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Abstract

Background. Research in exercise oncology has consistently provided evidence supporting the integra-
tion of exercise into all phases of cancer care. However, less is known about how this can be implemented
across different patient populations and healthcare settings. This study aims to generate knowledge about
the equitable implementation of digitally supported physical rehabilitation during and after systemic cancer
treatment through feasibility testing in 5 South Baltic countries.

Methodology. This study is part of the “AMBeR" project (Advanced Modeling of Baltic E-cancer caRe) and is an in-
ternational, multicenter, prospective study with a hybrid implementation-effectiveness design. It includes 2 single-
arm feasibility trials, each aiming to enroll 30 patients undergoing systemic treatment and 30 patients who have
completed systemic treatment or are receiving long-term or life-prolonging treatment at each participating site, for
atotal of 300 adult cancer patients. All tumor groups are eligible, and participants must be >18 years of age. We wil
use the Reach, Effectiveness, Adoption, Implementation, and Maintenance (RE-AIM) framewaork to structure data
collection and reporting. Additionally, Group Concept Mapping will be used to evaluate determinants of participation
among patients and determinants of intervention delivery among healthcare professionals (HCPs). Enrollment began
in September 2024 and is expected to be completed by December 2026.

Discussion. While digital solutions have the potential to overcome barriers to integrating exercise into oncology
care, inequitableimplementation may inadvertently exacerbate disparities in cancer rehabilitation if these innovations
remaininaccessible to patients with fewer resources. By evaluating reach, effectiveness, adoption, implementation,
and maintenance, as well as the determinants of participation among patients and HCPs, this study will contribute
to the evidence base on the implementation of digitally supported physical rehabilitation in cancer care.

Conclusions. Findings from the AMBeR eRehab study will inform future efforts to digitize cancer rehabilita-
tion while ensuring that inequities are not reproduced.
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Highlights

« This study investigates equitable implementation of digitally supported physical cancer rehabilitation.

+ The study will include 300 adult patients in 2 feasibility trials across 5 South Baltic countries.

+ A hybrid implementation—effectiveness design guided by the RE-AIM framework is applied, while Group Concept
Mapping identifies determinants for participation among patients and HCPs.

« Findings will inform digital cancer rehabilitation strategies to reduce inequity in provision and uptake.

Background

The incidence of cancer is increasing worldwide, mainly
due to demographic change, improved early detection pro-
grams, and advances in diagnostics.! At the same time,
cancer prognosis is improving, with an overall 5-year sur-
vival rate of 67% in Europe during the period 2015-2022.2
As life expectancy continues to increase and cancer inci-
dence rises with age, more patients will live with or beyond
cancer and thus be at risk of cancer- and treatment-related
symptoms and late effects. Among the most common
symptoms and late effects are fatigue, chemotherapy-in-
duced peripheral neuropathy, pain, and reduced physical
and psychological functioning, all of which impair health-
related quality of life (HRQoL).310

These symptoms and late effects increase the demand for
healthcare services and highlight the need for structured
and sustainable supportive care. Participation in targeted
exercise programs, especially when supervised by qualified
professionals, can alleviate cancer- and treatment-related
symptoms and late effects.!'"!3 Furthermore, exercise has
the potential to improve survival, as recently demonstrated
by Courneya et al.,'* in which a 3-year exercise program
after colon cancer resection significantly improved disease-
free survival (hazard ratio (HR) = 0.72, 95% confidence
interval (95% CI): 0.55-0.94, p = 0.02). Accordingly, inter-
national guidelines recommend integrating physical activ-
ity and exercise into rehabilitation and across all phases
of oncological care.l>"' Implementation of exercise recom-
mendations in clinical practice has been insufficient to date
and varies greatly both internationally and regionally.!®
Current literature suggests that low socioeconomic status
is strongly associated with reduced participation in onco-
logical rehabilitation programs, despite a higher prevalence
of symptoms and greater rehabilitation needs.!%2°-23 Fur-
thermore, both structural barriers, such as long travel dis-
tances and inadequate infrastructure, and patient-related
factors, such as age, general health, and social support,
hinder access to and uptake of physical cancer rehabilita-
tion and pose major barriers to the equitable provision
of adequate care.?*"?° Digital interventions may enhance
access to precision cancer rehabilitation while empower-
ing patients to take an active role in their own treatment.3°
Precision rehabilitation relies on individualized exercise
prescriptions based on the FITT principles (frequency,

intensity, time, and type).?! The use of digital interven-
tions may allow remote supervision and support adherence
to prescribed exercise. Emerging studies show that various
forms of cancer telerehabilitation can improve cardiore-
spiratory fitness and physical functioning, while their ef-
fects on HRQoL and muscle strength remain unclear.3233
This discrepancy may result from implementation issues,
as evidence highlights specific challenges, including IT
infrastructure, digital health literacy, data protection, fi-
nancing, integration into clinical routines, and insufficient
resource allocation for implementing new practices.34-3¢

Objectives

The overall aim of this study is to gain insight into the fea-
sibility and implementation of digitally supported physi-
cal cancer rehabilitation during and after systemic cancer
treatment. The findings will be used to develop country-
specific and trans-European guidance for the digitization
of physical cancer rehabilitation. Specifically, the objec-
tives are to assess the reach, effectiveness, acceptability,
implementation, and maintenance of digitally supported
physical cancer rehabilitation (eRehab) in clinical practice
and to explore the determinants of participation in eRehab.

