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Abstract 

Background Geriatric assessment and management (GAM) improve outcomes in older patients with cancer treated 
with surgery or chemotherapy. It is unclear whether GAM may provide better function and quality of life (QoL), or be 
cost-effective, in a radiotherapy (RT) setting.

Methods In this Norwegian cluster-randomised controlled pilot study, we assessed the impact of a GAM interven-
tion involving specialist and primary health services. It was initiated in-hospital at the start of RT by assessing somatic 
and mental health, function, and social situation, followed by individually adapted management plans and system-
atic follow-up in the municipalities until 8 weeks after the end of RT, managed by municipal nurses as patients’ care 
coordinators. Thirty-two municipal/city districts were 1:1 randomised to intervention or conventional care. Patients 
with cancer ≥ 65 years, referred for RT, were enrolled irrespective of cancer type, treatment intent, and frailty sta-
tus, and followed the allocation of their residential district. The primary outcome was physical function measured 
by the European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire-C30 (QLQ-C30). 
Secondary outcomes were overall quality of life (QoL), physical performance, use and costs of health services. Analy-
ses followed the intention-to-treat principle. Study registration at ClinicalTrials.gov ID NCT03881137.

Results We included 178 patients, 89 in each group with comparable age (mean 74.1), sex (female 38.2%), 
and Edmonton Frail Scale scores (mean 3.4 [scale 0–17], scores 0–3 [fit] in 57%). More intervention patients received 
curative RT (76.4 vs 61.8%), had higher irradiation doses (mean 54.1 vs 45.5 Gy), and longer lasting RT (mean 4.4 vs 
3.6 weeks). The primary outcome was completed by 91% (intervention) vs 88% (control) of patients. No significant dif-
ferences between groups on predefined outcomes were observed. GAM costs represented 3% of health service costs 
for the intervention group during the study period.

Conclusions In this heterogeneous cohort of older patients receiving RT, the majority was fit. We found no impact 
of the intervention on patient-centred outcomes or the cost of health services. Targeting a more homogeneous 
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group of only pre-frail and frail patients is strongly recommended in future studies needed to clarify the role 
and organisation of GAM in RT settings.

Keywords Geriatric assessment with management, Older patients, Frailty, Cancer, Radiotherapy, Randomised 
controlled trial

Background
The global increase in the number and proportion of 
older adults [1, 2] challenges our health care services [1], 
and adjustment of treatment and care to varying health 
statuses is paramount. Addressing this, comprehensive 
geriatric assessment (CGA) plays a crucial role in health 
care delivery as a “multidimensional, interdisciplinary, 
diagnostic process to identify care needs, plan care, and 
improve outcomes of frail older people” [3, 4].

In geriatric medicine, CGA has proven successful in 
reducing mortality, functional deterioration, and the 
need for institutional care [3, 5, 6]. Adapted to can-
cer care, CGA is often referred to as geriatric assess-
ment (GA) with management (GAM), i.e. management 
of impairments identified by a systematic assessment of 
comorbidities, medications, nutritional status, physical 
and cognitive function, depressive symptoms, and social 
support [7, 8, 9]. Several randomised controlled trials 
(RCT), predominantly addressing older patients receiv-
ing cancer surgery or chemotherapy, have shown that 
GAM interventions may facilitate treatment comple-
tion, and reduce adverse events and the need for hospital 
services [10, 11]. Benefits related to quality of life (QoL) 
and physical performance are more poorly documented 
[10, 11]. Few trials have included such patient-centred 
outcomes [12, 13, 14, 15, 16], although recommended in 
cancer trials addressing older patients in particular [17, 
18]. Cost effects are also scarcely investigated [11, 19], 
and evidence of any impact of GAM in radiotherapy (RT) 
settings is lacking.

RT is a main treatment modality in cancer, estimated 
to be needed by 45–60% of patients during the course of 
their disease [20]. It is generally considered more toler-
able than surgery and chemotherapy, but may still have 
serious side effects [21]. Toxicity, impaired QoL, and 
physical deterioration are serious concerns, particu-
larly in older patients [22], and frequent co-existing, 
age-related problems have been shown to affect survival 
in this patient group [23]. Correspondingly, a gradual 
decline in QoL and physical function has been demon-
strated with an increasing number of geriatric impair-
ments [24]. GA in older patients receiving RT has 
therefore been advocated to predict outcomes and enable 
targeted interventions [22].

Against this backdrop, we developed a GAM interven-
tion aiming to improve QoL and function for patients 

with cancer ≥ 65 years receiving RT with palliative or 
curative intent [25]. The intervention involved both spe-
cialist and primary care services and included 1) an in-
hospital GA at the start of RT, followed by an individually 
adapted management plan, (2 a systematic follow-up by 
municipal nurses working in cancer care (cancer contact 
nurses), and 3) coordination of services and collaboration 
across sectors (specialist and primary care) with cancer 
contact nurses as main actors. A pilot study was found 
necessary to evaluate several aspects, including patient 
selection, feasibility, and potential effect on pre-defined 
outcomes, before performing a full-scale RCT. Thus, we 
compared our intervention to conventional care in a con-
trolled pilot study [25]. Since primary care professionals 
(cancer contact nurses) had a central role in the interven-
tion, we randomised primary health care districts (clus-
ters) to avoid contamination between treatment groups. 
The detailed objectives addressed in the present paper, 
pertaining to individual patients, were to answer the fol-
lowing questions:

• Did the intervention affect patient-centred outcomes, 
i.e. short- and long- term physical function, global 
QoL, and symptom burden, and what would be the 
potential effect size?

