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About 50% of patients with cancer are expected to need radiotherapy (RT), and themajority of these are older. To
improve outcomes for older patients with cancer, geriatric assessment (GA) with management (GAM) is highly
recommended. Evidence for its benefits is still scarce, in particular for patients receiving RT. We report the pro-
tocol of a cluster-randomised pilot study designed to test the effect, feasibility and health economic impact of a
GAM intervention for patients ≥65 years, referred for palliative or curative RT. The randomising units are munic-
ipalities and city districts. The intervention is municipality-based and carried out in collaboration between
hospital and municipal health services from the start of RT to eight weeks after the end of RT. Its main constitu-
ents are an initial GA followed by measures adapted to individual patients' impairments and needs, systematic
symptom assessments and regular follow-up by municipal cancer nurses, appointed to coordinate the patient's
care. Follow-up includes at least one weekly phone call, and a house call four weeks after the end of RT. All pa-
tients receive an individually adapted physical exercise program and nutritional counselling. Detailed guidelines
for management of patients' impairments are provided. Patients allocated to the intervention groupwill be com-
pared to controls receiving standard care. The primary outcome is physical function assessed by the EuropeanOr-
ganisation of Research and Treatment of Cancer Quality of Life Questionnaire C-30. Secondary outcomes are
global quality of life, objectively tested physical performance and use of health care services. Economic evaluation
will be based on a comparison of costs and effects (measured by themain outcomemeasures). Feasibility will be
assessed with mixed methodology, based on log notes and questionnaires filled in by the municipal nurses and
interviews with patients and nurses. The study is carried out at two Norwegian RT centres. It was opened inMay
2019. Follow-upwill proceed until June 2022. Statistical analyseswill start by the end of 2021.Weexpect the trial
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-related Functional Decline and Disease, Innlandet Hospital Trust, P.O Box 68, NO-2313 Ottestad, Norway.
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to provide important new knowledge about the effect, feasibility and costs of a GAM intervention for older pa-
tients receiving RT.
Trial registration: ClinTrials.gov, ID NCT03881137, initial release 13th of March 2019.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Radiotherapy (RT) is a main treatment modality in cancer, and is es-
timated to be needed by about 50% of all patients with cancer during
their disease trajectory [1,2]. The majority, and an increasing number
of these patients, are older [3].

RT may be administered with curative or palliative intent, and most
often as external beam irradiation,which includes daily irradiation frac-
tions over a period varying from one day to several weeks, depending
on treatment intent, cancer type, and the organ involved. Due to smaller
daily fractions and higher total doses, curative treatment usually takes
more time and hasmore frequent and severe side effects than palliative
treatment. In either case, side effects may be local, i.e., related to radia-
tion area, or general, e.g., fatigue and physical deterioration [4]. Both
acute and late side effects may occur. Acute effects are usually revers-
ible, and most pronounced by the end of or during the first weeks
after treatment. Late effects develop three months or more after treat-
ment, and are persistent and/or progressive [4]. There is evidence sug-
gesting that older patients benefit from RT equally compared to
younger patients [5,6]. Higher incidence of co-existing problems, higher
toxicity rates, and a negative impact of side effects on quality of life
(QoL) and physical function are, however, serious concerns [4–7].

Geriatric assessment (GA) addresses problems that are frequent in
older age [8,9] and includes systematic assessment of somatic health
(such as comorbidity and nutritional status), mental health (such as
cognition and depression), functional aspects (such as activities of
daily living [ADL] and physical function), and social network and living
situation. When followed by adequate management of identified vul-
nerabilities and impairments, i.e. GAwithmanagement (GAM), this ap-
proach has documented success in improving outcomes in non-cancer
populations [10,11]. GA has been adapted for cancer care, andmounting
evidence shows that it may identify remediable problems, improve
patient-centred communication, affect oncological treatment decisions,
and predict survival or adverse effects from chemotherapy and cancer
surgery [8,12–16]. All GA domains cover areas where impairments
may negatively affect outcomes of cancer and cancer treatment [17].
However, these impairments may also be prevented, alleviated, or im-
proved by targetedmeasures, such as optimising treatment of comorbid
conditions, discontinuation of inappropriate medications, nutritional
counselling, and physical rehabilitation [17–20]. Thus, GAM is strongly
recommended to improve treatment and care for older patients with
cancer [16,21–23]. Currently, there is evidence that such an approach
improves the completion rate of cancer surgery and chemotherapy,
and reduces the risk of severe chemotherapy toxicity [16]. Few studies
have looked at the impact on patient-centred outcomes ofmajor impor-
tance to older patients [24], and researchhas hithertomainly focused on
surgical and systemic cancer treatment.

Wehavedeveloped aGAM intervention for older patientswith cancer
receiving RT, aiming to improve their physical function and QoL. The aim
of this paper is topresent theprotocol of a cluster-randomisedpilot study,
conducted to assess the effect, feasibility, and costs of the intervention.
2. Methods/Design

2.1. Aims and Objectives

The overarching aim of the pilot study is to provide the evidence
needed for a future definite evaluation and implementation of a GAM
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intervention for older patients receiving RT on a larger scale. The pri-
mary objective is to assess potential short- and long-term effects of
the intervention on patient-centred outcomes, i.e. self-reported and ob-
jectively tested physical function, global QoL and symptom occurrence.
Further objectives are to assess feasibility, both at the patient- and orga-
nizational level, and to study the use of health care services and costs in
comparison to standard care.