Methodology
Design

This study is a multinational, multisite feasibility study
of the implementation of eRehab in rural regions of 5 South
Baltic countries — Denmark (DK), Poland (PL), Germany
(GER), Sweden (SWE), and Lithuania (LTU) — during sys-
temic treatment (Feasibility Study 1) and after systemic
treatment or during long-term life-prolonging treatment
(Feasibility Study 2). Both feasibility studies are designed
as single-arm intervention studies (NCT06768918; pro-
tocol version 1, registered before recruitment began, No-
vember 27, 2024).

The overarching aim of the AMBeR project is to develop
amodel for implementing digital cancer care across coun-
tries and healthcare settings. Two designated work pack-
ages are allocated to implementation support and model
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Table 1. Usual cancer rehabilitation care across participating study sites in the AMBeR eRehab study

Angelholm Hospital,
Angelholm (SWE)

University Clinical
Center, Gdansk (PL)

University Medical Center,
Rostock (GER)

Klaipéda University,
Klaipéda (LTU)

Zealand University
Hospital, Neestved (DK)

Study site

« Referrals:
During anticancer
treatment, no hospital-

« Referrals:
During anticancer
treatment, no

« Referrals:
Patients undergoing
anticancer treatment

« Referrals:
Self-referral from patients
visiting the hospital, and

- Referrals:
During oncological
treatment, referrals

to physiotherapy are through public advertisement = are routinely referred physiotherapy based physiotherapy
made on a needs « Provision: by doctors or nurses is provided, is offered (except
basis by a physician Free exercise consultation to the cancer but private for the Head & Neck
(e.g., an oncologist, including test of physical rehabilitation unit rehabilitation cancer team, where all
general practitioner, function and body in Lund (but gaps is available patients are referred
or another specialist). =~ composition, individual in the systematic if the patient and physiotherapy
- Provision: exercise recommendations, approach exist). After wishes. is initiated upon

Publicly funded plan and instruction/ anticancer treatment, « Provision: functional decline).
by the National supervision, assistance only patients with After anticancer Based on needs

Usual care Health Fund in finding a local sports specialized rehabilitation treatment, assessments, patients

rehabilitation
is publicly funded
through taxes for

needs are referred.
If patients have basic
rehabilitation needs,

(NFZ) contract
(a substantial waiting
list exists). Priority

club, information
on possible prescriptions
(e.g., rehabilitation sports),

practice for
rehabilitation

are referred to primary
care rehabilitation
(municipality), initiated

early access is given inclusion in exercise they may be referred all patients. either during or after
to patients with studies, or membership to the local primary « Level of anticancer treatment.
disabilities defined in a non-profit organization healthcare center. digitalization: « Provision:

by law. Duration (,INJFORM"). Funded « Provision: No digital Publicly funded

and contents solutions used.

of programs differ

through the clinic budget
and donations, available

Publicly funded through
taxes for all patients.

through taxes for all
patients.

by cancer type. to individuals with cancer « Level of digitalization: - Level of digitalization:
- Level of residing in Mecklenburg- National platform 1177. No digital solutions

digitalization: Western Pomerania. se and Vidicue are fully used.

No digital solutions - Level of digitalization: operational in clinical

used. No digital solutions used. practice.

PL - Poland; GER - Germany; SWE - Sweden; LTU - Lithuania; DK - Denmark.

development, while 2 other work packages focus on feasi-
bility testing of digital solutions in cancer care: one evalu-
ating home blood sampling (NCT06809101) and the other
evaluating eRehab. The results of the AMBeR eRehab study
will therefore provide data for the development of the im-
plementation model, which can serve as guidance and
a framework for others embarking on the digitization
of physical rehabilitation in their local context.

A hybrid implementation-effectiveness design is em-
ployed to evaluate the implementation of eRehab while
simultaneously assessing its effectiveness at the individual
patient level. This study design was chosen for several rea-
sons. First, there is substantial evidence and several inter-
national guidelines supporting participation in physical
rehabilitation during and after cancer treatment, although
knowledge of the effectiveness of eRehab interventions
remains limited. Second, usual care and the organization
of healthcare vary considerably across countries (Table 1),
which calls for a feasibility-oriented study design with flex-
ible starting points and iterative refinement to adequately
capture these differences and enhance the value of the fea-
sibility study. In this study, the definition of rehabilita-
tion is limited to the physical component of rehabilitation,
aimed at maintaining (Feasibility Study 1) or improving
(Feasibility Study 2) physical performance and HRQoL
through targeted exercise prescription.