• Did the intervention influence the use and costs of 
health care services, and if so, to what extent?

The other main objective, to evaluate feasibility, will be 
fully addressed in a pending paper. A brief evaluation of 
inclusion criteria and adherence to the intervention pro-
gramme is included in the present one.

Methods
A detailed description of the study design is previously 
published [25]. The protocol, sample size estimates, and 
statistical analysis plan can also be found on ClinicalTri-
als.gov (ID NCT03881137).

Study context
The study was performed within the Norwegian public 
health care, a primarily tax-financed, universal health 
coverage including both specialist- and primary care 
services (see Additional file 1: Table S1). Specialist ser-
vices, covering in- and outpatient hospital services, are 
commanded by the government. Primary health care 
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is managed by the municipalities and includes gen-
eral practitioners (GPs), out-of-hours medical service, 
home care (nursing, basic assistance), nursing homes, 
and municipal rehabilitation services. All residents are 
entitled to a GP who provides general medical services 
including referrals to specialist services when needed. 
Home care and nursing homes are needs-based. Eligi-
bility is determined based on national legislation and 
the municipality’s criteria, administered by health and 
welfare offices in the municipalities. Most municipali-
ties employ one or two nurses designated to work with 
patients with cancer, who are usually referred to as can-
cer contact nurses. Their positions vary from part-time 
to full-time, and conventionally, their involvement in 
individual patients’ care (e.g. information, supportive 
and palliative care, care coordination) depends on ad 
hoc referrals from other professionals or contact taken 
by the patients themselves.

Study design
The cluster-randomised pilot study was designed to test 
a multicomponent, individually targeted GAM inter-
vention for older patients with cancer receiving RT. The 
intervention was developed in close collaboration with 
user representatives, and a reference group consisting 
of hospital and primary care professionals. As GAM in 
cancer care has no universally accepted, detailed recipe 
[10, 26], we based our intervention on recommenda-
tions from the international field of geriatric oncology 
[7, 27], experience and evidence from previous studies 
on GA and GAM by members of our study group [6, 28, 
29, 30, 31], and adapted it to the availability and organi-
sation of the local health service (Additional file  1: 
Table S1).

Patients were recruited at two RT centres, a local hos-
pital in eastern Norway (Centre 1), serving mostly rural 
municipalities, and a university hospital in central Nor-
way (Centre 2), located in a larger city (Additional file 1: 
Table  S1). The recruitment took place from May 2019 
to April 2021 with an interruption from March to Sep-
tember 2020 due to the COVID-19 pandemic. For each 
patient, a cancer contact nurse from the patient’s munici-
pality/city district was assigned a central role in the inter-
vention program, Thus, to ensure that the nurses who 
were such involved, did not treat patients in the control 
group, randomisation on the level of primary health care 
units (municipal units/city districts) was mandatory. 
Since both acute and long-term side effects of RT may 
influence patients’ function and QoL, and consequently 
the use and cost of health services, the patients were fol-
lowed with study-specific assessments up to 1 year after 
the end of RT.

Study participants
To be eligible for study participation, the primary health 
care districts had to be located in the catchment area 
of the study centres. At Centre 1, we invited 36 munici-
palities that previously had been involved in research on 
older patients with cancer [31], and 28 consented to par-
ticipate (< 4500 inhabitants [n = 10] up to about 35,000 
inhabitants [n = 1]) (Fig. 1). At Centre 2, we invited four 
primary care city districts (34,000 to 50,000 inhabitants) 
to ensure representation of larger urban areas in our 
study sample.

Patients’ inclusion criteria were residing in one of the 
randomised municipal/city districts, age ≥ 65  years, 
referral for curative or palliative RT with a confirmed 
cancer diagnosis, fluency in Norwegian, and ability to 
answer self-report questionnaires. Exclusion criteria 
were referral for only one RT fraction, and/or life expec-
tancy < 3 months. All patients provided written informed 
consent.

Randomisation, recruitment, and blinding
Before the study started, the overall 32 primary health 
care units were stratified by the project management into 
five blocks according to the number of inhabitants [25], 
and thereafter, 1:1 randomly assigned to either interven-
tion or control within each block by a computer-gener-
ated algorithm, 16 in each group. Eligible patients were 
identified by referral to the RT unit. They were consecu-
tively recruited and approached by a study nurse (can-
cer nurse) at Centre 1 and a PhD student (geriatrician) 
at Centre 2 on the first consultation (when CT scans for 
RT planning were performed). Eligibility was confirmed 
by the patients’ oncologist, and oral and written informa-
tion about the study was given. Consenting patients were 
informed about their allocation in accordance with their 
residential municipality/city district. Patients allocated 
to the control group received conventional care (see 
Additional file 1, Table S1). The other group entered the 
intervention program. For either group, study participa-
tion did not impact their cancer treatment. There was no 
blinding of patients or health professionals, except for the 
physiotherapists performing physical performance tests 
(secondary outcomes), 8 and 16 weeks after RT.

