needs is urgently needed.

The finding that SGM AYAs have significantly greater unmet needs regarding Feelings
and Relationships, Information and Activities, and Education aligns with the literature
that has shown that SGM cancer survivors across all ages are more likely to experience
psychosocial distress than non-SGM cancer survivors [22]. In another study of adult SGM
cancer survivors, the majority reported unmet needs regarding feelings and relationships,
and indicated a significant need for mental health resources [53]. In terms of supportive
relationships, SGM young people frequently face family-of-origin rejection after coming
out. As such, SGM AYAs may lack supportive familial networks [14]. Therefore, family-
of-origin support for SGM AYAs must not be presumed by the health care team. Targeted
screenings and interventions for mental health, financial, and other instrumental resource
needs (e.g., health care navigation; housing) are advised for SGM AYAs. Furthermore,
family rejection is predictive of self-harm and suicide for SGM AYAs, especially transgender
and gender-diverse individuals [54]. Cancer patients are an at-risk group for self-harm and
suicidal behaviors [55]. Therefore, SGM AYAs may be a high-risk group for self-harm, and
future research is advised to evaluate this potential risk.

The timing of our data collection is notable in terms of our findings that SGM AYAs
expressed greater unmet educational needs. Past research has highlighted that the timing
of a cancer diagnosis during adolescence and young adulthood disrupts the achievement
of typical educational milestones [56,57]. Recent research published from data collected
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during the COVID-19 pandemic has also shown that AYAs in general are also more likely to
experience educational disruptions than older adults [58,59]. This may be partly explained
by the social / physical distancing that resulted from the pandemic, and educational institu-
tion closures, which have been shown to have disproportionately affected SGM AYAs who
endorsed greater distress and isolation, with fewer coping resources than non-SGM AYAs
in one study [60]. Currently, there are no interventions among SGM AYAs with cancer
to improve educational or employment outcomes [61]. Among AYA cancer survivors in
general, and SGM AYAs in particular, educational support is critically needed.

The finding that SGM AYAs have significantly lower SRH compared to non-SGM
AYAs is a notable finding and supports past work reporting that SGM adults endorse
worse SRH than non-SGM adults [62,63]. Poor SRH has been shown to be related to
minority stress components including discrimination, victimization, concealment of SGM
status, and structural stigma [64]. In one study, disclosure of SGM status to oncology
providers was associated with better self-reported health among SGM adults [65]. Our past
work has highlighted that current AYAs live in a society with fluid sexual attractions and
gender expressions, where one cannot make assumptions about goals for relationships and
children, and when navigating illnesses such as cancer, SGM AYAs often seek refuge in a
“chosen family” [66,67]. These intersecting identities brought forth by both illness, AYA and
SGM status warrant further research on addressing discrimination in the healthcare setting
where there is a need for recognition and support of non-heteronormative supportive
care models. That is, cultivating SGM-competent cancer research may be connected to
addressing unmet needs among SGM AYAs [68].

Finally, we found that for both SGM and non-SGM AYA'’s with cancer there is a sig-
nificant association between unmet daily life needs and SRH, such that those reporting
higher unmet daily life needs were more likely to report poorer health. This is of particular
importance as SRH has been extensively shown to be predictive of overall mortality [69,70].
Moreover, as SGM AYAs with cancer are posited to have a greater prevalence of un-
met needs than their non-SGM counterparts, this finding could indicate the potential for
disparity in survival rates. The findings also suggest a significant association between
unmet work needs and SRH such that those AYAs with cancer who reported higher unmet
work needs were more likely to report better health. This finding—although seemingly
counterintuitive—may indicate that AYAs with unmet work needs are well enough to re-
turn to work following completion of active treatment and may be struggling to transition
back to the workplace for numerous reasons (e.g., “chemo brain”; disrupted work schedule
due to surveillance appointments). By the same logic, those reporting poorer health may,
in turn, not be primarily focused on work, may be on hiatus from work (i.e., temporarily
receiving Social Security Disability Insurance), and/or may be at a point in their cancer
trajectory where determining needs surrounding work proves difficult or impossible [71].
Nevertheless, this association should be explored further. Furthermore, researchers are
advised to explore how employers may best empower AYA cancer survivors during their
transition back into the workplace. Particularly following the COVID-19 pandemic, there
has been a surge in the popularity and prevalence of “remote work,” or working from
home [72]. We call upon researchers to explore the impact of remote work on the needs of
this population to determine what resources will be necessary for successful, supportive,
and sustainable reintegration into the workplace.

The current study was limited by a low response rate. Such a limitation may be
explained by the timing of data collection in terms of research fatigue following the onset
of the COVID-19 pandemic. People affected by disasters—especially vulnerable and
marginalized groups—often receive multiple requests for study participation which may
lead to participant fatigue and divestment [73]. Accordingly, the representativeness of
the sample may have been mitigated by self-selection bias (i.e., those who participated
suffered less research fatigue). Recruitment methods may also explain a low response rate.
We used postal mail to reach eligible participants because it was the most consistent and
reliable form of contact information made available through the cancer registry. However,
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AYA is a population that relocates residences frequently. Furthermore, this age cohort is
more likely to participate in research activity via text message, email, social media, or other
interactive digital methods [74]. Future studies are advised to continue innovating toward
age-tailored recruitment and retention strategies. Furthermore, cancer registries are also
advised to consistently and regularly collect and update phone number and email contact
information so that researchers may identify and engage the population through channels
that are meaningful to AYAs.

Secondly, while we included respondents from both active treatment and post-active
treatment phases, we did not analyze time since diagnosis as a factor in evaluating unmet
needs. Future research is advised to explore changes in unmet needs over time, especially
given our group’s previous findings which indicated cancer survivors’ mental health needs
(e.g., worry) increased over time following the completion of treatment [75].

Finally, given the cross-sectional nature of the data, we were only able to evaluate
association but not causality, and future research should consider a longitudinal design to
strengthen the implication for causality.

Opverall, the findings of the current study underscore how vital it is to understand the
unique needs of SGM populations and to work toward highlighting potential targets for
future intervention.
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Abstract: Adolescents and young adults (AYAs) with cancer face unique challenges. We aimed
to describe (i) education, employment, and financial outcomes and (ii) determinants for adverse
outcomes in AYA cancer survivors. We performed a systematic literature search. We included original
research articles on AYA (15-39 years of age) cancer survivors (>2 years after diagnosis) and our
outcomes of interest. We narratively synthesized the results of the included articles. We included
35 articles (24 quantitative and 11 qualitative studies). Patients in education had to interrupt their
education during cancer treatment, and re-entry after treatment was challenging. After treatment,
most survivors were employed but started their employment at an older age than the general popula-
tion. Overall, no disadvantages in income were found. Survivors reported more absent workdays
than comparisons. We identified chemotherapy, radiotherapy, late effects or health problems, female
sex, migration background, and lower education associated with adverse outcomes. Although most
AYA cancer survivors were able to re-enter education and employment, they reported difficulties
with re-entry and delays in their employment pathway. To facilitate successful re-entry, age-tailored
support services should be developed and implemented.

Keywords: adolescent and young adult; cancer; survivors; education; employment; financial outcomes;
psychosocial health

1. Introduction

AYAs are diagnosed with cancer during a unique and challenging period of their
life [1,2]. The transitional time between childhood and adulthood is characterized by psy-
chosocial milestones related to completing education, starting their employment pathway,
and gaining social and financial independence from parents [1,3-8]. The cancer diagnosis
may interfere with these psychosocial achievements. It has been shown that psychosocial
problems after cancer are more prevalent in AYAs than in older adults [9]. This indicates
that cancer might be especially disruptive in AYAs and emphasizes the importance of
psychosocial health in AYA cancer survivors.

Cancer in young people is different from cancer in children or cancer in older adults:
The epidemiology, the biology of the tumors, and the psychosocial needs of AYA cancer
survivors and late outcomes after the cure of the cancer are unique in this specific age
group [10-14]. In Europe, about 112’000 AYAs were diagnosed with cancer in 2020 [15].
Survival nowadays exceeds 80% in Europe [16].
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The majority of AYA cancer survivors returned to school or work after the end of
treatment [17]. However, many AYA cancer survivors reported that cancer had a negative
impact on their plans for work or school [17] and that returning to work was challeng-
ing [18]. Regarding survivors’ educational achievements, some studies indicate different
educational pathways for survivors compared to the general population [19,20]. Other
studies did not find any differences in educational attainment between survivors and com-
parisons [21]. However, survivors reported disruptions in their education due to the cancer
diagnosis [21]. Regarding employment, some studies did not report an increased risk of
unemployment in survivors [19,20]. They started being engaged in paid employment at an
older age compared to the general population [20]. In other studies, survivors were less
likely to be employed compared to the general population [21,22], and this difference was
especially pronounced for health-related unemployment [21].

Cancer and its treatment and disruptions or delays in employment might lead to fi-
nancial hardship. Different pathways have been suggested for this adverse outcome. Many
survivors experience chronic conditions, which are associated with significant increases in
medical expenditures and health care use [23]. Furthermore, different educational pathways
and a higher risk of unemployment might also increase financial hardship [24-26].

A comprehensive overview of education, employment, and financial outcomes in
survivors of AYA cancer is lacking. This systematic review aimed to describe (i) educa-
tion, employment, and financial outcomes and (ii) determinants for adverse educational,
employment, and financial outcomes in AYA cancer survivors.

2. Methods

This systematic review was registered in PROSPERO (number: CRD42021262353)
and complies with the PRISMA statement regarding reporting systematic reviews and
meta-analyses [27].

2.1. Search Strategy

The literature search was conducted in August 2020 and updated on 15 February
2022. We searched the databases PubMed, Scopus, and PsychINFO. Included publications
were hand-searched for additional references. No restrictions on geographical region or
publication language were applied. The search was restricted to studies on humans that
were published up to 15 February 2022. The search terms included four blocks with search
terms referring to the outcomes (education, work, financial outcomes), adolescent and
young adult, cancer, and survivorship (Tables S3 and S4 in Supplementary Material).

2.2. Study Selection

The study selection consisted of two steps: title and abstract screening and full
text screening.

To select eligible articles, the following inclusion criteria were hierarchically applied:
peer-reviewed original research, a sample size of at least 20 for quantitative studies (no
sample size restrictions for qualitative and mixed methods studies), study participants
having been diagnosed with cancer, AYA cancer (i.e., at least 75% of participants in the
age range of 15-39 years at diagnosis), survivors (i.e., at least 75% of participants at least
two years after diagnosis), and one of the three outcomes of interest being the primary
outcome presented in the article (education, employment, financial outcomes). Review
articles, editorials, commentaries, and conference abstracts were excluded. During the
full-text screening, articles from which no full text could be obtained were excluded.

We included quantitative, qualitative, and mixed methods studies and any study
designs. Studies with and without comparisons (e.g., general population, siblings) were
included. Two reviewers each independently assessed eligibility by first screening titles and
abstracts followed by the full texts of the remaining articles (involved authors: A.A., C.B,,
M.K.,, K.R.). Discrepancies between reviewers were resolved by discussion and consensus
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or by consulting a third reviewer (L.M.). Reference lists of relevant review articles were
screened for potentially eligible articles.

2.3. Data Extraction

The first author, publication year, country, study design, data source, data collec-
tion method, sample size, response rate, and population characteristics, including gender,
age at time of study, age at diagnosis, time since diagnosis, cancer types, and education,
employment, and financial information (which were mentioned additionally to the pri-
mary outcomes of the articles), were extracted. If a comparison group was available, the
provided information was extracted as well (Table 1 and Table S1 in Supplementary Ma-
terial for quantitative studies and Table 2 and Table S2 in Supplementary Material for
qualitative studies).

2.4. Quality Assessment

The quality of each study was independently assessed by two reviewers each using the
JBI critical appraisal tool [28] (involved authors: A.A., M.K,, K.R.). Discrepancies between
reviewers were resolved by discussion and consensus. Inter-rater reliability, assessed by
Kendall’s tau, was tau = 0.74 for quantitative studies and tau = 0.71 for qualitative studies.
The JBI critical appraisal tool was designed to assess methodological validity and determine
the extent to which a study considered possible biases in its design, conduct, and analysis.
It is suitable for cross-sectional, cohort, and qualitative studies, which are common in this
research area [27]. To assess study quality, 8 questions were asked for cross-sectional studies
and 10 questions for qualitative studies. These items could be answered with “yes,” “no,”
“unclear,” or “not applicable.” To enable a comparable assessment across cross-sectional
studies and qualitative studies, the total number of questions answered with “yes” was
summed up, and the percentage of “yes” answers was calculated. For cross-sectional
studies, a maximum of 8 “yes” and for qualitative studies, a maximum of 10 “yes” answers
could be reached (Tables S5 and S6 in Supplementary Material).

7

2.5. Data Synthesis

Outcomes related to the psychosocial situation of AYA cancer survivors were narra-
tively synthesized. A priori, we did not consider a meta-analytic approach because of the
expected heterogeneity in study design, study period, outcome definition across studies,
and differences in educational, labor, and financial contexts across geographic regions. The
narrative synthesis focused on the educational, employment, and financial outcomes and
the determinants for adverse educational, employment, and financial outcomes. Further,
the quality of the included studies was evaluated to determine how it may have influenced
the synthesis.
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3. Results
Literature Search and Study Characteristics

While searching the three databases, 6651 articles were identified, and finally, 35 arti-
cles were included [17,19,20,23-25,29-57] (Figure 1). We included 24 quantitative (Table 1)
and 11 qualitative (Table 2) studies. The majority of the studies were conducted in North
America (24, 69%), nine in Europe (26%), and two in Asia (6%). Fourteen of the quantita-
tive studies (58%) studies included a comparison group. The majority of the studies (29,
83%) included different types of cancer. Variations in sample size (quantitative studies:
23-4/222, qualitative studies: 5-52), age at diagnosis or study, and time since diagnosis
were observed. Three articles reported only on education outcomes, nine only on employ-
ment outcomes, and eight only on financial outcomes. Another six articles described both
education and employment outcomes, and nine studies addressed both employment and
financial outcomes.

L Identification of studies via databases and hand search J
—
= Records identified from
o databases and hand search
§ (n =6651) Records removed before screening
= Pubmed (n = 2269) > Duplicate records removed
€ PsyclInfo (n = 582) (n = 1808)
3 Scopus (n = 3790)
Hand search (n = 10)
—
_ :
Records screened (title and
abstract screening) I Ee:o‘{g‘]s:)xcluded
(n =4843)
Reports sought for retrieval Reports not retrieved
o (n = 227) | (n=1)
=
[}
: !
3
(7}
Reports assessed for eligibility
(full text screening) —| Reports excluded
(n = 226) (n=191)
No AYA cancer survivors (n = 2)
Report in unknown language (n = 1)
Not peer-reviewed original research (n = 23)
Not AYA age at diagnosis (n = 138)
- No survivors (shorter time since diagnosis) (n = 20)
PR v Primary outcome not outcome of interest (n = 7)
Studies included in review
= (n=235)
= Reports of included studies
° (n=35)
£ 24 quantitative studies
11 qualitative studies
—

Figure 1. PRISMA flow diagram of included studies.

4. Impact of Cancer
4.1. Education

After being diagnosed with cancer, many AYA cancer survivors experienced a dis-
ruption in education [46,48,50] (Table 3). In one study, AYA cancer survivors reported
having kept up with school via the Internet while being treated for cancer [47]. Those
who left school for cancer treatment wanted to return to school as quickly as possible to
keep up with peers but also for a sense of normalcy [47,48,50]. In doing so, they experi-
enced enormous hurdles and challenges, some related to experiencing late effects such as
fatigue [54]. Problems arose, especially in re-entry, which could only occur at the beginning
of a school year [48,50]. AYA cancer survivors reported different educational pathways
compared to the general population: More had completed upper secondary school and
fewer university education in Switzerland [19]. In Germany, survivors were more likely
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to have attended high school, whereas rates of college and university graduation were
similar [20]. Survivors of CNS cancer were less progressed in their education compared to
age-matched comparisons [42]. On the other hand, survivors of hematological and solid
cancers reached higher educational levels [42].

A stay in the intensive care unit (ICU) during treatment, experiencing visual or hearing
late effects, and having a migration background were identified as characteristics associated
with lower education [19,20].

4.2. Employment

In most studies investigating employment, the majority of AYA cancer survivors were
employed at the time of the study [17,19,20,24,25,31,32,34,35,37,40-44,46] (Table 4). Some
survivors reported reduced ability to work and were consequently uncertain whether
cancer had long-term effects on their ability [31,49]. Compared to before their cancer
diagnosis, more survivors were unemployed after their cancer treatment (19% before
treatment, 38% six months after treatment [30]; from 9.5% to 23.8% pre- and post-treatment,
respectively [37]), about half of survivors reported paid or unpaid time off, and about 10%
of survivors quit or lost their job at diagnosis [43]. In most studies comparing survivors
with other populations, there was no difference between the employment rates in survivors
and the comparison group [19,20,31,40,44]. One study reported that slightly more AYA
cancer survivors were outside the workforce compared to the comparison group [42].
Survivors started being engaged in paid employment at an older age compared to the
general population [20]. In one study, AYA cancer survivors were significantly less likely
to be employed than the comparison group [34]. In two studies from the USA, AYA
cancer survivors reported experiencing employment disruption [25,46]. Breast cancer
survivors reported stopping working was impossible due to financial hardship or insurance
needs [56]. About half of the survivors preserved employment in the same workplace as
before the diagnosis [55,57]. For others, the cancer diagnosis meant a change of perspective,
be it that they changed their workplace [50,55,56] or that they reported that the meaning of
work had changed [51]. Their cancer diagnosis was seen as a catalyst for a change of career
and thus an inspiration for a new beginning [49].

Longer time since first cancer diagnosis [31], younger age at diagnosis [19,20], fe-
male gender [19,31], lower education [19,31], and experiencing late effects or impaired
health [19,20,31] were identified as characteristics associated with unemployment. In an-
other study, with a longer time since end of treatment, the percentage of AYA cancer
survivors being unemployed decreased [30].
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4.3. Financial Outcomes

Two studies addressed the income of AYA cancer survivors and compared it to the
general population [34,36,44] (Table 5). In an early study, AYA cancer survivors had a
higher income than the general population [44]. This difference may reflect a strong
motivation to achieve higher goals among survivors [44]. In a more recent study, more
AYA cancer survivors had a low family income and fewer survivors had a high family
income [34]. AYA cancer survivors reported a negative net worth, whereas young adults
from the general population reported a positive net worth [36]. Indirect medical costs
were reported in three studies, with AYA cancer survivors having reported more missed
work days than the comparison group in all studies [32,34,39]. AYA cancer survivors
were significantly more likely to experience medical financial hardship compared to adults
without a cancer history [29,38], and survivors reported a high level of financial toxicity
(financial-related hardship) [45]. About half of the women with breast cancer experienced a
financial decline due to their cancer diagnosis [43]. Three Scandinavian studies reported on
disability pension uptake [31,33,39]. Compared with the general population, AYA cancer
survivors received disability pensions at similar rates [31]. Compared with childhood
cancer survivors, AYA cancer survivors were less likely to receive disability pensions [33].

Older age at time of study [36], chemotherapy and radiation [24,39], lower educa-
tion [43,45], psychological distress [29], and more chronic conditions [23] were identified as
characteristics associated with a higher financial burden. AYA cancer survivors with more
chemotherapy courses were more likely to receive a disability pension [39].

4.4. Study Quality

Although some studies were designed as longitudinal or cohort studies, outcomes
were cross-sectionally assessed. The average quality rating for cross-sectional studies
(mean = 90%, range: 50-100%; Table 1) was slightly higher than for qualitative studies
(mean = 75%; range: 50-90%; Table 2). No conclusive patterns in reported outcomes by
study quality were identified.
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5. Discussion

With this systematic review, we showed that a cancer diagnosis in adolescence or
young adulthood significantly impacted educational, employment, and financial outcomes.
Re-entry to school or work after cancer treatment was challenging. After treatment, most
survivors were employed but started their employment at an older age than the general
population. Overall, no disadvantages in income were found. Survivors reported more
absent work days than the comparisons. The main determinants for adverse outcomes were
female gender, younger age at diagnosis, chemotherapy and radiotherapy, and experiencing
late effects.

Our systematic review is in line with the findings of a previous review on work-related
issues in AYA cancer survivors [58]. For many AYA cancer survivors, the cancer diagnosis
interrupted their current engagement at school or work. This interruption delayed the
attainment of education and work goals and sometimes forced survivors to rely on social
security benefits or file for bankruptcy. This did not mean that AYA cancer survivors
could not achieve a successful career compared to healthy controls, but they did start the
career later. Many survivors were willing to return to school or work, although cancer
treatment and its side effects often imposed hurdles. Our review showed that these long-
term consequences forced some AYA cancer survivors to wait a certain amount of time
to return to school, or for formerly employed survivors, it meant a change of workplace.
Whereas some AYA cancer survivors perceived working as a return to normalcy, others
described a change in perspective and redefined their professional careers.

One study found that AYA cancer survivors earned more compared to the general
population [44]. One reason could be the change in perspective leading to a job change,
possibly resulting in survivors earning more than they did before diagnosis [59,60]. For
instance, jobs with less physical effort might be, on average, better paid compared to jobs
with more physical effort involved. Within AYA cancer survivors, financial outcomes varied
with age at the time of the study. Although older survivors earned more [36], as seen in
the general population, the study also found that older survivors reported a more severe
financial impact [36]. Whereas older survivors were more likely to be married and thus had
a potential additional source of income through their partner, they received less parental
support, were more likely to have dependent children, and were more likely to own a
home compared to younger survivors, indicating the need for more financial resources
for older survivors. AYA cancer survivors diagnosed with breast cancer missed more
work days and home productivity days (spending more than half of the day in bed due to
illness) compared to women without breast cancer, resulting in higher indirect productivity
costs [32].

According to this review, AYA cancer survivors diagnosed at a younger age were
found to be particularly vulnerable to adverse outcomes. One explanation for the lower
educational attainment might be that they were still pursuing education and could not keep
up with fellow students due to the interruption caused by cancer [47]. Unemployment
might be higher because they may prioritize their health over their career [56,61]. Health
insurance is organized differently in different countries. In countries where health insurance
is not mandatory or related to employment, an explanation for the high financial burden
might be that AYA cancer survivors were believed to be too young to need health insurance
before the cancer diagnosis.

Chemotherapy and radiotherapy and a stay in the ICU during treatment were found
to be determinants for adverse outcomes in all domains studied [20,39]. ICU stays are costly
and associated with an increased number of potentially life-threatening complications that
can negatively impact patient prognosis [62,63]. This could prolong their absence from
school and work and affect their financial situation in the long run.

Our three outcomes of interest, i.e., education, employment, and financial outcomes,
are linked to the different life stages (Figure 2). Whereas educational attainment is the
primary focus in adolescence, transitioning to work and gaining financial independence
becomes more important in young adulthood. However, all stages of life have one aspect
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in common: a reciprocal relationship with the state of health. If the state of health is
deteriorating, this affects the current stage of life and is also likely to have long-term
consequences for the following stage of life. Therefore, it is important to consider these
three outcomes as mutually dependent rather than independent factors, also in the case
of a cancer diagnosis in adolescence or young adulthood. Taking a holistic approach and
considering the reciprocal relationship between outcomes and state of health can ensure a
successful career even after a cancer diagnosis in adolescence or young adulthood.

Young

Childhood

Adolescence

J

U

J

'4

U

State of health

State of health

'4

Adulthood

Adulthood

U

U

U

'4

U

State of health

State of health

Figure 2. Dynamic interaction between life stages and state of health (own adaptation, based on
(Adler et al., 2007 [64]; Fardell et al., 2018 [18]).

6. Limitations and Strengths

Countries have different education, labor, and financial systems. Furthermore, there
were significant differences in how the data were collected. This made comparisons across
studies challenging. Most of the included studies were based on self-reported data. For
these studies, self-report bias might be present. As for other systematic reviews, there is a
potential for language and publication bias. We included publications in English and other
languages known to the research team (only one publication written in Japanese had to be
excluded) and published in the three databases searched.

The comprehensive literature review (search in three relevant databases) is a strength
of the study. For this systematic review, over 5000 articles were screened for eligibility. Each
article was screened independently by two reviewers, and three reviewers were involved
in the decision process. The comprehensive search allowed for the inclusion of studies from
different countries with different educational, employment, and financial contexts. The
three outcomes were purposely chosen to represent a life course perspective. The carefully
selected, mutually exclusive, and collectively exhaustive search terms ensured that we were
able to include relevant studies, including a broad range of AYA cancer survivors, different
cultural backgrounds, the whole AYA age range at diagnosis, and different time phases
after diagnosis. Extensive hand searching and the search update ensured that the most
recent articles and articles that would have been missed with the search in the databases
were included as well.

7. Implications

Identifying AYA cancer survivors at risk for adverse educational, employment, and fi-
nancial outcomes is important for developing tailored support strategies for cancer patients
and survivors throughout their whole cancer trajectory. We found that most survivors
returned to school or work after cancer treatment. However, this re-entry was associated
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with difficulties and hurdles. To enable a successful return to school or work, AYA cancer
survivors should be supported in navigating the system [65] and involve key persons such
as peers, teachers, or employers, and employees should be informed and supported as
well [66]. Flexible working conditions might help survivors with successfully returning to
work [67] and being able to stay in the workforce in the long term. Survivors in their last
years of school or their first years of employment might be especially vulnerable to adverse
effects on their education and employment. Individual support options focusing on cancer-
and treatment-related impairments as well as abilities and potential new directions for their
employment should be provided [67]. Furthermore, open conversations about finances
should be held with AYA cancer patients and survivors. Such conversations can empower
patients and survivors and increase their knowledge about existing financial assistance
services. Further research should be done in the area of insurance at a young age. Where
health insurance is optional, young people often think they are too young for insurance [68],
as chronic illness may affect them less frequently than older people.

Although most AYA cancer survivors experience some degree of negative impact
of their diagnosis on education, employment, or financial outcomes, many survivors
also do well. It might be worth looking at their strategies to overcome the challenges
of a cancer diagnosis during adolescence or young adulthood and to re-enter school or
work successfully.

Most of the included studies were of a cross-sectional design. In future research,
longitudinal studies in AYA cancer survivors could expand the understanding of the impact
of cancer diagnosis and treatment throughout the cancer trajectory. Multiple measurement
time points could be used to assess the individual courses of AYA cancer survivors. These
results might expand the knowledge on appropriate time points for tailored support to AYA
cancer survivors to mitigate their risk for adverse education, employment, and financial
outcomes and improve their well-being.

8. Conclusions

Although most AYA cancer survivors were able to re-enter education and employment,
they reported difficulties with re-entry and delays in their employment pathway. We found
some determinants for adverse outcomes, but the results were heterogeneous. To facilitate
successful re-entry, age- and situation-tailored support services along the cancer trajectory
should be developed and implemented to prevent future social inequalities and adverse
educational, employment, and financial outcomes in the long term.
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Abstract: Cancer-related cognitive impairment (CRCIL; e.g., disrupted memory, executive functioning,
and information processing) affects many young adults, causing significant distress, reducing quality
of life (QoL), and thwarting their ability to engage in professional, recreational, and social experiences.
The purpose of this exploratory qualitative study was to investigate young adults’ lived experiences
with CRCI, and any strategies (including physical activity) they use to self-manage this burdensome
side effect. Sixteen young adults (Mage = 30.8 + 6.0 years; 87.5% female; Myears since diagnosis = 3-2 & 3)
who reported clinically meaningful CRCI whilst completing an online survey were interviewed
virtually. Four themes comprising 13 sub-themes were identified through an inductive thematic
analysis: (1) descriptions and interpretations of the CRCI phenomenon, (2) effects of CRCI on day-to-day
and QoL, (3) cognitive-behavioural self-management strategies, and (4) recommendations for improving
care. Findings suggest CRCI is detrimental to young adults” QoL and must be addressed more
systematically in practice. Results also illuminate the promise of PA in coping with CRCI, but
research is needed to confirm this association, test how and why this may occur, and determine
optimal PA prescriptions for young adults to self-manage their CRCIL

Keywords: cognition; exercise; oncology; interviews

1. Introduction

Annually, over one million young adults aged 18-39 years are diagnosed with cancer
worldwide [1]. As their disease survival rate surpasses 80% [2], young adults are increas-
ingly burdened with a host of physical and psychological sequelae that severely impair their
daily functioning and quality of life (QoL) [3]. Cancer-related cognitive impairment (CRCI)
is among the most common adverse effects reported by survivors across their lifespan [4],
and is characterized by disturbances in mental processes related to thinking, reasoning,
remembering, concentrating, learning, and processing information [5]. Since cognitive
deficits often persist long after completion of treatment [6-8], many survivors experience
significant psychological distress [9] and struggle with several emotional, interpersonal,
and economic problems [10]. This is especially important to consider in a young adult
population as unmanaged CRCI can disrupt their abilities to achieve major developmental
milestones and establish functional roles in society [10]. However, published studies on
CRCI have predominantly targeted middle-aged and older breast cancer survivors [5],
and consequently, the extent and nature of young adults” CRCI experiences remain poorly
understood, resulting in inadequate management of CRCI in practice.

Another limitation of previous studies pertains to the methods used to assess CRCI,
which have largely been quantitative in nature and thus provide limited insight into young
adults’ lived experiences with this adverse effect. Given the clinical relevance of patient-
reported outcome measures [11], self-report questionnaires are often used for cognitive
assessment; the European Organization for the Research and Treatment of Cancer Quality of Life
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Questionnaire (EORTC QLQ-C30; [12]), Functional Assessment of Cancer Therapy—Cognitive
Function (FACT-Cog; [13]), and Cognitive Failures Questionnaire [14] are some popular ex-
amples. However, whilst most have shown evidence of reliability and validity [15], there
are critical conceptual issues related to the content of the self-report measures employed in
oncology research. For instance, the EORTC QLQ-C30 is one of the most commonly used
self-report instruments for assessing cognition in cancer survivors [16,17]; however, it was
designed to measure QoL and only comprises two items related to cognition [12]. Addition-
ally, comparison of extant questionnaires reveals substantial heterogeneity with respect to
their cognitive focus (e.g., memory, attention), and measures geared towards young adults
are lacking [15]. This not only constitutes a problem for comparing research findings, but
using such questionnaires alone fails to yield a rounded understanding of which aspects
of /issues with cognitive (dys)function are relevant and important to young adult cancer
survivors. Correspondingly, qualitative methods are best suited to uncover their experi-
ences with CRCI. Such methods are attracting increasing interest in oncology (e.g., [18,19])
because they allow for a thick, in-depth description of a phenomenon and the capturing
of complex experiences that may not otherwise be explored [20]. Selamat et al. [21] syn-
thesized the sparse corpus of qualitative research on CRCI with breast cancer survivors,
concluding that survivors struggle to adjust to/manage cognitive impairments and face
hardship on multiple levels (i.e., emotional, psychological, social, occupational). Although
these findings may translate to young adults, ramifications likely vary according to life
stage. Thus, to better understand young adults’ lived experiences with CRCI (including its
specific burden on this group and potential self-management strategies), it is necessary to
make use of qualitative methods.

Therapeutic options to prevent or treat CRCI remain elusive, but physical activity
(PA) may help young adults cope with CRCI and/or enhance their cognition. The cognitive
benefits of PA have been observed in several groups including healthy older adults [22],
individuals with diseases of cognition (i.e., mild cognitive impairment, dementia) [23-25],
and young persons with neurodevelopmental disorders (e.g., attention-deficit hyperactivity
disorder) [26-28]. Studies have also shown promising results in cancer survivors. For
instance, Galiano-Castillo et al. [29] reported improved performance on two neuropsycho-
logical tests assessing memory, executive functioning, and processing speed in middle-aged
breast cancer survivors following a resistance PA intervention. Meanwhile, Gokal et al. [30]
found improvements in self-reported cognition in middle-aged breast cancer survivors
following a home-based aerobic PA intervention. Breast cancer survivors have also spoken
in favour of PA as a behavioural strategy in a qualitative study [31], perceiving that it
helped them reduce mental fatigue and improve mental clarity. Nevertheless, a major
issue remains—evidence to support a link between PA and cognition in cancer survivors is
mixed [17,32]. Therefore, qualitative inquiry into young adults’ PA beliefs and experiences
as they relate to self-management of CRCI may shed light on the causes of such mixed find-
ings and offer suggestions for creating future PA-based CRCI interventions and supports
for this population.

Current Study

The objectives of this qualitative study were twofold: (1) understand the lived experi-
ences of young adults who report clinically meaningful CRCI after completing primary
treatment for non-metastatic cancer, and (2) explore their use of strategies (including PA) to
self-manage CRCL

2. Materials and Methods
2.1. Design

This qualitative study was undertaken as part of a larger, mixed-methods observa-
tional study designed to explore how young adults experience and cope with CRCI after
treatment, taking into consideration potential predisposing factors (i.e., medical, psycho-
logical), interventional strategies (i.e., PA), and outcomes (i.e., QoL) (quantitative results
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forthcoming). Both authors identify as women, and at the time of the study, they were a
master’s student and an Associate Professor in the School of Human Kinetics at the Univer-
sity of Ottawa. The reporting herein complies with the Consolidated Criteria for Reporting
Qualitative Studies (COREQ) checklist [33] (see Supplementary File S1).