The study began in September 2023 and will run for
3.5 years, until March 2027. Recruitment was initiated at dif-
ferent times across participating sites due to differences

in the timing of approvals from local ethics committees and
in the availability of digital solutions (Supplementary Table 1).
The first patient was enrolled on September 13, 2024.

Setting

The study is part of the Interreg South Baltic Pro-
gramme-funded AMBeR project (Advanced Modeling
of Baltic e-cancer caRe), a collaboration among 7 partners
from 5 countries in the southern Baltic Sea region (Fig. 1).
The 5 partners involved in the AMBeR eRehab study are
Zealand University Hospital, Neestved, Denmark (lead
partner); University Clinical Center Gdansk, Poland; Ros-
tock University Medical Center, Germany; Angelholm Hos-
pital, Sweden; and Klaipéda University, Lithuania (Fig. 1).

Ethical approval and informed consent

Ethical approvals were obtained from the respective
national ethical committees before any study activities
took place (PL: Independent Bioethics Committee for
Scientific Research, Medical University of Gdaiisk, no:
KB/545/2024-2025, dated 28.02.2025; GER: Ethics Com-
mittee of the University of Rostock A 2024-0150, dated
21.08.2024; SWE: Swedish Ethical Review Authority,
Dnr 2024-04222-01, dated 21.08.2024; LTU: Regional
Research Ethics Committee, BE-2-64, dated 11.06.2025).
In Denmark, no ethical approval was required, but a Data-
protection Board registration was approved, p-2024-17503,



Fig. 1. Study sites in the AMBeR eRehab study

dated 27.11.2024. Written informed consent was obtained
by all particpants. Patients who declined participation
were asked to fill in a questionnaire on anthropometrics,
socio-demographics, and clinical characteristics, consent-
ing by answering the questionnaire. No information was
recorded for patients who also declined answering the de-
cliner questionnaire.

Participants

Each study site will conduct 2 single-arm interven-
tion studies with 30 participants in each study, for a total
of 300 participants across both feasibility studies. The ba-
sic eligibility criteria are age >18 years, any cancer diag-
nosis, including myeloproliferative neoplasms (ICD-10:
C00*-C97% D45, D47%), and the cognitive ability to pro-
vide informed consent. Additional study-specific inclu-
sion criteria are: Feasibility Study 1: patients undergoing
systemic cancer treatment. Participants should preferably,
but not necessarily, have a treatment duration of at least
8 weeks at the time of study enrollment. Feasibility
Study 2: patients who (a) completed systemic treatment
within the previous 6 months or (b) had received long-term
(>6 months) maintenance and/or life-prolonging systemic
treatment. Patient group (b) was added through a protocol
amendment during the enrollment period because it was
not explicitly included in the original study protocol; how-
ever, early experience indicated that it represented a rel-
evant target population for eRehab. The specific patient
categories and clinical settings were allowed to vary across
study sites and are described in more detail in Table 2.

Introducing new practices in existing
care pathways

In both feasibility studies, the intervention is intended
to follow usual practice and, whenever possible, use exist-
ing referral pathways. However, usual care with respect
to needs assessment, referrals, and the content of physical
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rehabilitation varies substantially across participating sites,
with the integration of exercise into oncology care rang-
ing from being considered contraindicated to being fully
embedded, as has also been described in the international
literature.!®37-3% At some participating sites, this study
introduces physical rehabilitation in oncology as a novel
component of care, whereas at others it introduces a new
method of delivering physical cancer rehabilitation (digi-
tally supported) within an already established rehabilita-
tion framework. Accordingly, where no existing referral
pathways for physical rehabilitation are available, new
pathways must be established, whereas other sites already
have well-established referral pathways that can readily
incorporate the new intervention. Usual care and the in-
tervention settings across participating sites are described
in more detail in Table 2.

The intervention contents

The eRehab interventions will be delivered as a hybrid
service but should primarily rely on digital solutions dur-
ing follow-up consultations. To account for heterogeneity
across sites while allowing for cross-national assessment
of outcomes, a core framework for rehabilitation delivery,
with room for site-specific variations, was established.
The core framework was defined as follows: The interven-
tion may be delivered remotely through digital solutions
or as a hybrid intervention combining in-person and remote
digital delivery. To encourage the transition to digital and
remote delivery, an average of 2 in-person visits per month
after the initial assessment is permitted per patient. The in-
tervention should include an exercise prescription individu-
ally tailored to patients’ needs, personal preferences, and
goals, and should comply with national and/or international
clinical guidelines based on the FITT principles.!? The pro-
gram should preferably last 8—12 weeks, but it was agreed
between the study sites that length of program should be
customized to the target population, relevance for the re-
habilitation intervention, and the oncological treatment