2.2. Study Design

The study is a controlled cluster-randomised pilot study where mu-
nicipalities or city districts were randomised to either intervention or
control before the study was opened for inclusion. The intervention is
amulticomponent, individually targetedGAM intervention for older pa-
tients receiving RT in terms of external beam irradiation. It is compared
to conventional care (control) and applied in collaboration between
hospital and municipal health service from start of RT to eight weeks
after the end of treatment. The patients are followedwith study specific
assessments for an additional 44 weeks (Fig. 1), and for five years with
respect to survival.

The study was opened in May 2019 and closed for inclusion in April
2021. Follow-up is ongoing.

2.3. Study Context

2.3.1. The Norwegian Health Care System
The context for the study conduct and the experimental intervention

is the Norwegian public health service. This covers all levels of hospital
services, rehabilitation, and primary health care including general prac-
titioners (GPs), physiotherapists, home care services and nursing
homes. Norway has universal health care where the government
owns and manages the hospitals through four regional health authori-
ties. These provide most hospital services and reimburse rehabilitation
service to inhabitants within their respective geographical region. GPs
and physiotherapists (outside hospitals) are partly reimbursed by gov-
ernmental means. Otherwise, each municipality funds, organises, and
manages all primary health service for its inhabitants. In-hospital treat-
ment and home care nursing are free of charge, whereas limited co-
payment (relative to income) is required for practical help at home.
Moreover, patients pay for medications, outpatient hospital treatment,
GP consultations, and physiotherapy up to a yearly limit of about 230
Euros, above which all is free.

2.3.2. The Study Centres
The study is conducted at two RT centres in two Norwegian health

regions, and in collaboration with municipalities in their catchment
areas. The primary RT study centre (Centre 1) is situated in a local hos-
pital in the south-eastern Norway health region. It provides RT with
palliative intent, irrespective of cancer type, to all inhabitants (approxi-
mately 346,000) in a catchment area including 42 municipalities. Cura-
tive RT is mainly administered to patients with breast, prostate, lung,
and skin cancers, whereas patients with other diagnoses and those in
need of specific irradiation techniques (e.g. stereotactic treatment) are
referred to the health region's university hospital. The second study cen-
tre (Centre 2) is located at the university hospital in a city (207,000 in-
habitants) of the central Norway health region. It provides all RT
services to the inhabitants in a catchment area including 38 municipal-
ities with approximately 470,000 inhabitants.

http://ClinTrials.gov
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Patient
identi-
fication
and 
inclusion

Dose 
planning

End of
intervention

Outcome

assessment

PROMs + 

tests of

function and 

mobility

Start RT

Intervention: 

GAM**, targeted to 

individual needs, 

municipality based

Control: 
conventional care according

to established routines

End of RT + 8 
weeks

End of RT + 16 
weeks

*PROMs = patient reported outcome measures. Also applied in both groups at the end of RT and at the end of RT + 4 weeks

** GAM = Geriatric assessment with management

PROMs

End of RT + 
32/52 weeks

Outcome

assessment

PROMs + 

tests of

function and 

mobility

Baseline

PROMs* + 
tests of 
function 
and 
mobility

Fig. 1. Overview over the study design.
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The two study centres differ in volume of patients, resources, and or-
ganisation. Thus, established routines for consultations and information
also vary (Table 1). However, neither has implemented any routines for
GA or geriatric consultations for patients with cancer, and there is a
shortage of expertise in geriatric care. At the local hospital (Centre 1),
a specialist in geriatric medicine is available merely two days a week,
and although the university hospital (Centre 2) has a well-established
department of geriatric medicine, resources are too scarce to allow
any routine- or regular services for patients with cancer. Nutritionists,
physiotherapists and social workers are available upon referral, but ca-
pacity is limited, and inpatients are usually prioritized. Upon referral,
both centres have access to palliative care specialists, at Centre 1 by a
palliative care team, and at Centre 2 by a palliative care centre.

Before study start, an experienced cancer nurse was employed as a
project nurse at Centre 1, whereas a PhD student specialized in geriatric
medicine filled a similar position at Centre 2. Otherwise, no extra re-
sources were allocated to the study centres.
2.3.3. Collaborating Municipalities and Cancer Contact Nurses
At Centre 1, 30 out of 42municipalities consented to study participa-

tion. These vary from small rural municipalities to larger ones with an
urban centre. Overall, twelve municipalities have 4500 inhabitants or
less, twelve comprise from about 6000 to about 14,000 inhabitants,
and the remaining six have 20,000 to 35,000 inhabitants. All provide
the essential primary health care services as previously described, and
they all have a cancer coordinator or cancer contact nurse in their
staff. These nurses, hereafter referred to as cancer contact nurses, are
designated to work with patients with cancer and their next of kin, ei-
ther part-time (e.g. one day a week in the smaller municipalities) or
full time. Not all of them are formally educated cancer nurses, but
they all have substantial experience in cancer care.Moreover, amajority
participated in a foregoing observational study (Clinicaltrials.gov ID
NCT03071640) by our research group and received training in geriatric
methodology. The cancer contact nurses'work covers information, eval-
uation, and support, to some extent specialized palliative care, and con-
ventionally also ad hoc collaboration with patient's GP, in-hospital
oncologists and cancer nurses.