2.2. Participants and Procedures

Following approval from the University of Ottawa Research Ethics Board (H-05-21-
6889—REG-6889), young adults were recruited via social media advertisement, online
postings on relevant organizations” websites /newsletters, and word of mouth for the larger,
mixed-methods study. Eligibility criteria were (1) cancer diagnosis between 15 to 39 years of
age and currently aged 16 to 39 years, (2) completed primary treatment for non-metastatic
cancer, (3) access to the Internet and audio—visual devices, and (4) ability to read, speak, and
provide written informed consent in English. Young adults were ineligible to participate if
they (1) had traumatic brain injury or concussion with residual symptoms (e.g., dizziness,
headaches, loss of concentration) at the time of screening, (2) were actively taking selective
serotonin reuptake inhibitor/serotonin norepinephrine reuptake inhibitor medication to
treat a major mood disorder, and/or (3) received a diagnosis of a substance use disorder
(e.g., alcohol, narcotics) by a medical professional within the past year. Participants were
recruited from August 2021 to May 2022.

An overview of study flow for the larger mixed-methods study is presented in Figure 1.
In short, after providing informed consent, participants undertook two quantitative assess-
ments: first, they completed an online survey with multiple questionnaires including the
Functional Assessment of Cancer Therapy—Cognitive Function (FACT-Cog; [13]), followed by
a brief battery of three web-based neuropsychological tests hosted on the Inquisit 6 Web
platform. For this qualitative study, purposive sampling was used. Specifically, on a rolling
basis, participants’ responses on the FACT-Cog were compared against clinically mean-
ingful levels of cognitive impairment [34]; those who scored below 54 (out of a possible
72) on the 18-item Perceived Cognitive Impairments (PCI) subscale were invited via email
to participate in a semi-structured interview. Sixteen of the 46 young adults enrolled in
the larger study were invited, and all agreed to be interviewed (see Results for sample
characteristics). At cessation of the larger study, participants were entered into a draw to
win a CAD $100 gift card, with a total of three possible entries for each study component
they began (i.e., survey, neuropsychological tests, interview).

PCl score = 54/72

A 4

End of study

Assessed for
eligibility
n=83

—»]

Enrolled into
study
n=49

Computed FACT-Cog

Completed Completed neuro- PCl scores and
—> survey [—>| psychological testing = compared against
n=46 n=42 clinically meaningful

levels

Completed semi-
structured interview
n=16

[—>] End of study

A 4

PCl score < 54/72

Qualitative Sub-Study

Figure 1. Overview of study flow.

2.3. Measures
2.3.1. Sociodemographic and Medical Characteristics

To describe the sample, participants were asked to self-report their age, sex, gender
identity, self-identified ethnicity, civil status, highest level of education attained, household
income, employment status, medication, substance-use (if applicable), cancer type and
stage, date of cancer diagnosis, and cancer treatment history. Participants also rated their
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perceived health on a 5-point Likert scale ranging from 1 (excellent) to 5 (poor) using a single
item from the 36-Item Short Form Health Survey [35].

2.3.2. Self-Reported Cognitive Function

As mentioned above, the FACT-Cog (Version 3) [13] was used to assess self-reported
cognitive function and identify participants for this study. The FACT-Cog is a 37-item
measure designed specifically to assess cognitive impairment and its impact on QoL in
cancer survivors over the past week. This questionnaire comprises four subscales (i.e.,
PCI, Comments from Others, Perceived Cognitive Abilities, and Impact on QoL) and responses
are given using a 5-point Likert scale ranging from 0 (never/not at all) to 4 (several times a
day/very much). While a total FACT-Cog score can be obtained by reverse-scoring negatively
stated items and summing all items, only the 18-item PCI subscale score was used based on
recommendations from scale developers (see the scoring document available at www.facit.
org/measures/FACT-Cog, accessed on 15 May 2021) to select participants for interviews as
described above. This specific subscale asks about difficulties related to forming thoughts,
thinking, concentrating, remembering, communicating with others, reacting to situations,
and both sustaining and shifting attention. Scores on the FACT-Cog (including PCI subscale
scores) have been found to be reliable and valid, and this questionnaire has been used
previously with various cancer populations [13,15].

2.33.PA

The Leisure-Time Exercise Questionnaire (LTEQ); [36]) was used to assess PA levels and
describe the sample to provide context for interpreting PA-related data. The first item asks
participants how often they engage in mild-, moderate-, and strenuous-intensity PA for
a minimum of 15 mins during their leisure time in a typical week. As recommendations
for cancer survivors are to accumulate at least 150 mins of moderate-to-vigorous-intensity
aerobic training per week for health benefits (e.g., www.cancer.org/healthy/eat-healthy-
get-active/ get-active/fitting-in-fitness.html, accessed on 30 April 2022), frequency scores
for moderate and vigorous PA were multiplied by a corresponding metabolic equivalent
for task (MET) value (i.e., moderate x5; vigorous x9) and summed to obtain a moderate-
to-vigorous-intensity PA (MVPA) Leisure Score Index (LSI). Based on published LSI cut-
points [37], participants were classified as either active (MVPA LSI > 24) or insufficiently
active (MVPA LSI < 24). LTEQ scores have demonstrated reliability and validity with
accelerometer data [38], and this measure has been widely used in studies with adult cancer
survivors [39].

2.3.4. Interviews

The first author conducted individual semi-structured interviews with participants us-
ing an online platform (i.e., Zoom); these were audio-recorded and transcribed verbatim by
SS within one week of the interview. On average, interviews lasted 69 mins (range = 42-91).
The authors developed an interview guide with questions that focused on participants’
lived experiences with, and self-management strategies (including PA) for CRCI. To prompt
participants to share their experiences, they were asked questions that centered on: (1) how
they viewed their cognitive function and /or impairment, (2) what they perceived as pre-
disposing factors to their CRCI, (3) how they felt these impairments impacted their QoL,
(4) how they cope with CRCI, and (5) their thoughts on PA as a self-management strategy.
Participants were encouraged to deviate from the interview questions to discuss experi-
ences that had significant meaning to them, and all interviews ended with an opportunity
for participants to make final comments and/or add additional pertinent information.
Moreover, probes were used when responses lacked sufficient detail, depth, or clarity [40],
and follow-up questions were used to further pursue central themes, elaborate on the
context of answers, and explore the implications of what was said. Sample questions and
probes used during the interview are presented in Table 1. During and immediately after
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the interviews, the first author took field notes to document any contextual information
and observations necessary for conducting a quality analysis.

Table 1. Example questions and probes from the semi-structured interview guide.

Question Categories

Example Questions and Probes

How participants viewed their
cognitive function and/

or difficulties.

What they perceived as
predisposing factors to their CRCI.

How they felt these impairments
have impacted their QoL.

How they cope with CRCI.

Participants” thoughts on PA as a
self-management strategy.

Can you describe your current cognitive function?

[Probe] What specific cognitive difficulties or impairments (e.g., impaired memory,
attention, ability to process information, etc.) do you experience?

Compared to before you were diagnosed, how do you think your cognitive function has
changed over the course of your cancer journey?

[Probes] After diagnosis? During treatment? Immediately after treatment? What about as
time went on after treatment?

Do you think that being diagnosed when you were ___ years old and now being where you
are in life influence how you experience your cognitive difficulties or impairments? How so?
Do you think the cognitive difficulties or impairments you are experiencing are due to your
specific cancer (i.e., ) and/or the medications you have received, namely ?

Why /why not?

Can you tell me how the cognitive difficulties or impairments you mentioned have affected
your emotional and/or psychological wellbeing?

[Probe] Has this affected the way you see yourself? How?

What strategies do you use to manage your cognitive difficulties or impairments?

Why these?

[Probe] Was/is physical activity one of such strategies? Why so? Why not?

Do you believe PA can improve your cognitive function? Why/why not?

[Probes] Do you feel that PA helps improve your memory? Attention? Processing speed?
Any other specific cognitive domains? Why or why not?

Has anyone ever recommended that you engage in physical activity to improve your
cognitive function? If so, who? What did they say?

Notes. CRCI = cancer-related cognitive impairment; QoL = quality of life; PA = physical activity.

2.4. Interviewer

The interviewer (first author) was in her early 20s and had garnered research experi-
ence working with cancer survivors (including young adults) in the context of an exercise
training /rehabilitation study. She had also received training in qualitative methods from
the second author and as part of her graduate education. Her knowledge, skills, and
experience made her ideally suited to develop rapport with participants and discuss their
experiences with CRCI, as well as PA. Prior to the interviews, she pilot-tested the interview
guide with a young adult cancer survivor who was selected purposively to help determine
if questions were neutral, clear, flowed, and if it was feasible to conduct the interview
in roughly one hour (to minimize participant burden). In doing so, she was also able
to practice developing probes and follow-up questions. Data from this pilot interview
were not included. However, based on feedback, she deleted one redundant question,
re-arranged some for better flow, and made a note to begin each interview by defining
“cognitive function” in lay terms to avoid confusion or misinterpretation of questions.

2.5. Sample Size

Given the lack of a definitive recommendation from experts for determining sample
size in qualitative research, the criterion of data saturation [41] was used. That is, partici-
pants were approached and interviewed for this sub-study until no additional information
appeared to be forthcoming; at this point, sampling was discontinued [42]. Saturation was
achieved after the fifteenth interview; however, one additional interview was conducted
with a participant who had expressed interest before recruitment was terminated, yielding
a total sample size of 16.
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2.6. Data Analysis

Interviews were transcribed using NVivo Transcription (Version 1.7.1). Transcripts
were managed and analyzed in Microsoft Word (Version 2203) using inductive thematic
analysis [43]. Analysis involved six steps: (1) familiarizing oneself with the data and
generating initial codes, (2) systematically coding salient features of the raw data across
all interviews that were relevant to the research objectives, (3) grouping similar codes to
develop sub-themes, (4) reviewing and grouping similar sub-themes into main themes,
(5) defining and naming themes and sub-themes to capture their essence, and (6) selecting
compelling anonymized quotes from transcripts to illustrate each final theme/sub-theme
and communicate participants’ experiences in a meaningful way. The first author was
responsible for the formal analysis, and the second author provided input at each step;
accordingly, codes, themes, and sub-themes were revised following joint reflection. Tran-
scripts were not returned to participants for comments or corrections, and participants did
not provide feedback on the findings.

2.7. Study Rigour

Several strategies were undertaken during this study to enhance the rigor and trust-
worthiness of qualitative data. First, the interview guide was pilot tested with a young adult
cancer survivor. Second, open-ended questions were asked to allow participants to express
what they felt was important and expand upon/alter responses as they wished. Third,
the interviewer developed rapport with participants by being empathetic and attentive
throughout, which is key to a constructive qualitative interview [44]. Fourth, an exhaustive,
systematic, and reflective analysis of the data was conducted by the first author, and the
second author acted as a “critical friend” [45] during the development and reporting of
themes/sub-themes to encourage consideration of multiple and alternative interpretations
of the data. Importantly, while interpreting data, both authors took time to acknowledge
and reflect upon any preconceptions, personal experiences, and prior knowledge of the
literature. Finally, detailed descriptions of the research process and analyses have been
provided above in accordance with the COREQ checklist [33] to ensure explicit, transparent
reporting, along with the quotations below to give participants voice.

3. Results
3.1. Sample

Participants were between 23 to 39 years of age (M = 30.8 = 6.0) (see Table 2 for charac-
teristics). Most were born female (n = 14; 87.5%;), self-identified as women (n = 14; 87.5%;)
and White (n = 12; 75%), single (n = 8; 50%), had completed post-secondary education
(n =15; 93.8%), were either working or transitioning into work (1 = 10; 62.5%), and had an
annual household income <CAD $100,000 (1 = 12; 75%). In terms of medical characteristics,
participants were between 15 to 38 years of age at diagnosis (M = 27.6 & 7.9), and their time
since diagnosis ranged from 0 to 10 years (M = 3.2 &£ 3). There was diversity in cancer stage,
type, and treatments reported, but most were diagnosed with stage II cancer (n = 7; 43.8%),
a hematological cancer (25%; n = 4), and received surgery as primary treatment (n = 13;
81.3%). Also, participants largely perceived their overall health as “good to very good”
(n =10; 62.5%). Previous concussion(s) and cannabis use within the past month was re-
ported by two (12.5%) and seven (43.8%) participants, respectively. Also, participants
were insufficiently active on average, based on their self-reported MVPA (M =19 £ 12.7;
range = 0-46); however, seven (43.8%) had a MVPA LSI score > 24 (i.e., the established
cut-point [37] for being classified as “active”). For a better understanding of the sample,
the profiles of participants who were interviewed are noted in Table 3.
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Table 2. Sociodemographic and medical characteristics for interviewed participants (1 = 16).

Variables Values
Sociodemographic Characteristics
Current Age (M Years £ SD; Range) 30.8 £ 6.0; 23-39
Sex, 1 (% Female) 14 (87.5)
Gender Identity, n (% Woman) 14 (87.5)
Ethnicity, n (% White) 12 (75.0)
Civil Status, 1 (% Single) 8 (50)
Highest Level of Completed Education, 1 (% Post-secondary) 15 (93.8)
Vocational Status, n (% Working/Transitioning to Work) 10 (62.5)
Annual Household Income, 1 (% < CAD $100,000) 12 (75.0)
Medical Characteristics
Age at Diagnosis (M years + SD; range) 27.6 £7.9;15-38
Time Since Diagnosis (M years + SD; range) 3.2 £ 3.0, 0-10
Cancer Stage, n (%)
I 1(6.3)
I 7 (43.8)
1T 3(18.8)
N/A or “Do Not Know” 5(31.3)
Cancer Type, n (%)
Hematological 4 (25)
Breast 3(18.8)
Sarcoma 3(18.8)
Brain 2 (12.5)
Carcinoma 1(6.3)
Gynecologic 2 (12.5)
Colorectal 0(0)
Melanoma 1(6.3)
Testicular 0(0)
Treatments Received, n (%)
Surgery 13 (81.3)
Chemotherapy 11 (68.8)
Radiation 9 (56.3)
Hormonal 3(18.8)
Other 3(18.8)
Perceived Overall Health, n (%)
Poor to Fair 6(37.5)
Good to Very Good 10 (62.5)
Excellent 0(0)
Previous Concussion(s), 1 (%) 2 (12.5)
Cannabis Use in the Past Month, 1 (%) 7 (43.8)

Notes. SD = standard deviation.

Table 3. Profiles of interviewed participants (n = 16).

Participant Sex Age Cancer Stage Cancer Cancer PCI MVPA LSI Score/
Pseudonym 8 8 Type Treatment Score Classification
Cole M 25 I Hematological C+R 8 10/Insufficiently active
Emma F 39 -a Breast S+C+R 17 10/Insufficiently active
Erica F 28 1I Brain S+C+R 48 25/ Active
Eva F 26 -a Sarcoma S+C+R 38 0/Insufficiently active
Ivy F 32 -a Brain S 39 35/ Active
Jack M 26 I Sarcoma C+R 54b 24/ Active
Jaime F 25 -a Hematological S+C 31 15/Insufficiently active
Lauren F 25 -a Sarcoma S+C 51 33/Active
Layla F 29 I Hematological C+R 41 24/ Active
Mia F 38 I Carcinoma S 35 25/Insufficiently active
Nina F 36 I Gynecologic S 37 5/Insulfficiently active
Peyton F 27 111 Melanoma S 29 12.5/Insufficiently active
Priya F 38 I Gynecologic S+C 44 10/ Active
Sarah F 39 I Breast S+C+R 33 NR
Sydney F 37 II Breast S+C+R 34 46/ Active
Taylor F 23 I Hematological S+C 37 10/Insufficiently active

Notes. C = chemotherapy; F = female; LSI = Leisure Score Index; M = male; MVPA = moderate-to-vigorous-
intensity physical activity (LSI scores > 24 = “active”; LSI scores < 24 = “insulfficiently active”); NR = not reported;
PCI = perceived cognitive impairment (subscale range: 0-72; scores <54/72 indicate clinically meaningful impair-
ment); R = radiation therapy; S = surgery. 2 Reported as “not applicable” or “do not know”. ® Scored on the upper
edge of the PCI cut-off value but was invited for an interview to gain male perspective.
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3.2. Themes

As displayed in Figure 2, four themes comprising 13 sub-themes were developed
based on the data: (1) descriptions and interpretations of the CRCI phenomenon, (2) effects of
CRClI on day-to-day and QoL, (3) cognitive-behavioural self-management strategies, and (4) recom-
mendations for improving care. Each theme is presented below, supported by quotations from
individuals identified by pseudonyms. Of note, in the quotations, [ ... ] indicates that text
was omitted to enhance clarity.

@) &

Theme 1 Theme 2 Theme 3 Theme 4
Descriptions/Interpretations Effects of CRCl on Cognitive-Behavioural Recommendations
of the CRCI Phenomenon Day-to-Day Life & QoL Self-Management Strategies for Improving Care
General descriptions CRCI impedes activities Organization provides a
of CRCI of daily living mgans G ren’?ember&
tackle complex tasks Increase awareness &
informational support
around CRCI

CRCI thwarts social

CRCf can be intense wellbeing and functioning

The practice of cognitive
training or relaxation

CRCl impacts self-
evaluations, which affects
psycho-emotional wellbeing

It is false to think CRCI
goes away

Increase access to PA
supports/programming
PA (to a certain threshold)

CRCl impact fessional
il ol ol can help manage CRCI

development, which affects
financial security

Hypotheses about who gets
CRCI & what causes it

Figure 2. Main themes and sub-themes encompassing young adults’ lived experiences with CRCIL.

3.2.1. Theme 1: Descriptions and Interpretations of the CRCI Phenomenon

The first theme captures participants’ thoughts about the origins, evolution, and
meaning of CRCI following cancer treatment. These were organized into four sub-themes:
general descriptions of CRCI, CRCI can be intense, it is false to think CRCI always goes away, and
hypotheses about who gets CRCI and what causes it.

The general descriptions of CRCI sub-theme illustrates the meanings that participants
ascribed to their cognitive impairment, which was painted out to be “fog”-like (Nina), a
“constant cloud” (Jaime), and a “black hole” (Priya). According to Sydney, CRCI makes
“everything [feel] like it’s been muted a bit ... like ... when you're sick and your brain’s
just not moving quite at [the right] speed”. She went on to say, “I feel like that all the time,
but I'm not sick anymore”. Participants illuminated troubles with their memory, word
recollection, concentration, and ability to both process and learn information. For Jack and
Mia respectively, these deficits added “a layer of difficulty” to everything and made it feel
as if she “can’t trust [her] brain”.

As reflected within the CRCI can be intense sub-theme, participants’ cognitive impair-
ment often presented frequently and with considerable severity. Lauren remarked, “It’s
hard to say how frequently I have actual issues, but ... it comes to my attention that I am
having this problem ... at least once or twice a week”. Others affirmed struggling with
cognitive impairment even more often; that is, either “multiple times a week” (Peyton)
or “pretty much every day” (Nina). CRCI was such a constant for Jack that he explained,
“I basically build the way that I interact around [CRCI]”. When asked to describe their
CRCI severity on a scale from 0 to 10, ratings ranged from “two” (Erica) to “severely ... 10”
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(Ivy), although most felt it landed right in the middle of the scale. On average, as Peyton
explained, “it bothers me, obviously, but ... I can still live my life around it”. Further, CRCI
severity was described to be fluid, such that “some days might be less [severe] than others”
(Layla), and that “it’s definitely worse [on] the days that [they] do more” (Sarah).

The it is false to think CRCI goes away sub-theme encompasses an unfortunate reality.
Cognitive impairment was most pronounced during primary treatment and immediately
after it had ended. Participants described a “rapid drop” (Jack) in their cognitive function
during treatment that was “consuming” (Layla). Indeed, in recalling her experience during
this time, Emma said, “I don’t think I was functioning at all cognitively”. Whilst unsurpris-
ing as participants all self-reported clinically meaningful CRCI, cognitive difficulties were
typically worse during and immediately after treatment, but many continued to struggle
post-treatment. Cole explained that his CRCI got “progressively worse,” while others
characterized CRCI as dynamic. For instance, Mia explained that her cognitive function
changed “in waves,” wherein it vacillated between improving and worsening depending
on adjustments to medication. Others also noted that their cognitive function continuously
changed and that “it’s been better than during treatment ... but it’s definitely not a huge
improvement” (Emma). Importantly, while slight-to-moderate improvements in cognitive
function were discussed, participants largely credited these to “work[ing] really hard”
(Layla) to adjust to and self-manage their CRCI because they accepted cognitive impair-
ment as a permanent side effect that they needed to get used to. As Peyton exemplified, “I
don’t know ... if [my cognitive function is] getting better, or if I'm just getting ... used to
living with how my brain works”.

Finally, the hypotheses about who gets CRCI and what causes it sub-theme reflects that
participants largely attributed CRCI to treatments received; since individuals diagnosed
with different cancers (i.e., type, stage) receive common treatments (e.g., chemotherapy,
radiation therapy, surgery, medications), participants felt that CRCI could affect anybody
receiving treatment. Highlighting this, Emma said, “I think treatment ... ” when speaking
to the causes. She then added, “I feel like its [affected] everybody that I've talked to”.
Likewise, Lauren said, “My guess is that people experience [CRCI] with cancer treatment in
general. I don’t know if that has to do with the fact that you're given like, so many drugs . ..
and all that just messes with your brain . .. I feel like in general, cancer patients ... have
some sort of cognitive issues related to treatment”.

3.2.2. Theme 2: Effects of CRCI on Day-to-Day Life and QoL

The second theme demonstrates that participants explicitly linked CRCI to QoL and
reveals its tremendous, multidimensional burden. Specifically, participants noted that when
cognitive troubles manifested, their physical, social, psycho-emotional, and professional
wellbeing and functioning were adversely impacted. Consequences were grouped into
four sub-themes: CRCI impedes activities of daily living, CRCI thwarts social wellbeing and
functioning, CRCI impacts self-evaluations which affects psycho-emotional wellbeing, and CRCI
obstructs professional development which affects financial security.

The CRCI impedes activities of daily living sub-theme captures how CRCI thwarts one’s
ability to undertake instrumental activities of daily living (IADL); that is, key life tasks
needed to live independently and maintain health. Participants described basic tasks such
as cooking and housekeeping as challenging because “everything takes more focus, more
work” (Sarah) and because they would get easily distracted. For instance, Peyton said,
“baking ... cooking ... laundry ... it just takes longer to do stuff and [requires] being
more thorough because I have to like, go back and make sure, or like, re-read or that kind
of stuff”. Due to the extra time and effort required to complete such tasks, participants
often had less time for engaging in PA; as Taylor conveyed, “Stuff takes longer for me . ..
[so] I don’t leave enough time for my walks”. Additionally, some neglected basic self-care
due to their cognitive struggles, saying “this sounds so gross, but I'd forget to brush my
teeth, or I would forget to eat breakfast or something like that” (Erica). Participants also
mentioned difficulties with upholding personal values such as being punctual. Sarah said,
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“I was never late for anything before ... Now I'm late for everything and I hate it. It’s
like there’s not enough time in a day for me to get through anything. I just seem like I'm
failing a lot”. Moreover, driving was discussed as another common IADL affected by CRCI.
Particularly due to difficulties with focusing and processing situations, participants limited
or stopped driving out of apprehension for threatening the physical safety of oneself and
others. Priya remarked, “I've been really nervous about ... driving just because I feel like
my reaction time is kind of slow ... like if someone ran out in front of my car or turned
suddenly, would I be able to react as fast as I could before?” Mirroring this hesitation, Sarah
said, “There has been a couple times driving where ... Ijust have come home because I
know that I shouldn’t be out there because I can’t focus enough. Or I've had a close call or
something, right? Where I'm like, ‘Hey ... I'm not here.” So there ha[ve] been those days
where I just shut it down”.

The CRCI thwarts social wellbeing and functioning sub-theme reflects that CRCI strained
relationships with others (e.g., romantic, familial, friendships) as it often caused communi-
cation struggles and left individuals feeling misunderstood. For example, Sydney said, “I
do need more time to process ... [than my] very quick-thinking partner ... that alone is
frustrating. I mean, that’s basically the crux of like all of our communication problems”.
Further, Mia mentioned that she “ha[s] a father who ... doesn’t understand being forget-
ful. He doesn’t understand that [CRCI] is something that I'm dealing with so he’ll get
upset, saying that I don’t remember something because I don’t want to do it”. Lack of
understanding and negative comments from others were also discussed by Lauren, who
explained, “I would get very hurt when people would tell me ... ‘Oh, you don’t remember
this?’ ... my memory is not as great ... it’s hard for the people in my life to understand
that”. Moreover, participants described feeling like a “bad friend” (Taylor) because CRCI
made it difficult for them to be as thoughtful or to recall memories and details about loved
ones’ lives. Collectively, cognitive difficulties created “an internal barrier” (Emma) that
inhibited social engagement and led to self-isolation for participants. For instance, Sarah
said, “Because I can’t articulate how I feel, I just avoid ... some of my family ... . They
don’t understand”. Similarly, Nina expressed, “Sometimes when I can’t put a sentence
together, I feel really ridiculous and then it kind of makes you not want to talk to people
because you feel like ... they’re probably thinking, ‘Oh my gosh, what’s going on with
her?” So ... maybe I am a little bit more isolating myself”.

The CRCI impacts self-evaluations which affects psycho-emotional wellbeing sub-theme
captures the heavy inward struggles and distress that CRCI causes. Participants perceived
themselves as “a failure” (Emma), a “damaged version” of themselves (Taylor), and “like a
shell of ... what [they] once thought [they were]” (Peyton) due to their CRCIL. Importantly,
their damaged self-concept and identity often stemmed from feeling less intelligent than
prior to their cancer experience and gave rise to many negative emotions and thoughts.
Sarah shared, “It makes you insecure ... You don’t recognize your brain, right? All the
things that you grew up learning how to study and knowing how to do ... they don’t work
anymore ... It's very unnerving ... not being who you were and not being as smart as you
were”. Correspondingly, Layla expressed, “My memory was quite sharp ... I always got
high grades. So, it was really, really disappointing. I think [CRCI] took a lot of my identity. I
lost a lot of my confidence in myself and developed a lot of imposter syndrome ... Initially,
[CRCI] was really, really upsetting ... I went home and cried every day ... it was just
so hard and frustrating”. Paradoxically, negative emotions and thoughts further fueled
cognitive troubles, suggesting that the connection between CRCI and psychological distress
is bidirectional, or as Taylor put it, a “vicious cycle”. Jack explained “I think it happens in
both directions. I think if I'm having issues with my cognition, I feel depressed and slow
and low. And conversely if 'm having anxiety ... I'm so hyper-focused on those things
that I can’t pay attention well, I get distracted, I can’t remember what’s going on ... I think
they feed all on each other like writhing massive snakes”.

Finally, the CRCI obstructs professional development which affects financial security sub-
theme encapsulates the toll CRCI takes on work/school performance and motivation to
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pursue vocational opportunities. Nina exemplified this when she said, “I did decide to
step back a little bit from work because I felt like I ... couldn’t function [cognitively] ...
I can’t make mistakes in my work ... I've cut down my hours. So yeah, it affected me
financially ... And it’s frustrating because, like, if I was in my 50s or 60s, I'd probably
be retired, and I wouldn’t have to work. It wouldn’t matter, you know? But it matters
right now for me because I'm so young ... I probably have to work another twenty
years”. As Nina alluded to, young adults bear many financial responsibilities, making
this consequence of CRCI especially taxing for them. Moreover, based on the survey data
collected, four (25%) participants were currently unemployed or on medical leave, and they
described CRCI as a barrier to return to work or school. Cole explained, “It’s been very
hard to be able to consistently stay with like a full-time job ... There’s so much to learn . ..
There’s so many mistakes that you can make in a day ... It just seems that every attempt
has been futile for me”. Others postponed return to work or ceased their job searches
out of fear or discouragement that it would “take [them] longer to finish tasks” (Eva) and
ultimately, that they would not “bring value to the team” (Peyton). As Mia said, “It’s not
fair to a new employer for me to go there and have all of this confusion and everything
until I'm all sorted out”.

3.2.3. Theme 3: Cognitive-Behavioural Self-Management Strategies

The third theme reflects the cognitive-behavioural self-management strategies partici-
pants used to self-manage their CRCI. The strategies described herein were used to help
participants cope or to improve their ability to remember, focus, and tackle complex tasks.
Of note, none of the strategies were unanimously used, highlighting the personal nature of
dealing with CRCI and the potential need for tailored interventions. Despite the diversity
in use, strategies are captured within three non-exclusive sub-themes: organization provides
a means to remember and tackle complex tasks, the practice of cognitive training or relaxation, and
PA (to a certain threshold) can help self-manage CRCL.

The organization provides a means to remember and tackle complex tasks sub-theme captures
the various organizational methods and tools participants used to help them self-manage
their CRCI (in some cases), specifically by helping to jog their memory and reserve their
cognitive energy. To help manage troubles with memory, participants described “stick[ing]
to a routine” (Mia), scheduling “everything in a calendar” with constant reminder alerts
(Sarah), “writ[ing] everything down” (Emma), and essentially, as Jaime explained, “putting
[stuff] somewhere that’s not inside my head”. However, for others, “calendars and all that
stuff . . . just doesn’t work” (Cole) because ironically, they were often forgotten or misplaced.
For instance, Jack said, “I try and make lists and then a few days later, I forget that I made a
list. And then a few months later, I'm going through, like erasing iPhone notes and going,
‘Oh, I was supposed to do this or that ... So, I do make lists, but I'm not successful at using
them”. Beyond routines, scheduling, and notes/lists, participants mentioned organizing
their days intentionally to undertake certain tasks when their cognitive function was at its
“best”. For example, Layla mentioned, “I know that I have better [cognitive] function in
the morning. So, [I try] putting more complex things in the beginning of my day versus
trying to do them in the afternoon because I'm exhausted and I ... don’t have the capacity
as much”. Overall, organization was used as a tool to help manage (not improve) poor
memory and attention.

The practice of cognitive training or relaxation sub-theme captures techniques that par-
ticipants used to help them better remember and focus. On one hand, some participants
integrated different cognitively demanding games/activities into their routines to “get
[their] brain[s] working” (Taylor). Erica touched on many of them when saying that “listen-
ing to podcasts and that kind of thing... keep[s] my brain working. One thing that I got
really into during treatment ... is sudoku puzzles ... just remembering those little things
I thought was really good practice ... It made me focus and ... utilize my short-term
memory”. Similarly, Taylor said, “I started to play a lot of solitaire on my phone ... some-
times I feel like it helps me to like, get my brain working”. Other examples Taylor gave
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included not “turn[ing] on [TV] subtitles so that [she had] to focus more” and “try[ing] to
use ... scientific papers that are in English [when conducting research for university] so
that it’s harder” (as English is not her first language). Conversely, others wanted to calm
their brains through cognitive relaxation techniques which helped them enhance focus and
memory while also reducing stress. For instance, Erica cited, “Meditation is like my number
one [strategy] ... itis amazing. It has all these benefits . .. I find my memory is better,” and
Ivy described that a simple five-minute guided meditation session helped her go “from
being, like, very frazzled and fe[eling] like [her] head [is] being pulled in a million different
directions to ... just like, all of a sudden [feeling that things were] manageable . .. it helps
put the pieces in order”.

Finally, the PA (to a certain threshold) can help manage CRCI sub-theme captures that
PA was used for various purposes, including allowing participants to better concentrate,
remember, and “not be stuck in that ... weird foggy state as much” (Priya). As shared by
Jack and Erica, respectively, “I can [focus] whenever I come back from exercise, I get so
much done ... I'm just more successful,” and “I find that the days that I've gone to the gym
the day before . .. I feel like my memory is better . .. I feel more alert”. Emma found that PA
“definitely helped [her] brain” and made it easier for her to tackle tasks that were otherwise
difficult. Furthermore, Ivy mentioned that the act of counting strokes and focusing on her
breath while swimming (i.e., incorporating mindfulness) helped calm her brain and thus
provided some relief from her cognitive struggles, tying into the above sub-theme. She
said, “For me, [when I swim laps] ... the counting of strokes and breath ... it’s just so
meditative ... [I feel] mental effects and benefits”. Critically, the key was to engage in PA
that was not too intense or undertaken too often to avoid overexertion, as this could lead
to cognitive fatigue. For instance, Emma mentioned, “If I push myself too hard [during
PA], I'm just done. Like everything—physically, emotionally, cognitively, it’s just like total
body shutdown ... I am trying to learn the window where it feels good, when it’s not
too much”. Similarly, Layla explained, “I started working out with a personal trainer in
the summer ... if I worked out too many days ... the physical fatigue contribute[d] to
increased brain fog ... I tried working out ... 3—4 times a week, and I had to cut it back
to twice a week because . .. it was too much physically, and it really impacted my brain”.
However, Layla went on to say, “I think other than the overexertion and getting to the
fatigue point ... I feel good in myself ... [PA] helps with ... your mental health, and then
that translates into having better cognitive function”. Although PA was not something
used by all to self-manage CRCI, even those not using PA as a strategy believed the benefits
of PA likely extend to cognitive function. As Sydney conveyed, “PA clears your mind, so
I can certainly ... see the link [between PA and cognitive function]”. However, PA was
not something that everyone knew how to engage in, which was clear when Sydney went
on to say “I don’t know exactly ... which type of PA ... or if there’s kind of a strategy of
‘you should be doing these five things” and ‘you work them in this order” or whatever ...
But... Ican see the reason that they would be linked for sure”.