Table 2. Details about the intervention setting, target patient groups, content, duration, and delivery across study sites in the AMBeR eRehab study

Study site

University Clinical Center,
Gdansk (PL)

University Medical
Center, Rostock
(GER)

Angelholm Hospital,
Angelholm (SWE)

Klaipéda
University,

Zealand University
Hospital, Neestved (DK)

Intervention
setting (name
of institution
and location)

Patient groups
targeted in
recruitment

Healthcare
professionals
delivering

the intervention

Remote/digital
Vs in-person
consultations

Duration
of intervention

Digital
platform/device
(name, version,
and description)

University Clinical Center,
Gdansk

Studies 1 and 2: Patients
with head and neck, colon,
and breast cancer

Physiotherapists

Telephone contact for
appointment scheduling.
First contact in-person
(including functional
testing, exercise
programming, equipment
demonstration, and
activation). A concluding
in-person session with

the physiotherapist

is scheduled after approx.
8 weeks. If difficulties arise,
patients may contact

the physiotherapist through
the application to arrange
additional in-person visits

8-16 weeks

Doctor.One application,
Electrocardiograph Eho-
Mini rev. 10a, tele EKG

from ProPlus, Pedometer
BT-HUB v. 4.1 from ProPlus,
Fingertrip Puls Oximeter,
MBH Mobile Health. Patients
use the app with 2 sets

of exercises: 1 for primary
and 1 for advanced cancer.
Physiotherapists can
monitor heart rate, ECG,
step count, and ePROMs for
wellbeing.

Once weekly, the patient
performs a morning

ECG recording, and after
the physiotherapist has
reviewed the ECG and
provided clearance,

the patient performs

the planned exercise under
real-time ECG monitoring.

Rostock University
Medical Center

Studies 1 and 2:
Patients with all
cancer types,
including
myeloproliferative
neoplasms

Physiotherapists,

qualified and licensed

sport scientists

The first and last
contacts (including
assessment and
program planning)
take place in person.
All other contacts
preferably remote/
digital

12 weeks

Lanista exercise app.
Web-based software
for therapy facilities
and gyms. Includes
approx.1,500
exercises explained

using videos, images,

and text (additional
exercises can be
added). The number
of sets, duration, and
repetitions can be
customized.
Patients receive

a free app for their
smartphone/tablet,
can view plans,
check off individual
exercises or entire
units, and contact
the project team via
a chat function.

Cancer Rehabilitation Lund

Study 1 and 2: Patients with
all cancer types

Physiotherapists

After the invitation

(by phone), the first contact
is in-person (including
assessment, functional
testing, and paper
questionnaires). All other
contacts, preferably remote/
digital, but a maximum

of 2 in-person contacts per
month

12-14 weeks

Exorlive: Exercise program
including approx.

8500 exercises illustrated
with videos and text, shared
with the patient through
1177 se.

National platform 1177 se.
A nationally integrated
platform for information,
booking, and exercise
program delivery.

Amni Care 9.0.3.3

A regionally integrated
platform for data collection
of ePROMs and PREMs.
Vidicue

Regionally integrated video
solution for individual and
group sessions.

Fitbit Charge 6.
Study-specific solution.
The patient reports daily

step counts through 1177.se.

Klaipéda (LTU)

Private
rehabilitation
setting (studio

Be skausmo)

in cooperation with
Klaipeda University

Studies 1 and 2:
Patients with all
cancer types

Physiotherapists

First contact

(incl. assessment
and program
planning) and last
contact take place
in-person, and all
other contacts

are preferably
remote/digital, but
a maximum of 2 in-
person contacts
per month

Approx. 10 weeks

Icura: Mobile
phone application
and censor

for activity
tracking, exercise,
programming,
automatic logging,
and prompts

for motivation.
Physiotherapist
backend for
real-time exercise
supervision

and program
modifications.

Study 1: Zealand
University Hospital,
Department of Clinical
Oncology

Study 2: Lolland
Municipality, Department
of Rehabilitation

Study 1: Patients with
head and neck, breast,
and prostate cancer
Study 2: Patients with all
cancer types

Physiotherapists

Both study 1 and 2: first
and last contact with
in-person attendance

at the hospital (including
baseline and end-of-
study tests). Follow-up
contacts, preferably
remote/digital, with

a maximum of bi-
monthly in-person
contacts. Study 1: Follow-
up contacts are either
made when the patient
is at the hospital
receiving anticancer
treatment

or by telephone. Study 2:
Patients may additionally
participate in weekly in-
person team sessions

Study 1: Head and neck
cancer: 5-7 weeks
Breast and prostate
cancer: approx.12 weeks
Study 2:

Duration corresponds
to usual care
rehabilitation (12 weeks)

Icura: Mobile phone
application and censor
for activity tracking,
exercise, programming,
automatic logging, and
prompts for motivation.
Physiotherapist backend
for real-time exercise
supervision and program
modifications.

ePROM:s — electronic patient-reported outcomes; PREMs — patient-reported experience measure; PL — Poland; GER — Germany; SWE - Sweden;
LTU - Lithuania; DK — Denmark.




regime in general. The exercise prescription should target
muscle strength, endurance, coordination, range of motion,
and/or sensorimotor function, and may be supplemented
with group sessions as needed.