In the catchment area of Centre 2, the city municipality harbouring
the university hospital was invited and consented to study participa-
tion. Here, home care service is organised into four distinct city districts,
each with 34,000 to 50,000 inhabitants. Although their nursing staff in-
cludes some cancer nurses, none of the city districts holds designated
positions for cancer contact nurses like those in the catchment area of
Centre 1.
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2.4. Randomisation and Concealment

Before study start, consenting municipalities and city districts were
defined as clusters. In two cases, two municipalities were joined into
one cluster as they shared a common cancer contact nurse. Thus, 32
clusters (28 municipality clusters and four city districts) were stratified
into blocks according to number of inhabitants. Thereafter, clusters
within each block were randomly assigned to either intervention or
control by using a computer-generated algorithm, 16 clusters in each
group. This means that eligible, consenting patients from an interven-
tion municipality/district enter the intervention program, whereas pa-
tients from control municipalities/districts enter the control group.
Consequently, when consent has been provided, the allocation is open
to both the patients and their health care professionals. However, asses-
sors of pre-defined outcomes that are not patient-reported are blinded.

2.5. Study Population

The defined inclusion criteria are: age 65 years or older, referral for
palliative or curative RT, confirmed cancer diagnosis, residency in one
of the participating municipalities/city districts, fluency in Norwegian,
ability to fill in self-report questionnaires, and consent to study enrol-
ment by written, informed consent. Exclusion criteria are: life expec-
tancy of less than three months and referral for only one palliative
fraction of RT.

2.6. The Intervention Program as Planned

The intervention has twomain components: 1) GAMand 2) collabo-
ration across sectorswith themunicipal cancer contact nurse in a crucial
coordinating position (Fig. 2).

2.6.1. The Content of the GAM Intervention
Essential GAMparts are a broad assessment by the start of RT and re-

peated, systematic assessments during follow-up (Table 2). The initial
assessment focuses on somatic- and mental health, function, and social
conditions. In accordancewith recommendations for GA in oncology [8],
it includes a systematic evaluation of comorbidity,medications, physical
function (mobility, strength, and balance), ADL, instrumental ADL
(IADL), nutritional status, cognitive function, depression, and social sit-
uation. For this purpose, we have chosen established, validated geriatric
tools andmethods (Table 2). The intervention also includes a systematic
symptom assessment, the Edmonton Symptom Assessment System
(ESAS) [25] assessing 10 common symptoms in cancer on scales ranging

http://Clinicaltrials.gov


Table 1
Organisation at the participating study centres.

Centre 1, at a local hospital Centre 2, at a university
hospital

Resources

No of linear
accelerators

2 4

No of oncologists
(senior
consultants)

2–3 3.5

No of resident
physicians

1–2 2

No of radiation
therapists (full time
positions)

14.6 27

No of physicists 3 5
No of cancer nurses
(full time
positions)

1.35 0

No of individual
patients each year

Approx. 700 Approx. 1300

No of patients
receiving palliative
radiotherapy

Approx. 300 Approx. 500

No of patients
receiving curative
radiotherapy

Approx. 400 Approx. 800

Routine offers to patients during treatment

Group-wise
assemblya

Patients with breast or
prostate cancer receiving
curative radiotherapy

None

Consultations with
oncologist/resident
physician
At start of
treatment

All patients All patients

During treatment Some, mainly lung and CNS
cancer

Some, mainly those who
undergo long term RT
(>2 weeks)

By the end of
treatment

All patients All patients

Consultations with
cancer nurse
At start of
treatment

All patients except those
having participated in the day
course

No standard routines

By the end of
treatment

All patients except hospital
inpatients

No standard routines
Some patients are
followed alternately by
physicians and nurses.

Follow-up after treatment

At the radiotherapy
centre
Telephone calls 2 weeks after radiotherapy

for all patients with breast
cancer having received
curative treatment,
4–6 weeks after a single 8
Grey irradiation fraction

No standard routines

Outpatient
consultations

For patients receiving curative
treatment: after 3 and
12 months for patient with
prostate cancer, and after
6 weeks for most patients
with lung cancer

Some selected patients
having received long term
curative treatment

Other follow-up Most patients followed by
their oncologist outside the
radiotherapy centre

Most patients followed by
their oncologist outside
the radiotherapy centre

a The assembly is arranged for groups of patients, and offered about 1–2 weeks prior to
treatment. It includes information about the cancer disease, its treatment, and related is-
sues given by a radiation therapist, an oncologist, a cancer nurse, a social worker, a phys-
iotherapist and a former patient. Patients also visit the locationwhere RT is given aswell as
a nearby area open for individual physical training sessions.
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from zero (best) to ten (worst), and a screening tool for frailty, the Ed-
monton Frail Scale (EFS) [26]. Follow-up assessments include at least
weekly registrations of weight and symptoms (ESAS) during the inter-
vention period, and nutritional- and frailty screening (EFS) at the end
of RT and four weeks later (Table 2). The purpose of repeating EFS is
to uncover problems within new areas that may need further assess-
ment and management. Additional follow-up assessments should be
conducted in accordance with identified impairments and needs.