3.2.4. Theme 4: Recommendations for Improving Care

Participants unanimously described feeling ill-informed about CRCI and did not
believe they “ha[d] the tools necessary in place that would have helped” (Cole) to navigate
this challenging side effect. As such, they provided recommendations for improving care,
which are captured within this final theme. Suggestions for successful survivorship were
grouped into two sub-themes: increased informational support around CRCI and greater access
to PA supports/programming.

The increased informational support around CRCI sub-theme captures participants’ desires
for more systematic awareness and information around CRCI. Sarah expressed, “I think
the more awareness we have that this is a real thing that all cancer patients go through,
we won't feel so alienated by it”. Likewise, Eva said, “Difficulty focusing ... memory
issues ... [health professionals] don't tell you about these things and you don’t expect it,
and then it actually happens to you. You feel like something’s wrong with you when it’s not.
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So, I think it’s important to discuss that with you”. Many echoed that they felt they were left
to understand and heal with cognitive impairment via “trial and error” (Peyton); thus, Mia
remarked, “It would have been better if [health professionals] said, ‘These are some of the
symptoms that you may have. If you run into these, these are some of the coping strategies
you can deal with,” instead of leaving it up to me to go onto these Facebook groups”. By
the same token, Layla remarked “I think preparing people in advance for [CRCI] would
be helpful ... Medical professionals need ... to help with cognitive strategies ... To be
like, “Yeah, so you may just have to write things down more.” Like I know ... it should be
intuitive, but it wasn’t in that moment. So, like ... “Write things down more,” ‘chunk things
up in your day’ ... ‘have [complex] things in the morning.” Like those things would have
been really really helpful tips because you're dealing with something that you've never
thought about or you never had to do”.

The greater access to PA supports/programming sub-theme reflects participants’ over-
whelming desire for PA support during and following cancer treatment (both for CRCI
self-management purposes and general health reasons) as it was often not presented as an
option or was inaccessible to them. In relation to CRCI, Taylor explained, “[My friend] was
prescribed physiotherapy during her treatment ... Her cognitive function, I would say, is
better than mine ... She always had to do workouts during treatment, but when I was in
treatment, they were like ‘Just stay in bed and just rest.” And they told her “You should
move. You should go out of the house at least once every day.” I feel like if my doctors
would have told me the same ... that I would definitely have increased my cognitive
function or made it less worse”. More broadly, participants mentioned that they would
have liked more dialogue and information around the benefits of PA and how to engage in
it safely and effectively. For instance, Priya said, “It would have been really helpful if the
doctor had more of a conversation about PA ... Like providing some kind of tips or even
directing people to some resources”. In parallel, Layla said, “Some sort of ... graphic info
sheet that had either organizations you could access ... as well as information on PA, the
importance of it, how much PA cancer patients should be doing, or what activities they
should be partaking in versus what’s contraindicated ... would be helpful ... I think ...
when people are [doing] really, really poorly and they’re trying to incorporate exercise,
they need to know distance and frequency and timing and that kind of stuff to help”.
Furthermore, participants believed that help from PA professionals (e.g., kinesiologists) in
creating detailed, individualized PA plans would be beneficial in setting them (and future
young adults) up for success following cancer treatment. As Sydney mentioned, “An actual
recommendation to say, “‘We’d like to have you work with somebody to set up what would
be a good physical exercise plan for you’ ... would go pretty far”.

4. Discussion

The purpose of this qualitative study was to better understand young adults” lived
experiences with, and self-management strategies for CRCI after completing primary can-
cer treatment. Overall, results encapsulated by Themes 1 and 2 extend previous research
describing the adverse impacts of CRCI on cancer survivors, both in general, and for young
adults specifically. Findings captured within Theme 3 support the continued investiga-
tion into several cognitive-behavioural strategies (i.e., organization, cognitive training or
relaxation, PA) that may help young adults manage this burdensome side effect and suit
different preferences. Finally, Theme 4 emphasizes the significance of acknowledging CRCI
in research and practice, and the critical need for greater support.

4.1. CRCI Is Consequential for Young Adults

Results revealed the multidimensional consequences that clinically meaningful CRCI
has for young adults’” QoL, including diminished daily functioning and independence,
social and psycho-emotional well-being, professional capabilities, and financial health.
This aligns with previous research involving adolescent and young adult cancer sur-
vivors [46—49] and breast cancer survivors [50-53]. Additionally, results suggest a bidirec-
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tional relationship (or “vicious cycle”) between CRCI and psychological outcomes (e.g.,
depressive symptoms, anxiety, perceived stress). Whilst shown to be associated [8,9,54-58],
the lack of longitudinal studies (with repeated measures) that test the two causal directions
between CRCI and psychological distress limits confirmation of a bidirectional association,
and research exploring underpinning mechanisms (e.g., psychosocial, physiological) is also
scarce; these gaps warrant future investigation.

Further, results illuminated that clinically meaningful CRCI affects young adults’ views
of themselves. This is not surprising as cancer influences young adults’ self-evaluations
and identify [59]. Current findings add that CRCI can leave young adults feeling less
intelligent and threaten their sense of self, which can in turn hinder their vocational
aspirations and success [60]. Seeing as young adults constitute a substantial proportion of
the workforce [61], such feelings can represent a larger societal issue. Therefore, considering
the pressures and difficulties participants described around resuming vocational pursuits
after treatment, along with evidence that CRCI can impede occupational re-integration,
reduce work capability, and cause job loss [47-50,52,62], it is crucial to help young adult
cancer survivors maintain positive views of themselves. Investigating reasons behind such
views will aid in identifying risk and protective factors to target when designing supportive
care for young adults with clinically meaningful CRCI.

Finally, findings show discordance between young adults’ lived experiences and
current CRCI measures which lack appraisal of a seemingly important construct—sense of
self. This indicates a need to expand CRCI measures designed to capture its impact (e.g.,
FACT-Cog [13]), and involving young adults in their development/refinement may help
increase relevancy. Relatedly, conceptual definitions of CRCI are simplistic and researcher-
developed, but results suggest they can be modified to better capture the nuanced meanings
young adults ascribe to their cognitive impairment. To do so and escape the limitations
of postpositivist epistemologies, qualitative studies are necessary; arguably, these could
also be used to build a theoretical framework of CRCI for young adults to support future
research and practice.

4.2. Self-Managing CRCI

Similar to research with breast cancer survivors [21], results revealed that young adults
with clinically meaningful CRCI struggle to understand, adjust to, and cope with their
CRCI given a lack of informational support or resources; this forced many to explore com-
pensatory cognitive-behavioural strategies on their own. As with previous findings [31,50],
participants relied heavily on external organizational strategies (e.g., to-do lists, scheduling,
setting alerts) as memory aids; however, others forgot about or misplaced the very tools
they relied on to help them better remember, suggesting such strategies may not suit
everyone. Instead, young adults may need to be taught how to use internal strategies (e.g.,
rehearsing/repeating/visualizing information, creating mnemonics/rhymes) to facilitate
deeper information association and processing and thus help compensate for memory diffi-
culties, as suggested in research with other populations (e.g., mild cognitive impairment,
traumatic brain injury, stroke) [63]. Identifying which strategies work “best” for whom and
under what circumstances would help inform decision making.

Also consistent with past studies [50,51,64,65], cognitive training (i.e., “exercising the
brain” through mentally challenging games/tasks [e.g., solitaire, sudoku]) was used to
manage troubles related to memory and focus. This is unsurprising given that “brain
training” has received growing attention in media and research, and several mobile ap-
plications claiming to maintain/increase cognitive skills (e.g., Lumosity, Elevate, CogniFit)
are available [66]. Systematic reviews of CRCI studies with adults [67] and breast cancer
survivors [68] have identified cognitive training as an effective rehabilitation strategy for
strengthening specific cognitive domains. Pilot data from adolescent and young adult
cancer survivors [69] suggests it may also be a feasible, possibly beneficial CRCI prehabilita-
tion tool; however, evidence is needed to confirm the effectiveness of cognitive training in
young adults. Likewise, cognitive relaxation techniques were seen as beneficial to “calm the
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brain” (and in turn, help improve memory), supporting prior research (e.g., [70]). Whilst
meditation was the only technique explicitly mentioned by participants, several others
(e.g., mindfulness-based stress reduction [71,72], biofeedback [73], imagery [74]) have
been investigated as CRCI interventions in breast and mixed cancer groups and elicited
improvements in perceived cognition. As with cognitive training, research is needed to
generate evidence on the effectiveness of cognitive relaxation techniques in young adults.
Exploring underpinning mechanisms may also help understand how to target specific
cognitive domains.

Furthermore, aligning with evidence from adolescent and young adult cancer sur-
vivors [75,76] and breast cancer survivors [31], findings emphasize that PA may be an
effective CRCI self-management strategy for young adults. Indeed, feeling more focused,
alert, and able to remember following bouts of PA were cited as cognitive benefits, and
even those who did not use PA as an explicit strategy believed it could help manage CRCL
This suggests young adults might be willing to engage in PA for their cognitive and
mental well-being, and thus, PA-based interventions for ameliorating CRCI should be
developed and evaluated. However, not all PA interventions have conferred cognitive
benefits (e.g., [77,78]), and some participants herein said not all PA was “good”. To inform
effective PA intervention design for CRCI, several questions remain, including: how much
PA is needed to induce cognitive benefits, what types/combinations are most beneficial, and how long
do the effects of PA last on cognition? Regarding the latter, as previously suggested [79], the
potential cognitive benefits of PA may be more acute than long-lasting. Thus, researchers
may wish to investigate the effects of daily PA on young adults’ cognition using Ecological
Momentary Assessment methodology [80] to see if cognitive benefits from PA are indeed
acute and/or sustainable.

Interestingly, some participants enjoyed mindful PA (i.e., PA involving a heightened
sense of attention; e.g., Qigong, yoga), whereas others alluded to benefits following gym-
based resistance training; if well-practiced, the latter could be considered a form of mindless
PA (i.e., PA that allows automaticity to take over). That said, the relative effects of mindful
versus mindless PA remain unclear. Diamond and Ling [81] proposed that PA with a
cognitive load (i.e., mental effort) may lead to “better” executive functioning than mindless
PA; however, this hypothesis has been criticized due to a lack of empirical evidence [82].
Also, the current findings suggest that (a) individuals may prefer one type over the other,
and (b) there could be cognitive benefits to both that go beyond executive functioning.
Whilst questions on this topic were not asked in this study, findings suggest it may be
fruitful to compare the effects of mindful and mindless PA on various cognitive domains in
a larger sample of young adult cancer survivors and across different contexts.

While the theory that PA involving a cognitive load is superior to PA with a lesser
cognitive component requires substantiation, participants herein used cognitive training
or relaxation and PA as forms of self-management. This raises the question: Can additive
cognitive effects be experienced by combining these interventions? Although such work is
lacking in oncology, a recent systematic review concluded that PA programs enriched with
mental challenges (e.g., exergaming, tai chi, dance) helped improve cognition in older
adults with/without mild cognitive impairment [83]. Studies conducted across different
groups further support the notion that combining cognitive training with PA may be
more beneficial for the brain than PA alone (e.g., [84,85]); it is worth exploring if similar
results map onto the young adult cancer population. Conversely, some have examined the
effects of mindfulness-based interventions compared to PA on CRCI and reported cognitive
improvements in both groups (e.g., [86]), but little is known about the impact of combining
cognitive relaxation techniques with PA—another area requiring future research.

Nonetheless, certain barriers may stand in the way of young adults” PA participa-
tion. This study suggests CRCI can serve as a barrier due to the extra time and effort
required to complete essential daily tasks when struggling with this adverse effect. As
evidence grows in support of the positive effect(s) of PA on cognition in cancer survivors
(e.g., [75,76,87-102]), more messaging is needed to inform young adults about its benefits as
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a way to help them increase motivation and perhaps overcome barriers. Relatedly, drawing
on the Health Belief Model [103] for predicting and explaining health behaviours, researchers
should aim to identify and understand young adult cancer survivors’ perceived benefits,
barriers, and self-efficacy in regards to engaging in PA for their brain health; this may help
guide the creation of preliminary PA-based CRCI self-management for this group.

Finally, it is worth cautioning young adult cancer survivors that engaging in “too
much” PA may compromise their cognition, as participants believed it caused or exacer-
bated mental fatigue. Drawing on sport psychology models (e.g., Individual Zones for Opti-
mal Functioning Model [104,105]) that posit athletic performance is optimal up until/within
a certain individualized zone of arousal, there may be an individualized threshold for
which PA induces optimal cognitive effects based on one’s level of mental fatigue. This may
require that healthcare practitioners encourage young adults to actively monitor themselves
over time to determine their mental “sweet spot,” and engage in PA at this point. Moreover,
building off the emerging practice of “personalized medicine” [106] which aims to tailor
care based on individual differences (e.g., genes, environment), it would be valuable to
study how to match young adults to the right PA parameters (e.g., frequency, intensity) so
they may feel cognitive benefits and avoid mental fatigue.

4.3. Limitations and Future Directions

Although this study makes important contributions, it is not without limitations. First,
the sample was predominantly comprised of women who were White, had completed
post-secondary education, and had an annual household income above CAD $100,000;
thus, results from this sample may not be transferable to all cancer survivors. Researchers
should aim to adopt more diverse recruitment strategies that allow for maximum sample
variation. Second, results predominantly captured the experiences of those who underwent
chemotherapy exposure. To better target and understand the CRCI experiences of a wider
young adult population, researchers should aim to recruit young adults who undergo
anti-cancer treatments other than chemotherapy. Third, this sample had a large range in
time since diagnosis (0-10 years); although perspectives were consistent across participants
in this study, they may differ across others with shorter versus longer times since diagnosis.
Researchers may wish to consider splitting analyses by time groups (e.g., one, five, ten years)
and employing longitudinal designs to better understand the evolution of CRCI. Likewise,
variations that stem from other personal (e.g., age, life events) and sociocultural (e.g.,
ethnicity, sociodemographic status) experiences may influence how these themes present
across other individuals and require future purposive sampling and cohort research. Fourth,
most (62.5%) participants perceived their overall health as “good to very good” and the
sample was generally classified as “active” based on their self-reported PA; future studies
are needed to confirm if the themes reported herein are similar or differ from those with
young adults who do not view themselves as healthy or active. Fifth, there are inherent
limitations to using self-report measures (e.g., social desirability, recall bias) whereby
participants may have under- or over-estimated their perceived cognitive impairments and
thus influenced who was invited for an interview. Also, since inclusion criteria for this
study included scoring below a certain threshold on the FACT-Cog PCI subscale, if only
one cognitive dimension (e.g., memory) was affected, it could have been masked with the
overall PCI score. Sixth, the sample may be biased towards those with greater computer
literacy and/or ability to spend time online given the methods used, suggesting the need to
enhance accessibility of future virtual studies for those with CRCI. Finally, there is inherent
subjectivity in thematic analysis wherein the researchers’ own biases and assumptions
could have affected identification and interpretation of the themes/subthemes presented,
although several steps were undertaken to mitigate this risk (see Study Rigour above).

5. Conclusions

The results show that young adults with clinically meaningful CRCI face deleterious
consequences for their daily and overall QoL and suggest they experience CRCI differently
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than older cancer cohorts (i.e., those whom current definitions of CRCI are currently based
on). Moreover, the findings reveal that young adults use several cognitive-behavioural
strategies including organization, cognitive training and relaxation, and PA, highlighting
that “one size may not fit all” when it comes to managing CRCI. This provides support
for continuing to investigate how different forms of self-management (in isolation and in
combination) may elicit cognitive benefits to appeal to the preferences of a wider range of
survivors. Findings from this study also add to the growing body of research exploring
links between cognitive function and PA and suggest more high-quality experimental
research is needed to test the putative mechanisms underlying potential benefits of PA
as well as optimal PA dosages/contexts. Last, this study lays important groundwork
for creating CRCI-self-management supports for this underrepresented population and
reinforces that young adults would benefit from more systematic awareness, assessment,
and monitoring of CRCI in healthcare.
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Abstract: We conducted a population-based, retrospective, matched-cohort study to examine the
impact of breast cancer diagnosis and treatment on fertility outcomes. Relative risks of infertility,
childbirth, premature ovarian insufficiency (POL age < 40) and early menopause (age < 45) were
calculated using modified Poisson regression. Our primary cohort included young women (15—
39) with early stage BC diagnosed 1995-2014. Five cancer-free patients were matched to each BC
patient by birth year and census subdivision. The BC cohort was further divided by treatment with
chemotherapy vs. no chemotherapy treatment. 3903 BC patients and 19,515 cancer-free women. BC
patients treated with chemotherapy were at increased risk of infertility (RR 1.81; 95% CI 1.60-2.04),
and POI (RR 6.25; 95% CI 5.15-7.58) and decreased childbirth (RR 0.85; 95% CI 0.75-0.96), compared
to women without cancer. BC patients who did not receive chemotherapy were also at increased risk
of infertility (RR 1.80 95% CI 1.48-2.18) and POI (RR 2.12 95% CI 1.37-3.28). All young BC survivors
face an increased risk of diagnosed infertility and POI relative to women without cancer, independent
of chemotherapy. These results emphasize the importance of pre-treatment fertility counselling for
young women diagnosed with BC.

Keywords: breast cancer; infertility; early menopause; POI; AYA

1. Introduction

Breast cancer (BC) is the most common malignancy affecting women under age 40
accounting for ~5% of all breast cancer cases [1,2]. Adolescents and Young Adults (AYAs)
aged 15-39 years at the time of cancer diagnosis are a unique population in terms of both the
biology of their cancers and the way they experience their cancer journey [3]. Young women
with breast cancer have unique concerns regarding fertility, pregnancy and contraception
and report having difficulty obtaining information in this regard [3,4]. During the course
of a curative-intent treatment plan, early stage (I-III) breast cancer patients will receive a
combination of surgery, radiation and systemic therapy. Standard adjuvant treatment is
multi-modal and can include hormonal therapy, chemotherapy, and targeted anti-HER2
therapy [5-7]. In addition to the systemic therapy options offered to all breast cancer
patients, AYA patients are often offered ovarian suppression (surgical or pharmacological)
for management of ER positive breast cancer due to increased long-term survival achieved
with this strategy [7,8].

AYA breast cancer survivors have an increased risk of subsequent infertility diagnosis
and/or premature ovarian insufficiency (POI). We have previously reported that compared
with non-cancer AYAs, breast cancer survivors have increased risk of infertility diagnosis
(RR 1.46; 95% CI 1.30-1.65) and POI (RR 4.37; 3.88-4.93) [9,10]. Several mechanisms may
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play a role. Chemotherapy is one potential explanation, due to its toxic effect on ovarian
follicles leading to POI [11-14] and has been shown to cause POI in 20-80% of AYA women
depending on their age, the use of other treatment in addition to chemotherapy, and
physician follow-up [15]. Additionally, women with estrogen sensitive cancers or carriers
of BRCA1/2 gene mutations may be advised to have bilateral oophorectomy for ovarian
suppression or ovarian cancer prevention, respectively, [4,8,16].

The issue of pregnancy after breast cancer is a growing concern. Women are delaying
childbearing and family planning such that a greater proportion of AYA breast cancer
survivors will be nulliparous. The median age at first pregnancy is steadily rising in
Western nations and reached 27 in the United States in 2019 [17]. In clinical practise,
patients want to clearly understand their risks of infertility, pregnancy and POI after
breast cancer treatment. While we have already studied the risk of POI and diagnosed
infertility in AYA cancer survivors, the impact of specific treatment modalities is less well
characterized. We hypothesized that breast cancer treatment will increase risk of infertility
and POI in young women. The objective of this study was to examine the impact of breast
cancer diagnosis and treatment on reproductive outcomes in young breast cancer survivors
compared with a matched non-cancer cohort in Ontario, Canada.

2. Materials and Methods
2.1. Study Design

We conducted a population-based, retrospective, matched-cohort study on breast
cancer patients in Ontario, Canada diagnosed between 1 January 1995-31 December 2014.
Ethics approval was obtained from Queen’s University Health Sciences Research Ethics
Board, Kingston, Ontario (OBGY-296-16 #6019934, Initial clearance on 12DEC2016).

2.2. Data Sources

The cohorts were identified using health administrative databases in Ontario, Canada
that contain patient-level information on cancer diagnosis, cancer drug administration
as well as inpatient and outpatient data, cancer registry data, and demographics. De-
identified databases were accessed on June 11, 2020 through ICES (www.ices.on.ca) and
all data sources were linked through a unique encrypted identifier and analyzed at ICES.
ICES is an independent, non-profit research institute funded by an annual grant from the
Ontario Ministry of Health and Long-Term Care. As a prescribed entity under Ontario’s
privacy legislation, ICES is authorized to collect and use health care data for the purposes
of health system analysis, evaluation and decision support. Secure access to these data is
governed by policies and procedures that are approved by the Information and Privacy
Commissioner of Ontario.

Datasets used to construct the matched cohorts in this study included: Discharge
Abstract Database (DAD); National Ambulatory Care Reporting System (NACRS); OHIP
database; Same-Day Surgery; Registered Persons Database(RPD); Immigration Refugees
and Citizenship Canada Permanent Resident (IRCC-PR) database; ICES derived cohort
MOMBABY; ICES Physician Database; Postal Code Conversion File; Cancer Care Ontario
Activity Level Reporting; Ontario Cancer Registry (OCR); and the New Drug Funding
Program. Details on the databases utilized in this study are presented in the supplemental
methods found in Supplementary Material.

2.3. Cohort Creation

Women aged 15-39 who were diagnosed with early stage (I-1II) breast cancer between
January 1, 1995 and December 31, 2014 were included. The index date for analysis was
date of breast cancer surgery (e.g., lumpectomy, mastectomy). This index date was selected
to ensure all captured cases were treated with curative intent. Exclusion criteria included:
Any prior cancer diagnosis or a second primary cancer diagnosis within 12 months of
the index date, women who died within 3 years of diagnosis/index date, stage IV breast
cancer at time of diagnosis, prior diagnosis of infertility or menopause, history of prior
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tubal ligation, bilateral oophorectomy and/or hysterectomy or those same procedures up
to 36 months after index date, and missing geographical census data. BC patients who did
not have 5 matched controls were also excluded. We further categorized the BC cohort
into those treated with or without intravenous chemotherapy. See Figure 1 for cohort
inclusion/exclusion flow chart.

All records of breast cancer diagnoses
Jan 1, 1995-Dec 31, 2014
n=163,891

I 5 | InvalidIKN
n=1283

« Records of 1% Cancer Diagnosis

* Male Sex

¢ Age <15 or >39 at breast cancer diagnosis
n = 154,300

* Breast surgery greater than 30 days before or
> greater than 365 days after breast cancer
diagnosis
n =907

« Died within 3 years of diagnosis
n =696

« Previous cancer diagnosis
*  Other (non-breast) cancer diagnosis at breast
cancer diagnosis or within 3 years of breast
cancer diagnosis
n=212

I 5 | = Previous infertility or menopause diagnosis
« Tubal ligation, bilateral oophorectomy or
hysterectomy before breast cancer diagnosis
or within 3 years of breast cancer diagnosis
n = 2524

* Non-Ontario residents at breast cancer
diagnosis
> | « Loss of OHIP eligibility with 3 years of
breast cancer diagnosis
n=45

v

Total Cohort
n=3924

5 | = Matched to <5 unexposed

n=21
v
Final Breast Cancer Cohort
n=3903
v Y v
Breast Cancer with Breast Cancer without Unexposed Matched
Chemotherapy Treatment Chemotherapy Treatment Controls
n=3053 n =850 n=19,515

Figure 1. Flow chart demonstrating inclusion and exclusion ceiteria foe cohort design. IKN = ICES
Key Number.

Five cancer-free women from the general population who had no cancer diagnosis
prior to the index date were randomly selected without replacement, and were matched on
year of birth and census subdivision. Individuals in the cancer-free cohort were assigned an
index date based on the date of surgery for their matched case. The cancer-free cohort was
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subject to the same exclusion criteria as the BC cohort. Individuals who died within 3 years
of index date were excluded to remove those with early cancer relapse and/or competing
morbidity not otherwise captured in our cohort creation and avoid the bias this may bring
to fertility /infertility diagnoses.

2.4. Covariates

Age at cancer diagnosis/index, income quintile, rurality index, immigration status,
previous pregnancy, and history of endometriosis (ICD-9 617) or polycystic ovarian syn-
drome (ICD-9 256) were included in the analysis. Data on hormone receptors (estrogen,
progesterone), HER2 amplification, and hormonal therapy treatments were not available.

2.5. Endpoints

Individuals in both cohorts were followed from the index date until the occurrence of
the primary or secondary outcome or until censored. Censoring occurred at the time of
a new primary cancer diagnosis, hysterectomy date, bilateral oophorectomy date, tubal
ligation date, loss of Ontario Health Insurance Plan (OHIP) eligibility, death, or maximum
follow-up date of 31 December 2019.

Outcomes of interest were: (1) diagnosed infertility defined as the presence of a
physician billing code ICD-9 628 in the OHIP database after one year of cancer diagnosis;
(2) childbirth defined as delivery of an infant, live or stillborn over 20 weeks gestational
age (MOMBABY database); and (3) POI defined as the presence of a physician billing code
for menopause (ICD-9 627) before age 40; and early menopause (menopause diagnosis-
ICD-9 627-before age 45).

2.6. Statistical Analysis

Descriptive statistics were performed to report baseline characteristics of the cohort.
Standardized differences between selected variables were reported for women with and
without breast cancer and those differences > 0.10 were considered statistically meaningful
in accordance with ICES reporting standards [18]. Modified Poisson regression was used
to calculate the relative risk (RR) between exposures and outcomes of interest, adjusted for
age at breast cancer surgery, immigrant status, neighbourhood income quintile and prior
parity. All RRs are reported with the point estimate along with 95% confidence intervals
(CI). The analyses were performed using SAS version 9.4 (Cary, NC, USA) at ICES Queen’s
University.

3. Results
3.1. Patient Characteristics

We identified 3903 women age 15-39 who were diagnosed with early stage breast
cancer from 1995-2014 and met our study inclusion criteria for our BC cohort. These were
matched to 19,515 cancer-free individuals. Median follow-up time was 12.8 years. Median
age for the study population was 36.0 (IQR 33-38) and 78.2% of breast cancer patients
received intravenous chemotherapy. Baseline characteristics are described in Table 1. Age
was similar distributed as per study design. Women with breast cancer were more likely
than women without breast cancer to have given birth before the index date, 50.2% vs.
39.7%. There were less immigrant women in the BC group than Canadian born women.
History of PCOS or endometriosis was similar in BC and cancer-free individuals.
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Table 1. Baseline Characteristics and standardized differences between 3903 women age 15-39 years
with breast cancer and 19,515 cancer-free women in Ontario, Canada from 1995-2014.

All BC

Non-Cancer

. Chemo No Chemo Yes . Std
Variable Value _ ~ combined Group . N
N = 850 N = 3053 N = 3903 N = 19,515 Difference
Mean (SD) 35.0 (4.1) 35.0 (3.7) 35.0 (3.8) 35.0 (3.9) 0
Age at surgery Median (Q1-Q3) 36 (33-38) 36 (33-38) 36 (33-38) 36 (33-38) 0
Min-Max 15-40 18-40 15-40 15-41
15-24 - n (%) 18 (2.1%) 38 (1.2%) 56 (1.4%) 302 (1.5%) 0.01
Ace erou 25-29 - n (%) 78 (9.2%) 265 (8.7%) 343 (8.8%) 1705 (8.7%) 0
¢ group 30-34 - n (%) 195 (22.9%) 829 (27.2%) 1024 (26.2%) 5151 (26.4%) 0
35-41 - n (%) 559 (65.8%) 1921 (62.9%) 2480 (63.5%) 12,357 (63.3%) 0
Pari Nulliparous - n (%) 500 (58.8%) 1444 (47.3%) 1944 (49.8%) 11,777 (60.3%) 0.21
ty Parous - n (%) 350 (41.2%) 1609 (52.7%) 1959 (50.2%) 7738 (39.7%) 0.21
1- Lowest quintile - n (%) 147 (17.3%) 520 (17.0%) 667 (17.1%) 3944 (20.2%) 0.08
) 2-1n (%) 154 (18.1%) 593 (19.4%) 747 (19.1%) 3780 (19.4%) 0.01
ﬁifr}r‘lzou:i‘ftﬁg 3-n (%) 195 (22.9%) 657 (21.5%) 852 (21.8%) 3807 (19.5%) 0.06
q 4-n (%) 173 (20.4%) 652 (21.4%) 825 (21.1%) 4134 (21.2%) 0
5 - Highest quintile - n (%) 181 (21.3%) 631 (20.7%) 812 (20.8%) 3850 (19.7%) 0.03
Immierant No - n (%) 663 (78.0%) 2391 (78.3%) 3054 (78.2%) 14,319 (73.4%) 0.11
& Yes - n (%) 187 (22.0%) 662 (21.7%) 849 (21.8%) 5196 (26.6%) 0.11
Ruralit Rural - nn (%) 811 (95.4%) 2903 (95.1%) 3714 (95.2%) 18583 (95.2%) 0
y Urban - n (%) 39 (4.6%) 150 (4.9%) 189 (4.8%) 932 (4.8%) 0
Prior No - n (%) 835 (98.2%) 2993 (98.0%) 3828 (98.1%) 19,261 (98.7%) 0.05
Endometriosis Yes - n (%) 15 (1.8%) 60 (2.0%) 75 (1.9%) 254 (1.3%) 0.05
Prior PCOS No - n (%) 829 (97.5%) 3010 (98.6%) 3839 (98.4%) 19,282 (98.8%) 0.04
rior Yes - n (%) 21 (2.5%) 43 (1.4%) 64 (1.6%) 233 (1.2%) 0.04

* Differences are between all breast cancer combined and non-cancer patients. Values greater than 0.10 are
considered statistically different.

3.2. Infertility

Infertility occurred in 9.1% of breast cancer patients who received chemotherapy, 11.8%
of breast cancer patients who did not receive chemotherapy, and in 7.0% of the cancer-free
(non-cancer) group. In the Poisson regression model (Figure 2), all cancer patients had
an increased RR of infertility diagnosis compared to the non-cancer group with similar
adjusted RRs for those treated with chemotherapy (1.81, 95% 1.60-2.04) and those who
were not (1.80, 95% CI 1.48-2.18).

3.3. Childbirth

Fewer breast cancer survivors gave birth during follow up than the cancer-free group
9.1% vs. 12.8%. When survivors were categorized into those treated with chemotherapy
vs. those were not, 8.4% and 11.6% gave birth during follow-up respectively. In the
multivariable model (Figure 2), birth was less likely in the group of breast cancer patients
that received chemotherapy, RR 0.85 (95% CI 0.75-0.96).

3.4. Premature Ovarian Insufficiency and Early Menopause

POI occurred in 5.4% of breast cancer survivors vs. 1.2% of the cancer-free group. Early
menopause occurred in 10.5% of BC patients vs. 3.4% of cancer-free patients. Amongst BC
patients treated with chemotherapy, 6.2% experienced POI and 11.0% experienced early
menopause compared with 2.5% and 8.4% of those who did not receive chemotherapy. In
the multivariable model, the risk of POI or early menopause was significantly increased
for all breast cancer patients, regardless of treatment with chemotherapy, compared to
the non-cancer group. For those who received chemotherapy the RR of POI and early
menopause was 6.25 (95% CI 5.15-7.58) and 4.43 (95% CI 4.00—4.91), respectively. For those
who did not receive chemotherapy the RR of POI and early menopause was 2.12 (95% CI
1.37-3.28) and 2.55 (95% CI 2.08-3.11), respectively.
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No. with Unadjusted Adjusted
outcome / relative risk relative risk
No. at risk Rate (%) (95% Cl) (95% CI)
Diagnosed Infertility
Unexposed: 1.00 (ref) 1370/19515 7.0 1.00 (ref) 1.00 (ref)
Breast Cancer with Chemotherapy: . 278/3053 9.1 1.59 (1.40-1.81) 1.81 (1.60-2.04)
Breast Cancer without Chemotherapy: e 100/850 11.8 1.79 (1.47-2.18) 1.80 (1.48-2.18)
Childbirth
Unexposed: 1.00 (ref) 2501/19515 12.8 1.00 (ref) 1.00 (ref)
Breast Cancer with Chemotherapy: - 255/3053 8.4 0.83(0.73-0.95) Q.85 (0.75-0.96)
Breast Cancer without Chemotherapy: .- 99/850 11.6 1.01(0.83-1.22) 0.90 (0.74-1.10)
Premature Ovarian Insufficiency
Unexposed: 1.00 (ref) 234/19515 1.2 1.00 (ref) 1.00 (ref)
Breast Cancer with Chemotherapy: —_— 189/3053 6.2 6.36 (5.25-7.71) 6.25 (5.15-7.58)
; :
Braast,Cancer-uAthout Chamotherapy: " 21/850 25  221(141-3.44) 212 (1.37-3.28)
Early Menopause
Unexposed: 1.00 (ref)
673/19515 3.4 1.00 (ref) 1.00 (ref)
Breast Cancer with Chemotherapy: —.
336/3053 11.0 4.53 (4.09-5.01) 4.43 (4.00-4.91)
Breast Cancer without Chemotherapy: —_——
74/850 8.7 2.56(2.09-3.13)  2.55(2.08-3.11)

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00

dj d Relative risk (95% confidence interval)

Figure 2. Forest plot depicting rates and relative risks (RR) with 95% confidence intervals for each
outcome of interest by exposure and treatment group.