The intervention is delivered by trained or certified
healthcare professionals (HCPs) with experience in oncol-
ogy rehabilitation (e.g., physical therapists and exercise sci-
entists), who are referred to as exercise specialists through-
out this paper. We will use the Patient-Specific Functional
Scale (PSES)* to identify each patient’s individual rehabili-
tation goals and tailor the intervention accordingly. Further
details of the intervention are provided in Table 2.

Choosing a digital solution

Exercise specialists and the local study team at each site
were involved in selecting the digital solution for eRehab
delivery to ensure that it met the required criteria and
the expected needs of the local context. The selection was
based on market availability, language availability, suit-
ability for the target population, objectivity of movement
feedback, opportunities for interaction, and features sup-
porting progression and regression of the exercise pro-
gram. In addition, the requirements for integration with
existing IT systems, as well as the advantages, disadvan-
tages, and costs of each solution, were considered before
the final selection was made.

Implementation components
Preplanned implementation support activities were

provided by the designated implementation support team
in the AMBeR study.

G. Ammitzbgll et al. South Baltic digital cancer rehabilitation

Preparation activities

First, efforts were made to map existing care pro-
cesses and contexts and identify key stakeholders. Sec-
ond, the new care process was described, and pathways
within the new model of care were identified. To sup-
port this work, the lead partner and the implementation
support team conducted site visits to all participating
sites. A local workshop was held with participation from
the implementation support team, the local study team
(including local stakeholders), and, whenever possible,
a patient representative who contributed the patient
perspective on barriers and facilitators. The workshop
resulted in a defined implementation strategy and ac-
tion plan.

Training and onboarding

Before recruitment began, 2 training sessions were or-
ganized for project members. The 1% was an in-person,
full-day seminar focusing on the rationale for exercise
in oncology, familiarization with international guidelines
and position statements, and an in-depth discussion and
mapping of practice differences across participating sites.
The 2"¢ was a 3-h online meeting focused on enhancing
exercise specialists’ ability to deliver remotely supervised
rehabilitation supported by digital solutions, integrating
digital technologies into their professional practice, and
developing new competencies related to digital rehabili-
tation. The content of both training sessions was either
recorded or summarized in educational materials for
distribution to those who were unable to attend.

Table 3. Local implementation plan across study sites in the AMBeR eRehab study

University Clinical Center, University Medical

Study site

Angelholm Hospital,

Klaipéda University, Zealand University

Gdansk (PL)

- Establishment of a small
team of project
physiotherapists
facilitating daily contact
and direct collaboration
with oncologists

- Onboarding meetings
to establish an internal
patient referral pathway
and to deliver training
on the equipment

Center, Rostock (GER)

- The establishment
of a hematology
and oncology
exercise therapy
working group
(n = 4) with local
ad hoc meetings/
consultations
(face to face or via
telephone/email)

- Familiarization

Implementation
requirements/

strategy and utilized with protocol and
onboarding - Ad hoc team meetings assessments by all
for problem shooting project members
+ Physiotherapists have - Planning and
access to support supervision

from the hospital
administration.

of intervention only
by qualified/licensed
physical therapists/
sports scientists

- Establishment « In-person « In-person onboarding
of a small team onboarding meeting (introduction
of physiotherapists, meeting with to the protocol and
administrators, and adjustment data collection)
project coordinators of the data - Establishment of a small

- Weekly meetings, collection team of project

- Monthly meetings

with the project or in-person at monthly staff
manager for running meetings for meetings for
updates and problem exchange adjustments or problem
shooting of experiences shooting

+ Project coordinators and adjustments « Monthly online or in-
and the project to study person meetings
manager are available procedures. with the project

Angelholm (SWE) Klaipéda (LTU) Hospital, Naestved (DK)

+ Introduction
to the protocol and
intervention

- Monthly online

online or in-person,
with daily online chat
communication

physiotherapists with
daily contact

« Information to nurses
and oncologists

for ad hoc online
meetings or email.

manager for problem
shooting, exchange
of experiences, and
adjustments to study
procedures.