Following the initial assessment, individually adapted measures
targeting identified impairments, symptoms, and needs are to be ap-
plied in accordance with pre-defined guidelines (Table 3), and subse-
quently adjusted according to repeated assessments. Furthermore, all
patients are to receive a physical exercise program adapted to results
of their physical performance tests (Fig. 2). The program has three
parts: 1) encouragement to maintain or increase daily life physical ac-
tivities; 2) participation in suitable, organised activities in accordance
with preferences and available options; and 3) individual exercises for
training at home at least three times a week. At home exercises are
based on three schemes with different levels of difficulties (light/mod-
erate/more strenuous), suitable for older patients. These schemes
were provided by a physiotherapist before study start and were
meant as templates for further adjustment. At Centre 1, two physiother-
apists agreed to make these individual adjustments based on patient
evaluation and results of the physical performance tests. Similar physio-
therapy resources could not be allocated at Centre 2.

2.6.2. Collaboration and Coordination
Before the study was opened for inclusion, one or two (depending

on availability and size of the municipality) cancer contact nurses
from the intervention municipalities were appointedmunicipal coordi-
nators for the patients' care and intervention programs. The tasks were
included into their routinework without providing any extra resources.
To compensate for the lack of nurses in similar positions in the city in-
tervention districts, an experienced municipal nurse was contracted in
a part-time position. Thus, at study enrolment, each intervention pa-
tient is to be assigned a named municipality-based contact nurse.

The GA and the follow-up assessment by the end of RT are hospital-
based. Due to limited availability of other relevant expertise, it was de-
cided that the project nurse (Centre 1) and the PhD student (Centre
2) should conduct these assessments and initiate each patient's inter-
ventions. Following the GA, targeted measures are to be decided in col-
laboration with the patient's oncologist, seeking advice or contribution
from other hospital specialists whenever needed (Table 3, guidelines).
Next, the GA findings and undertaken measures are to be conveyed to
the patient's cancer contact nurse, to ensure targeted follow-up and fur-
ther involvement of relevant municipal health services. Results of the
in-hospital follow-up assessment are to be handled accordingly. The
municipal contact nurses are scheduled to follow the patients with reg-
ular consultations from start to end of intervention. As a minimum, this
is a weekly telephone call including the basic pre-planned assessments,
and a house call with a more thorough assessment four weeks after the
end of RT (Table 2). Through a pre-study seminar andmeetings approx-
imately every thirdmonth, the cancer contact nurses are encouraged to
use their clinical judgment and experience and make additional con-
tacts with the patients when considered necessary. In all working
hours, the project nurse and/or the PhD student are to be available for
questions and support, or to help arrange contact with other hospital
professionals.
2.7. Control Group

Patients from control municipalities/city districts receive current
standard care. This means full access to all hospital and municipality
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services, as initiated by health professionals who according to standard
routines provide their treatment and care. Opposed to the control city
districts (Centre 2), the control municipalities in the catchment area of
Centre 1 all have amunicipal cancer contact nurse available. In standard
care, these are involved ad hoc and mainly for palliative patients, i.e.
when hospital professionals find referrals needed, or the patients them-
selves contact these nurses.

2.8. Outcome Assessment

An overview of the overall data collection in both study groups are
presented in Table 4. The effectiveness of the interventionwill be tested
using patient-reportedmeasures, physical performance tests, and regis-
tration of use of health care services. The pre-defined primary time
point for outcome assessment is eight weeks post-RT. Physical function
(PF) measured by the European Organisation for Research and Treat-
ment of Cancer (EORTC) Quality of life Questionnaire-C30 (QLQ-C30)
[39] is the defined primary outcome. Secondary outcomes are QoL
assessed by the QLQ-C30 global QoL scale and EuroQoL-5D-5L (EQ-
5D-5L) [40], physical performance assessed by the Short Physical Per-
formance Battery (SPPB) [34], grip strength measured by a dynamome-
ter [36], cost-effectiveness, use of health care services (hospital in- and
outpatient services and municipality services), and trend in PF and QoL
during follow-up. Other pre-defined outcomes are mobility assessed by
the TimedUp andGo (TUG) test and the one legged balance test [35,41],
symptom occurrence (fatigue, pain, dyspnoea, and sleeping distur-
bances) and emotional function assessed by the QLQ-C30, and nutri-
tional abnormalities assessed by body mass index (BMI), weight loss
and loss of appetite (subscale of the QLQ-C30). Patient-reported out-
comes (QLQ-C30 and EQ-5D-5L) are assessed at baseline, at the end of
RT, and thereafter four, eight, sixteen, 32 and 52weeks after RT. Physical
performance tests are applied at baseline and eight and sixteen weeks
after the end of RT (Table 4). At baseline, the tests are conducted by
the project nurse or PhD student, whereas municipal physiotherapists,
blinded to the patients' study allocation, conduct the follow-up tests.

Economic evaluation will be based on a comparison of costs and ef-
fects as measured by themain outcomemeasures, EQ-5D-5L in particu-
lar. Costs include direct costs associated with GAM (intervention costs),
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as well as costs related to hospital admissions, home care and nursing
home care. Data on service utilization will be obtained from national
registers, and hospital and municipal registers, respectively (Table 4).