The geriatric assessment with management (GAM) 
intervention
The intervention was developed to target patients receiv-
ing RT, which is mostly provided as daily outpatient treat-
ment over a few days to several weeks. Side effects and 
burden of treatment are known to increase towards the 
end and are often most pronounced the first weeks after-
wards. The intervention was therefore scheduled from 
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the start of RT until 8 weeks after the end [25], when 
acute side effects would have receded for most patients. 
It was performed in a collaboration between hospital- 
and municipality-based health services and individually 
adapted and had three parts.

First, the study nurse (Centre 1) and the PhD student 
(Centre 2) initiated each patient`s intervention at the 
hospital outpatient clinic. They performed a GA at the 
start of RT with a limited re-assessment at the end of RT, 
and in collaboration with the patients’ oncologist, they 

made a management plan targeting identified impair-
ments (Fig. 2, Table 1). As part of this plan, the patients 
received an individually adapted physical exercise 
program.

Second, the management plan was the basis for a 
subsequent follow-up by a cancer contact nurse in the 
patient`s municipality. To ensure implementation of 
planned measures and adoptions to changing needs, 
the cancer contact nurse involved other primary care 
professionals when necessary, and followed the patient 

Fig. 1 1Four municipalities were joined two and two into two randomised units due to sharing a common cancer nurse, 2Pts, patients; 3No 
patient were included from two control and two intervention municipal units; 4PROMS, patient-reported outcomes, here referring to the QLQ-C30 
questionnaire; 5Performance test, here referring to the Short Physical Performance Battery
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systematically during the overall intervention period. The 
follow-up included at least one weekly phone call with 
systematic symptom assessments, and a house call the 
fourth week after RT (Table 1).

Third, collaboration across sectors and coordination of 
services was a defined part of the intervention as smooth 
transitions and seamless trajectories of care remain a 
challenge [32, 33] (Fig.  2). For each patient, a named 
municipal cancer contact nurse was assigned the role as 
care-coordinator and a link between sectors. The study 
nurse and PhD student responsible for the initial GA 
conveyed the GA results and the management plan to 
the cancer contact nurse. Moreover, they were available 
during all working hours to facilitate contact between 
the municipal nurses and other hospital professionals if 
needed.

Pre-defined guidelines with detailed indications and 
suggestions for supportive measures in each GA domain 
were outlined as part of the intervention programme 
[25]. Further details on the task flow and systematic 
assessments included in the intervention are displayed in 
Fig. 2 and Table 1, respectively.

Procedures
Baseline data were retrieved from the treating oncolo-
gists and electronic medical records (EMR) (including 
information on treatment intent), and through patient 

consultation/interview, testing, and self-report question-
naires. All assessments in the control and intervention 
group were performed by the study nurse and PhD stu-
dent who managed the in-hospital part of GAM. In addi-
tion to ensure baseline status of pre-defined outcomes 
(assessed by QoL questionnaires and performance tests, 
see the “Outcomes and outcome assessment” section), 
the baseline assessments in both groups comprised num-
ber of falls in the last 6 months, comorbidities (Charlson 
Comorbidity Index [CCI]) [34], cognitive function (Mini-
COG) [35], Timed Up and Go [36], and the Edmonton 
Frail Scale (EFS) scored 0–17 (fit 0–3, vulnerable 4–5, 
mild frailty 6–7, moderate frailty 8–9, severe frailty ≥ 10) 
[37] (Table 1). For the control group, the treating oncolo-
gist was blinded for the results unless severe, unrecog-
nised health problems were revealed. For the intervention 
group, all assessments except answers to the QoL ques-
tionnaires were considered a part of the GA (Table 1).

Completion of QoL questionnaires was repeated at 
the end of RT and 4, 8, 16, 32, and 52 weeks later. Except 
at baseline and the end of RT, where the questionnaires 
were distributed by the study nurse/PhD student, the 
questionnaires were sent by post together with a pre-
paid return envelope. If not returned within 2 weeks, the 
patients received one reminder. Physical performance 
was re-assessed 8 and 16  weeks after RT. This assess-
ment was performed by trained physiotherapists in the 

Fig. 2 Collaboration across sectors. Municipal cancer contact nurses serving as the main link. *In collaboration with the patients’ oncologist, 
referrral to other hospital professionals or direct involvement of the patient’s GP if needed



Page 6 of 19Slaaen et al. BMC Medicine          (2024) 22:232 

Ta
bl

e 
1 

 A
n 

ov
er

vi
ew

 o
ve

r a
ll 

pr
e-

sc
he

du
le

d 
as

se
ss

m
en

ts
 in

 th
e 

ge
ria

tr
ic

 a
ss

es
sm

en
t w

ith
 m

an
ag

em
en

t (
G

A
M

) i
nt

er
ve

nt
io

n

In
-h

os
pi

ta
l —

 a
t t

he
 s

tu
dy

 c
en

tr
es

, m
an

ag
ed

 b
y 

th
e 

st
ud

y 
nu

rs
e/

Ph
D

 s
tu

de
nt

 (g
er

ia
tr

ic
ia

n)
In

 th
e 

m
un

ic
ip

al
it

y 
by

 th
e 

ca
nc

er
 c

on
ta

ct
 n

ur
se

G
er

ia
tr

ic
 a

ss
es

sm
en

t —
 a

t t
he

 s
ta

rt
 o

f R
T 

an
d 

in
te

rv
en

tio
n

Pr
es

ch
ed

ul
ed

 
re

pe
at

 a
t t

he
 e

nd
 

of
 R

T

In
-h

os
pi

ta
l a

ss
es

so
r, 

at
 th

e 
st

ar
t 

an
d 

re
pe

at
Pr

e-
sc

he
du

le
d 

m
in

im
um

 fo
llo

w
-u

p 
du

ri
ng

 R
T 

an
d 

8 
w

ee
ks

 a
ft

er
 R

T

D
om

ai
n 

an
d 

m
et

ho
d

Ev
er

y 
w

ee
k 

(t
el

ep
ho

ne
)