4. Discussion

In this study we found that all breast cancer patients are at increased risk of diag-
nosed infertility, not just those treated with chemotherapy. When compared with an age
matched cohort, breast cancer patients treated with chemotherapy have a lower likelihood
of giving birth during follow-up compared to women without cancer. BC patients who
were not treated with chemotherapy did not have a statistically significant difference in
childbirth. The risk of experiencing menopause after a breast cancer diagnosis increases
with chemotherapy treatment. Notably, even without chemotherapy treatment there was
an increased risk of POI and early menopause among breast cancer survivors.

Breast cancer is the most common malignancy affecting young women of childbearing
age. Unfortunately, in young women, breast cancer is more likely to be high risk and
require treatment with neoadjuvant or adjuvant chemotherapy [19] as evidenced in our
study where 78% had chemotherapy included in their treatment plan. During the stress
of a new cancer diagnosis, long-term health concerns, including fertility preservation,
are often overlooked. A 2014 study from the United States estimated that nearly 50%
of young women (age < 45) diagnosed with breast cancer, ~10,000 per year, are at risk
of infertility due to breast cancer treatment [20]. Based on our findings this is likely an
underestimate as we found an increased risk of infertility in all breast cancer survivors,
not just those treated with chemotherapy. Current guidelines from the American Society
of Clinical Oncology (ASCO) recommend embryo and/or oocyte cryopreservation or use
of gonadotropin (GnRH) analogues during chemotherapy for fertility preservation [21].
Guidelines, however, do not always make it into clinical practice. A recent examination of
the same Ontario population found that only 4% of AYA breast cancer patients diagnosed
2000-2017 were referred to a gynecologist for pre-chemotherapy fertility counselling [22].
While these rates improved over time, even the most contemporary results saw only 10.7%
of patients referred for pre-chemotherapy counselling.
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Counselling patients on the risk of infertility post breast cancer diagnosis is challeng-
ing. Our study provides a population-based estimate of infertility risk, childbirth and
premature/early menopause in breast cancer patients compared to women without cancer.
A similar population based age-matched cohort study from Norway in 2011 demonstrated
much lower rates of pregnancy in breast cancer patients (diagnosed from 1967-2004) than
was seen in our population with a HR of 0.35 (95% CI 0.27-0.44) compared to women
without cancer [23]. A 2021 meta-analysis of pregnancy and pregnancy outcomes after
cancer diagnosis of 39 studies including 112,840 BC patients found a 60 % lower rates of
pregnancy in BC survivors compared to the general population (RR 0.40; 95% CI 0.32-0.49,
p < 0.001) [24]. The differences from these large studies and ours may reflect changes
in clinical practise or societal differences in family planning and child-rearing between
populations. Fertility rates in general have been declining in Canada steadily since 2008,
reaching a record low in 2020 of 1.4 live births per adult female age 15-39 [25]. It also
demonstrates the importance of performing these analyses in different populations and
time periods to understand the contemporary risks facing breast cancer survivors.

In terms of POI, to our knowledge this is the first study to assess the risk of POI at the
population-based level in AYA with BC and the effect of chemotherapy. While it is accepted
that chemotherapy possesses an increased rate of POI in 20-80% of AYA [26], our study
supports an increased risk of POI even in patients without chemotherapy, likely related
to the use of endocrine therapy. However, other contributing factors for this association
need to be investigated such as defects in homologous recombination (e.g., BRCA1, BRCA2,
PALB2, ATM, CHEK2) known to increase risk of breast cancer [27]. BRCA1 and 2 mutations
are known to increase risk of POI due to impaired DNA repair mechanisms [28]. While
accepted as a consequence of treatment, POI carries health risks for bone and cardiovascular
health. Understanding these risks is important for both patients and providers for long-term
health outcomes of these patients.

Our study has some important strengths including a large sample size, the inclusion
of three reproductive outcomes (infertility diagnosis, childbirth, and POI) and the catego-
rization of BC patients according to chemotherapy treatment (yes/no). This is the largest
published study to date focusing on infertility diagnosis in relation to cancer treatment as
the primary outcome considering cancer treatments; other large studies have focused on
childbirth rates as the primary fertility outcome.

The main limitations of this study stem from the design and use of population-based
data which is coded in administrative databases. There is the potential for information
bias in this study, since the classification of infertility and menopause outcomes are likely
under-reported, since many patients will not seek care for these concerns and therefore,
they will not be captured in the health administrative database. We expect this under-
reporting (misclassification) to be non-differential between exposure groups, and thus, the
relative risks for these outcomes may be attenuated, such that the real effect estimates for
breast cancer and infertility or menopause may be even larger than those reported in this
article. Due to limitations of the data we were also unable to access information on several
important variables which may have led to unmeasured confounding. Specifically, data on
estrogen receptor status, endocrine therapy, and specifics of chemotherapy treatment was
unavailable. It will be important to continue research in this field to understand whether
or not fertility outcomes are impacted by breast cancer stage, subtype and contemporary
treatment approaches.

5. Conclusions

This population-based cohort study found a significant association between chemother-
apy treatment for AYA breast cancer and increased risk of Infertility and POI. There was
also a novel finding that women with breast cancer who did not receive chemotherapy
were also at a higher risk of Infertility and POI relative to women without cancer; an
important detail to inform the care and counselling of AYA breast cancer patients. Further
investigation into other mechanisms that can contribute to POI in women with breast
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cancer is needed. Oncofertility [29] is an important area which requires more attention to
optimize care and education of young women with breast cancer.
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Abstract: This commentary focuses on the challenges and possibilities that adolescents and young
adults with cancer (AYA) desiring parenthood face under Swiss law. The regulation of reproductive
medicine procedures is stricter in Switzerland than in some other countries. Health insurance is
compulsory, but the interventions that are covered are in constant flux. Recent changes pertain to the
possibilities of future AYA parenthood and keeping up to date with practical and legal ramifications
is taxing even for health professionals. AYA facing treatment decisions are uniquely vulnerable and
dependent on comprehensive, clear, current, and country-specific information regarding risks and
options pertaining to their fertility. This commentary provides a short overview of the Swiss legal
framework related to reproductive medicine, highlighting its access restrictions and prohibitions,
as well as recent changes. While the importance of patient, peer, caregiver, and interest groups
supporting people affected by health conditions has long been recognized in many countries, an AYA
organization was only recently established in Switzerland. Such organizations are vital for providing
accurate, country-specific information and support, while individualized medical guidance, informed
by the most current legal framework and its consequences, remains essential in addressing AYAs’
specific needs in connection with the desire to have children.

Keywords: AYA oncology; treatment; models of care; long-term follow-up; survivorship; fertility;
cancer association; peer group

1. Introduction

Globally, approximately 1.2 million adolescents and young adults aged 15 to 39 years
are diagnosed with cancer every year [1,2]. There is currently no consistent definition of the
age range of AYA. According to common definitions, adulthood begins at around 20 years
of age and young adulthood ends—depending on the point of view—at 24, 35 or 39 years.
Since AYA have only recently been recognized as a distinct patient group in Switzerland,
and since there is still no research in this area in Switzerland taking into account legal
aspects, the authors have chosen this patient group. In the context of challenges regarding
the fertility of AYA, an age range up to 39 years is justified [3]. In the past decade, AYA have
become recognized as a vulnerable patient group [4]. In Switzerland—where AYA have long
been unrecognized as a distinct patient group—calculations have shown that approximately
1770 AYA are newly diagnosed with cancer each year [5]. Due to progress in cancer
treatment, over 80% of AYA diagnosed with cancer survive beyond 5 years, which leads to
a continual increase in the number of AYA survivors who have the potential to continue
living for decades [2,4]. This requires that the health system guarantees access to treatment
and follow-up care in various medical and psychosocial areas beyond oncology [3].
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The need to regard AYA as a distinct patient group affected by a broad spectrum of
cancers stems from their life stage, their specific psychosocial needs, and the effects as well
as long-term consequences of the cancers and their treatments, as well as the potential years
of life lost [2]. AYA are at a stage in life where they may be very conscious of their body and
appearance and would, under normal circumstances, develop a positive body image, start
leaving home and establish independence, increase contact with peers, and start dating or
making important career and family decisions [2,6]. It is essential to take into account that a
cancer diagnosis—especially concerning younger AYA—affects not a mature but a maturing
personality, in a developmentally vulnerable period, and still in the process of finding their
identity [7,8]. The diagnosis comes at a time when under normal circumstances the fear of
dying would have no place, with the diagnosis interfering with life overall and future plan-
ning [9]. Long-term and late effects among AYA survivors cover a range of physical issues
(due to changes in appearance), secondary malignancies (for example, due to radiotherapy),
cardiovascular diseases, endocrine dysfunctions (such as thyroid dysfunction or diabetes),
neurocognitive deficits, impaired fertility, sexual dysfunction, body disfigurement, a lower
level of physical functioning, and psychological and social issues (due to disruptions in
social life, increased dependence or a premature confrontation with mortality), as well as
challenges in finances and career [2,6]. In connection with the desire for parenthood, it
should be mentioned that half of all male childhood cancer survivors suffer from infertility
as a late consequence of treatment [10]. The lived experience of young survivors regarding
decisions about fertility and parenthood has received insufficient attention in the literature
to date. There is a clear unmet need to provide age-appropriate information regarding
fertility and parenthood options [11]. Furthermore, an AYA's cancer diagnosis may also
affect relatives, partners or caregivers, as well as potential future partners [2,12].

As legal volunteers for the non-profit organization “AYA Cancer Support CH”, the
authors have repeatedly been confronted with the legal challenges associated with sur-
vivors’ desire to have children. This commentary provides a broad overview of the current
practice in Switzerland from a legal perspective. In Switzerland, medical insurance is
compulsory and covers interventions that meet certain criteria, such as cost-effectiveness,
the definition of which is a matter of ongoing debate. Medically assisted reproduction
is more strictly regulated in Switzerland than in other countries, which has implications
for AYA, requiring measures for human reproduction and fertility preservation due to the
impact of chemotherapy. This paper answers questions such as the following: To what
extent are human reproduction measures for AYA possible, be it legally or practically, in
Switzerland? How are costs covered, e.g., in connection with egg storage? Due to cancer
support organizations becoming increasingly relevant in Switzerland, where peer, family,
and caregiver support groups have been less common in the past than they have been
in other countries, this commentary aims to bridge the gap between legal practice and
constraints and the role of non-profit organizations to support AYA with lived experiences
of cancer and their partners considering a current or future wish to become a parent.

2. Materials and Methods

This commentary is based on a systematic literature search and the personal experi-
ences of the three authors and co-founders of the AYA organization “AYA Cancer Support
CH”. International AYA-related studies, topic-specific literature, and Swiss legal opinion
publications as well as Swiss case law and court rulings were used, taking into account
current developments and innovations in legislation. The choice of literature was at the
discretion of the authors. Most of the literature analyzed is relevant to the field and scientif-
ically based. In isolated cases, e.g., with regard to supportive measures, sources relevant to
practice were also used.
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3. AYA, Fertility and Childbearing
3.1. Introduction

Involuntary childlessness—for a variety of reasons—may place a considerable burden
on people of all genders [13]. Although cancer therapy can severely limit fertility, many
AYA do not consider dealing with a possible future desire to have children when confronted
with a cancer diagnosis. Rather, the disease and its treatment take center stage and disrupt
the planned life course. In the general public in Switzerland, the mean age for giving birth
for the first time is 31 for the person carrying the child [14]. This points to the fact that the
discussion about having children usually follows at a later stage in life.

For people affected by cancer at a later stage in life, the desire to have children may
already be present at the time of diagnosis or efforts may already have been made to
become pregnant. At this stage of life, the topics of the desire to have children and fertility
already lead to considerations of whether cryopreservation should be considered at the
time of diagnosis. Fertility can be limited by impending cancer therapy, which can lead to
full infertility. However, this is not always the case, as different therapies entail different
consequences in terms of fertility. Nevertheless, with a view to the future, the retrieval
and cryopreservation of oocytes or sperm early on may greatly improve the chance of
preserving fertility [15].

In addition to medical questions and decisions in the context of a cancer diagnosis,
for a physician, it would be particularly important to also discuss the topics of “sexuality”,
“fertility” and “desire for children” with young patients. Sexuality and fertility are often
dismissed in society and problems in this area tend to receive little attention. Nevertheless, it
is of utmost importance that physicians address the issues, outline the various consequences,
and provide information so that a conscious decision can be made for or against fertility-
preserving measures [16]. The inclusion of various options is of great importance in this
decision-making process. This is because even if a therapy is to be used and the treatment
is expected to have little or no effect on fertility, scenarios with less favorable or different
outcomes need to be considered up front. For example, it may be necessary to switch
therapies due to treatment resistance, cancer progression, or the intolerability of side-
effects. It is the duty of the physician to inform young patients of the choices and potential
consequences. These decisions and burdens should not be underestimated in the overall
process of treatment. The issue of fertility in AYA requires collaboration and cooperation
among specialists in oncology, reproductive medicine, and pediatrics, as appropriate.
Certain considerations may be obvious and self-evident to specialists; however, they must
be communicated and discussed with the patient in concrete terms in order to enable the
patient to grant truly comprehensive informed consent [15].

3.2. Legal Framework in Switzerland
3.2.1. Current Situation in Switzerland

In Switzerland, approximately 6200 women made use of reproductive medicine op-
tions (in vitro methods) in 2020 [17]. The common reasons why couples remain involuntar-
ily childless and make use of medically assisted reproduction vary. For example, the first
pregnancy resulting in childbirth increasingly occurs in those over 35 years old because the
reconciliation of work and family life is difficult. Another reason can be found in genetic
diseases that could be transmitted to the newborn [13]. These reasons may also apply
to AYA. However, AYA face additional challenges. In the following sections, the legal
situation in Switzerland with regard to the possible use of medical reproductive procedures
is outlined.

The following figure (Figure 1) provides an initial overview of the relevant laws
in Switzerland:

150



Curr. Oncol. 2023, 30

Federal Constitution

Swiss Health
Care Benefits

Ordinance

Figure 1. Visualization of the hierarchy levels of the different laws.

3.2.2. Federal Constitution and Legislative Level

The Federal Constitution (FC) [18] is the constitution of the Swiss Confederation and
is hierarchically at the highest level of the Swiss legal system. Laws or ordinances of the
Confederation as well as the cantons and the communes are subordinate to the Federal
Constitution [19]. The desire to have children is recognized as an elementary element of
personality development and is protected by the fundamental right of personal freedom,
which is protected by the Confederation in Art. 10 para. 2. In concrete terms, this protection
means that, on the one hand, access to methods of reproductive medicine is guaranteed,
and on the other hand, human beings are to be protected from abuses of reproductive
medicine. Human dignity in dealing with human germinal and genetic material takes
precedence at all times. The Confederation has the competence to regulate the handling of
human germinal and genetic material (Art. 119 para. 2 FC). It is prohibited to use medically
assisted reproduction in order to conduct research or to induce certain characteristics in a
child (Art. 119 para. 2 lit. ¢ FC).

Furthermore, the Constitution forms the basis of specific substantive requirements
for the use of reproductive medicine, which are specified by the Federal Act on Medically
Assisted Reproduction (RMA) [20].

3.2.3. Access Restrictions and Prohibitions

Both the FC and the RMA contain restrictions and limitations on access. The declared
aim of the restrictions is to ensure the best interests of the child. This is because medically
assisted reproduction may only be used if the best interests of the child, as the overriding
good, are safeguarded (Art. 3 para. 1 RMA). The scope, meaning and understanding of
what the best interests of the child entail are not legally defined [13] and are subject to
social views and developments.

In order to do justice to the best interests of the child, various prohibitions are contained
in both the FC and the RMA, which are handled less restrictively in other countries. Of
particular relevance for AYA is that both embryo donation and all forms of surrogacy are
prohibited in Switzerland (Art. 119 para. 2 lit. d FC). Furthermore, according to Art. 4 RMA,
egg donation is prohibited. However, artificial insemination, in vitro fertilization with
embryo transfer, and gamete transfer are generally permitted (Art. 2 lit. a RMA, Art. 5
and Art. 5b RMA). In particular, surrogacy and egg donation are the subject of a lively
social and professional debate [13,21]. Especially for young female AYA, the prohibition of
surrogacy has implications if there is a desire to have children and the woman’s fertility
has become limited or fully impaired. In this case, it is not permitted for another person to
carry a child by means of egg donation or with the egg of the AYA concerned.

In addition to the prohibitions described above, Swiss law also imposes various
restrictions on access to reproductive medical procedures. The procedures are reserved
for couples with whom a future child is deemed to be able to establish a parent-child
relationship in accordance with the Swiss Civil Code, and who, based on their age and
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personal circumstances, are capable of caring for such a future child until it reaches the
age of majority (Art. 3 para. 2 lit. a and b RMA). If this is considered to be established,
the reproductive procedure must serve to overcome the infertility of the couple, if other
methods of treatment do not lead to the desired outcome or if there is a risk of transmission
of a serious disease (Art. 5 lit a and b RMA). Only married heterosexual and—only since
1 July 2022—homosexual couples can make use of sperm donation (Art. 3 para. 3 RMA).

3.3. AYA and the Desire to Have Children

After the preceding explanations, the question arises as to what extent AYA can make
use of reproductive medicine in Switzerland. According to the current law, germ cells may
be preserved (Art. 15 RMA). Progress in reproductive medicine has led to a continued
improvement in the possibilities of preserving germ cells. From a legal point of view,
germ cells can in principle be preserved for five years and, at the request of the person
concerned, the preservation may be extended by a maximum of five years (Art. 15 para.
1 RMA). A longer preservation period is also possible if a medical treatment is carried out
which the person concerned must undergo, or if he/she must perform an activity that may
lead to infertility or damage to his/her genetic material (Art. 15 para. 2 RMA). So-called
cryopreservation refers to the method by which vital cells (male or female) or fertilized
oocytes or embryos can be frozen [22]. There are different methods, especially “slow
freezing” and “vitrification”; while the choice of the method is considered less decisive, the
factors of the time of collection and the time of possible use of the frozen cells are considered
crucial. Even the duration of storage is considered less relevant. From a technical point of
view, the freezing and thawing process plays a more important part [22].

The storage of germ cells is agreed upon with a contract: a so-called cryo-contract
(deposit contract according to Art. 472 Code of Obligations [23]). In this contract, the
custodian is charged with the safekeeping of a movable object (unfertilized extracorporeal
germ cells) entrusted to him or her by the depositor. Use without the depositor’s consent
is prohibited. The contract is usually renewed annually [22]. An annual storage fee is
payable for the service. In addition, there are costs for ovarian stimulation and egg retrieval.
Compulsory health insurance does not usually cover these costs and so storage must be self-
financed by the person concerned. However, since July 2019, there has been an exception
for fertility-preserving measures for men and women up to 40 years of age suffering from
cancer (Art. 1 Swiss Health Care Benefits Ordinance (KLV) [24] in connection with Annex
1 No. 3 KLV). This provision may be considered an important step in the perception and
concrete support of AYA in Switzerland. The exception indicates that the legislator and the
public are developing an awareness of the AYA patient group as well as their specific needs.

For AYA with the desire to father offspring through reproductive medicine, the provi-
sion of Art. 15 RMA is of particular importance. On the one hand, a reproductive procedure
can be used to circumvent infertility caused by cancer therapy. Medical treatments leading
to infertility, surgical interventions, radiological treatments, chemotherapies or potentially
fertility-toxic medication are to be thought of [22]. On the other hand, there are also cancers
that can be transmitted to offspring. In these cases, reproductive medicine can avert this
risk to the extent that the germ cells are specifically selected in an in vitro procedure to
avoid this risk (Art. 5a RMA). Regarding future medical treatment leading to damage to
the genetic material or to a permanent loss of fertility, it is possible to preserve germ cells
beyond the ten-year storage period.

In addition to the medical support options described above, it should be mentioned
that the possibility of adoption must also be considered. The legal requirements for adop-
tion are also regulated nationally and are considered strict in Switzerland in comparison to
other countries (Art. 264 ff. Swiss Civil Code [25]). A detailed explanation of the legal basis
with regard to adoption would go beyond the scope of this commentary.
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3.4. AYA Organisations

The above-mentioned legal and medical challenges regarding parenthood after a
cancer diagnosis can be quite complex, and a lack of knowledge about possible measures
and possibilities could even lead to an unfulfilled desire for parenthood. In order to
counteract this lack of information as well as other possible long-term consequences of
cancer, support by organizations tailored to the needs of AYA during and after treatment
as well as for their relatives, partners, friends and caregivers is essential. Psychosocial
and behavioral interventions may assist AYA in returning to their social roles as a parent,
spouse, student, worker or friend, and provide support with finding specific and relevant
cancer-related information, as well as measures for specific problems, such as coping with
the future, possible impaired fertility, fatigue, fear of relapses, or challenges concerning
the resumption of work or education [6,26]. Peer support among AYA in dealing with
long-term consequences, sharing their lived experience in an age-appropriate way, and
talking to someone in the same situation about specific problems is vital [6,27]. AYA have to
face different questions due to their stage in life, such as the following: How much should
they tell new acquaintances, including an employer or someone they are newly dating,
about their illness or long-term impacts [6]? Where can they find medical and psychological
support once their treatment ends [26]? How should they deal with friends lost due to
cancer [26]? Does cancer during pregnancy effect the unborn child? What happens during
breastfeeding while having breast cancer? These are all questions where AYA could benefit
from the experiences of other AYA who have already experienced these situations.

There are many different organizations worldwide for AYA. Table 1 is an attempt
to categorize some of these organizations, although the list is in no way exhaustive and
certain organizations may include services that would also make them fall in more than
one category:

Table 1. List of AYA organizations.

AYA Organization Categories Examples

Cancer Fight Club [28] (Canada), Ulman Cancer
Local advocacy and support organizations ~ Fund for Young Adults [29] (USA), Shine [30] (UK),
Canteen [31] (Australia), etc.

Pink Pearl [32] (young women), Sharsheret [33]
(Jewish AYA), Hope for Two [34] (pregnant AYA), etc.

YSC [35] (breast cancer), Tigerlily Foundation [36].
Organizations for specific AYA cancer types (breast cancer), Testicular Cancer Society [37],
National Ovarian Cancer Coalition [38], etc.

SAYAO [39], Smart Patients [40], Ovarian Cancer
Research Alliance [41], etc.

Organizations for specific AYA

Research and education organizations

Stupid Cancer [42], Stop Cancer [43], Cancerversity
[44] (for young women of color), GRYT Health
Cancer Community [45] (Application), Young
Adult Cancer Connection [46]

Web-based social-media platforms or apps

As shown by the incredible number of users on the two largest web-based social
media platforms [47], Stop Cancer (with over 30,000 followers on Facebook) [48] and
Stupid Cancer (with almost 315,000 followers on Facebook) [49], organizations that utilize
digital measures have gained massive relevance when it comes to supporting AYA. Through
using technologies that AYA as digital natives are familiar with (Facebook, Youtube, etc.).
Web-based social networking websites help AYA to connect with each other and therefore
give an opportunity for peer involvement as well as social support through peer interaction,
where AYA can exchange the above-mentioned fears or social issues [6,26]. Social digital
media platforms allow a multi-perspective exchange that can cover topics ranging from
social security to clinical information, for example, on side effects and personal experiences,
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and can transition into a mentoring program, where survivors support newly diagnosed
AYA [47]. The great advantage of digital and virtual measures, be it to connect AYA with
each other or also to provide professional, cancer-specific information, is that the measures
are suitable for AYA despite the geographical range, therefore reducing expensive as well
as time- and energy-consuming trips to hospitals, self-help groups, etc. [26]. In addition,
digital measures are constantly available and convenient, while the informal nature of the
measures could make AYA feel less stigmatized and give them the opportunity to maintain
their anonymity [47].

With regard to the desire for parenthood, such organizations could play a central
role in providing further information in order for AYA to be informed about the medical
and legal options available to them. Additionally, such organizations could also promote
the exchange with other AYA who are in the same situation or who have been able to
successfully fulfill their desire for parenthood.

Looking at the table above on the various existing AYA organizations, it is discon-
certing that until recently, Switzerland did not have its own AYA organization, neither
as a digital nor as a local organization. This could be due to the fact that AYA have only
recently been perceived as a distinct patient group, or maybe perhaps also due to the
state’s social security net, which in Switzerland might be stronger than that in some other
countries. However, the situation changed in 2019, when the Competence Center for
Medicine-Ethics-Law Helvetiae [50] together with the PhD Program Biomedical Ethics
and Law/Law Track [51], both initiatives of the University of Zurich in cooperation with
All.Can Switzerland [52], launched the Project “Fresh Ideas for Cancer Care”, in which
one group of PhD students received the task to find innovative cancer support programs
for teenagers and young adults [53]. This sub-project ended with the realization that
there are no AYA organizations in Switzerland and that AYA-specific services [54] are very
fragmented regionally but also among organizations [9]. The sub-project did not stop
at this result, but the scientific results gained from this research were used to create the
platform “ayacancersupport.ch”, which brings together the various support services as well
as events specific to AYA in Switzerland. By now, the offer of web-based social networking
possibilities has also been extended to various social media channels to enable AYA to
connect with each other [55,56]. To give AYA a voice in Switzerland, to promote the peer
community and thus also the exchange, as well as to contribute to their needs receiving
much-needed political attention, the authors founded the non-governmentally financed
non-profit AYA association “AYA Cancer Support CH” with the platform “ayacancersup-
port.ch”. AYA are in a position of particular vulnerability, and are generally ill-equipped to
proactively bring up questions of possible future parenthood and engage in patient-led or
collaborative decision-making with their treatment team, who may themselves find aspects
such as the legal frameworks overwhelming [57,58]. The availability of accessible, clear
and age-appropriately worded, up-to-date information about the Swiss legal framework
and practice pertaining to AYA parenthood is key to empowering AYA in their decision
making and, if the AYA desire this, enabling their partner’s and family’s support [16,58-61].
It is the authors” aim as legal scholars to help bridge this knowledge gap.

4. Conclusions

Swiss law grants access to medically assisted reproduction, although access is limited
in terms of scope, methods, and groups of individuals. Nevertheless, opportunities have
recently increased for AYA facing fertility challenges. In addition to the legal framework
outlined, there are other components relevant from a medical perspective. The first to
be mentioned in this context is interdisciplinary collaboration between oncologists and
reproductive health professionals. In this regard, AYA have a broad need for information
and a need to know and understand the interrelationships of different specialties and the
available treatment options. Patient empowerment seems to be of imminent importance,
especially for AYA. Comprehensive, easily understandable, and up-to-date information
about potential consequences for fertility and the possibilities of and issues with reproduc-
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tive interventions are vital in order for AYA to provide truly informed consent in the face
of upcoming cancer treatments. Thus, it is clear that AYA have a great need for adequate
education, particularly in the area of germ cell preservation. Digital advances should be
harnessed for knowledge transfer, education, and awareness. The provision of information
via the various digital channels should serve to empower patients and may inform relatives,
families or interested persons. However, individually tailored medical information and
discourse is mandatory and cannot be substituted.
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[S I N N

Abstract: (1) Background: Strong evidence supports the persuasive positive effects of exercise for
cancer patients and survivors. Different approaches of exercise programs have been established;
however, the special interests of young adults (YAs) with cancer have rarely been considered in
exercise interventions. Therefore, the study YOUng EXercisers (YOUEX) aimed to investigate exercise
preferences in YAs. (2) Methods: YOUEX was a three-arm, patient preference-based non-randomized,
longitudinal, pre—post exercise intervention, offering three different exercise modules to YAs during
or after acute therapy (Module 1: online supervised group-based (M1); Module 2: online unsuper-
vised (M2); Module 3: in-person supervised (M3)). The intervention period was 12 weeks with
another 12-week follow-up period, the modules could be changed or amended after 6 and 12 weeks.
(3) Results: 92 YAs were allocated to the study. At baseline, 50 YAs (54%) chose M2, 32 YAs (35%) M1
and 10 YAs (11%) M3. The analysis revealed high acceptability and feasibility of the online exercise
programs (M1, M2). There was a high impact of the COVID-19 pandemic on the execution of M3. YAs
showed diverse preferences in module selection due to differences in, e.g., cancer therapy status or
favored level of supervision. (4) Conclusions: YAs need personalized exercise programs that consider
their individual interests and needs. Online exercise programs can be a promising addition to existing
exercise opportunities. They are an effective way to increase physical activity levels in YAs.

Keywords: exercise; oncology; adolescents and young adults (AYA); breast cancer; physical activity;
online exercise programs; COVID-19

1. Introduction

A strong body of evidence demonstrates the beneficial psychological and physiolog-
ical effects of physical activity (PA) and exercise in cancer patients and survivors before,
during and after treatment. Hundreds of exercise interventions have revealed the reduc-
tion in highly prevalent cancer- and treatment-related side effects, such as fatigue [1,2],
physical disabilities [3,4], polyneuropathy [5-7], or lymphedema [8,9]. Several systematic
reviews and meta-analyses have shown the positive effects on overall quality of life [10-12].
Moreover, regular PA during and after cancer treatment is associated with improved treat-
ment efficacy [13] and increased cancer-specific survival rates [14]. Based on the high
amount of evidence, the American College of Sports Medicine (ACSM) defined specific
exercise guidelines for individual side effects in oncology. They recommend to reduce
sedentary time [15] and to reach at least 150 min of moderate-intensity exercise (or 75 min
of vigorous-intensity exercise) and two strength-training sessions per week [16]. These
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recommendations correspond to the World Health Organization guidelines on physical
activity and sedentary behavior [17]. However, to date, the vast majority of studies have
been conducted with cancer patients over the age of 50 years, underrepresenting young
adults and their special needs and preferences [18,19]. A review by Munsie et al. [20]
highlights the lack of high-quality studies that examine the effects of physical activity in
this cohort.

Commonly, the term ‘adolescents and young adults” (AYA) includes individuals
between the ages of 15-39 years. Today, cancer occurs about 66,000 times in AYA per year
in Europe [21]. Due to improvements in treatment and care, the five-year relative survival
of AYA diagnosed with cancer is 80-85%. However, long treatment regimens and periods
of isolation away from their peer groups compromise their physical and psychological
well-being. Further, long-term sequelae of cancer treatments can range from mild to severe.
Late effects involve, for example, cardiovascular diseases, lung problems, high risk for
osteoporosis or increased risks to develop other types of cancer later in life [18,22]. In
light of the special life situation of AYA, the adoption and implementation of exercise
programs need to involve adjustments according to the various factors, such as physical
and mental health, financial position, time, and family role [23]. At present, there are
very few specialized exercise programs that focus on the interests and needs of AYA.
Most of them are tailored for children undergoing cancer treatment or childhood cancer
survivors [24-29]. According to reports of the German Foundation for Young Adults with
Cancer, there is a lack of attractive exercise programs for young adults with cancer aged
18-39 (YAs) as well as a lack of research about their feasibility and efficacy [30]. Although
most YAs are highly interested in PA support and increasing PA levels [31], only a few
studies have examined the feasibility and acceptance of exercise programs in YA [19].

With a focus on YAs, we developed a health care research study, called YOUEX
(YOUng EXercisers) that addresses and investigates the needs and preferences of YAs aged
18-39 years to participate in a structured exercise program. Therefore, we implemented
three different exercise modules that included different online tools or in-person train-
ing sessions. The YOUEX study is based on a comprehensive evaluation design and is
supported by the German Foundation for Young Adults with Cancer.

The goal of the YOUEX study was to investigate the feasibility, acceptance and individ-
ual module selection of the three exercise modules by YAs with cancer to gain knowledge
about how exercise programs should be structured for this young target group.

2. Materials and Methods
2.1. Study Design

We conducted a three-arm, patient preference-based non-randomized longitudinal
pre-post exercise intervention for YAs with cancer with three eligible exercise modules.
The main intervention period was 12 weeks with another 12-week follow-up period. We
defined four time points for the intervention evaluation (TO: baseline; T1: after 6 weeks of
intervention; T2: 12 weeks of intervention; T3: follow-up 24 weeks). The study protocol
was approved by the ethics committee of the medical faculty at Heidelberg University
(5-932/2020). The study was registered at clinicaltrials.gov (NCT05613699).