For evaluation of intervention feasibility, we will use the first four
topics in the RE-AIM (reach, efficacy, adaption, implementation, and
maintenance) framework [42,43]. We will use both qualitative and
quantitative data. Quantitative data will include simple counting of
withdrawals and included patients from those eligible, but will mainly
be based on weekly log notes by the cancer contact nurses who admin-
istered the intervention. These notes comprise information on whether
the scheduled contacts have taken place or not, time spent, results of the
planned assessments (if actually performed) (Table 2), and registration
of all measures that have been recommended or initiated, as well as ad-
herence to these measures. Qualitative data will include individual in-
terviews with patients and focus group interviews with cancer contact
nurses. Patients to be interviewed are selected through purposive sam-
pling from the intervention group, with the aim to attain diversity in
centre site, age, gender, treatment aim anddiagnosis,whereas all cancer
contact nurses administering the intervention are invited. The inter-
views will be analysed using thematic analysis [44].

2.9. Sample Size

Pre-study sample size estimations were based on a cluster-
randomised controlled trial (RCT)with 32 clusters. A total of 53 patients
distributed in sixteen clusters (proportionally to cluster size) in each
group would enable the detection of a clinically significant difference
(twelve points) in the physical functioning QLQ-C30 scale at week
eight with a standard deviation (SD) of 24 in each group at the signifi-
cance level of 5% and with a power of 80%, assuming an intra-cluster
correlation (ICC) of 10%. The ICC is assumed to be relatively small as
the intervention primarily is applied by municipal cancer nurses with
similar training in collaboration with hospital specialists, thus similar
to all intervention patients. Power calculation was performed for analy-
sis of covariance, adjusting difference between groups for baseline
values, and assuming the correlation between baseline and follow-up
measurements to be 0.5. According to a former study on older cancer
patients performed by this research group,wewould expect an attrition



Table 2
Overview over systematic assessments during the intervention program, terminating 8 week after end of radiotherapy.

Area All study participantsa Intervention patients

Baseline at the radiotherapy (RT) centre Baseline (at the RT centre) Weekly,
during
RTb

End RT
(at the RT
centre)

End RT
+ 1, 2
and 3
weeksb

End RT + 4
weeksb

End RT +
5, 6, 7
and 8
weeksb

Somatic health

Clinical status Blood pressure and extra lab testsc

Overall frailty Edmonton Frail Scale (EFS) [26] EFS EFS
Symptoms Edmonton Symptom Assessment

System (ESAS) [25]
ESAS ESAS ESAS ESAS ESAS

Comorbidity Charlson Comorbidity Index [27] Old Americans' Resource Survey
(OARS) [28]

Medication Number (EFS) Registration of all medications (ATC
codes)

All
medications

All
medications

Nutritional
status

Weight and height, weight loss (EFS) Mini Nutritional Assessment- Short
Form (MNA-SF) [29]

Weight MNA-SF and
weight

Weight MNA-SF and
weight

Weight

Mental health

Cognition Mini-Cog [30]
Depression Geriatric Depression Scale

(GDS)-15 [31]

Function

Daily life activity EFS items Lawton index [32]
Barthel index [33]

Mobility,
strength,
balance

Short Physical Performance Battery (SPPB) [34] SPPBd

Timed Up and Go (TUG) [35]
Grip strength [36]
Falls

Physical activity Items from HUNT 3e [37]

Social conditions

Social Civil status, living conditions, available help, home
care, Oslo Social Support Scale [38]

Measures applied and adherence to the intervention program

Log notesf X X X X X X
Questionnaires filled in by municipal nurses X X X X

a Registrations performed to enable an adequate comparison of patients' characteristics between control and intervention for subsequent analyses,
b Registrations performed by the municipality based cancer contact nurse.
c Extra lab tests: HbA1c = glycated haemoglobin, FT4 = free thyroxine 4, THS = thyroid stimulating hormone, B12 = vitamin B12.
d SPPB repeated only for patients receiving >12 RT fractions.
e HUNT3 = the third Norwegian Trøndelag Health Survey.
f Log notes filled in by the project nurse/PhD student (baseline and end RT) or the municipality based cancer contact nurse (during and after RT)
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of about 15–20% at sixteen weeks of follow-up post RT. To take this into
account, and as it was paramount to ensure that all municipalities are
represented by included patients, we aimed at increasing sample size
by about 28% and include 81 patients in each group, i.e. a total of 162
patients.

2.10. Statistical Analysis

Primary analysis will assess the difference between the control- and
the intervention group in PF measured by the QLQ-C30 questionnaire
eight weeks after end of RT. Longitudinal analysis of covariance will be
performed by estimating a linear mixed model with fixed effects for
baseline values, time and interaction between time and group variable.
The model will include random effects for patients nested within study
cluster. The difference between the control and the intervention group
in the secondary outcomes will be assessed by the samemethod as de-
scribed for the primary analysis. Furthermore, the differences between
the control- and the intervention group in trend in the primary outcome
(PF) and all continuous secondary outcomes throughout the follow-up
period will be assessed by linear mixed model with fixed effects for
baseline values, time and interaction between time and group variable.
The model will include random effects for patients nested within study
cluster. Differences between groups in dichotomous outcomes will be
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assessed by generalized linear model with the same fixed and random
effects as described above. Primarily, all analyses will be performed on
intention-to-treat principle. As sensitivity analysis, a per-protocol ap-
proach including only data from patients complying with protocol,
will be conducted.Wewill also use the statistical approach as described
for the primary and secondary analyses to compare the intervention
group to a retrospective, matched controlled group from a previous ob-
servational study (NCT03071640). Additional pre-planned analyses, in-
cluding exploratory and health economic analyses are published on
ClinicalTrials.gov, identifier NCT03881137.