PL — Poland; GER — Germany; SWE - Sweden; LTU - Lithuania; DK — Denmark.
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Table 4. Outcomes and measurement time-points in the AMBeR eRehab trial

Domain/outcome

Measure

Pre-
intervention

Post-intervention

End

Referrals

Enrollment

Characteristics
enrolled/decliners

Reasons for
decline

Structural barriers
enrolled/decliners

Fidelity checks
(HCPs)

Safety
Acceptability
Time consumption

per patient

Attendance and
adherence

Rehabilitation goal

PROMs

Physical fitness

REACH
Where was patient referred from?

Number enrolled
Number declined or preferred usual care at inclusion

Questionnaire for participants:

- Anthropometrics (height/weight)

- Sociodemographics (age, sex, education, employment, cohabitation status)

- Clinical information (cancer stage, time since diagnosis, treatment,
comorbidity (a list of relevant co-morbidities and a free-text space))

- Digital literacy: Readiness and Enablement Index for Health Technology
(READHY*) or HLQ/eHLQ/heiQ, depending on language availability

Questionnaire for decliners:

- Anthropometrics (height/weight)

- Sociodemographic (age, sex, education, employment, cohabitation status)

- Clinical information (cancer stage, time since diagnosis, treatment,
comorbidity (a list of relevant co-morbidities and a free text space))

Study specific questionnaire item with options and a free-text space

No internet access
Distance to facility
Transportation time to the facility

IMPLEMENTATION
Frequency of remote/digital vs in-person consultations

Adverse events — ongoing reporting

Theoretical Framework of Acceptability (TFA) Questionnaire
Operational problems with technology and language (study-specific items)

Administrative time and contact attempts
Consultation time

ADOPTION

Attendance rates
Adherence to exercise prescription

EFFECTIVENESS
PSFS

HRQoL: EORTC QLQ-C30 and EQ-5D-5L

Fatigue: EORTC FA12

Optional®: Physical activity level (GSLTPAQ or IPAQ, depending on language
availability)

Physical measurements (in prioritized order to be selected from the availability
of resources, including a minimum of 1 test from each category 1-4)
1) Active/inactive time and/or daily step count (weekly average) (~assessed
using PROM if not objectively measured by digital solution)
2) Gait speed test
a) 10m
b) 4 m
3) Physical performance
a) Chair Stand Test (30 s sit-to-stand)
b) Timed Up-and-Go test
¢) Hand-grip dynamometry (upper body strength)
d) Tandem test (balance)
4) Aerobic capacity
a) 6-min walk test
b) Watt-max test (stationary bike)
C) 2-min step test
(+ BORG 15 Rate of Perceived Exertion scale for all tests)

>

>X X X X

(8-12 weeks)

X X X X

of study

HCPs — healthcare professionals; PROMs — patient-reported outcome measures; HRQoL — health-related quality of life; EORTC — European Organization
for Research and Treatment of Cancer; QLQ - Quality of Life Questionnaire; C30 — Core questionnaire with 30 items; FA12 - Fatigue module with 12 items;
GSLTPAQ - Godin-Shephard Leisure-Time Physical Activity Questionnaire; IPAQ — International Physical Activity Questionnaire; PSFS — Patient-Specific
Functional Scale. *The READHY instrument consists of items from the 3 original instruments HLQ, eHLQ, and heiQ, and not all have been translated to all
languages included in this study. Therefore, READHY is used in Sweden, Denmark, and Germany, while HLQ is used in Poland and heiQ in Lithuania.

= If the digital solution at the respective site does not objectively measure physical activity, a questionnaire-based assessment is used.




Ongoing implementation support

Midway through the study, a 2" workshop will be held
with the theme “Facilitating and Supporting the Ongo-
ing Process,” focusing on addressing challenges, refining
the implementation strategy, and supporting continued
implementation. At the end of the study period, a 3" work-
shop will focus on “Harvesting the Fruits of Best Prac-
tice,” including lessons learned from the feasibility studies
and an evaluation of planned, ongoing, and completed
implementation activities. To provide a forum for regular
project updates, troubleshooting implementation chal-
lenges, and harmonizing clinical practice and data collec-
tion, monthly online meetings are scheduled with open
participation from all project members, with at least one
representative from each site required to attend. Details
of the local implementation efforts are provided in Table 3.

Data collection and outcomes

We used the RE-AIM framework to structure data col-
lection on effectiveness and implementation outcomes,*!
as detailed in Table 4. For all quantitative data, we maintain
a REDCap database to harmonize data collection across sites.

Reach

To assess reach, we examine referral patterns and re-
cruitment rates by comparing participants and decliners
with respect to anthropometric, sociodemographic, and
clinical characteristics, as well as digital readiness/eHealth
literacy assessed using the READHY,*? HEIQ,** and HLQ**
questionnaires. Furthermore, we explore the reasons for
refusal to participate and the structural barriers affecting
participation.