2.2. Participants and Recruitment

Participants were eligible if they were aged between 18-39 years, had a cancer diagno-
sis within the past five years and confirmed the study letter of consent. Exclusion criteria
were the lack of physical exercise clearance from the attending oncologist (e.g., in case
of fragile bone metastases), subjectively perceived cancer-related cognitive impairment,
current participation in another exercise intervention or insufficient German language skills.
We recruited patients via social media, clinical websites, flyers and from survivor groups of
the German Foundation for Young Adults with Cancer from September 2020 to April 2021.
Interested patients were contacted via e-mail or telephone for further information and to
check inclusion criteria.
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2.3. YOUEX Exercise Intervention Modules

Patients who fulfilled the inclusion criteria and provided informed consent received
a comprehensive exercise consultation via phone or in person at the exercise department
of the National Center of Tumor Disease (NCT), Heidelberg, or the department of sports
medicine at Charité—Universitatsmedizin, Berlin. In the first consultation, study coordi-
nators collected information about the cancer diagnosis and therapy, cancer- and cancer-
treatment-related side effects, medical history, past and current physical activity levels
and patient’s preferences to exercise. Further, they explained to the participants that they
were free to choose one of three different exercise programs. The different modules were
developed in exchange with the German Foundation for Young Adults with Cancer. Based
on a survey that was carried out by the foundation and asked young adults for their wishes
regarding different exercise options, the following three modules were developed:

1. Module 1 (M1): supervised, group-based, online exercise program once a week

2. Module 2 (M2): unsupervised, individual home-based training with an online-training
app at least once per week

3. Module 3 (M3): participation in a supervised, in-person exercise program close to
place of residence at least once per week

At baseline (T0), patients choose one of the three exercise modules. The selected
module had to be followed obligatory for the first six weeks. After 6 weeks (T1), the initial
module could be replaced or amended by another study module. This or these selected
module(s) had to be followed for another six weeks. The same procedure was repeated
after 12 weeks (T2) of the exercise intervention. The main intervention ended after 12 weeks
(T2). Thereafter, participants could voluntarily maintain one or up to three modules for
another unsupervised 12-week time period. The follow-up ended at the 24-week time
point (T3).

The supervised M1 took place once per week at a fixed, pre-scheduled time, via
an online video conference platform. The training sessions lasted 60 min. They always
started with a general 10 min warm-up, followed by a 40 to 45 min workout with specific
exercises and finished with a 5 to 10 min stretching or relaxation part. The main workout
focused on a different aspect of exercise each week (e.g., resistance training for lower
extremities, sensorimotor training, home-based endurance training). The aim was for the
YAs to learn exercises that they could do independently at home. For participants starting
with M1, the study coordinator further recommended independent physical activity, such
as walking or cycling, 1-2 times per week or to maintain the current volume of PA. Exercise
recommendations for M2 were personalized and included primarily a combination of
endurance and resistance training, 2-3 times a week, depending on the patient’s needs.
Endurance training should be performed with moderate intensity for at least 30 min
duration (or less, if the patient needed to adopt the exercise recommendations due to their
current health status). The type of endurance exercise (e.g., walking, cycling, swimming)
was chosen according to the individual interest of the patient. Resistance training consisted
of various strength exercises for the large muscle groups (at least two each for lower and
upper extremities and two for trunk muscles) and was aimed to improve muscular strength.
Additional types of exercise (e.g., sensorimotor training) were added if therapy-related side
effects were present. If necessary, exercise trainers conducted one introductory training
session as a video conference to check for exercise techniques and answer any individual
questions. Thereafter, M2 was executed as application-guided home-based intervention.
M3 was executed in a certified exercise facility of the network OnkoAktiv and supervised
by special qualified exercise trainers. The weekly recommendation was to participate in a
personalized in-person exercise program 1-2 per week plus independent physical activity
(or to maintain the current level of PA). Evolution of the training load was recommended
in each of the three modules if this was possible for the patients.

Due to the differences in the three modules regarding frequency and content, the
overall exercise recommendations in all study modules were guided by the present exercise
guidelines of the ACSM, aiming to reach at least 150 min of moderate PA per week plus
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two strength-training sessions per week [16]. The subjects are asked to independently carry
out that part of the overall recommendations that cannot be achieved via the module.

2.4. Outcomes and Study Instruments
2.4.1. Physical Activity

Physical activity levels were determined by the standardized Godin-Shephard Leisure-
Time Questionnaire [32]. The questionnaire was used to ask for pre-diagnosis-, post-
diagnosis- and pre—post-intervention physical activity levels within three categories: light,
moderate and vigorous physical activity in minutes per week. Participants were categorized
in a sufficiently active and insufficiently active subgroup with a threshold of 150 min of
moderate or 75 min of vigorous physical activity per week (or a combination of both) based
on the ACSM guidelines.

2.4.2. Module Selection and Exercise Preferences

The YOUEX study is based on a comprehensive evaluation questionnaire that focused
on the main outcomes: module selection and exercise preferences. The individual module
selections were queried and documented at the first three time points (T0, T1, T2). Reasons
for any module selection and why other modules were not selected was collected through
open answer questions while multiple answers were possible. The subgroups of the initial
module selection were analyzed according treatment and employment status. Further, we
asked for module preferences under COVID-19-free conditions.

2.4.3. Impact of the COVID-19 Pandemic

The questionnaire about the impact of COVID-19 was self-developed and used inter-
nally in other studies at the National Center of Tumor Diseases (NCT), Heidelberg, but has
not been published. The COVID-19 questionnaire consisted of six items and surveyed the
impact of COVID-19 on a patient’s current job situation, leisure-time activities, physical
activity levels, self-efficacy, anxiety and mental health. Further, we asked whether COVID-
19 had any effect on the participant’s module selection. The COVID-19 questionnaire was
submitted later during the ongoing study due to the COVID-19 lockdown in November
2020. Therefore, not all participants completed the COVID-19 questionnaire.

2.5. Statistical Analysis

The statistical analysis followed an exploratory approach applying descriptive and
inferential statistics using the programs IBM SPSS Statistics 28 and Microsoft Excel 2016.
The inference statistical pre-analysis for the normal distribution hypothesis was conducted
using Shapiro-Wilk test and optical representation by histograms and Q-Q-diagrams. For
inference statistics, non-parametric Wilcoxon, Friedman and Pearson chi-square tests were
applied. We also conducted the Dunn—-Bonferroni test as an equivalent post hoc procedure
to the Friedman test. Correlations between the categorical variables were estimated apply-
ing Cramer’s V. A 95% confidence interval was defined for all significance tests and all tests
were two-sided. Due to the exploratory approach, procedures for multiple test adjustments
were dispensed [33]. Effect sizes for median differences were calculated using the Pearson
correlation coefficient r. To measure the effect size of the Friedman test, we used Kandell’s
W. Cramer’s V, Pearson’s r and Kandell’'s W were reported according to the interpretation
by Cohen (small > 0.1; medium > 0.3; large > 0.5) [34].

2.6. Qualitative Analysis

The qualitative data were analyzed by structured content analysis in Microsoft Excel
2016. We coded all open answers and sorted them into categories based on Kuckartz et al. [35].
Then, we counted the number of codes (quantitative) and sorted them according to their
number of occurrences.
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3. Results

From September 2020 to April 2021, 106 young adults contacted us regarding partici-
pation in YOUEX across all social media platforms which were deployed for recruitment.
One-hundred and four of those met the inclusion criteria and 92 patients confirmed the let-
ter of consent and started at baseline (T0). Figure 1 shows the flow diagram from enrollment
to analysis including the number of and reasons for dropouts.

Enrollment Assessed for eligibility (n=106)

Excluded (n=2)
»  Age(2)
Baseline Assessment
A 4
Allocation at Allocated to intervention (n=104)
et R *  Received allocated intervention (n=92)
=  Did not receive allocated intervention (n=12)
*  Cowid-19 infection/restriction (n=5)
+  Private reasons (n=1)
»  Progression of disease (n=1)
*  Psychological problems (n=1) Lost to T1 after 6 wesks (n=12)
»  Lack of medule fit (n=1) Participants withdrew
*  Noreason given (n=3) Covid-19 infection/restriction (n=3)
*  Dissatisfaction with module fit (n=2)

»  Private reasons (n=2)
+  Death (n=1)
=  Noreason given (n=4)

A J

Completed week 1to 6 of

intervention period (n=580)

Lost to T2 after 12 weeks (n=6)
Participants withdrew
»  Dissatisfaction with module fit {n=2)

h 4

Y »  Private reasons (n=1)

Completed week 6 to 12 of »  Noreason given (n=3)

intervention period (n=74)

Lost to Follow-Up after 12 weeks (n=3)
®» Participants withdrew
¥ *  Noreason given (n=3)

Analysis at Analyzed (n=71)
Follow-Up *  Excluded from analysis (n=0)

Figure 1. Flow diagram from enrollment to analysis, including dropouts.

3.1. Patient Characteristics

Ninety-four percent of participants (n = 86) were women and the average age among
all participants was 32 years (min: 19; max: 39). The distribution of cancer types was
55% breast, 19% (non-)Hodgkin lymphoma and 15% other cancer types (e.g., ovarian,
skin, colon, cervix, testicles, lung). Overall, 18 YAs (20%) underwent acute tumor therapy
(chemotherapy or radiation) at baseline. There were no smokers among the participants
(see Table 1).
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Table 1. Patient characteristics at baseline.

Characteristics n (%) Mean + SD  Median Range
Age (years) 92 319+49 32.5 19-39
Gender
Female 86 (93.5)
Male 6 (6.5)
Body composition
Height (cm) 92 1699 £7.1 170.0 146-190
Weight (kg) 92 68.2 +11.5 66.5 48-102
BMI (kg/m?) 92 23.6+3.8 23.3 17.5-35.7
Disease
Breast cancer 51 (55.4)
(Non-)Hodgkin lymphoma 17 (18.5)
Sarcoma 4(4.3)
Leukemia 3(3.3)
Brain tumor 3(3.3)
Other 14 (15.2)
Disease progression
Metastasis 17 (18.5)
Relapse 13 (14.1)
Treatment
Surgery 68 (73.9)
Chemotherapy
Total 84 (91.3)
Ongoing 18 (19.6)
Radiotherapy
Total 49 (53.3)
Ongoing 1(1.1)
Immunotherapy
Total 10 (10.9)
Ongoing 5(5.4)
Hormone therapy
Total 35 (38.0)
Ongoing 26 (28.3)
Other therapy
Total 22 (23.9)
Antibody 15 (16.3)
Stem cell transplantation 5(5.4)
Other 2(2.2)
Education
Middle school 2(2.2)
Vocational training 9(9.8)
University entrance qualification 24 (26.1)
University degree 54 (58.7)
Other degree 3(3.3)
Employment
Employed, currently working 36 (39.1)
Employed but on medical leave 35 (38.0)
Still in education 17 (18.5)
Housewife /houseman 1(1.1)
Retired 2(2.2)
Unemployed 1(1.1)
Family situation
Married /permanent relationship 57 (62.0)
Single 32 (34.8)
Divorced 2(2.2)
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Table 1. Cont.

Characteristics n (%) Mean + SD  Median Range
Smoking behavior
Smoker 0(0)
Non-smoker 92 (100)
Social media usage behavior
Smartphone/tablet (h/week) 20 125+ 8.5 10.7 1-42
PC (h/week) 91 11.8 +£15.1 4 0-60
Frequency of social media use (h/week)
Instagram 91 34+1.0 4 1-4
Facebook 91 26+12 3 14
YouTube 91 23+08 2 1-4
Twitter 91 12405 1 1-4
Tik Tok 91 11+04 1 1-4
Twitch 91 11403 1 1-4
NCCN Distress ! 91 6.18 £2.1 6 1-10

! National Comprehensive Cancer Network (NCCN) Distress thermometer: scale 0 (not stressed at all) to 10
(extremely stressed) [36].

3.2. Physical Activity

During the primary intervention period the mean amount of light physical activity
did not differ significantly between the time points (see Table 2). Significant improvements
were found in both, moderate PA level (chi-square (3) = 23.556, p < 0.001, n =70, W = 0.11)
and vigorous PA level (chi-square (3) = 18.995, p < 0.001, n = 69, W = 0.09) across the time
points. There was also a significant improvement in the total duration of PA (chi-square
(3) =18.199, p < 0.001, n = 66, W = 0.09). Using the Dunn—Bonferroni test, a significant
differences in the duration of PA between post-diagnosis and T1 (moderate PA: z = 0.821,
p =0.001, r = 0.10; total PA: z = 0.758, p < 0.005, r = 0.09) and between post-diagnosis and T2
(moderate PA: z = 0.750, p < 0.005, r = 0.09; vigorous PA: z = 0.696, p < 0.01, r = 0.08; total PA:
z =0.795, p < 0.005, r = 0.10) were computed. The proportion of patients belonging to the
sufficiently active subgroup increased from post-diagnosis (40%) to T1 (53%) to T2 (59%).

Table 2. Physical activity before and during YOUEX intervention.

Pre-Diagnosis Post-Diagnosis T1 T2 p Value
n M + SD n M + SD n M + SD n M + SD
Light PA (min/week) 69 15481427 69 194141762 69 205942031 69  2062+2364 0270
Moderate PA 70 8344814 70 7614954 70 1194+1162*% 70 1168 +948*  <0.001
(min/week)
Vigorous PA 69 8614945 69 469+717*% 69  683+775 69  694+656*%  <0.001
(min/week)
Total PA (min/week) 66 3258 +£2109 66 322042457 66 397.142563* 66 3999 +£3157*  <0.001

# significantly different to pre-diagnosis; * significantly different to post-diagnosis.

Compared to pre-diagnosis, the following significant differences were determined:
The PA with vigorous intensity decreased significantly from pre-diagnosis to post-diagnosis
(z=0.819, p = 0.001, r = 0.10) and the PA with moderate intensity increased significantly
from pre-diagnosis to T1 (z = 0.621, p < 0.05, r = 0.10). There was no significant change
from pre-diagnosis to T2. Before diagnosis, 63% fulfilled the international physical activity
recommendations of ACSM. This proportion dropped to 40% after diagnosis.

3.3. Module Selection and Exercise Preferences
3.3.1. Initial Module Selection at TO

With regard to module preferences at baseline (T0), 50 participants (54%) chose the
online-training app (M2), 32 participants (35%) chose the supervised, group-based online
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exercise program (M1) and 10 participants (11%) chose the in-person exercise program (M3).
However, due to the COVID-19 national lockdown and several restrictions on exercise
facilities, M3 could not be served from November 2020 to March 2021. Participants who
performed M3 at that time could switch to either M1 or M2. The most frequently mentioned
reason for choosing M2 (56% of a total of 82 qualitative answers) was the flexibility in
terms of time. The second most given reasons were both, personal reasons (e.g., “I want to
lose weight”) and the personalized training schedule (respectively 15% of 82 qualitative
answers).The reasons for choosing M1 (a total of 56 qualitative answers were given) were
the fixed training date (30%) and doing sports with other cancer patients (27%). Sixteen
percent of the YAs indicated that M1 was easy to integrate into everyday life. The most
common reason for choosing M3 (a total of 19 qualitative answers were given) was the
individual supervision by an exercise therapist (47%). Additionally, fixed dates (26%),
closeness to residence (16%) and social contact (11%) were mentioned in regard to M3.

3.3.2. Module Change at T1

Eighty from ninety-two participants completed the first 6 weeks of intervention and
reached the first time point of intervention (T1). At T1, 43% (n = 34) of participants replaced
or amended their initial module (see Figure 2). Eleven participants (14%) replaced their
initial module, of which 55% (n = 6) chose M2, 27% (n = 3) chose M3 and 18% (n = 2) chose
M1. Twenty-three participants (29%) amended the initial module of which thirteen patients
added M2 to M1 (57%), six patients added M1 to M2 (26%), three patients added M2 to M3
(13%) and one patient added M3 to M1 (4%). Reasons for replacing or amending the group-
based online exercise program (M1) were the wish to increase activity through adding
another module (33% of 39 given answers) and the wish to receive more individual advice
by an exercise therapist (26% of 39 given answers). YAs who chose the online-training-app
(M2) (a total of 44 qualitative answers were given) named the wish for more interaction
with trainers (27%), problems with COVID-19 restrictions (23%) and that they wanted to try
another module (14%) as reasons for replacing or amending the initial module. The most
common reason for replacing M3 (a total of 7 qualitative answers given) was COVID-19
restrictions (43%). Seventy-four from eighty participants reached the T2 (12 week) time
point and the end of the main exercise intervention. Between T1 and T2, 71% took part in
one module and 29% took part in two different modules.

Did you replace or
amend your initial
module?
(T1; n=80)

. =46 (57.5 %)

I replaced my I amended my
initial module initial module

n=23 (67.6 %)

Which module
did you replace?

Which module
did you amend?

@ n=1(9.1%) n=14 (60.9 %) n=6 (26.1%) n=3 (13.0%)

[

replaced through:
- M2: n=5 (83.3 %)
- M3: n=1 (16.7 %)

J

replaced through: replaced through: added with: added with: added with:
- M1: n=2 (50.0 %) - M2: n=1 (100 %) ~M2: n=13 (92.9 %) - ML: 16 (100 %) _M2: =3 (100%)
- M3: n=2 (50.0 %) -M3:n=1(7.1%)

Figure 2. Module change at T1.
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3.3.3. Subgroup Analysis of Patient Characteristics According to Module Selection at TO

Table 3 shows the patients’ characteristics regarding treatment status and employment
within the three exercise modules at TO. A total of 18 patients were undergoing acute
therapy during their participation. These patients were distributed relatively evenly across
the three modules (M1: 39%, M2: 33%, M3: 28%). Looking at distribution within the
module selection, 50% of those who chose M3 were undergoing acute therapy during their
participation, while only 22% from M1 and 12% from M2 were under ongoing therapy:.
The correlation analysis indicated a significant correlation between module selection and
treatment status (chi-square (2) = 7.81, p = 0.02, V = 0.29). Of the 36 patients who were
employed at the time of the intervention, the majority chose M2 (53%), 39% chose M1
and 8% chose M3. There was no significant correlation between module selection and
employment status. Additionally, physical activity level, distress and social media behavior
were analyzed but showed no significant correlations.

Table 3. Patient characteristics according to module selection at TO.

M1 (n = 32) M2 (n = 50) M3 (n = 10)
n % n % n %
Treatment status *
During acute therapy 7 21.9 6 12.0 5 50.0
Before or after acute therapy 25 78.1 44 88.0 5 50.0
Employment
Employed 14 43.8 19 38.0 3 30.0
On medical leave 14 43.8 17 34.0 4 40.0
Still in education 4 12.5 12 24.0 1 10.0
Not employed 0 0.0 2 4.0 2 20.0

* significant correlation with module selection.

3.4. Impact of COVID-19 Pandemic

Eighty-five percent of the participants reported that the COVID-19 pandemic influ-
enced their module selection. Thirty-three percent expressed that they felt unsafe to exercise
in local facilities and were afraid of infection. More than half of all surveyed (52%) men-
tioned that their module selection was influenced by severe COVID-19 restrictions within
the exercise institutions. The results coincide with the interest in different modules under
COVID-19-free circumstances (see Table 4 and Figure 3).

Table 4. Interest in different modules under COVID-19-free circumstances on a scale of 1 (very low
interest) to 10 (very high interest).

Percentile
n (%) Mean + SD Median Range
25 75
M1 68 (73.9) 51+26 5.0 1to10 3.0 7.0
M2 68 (73.9) 72+28 7.5 1to 10 5.0 9.5
M3 68 (73.9) 84+21 9.5 1to 10 7.0 10.0

The analysis of the general impact of COVID-19 illustrates that the status and circum-
stances of employment changed in 60% of the participants due to the COVID-19 pandemic
(e.g., changing to home office (26 YAs), changing to short-time work (4 YAs) or other
changes (16 YAs) such as constant new regulations as a teacher or extension of parental
leave). The impact of the COVID-19 pandemic on the physical activity level was diverse
across the YA population. While 39 YAs (53%) stated that their PA level had been reduced
a little to a lot due to the COVID-19 pandemic, 27 YAs (29%) reported that they became
more active during the pandemic. Seventy-five percent of all the participants felt, that their
quality of life was impaired, 70% of the YAs felt stressed, 40% felt anxious and 37% felt
helpless because of the COVID-19 restrictions during the pandemic.
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Figure 3. Interest in different modules under COVID-19-free circumstances on a scale of 1 (very low
interest) to 10 (very high interest).

4. Discussion

The YOUEX study investigated the exercise preferences and module selections of
young adults with cancer. Our analysis revealed high acceptability and feasibility of
online training programs. The YOUEX participants showed diverse preferences in exercise
selection due to differences in cancer therapy status, interests in exercise options and
favored level of supervision.

4.1. Physical Activity

Only 40% of all YOUEX participants met the physical activity recommendations
after cancer diagnosis and therefore 60% can be classified as insufficiently active. This
highlights the importance of exercise programming for YAs, especially right after their
cancer diagnosis and during treatment. Interestingly, the participations in one or more
of the three study modules had a significant effect on YAs moderate and vigorous PA
levels after 12 weeks of the study intervention. Both activity levels increased by about
35%. The number of patients who met the ACSM guidelines after 12 weeks increased from
40% to 59%. A comparison of the self-reported physical activity level before and after
cancer diagnosis revealed a significant difference in exercise intensity. YAs decreased their
vigorous exercise by about 40% after diagnosis. This phenomenon has also been described
by different authors in older cancer patients [37-39].

The effectiveness of exercise programs has been investigated by many researchers in
the field of exercise oncology [4,11,12,40]. Friedenreich et al. [14] underlined the importance
of post-diagnosis PA levels in their current review and meta-analysis. The authors revealed
a significant difference in the mortality rates in cancer patients for those with low vs. high
post-diagnosis PA levels. The benefits of physical activity for YAs have also been stated in
the review by Munsi et al. [20]. Further, several European studies investigated the positive
effects of exercise interventions in children and adolescents [28,41,42], pointing out that
monitoring PA levels is important to accomplish positive PA effects [37].

4.2. Module Selection and Exercise Preferences

The evaluation of module selection at baseline showed the highest interest in module
2 followed by module 1. However, the strong influence of the COVID-19 pandemic and the
comprehensive restrictions have had a high impact on module selections. Since module
3 could not be offered during the majority of the study period, no clear statement can
be made about the actual interest in the in-person exercise program. Nevertheless, the
hypothetical question about module interest under COVID-19-free circumstances showed
very high interest in M3. At the same time, study participants showed high interest in both
online modules (M1 and M2). After 12 weeks, more YAs participated in the individual
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home-based program M2 than the fixed group-based program M1. The most named reasons
for choosing M2 was the flexibility in terms of time and individual training programming,
whereas M1 was chosen because of the fixed training date and being motivated by others.

Further, the module changes at T1 highlighted interesting findings. Less than half of
the participants changed their initial module. The amendment or replacement of modules
were related to different reasons such as increasing the physical activity, interest in other
modules or the wish to receive more individual advice by exercise trainers. Interestingly,
despite the possibility to amend the initial module, no increase in PA could be determined
between T1 and T2. Overall, comparing the two online modules, M1 (supervised, group-
based online exercise program) was less popular than M2 (home-based individual training
via app). Around 60% of those who chose M1 at baseline decided to amend or replace that
module after 6 weeks. Compared to M2, only around 30% wanted to replace or amend that
module. Allin all, only around 20% of the YAs took part in two different modules during the
12-week intervention. Adams and colleagues outlined in their study with 533 AYA that the
majority of patients preferred home-based (79%) and online (47%), but less hospital-based
(25%) programs. Further, a significant higher proportion of AYA preferred individually
supervised programs (82%) rather than group-based programs (63%). Interestingly, most
AYA preferred to exercise >30 min on >3 days per week [31]. Another digital health
intervention showed that a group-based intervention with a mobile app was accepted by
YAs and revealed significantly greater improvements in muscle strength but had limited
reach due to the competing needs experienced [43]. A systematic review on social media
interventions targeting exercise in people with non-communicable diseases (including
cancer) investigated five RCTs that improved the exercise behaviors and concluded overall
feasibility of social media intervention among specific populations [44].

Our analysis highlights that exercise preferences of YAs are highly individual and
diverse. First of all, the demography of patient characteristics showed the high vari-
ety of different diagnosis, treatment status, employment status, family situations and
physical activity levels among YAs. At the same time, the given reasons for choosing a
module or for not choosing a module were very diverse, some were even contradictory
(e.g., flexibility in terms of time vs. fixed training dates). The subgroup analysis in which
patient characteristics of the three different module groups were examined, brought only
little insights. A significant correlation between treatment status and module selection was
found. YAs undergoing acute therapy seem to prefer supervised training; however, due
to the little sample size, non-randomization and limitations in the context of COVID-19
pandemic, we cannot conclude any clear statement about which exercise program fits the
individual treatment status. Further, neither employment status nor physical activity level,
distress or social media usage behavior seemed to have a definite influence on module
selection. We therefore conclude that in order to be able to respond to different needs of
YAs, a wide range of exercise programs must be created.

4.3. Implementation of the YOUEX Exercise Programs and the Impact of COVID-19

The comparatively small number of young cancer cases in Germany [45] leads to
the challenge that region-specific group trainings might not be accessible to all patients.
However, the need for high-quality exercise programs during and after cancer therapy
still applies for YAs. Exercise programs offered digitally could be a suitable solution
to consolidate YAs nationwide. Different studies analyzing digital health interventions
showed the feasibility and acceptance in YAs with cancer [43,46,47]. Similarly, this study
indicated that the digitally offered modules 1 and 2 were well-accepted. Especially during
the COVID-19 pandemic, online-programs have had many advantages. Compared to the
only in-person program (M3), major benefits of M1 and M2 were the independency against
pandemic restrictions and the low risk of infections. However, M2 was intended as an
unsupervised home-based program. Different studies show significant positive effects
of the supervised training interventions on treatment-related side effects compared to
unsupervised training [11]. Additionally, the qualitative evaluation of M1 and M2 revealed
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some critical aspects of online programs from the patient’s perspective. M1 was supervised
in a group context but still a quarter of participants claimed that the training had not been
individual enough. Still, online supervised training has its boundaries due to technical
limitations (e.g., restricted field of vision). Further, one out of four patients in M2 (online,
individual training plan) wished more personal interaction with the exercise therapist.

4.4. Limitations

Our study needs to be interpreted in light of several limitations. First, our data showed
a great selection bias which resulted in a non-representable group of YAs. Our participants
were mostly already active, with a high educational level, mostly women and non-smokers.
We conclude that our reach was limited to the already interested, active group of potential
YAs and people that were active on social media and engaged in self-help groups. In
regard to the methodological approach, our study was a non-randomized intervention
only, with no control group. A randomized, inactive control group could have shown
causal differences in the patient-related outcomes and would have allowed a reasonable
interpretation of our results. Further, when interpreting changes in the PA level it is
imperative to consider that the study participants only subjectively estimated their PA
level, there was no objectively measured method. Gétte et al. highlighted that PA should
be assessed by objective methods in pediatric cancer patients [48]. By using the Godin-
Shepard Leisure-Time Questionnaire no distinction can be made between endurance or
resistance training. Additionally, the study questionnaire did not cover the concrete PA
levels at baseline and only asked for the pre- and post-diagnosis PA levels. In addition,
there is a lack of data on the adherence of the participants to each module, which must be
taken into account when interpreting the results. The different modules vary in terms of
frequency, content and volume. A comparison of the modules with regard to the effects
of each module on physical activity is therefore not possible. We also included a self-
developed questionnaire about the impact of COVID-19, three months after we had started
the patient recruitment. Overall, the YOUEX study was intensely impacted by the COVID-
19 pandemic. The COVID-19 restrictions biased our measured outcomes (e.g., PA level),
module selections and the entire execution of M3. The impact of COVID-19 on our study
outcomes needs to be respected with important meaning.

4.5. Further Research

YOUEX has shown that social media tools are effective for participant recruitment
in our young target group. However, it is not clear how to reach the broad range of
YAs regarding their interest in PA participation, cancer diagnosis or treatment status.
Further, the question of how to ensure adequate training stimuli for the right dose-effect
in the context of online and/or home-based exercise programs remains unanswered and
should be the subject of further research. Therefore, more data on the adherence of YAs
participating in (online) exercise programs is needed. Additionally, the long-term effects of
online exercise programs in YAs are yet to be evaluated and should be taken into account
in future studies. Additionally, the question of how special exercise offers for YAs can be
implemented into existing healthcare structures remains problematic. Further interventions
should focus on the adaption, long-term implementation strategies and maintenance of
exercise programs (including the long-term adherence of YAs) to provide a sustainable
impact on PA levels and health-related improvements for this target group.

5. Conclusions

We found that young adults with cancer recruited via social media and different online
websites have a wide range of interests and needs regarding exercise programs during
and after cancer therapy. According to our findings, YAs need specific exercise programs
that include their individual interests and needs. In this context, online exercise programs
in different forms (e.g., group-based, individual program) can be an addition and/or an
alternative to existing exercise options. It must be underlined, that such online programs
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were highly accepted in our study (which partly took place during lockdown periods in
the COVID-19 pandemic) and can be effective in increasing YA’s physical activity levels.
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Abstract: Limb preservation with megaendoprosthesis in adolescents and young adults (AYA) with
bone tumors is associated with functional limitations and gait abnormalities. The proGAIT trial
evaluated the effectiveness of an exercise program on gait function and quality of life, functional
scales (MSTS, TESS), functional mobility, and fatigue as secondary outcomes. Eleven AYA survivors of
malignant osteosarcoma with a tumor endoprosthesis around the knee (mean age: 26.6 (1-8.4) years)
were randomized into an intervention group receiving an 8-week exercise program or into a control
group. Gait function was assessed via 3D motion capture and analyzed using the Gait Profile Score
(GPS) and the Gait Deviation Index (GDI). GDI and GPS scores of participants suggest deviations
from a healthy reference group. The exercise intervention had small-to-medium positive effects on
gait score GDI Id | = 0.50 (unaffected leg), Id| = 0.24 (affected leg), subjective functional scores TESS
Id|l =0.74 and MSTS |d| = 0.49, and functional tests TUG and TUDS |d| =0.61 and |d| =0.52.
None of these changes showed statistical significance. Promising intervention effects suggest that
regular exercise could improve lower limb function and follow-up care for survivors; however, a
powered RCT as a follow-up project needs to confirm the pilot findings.

Keywords: bone tumor; AYA; endoprosthesis; exercise; gait analysis; lower limb function

1. Introduction

The incidence of bone tumors is particularly high in adolescents and young adults
(AYA) between 15 and 39 years of age [1]. Due to the development of new treatment meth-
ods, improved imaging techniques determining the disease extent, and improved surgical
techniques, the overall survival of patients is above 60% [2—4]. These improved survival
rates are bringing the focus on addressing psychological and physical long-term conse-
quences and late effects, and underline the need of supportive concepts to ameliorate these
negative effects. These approaches include behavior change interventions in the areas of
adequate physical activity, healthy diet, smoking cessation, and alcohol consumption [5,6].
Previous research has shown that the quality of life is reduced in survivors of bone tumors,
and the prevalence of somatic disease and psychological problems is high in comparison
to matched comparison groups [7,8]. Modular megaendoprostheses have become a gold
standard in the reconstruction of osteoarticular defects following tumor resections, while
amputation can be avoided in the majority of patients [9]. Limb salvage has both functional
and psychological benefits compared to amputation of the affected limb. However, studies
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suggest that former bone tumor patients have specific gait and functional limitations [10].
These also affect the quality of life of this patient cohort and their participation in daily,
social, and professional life, and sports [11-13]. The most frequently reported limitations
are regular pain, difficulties in participation in sports and other everyday life activities [14].
Initial interventions indicate positive effects of rehabilitative and exercise programs on
the postural control and walk ratio of patients with bone or soft tissue sarcomas [15]. In
addition, high evidence levels indicate that exercise is beneficial for cancer patients and
survivors in general to reduce fatigue, anxiety and depression, and increase physical per-
formance, quality of life, and bone health [16,17]. The group of adolescent and young adult
bone tumor survivors and the effects of exercise in this cohort have only been studied in
very few trials. Winter et al. [18] evaluated an individualized exercise program and found
that it was feasible, safe, and tended to be beneficial to increase physical activity levels.
The lack of data on bone tumor patients contrasts with the high need and burden of this
group. It is well known that young adults in the process of structuring their private and
educational life have a very special need for supportive services [19]. Limited mobility in
everyday life, and the presence of late effects, can severely limit sports participation and
participation in social life [11]. However, standardized methods to monitor patients during
follow-up, to analyze their gait pattern, and to evaluate the effectiveness of appropriate
exercise programs have not yet been established. The main objective of this randomized
controlled pilot trial was to investigate the effects of an individualized 8-week exercise
program on gait function in adolescents and young adults (AYA) with megaendoprosthesis
of the lower extremities in their follow-up care.