2.11. Study Conduct, Time Schedule and Current Status

Patient enrolment is completed. In accordancewithprotocol, eligible
patients were identified at referral to RT, consecutively recruited, and
received oral and written information from the project nurse or PhD
student at the first consultation (dose planning). Eligibility was con-
firmed by the treating physicians. For those who consented, baseline
registrations were performed as close to start of RT as possible. Due to
practical constraints, a window of three days for patients receiving
less than 15 irradiation fractions and six days for patients receiving a
higher number were allowed. The project nurse or PhD student per-
formed the tests at baseline and end of RT. They were also responsible

http://ClinicalTrials.gov


Table 3
Guidelines for initiation of targeted measures in accordance with identified impairment.

«Cut offs» indicating needs for
attention or measures

Suggested measures

Somatic health

Extra lab tests Tests outside normal range • Notify treating oncologist to undertake required measures, including referral to patient's GP or
other specialist (for instance to correct B12 deficiency or hypothyroidosis).

Blood pressure Mild to moderate hypertension (140–179/90–109) • Ensure that controls are scheduled according to pre-defined intervals.
Serious hypertension • Immediately notify treating oncologist to undertake required measures, including referral to

other specialist.
Low blood pressure (< 100–110 systolic) • Check for orthostatism or syncope. If present: notification of treating oncologist.

Symptoms ESAS scores >4 for any symptoma • Notify treating oncologist (or GP if registered by municipal nurse) to initiate treatment
according to a Norwegian renowned handbook of palliative care, or eventually, referral to
palliative care team.

Comorbidities

Hearing Impaired • Notify treating oncologist to consider needs of additional work-up.
• Discuss need for hearing aids with patient and refer to relevant instances, e.g. hospital hearing
centre, nearest public assistive technology centre, and local branches of the Norwegian Asso-
ciation for the Hearing Impaired, which may notify peers for assistance.

Vision Impaired • If known eye disease: check control routines. No known eye disease: consider referral to
optician or ophthalmologist. Consider need for visual aids including magnifiers.

Other
comorbidities

Comorbidity affecting ADLb or IADLc

>3 comorbid conditions receiving active treatment
Additionally: according to clinical judgment

• Notify treating oncologist, and eventually discuss with or refer to relevant specialists for work
up and optimisation of treatment.

Medication

Use of

- medications with interactions classified as “should be
avoided”

- «STOP» medications or > 7 regular medication
- > 5 regular medications + comorbidity affecting

ADL/IADL or symptoms requiring new medicationd

• A review of patients' medication must be considered. Notify treating oncologist to decide
whether this should be done by the oncologist, or by referral to another hospital specialist or
patients' GP.

• For all patients: ensure that their lists of medications are updated and that hospital-, GP-,and
eventually home care lists correspond.

Nutrition

MNA-SF 12–14 points (normal)e • Encourage patients to continue their eating habits and intake. Weekly weight, and if changes,
repeat MNA-SF and apply measure in accordance with new results.

MNA-SF 8–11 points (risk of undernutrition) • Assess food intake and symptoms (ESAS).*
• Make an individually adjusted action plan, based on the guidelines (step 1) provided by the
nutritionist (includes 5–6 meals per day, shortening of nightly fasting hours, actions to allevi-
ate nutritional impact symptoms and to enrich intake). Weekly weight.

MNA-SF < 8 points (undernourished) • Map food intake in relation to energy need (30 kcal/kg), and assess symptoms.
• Make an individually adjusted action plan based on the guidelines provided by the nutritionist
(step 2) including actions from step 1, further enrichment of intake and nutritional supple-
ments.

• For both patients at risk and undernourished: consider social actions (hospice, day care centre,
company at meals, food delivery through home care services etc.

Mental health

Cognition Mini-Cog score below 4 • Seek comparative information from next of kin (requires patient's consent).
• Evaluate score in relation to GDSf and ESAS results: any impact of anxiety/depression?
• Re-evaluate list of medications: medications that may influence cognition?
• Notify the treating oncologist about results for relevant actions.
• Consider measures such as help to administer medication, technical aids, home care etc.
• Repeat Mini-Cog by the end of RT to assess if impairments are persistent. If so, contact
patient's GP or home care dementia service for further work up.

Depression GDS-15 score 5–8 (mild depression) f • Discuss reasons and potential (non-drug) measures with the patients. Relevant measures may
be talks with oncologist/GP or municipal cancer nurse/psychiatric nurse, or social measures
(day centre, volunteers for visits, organised activities).

• Repeat evaluation/GDS-15 assessment after about 2 weeks. If scores have increased, evaluate
measures used and suggest others (+ see scores >8). If scores are stable or better, continue
the applied measures with further follow-up from the municipal contact nurse.

GDS-15 score > 8 (moderate to severe depression) • Notify the treating oncologist or the patient's GP for additional work-up and treatment.

Function

Daily life
activity

Inability in any ADLb • First, check if identified needs are already taken appropriately care of.
• Refer patient to municipal home care service for evaluation. Relevant measures are home care
nursing, participation in home care rehabilitation program, at home facilitation (evaluation by
occupational therapist) including technical aids and security alarm.

• If problem is incontinence: check for use of diuretics and if this might be changed, if blood
sugar is satisfactory and if there might be urinary infections or retention. Ensure that neces-
sary aids are available.