Effectiveness

In this study, “effectiveness” should not be interpreted
as the effect of an intervention in a randomized con-
trolled trial but rather as effectiveness at the individual
level relative to what could reasonably be expected from
the intervention.*! Effectiveness is assessed using pre-
and post-intervention measurements with prespecified
targets of maintaining or improving physical function.
These assessments include patient-reported outcome mea-
sures (PROMs), objective functional tests, and the PSFS.*0
PROMs are used to assess HRQoL (EORTC QLQ-C30,%
EQ-5D-5L%), fatigue (EORTC FA12),*” and, optionally,
physical activity level using either the Godin-Shephard
Leisure-Time Physical Activity Questionnaire (GSLT-
PAQ)* or the International Physical Activity Question-
naire (IPAQ).* Objective physical tests assess physical
function in 4 domains: 1) daily physical activity, 2) gait
speed, 3) physical performance, and 4) aerobic capacity.
A range of validated assessment methods within each
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domain was defined to accommodate differences in local
resources and available equipment. Table 4 summarizes
all assessment methods.

Acceptability, implementation, and maintenance

To assess acceptability, we use the Theoretical Frame-
work of Acceptability (TFA).° The project team at each site
maintains a logbook documenting the implementation pro-
cess, actions taken, and the rationale for implementation
decisions. In addition, minutes from the monthly online
status meetings serve as documentation of the implemen-
tation process. Data from both sources will be analyzed
using a narrative thematic approach and used to document
implementation throughout the planning and interven-
tion phases. The quantitative implementation evaluation,
as defined by the RE-AIM framework, assesses interven-
tion fidelity (whether remote delivery was implemented
as intended and whether in-person consultations remained
at <2 per month) and intervention safety (adverse events
and time required per patient). We will also evaluate inter-
vention adoption through attendance and adherence rates
(Table 4). To assess the long-term maintenance of eRehab
in clinical practice, it should be noted that the current study
design is constrained by available resources and equipment,
limiting the possibility of a full-scale implementation under
routine clinical conditions. Therefore, a traditional main-
tenance evaluation will not be feasible during the project
period. However, long-term determinants of sustainability
will be explored from the perspectives of patients and ex-
ercise specialists using Group Concept Mapping.

Determinants

To explore patient and HCP perspectives on key determi-
nants of engagement in eRehab, we will use Group Concept
Mapping®! during the final phase of the feasibility studies.
All activities will be conducted online using Groupwis-
dom™ and will follow the standard steps: 1) brainstorm-
ing, 2) sorting, labeling, and rating, 3) generation of a clus-
ter-rating map, and 4) validation. A representative sample
of patients and all HCPs involved in delivering the inter-
vention across participating sites will be invited by email.
The brainstorming prompt, developed during a cross-site
workshop, is: “What should be considered to ensure that
digitally supported physical rehabilitation is meaningful
in cancer rehabilitation, both in the short and long term?”
Separate platforms will be created for each language, and
all statements will undergo iterative translation to enable
a shared cross-language analysis.

Statistical analyses and sample size
Quantitative data will be summarized using frequencies

for categorical variables and means (standard deviations
(SDs)) or medians (ranges or interquartile ranges (IQRs))
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for continuous variables, as appropriate. Effectiveness
will be evaluated through pre—post changes in outcome
measures, stratified by Feasibility Study 1 and Feasibility
Study 2. Paired t-tests will be used for normally distrib-
uted continuous outcomes, Wilcoxon signed-rank tests
for non-normally distributed or ordinal outcomes, and
McNemar’s test for paired binary outcomes. Where pos-
sible, age, sex, and education will be compared between
participants and nonparticipants using x> tests (or Fisher’s
exact tests, where appropriate) for categorical variables and
independent-samples t-tests or Mann—Whitney U tests for
continuous or ordinal variables. Standardized mean differ-
ences and standardized proportion differences with 95%
confidence intervals (95% Cls) will be reported to quantify
group imbalances.

Sample size decisions were guided by recommendations
for feasibility studies and the need for each site to gain
sufficient experience while developing the implementation
model. The consortium determined that 30 participants
per site per feasibility study (total n = 300) was appropri-
ate. The numbers of decliners and enrolled participants
at each site will be recorded.

Discussion

The AMBeR eRehab study addresses a critical and timely
gap in contemporary cancer care by investigating the fea-
sibility and implementation of digitally supported physical
rehabilitation during and after systemic cancer treatment
across multiple South Baltic countries. The increasing
demand for healthcare resources in cancer survivorship
calls for high-quality, innovative solutions. While exercise-
based rehabilitation is strongly recommended in inter-
national oncology guidelines,'>!>-17 its implementation
in routine clinical practice remains inconsistent and ineq-
uitable, particularly in regions with limited access to spe-
cialized services.!8-20 It is therefore important that digital
telehealth solutions be available and adapted to patients’
needs, regardless of socioeconomic status or structural,
geographic, and patient-related barriers.