W
ee

k 
4 

af
te

r R
T 

(h
ou

se
 c

al
l)

So
m

at
ic

 h
ea

lth
 

Ex
tr

a 
la

b-
te

st
 (H

bA
1c

: g
ly

ca
te

d 
ha

em
og

lo
bi

n,
 F

T4
: f

re
e 

th
yr

ox
in

e 
4,

 T
H

S:
 

th
yr

oi
d 

st
im

ul
at

in
g 

ho
rm

on
e,

 v
ita

m
in

 B
12

)a
-

H
os

pi
ta

l l
ab

or
at

or
y

-
-

 
Bl

oo
d 

pr
es

su
re

-
St

ud
y 

nu
rs

e/
Ph

D
 s

tu
de

nt
 in

 p
at

ie
nt

 
co

ns
ul

ta
tio

n
-

-
 

O
ve

ra
ll 

fra
ilt

y
Ed

m
on

to
n 

Fr
ai

l S
ca

le
 (E

FS
), 

sc
or

ed
 0

 (fi
t)

 
to

 1
7 

(s
ev

er
e 

fra
ilt

y)
[2

6]
b

EF
S

-
EF

S

 
Sy

m
pt

om
s

Ed
m

on
to

n 
Sy

m
pt

om
 A

ss
es

sm
en

t 
Sy

st
em

 (E
SA

S)
 [2

7]
c

ES
A

S
Pa

tie
nt

 re
po

rt
ed

ES
A

S 
—

 p
at

ie
nt

 re
po

rt
ed

ES
A

S 
—

 p
at

ie
nt

 re
po

rt
ed

 
Co

m
or

bi
di

ty
Ch

ar
lso

n 
co

m
or

bi
di

ty
 in

de
x 

(s
co

re
d 

0–
26

) [
28

]b,
d

_
St

ud
y 

nu
rs

e/
Ph

D
 s

tu
de

nt
, b

as
ed

 
on

 m
ed

ic
al

 jo
ur

na
l, 

in
fo

rm
at

io
n 

fro
m

 o
nc

ol
og

is
t a

nd
 p

at
ie

nt

-
-

O
ld

 A
m

er
ic

an
s’ 

Re
so

ur
ce

 S
ur

ve
y 

(O
A

RS
) (

sc
or

ed
 0

–1
5)

 [2
9]

d
_

-
-

 
M

ed
ic

at
io

ns
N

um
be

r, 
do

se
, a

nd
 ty

pe
 o

f d
ru

g 
ac

co
rd

in
g 

to
 th

e 
A

na
to

m
ic

al
 T

he
ra

-
pe

ut
ic

 C
he

m
ic

al
 (A

TC
) S

ys
te

m

A
ll 

m
ed

ic
at

io
ns

-
A

ll 
m

ed
ic

at
io

ns

 
N

ut
rit

io
na

l s
ta

tu
s

M
in

i N
ut

rit
io

na
l A

ss
es

sm
en

t S
ho

rt
 

fo
rm

 (M
N

A
-S

F)
, s

co
re

d 
0 

(w
or

se
) t

o 
14

 
(b

et
te

r) 
[3

0]

M
N

A
St

ud
y 

nu
rs

e/
Ph

D
 s

tu
de

nt
 in

 p
at

ie
nt

 
co

ns
ul

ta
tio

n
-

M
N

A
-S

F

W
ei

gh
t, 

he
ig

ht
, w

ei
gh

t l
os

sb
W

ei
gh

t
W

ei
gh

t —
 p

at
ie

nt
 re

po
rt

ed
W

ei
gh

t

M
en

ta
l h

ea
lth

-

 
Co

gn
iti

on
M

in
i-C

og
, s

co
re

d 
0 

(w
or

se
) t

o 
5 

(b
et

te
r) 

[3
1]

b
St

ud
y 

nu
rs

e/
Ph

D
 s

tu
de

nt
-

-

 
D

ep
re

ss
io

n
G

er
ia

tr
ic

 D
ep

re
ss

io
n 

Sc
al

e 
(G

D
S)

-1
5,

 
sc

or
ed

 0
–1

5 
(h

ig
he

r s
co

re
s, 

m
or

e 
sy

m
pt

om
s)

 [3
2]

-
Pa

tie
nt

 re
po

rt
ed

 in
 in

te
rv

ie
w

 
w

ith
 s

tu
dy

 n
ur

se
/P

hD
 s

tu
de

nt
-

-

Fu
nc

tio
n

 
D

ai
ly

 li
fe

 a
ct

iv
iti

es
La

w
to

n 
in

de
x,

 in
st

ru
m

en
ta

l a
ct

iv
iti

es
 

of
 d

ai
ly

 li
vi

ng
 (I

A
D

L)
, s

co
re

d 
0 

(fu
lly

 
de

pe
nd

en
t)

 to
 8

 (f
ul

ly
 in

de
pe

nd
en

t)
 