2. Materials and Methods
2.1. Design

The inclusion criteria were: (1) a confirmed lower extremity bone tumor (osteosarcoma,
Ewing sarcoma, chondrosarcoma), (2) had follow-up care at the University Hospital Essen,
(3) aged between 15 and 45 years, and (4) had implantation surgery at least 12 months
prior to the baseline assessment. Exclusion criteria were medical conditions that preclude
participation in the testing and/or the intervention. The inclusion age range was extended
over typical AYA definition to allow for an expanded pool of potential participants. The
study population characteristics are summarized in Table 1. Written informed consent was
required to participate in the study and the local Ethics Committee of the Faculty of Sport
Science at Ruhr University Bochum approved this study (reference number EKS V 04/2021).
Recruitment was performed in the period 1 August-16 October 2021 by contacting former
patients with megaendoprosthesis of the lower extremity.

Table 1. Demographic characteristics of the study population at baseline.

IG CG
Characteristic Mean SD Range Mean SD Range
Number of patients 6 - - 5 - -
Male/female 3/3 - - 3/2 - -
Tumor location
(Proximal tibia/distal femur) 3/3 - - 1/4 - -
Age at gait analysis (years) 26.3 8.0 15-34 27.0 9.8 1741
Age at surgery (years) 19.8 7.5 12-31 24.0 11.2 10-39
Follow-up (years) 6.5 6.1 1-16 3.0 23 1-7
Weight (kg) 69 12.4 52.0-82.0 76.1 25.9 60.0-122.0
Height (cm) 172.2 7.7 163-182 179.0 47 172.0-185.0
BMI (kg/m?) 23.4 47 18.0-29.1 23.4 6.8 20.0-35.6
Leg Length Discrepancy (mm) 23.7 30.5 1.6-83.2 13.6 13.3 3.9-36.9

IG, intervention group; CG, control group; SD, standard deviation.
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The proGAIT study (NCT04963517) was a randomized controlled trial (RCT). Ran-
domization was carried out via minimization using the software minimPy version 2.0
by Dr. M. Saghaei [20]. Factors in the randomized allocation process were participants’
resection length of the affected limb and participants” age. Both factors had two levels.
The shortest reconstruction lengths were 100 mm or 120 mm for the distal femur and
115 mm or 135 mm for the proximal tibia. All longer resections were reconstructed using
extension sleeves in a modular implant design. Sleeves were available in 30 mm, 40 mm,
60 mm, 80 mm, and 100 mm. Combinations were also used. Based on this, a classification
between the shortest possible (<140mm) and longer (>140mm) resections/reconstructions
for both localizations (distal femur, proximal tibia) was chosen. Different levels of age were
classified with <30 years and >30 years. Participants were allocated to the study groups
directly after their baseline visit.

2.2. Study Population and Surgery

All patients included in this study were reconstructed using a linked knee megaendo-
prosthesis (implantcast GmbH, Buxtehude, Germany, MUTARS system) following bone
tumor resections of the distal femur or proximal tibia. Oncological tumor resections, disre-
garding the tumor site, aimed at the complete removal of the tumor that was surrounded
by a healthy soft tissue margin, thus, in distal femur tumors that entailed the detachment
and partial loss of the vastus medialis, vastus lateralis, vastus intermedius and adductor
muscles. Both venters of the gastrocnemius muscle were severed close to their insertion
in the distal femur. The patella and insertion of the patella tendon at the tuberosity of
the tibia were retained. While the femoral insertion of both venters of the gastrocnemius
muscle remained intact in proximal tibia resections, the patella ligament was detached
from its insertion at the tibial tuberosity. The following muscles inserted at the proximal
tibia were severed, leaving a margin of healthy muscle around the tumor: tibialis anterior,
extensor digitorum and hallucis longus, soleus, tibialis posterior, flexor digitorum, and
hallucis longus. An attachment tube covering the implant body of the proximal tibia
megaendoprosthesis was used for the refixation of the patella ligament. Additionally, to
improve the soft tissue coverage of the implant, patients were reconstructed using a local
gastrocnemius flap.

However, since both the distal femur and proximal tibia resections were osteoarticular
resections around the knee, they shared common characteristics as well: both cruciate
and collateral ligaments needed to be severed, necessitating a reconstruction using a
linked megaendoprosthesis. As a result, the long-term flexion of the knee joint was limited
to 90° due to the metal-on-metal rotating-hinge coupling piece used in this patient collective.

Early rehabilitation included a period of six weeks with the partial weight bearing of
20 kg after the cementless implantation of megaendoprostheses of either site. However,
while the knee joint flexion was increased by 30° each week immediately after distal femur
resection, the refixation of the patella tendon and gastrocnemius flap on the attachment
tube led to a four-week immobilization period of the knee joint using an extension brace.
Thus, flexion was only increased by 30°, starting in week five after the surgery. Patients
after proximal tibia replacement also commonly suffer from a weakness of dorsiflexion of
the foot, which is supported by an ankle foot orthosis for several months after the operation
until active dorsiflexion recovers. After the completion of adjuvant chemotherapy, all
patients are eligible for a three-to-four-week inpatient rehabilitation program to recover
socially, psychologically, and physically.

To control for different functional abilities and requirements during early rehabilitation
after distal femur and proximal tibia resection, this study recruited patients only if their
surgery was performed at least 12 months prior to the baseline evaluation. By that time,
rehabilitation no longer needs to be site-specific, and varying site-specific early functional
impairments had usually recovered. In addition, no spontaneous improvement without
training was expected after 12 months [21].
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2.3. Intervention

The intervention group (IG) received a personalized 8-week training consisting of
exercises focusing on strength, coordination, balance, and mobility of the lower extremities
to improve gait function according to the intervention schedule. In detail, the training
sessions mainly involved strength exercises for leg extensor and flexor muscles as well as
muscle groups responsible for leg add- and abduction. Another training aspect focused
on proprioceptive training of the lower extremities and trunk stabilizers through balance
training in different variations. All exercises were designed to be carried out with the par-
ticipants” own individual bodyweight and minimal equipment expenses. Training sessions
were supervised via the Zoom conference tool (Zoom Video Communications Inc., San Jose,
CA, USA). The long-term aim was to encourage participants to engage in independent
exercise, so the supervised session frequency for the IG decreased during the course of the
study. Participants exercised twice a week for eight weeks overall. They received two super-
vised sessions per week in week 1 and 2. In week 3, 4, and 5, they received one supervised
session per week and trained unsupervised a second time. This was followed by a period
of unsupervised exercise in week 6 and 7. In the last week of the intervention, participants
received 2 supervised sessions (intensification phase). Additionally, participants in the
IG received a brochure with sport and exercise recommendations for their independent
exercise. The control group only received a booklet with general information about phys-
ical activity and cancer, but no specific intervention recommendations for patients with
endoprosthesis. They were also not encouraged to change their current physical activity
behavior during the eight-week study period.

2.4. Assessments

To measure the effect of the intervention, all endpoints were assessed at baseline
(before the randomization, T0) and after the 8-week intervention/control period (T1 at
both appointments (baseline and post-intervention); the assessments were conducted in a
standardized order. At first, participants filled in the questionnaires for the subjective rating
of physical function, quality of life, and fatigue. For subjective physical function, we used
the Musculoskeletal Tumor Society Score (MSTS) and the Toronto Extremity Salvage Score
(TESS), which have widely been used for patients with lower extremity musculoskeletal
sarcomas [22]. The MSTS scoring system was developed by Enneking et al. [23] and the
lower extremity version assesses pain, function, emotional, support, walking, and gait
problems on a 0-5 point scale (maximum overall score 30 points). The TESS [24] version
for lower extremity sarcomas contains 30 questions to assess physical function in daily
activities such as working, dressing, and mobility. Questions are rated on a 1-5 point scale
and the total score is calculated as the percentage of the maximum score (leading to a total
maximum score of 100 points). Quality of life was assessed with the EORTC QLQ-C30
questionnaire, developed by the European Organization for Research and Treatment of
Cancer. It contains 30 questions in subscales (functional score and symptom score) and
single items. All subscales and the individual items have a score range from 0 to 100 points.
A higher score represents better function and a higher quality of life. However, in the
symptom’s subscale, a higher score represents a higher level of symptoms or problems. The
EORTC QLQ-FA12 questionnaire was used to evaluate fatigue in the cohort. The EORTC
questionnaires are commonly used in cancer patients, including sarcoma patients with
lower extremity tumors [25,26]. Participants under the age of 18 years used the Pediatric
Quality of Life Inventory (PedsQL) cancer and fatigue modules instead of the EORTC,
which have been shown to be valid and reliable in this population [27]. Gait analysis is the
most frequently used single physical performance test for bone tumor patients [28]. This
was then conducted with a Vicon camera system including 8 cameras recording at 120 Hz
at different projections along a runway to record marker positions in a three-dimensional
space (Vicon Vantage V5, Oxford, UK). The Conventional Gait Model 2.3 (CGM 2.3) for the
lower body, which is also integrated in the Vicon Nexus software, was used to calculate the
kinematics of the segments and joints of the lower body of the participants. Each patient
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walked along a runway (15 m) 5 times in a self-selected walking speed. Five complete
gait cycles for the left and right side were selected for further data processing. Gait cycles
for each side were defined as the period between the touchdowns of the same foot. The
touchdown was defined as the instant when the heel marker reaches the lowest value
on the vertical z-coordinate. To assure the greatest possible comparability and minimum
variation of intraindividual gait data due to different marker placements at baseline and
follow-up measurements, participants’ lower body marker locations were marked after
gait analysis with a permanent skin marker. Every participant received a skin marker and
was asked to redraw marker locations in case of fading.

After gait analysis, the patients proceeded to the physiological function assessment,
which consisted of two functional tests and a knee joint range-of-motion assessment via
manual goniometry to assess maximal active and passive knee flexions and extensions.
Under consideration of the systematic review by Sontgerath et al. [28] the “timed up and
go” test and the “timed up and downstairs” test were conducted. During the “timed up
and go”, the participants needed to stand up from a chair, walk a distance of 3 m, return,
and sit down again. During the “timed up and downstairs”, participants walked up and
down 14 flights of stairs as fast as possible. The endpoint of both tests was the time the
participants required to fulfill the task.

2.5. Data Analysis and Statistics

To evaluate and analyze the data from the 3D gait analysis in a clinical context, recent
studies proposed different indices of overall gait pathology to merge the complex informa-
tion contained in these highly interdependent 3D data into a single measure [29]. Belonging
to the most commonly used gait indices, the Gait Profile Score (GPS) by Baker et al. [29]
and the Gait Deviation Index (GDI) by Schwartz and Rozumalski [30] were the two indices
used to analyze 3D data in this study. For the calculation of the GPS and GDI scores,
the GDI-GPS-Calculator Version3.2 by Richard Baker was used. The different segment
angles from the collected gait cycles were normalized over the gait cycle and extracted
in 2% increments. For further calculation, gait cycles for each side were averaged. In the
study, reference group gait data from healthy subjects (n = 13) in the same age range as the
AYA participants were gathered and implemented into the GDI-GPS-Calculator Version 3.2;
this was used as the reference dataset to provide valid values using the exact same method,
researcher, and biomechanical lab. Four of the 13 healthy subjects were male, nine were
female, and the age of the healthy reference group ranged from 22 to 39 years. Further data
analysis was carried out using Python data analysis tools (Biomechanical ToolKit, Pandas,
NumPy, SciPy, Matplotlib, Seaborn). The differences in the scores of the GPS and GDI
between measurements (delta changes) were investigated for differences between CG and
IG via an independent t-test followed by a calculation of the effect size expressed in Cohen’s
d. All changes in patient-reported outcomes as well as the physiological function outcomes
between measurements (delta changes) were also compared via an independent t-test, and
Cohen’s d was calculated. The significance level for all statistical tests was determined as
o = 0.05.

3. Results
3.1. Patient Characteristics

Eleven participants with lower extremity osteosarcoma around the knee and endopros-
thesis, aged between 15 and 41 years, and had implantation surgery at least 12 months be-
fore inclusion participated in this RCT. Six participants were allocated to the IG, whereas 5 par-
ticipants were allocated to the CG (Table 1). No adverse events occurred during gait analysis
and the physical performance assessment or during the intervention.

3.2. Gait Function at Baseline and Change during the Intervention

Gait analysis at baseline revealed that the gait of every participant deviated from
a healthy reference group. Deviations were particularly larger in the affected leg than
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the unaffected leg. This can be seen in individual GDI, GPS, and GVS, as well as the
averaged gait curves of all assessed gait variables from all participants throughout the
entire gait cycle (see Figure 1). Larger deviations were noticed in the pelvis up/down, hip
adduction/abduction, as well as the hip internal/external rotation variables. Furthermore,
there were obvious deviations in the knee flexion/extension variable of the affected leg
during the first half of the gait cycle in all participants. Summarizing the results of the
intervention, Table 2 shows an overview of the relevant descriptive statistical parameters of
all assessed outcome measures (gait scores, patient-reported outcomes, and physiological
function assessment).
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Figure 1. Averaged segment and joint angles throughout the entire gait cycle of all participants at
baseline. Unaffected (red) and affected (blue) side of participants with endoprosthesis and a healthy
reference group (green) showing the mean and SD (light color area). Healthy reference goup: n =13,
4 male, 9 female, 22-39 years without tumor megaendoprosthesis.

Delta changes between CG and IG were not significant in all assessed gait scores (see
Figure 2). Absolute d-values range between Id | =0.11 (GPS (overall), small effect) and
Id| =0.50 (GDI (unaffected leg), medium effect). Additionally, a larger effect could be
identified in the GPS (unaffected leg) variable (1d | = 0.29) compared to the GPS (affected
leg) variable (Id| =0.19).
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Figure 2. The Gait Deviation Index (GDI) and Gait Profile Score (GPS) of the control group at TO (CG
TO, light blue) and T1 (CG T1, dark blue) as well the intervention group at TO (IG TO, light green)
and T1 (IG T1, dark green). Box-whisker plot shows quartiles, mean (°), and outliers (#); statistical
annotations show significance (ns = not significant) and effect size (absolute Cohen’s d); comparison
of delta changes via independent ¢-test, & = 0.05.

3.3. TESS and MSTS

Effect sizes ranged from small to large in patient-reported functional outcomes (TESS:
Idl =0.74; MSTS: 1d| =0.49). Delta changes in the patient-reported outcomes did not
differ significantly in the comparison between IG and CG (see Figure 3).
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Figure 3. Patient-reported outcomes (Toronto Extremity Salvage Score (TESS); Musculoskeletal
Society Score (MSTS); Quality of Life assessment—Function, Symptom, and Fatigue scores) of the
control group at TO (CG T0, light blue) and T1 (CG T1, dark blue) as well as the intervention group at
TO (IG TO, light green) and T1 (IG T1, dark green). Box-whisker plot showing quartiles, mean (°), and
outliers (#); statistical annotations showing significance (ns = not significant) and effect size (absolute
Cohen’s d); comparison delta changes via independent ¢-test, a = 0.05.

3.4. Physical Function

Effect size for physiological function assessment measures (TUG, TUDS) were medium
(TUG: IdIl =0.61; TUDS: |dl = 0.52). Delta changes did not differ significantly (see
Figure 4).
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Figure 4. Timed up and go (TUG) and timed up and downstairs (TUDS) outcomes of the control
group at TO (CG TO, light blue) and T1 (CG T1, dark blue) as well as the intervention group at TO
(IG TO, light green) and T1 (IG T1, dark blue). Box-whisker plot showing quartiles, mean (°), and
outliers (#); statistical annotations showing significance (ns = not significant) and effect size (absolute
Cohen’s d); comparison of delta changes via independent t-test, & = 0.05.
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3.5. Quality of Life and Fatigue

Delta changes in outcomes regarding quality of life showed no significant differences,
but small to large effect sizes (Quality of Life (QoL): 1d | =0.06; functional score: |d | =0.26;
symptom score: |d| =0.37; fatigue score: 1d | = 0.85).

4. Discussion

The objective kinematic parameters show deviations in the participants’ gait data from
healthy control group kinematics and appear on both the affected and unaffected side.
This phenomenon seems reasonable because of the necessary interactions between both
legs in the gait cycle. Those deviations are comparable to findings of Kim et al. [31], who
investigated lower limb joint kinematics of former patients with distal femur and proximal
tibia reconstructions. Larger deviations in the pelvic up-and-down motion most likely
derive from leg length discrepancies between the affected and unaffected legs. Participants
in the proGAIT study had leg length discrepancies ranging from 1.6 to 83.2 mm. These
differences are normally compensated through orthopedic devices in the everyday life
of participants. Especially in cases with increased LLD (>30 mm), participants usually
wear a shoe raise on the affected side. Gait analysis was carried out without compensating
footwear to minimize external influences and ensure comparability with the control group
data, which were also gathered in barefoot trials. A future option would be a gait analysis
involving compensating footwear for participants with increased LLD to allow a detailed
look into other potential causes for gait abnormalities.

In addition, larger deviations from healthy gait seem to appear, especially in the knee
flexion/extension of the participants” affected legs during the first half (stance phase to
toe-off) of the gait cycle. After the phase of touchdown, the affected knee is nearly fully
extended or even overextended in most participants. Compared to knee data from a healthy
reference group, which show an initial flexion to about 20-30° after touchdown, this seems
to be the most remarkable deviation in participants with endoprosthesis around the knee,
which is also mentioned in a paper by Kim et al. [31]. A previous study by Rompen et al. [32]
also describes this type of deviation. Some participants of the proGAIT study reported a
feeling of instability in the knee when it is slightly bent, so full extension or overextension
seems to be a way to compensate for this problem for most of the participants. A possible
origin of hyperextension may be the lack of stabilization by the two gastrocnemius muscles,
which are always disconnected in distal femoral replacements and at least unilaterally
in proximal tibial replacements. The results of a study by Pesenti et al. [10] also suggest
that overextension is typical in this cohort. After the touchdown of the affected leg, the
quadriceps muscle-tendon units work eccentrically to absorb energy and to decelerate
knee flexion. In case of quadriceps weakness or dysfunction after tumor surgery, this is
compensated by the hip extensors which then help to bring the lower limb into a more
extended position to passively stabilize the knee joint. Thus, hip flexion and extension
also deviate in survivors of osteosarcoma with knee tumor endoprosthesis reconstruction
compared to a healthy control group. The affected leg especially seems to be more ex-
tended at the hip joint throughout the entire gait cycle compared to healthy participants
(see Figure 1). Furthermore, proGAIT data show reduced dorsiflexion in the ankle joint
compared to the healthy reference group. These deviations seem to appear primarily in
the stance phase of the affected leg. Kim et al. [31] hypothesized that this might be due to
calf muscle activity stabilizing the tibia to compensate for the above-mentioned quadriceps
weakness, and therefore, reduced knee stability. Furthermore, larger deviations can be seen
in hip adduction and abduction, and hip internal and external rotation. It remains unclear
from where these deviations derive. A meaningful interpretation of outcomes can only
be made under the consideration of the gait assessment method, and especially the gait
model which was used. The CGM 2.3 still lacks the ability to measure hip rotation and
foot progression during dynamic trials with the help of medial markers at the knee and the
malleoli, which are used only for the calibration trial. Thus, these results still need to be
interpreted with caution.
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The results presented in this study indicate positive effects of the intervention in all
assessed gait scores, even though the delta differences between groups were statistically
not significant (see Figure 2). Larger effects seem to occur in GDI and GPS of patients’
unaffected legs. Due to long periods of physical inactivity [33] and the load restrictions
of the affected leg before and after tumor surgery, it can be hypothesized that muscles,
and potentially tendon and ligament structures in the unaffected limb, obtain a better
trainability, and thus, respond better to an exercise intervention. Medium-to-large positive
effects of the intervention can also be seen in patient-reported outcomes, TESS and MSTS
(see Figure 3). The review of Kask et al. [22] summarized studies that examined functional
outcomes in patients with lower-extremity soft tissue sarcomas and bone sarcomas, and
calculated a mean overall TESS score of 86.7, which corresponds to the baseline TESS scores
of the proGAIT cohort (CG: 86.0; IG: 87.0). The post-intervention TESS score in the IG
group increased to 90.0, which is higher than in previous studies with lower extremity
tumor patients [34,35], and indicates a comparably good function.

The objective functional results of the TUG and TUDS also improved in favor of
the intervention group (see Figure 4), though these were also not statistically significant.
However, an improved functional mobility in daily live facilitates everyday tasks, pos-
itively correlates with quality of life [13], and probably also influences physical activity
behavior. For most outcomes, both groups showed improvements after the study period of
8 weeks. The IG, however, showed a decline in outcomes in the symptom and fatigue scale.
Although in contrast with the general evidence regarding the effectiveness of exercise to
reduce fatigue in cancer patients [16], for some patients, the transition to strenuous exercise
may have resulted in an increased workload that was unfamiliar and also fatiguing for
them. It can also be hypothesized that the duration of the intervention was too short, and
that the results would be different if the supervision was in person and not via an online
platform. It should be clear that an exercise intervention for this patient group should be
well balanced and individually adjusted to avoid excessive physical load, especially on
structures affected by former tumor resection surgery. Furthermore, previous chemother-
apy treatment and corresponding late effects should be considered in the exercise planning.
Improvements in the above-mentioned outcomes in both study groups are probably a
result of the contamination of the CG. This is a well-known problem in exercise oncology
studies, as described by Steins Bisschop et al. [36]. The CG received a booklet with general
information about physical activity and cancer prior to the intervention period. Partici-
pation in gait analysis seemed to create awareness of the issue and potentially motivated
participants to increase their physical activity and lower limb function.

The systematic review by Wilson et al. [37] did not identify any studies involving
an exercise intervention in combination with an objective gait assessment in this context,
although improvement in lower limb function, and thus, quality of life, is becoming
an increasing issue for this patient group. A long-term prospective study by Egmond-
van-Dam et al. [38] with former bone tumor patients investigated long-term functional
outcomes, focusing on the knee joint. They found no significant changes in functional
outcome measures between 2 and 7 years after surgery. It, therefore, seems appropriate to
test the effectiveness of an intervention that starts earlier.

The proGAIT study has several limitations. The overall sample size is small, so that
even in the case of medium-to-large effect sizes, no statistical significance could be detected.
Furthermore, the gait assessment time from surgery was different between participants and
might be a reason for the varying effects of the exercise intervention in different participants.
It could not be guaranteed that the markers were placed in exactly the same place before
and after the intervention. However, intensive palpation seemed to have led to the correct
placement. Some differences between IG and CG characteristics were noted that seem be
present as a result of the small sample size. In the IG, half of participants had a history
of proximal tibia tumor versus 20% in the CG. IG participants were younger at surgery,
had a longer follow-up period since surgery, and had larger leg lengths discrepancies.
However, since all intervention effects were calculated as the change to baseline, these
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clinical differences seem to be negligible in terms of outcomes. Another limitation regarding
gait analysis and comparability with the above-mentioned studies is the lack of kinetic
outcomes in gait analysis. This would have been an option to gain a more detailed look
into typical gait deviations in the investigated group of former cancer patients.

5. Conclusions

The exploratory proGAIT randomized controlled trial shows promising positive
effects—however, without statistical significance—of an 8-week exercise intervention on
lower limb gait function in former patients with tumor endoprostheses around the knee.
Additional powered clinical trials with larger samples sizes are needed to confirm these
preliminary results. In a subsequent study, further questions need to be addressed, such as
the ideal time after surgery to start the supervised gait exercise program, the most effective
exercises in the program, and the preferred intensity and duration. Nonetheless, it should
be noticed that exercise has already been shown to be beneficial for several groups of cancer
patients and survivors, and existing guidelines in pediatric and adult oncology provide
feasible and safe concepts to improve the mobility and physical performance and reduce
symptoms [16,39,40]. Therefore, in addition to the required confirmatory studies, there is a
particular need for the development of implementation approaches, such as the partially
supervised online training from proGAIT. The long-term goal is to implement effective
exercise concepts as the standard care for AYA survivors with a tumor endoprosthesis and
survivors with other consequences of cancer treatment.

Author Contributions: Conceptualization, S.B., WK.G., U.D., AK,, AS., D.R. and M.G.; Formal
analysis, S.B. and M.G.; Funding acquisition, D.R.; Investigation, S.B. and M.G.; Methodology, S.B.,
WK.G., UD, AK, AS., D.R. and M.G,; Project administration, U.D., AK,, AS,, D.R. and M.G;
Software, A.K.; Supervision, WK.G., A.S,, D.R. and M.G.; Validation, M.G.; Visualization, S.B. and
M.G.; Writing—original draft, S.B. and M.G.; Writing—review and editing, WK.G., U.D., AK,, AS,,
D.R. and M.G. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of the Faculty of Sport Science at Ruhr University
Bochum (reference number EKS V 04/2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data are available from the corresponding author on reason
able request.

Acknowledgments: The authors would like to thank Tobias Weingarten and Daniel Hahn for their
motion science expertise and support during the study, and Hahn for valuable suggestions in the
manuscript. We would also like to thank all study participants for their time and interest in this study.
We acknowledge support by the Open Access Publication Fund of the University of Duisburg-Essen.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Miller, K.D.; Fidler-Benaoudia, M.; Keegan, T.H.; Hipp, H.S.; Jemal, A; Siegel, R.L. Cancer statistics for adolescents and young
adults, 2020. CA A Cancer ]. Clin. 2020, 70, 443-459. [CrossRef]

2. Meltzer, PS.; Helman, L.J. New Horizons in the Treatment of Osteosarcoma. N. Engl. |. Med. 2021, 385, 2066-2076. [CrossRef]
[PubMed]

3.  Bolling, T.; Hardes, J.; Dirksen, U. Management of bone tumours in paediatric oncology. Clin. Oncol. (R. Coll. Radiol.) 2013, 25,
19-26. [CrossRef] [PubMed]

4.  Griinewald, T.G.P; Cidre-Aranaz, F; Surdez, D.; Tomazou, E.M.; de Alava, E.; Kovar, H.; Sorensen, PH.; Delattre, O.; Dirksen, U.
Ewing sarcoma. Nat. Rev. Dis. Primers 2018, 4, 5. [CrossRef]

5. Pugh, G,; Gravestock, H.L.; Hough, R.E.; King, WM.; Wardle, ].; Fisher, A. Health Behavior Change Interventions for Teenage
and Young Adult Cancer Survivors: A Systematic Review. J. Adolesc. Young Adult Oncol. 2016, 5, 91-105. [CrossRef] [PubMed]

6. Pugh, G,; Hough, R.; Gravestock, H.; Davies, C.; Horder, R.; Fisher, A. The development and user evaluation of health behaviour

change resources for teenage and young adult Cancer survivors. Res. Involv. Engagem. 2019, 5, 9. [CrossRef] [PubMed]

184



Curr. Oncol. 2022, 29

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Pedersen, C.; Rechnitzer, C.; Andersen, E.A.W.; Kenborg, L.; Norsker, EN.; Bautz, A.; Baad-Hansen, T.; Tryggvadottir, L.;
Madanat-Harjuoja, L.-M.; Holmqvist, A.S.; et al. Somatic Disease in Survivors of Childhood Malignant Bone Tumors in the
Nordic Countries. Cancers 2021, 13, 4505. [CrossRef] [PubMed ]

Ranft, A; Seidel, C.; Hoffmann, C.; Paulussen, M.; Warby, A.-C.; Berg, H.V.D.; Ladenstein, R.; Rossig, C.; Dirksen, U.; Rosenbaum,
D.; et al. Quality of Survivorship in a Rare Disease: Clinicofunctional Outcome and Physical Activity in an Observational Cohort
Study of 618 Long-Term Survivors of Ewing Sarcoma. J. Clin. Oncol. 2017, 35, 1704-1712. [CrossRef] [PubMed]

Tan, P; Yong, B.; Wang, J.; Huang, G.; Yin, J.; Zou, C.; Xie, X.; Tang, Q.; Shen, ]. Analysis of the efficacy and prognosis of
limb-salvage surgery for osteosarcoma around the knee. Eur. J. Surg. Oncol. 2012, 38, 1171-1177. [CrossRef] [PubMed]

Pesenti, S.; Peltier, E.; Pomero, V.; Authier, G.; Roscigni, L.; Viehweger, E.; Jouve, ].-L. Knee function after limb salvage surgery for
malignant bone tumor: Comparison of megaprosthesis and distal femur allograft with epiphysis sparing. Int. Orthop. 2018, 42,
427-436. [CrossRef]

Mester, B.; Guder, W,; Streitbiirger, A.; Schoepp, C.; Nottrott, M.; Podleska, L.; Dudda, M.; Hardes, ]. Wiederkehr zu korperlicher
Aktivitat und Sport in der Tumororthopédie. [Return to Sports and Activity in Tumor Orthopaedics]. Z. Orthop. Unfall. 2021.
online ahead of print. [CrossRef]

Gerber, L.H.; Hoffman, K.; Chaudhry, U.; Augustine, E.; Parks, R.; Bernad, M.; Mackall, C.; Steinberg, S.; Mansky, P. Functional
outcomes and life satisfaction in long-term survivors of pediatric sarcomas. Arch. Phys. Med. Rehabil. 2006, 87, 1611-1617.
[CrossRef] [PubMed]

Liu, Y;; Hu, A.; Zhang, M,; Shi, C.; Zhang, X.; Zhang, ]. Correlation between functional status and quality of life after surgery in
patients with primary malignant bone tumor of the lower extremities. Orthop. Nurs. 2014, 33, 163-170. [CrossRef] [PubMed]
Bekkering, W.P; Vlieland, T.V.; Koopman, H.M.; Schaap, G.R.; Schreuder, H.B.; Beishuizen, A.; Tissing, W.J.; Hoogerbrugge, PM.;
Anninga, ].K.; Taminiau, A.H. Quality of life in young patients after bone tumor surgery around the knee joint and comparison
with healthy controls. Pediatr. Blood Cancer 2010, 54, 738-745. [CrossRef]

Miiller, D.A.; Beltrami, G.; Scoccianti, G.; Cuomo, P.; Capanna, R. Allograft-prosthetic composite versus megaprosthesis in the
proximal tibia-What works best? Injury 2016, 47 (Suppl. S4), S124-5130. [CrossRef] [PubMed]

Campbell, K.L.; Winters-Stone, K.M.; Wiskemann, J.; May, A.M.; Schwartz, A.L.; Courneya, K.S.; Zucker, D.S.; Matthews,
C.E.; Ligibel, J.A.; Gerber, L.H.; et al. Exercise Guidelines for Cancer Survivors: Consensus Statement from International
Multidisciplinary Roundtable. Med. Sci. Sports Exerc. 2019, 51, 2375-2390. [CrossRef] [PubMed]

Patel, A.V,; Friedenreich, C.M.; Moore, S.C.; Hayes, S.C,; Silver, ] K.; Campbell, K.L.; Winters-Stone, K.; Gerber, L.H.; George, S.M.;
Fulton, J.E; et al. American College of Sports Medicine Roundtable Report on Physical Activity, Sedentary Behavior, and Cancer
Prevention and Control. Med. Sci. Sports Exerc. 2019, 51, 2391-2402. [CrossRef]

Winter, C.C.; Miiller, C.; Hardes, J.; Gosheger, G.; Boos, J.; Rosenbaum, D. The effect of individualized exercise interventions
during treatment in pediatric patients with a malignant bone tumor. Support. Care Cancer 2013, 21, 1629-1636. [CrossRef]
[PubMed]

Choi, E.; Becker, H.; Kim, S. Unmet needs in adolescents and young adults with cancer: A mixed-method study using social
media. J. Pediatr. Nurs. 2022, 64, 31-41. [CrossRef]

Saghaei, M.; Saghaei, S. Implementation of an open-source customizable minimization program for allocation of patients to
parallel groups in clinical trials. JBiSE 2011, 04, 734-739. [CrossRef]

Westlake, B.; Pipitone, O.; Tedesco, N.S. Time to Functional Outcome Optimization After Musculoskeletal Tumor Resection.
Cureus 2022, 14, €27317. [CrossRef] [PubMed]

Kask, G.; Barner-Rasmussen, I.; Repo, ].P; Kjaldman, M.; Kilk, K.; Blomqvist, C.; Tukiainen, E.J. Functional Outcome Measurement
in Patients with Lower-Extremity Soft Tissue Sarcoma: A Systematic Literature Review. Ann. Surg. Oncol. 2019, 26, 4707-4722.
[CrossRef]

Enneking, W.E,; Dunham, W.; Gebhardt, M.C.; Malawar, M.; Pritchard, D.]. A system for the functional evaluation of reconstructive
procedures after surgical treatment of tumors of the musculoskeletal system. Clin. Orthop. Relat. Res. 1993, 286, 241-246.
[CrossRef]

Davis, A.M.; Wright, ].G.; Williams, ].I.; Bombardier, C.; Griffin, A.; Bell, R.S. Development of a measure of physical function for
patients with bone and soft tissue sarcoma. Qual. Life Res. 1996, 5, 508-516. [CrossRef] [PubMed]