Digital rehabilitation as a strategy
to reduce inequities in cancer care

A central contribution of the AMBeR eRehab study
is its focus on eRehab as a potential strategy to mitigate
patient-related and structural barriers to cancer rehabili-
tation. Previous research has consistently demonstrated
rural—urban disparities in access to supportive cancer care,
with rural populations facing longer travel distances, fewer
specialized services, and lower participation rates in re-
habilitation programs.?4252829 By enabling remote or hy-
brid delivery of exercise therapy, eRehab has the potential
to improve reach and accessibility while maintaining ad-
herence to evidence-based exercise principles.

Systematic reviews suggest that telehealth-based can-
cer rehabilitation can improve physical functioning and
cardiorespiratory fitness, although its effects on quality
of life and disability outcomes remain heterogeneous.3?
The present study is therefore well positioned to extend
the existing evidence by examining not only effectiveness-
related outcomes but also reach, adoption, acceptability,
and implementation across diverse healthcare systems.
This comprehensive approach responds directly to calls
in the literature to move beyond efficacy and address real-
world implementation challenges in exercise oncology.'®3>

Implementation-focused design and cross-
national relevance

A major strength of the AMBeR eRehab study is its hy-
brid effectiveness—implementation design, which acknowl-
edges the substantial heterogeneity in oncology rehabilita-
tion practices across countries and clinical settings.3>~38
Rather than imposing a rigid intervention model, the study
employs a shared core framework for the delivery of physi-
cal rehabilitation, with flexibility for site-specific adapta-
tions, thereby enhancing its validity and transferability
to routine clinical practice.

The structured implementation support — including co-
design workshops, professional training, and continuous
cross-site collaboration — reflects best practices in imple-
mentation science and addresses known barriers such
as limited professional confidence, workflow disruption,
and lack of institutional integration.!®3%36 This study ex-
amines healthcare professionals’ perspectives alongside
patient experiences to generate new knowledge about clini-
cal, organizational, and user-level determinants of eRehab
implementation.

Patient-centered rehabilitation and
individualized outcomes

Another important contribution of the study is its ex-
plicit emphasis on patient-centered rehabilitation. By in-
corporating individualized goal setting using the PSFS and
aligning exercise prescriptions with the FITT principles,
the intervention reflects contemporary rehabilitation mod-
els that prioritize functional participation over symptom
reduction alone. This approach is consistent with interna-
tional recommendations advocating personalized exercise
interventions tailored to patients’ preferences, capabilities,
and treatment trajectories.!>1”

Methodological considerations and
anticipated limitations

As a feasibility study, the AMBeR eRehab project
is not designed to establish causal effectiveness or com-
pare digital rehabilitation with usual care. The single-
arm design, modest sample size per site, and variation
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in assessment methods across countries limit conclu-
sions regarding intervention effectiveness. These design
choices are appropriate, however, given the study’s pri-
mary focus on feasibility, implementation, and context-
specific learning as the foundation for future large-scale
implementation.

Heterogeneity in digital solutions, referral pathways, and
assessment methods complicates cross-national compari-
sons but also reflects real-world conditions and provides
insight into how digital physical cancer rehabilitation can
be adapted across different regulatory, cultural, and orga-
nizational contexts. Resource and time constraints prevent
a comprehensive evaluation of long-term maintenance and
sustainability, although these issues are addressed in part
through the determinants analysis.

Implications for future research
and practice

The findings of the AMBeR eRehab study are expected
to inform the development of country-specific and trans-
European guidance for digital physical cancer rehabilita-
tion. By systematically examining feasibility and imple-
mentation across multiple settings, the study contributes
to the growing body of evidence supporting the integration
of exercise delivered in person, digitally, or through hy-
brid models as a core component of comprehensive cancer
care.'3* Furthermore, this study is expected to demon-
strate the importance of investing in digital health literacy,
professional training, and organizational readiness to en-
sure that digital rehabilitation solutions are both effective
and equitable.?!-33 Future research should build on these
findings by conducting large-scale implementation studies
to evaluate cost-effectiveness and explore the long-term
sustainability of digitally supported rehabilitation within
routine oncology care.

Conclusions

The AMBeR eRehab study represents an important step
toward addressing persistent gaps in access to cancer re-
habilitation through digitally supported, patient-centered
exercise interventions. By bridging evidence and clinical
practice, this study is well positioned to generate action-
able knowledge that supports the sustainable integration
of digital rehabilitation into oncology care across diverse
healthcare systems.

Supplementary data

The supplementary materials are available at https://
doi.org/10.5281/zenod0.20442307. The package contains
the following files:

Supplementary Table 1. Date of approvals by local ethic
committees and initiation of recruitment for all study sites
(including amendments).
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Consent for publication
of personal information

Not applicable.
Use of Al and Al-assisted technology

We used ChatGPT and Microsoft Copilot to improve
the language and readability of the paper, with close over-
sight and control by the authors, and the authors have
carefully reviewed and edited the text used.
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