(s
co

re
s 

0–
8)

 [3
3]

Ba
rt

he
l i

nd
ex

, b
as

ic
 a

ct
iv

iti
es

 o
f d

ai
ly

 
liv

in
g 

(A
D

L)
, s

co
re

d 
0 

(fu
lly

 d
ep

en
d-

en
t)

 to
 2

0 
(fu

lly
 in

de
pe

nd
en

t)
 [3

4]

-
St

ud
y 

nu
rs

e/
Ph

D
 s

tu
de

nt
 in

 p
at

ie
nt

 
co

ns
ul

ta
tio

n
-

-



Page 7 of 19Slaaen et al. BMC Medicine          (2024) 22:232  

Ta
bl

e 
1 

(c
on

tin
ue

d)

In
-h

os
pi

ta
l —

 a
t t

he
 s

tu
dy

 c
en

tr
es

, m
an

ag
ed

 b
y 

th
e 

st
ud

y 
nu

rs
e/

Ph
D

 s
tu

de
nt

 (g
er

ia
tr

ic
ia

n)
In

 th
e 

m
un

ic
ip

al
it

y 
by

 th
e 

ca
nc

er
 c

on
ta

ct
 n

ur
se

G
er

ia
tr

ic
 a

ss
es

sm
en

t —
 a

t t
he

 s
ta

rt
 o

f R
T 

an
d 

in
te

rv
en

tio
n

Pr
es

ch
ed

ul
ed

 
re

pe
at

 a
t t

he
 e

nd
 

of
 R

T

In
-h

os
pi

ta
l a

ss
es

so
r, 

at
 th

e 
st

ar
t 

an
d 

re
pe

at
Pr

e-
sc

he
du

le
d 

m
in

im
um

 fo
llo

w
-u

p 
du

ri
ng

 R
T 

an
d 

8 
w

ee
ks

 a
ft

er
 R

T

 
M

ob
ili

ty
Sh

or
t P

hy
sic

al
 P

er
fo

rm
an

ce
 B

at
-

te
ry

 (S
PP

B)
, s

co
re

d 
0 

(w
or

se
) t

o 
12

 
(b

et
te

r)[
35

]b

-
Te

st
ed

 b
y 

st
ud

y
nu

rs
e/

Ph
D

 s
tu

de
nt

-

Ti
m

ed
 U

p 
an

d 
G

o 
(T

U
G

), 
m

ea
su

re
d 

in
 

se
co

nd
s [

36
]b

-
-

G
rip

 st
re

ng
th

 [3
7]

b
-

-

N
um

be
r o

f f
al

ls 
la

st
 6

 m
on

th
s, 

0–
1 

vs
 ≥

 2
b

-
-

So
ci

al
 s

itu
at

io
n

Ci
vi

l s
ta

tu
s, 

liv
in

g 
co

nd
iti

on
s, 

av
ai

la
bl

e 
he

lp
, h

om
e 

ca
re

, O
slo

 S
oc

ia
l S

up
po

rt
 S

ca
le

 
[3

8]
-

St
ud

y 
nu

rs
e/

Ph
D

 s
tu

de
nt

 in
 p

at
ie

nt
 

co
ns

ul
ta

tio
n

a  L
ab

 te
st

s 
ad

de
d 

to
 th

os
e 

ro
ut

in
el

y 
ta

ke
n 

w
hi

ch
 n

or
m

al
ly

 in
cl

ud
e 

bl
oo

d 
co

un
ts

, s
er

um
-c

re
at

in
in

e,
 s

er
um

-e
le

ct
ro

ly
te

s, 
an

d 
se

ru
m

 li
ve

r e
nz

ym
es

b  A
ss

es
sm

en
t m

ar
ke

d 
in

 it
al

ic
s 

ar
e 

as
se

ss
m

en
ts

 th
at

 w
er

e 
al

so
 p

er
fo

rm
ed

 a
t b

as
el

in
e 

in
 th

e 
co

nt
ro

l g
ro

up
 to

 e
na

bl
e 

an
 a

pp
ro

pr
ia

te
 c

om
pa

ris
on

 o
n 

ce
nt

ra
l a

ge
 g

er
ia

tr
ic

 d
om

ai
ns

c  A
ss

es
se

s 
10

 c
om

m
on

 c
an

ce
r s

ym
pt

om
s 

on
 s

ca
le

s 
ra

ng
in

g 
fr

om
 0

 to
 1

0,
 h

ig
he

r s
co

re
s 

in
di

ca
te

 m
or

e 
sy

m
pt

om
s

d  H
ig

he
r s

co
re

s 
in

di
ca

te
 m

or
e 

co
m

or
bi

di
ty



Page 8 of 19Slaaen et al. BMC Medicine          (2024) 22:232 

patients’ municipalities who were otherwise not involved 
in the study, and thus blinded for the patient allocation.