Reijers, S.J.; Husson, O.; Soomers, V.L.; Been, L.B.; Bonenkamp, J.J.; van de Sande, M.A.; Verhoef, C.; van der Graaf, W.T.; van
Houdt, W.]J. Health-related quality of life after isolated limb perfusion compared to extended resection, or amputation for locally
advanced extremity sarcoma: Is a limb salvage strategy worth the effort? Eur. ]. Surg. Oncol. 2022, 48, 500-507. [CrossRef]
[PubMed]

Saebye, C.; Fugloe, HM.; Nymark, T.; Safwat, A.; Petersen, M.M.; Baad-Hansen, T.; Krarup-Hansen, A; Keller, J. Factors associated
with reduced functional outcome and quality of life in patients having limb-sparing surgery for soft tissue sarcomas—A national
multicenter study of 128 patients. Acta Oncol. 2017, 56, 239-244. [CrossRef] [PubMed]

Varni, ].W.; Burwinkle, TM.; Katz, E.R.; Meeske, K.; Dickinson, P. The PedsQL in pediatric cancer: Reliability and validity of the
Pediatric Quality of Life Inventory Generic Core Scales, Multidimensional Fatigue Scale, and Cancer Module. Cancer 2002, 94,
2090-2106. [CrossRef] [PubMed]

185



Curr. Oncol. 2022, 29

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Sontgerath, R.; Daggelmann, J.; Kesting, S.V.; Rueegg, C.S.; Wittke, T.-C.; Reich, S.; Eckert, K.G.; Stoessel, S.; Chamorro-Vifia, C.;
Wiskemann, J.; et al. Physical and functional performance assessment in pediatric oncology: A systematic review. Pediatr. Res.
2021, 91, 743-756. [CrossRef] [PubMed]

Baker, R.; McGinley, J.L.; Schwartz, M.H.; Beynon, S.; Rozumalski, A.; Graham, H.K,; Tirosh, O. The gait profile score and
movement analysis profile. Gait Posture 2009, 30, 265-269. [CrossRef]

Schwartz, M.H.; Rozumalski, A. The Gait Deviation Index: A new comprehensive index of gait pathology. Gait Posture 2008, 28,
351-357. [CrossRef]

Kim, S.; Ryu, C.; Jung, S.-T. Differences in Kinematic and Kinetic Patterns According to the Bone Tumor Location after Endopros-
thetic Knee Replacement Following Bone Tumor Resection: A Comparative Gait Analysis between Distal Femur and Proximal
Tibia. J. Clin. Med. 2021, 10, 4100. [CrossRef] [PubMed]

Rompen, J.C.; Ham, S.J.; Halbertsma, J.P.K.; van Horn, J.R. Gait and function in patients with a femoral endoprosthesis after
tumor resection: 18 patients evaluated 12 years after surgery. Acta Orthop. Scand. 2002, 73, 439-446. [CrossRef]

Winter, C.; Miiller, C.; Brandes, M.; Brinkmann, A.; Hoffmann, C.; Hardes, ].; Gosheger, G.; Boos, J.; Rosenbaum, D. Level of
activity in children undergoing cancer treatment. Pediatr. Blood Cancer 2009, 53, 438—443. [CrossRef]

Bamdad, K.; Hudson, S.; Briggs, T. Factors associated with functional outcome in patients having limb salvage surgery for
primary malignant bone sarcoma using TESS. J. Clin. Orthop. Trauma 2019, 10, 986-990. [CrossRef] [PubMed]

Heaver, C.; Isaacson, A.; Gregory, ].J.; Cribb, G.; Cool, P. Patient factors affecting the Toronto extremity salvage score following
limb salvage surgery for bone and soft tissue tumors. J. Surg. Oncol. 2016, 113, 804-810. [CrossRef]

Bisschop, C.N.S.; Courneya, K.S.; Velthuis, M.].; Monninkhof, E.M.; Jones, L.W.; Friedenreich, C.; van der Wall, E.; Peeters, PH.M.;
May, A.M. Control group design, contamination and drop-out in exercise oncology trials: A systematic review. PLoS ONE. 2015,
10, €0120996. [CrossRef]

Wilson, PJ.; Steadman, P.; Beckman, E.M.; Connick, M.].; Carty, C.P.; Tweedy, S.M. Fitness, Function, and Exercise Training
Responses after Limb Salvage with a Lower Limb Megaprosthesis: A Systematic Review. PM&R 2019, 11, 533-547. [CrossRef]
Van Egmond-van Dam, ].C.; Bekkering, W.P.; Bramer, J.A.M.; Beishuizen, A.; Fiocco, M.; Dijkstra, P.D.S. Functional outcome after
surgery in patients with bone sarcoma around the knee; results from a long-term prospective study. J. Surg. Oncol. 2017, 115,
1028-1032. [CrossRef] [PubMed]

Wurz, A.; McLaughlin, E.; Lategan, C.; Vifia, C.C.; Grimshaw, S.L.; Hamari, L.; Gotte, M.; Kesting, S.; Rossi, F.; van der Torre, P;
et al. The international Pediatric Oncology Exercise Guidelines (iPOEG). Transl. Behav. Med. Soc. Behav. Med. 2021, 11, 1915-1922.
[CrossRef]

Gotte, M.; Gauf3, G.; Dirksen, U.; Driever, PH.; Basu, O.; Baumann, FT.; Wiskemann, J.; Boos, J.; Kesting, S.V. Multidisci-
plinary Network ActiveOncoKids guidelines for providing movement and exercise in pediatric oncology—Consensus-based
recommendations. Pediatr. Blood Cancer 2022, 69, €29953. [CrossRef] [PubMed]

186



.\

DD Current Oncology

Review

The Impact of Exercise on Cardiotoxicity in Pediatric and
Adolescent Cancer Survivors: A Scoping Review

Stephanie J. Kendall 12, Jodi E. Langley >3, Mohsen Aghdam 12, Bruce N. Crooks %#, Nicholas Giacomantonio 5,
Stefan Heinze-Milne ¢, Will J. Johnston 12, Melanie R. Keats 1-27(%), Sharon L. Mulvagh 5
and Scott A. Grandy 1-25:6.7*

check for
updates

Citation: Kendall, S.J.; Langley, J.E.;
Aghdam, M.; Crooks, B.N.;
Giacomantonio, N.; Heinze-Milne, S.;
Johnston, W.J.; Keats, M.R.; Mulvagh,
S.L.; Grandy, S.A. The Impact of
Exercise on Cardiotoxicity in
Pediatric and Adolescent Cancer
Survivors: A Scoping Review. Curr.
Oncol. 2022, 29, 6350-6363. https://
doi.org/10.3390/ curroncol29090500

Received: 25 July 2022
Accepted: 22 August 2022
Published: 3 September 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

School of Health and Human Performance, Dalhousie University, Halifax, NS B3H4R2, Canada

Beatrice Hunter Cancer Research Institute, Halifax, NS B3H4R2, Canada

Faculty of Health, Dalhousie University, Halifax, NS B3H4R2, Canada

Department of Pediatrics, IWK Health, Halifax, NS B3K6RS8, Canada

Department of Medicine, Division of Cardiology, Nova Scotia Health, Halifax, NS B3H3A7, Canada
Department of Pharmacology, Dalhousie University, Halifax, NS B3H4R2, Canada

Department of Medicine, Division of Medical Oncology, Nova Scotia Health, Halifax, NS B3H4R2, Canada
Correspondence: scott.grandy@dal.ca

N G R W N =

Abstract: Childhood and adolescent cancer survivors are disproportionately more likely to de-
velop cardiovascular diseases from the late effects of cardiotoxic therapies (e.g., anthracycline-based
chemotherapy and chest-directed radiotherapy). Currently, dexrazoxane is the only approved drug
for preventing cancer treatment-related cardiac damage. While animal models highlight the benefi-
cial effects of exercise cancer treatment-related cardiac dysfunction, few clinical studies have been
conducted. Thus, the objective of this scoping review was to explore the designs and impact of
exercise-based interventions for managing cancer treatment-related cardiac dysfunction in childhood
and adolescent cancer survivors. Reviewers used Joanna Briggs Institute’s methodology to identify
relevant literature. Then, 4616 studies were screened, and three reviewers extracted relevant data
from six reports. Reviewers found that exercise interventions to prevent cancer treatment-related
cardiac dysfunction in childhood and adolescent cancer survivors vary regarding frequency, intensity,
time, and type of exercise intervention. Further, the review suggests that exercise promotes posi-
tive effects on managing cancer treatment-related cardiac dysfunction across numerous indices of
heart health. However, the few clinical studies employing exercise interventions for childhood and
adolescent cancer survivors highlight the necessity for more research in this area.

Keywords: exercise; cardiotoxicity; cancer; cancer survivor; pediatric; adolescent

1. Introduction

Antineoplastics are increasingly effective at treating malignancies and minimizing
damage to healthy tissues [1]. However, many standard cancer treatments exhibit car-
diotoxic effects leading to the development of late or acute cardiovascular complications.
Chest-directed radiotherapy and anthracycline treatments are of particular concern as they
can cause severe cardiac complications [2-8]. The risk of cancer treatment-related cardiac
dysfunction (CTRCD) is related to the dose of cardiotoxic treatment received, and specific
populations are at a higher risk.

Childhood and adolescent cancer survivors (CACS) have a remarkably elevated risk of
developing CTRCD. The incidence of CTRCD is widely reported in CACS [2,7,8] such that
they are two times more likely to develop cardiac abnormalities and have an 11-fold higher
cardiovascular disease-related mortality risk than their healthy siblings [9]. Cardiac-related
diseases are also the leading cause of non-malignant deaths in CACS [4], likely because
CACS often live long into remission, allowing the latent effects of their cancer treatments
to manifest. CACS commonly develop left ventricular (LV) systolic dysfunction, heart
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failure, myocarditis, pericarditis and arrhythmias [2-8]. Such effects can develop acutely,
but often do not develop until many years into survivorship [2]. Thus, the high incidence
and severity of CTRCD in CACS emphasizes the need to mitigate and manage cases.

Currently, CTRCD prevention methods focus on minimizing radiation exposure and
cumulative anthracycline dose. Strategies also include liposomal encapsulated anthracy-
clines delivery [10] and improvements in radiation therapy that exhibit reduced cardiotoxic
properties while maintaining high antineoplastic effects [11]. Unfortunately, these strategies
do not apply to all cases [11] and do not fully mitigate CTRCD risk [10]. Dexrazoxane is the
only widely used pharmaceutical for preventing anthracycline-induced CTRCD [3,12]. Un-
fortunately, dexrazoxane’s effectiveness is not established in preventing radiation-induced
damage as its effects have only been explored in animal models [13], it must be admin-
istered concurrently with anthracycline treatment [14], and it may exhibit chronic side
effects such as decreased fertility [14]. Other pharmaceuticals, such as conventional heart
medications like beta-blockers, statins, and renin-angiotensin-aldosterone system block-
ades, can be administered upon detecting asymptomatic LV dysfunction to prevent further
development of symptomatic heart failure disease [15]. However, conventional heart medi-
cations are often not administered timely as routine cardiac imaging is uncommon in CACS
and frequently fails to detect asymptomatic LV dysfunction. Consequently, conventional
heart medications are often not prescribed until symptomatic, irreversible dysfunction
occurs. The severity and high prevalence of CTRCD in CACS and the limitations of the few
pharmaceutical treatment options based on symptoms highlights the need for alternative
prevention and treatment strategies.

Exercise is a potential solution to mitigate CTRCD. Exercise decreases cardiovascular
risk factors, improves cardiovascular fitness, decreases cardiac inflammation, prevents
oxidative stress, and preserves cardiac structure and function at the pathophysiological
level in animal models [9,16-21]. Notably, the cardiovascular-related benefits of exercise are
evident from even light-intensity and voluntary exercise pre-, during, and post-cardiotoxic
treatment in mice models [20]. Further, in adult breast cancer survivors, exercise is shown
to decrease CTRCD as indicated by significant improvements in aerobic capacity [22-27],
cardiac biomarker levels [28,29], strain [23,29], and resting heart rate [22,23,30]. Despite
the plethora of evidence in preclinical animal models and adult breast cancer survivors,
there is minimal research on other cancer populations, including CACS [10]. While obser-
vational studies indicate that low physical activity levels are associated with an increased
incidence of cardiac dysfunction in CACS [31,32], few interventional exercise trials have
been conducted.

Before conducting future research, it is necessary to understand the extent of the
current clinical studies investigating the impact of exercise on CTRCD in CACS. Therefore,
the purpose of this review was to summarize the literature regarding exercise interventions
aimed at mitigating CTRCD in CACS. Specifically, this review explored the breadth of
exercise interventions available to manage CTRCD in at-risk CACS and how the FITT
(frequency, intensity, time, and type of exercise) principle is applied to exercise interven-
tions for CACS to manage CTRCD. The review describes the outcomes of the exercise
interventions on cardiac health among CACS.

2. Materials and Methods

This review was conducted per Joanna Briggs Institute (JBI) methodology for scoping
reviews [33]. There was no patient or public involvement in this research’s design, conduct,
reporting, or dissemination plans. A full protocol paper was submitted for publication
prior to completing the review [34]. The protocol is summarized below.

2.1. Search Strategy

The first author (SJK) developed the search strategy with guidance from a JBI- trained
researcher (JEL) and a JBI- trained librarian. This strategy aimed to locate published
empirical studies and grey literature. The entire search strategy can be found in Table A1l
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(Appendix A). The search strategy aimed to identify published primary studies and reviews
as well as text and opinion papers.

2.2. Inclusion and Exclusion Criteria

This review included studies whose participants were CACS diagnosed at 19 years
of age or younger and received anthracycline treatment and/ or chest-directed radiation
therapy. Studies were required to include an exercise intervention aimed at decreasing
cardiovascular disease in CACS and needed to employ a measure of cardiac surveillance
at a minimum of two different time points. Studies without an exercise intervention
(i.e., physical activity recall studies) were excluded.

2.3. Information Sources

The databases searched included MEDLINE, the Cumulative Index to Nursing and
Allied Health Literature (CINAHL), Embase, Scopus, PsychINFO and SportDiscus. Sources
of unpublished studies and grey literature were searched using the first ten pages of
Google Scholar, ProQuest Dissertations, and organizational, governmental and health care
association websites, including Children’s Oncology Group, PanCare, Canadian Cancer
Society, American Cancer Society, National Cancer Society, Cancer Research UK, and
National Health Institute (Appendix B).

2.4. Study Selection

Following the search, all identified records were collected and uploaded into Covi-
dence [35], a citation management platform and duplicates were removed. A team of four
reviewers (S.J.K,, J.LE.L,, M.A., W].].) screened all titles and abstracts against the inclusion
criteria. Potentially relevant papers were retrieved in total, and their full- papers were
imported into Covidence. Next, the same four reviews (S.J.K., J.E.L., M.A., W.].].) assessed
the full text of the selected citations in detail against the inclusion criteria. Reasons for ex-
clusion of full-text articles were recorded and reported. Any disagreements were discussed
between two reviewers (5.J.K. & J.E.L.).

2.5. Data Extraction

Data were extracted by a team of 3 extractors (S.J.K., ].E.L., M.A.) with at least two
extractors per paper. The extraction tool was initially piloted in five studies, in which any
additional aspects were discussed to retrieve from the sources. A complete extraction tool
is in Appendix C.

2.6. Data Synthesis and Analysis

All data were combined to provide a complete dataset for analysis and cleaned by one
reviewer (5.].K.). The results were presented to all authors and were discussed regarding
the implications.

3. Results
3.1. Study Selection

The reviewers identified 6510 records from the database search. 301, 729, 3866, 132,
160 and 611 reports were found on CINAHL, Medline, Embase, SportDiscus, PsycInfo and
Scopus, respectively. All records were loaded into the review management website, Covi-
dence. From the database search, Covidence removed 1891 duplicates, leaving 4616 articles.
Two reviewers screened the title and abstract of the 4616 articles against the inclusion and
exclusion criteria. Upon completion, the full text of 230 articles was assessed for eligibility,
and an exclusion reason was provided for each excluded article. Reviewers identified
that 64 reports focused on cardiopulmonary fitness testing, 65 did not have an exercise
intervention, 28 were secondary sources, 25 did not focus on cardiotoxicity, ten did not
have enough information to extract, nine were measurement validation studies, eight
did not have an English full-text version, seven focused on adult cancer survivors, three
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focused on pharmacological treatments, three were duplicates, two assessed non-human
subjects, and one did not assess cancer patients. Thus, six reports were included in the
review from the database search. However, two separate papers were written based on the
same study cohort and merged during the analysis [36,37]; thus, this review includes five
exercise interventions.

Additionally, 80 articles were identified through other search methods, including the
grey literature and citation search. A single reviewer screened these articles following the
above steps. The reviewer identified that nine reports focused on cardiopulmonary fitness
testing, 18 did not have an exercise intervention, five were secondary sources, 32 did not
focus on cardiotoxicity, 13 focused on adult cancer survivors, and two did not assess cancer
patients. Thus, one record was included in the review through the other search methods.
See Figure 1 for the PRISMA flow chart detailing the number of records found at each
review stage.

Identificaion of new studies via other methods

Records identified from:

Google Scholar Search (n = 100)
Organizations (n = 6)

Citation searching (n =80)

Records sought for retrieval
(n=80)

!

Reporis assessed for eligibility
(n=80)

All reports retrieved
(n=NA)

Reports excluded:
Cardiopulmonary fitness testing (n = 9)
No exercise intervention (n = 18)
Secondary sources (n = 5)

Not about cardiotoxicity (n= 32)
Adultcancer survivors (n = 13)
Notabout cancer (n= 2)

c
S
'é' Records identfied from: Records removed before screening:
= Databases (n =6,510) Duplicate records (n=1.891)
3
2
y
Records screened Records excluded
(n=4,6186) (n=47386)
2 l - -
= Records soughtfor refrieval All reports retrieved
8 (n=230) (n=NA)
3
Reports excluded:
E— Cardiopulmonary finess testing (n = 64)
‘ Reports assessed for eligibility }_' No exercise intervention (n = 65)
(n =230) Secondary sources (n = 28)
Notabout cardiotoxicity (n = 25)
Not enough information to extract (n = 10)
Measurement validation study (n= 9)
Full-text notin English (n = 8)
Adultcancer survivors (n= 7)
Pharmacological focus (n = 3)
y Duplicate (n = 3)
o Non-human population (n= 2)
§ Total re(;;)njssw)ncluded Fﬁ Not aboutcancer (n = 1)
3 =

Figure 1. PRISMA flow diagram of included studies.

3.2. Characteristics of Included Studies

Studies were published over 30 years, from 1993 to 2020. Studies were completed in
the United States (n = 2), Finland (n = 1), Australia (n = 1), and Spain (n =1). Additionally,
the study designs varied and included case series (n = 2), cohort (n = 2), and case-control
(n=1) reports.

Study characteristics are included in Table 1.

3.3. Patient Characteristics of the Included Studies

Morales et al., 2020 was the only study that compared a control group of non-exercising
CACS with an intervention group of exercising CACS and conducted a long-term follow-
up [41]. The reports from Jarveld et al., 2013 and 2016 included a group of healthy controls
to provide a baseline comparison with an exercising group of CACS, but the healthy
controls were only assessed at baseline [36,37]. There was no control group in the other
three studies [40,42,43].

Patient characteristics varied in the studies included in this review regarding treatment,
time since diagnosis, and cancer type. In two studies, all participants were treated with
anthracyclines and/ or chest-directed radiation treatment, and in the remaining three
studies, most participants were treated with anthracyclines and/or radiation [40,41,43]).
All study cohorts analyzed CACS, and various cancer types were included across the
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study cohorts. Four studies focused on survivors, and one on CACS currently undergoing
treatment [41]. Finally, each study included a similar number of males and females, except
the Morales et al., 2020 study, whose study sample included more males (n = 124) than
females (n = 65) [41].

Table 1. Characteristics of included studies.

Study Identification Title Country Design Aim Criteria
Assess the effects of a
home-based exercise Age < 16 years at
. Lo intervention on . . 1
Endothelial funptlon in endothelial structure in diagnosis, currently age
long-term survivors of survivors of childhood 16-30 years, first
childhood ALL: Effects of a ALL [37]; Determine the continuous remission
Jarvela 2013 [37] & home-based exercise program effects of an exercise without hematopoietic
2016 [36]. [37]; Home-based exercise Finland Case-control program on bone marrow
Methodologies as training improves LV study anthracycline-induced transplantation,
cited in [38]. diastolic function in survivors cardiotoxicity as assessed diagnosed in 1986 or later,
of childhood ALL: A tissue by tissue doppler treated according to the
doppler a.nd velocity vector imaging and velocity Nordic regimen [39], and
imaging study [36]. vector imaging in nodown
long-term childhood ALL syndrome diagnosis.
survivors [36].
. s >5- i f
Exercise training improves Assess the feasibility and edi a}tﬁircsalrll?é?_?ést ed
vascular function and effectiveness of a 24-week p :
Long 2018 [40 secondary health measures in Australi Cohort stud exercise intervention on cerebral insult, currently
ong [40] survivors of pediatric ustratia onort study cardiovascular health in ~ a8ed 15-23, not pregnant
oncology related childhood andc;\;lctl}ilgu;si S;‘rent
. ; V.
cerebral insult. cancer survivors. disease diagnosis.
Currently aged
4-18 years, received a
Assess the effects of new cancer diagnosis,
Inhospital exercise benefits in ae_ro_bic.an(%’l_rledsistanc.eh diagnosed, treated, and
t t 3
Morales 2020 [41] childhood cancer: A Spain Cohort study rairelg;(ge;liac réceﬂilianI followe.d at the H'osp} tal
prospective cohort study. : J Infantil Universitario
neoadjuvant or Nino Jesus, and not
intensive chemotherapy. currently participating in
any other
interventional trials.
Assess childhood cancer Received >100 mg/ m? of
Cardiac rehabilitation after United survivors using exercise anthracyclines,
Sharkey 1993 [42] cancer therapy in children Sgtss Case series testing before and after a post-pubertal, >1-year
and young adults. 12—week aerobic post-treatment, and no
exercise program. residual malignancies.
18 years of age, >10 years
post-diagnosis of
childhood cancer, treated
i inine in chi Assess the effects of a with doxorubicin and/or
Exercise trammg in chll.dhood 12-week exercise program daunorublcm,' sedentary
: cancer survivors with United : on anthracycline-treated (<150 min of
Smith 2013 [43] subclinical cardiomyopathy States Case series childhood cancer moderate-intensity

who were treated
with anthracyclines.

survivors with subclinical
cardiomyopathy.

physical activity per
week), LVEF > 40 and
<55%, and not receiving
cardiomyopathy
treatment or received
radiation therapy.

Abbreviations: ALL, acute lymphoblastic leukemia; LV, left ventricle; LVEF, left ventricle ejection fraction; mg/ m?,
milligrams per meter squared.

Study patient characteristics are summarized in Table 2.

191



Curr. Oncol. 2022, 29

Table 2. Cancer participant characteristics.

Participants Anthracyclines Radiation Field Time Since
Study ID Group " (Nyumber) Dosage (mg/m?) (Gy) Age (Years) Diagnosis (Years) Cancer Type
" . =5 Med =21.1
Jarveld 2013 & N/A M=10 n =21 (Med = 240, (unsn ified . Med = 15.9 (range:
— v - pecifie (range: ALL
2016 [36,37] F=11 range: 120-370) dosage) 16.0-28.4) 11.3-21.4)
L =8 .
M=6 n =4 (unspecified n=¢c, Med =19 Med = 15 (range: Brain =9, ALL =3,
Long 2018 [40] N/A F=7 dosage) (ur;lsozicglil)ed (range: 16-23) 7-22) Other =1
Control M=63 (unI; :eélilﬁ ed n = 30, (range: mean = 11
ontrols F=38 dozage) 1->50) (range: 4-18)
Morales 2020 [41] — On treatment 15 various types
Exerci M=61 n = 27 (unspecified n =27 (range: mean =11
Xercise F=27 dosage 1->50) (range: 4-17)
Sharkey 1993 [42] N/A l\lé[:g n=10 (:Teégn =349 n :1%_(;zér)1ge: mean = 19+/-3 mean Z_lllg;range: 5 various types
. M=3 n=4 _ . X Osteosarcoma = 4,
Smith 2013 [43] N/A F= (range: 5, 298) n=0 Range: 33-41 Range: 25-30 Ewing sarcoma = 1

Abbreviations: N/A, not applicable; M, male; F, female; Med, median; mg/ m?, milligrams per meter squared; Gy,
Gray; ALL, acute lymphoblastic leukemia; mean.

3.4. Exercise Intervention Characteristics of the Included Studies

All reviewed exercise interventions included resistance and aerobic exercise train-
ing [36,37,40,41,43], except Sharkey et al., 1993, which only included aerobic training [42].
The frequency of exercise in the reviewed studies varied from two to five sessions per week,
with most studies asking participants to complete three exercise sessions per week but
would allow for two sessions when necessary. For studies including a resistance training
component, exercise intensity and time widely varied. However, aerobic training was gen-
erally 30 to 45 min of moderate to vigorous-intensity aerobic training, except for Long et al.,
2018, which was shorter in duration [40]. Exercise interventions were based out of the
participant’s home [36,37], the hospital [41], or both [42]. Long et al., 2018 did not state the
setting of the exercise intervention [40].

Study exercise intervention characteristics are summarized in Table 3.

The studies used a variety of techniques to determine CACS’ heart health. Measure-
ments included echocardiography to assess left ventricular ejection fraction (LVEF) [36,41,43]
and tissue doppler imaging to measure mitral annulus valve velocity [36]. Other mea-
surements included velocity vector imaging to assess strain [36], echocardiography using
M-mode to assess fractional shortening [36,41], and cardiopulmonary exercise-based testing
using a re-breathing technique to estimate cardiac index, defined as the cardiac output
divided by body surface area [44], and stroke volume from cardiac output [42].

Three studies investigated the direct impact of the exercise intervention on LV func-
tion [36,41,43]. Of these three, only Morales et al., 2020 investigated the impacts of exercise
on heart health during treatment in CACS and included a long-term follow-up of the
patients [41]. The results of this study indicated that there was not a significant decline
in LVEF or fractional shortening in CACS who exercised, while CACS who did not ex-
ercise saw a significant decline in LVEF (p < 0.001) and fractional shortening (p < 0.001).
However, LVEF and fractional shortening decreased in CACS who exercised at the 1-year
follow-up and after. Similarly, Smith et al., 2013 observed that LVEF markedly improved
in all five participants upon completing an exercise intervention (median ALVEF = 38.2%,
range: 7.6 to 56.9) [43]. In contrast, Jarveld et al., 2016 found that LVEF was not affected
by the exercise intervention (p = 0.82) [36]. Although, other measures of LV function in
this study were affected, including early diastolic mitral inflow velocity (p < 0.01) and
early diastolic mitral annulus velocity (p < 0.01), indicating that the exercise intervention
improved LV function.
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Table 3. Exercise intervention characteristics for childhood cancer survivors.

Study ID Mode Fr;gﬁz?&)ééﬁ)es- Intensity Time (min) Type Location ]()&Eaetli(g;l Instructor
Eight exercises to
3 sets, as i then th
many strengthen the
Jarveld 2013 Resistance 3-4 repetitionsas  Not stated gluteal, lower limb, Experts in
& 2016 possible, no shoulders, upper Home 12 sports
[36,37]. rest stated. limb, abdominal, and science
Exercise back muscles.
protocol as Participant choice
cited in [38] Aerobic At least 3 Not specified 30 (i.e., walking or
P g
jogging).
3 sets, 10
repetitions, Circuit including 6 to
60-70% 10 exercises targeting
Resistance 2to3 3-RM, vyith 3 75-80 the chest, back,
to 5 min of shoulders, arms, and
rest between legs.
exercises. .
Long Not 24 Exercise
2018 [40] Three sets of 4 stated physiologist
40-60% consecutive
HRmaxwith sprint-rest bouts,
. individual- with 3 to 5 min of rest
Aerobic 2t03 ized 10-15 between each set.
progressive Rowing ergometer,
increase. stationary bike, or
arm ergometer.
Tto 63 Sﬁ_)ts of Shoulder, chest and
T leg press, side-arm
repetitions, A R
5% to 10% rowing extension and
Resistance 2to3 load 30 ﬂe_x1on, knee .
increases as extension and flexion
needed with and abdominal,
1 min rest lumbar and shoulder Med
ion. € .
Morales between sets. adduction Hospital duration 22 Exercise
2020 [41] Ten minutes each of weeks (IQR: ~ Physiologist
65-80% cycle ergometer leg 14, 28)
HRreserve pedalling, treadmill
. with individ- running, or arm
Aerobic 2to3 ualized 30-40 cranking in those
progressive missing a lower limb.
mcrease. Ten minutes of
aerobic games.
Two sessions for ~ 60% to 80% :
Hospital
Sharkey : weeks 1-6 and 3 HRmax P
1993 [42] Aerobic sessions for progressive 45-60 Not stated hand 12 Not stated
weeks 7-12. increase. ome
1set of 12-15
Resistance 3-5 repestlttlol%s Not stated Not stated
Smith g?ercic;es Exercise
2013 [43] o : Home 12 physiologist
Aerobic 2-3 70%HRreserve. 2045 Not stated

Abbreviations: min, minutes; Min, minimum; Max, maximum; RM repetitions maximum; reps, repetitions; HR,
heart rate; HRR, heart rate reserve; Med, median; IQR, interquartile range.3.5 Key findings of the included studies
relating to heart health.

Sharkey et al., 1993 investigated the impact of the exercise intervention on heart
health using cardiac index and stroke volume [42]. This study indicated that the exercise
intervention did not significantly change cardiac or stroke volume indices. A summary of
the findings related to heart health is presented in Table 4
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Table 4. Key cardiovascular health-related findings.

Valve

Study ID LVEF Velocity ~ Strain FS CI sV
Ehee 2 & /A N/A
Long 2020 [40] N/A N/A N/A N/A N/A N/A

Morales 2020 [41] M. N/A N/A M. N/A N/A

Sharkey 1993 [42] N/A N/A N/A N/A
Smith 2013 [43] M. N/A N/A N/A N/A N/A

Abbreviations: , insignificant change; 1, improvement , significant change; LVEEF, left ventricle ejection
fraction; FS, fractional shortening; CI, cardiac index; SV, stroke volume; N/A, not applicable.

3.5. Key Findings of the Included Studies Relating to Peripheral Cardiovascular Health

The studies also used various techniques to assess CACS’ peripheral cardiovascular
health. Measurements included echocardiography for the left common carotid artery intima-
media thickness [37], ultrasound to determine flow-mediated dilation of the left brachial
artery [37,40], and a cardiopulmonary exercise test to determine peak oxygen pulse [42].

Three studies investigated the impact of the exercise intervention on peripheral cardio-
vascular health [37,40,43]. Jarvela et al. found that in survivors, the intima-media thickness
significantly decreased (p = 0.02), and the flow-mediated dilation 40-s time point (p = 0.01)
increased after the exercise intervention, although the specific flow-mediated dilation val-
ues were not reported [37]. Similarly, Long et al. found that in survivors, flow-mediated
dilation (p = 0.008) significantly increased after the exercise intervention and the change in
time to peak brachial diameter (p = 0.031) significantly decreased [40]. Smith et al. observed
that peak oxygen pulse, defined as peak oxygen consumption divided by the corresponding
heart rate, markedly improved in all five of their participants upon completing an exercise
intervention (median A oxygen pulse = 25.8%, range: 6.3 to 58.6) points [43]. A summary
of the findings related to peripheral heart health is presented in Table 5.

Table 5. Key periphery cardiovascular health findings.

Study ID IMT FMD Oxygen Pulse
e g 3
Long 2020 [40] N/A M. N/A
Morales 2020 [41] N/A N/A N/A
Sharkey 1993 [42] N/A N/A N/A
Smith 2013 [43] N/A N/A M.

Abbreviations: , significant change IMT, intima-media thickness; FMD, flow-mediated dilation; NA, not
applicable; 1, increased; |, decreased.

4. Discussion

This is the first scoping review exploring the impact of exercise interventions on the
development of CTRCD in CACS. The review identified five published studies (six reports)
that met this review’s inclusion and exclusion criteria. Within these studies, exercise
interventions and their impact on CTRCD varied. In brief, exercise interventions included
only aerobic [42] or a combination of aerobic and resistance training [36,37,40,41,43]. Most
studies (4/5 = 80%) reported positive findings suggesting that exercise may help manage
CTRCD in CACS [36,37,40,41,43].
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4.1. Impact of Reviewed Exercise Interventions

The impact of exercise on CTRCD were assessed using various measurements across
the five studies. All studies but Sharkey et al. [42] found that exercise significantly improved
heart [36,41,43] and periphery cardiovascular health [36,40,43]. Such findings align with
the current literature on healthy children. A recent interim report from the Cardiovascular
Risk in Young Finns Study from 1994 to 2011 indicates that high amounts of physical
activity are associated with improved left ventricular function in adulthood, as indicated
by echocardiographic measurements [45]. Furthermore, Unnithan et al., 2018 found that
child soccer players have significantly greater left ventricular end-diastolic volume than
infrequently active controls [46].