Inability in any IADLc • First, check if identified needs are already taken appropriately care of. If not, adequate mea-
sures must be applied depending on nature and cause of problems. Measures similar to those
addressing ADL deficiency may be relevant, as may also help with administration of
medication, practical help at home, food delivery, admittance to municipal day care centre,
financial support for transportation, help from local volunteer centre.

(continued on next page)
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Table 3 (continued)

«Cut offs» indicating needs for
attention or measures

Suggested measures

Mobility SPPBg, Timed Up and Go, grip strength • Physical exercise program adjusted to results of performance tests.
Patients reporting dizziness, instability, fall within the last
six months or with Timed Up and Go (TUG) > 14

• Check for orthostatism, syncope as a reason for falls, and use of drugs affecting the cardiovas-
cular system or CNS. In case of such findings, notify the treating oncologist to undertake
appropriate measure, including referral to other specialists.

• Other relevant measures are walking aids, referral to municipal home care rehabilitation,
security alarm at home, at home facilitation and fall prevention (evaluation by occupational
therapist). Training of strength and balance must be underlined in the individually adjusted
physical exercise program.

Social conditions

Social
conditions

• Apply measures in accordance with patient's needs and preferences. Alternatives are home
care nursing (if additional needs to take care of), day care centres including hospice day care
when available, volunteers and social offers in the patient's municipality.

a ESAS = Edmonton Symptom Assessment System.
b ADL = Activities of Daily Living.
c IADL = Instrumental Activities of Daily Living.
d based on ESAS scores.
e MNA-SF = Mini Nutritional Assessment Short Form.
f GDS-15 = 15 item Geriatric Depression Scale.
g SPPB = Short Physical Performance Battery.
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for all data collection and for handing out self-report questionnaires at
these time points (Table 4). Thus, in accordance with protocol, there
was a brief contact with patients in the control group after enrolment,
Table 4
Overview over the data collection and outcome assessments, both study groups.

Registrations Baseline
(at the start
of RT)a

At the
end of
RT

Weeks after the
end of RT

4 8 16 32 52

Collected through patient interview by project nurse/PhD student
Sociodemographics X
Weight, weight loss/height/BMIb X X X X
Falls last six months X
Travel distance from home to RT
centre

X

Means of transportation/travel time X

Collected by project nurse/PhD student from treating oncologist/hospital records
Information on cancer disease and
treatment

X X

ECOG performance statusc X
Result of routine lab tests X
Charlson Comorbidity Index X
Planned and received RT regimen X X

Performance tests conducted by the project nurse/PhD at baseline, by local
physiotherapists during follow-up

SPPBd, Timed Up and Go, One legged
balance test, Grip strength

X X X

Mini-Cog (cognitive screening) X
Edmonton Frail Scale X

Questionnaires (patient-reported)
EORTC QLQ-C30e X X X X X X X
EQ-5D-5Lf X X X X X X X
Oslo Social Support scale X
Physical Activity X X X X
Stays in rehabilitation institutions X X X

Official Norwegian registries and patients' medical records
Use of all hospital and primary
health care service

Throughout the overall follow-up

a RT = radiotherapy.
b BMI = Body mass index.
c ECOGperformance status=EasternCooperativeOncologyGroupperformance status.
d SPPB = Short Physical Performance Battery.
e EORTC QLQ-C30 = European Organisation for Research and Treatment of Cancer

(EORTC) Quality of life Questionnaire-C30.
f EQ-5D-5L = The EuroQol 5D-5L questionnaire.
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whereas intervention patients entered the intervention program as de-
scribed. Follow-up questionnaires after completion of RT are adminis-
tered by post with a pre-paid return envelope attached.

Patient enrolment was scheduled for one year from May 2019. In
February 2020, 10 municipalities had either withdrawn from the
study, or could be expected to include fewer patients than pre-
planned. Thus, samples size had to be re-assessed. Based on the primary
end-point, the original assumptions, and the reduced number of clus-
ters and number of patients in some clusters, new estimates indicated
that at least 69 patients should be included in each group. Considering
attrition, we now estimated that a total of 186 patients, i.e. 93 patients
in each group, would be required to show a statistically significant dif-
ference between groups.

Shortly after this revision wasmade, the COVID-19 pandemic forced
us to pause the inclusion. The study group decided to re-open in late
September 2020, and the inclusion was continued until April 2021. At
this point, 178 patients were included, and we anticipated to have se-
cured the minimum number of evaluable patients required for the
primary endpoint analyses. Due to extensive radiation schedules, how-
ever, the primary endpoint was not reached for all patients until late
July 2021. Data collection continues, and follow-up is expected to be
completed by June 2022. Statistical analyses will start by the end of
2021.

2.12. Ethics

The study, including the revised sample size estimates, is approved
by the Regional Committee for Medical Research Ethics, Health Region
South-East (REK HSØ) and the Data Protection Official for Research
at both study centres, and is registered at ClinialTrials.gov (ID
NCT03881137). It is performed according to the rules of the Helsinki
declaration. All patients provide written, informed consent, and partici-
pation does not inflict upon their cancer treatment and does not imply
any health risks or deviation from good clinical practice.