Outcomes and outcome assessment
The primary outcome was physical function (PF) 
reported by the patients on the European Organisa-
tion for Research and Treatment of Cancer Quality of 
life Questionnaire-C30 (QLQ-C30) [38], 8 weeks after 
RT completion. Secondary outcomes were overall QoL 
assessed by the EORTC QLQ-C30 global QoL scale and 
the EQ-5D-5L index [39], physical performance assessed 
by the Short Physical Performance Battery [SPPB)] [40], 
hand grip strength, and use of health care services and 
their costs. Symptom scores (fatigue-, pain-, dyspnoea-, 
sleeping disturbances-, loss of appetite) and emotional 
function from the EORTC QLQ-C30 were additional 
pre-defined outcomes.

The EORTC QLQ-C30 is a 30-item questionnaire com-
prising five functioning scales, a global QoL scale, and 
nine symptom scales/items [38]. All items are scored 
from 1 (not at all) to 4 (very much), except for the two 
items of the global QoL scale, which are scored from 1 
(very poor) to 7 (excellent). Before analyses, raw scores 
are converted to scales ranging 0–100. Higher scores 
indicate better function on the global QoL- and function-
ing scales, and more symptoms on the symptom scales/
items [41]. A difference of ≥ 10 points on any scale is 
considered clinically significant [42]. The EQ-5D-5L is 
a generic questionnaire measuring five dimensions of 
QoL/health (mobility, self-care, usual activities, pain/
discomfort, and anxiety/depression) on five levels. The 
EQ-5D-5L-index was calculated by assigning values from 
the UK time-trade-off tariff to the different health states 
as generated [43, 44]. Values range from 1 = full health 
to 0 = dead, but values below 0 are possible, indicating 
states deemed worse than dead [43, 44]. The minimally 
clinically important difference (MCID) for this index is 
reportedly 0.08–0.1 [45, 46]. The SPPB assesses standing 
balance, walking speed, and ability to rise from a chair. 
The total score ranges from 0 to 12; high scores suggest 
better mobility [40]. Hand grip strength was measured in 
kilogrammes using a dynamometer [47], with an MCID 
reportedly being 5 to 6.5 kg [48].

Use of health care services from inclusion to 52 weeks 
after RT was retrieved for each patient from official Nor-
wegian registries (the Norwegian Control and Payment 
of Health Reimbursements Database [KUHR] [49], the 
Norwegian Patient Registry [50] and the participating 
municipalities. Costs were calculated by multiplying ser-
vice volume by a unit cost and summarising over service 
categories. GAM costs related to the work of the study 
nurse/PhD student and the municipal cancer contact 
nurse were stipulated by multiplying time spent by wage 

cost per hour. Further details on cost assessments and 
estimations are provided in Additional file 2 [49–52]. The 
date of death was extracted from the patient’s EMR.

To evaluate the GAM process, the study nurse and PhD 
student kept log notes of the GA results and the imple-
mented measures. The municipal cancer contact nurses 
registered their involvement through weekly log-notes 
and questionnaires addressing tasks performed and time 
used (Table 1). Adherence to the in-hospital programme 
was retrospectively evaluated by exploring whether sup-
portive measures were registered in these logs and imple-
mented in accordance with GA findings and pre-defined 
guidelines. The municipal part was evaluated by briefly 
exploring the cancer contact nurses’ compliance to the 
weekly symptom registrations that were scheduled dur-
ing the last part of the intervention period, i.e. from the 
end of RT to 8 weeks later.

Sample size
The sample size calculation was tailored to a cluster-ran-
domised design with 32 clusters and longitudinal analysis 
of covariance (ANCOVA) as the approach [25]. Assum-
ing an intra-cluster correlation coefficient of 10%, stand-
ard deviation (SD) of 24 in each group, and correlation 
between baseline and follow-up measurement of 0.5, a 
total of 53 patients distributed in 16 clusters (proportion-
ally to cluster size) in each group was needed to detect a 
difference of 12 points in the physical function EORTC 
QLQ-C30 scale at week 8 at the significance level of 5% 
with a power of 80%. Assuming an attrition of about 
15–20% at 16-week post RT, we aimed at including 162 
patients, 81 in each group. By 10 months of recruitment, 
one municipal cluster had withdrawn, no patients were 
included from the additional four, and only one patient 
was included from four clusters expected to include at 
least two each. The sample size was thus re-calculated. 
Accounting for the reduced number of clusters and 
keeping other assumptions unchanged, 69 patients were 
required in each group, i.e. 93 in each group for a sample 
size of 186 when including estimated attrition.

Statistical analysis
Due to the open cluster-randomised design with an 
inherent risk of selection bias [53, 54], we compared 
characteristics between the control and intervention 
group by Student’s t- and χ2-test, as appropriate [55]. 
The cluster effect on study cluster level in outcome vari-
ables was assessed by intra-class correlation coefficient 
(ICC). To assess the difference in PF between the groups 
8 weeks after RT (primary outcome), and the difference 
in trend in PF up to 52 weeks after RT, we performed lon-
gitudinal ANCOVA by estimating a linear mixed model 
(LMM) with random effects for patients nested within 
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study cluster and fixed effects for baseline values, time 
and interaction between time and group variable. A sig-
nificant interaction would imply a difference between the 
groups in trend in outcome variables. Post hoc analyses 
were then performed to assess between-group differences 
at each time point. Similar models were estimated to ana-
lyse patient-centred secondary- and selected additional 
outcomes (symptoms and emotional function). Analyses 
were performed on the intention-to-treat principle. The 
analyses assessing outcomes 8 weeks after RT were first 
performed for patients responding both at this point as 
well as at baseline. To avoid possible bias due to missing 
values in outcomes, and thus patients excluded from the 
analyses, sensitivity analyses with missing values imputed 
by LMM were conducted. Finally, for entirely explorative 
purposes, all analyses were repeated adjusting for co-
variates likely to influence patient-centred outcomes, i.e., 
treatment intent, frailty status in terms of EFS scores in 
addition to age and gender.