Additionally, the findings align with the current literature on adults with cancer.
Kirkham et al., 2018 found that a multi-modal exercise intervention administered during
adjuvant chemotherapy treatment in early-stage breast cancer patients mitigated CTRCD,
specifically exercise prevented increases in resting heart rate, hypotension, tachycardia,
and impaired heart rate recovery [30]. Such findings indicate that exercise can prevent
cardiac dysfunction by initiating physiological adaptations, including increased cardiac
fibre contractility, leading to enhanced cardiac output and a healthier heart [47]. However,
in CACS, the benefits of exercise regarding CTRCD are not entirely understood and exhibit
inconsistencies. For example, Jarveld et al., 2016 indicated that exercise does not improve
LVEF or fractional shortening in CACS [36], while Morales et al., 2020 indicated that
exercise significantly maintains LVEF and fractional shortening [41].

Despite the current guidelines from the Children’s Oncology Group recommending
frequent echocardiograms and cardiovascular monitoring of CACS [48], such intensive
screening protocols are challenging to implement because of limited access to cardio-
oncology services, infrastructure, interest, and educational opportunities [49]. Moreover,
many survivors remain in primary care and do not have access to dedicated survivorship
clinics or services. Furthermore, cardiac surveillance measures, such as LVEF, often do
not indicate damage until significant and irreversible maladaptation occurs [15,50,51].
Thus, CACS may develop extensive CTRCD before the damage is detected. Additionally,
cardiac imaging may not be sensitive enough to detect the positive effects of an exercise
intervention on cardiac health in CACS. More in-depth cardiac profiling using biomarkers,
such as high sensitivity troponin and natriuretic peptides, combined with cardiac imaging,
as proposed by Cardinale et al., may better detect CTRCD and possibly exercise-induced
cardiac adaptations [50].

4.2. Exercise Intervention Designs of Reviewed Studies

In this review, exercise intervention designs consisted of aerobic and resistance training,
but the specifics of the exercise prescription varied. Most reports investigated CACS
four to 30 years after receiving their diagnosis [36,37,40,42,43], while Morales et al., 2020
investigated children receiving treatment [41].

As many exercise guidelines for cancer survivors exist, it is worthwhile to contrast
them with the studies reviewed here. The Jarveld 2013 & 2016 [36,37], and Smith et al.,
2013 [43] reports aligned with the American College of Sports Medicine Guidelines suggest-
ing that adult cancer survivors complete moderate to vigorous-intensity aerobic training for
75 to 150 min, and resistance training 2 to 3 times, per week [52]. Sharkey et al., 1993 [42]
and Long et al.’s, 2018 [40] exercise intervention did not meet the American College of
Sports Medicine exercise guidelines. However, Long et al.’s exercise intervention still
demonstrated improved brachial artery flow-mediated dilation [40], suggesting the exer-
cise intervention mitigated some CTRCD risk. Furthermore, the Morales et al., 2020 [41]
report aligned with the pediatric oncology exercise guidelines that aerobic training should
be completed 2 to 5 times per week at a moderate to vigorous intensity for 20 to 70 min and
resistance training should be completed 2 to 3 times per week at a high intensity for 20 to
30 min [53]. None of the reviewed studies met the current guidelines for CACS exposed
to cardiotoxic treatments. These guidelines indicate that adults should complete 2.5 h per

195



Curr. Oncol. 2022, 29

week and children should complete one hour per day of aerobic exercise, and all CACS
should also perform strength training twice per week. However, all reviewed reports
demonstrated some benefits of exercise in mitigating CTRCD risk, except Sharkey et al.,
1993 [42], suggesting that any exercise can mitigate CTRCD. CACS should be encouraged to
exercise even if they cannot meet the guidelines and will still reap cardioprotective benefits.

4.3. Limitations

A drawback of this scoping review was that three of the five [40,41,43] reviewed
studies did not meet the review’s full inclusion and exclusion criteria, which required all
participants to have received anthracycline and/or radiation therapy. The reviewers opted
to include these three studies as the nature of the review was to map out the literature,
and these studies met all other inclusion and exclusion criteria. Further, the few studies to
review indicate the importance of more clinical research in this area.

Another limitation of this review was the different methods of the included studies.
While most studies indicated that the exercise intervention improved cardiac outcomes,
nine measures were used to assess cardiac health across the five included studies. Cardiac
surveillance methods of the reviewed studies included measures such as LVEF [36,41,43],
strain [36] and fractional shortening [36,41]. Additionally, the reviewed studies used a
variety of measures regarding peripheral cardiovascular health, such as brachial artery
intima-media thickness [37] and flow-mediated dilation [37,40]. Thus, evaluating the
efficacy of the exercise interventions to prevent CTRCD was challenging as no standardized
measurements were used.

Furthermore, the reviewed studies included a wide variety of participants. The re-
viewed study dates occurred within a similar time frame, except Sharkey et al., 1993 [42],
published nearly 30 years before Morales et al., 2020 [41]. Compared with 30 years ago, an-
thracyclines are used with more awareness of cardiotoxicity and better dose limitation, and
advancements in radiotherapy techniques allow for decreased exposure of healthy tissues
to radiation [11]. Similarly, the studies occurred in four different countries and assessed
many different cancer types. As many treatment protocols are not internationally regulated
and vary across cancer types, participant heterogeneity was high. Thus, comparing all
studies was challenging, and these limitations should be considered when interpreting
the results.

5. Conclusions

This review indicates that exercise may be a viable treatment to mitigate/manage
CTRCD in CACS. Further, the included studies varied widely concerning exercise in-
tervention design, suggesting that any amount and type of exercise could help manage
CTRCD. Finally, very few exercise intervention studies monitoring cardiac health have
been conducted in CACS, and thus, extensive clinical research is necessary to increase the
homogeneity and applicability of findings.

Notably, the results of this review highlight the importance and benefits of exercise for
CACS in preventing and managing the development of CTRCD. As the reviewed exercise
interventions for CACS vary, CTRCD can be managed by various forms of physical activity
and movement, and CACS should engage in exercise and become more physically active to
mitigate CTRCD risk.
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Appendix A
Table A1l. Search Strategy for database search.

1 (Cancer* OR Neoplas* OR Leukemia* OR Leukaemia* OR Tumor* OR Tumour* OR Lymphoma* OR Chemotherap* OR
Malignanc* OR anthracycline* OR ‘Antineoplastic Agent*” OR Immunotherap* OR ‘Monoclonal Antibod*” OR “Tyrosine Kinase
Inhibitor*” OR Radiation OR Radiology)

2 Child* OR Adolescent* OR Teen* OR “Young Adult*” OR ‘Early Child*" OR Pediatric* OR Paediatric* OR Infant* OR Toddler*
OR Bab* OR Juvenile* OR ‘Pre Pubescent*’

1 AND 2

4  Exercise* OR ‘Resistance Training*” OR Aerobic* OR "Motor Activity’ OR ‘Exercise Therap*” OR ‘Physical Activit*” OR Training
OR ‘Physical Fitness” OR Exertion OR Yoga OR Pilates OR “Dance Therap*” OR ‘Tai Ji’ OR Qigong

5 Exp Exercise/
6 40R5
7 3ANDG6
8 Myocarditis* OR ‘Heart Failure” OR Cardiotoxic* or Cardiomyopath* OR Heart* OR ‘Radiation Injury*’
9 7 AND 8

Appendix B

Grey Literature Check

Google Scholar

Cancer AND Child AND Exercise AND Cardio*
Cancer AND Pediatric AND Exercise AND Cardio*
Cancer AND Child AND “Physical Activity” AND Cardio*

ProQuest

cancer AND child AND exercise AND cardiotoxicity
cancer AND pediatric AND exercise and cardiotoxicity
cancer AND child AND ‘Physical Activity” AND cardiotoxicity

Websites

Canadian cancer society

American Cancer Society

Cancer Research UK

National Health Institute

American College of Sports Medicine
Canadian Society for Exercise Physiologies
Canadian Cardiology Society

Appendix C

Data Extraction Instrument
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Abstract: Children with cancer and their caregivers face physical and psychosocial challenges during
and after treatment. Dance/movement therapy (DMT) has been used to improve well-being, promote
healthy coping, and mitigate the impact of illness, but limited knowledge exists regarding DMT
utilization, delivery, and outcomes in pediatric oncology. This retrospective study aimed to identify
reasons for referral to DMT, DMT visit characteristics, key DMT techniques and processes, and
clinician-reported outcomes. We examined the electronic medical records of 100 randomly selected
pediatric patients (resulting in 1160 visits) who received DMT services between 2011 and 2021.
Sociodemographic, clinical, and visit characteristics, referral reasons, and clinician-reported outcomes
were reported as frequency and proportions. Qualitative thematic analysis was used to identify
key DMT techniques and processes. Among 100 patients (63% female, aged 0-27 years), 77.9%
were referred for psychological distress and 19.6% for pain. Two distinct DMT approaches were
used during visits: a traditional DMT approach (77%) and a multisensory DMT approach (23%).
The most common visit length was 15-25 min (41.6%), followed by sessions of 3045 min (22.5%)
and <10 min (18.1%). A total of 61.9% of DMT visits were inpatient and 38.1% outpatient. Of all
visits, 8.8% were new and 91.2% were follow-ups. Caregivers were engaged in treatment in 43.7% of
visits, and 5.5% of visits focused entirely on the work with the caregiver. DMT intervention focused
on self-expression, emotional self-regulation, coping strategies, socialization, and caregiver—child
interaction. Clinician-reported outcomes included enhanced coping with hospital experience (58%),
improved pain management (27%), improved self-regulation (21%), and increased physical activation
(13.2%). The results suggest DMT as a supportive intervention for psychological distress and pain
management in pediatric oncology patients and provide insights into DMT practices and outcomes
to guide intervention development and future research.

Keywords: dance/movement therapy; pediatric oncology; creative arts therapies; psychological
distress; pain management

1. Introduction

Pediatric cancer, with an incidence of approximately 400,000 children and adolescents,
is the leading cause of death in children worldwide [1,2]. In the United States, approxi-
mately 15,780 children (1 in 285) are diagnosed with cancer each year [3]. With pediatric
oncology advances, survival rates for most childhood cancers have improved [4], but
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the psychosocial (e.g., anxiety, depression, difficulties in interpersonal relationships, non-
compliance with treatment) and physical (e.g., fatigue, sleep disturbances, pain) burdens
of cancer on patients remain high [5-7]. Furthermore, pediatric cancer also substantially
affects the emotional and physical functioning of parents and caregivers [8-12]. Thus,
standard supportive care plans should include interventions to manage cancer-related side
effects and symptoms and to provide socio-emotional support [13].

Dance/movement therapy (DMT) is defined by the American Dance Therapy Associ-
ation (ADTA) as “the psychotherapeutic use of movement to promote emotional, social,
cognitive and physical integration of the individual” [14]. This therapeutic approach,
grounded within a biopsychosocial framework, aims to support well-being and physical
and social/emotional development, improve healthy coping, and decrease the impact of
illness for children living with cancer and their caregivers. DMT therapists are master’s
degree-level clinicians and licensed providers who utilize components of dance, impro-
vised or structured movement, and creative and emotional expression, as well as other
(psycho)therapeutic techniques (e.g., symbolism, metaphor), in a supportive therapeutic
relationship within individual therapy sessions or group settings [14,15]. Movement and
non-verbal behaviors are considered the primary mediums of assessment, interaction,
and therapeutic interventions [16]. Several qualitative and theoretical contributions sug-
gest that DMT can be implemented to support psychological adjustment [17,18], body
image [19], and communication of difficult feelings and emotions [17,19]. DMT can also in-
crease participation in therapeutic activities by reducing movement limitations in children
and adolescents with cancer [19]. Results from two pilot studies suggest that DMT im-
proves body image in adolescents with cancer [20] and quality of life for children receiving
chemotherapy for brain tumors [21].

In medical settings, a distinct Multisensory Dance Movement Psychotherapy (MSDMT)
approach is often incorporated to support the youngest patients during painful medical
procedures [22-24]. This pain management approach to DMT is the application of pediatric
medical dance/movement therapy with an added emphasis on the role of the body and
multisensory experience to support physiologic and psychological coping, specifically
related to medical illness. Within this approach, therapists provide children with a variety
of activities that redirect focus away from pain and towards pleasurable sensory sensa-
tions [22,23]. These activities include the use of movement, music, touch, breath awareness,
hypnosis, imagery, and meditation to augment pain control. One exploratory study exam-
ined pain control responses to MSDMT among pediatric neuroblastoma patients receiving
an antibody therapy called 3F8 [25]. The study found that patients who were engaged,
enthusiastic, had a capacity to develop coping skills, and were earlier in their treatment
tended to have a positive pain control response to MSDMT. As such, MSDMT could be a
noninvasive method that complements pharmacological and medical treatments.

Despite DMT’s long presence and great promise in medical settings, including on-
cology [23], little is known about DMT utilization, delivery, and outcomes I n pediatric
oncology patients and their caregivers. Beyond two pilot studies [20,21] and several theo-
retical contributions [17-19,22-24,26,27], no data describe the therapeutic provisioning of
DMT in this context. To address this critical knowledge gap, this study aimed to identify:
(1) reasons for referral to DMT; (2) visit characteristics: DMT approach, session length,
setting, visit type, and caregiver involvement; (3) key techniques and processes of DMT
intervention; and (4) clinician-reported outcomes.

2. Materials and Methods
2.1. Study Setting

The Integrative Medicine (IM) Service at Memorial Sloan Kettering Cancer Center
(MSK) has offered DMT since 2003, averaging 1000 inpatient and outpatient pediatric visits
per year (approximately 42,120 visits since the program’s inception). Through dance and
movement within a safe therapeutic environment DMT encourages patients to express their
feelings and experiences, helps them to develop new coping and effective communication
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skills, supports child—caregiver relationships, and promotes body awareness, self-esteem,
and socialization [22-24]. Dance/movement therapists also provide counseling, education
(e.g., psychoeducation, education on services, development of coping strategies), and
support to caregivers [23]. Within an inpatient setting, dance/movement therapists provide
DMT individually to patients, together with caregivers, at the bedside, or in weekly group
sessions in the pediatric recreation center. Within the outpatient setting, dance/movement
therapists attend to patients and their caregivers while they are receiving or waiting for
treatment. All IM services are offered free of charge.

2.2. Data Sources

Data were obtained from the electronic medical records (EMR) of pediatric in- and
out-patients who received DMT services between January 2011 and December 2021. We
employed a simple random sampling technique using a random number generator to ran-
domly select 100 unique patients. Abstraction of 100 patient charts resulted in 1160 DMT
visit notes, from which the following data were abstracted: sociodemographic characteris-
tics (i.e., gender, date of birth, race, ethnicity), clinical variables (i.e., age at appointment,
cancer type), referral reasons, DMT visit characteristics (i.e., intervention type, session
length, setting, visit type), clinician-reported outcomes (as noted as clinical observations of
change pre—post session in the visit notes), and key features and specific processes of DMT
intervention. MSK’s institutional review board (IRB) approved the retrospective study
protocol (IRB #17-481).

2.3. Data Analysis

To describe the sociodemographic and clinical patient characteristics, we calculated
descriptive statistics, such as means and medians for continuous data and frequencies
and percentages for categorical data. We used age-at-appointment categories for patients
based on the Centers for Disease Control (CDC) Child Developmental Milestones [28]:
“infants and toddlers” (0- to 2-year-olds), “preschoolers” (3- to 5-year-olds), “middle
childhood” (6- to 11-year-olds), “adolescents” (12- to 17-year-olds), and “young adults”
(18- to 39-year-olds). For race and ethnicity, we followed the Office of Management and
Budget (OMB) standards [29]. All analyses were performed using SPSS version 29 [30].

To identify key features and specific processes of DMT intervention, we analyzed DMT
visit notes using an inductive approach to thematic analysis [31,32]. To ensure inter-coder
agreement, the first 10 visit notes were coded independently by 2 coders (KB and SDK),
who then discussed and resolved discrepancies. This procedure was repeated 5 times, after
which a formal codebook was developed to ensure the validity and consistency of the
results. The remaining notes were coded by SDK, with the senior coder (KB) providing
supervision for every 10 visit notes. After coding all 1160 visit notes, codes were grouped
into themes, which were defined and reviewed with the study team.

3. Results
3.1. Sociodemographic and Clinical Characteristics

As shown in Table 1, the mean age of patients in our sample was 8.24 £ 6.26 years,
and most were female (63%). Among 100 patients, the majority were White (64%) and not
Hispanic or Latino (83%). In terms of age, receipt of DMT services was almost equally
distributed among preschoolers, middle childhood, and adolescent groups (26.1% vs. 27.4%
vs. 22.3%, respectively), with fewer DMT visits delivered to infants and toddlers (16.5%)
and young adults (7.7%). The most common pediatric cancer types were neuroblastomas
(45%), followed by sarcomas (16%), leukemias (13%), and lymphomas (11%). Patients with
blood and immune disorders received the most DMT visits (37 per patient, on average),
followed by those with brain tumors, neuroblastomas, lymphomas, and leukemias (15, 12,
12, and 10 visits per patient, on average, respectively).
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Table 1. Patients” demographic and clinical characteristics.

Characteristics Pa tilj:tt}ll):;:tfi ent Visl\i]tI;I/III:;; g f:n ¢ Average Visit per Patient
n n (%) n
Total
100 1160
Gender
Female 63 685 (59.1) -
Male 37 475 (40.9) -
Age at Appointment (years)
Mean (SD) 8.24 (6.26) - -
Median 7 - -
Age at Appointment categories (years)
Infants & Toddlers (birth-2 years) 25/15 191 (16.5)/141 (12.1) 9
Preschoolers (3-5 years) 26/14 303 (26.1)/124 (10.7) 12
Middle Childhood (6-11 children) 22/8 318 (27.4)/191 (16.5) 14
Adolescents (12-17 years) 18/11 259 (22.3)/163 (14) 12
Young adults (18-39 years) 9/6 89 (7.7)/71 (6.1) 10
Race
White 64 656 (56.6) -
Black 12 89 (7.7) -
Asian 7 89 (7.7) -
American Indian or Alaska Native 3 124 (10.7) -
Other and Unknown 14 202 (17.4) -
Ethnicity
Not Hispanic or Latino 83 926 (79.8) -
Hispanic or Latino 16 177 (15.3) -
Unknown 1 57 (4.9) -
Cancer type
Adrenal tumors 2 8(0.7) 4
Blood and Immune Disorders 5 129 (11.1) 37
Liver tumors 1 7 (0.6) 7
Neuroblastoma 45 534 (46) 12
Brain tumors 3 45 (3.9) 15
Leukemias 13 132 (11.4) 10
Lymphomas 11 159 (13.7) 12
Sarcomas 16 124 (10.7) 8
Sacrococcygeal Teratoma 1 2(0.2) 2
Wilms’ tumor and other kidney tumors 3 20 (1.7) 7
Treatment type
Chemotherapy 48 635 (54.7) -
Immunotherapy 21 233 (20.1) -
Surgery 16 63 (5.4) -
Chemoimmunotherapy 9 136 (11.7) -
Bone Marrow Transplant 6 93 (8.0) -

3.2. Reasons for Referral to DMT

Table 2 shows the most common referral reasons by visit type (new vs. follow-up)
and setting (in- vs. outpatient). Psychological distress was the most common referral
reason overall (n = 904, 77.9%) and across visit types (new visit: n = 74, 72.5%; follow-up:
n =830, 78.4%) and settings (inpatient: n = 670, 93.3%; outpatient: n = 234, 52.9%). Pain
was the second most common referral reason overall (1 = 227, 19.6%) and across visit types
(new visit: n =21, 20.6%; follow-up: n = 206, 19.5%) and settings (inpatient: n = 25, 3.5%;
outpatient: n = 202, 45.7%). Other reasons included psychological and/or developmental
support (1 = 8, 0.7%), Enhanced Recovery After Surgery (ERAS) (n =7, 0.6%), end-of-life
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care (n = 4, 0.3%), and fatigue (n = 2, 0.2%). No referral reason was specified in eight
cases (0.7%).

Table 2. Referral reason.

Referral Reason Total n (%) New Visit n (%) Follow-Up 1 (%) Inpatient n (%) Outpatient 1 (%)
Psychological
Distress 904 (77.9) 74 (72.5) 830 (78.4) 670 (93.3) 234 (52.9)
Pain 227 (19.6) 21 (20.6) 206 (19.5) 25(3.5) 202 (45.7)
Other ! 29 (2.5) 7(6.9) 22 (2.1) 23 (3.1) 6(1.4)

1 “Other” included: psychological and/or developmental support; Enhanced Recovery After Surgery; end-of-life
care; fatigue; and not specified.

3.3. Visit Characteristics: DMT Approach, Session Length, Setting, Visit Type, and
Caregiver Involvement

Visit characteristics are presented in Table 3. Of 1160 visits, 102 (8.8%) were new
visits, and 1058 (91.2%) were follow-ups. The most common session length was 15-25 min
(n = 483, 41.6%), followed by 30-45 min (n = 261, 22.5%), and <10 min (n = 210, 18.1%).
DMT was provided 718 times (61.9%) in the inpatient setting and 442 times (38.1%) in the
outpatient setting. Caregivers were present 507 (43.7%) times during visits, and 64 (5.5%)
sessions focused on caregivers (e.g., education, support). Traditional DMT (1 = 893, 77%)
was offered almost four times as often as MSDMT (n = 267, 23%).

Table 3. Visit characteristics.

Visit Characteristics Total n (%) Inpatient n (%) Outpatient n (%)
DMT approach

DMT * 893 (77) 698 (60) 195 (17)

MSDMT ** 267 (23) 20 (2) 247 (21)
Session length

<10 min 210 (18.1) 151 (13) 59 (5.1)

15-25 min 483 (41.6) 352 (30.3) 131 (11.3)

30-45 min 261 (22.5) 168 (14.5) 93 (8)

60 min 168 (14.5) 39 (3.4) 129 (11.1)

75 min 22(1.9) 3(0.3) 19 (1.6)

>90 min 12 (1) 2(0.1) 10 (0.9)

Unspecified 4(.3) 3(0.3) 1(>0.1)
Setting

Inpatient 718 (61.9) - -

Outpatient 442 (38.1) - -
Visit type

New Visit 102 (8.8) 60 (5.2) 42 (3.6)

Follow-up 1058 (91.2) 658 (56.7) 400 (34.5)
Caregiver involvement

Work with caregiver 64 (5.5) 44 (3.8) 20 (1.7)

Caregiver engaged in session 507 (43.7) 226 (19.5) 281 (24.2)

* DMT—Dance/Movement Therapy. ** MSDMT—Multisensory Dance /Movement Psychotherapy.

3.4. Key Techniques and Specific Processes of DMT Intervention

Qualitative analysis, focusing on key techniques and processes of DMT, elicited four
main themes. These themes are discussed below.

Theme 1. Self-expression and meaning-making. Dance/movement therapists create
a safe therapeutic environment and encourage children to express themselves primarily
through natural movement, employing techniques such as metaphorical representation,
symbolism, or play. To support a sense of agency, therapists follow the child’s lead and
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tailor session activities (e.g., physical role-play, physical imagine-play, free dance, and
choreographed dance) to their individual needs. Dance and movement offer a creative
outlet for emotional release, and physicality provides a sense of control.

Theme 2. Emotional self-regulation, feeling identification, processing, and validation.
Dance/movement therapists use techniques such as: (1) mirroring (e.g., embodiment or
reflection) of the child’s physical expression or non-verbal communications; (2) attunement
and rhythmic synchronizing to the child’s verbal and non-verbal physical and emotional
state; and (3) other kinesthetic—sensory techniques (e.g., touch, sound) to assist children who
under- or over-regulate to identify, physically express, process, and validate suppressed or
difficult feelings.

Theme 3. Embodied coping strategies. Dance/movement therapists focus on embod-
ied activities that increase children’s body awareness and help them recognize, understand,
and respond to physical signs of distress. These activities include: (1) grounding techniques
to slow down stress responses and emotional or physiological dysregulation; (2) anchoring
to bring the patient’s attention to the present moment or shift sensations from anxious
to calm (e.g., dancing to a favorite song); (3) auditory cues (e.g., entrainment) to redirect
energy and attention toward positive, calm, and self-empowered emotional states; and
(4) anxiety reducing activities (e.g., breathing exercises, embodied meditation, guided
imagery) tailored to developmental and cultural preferences.

Theme 4. Socialization and caregiver-child interaction. Therapists teach caregivers
how to read and respond to non-verbal (e.g., muscular tension, facial expression) and verbal
cues (e.g., gurgling, babbling, crying) through movement (e.g., rocking) and use of props
(e.g., toys, shakers) to support bonding and dyadic regulation with the youngest patients.
With older patients, therapists engage caregivers in movement-based games, creative dance,
expressive movement, or role-playing to help build responsive caregiver—child interactions
and improve communication.

3.5. Clinician-Reported Outcomes

Clinician-reported pediatric outcomes are presented in Table 4. These included out-
comes related to the treatment of psychological distress, such as enhanced coping with the
hospital experience (1 = 663, 58%) and improved self-regulation (n = 241, 21%), as well as
improved pain management (n = 311, 27%) and increased physical activization (n = 151,
13.2%). Caregiver outcomes included decreased burden (n = 183, 16%) and enhanced
parent—child relationship (n = 10, 0.9%).

Table 4. Clinician-reported outcomes.

Outcomes N * (%)
Pediatric
Psychological Distress
Enhanced coping with hospital experience 663 (58)
Increased social interaction 372 (32.5)
Reduced anxiety/stress/fear 169 (14.7)
Decreased levels of depression 117 (10.2)
Comfort/End of life care 5 (0.4)
Improved self-regulation 241 (21)
Feeling calm and relaxed 199 (17.4)
Improved self-regulation skills 42 (3.7)
Pain
Improved pain management ** 311 (27)
Other
Increased physical activization 151 (13.2)
Active physical engagement 78 (6.8)
Supported developmental milestones (developmental and sensory stimulation) 73 (6.4)
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Table 4. Cont.

Outcomes N * (%)

Caregiver
Decreased caregiver burden 183 (16)
Caregiver education 73 (6.4)
Psychological needs and disease-related issues assessment 39 (3.4)
Caregiver counseling (e.g., coping with emotional distress, parental adjustment support) 71(6.2)
Enhanced parent—child relationship 10 (0.9)

* N reflects the number of times the outcome was reported in visit notes. Note that for each visit note analyzed,
multiple outcomes could be reported. Outcomes reported were not always in line with referral reasons; e.g.,
a patient could have been referred for pain, but during the visit the patient could also report feeling depressed, and
the therapeutic activities would be focused on alleviating feelings of depression in addition to pain management.
** Improved pain management was reported in 98% of the MSDMT visits (263 of 267 total visits).

4. Discussion

In this retrospective chart review, we used quantitative and qualitative methods to
analyze 1160 pediatric DMT treatments across 100 randomly selected patients. To the
authors’” knowledge, this is the largest pediatric DMT study reported to date. We found
that DMT can be successfully used across pediatric age groups, cancer types, and treatment
settings to help treat psychological distress and improve pain management.

In our study, the most common reason for referral to DMT services was psychological
distress, including anxiety, stress, and depression. This finding highlights the psycho-
logical and psychosocial effects of cancer diagnosis, hospitalization, and treatment on
children [33]. These symptoms can significantly impact the quality of life, psychosocial
development, symptom management, and treatment compliance [34], ultimately leading to
lasting negative effects on patients” physical and psychological health [35,36].

To target psychological distress, DMT therapists use dance and movement to help
children express thoughts, emotions, and body sensations that are often difficult for them
to verbalize. Movement used in sessions encompasses body postures, gestures, breathing
exercises, natural and spontaneous movement, improvised dance, and various movement
and dance sequences [37]. Movement also stimulates the imagination, enabling the cre-
ation and living of new experiences, promoting self- and body awareness, and enhancing
self-efficacy. This is particularly important for cancer patients, as increased self-efficacy is
linked to decreased psychological symptoms and increased self-care behaviors [38]. Fur-
thermore, therapists use dance and movement to support the development of emotional
self-regulation, which enables patients to recognize, name, and express a broad range of
emotions and experiences [22-24]. As a result, patients can improve their psychological
outcomes, such as anxiety, depression, or stress. Among older patients, this increased
self-awareness can also lead to changes in habitual response patterns and a better under-
standing of their impact on themselves and their relationships with others [23]. Moreover,
movement and dance in DMT promote physical activity and vitalization and therefore
target anhedonia, apathy, and underactivity, which are common symptoms in children
living with cancer.

In our study, we also found that DMT services were requested for pain almost as often
as for psychological distress among pediatric outpatients, indicating that these patients
often experience pain not only as a result of their illness but also due to diagnostic and
therapeutic procedures often performed in outpatient settings [39,40]. Anxiety and de-
pression are also significant factors contributing to ongoing pain in patients after cancer
treatment [41]. Pain experienced by children with cancer can vary in type and sever-
ity [42,43], but is understood to be both a sensory and emotional experience [41]. In
addition, unmanaged pain during cancer treatment can cause more psychological distress
and post-traumatic stress for patients and their families [43].

DMT, and MSDMT specifically, can provide a non-invasive and complementary pain
management treatment for pain and physical discomfort in pediatric patients [24]. These
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therapies teach children embodied coping strategies, such as relaxation, redirection from
the experience of pain, and self-regulation, through dance and movement. Techniques used
in these therapies also include breathing, working with muscular tension, and attunement
to somato-sensorial sensations. Furthermore, we also found that the MSDMT approach
was offered almost 25% of the time and resulted in improved pain management among
98% of outpatients, suggesting that, for younger children, more sophisticated therapeutic
approaches may be needed to help with pain coping. MSDMT may be particularly ben-
eficial for children who might lack the comprehension and ability to effectively respond
to verbal interventions when experiencing pain. This therapeutic approach recognizes
that children, irrespective of their age, inherently absorb information through multiple
senses. Moreover, this sensitivity to multisensory input becomes more pronounced during
challenging medical situations. During visits, activities are administered by layering spe-
cific sensory experiences through playful engagements, which, at first, distract the patient,
then ultimately support them to reach a meditative state when in heightened arousal or
perceiving pain [23,24]. Within MSDMT, therapists help the youngest patients achieve a
self-regulatory state by attuning to the child’s multisensory input and co-regulating their
reactions to the painful experience. This is achieved through a variety of activities that are
conducted by gradually incorporating various sensory experiences into playful interactions.
Initially, these experiences serve as distractions for the patient, but eventually they help
the patient attain a state of meditation when they are experiencing heightened arousal or
perceiving pain [24]. As such, DMT results in enhanced coping with the hospital experience,
improved pain management, and improved self-regulation.

Caregivers also play a crucial role in children’s pain experiences and are often included
in pain treatments [44]. Studies have shown that there is a connection between how
caregivers respond to their child’s pain and the severity of pain, functional disability,
and other somatic complaints that the child experiences [45-47]. Depending on the child’s
developmental stage, parents may also be essential to the treatment process, as their support
is necessary for children to improve their adaptive pain management skills. Without their
targeted support, it can be more difficult for children and adolescents to make progress in
this area. DMT not only facilitates socialization but also caregiver—child interaction through
creative dance-play with their children during treatment, procedure, or hospital stay.
Notably, in our study, caregivers were present and engaged in almost 44% of DMT visits. In
addition, 5.5% of visits focused solely on caregiver support, resulting in decreased caregiver
burden and enhanced parent—child relationship support. The inclusion of caregivers in
therapeutic interventions should be strongly considered while developing treatment and
research protocols.

We acknowledge several study limitations. First, the retrospective nature of this
study limits our ability to examine other factors that may be associated with utilization
and delivery of DMT (e.g., patient/caregiver feedback, perception of treatment benefits,
outcomes/symptomatic relief). Second, this study was conducted at a single academic
cancer center; therefore, our sample may not be representative of other populations, so
the generalizability of our findings may be limited. Third, in our study, patients were
specifically referred to DMT services by their health care providers; therefore, clinician
referral bias might confound our results. Fourth, we assessed outcomes as reported by the
clinicians; therefore, it is possible that, while highly trained, the two DMT therapists in our
study may have personal biases that influenced their treatment approaches and reported
outcomes. Finally, our DMT program is supported by specific institutional support that
may not be available in other settings, and therefore it may be difficult to implement in
less supportive contexts. Despite these limitations, our study represents an important step
towards understanding pediatric DMT utilization, delivery, and outcomes.

5. Conclusions

In this retrospective study of over 1000 treatments among 100 pediatric cancer patients,
we found that DMT is commonly offered to patients who experience psychosocial and
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physical difficulties related to cancer treatment and hospitalization. We also discerned
specific patterns of utilization (e.g., session length, average follow-up visits) and described
key features and specific processes of DMT (e.g., how DMT is delivered and the ways dance
and movement are used in a therapeutic context) and clinician-reported pediatric and
caregiver outcomes (e.g., enhanced coping with hospital experience, improved pain man-
agement, decreased caregiver burden). Our results suggest that DMT can be successfully
used across pediatric age groups, cancer types, and treatment settings to treat psychological
distress and improve pain management. This knowledge is instrumental in intervention
development and will help formulate hypotheses for future research aiming to enhance the
effectiveness of DMT for children living with cancer.
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