3. Discussion

Based on previous research showing the benefits of GAM in non-
oncological settings [10,11], the documented impact of GA for older pa-
tients with cancer [45], and recommendations and guidelines from the
geriatric-oncological community [22,23], we designed a pilot study to
assess the effect, feasibility and costs of GAM for patients undergoing
RT. To our knowledge, this is one of the first studies in Europe to
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examine this. We chose to design the study as a cluster-RCT. This deci-
sion was based on the crucial role of municipal cancer contact nurses
in the intervention program. To avoid contamination of the control
group, it was paramount that control- and intervention patients
were not handled by the same primary health care professionals,
and this could only be achieved by randomising municipalities and
city districts. Based on the American Society of Clinical Oncology
(ASCO) guidelines for geriatric oncology, we chose 65 years as the
cut-off for inclusion into the study [22].

AlthoughGAMhas proven successful in other contexts [10,11], there
is no universally accepted recipe for how such an intervention should be
performed and implemented in a population receiving RT. To be feasible
and efficient, adjustments according to the patient population, health
care organisation, and available resources are necessary [16]. As RT is
mainly provided as outpatient treatment, and the adverse effects tend
to be most pronounced by the end of, or after treatment, the interven-
tion program is municipality-based, and performed in collaboration be-
tween hospital- and primary care services during and after RT. The
intervention was developed by our interdisciplinary study group in
close collaboration with user representatives, hospital- and primary
health care professionals. It is based on general GAM principals taking
advantage of former studies evaluating GAM interventions in older,
non-cancer patients, [10,46,47] and results from observational studies
targeting older patients with cancer [48,49] performed by members of
our study group. In consistency with the results of others [7,50,51], we
have previously shown that physical impairments and symptom bur-
den have a significant impact on cancer patients' QoL and physical func-
tion during treatment and follow-up [49]. Accordingly, physical activity
and systematic symptom assessment are known to improve function
andQoL in cancer patients [52–54]. Supported by this, and a recent pub-
lication showing that older cancer survivors are prone to accelerated
physical decline [55], an individually adapted physical exercise program
and repeated symptom assessment are central parts of our intervention
program. Nutritional impairments are ofmajor importance for thewell-
being and treatment outcomes of older patients with cancer [49,56],
hence we have emphasized nutritional counselling for all, repeated nu-
tritional assessments, and a thorough follow-up of patients' weight. An-
other important feature of our intervention is the involvement of the
municipal cancer contact nurses. This will strengthen the collaboration
and coordination between health care sectors, which is a major chal-
lenge, especially for older patients with complex needs [57]. Overall,
we believe that the intervention programwill be beneficial for all eligi-
ble older patients, irrespective of health status. In contrast to other stud-
ies on GAM, we have not limited our intervention to those who are frail
[58]. Supporting this are alsofindings fromaGAM intervention address-
ing older patients with hip fractures, where the authors surprisingly
found that the intervention effect wasmost pronounced in the younger
participants with higher pre-fracture IADL function [47].

Several aspects of the study design may be discussed. Firstly, and al-
though we believe that cluster-randomisation was the best option to
ensure a proper distinction between intervention and control during
and after RT, this design raises some concerns since the patients' alloca-
tion is open to all parties involved. For the patients themselves, it may
potentially affect their outcome ratings, but a more substantial worry
may be that the PhD student and the project nurse assess both interven-
tion and control patients at enrolment, and also initiate the interven-
tion. Unfortunately, this was a pre-requisite since resources otherwise
were limited. Due to training ahead of study start, we find it unlikely
that their assessments per sewill be biased, but as they are deeply famil-
iar with the intervention program and exposed to assessment results,
there is a potential for non-protocol co-intervention for control patients
[59]. Apart from this, we do not believe that the lack of blinding affects
control patients' care since their care takers are neither familiarwith GA
nor the intervention program. Secondly, it may be criticised that our in-
tervention does not involve amultidisciplinary geriatric team.We chose
to use a low-touch intervention in order to increase feasibility. This
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includes establishedmethods to systematically assess all recommended
GA domains [16,22], and detailed guidelines for the management of
identified impairments with a purpose of not burdening hospital spe-
cialists, not routinely involved in the patients' care, with referrals for
problems that could otherwise be handled (Table 3). However, the pro-
ject nurse and the PhD student have complementary expertise and
closely co-operate despite being at two different centres. This should
ensure a broad approach to the patients' needs, but may also increase
the risk of discrepancies in patient management between centres.
Thirdly, we have chosen to include patients receiving both palliative
and curative treatment, and no cancer type is excluded. Although
favouring the generalizability of the results, this will inevitably lead to
a heterogeneous cohort. Taking the cluster-randomisation into consid-
eration, there is a risk that the control and intervention groupwill differ
on important characteristics. According to the pre-planned statistical
analyses, baseline differences on outcome variables will be taken into
account, but major differences on patient characteristics may also
have to be considered in exploratory analyses.

In conclusion, the design and conduct of the present study are
largely pragmatic. Efforts have beenmade to take advantage of existing
health services without allocation of additional resources. We strongly
believe that thiswill increase the generalizability of our results and facil-
itate subsequent implementation into clinical practice. Unfortunately,
all health services have been seriously affected by the COVID-19 pan-
demic during a major part of the study conduct, but we are still con-
vinced that the study will provide important information about the
effect and feasibility of a GAM intervention for older patients receiving
RT. Furthermore, the completeness of Norwegian public health regis-
tries will ensure reliable data for a health economic analysis.
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