To investigate the impact of the intervention on health 
care costs, LMMs with random effects for the municipal-
ity and fixed effects for group and treatment intent were 
estimated using log-transformed dependent cost varia-
bles due to a skewed distribution. Both unadjusted mod-
els and models adjusting for other potential cost drivers, 
i.e., age, gender, EFS score, and treatment intent, were 
estimated. For details, please see Additional file 2: Meth-
ods for the evaluation of the use and costs of health care 
services.

All tests were two-sided and results with p-values < 0.05 
were considered statistically significant. The analyses 
were performed in STATA v16.

Ethics and approval
The study was approved by the Regional Committee for 
Medical Research Ethics, South East Norway (ref. num-
ber 2018/2515), and was registered at ClinicalTrials.gov 
(NCT03881137).

Results
Patients
We enrolled a total of 178 patients, 89 in each group, 
representing 28 out of 32 randomised clusters and 34% 
of all patients registered as eligible (see Fig. 1 for details). 
Recruitment was stopped when preliminary estimates 
indicated that the primary outcome was completed for a 
required number of patients in both groups (more than 
69 patients). Six control and five intervention clusters 
were represented by only one or two patients.

The mean age in the overall cohort was 74.1 (SD 5.4) 
years, and 38.2% were female. The most frequent can-
cer type was prostate cancer (42.7%), 91.5% had Eastern 
Cooperative Oncology Group Performance stats (ECOG 

PS) 0–1, the mean EFS score was 3.4, and 43.9% were vul-
nerable or frail (Table  2). The control and intervention 
groups were comparable with a few important excep-
tions. More patients in the intervention group received 
RT with curative intent, 76.4% versus 61.8% in the control 
group (p = 0.035), and consequently had a RT regimen 
with a longer duration and larger total irradiation dose 
(Table 2). Additionally, patients in the intervention group 
reported significantly better baseline scores on physical 
function (PF) (p = 0.022), dyspnoea (DY) (p = 0.033) and 
the EQ-5D-5L index (p = 0.029) (see Additional file  3: 
Table S3).

Survival and compliance
A total of 25 (14.4%) patients, 11 (12.4%) in the inter-
vention group and 16 (18.0%) in the control group died 
within 52 weeks after RT (Fig. 1). Among patients alive at 
each assessment, compliance in completing the EORTC 
QLQ-C30 was 90% or more and largely similar in the two 
groups throughout follow-up. For the performance tests, 
only about 3

4
 and 2

3
 of the patients still alive in both groups 

were tested 8 and 16  weeks after RT, respectively (for 
details, see Additional file 4: Table S4).

Adherence to the intervention programme and use 
of health services
Applying the pre-defined guidelines for when to imple-
ment supportive measures, the baseline prevalence of 
needs/problems within each GA domain ranged from 7% 
(depressive symptoms) to 33% of the patients (any ESAS 
score > 4) (See Additional file 5: Table S5). According to 
log-notes, any measure was implemented for 31% to 
100% of individual needs/problems. The lowest propor-
tions concerned mild/moderate hypertension and prob-
lems related to other comorbidities, which were rarely 
noted. The highest proportions (81% to 100%) were regis-
tered for nutritional problems, depression, and cognitive 
or functional impairments. Most measures were under-
taken by the project nurse/PhD student themselves and/
or implied notification of the patients’ oncologists or GPs 
(see Additional file 5: Table S5). There were few referrals 
to other professionals. For patients surviving 8 weeks or 
more after RT (n = 86), the scheduled ESAS assessment 
was performed for 73% to 90% of patients each week (at 
mean 80%).

Main outcomes, patient-centred
We found no significant differences between the inter-
vention and control groups on any of the pre-defined 
primary (PF) and secondary patient-centred outcomes 8 
weeks after RT, except for the EQ-5D-5L index (Table 3). 
This index declined from 0.83 to 0.80 in the interven-
tion group in contrast to an observed improvement in 



Page 10 of 19Slaaen et al. BMC Medicine          (2024) 22:232 

Table 2 Patient characteristics

All patients(n = 178) Control group(n = 89) Intervention 
group(n = 89)

p-value

Sociodemographic characteristics
Age
   Mean (SD) 74.1 (5.4) 74.0 (5.8) 74.2 (5.1) 0.848

Sex, n (%) 0.758

  Female 68 (38.2) 35 (39.3) 33 (37.1)

Marital status, n (%) 0.197

  Married/cohabiting 122 (68.5) 65 (73.0) 57 (64.0)

  Single/divorced/widow(er) 56 (31.5) 24 (27.0) 32 (36.0)

Home care nursing, n (%) 20 (11.2) 11 (12.4) 9 (10.1) 0.635

Information on cancer disease and performance status
Cancer type, n (%) 0.665

  Prostate 76 (42.7) 34 (38.2) 42 (47.2)

  Breast 40 (22.5) 21 (23.6) 19 (21.3)

  Lung 19 (10.7) 10 (11.2) 9 (10.1)

  Other 43 (24.2) 24 (27.0) 19 (21.3)

Stagea, n (%) 0.374

   0b 3 (1.7) 1 (1.1) 2 (2.2)

  I 27 (15.2) 15 (16.9) 12 (13.5)

  II 40 (22.5) 16 (18.0) 24 (27.0)

  III 56 (31.5) 27 (30.3) 29 (32.6)

  IV 46 (25.8) 25 (28.1) 21 (23.6)

  Not  applicablec 6 (3.4) 5 (5.6) 1(1.1)

ECOG PS, n (%)d 0.062

  0–1 162 (91.5) 78 (87.6) 84 (95.5)

  2–4 15 (8.4) 11 (12.4) 4 (4.5)

Information on radiotherapy regimen
RT intent, n (%) 0.035
  Curative 123 (69.1) 55 (61.8) 68 (76.4)

  Palliative 55 (30.9) 34 (38.2) 21 (23.6)

RT duration, weeks 0.009
  Mean (SD) 4.0 (2.0) 3.6 (2.0) 4.4 (2.0)

Total radiation dose (gray)  < 0.001
  Mean (SD) 49.8 (17.1) 45.5 (17.4) 54.1 (15.7)

Dose per fraction (gray) 0.748

  Mean (SD) 2.9 (1.6) 2.9 (1.0) 2.9 (2.1)

  Patients completing treatment as planned, N (%) 172 (96.6) 86 (96.6) 86 (96.6) 1.000

Geriatric measures applied in both groups for comparison
 EFS score (missing 1), e mean (SD) 3.4 (2.5) 3.6 (2.7) 3.3 (2.3) 0.582

 EFS ≤ 3 (fit), n (%) 101 (57.1) 48 (54.5) 53(59.6)

 EFS 4–5 (vulnerable), n (%) 37 (20.9) 20 (22.7) 17 (19.1)

 EFS 6–7 (mild frailty), n (%) 28 (15.8) 14 (15.9) 14 (15.7)

 EFS 8–9 (moderate frailty), n (%) 7 (4.0) 2 (2.3) 5 (5.6)

 EFS ≥ 10 (severe frailty), n (%) 4 (2.3) 4 (4.5) 0 (0)

Fall the last 6 months 0.515

 0–1, n (%) 83 (93) 85 (96)

  ≥ 2, n (%) 6 (7) 4 (4)

Body mass index, mean (SD) 27.4 (4.7) 26.8 (4.6) 27.9 (4.6) 0.119

CCI,f mean (SD) 1.2 (1.5) 1.2 (1.6) 1.3 (1.4) 0.611

Mini-Cog (missing 1),g mean (SD) 4.1 (1.1) 4.3 (1.0) 3.9 (1.3) 0.071
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the control group from 0.78 to 0.81. Both differences 
were below the reported MCID. Sensitivity analyses with 
imputation for missing values showed similar results for 
all outcomes, except for grip strength demonstrating a 
significantly larger increase in the intervention group 
as compared to the control groups (mean difference in 
change − 2.08 [95% − 2.71; − 1.45], p < 0.001), which was 
though below clinical significance [48]. When adjust-
ing for treatment intent, EFS score, age and gender, the 
results of all analyses including the sensitivity analyses 
remained the same as in the unadjusted ones (Table  3). 
In all outcomes, cluster effect on study cluster level was 
present according to ICC but did not affect the results.

We found no difference in trend between groups (non-
significant interaction terms) for PF, global QoL, SPPB 
scores, grip strength, fatigue (FA), pain (PA), sleeping 
disturbances (SL), dyspnoea (DY) (Fig. 3), and emotional 
function (data not shown). For the appetite loss (AP) and 
EQ-5D-5L, there was a significant difference between 
the groups in trend from RT stop (reference) to week 
32 (p = 0.040) and from RT stop to week 8 (p = 0.039), 
respectively (Fig. 3). For AP the difference was in favour 
of the intervention group, whereas the difference for 
EQ-5D-5L favoured the control group. None was clini-
cally significant. In the exploratory analysis adjusting 
for the pre-chosen confounders, a difference in trend in 
DY from RT stop to week 8, sleeping disturbances (SL) 
from RT stop to week 32, and EQ-5D-5L from stop RT 
to week 16 became significant (p = 0.035, p = 0.033, and 
p = 0.041, respectively). They were all in favour of the 
control group, and none reached clinical significance. 
Furthermore, the difference in trend in AP from RT to 
week 32 became non-significant after adjustment (Fig. 3). 
Post hoc analyses for both the adjusted and unadjusted 

analyses revealed a few between-group differences at spe-
cific time points, none of which reached clinical signifi-
cance (Fig. 3).

Use and costs of health services
There were no significant differences in the use of hospi-
tal and primary care services between the groups, except 
for fewer in-hospital days and more outpatient visits in 
the intervention group during the RT period (Table  4). 
The scheduled intervention (the in-hospital GA, imple-
mentation of targeted measures, and the municipal fol-
low-up) resulted in a mean of 7.3 (SD 4.8) nursing hours 
per patient and a mean cost of 350€ (SD 222 €). This 
represented 5% of the total costs for health care services 
during the intervention period and 3% during the whole 
study period. Including this and all other costs, no sta-
tistically significant difference in cost between the inter-
vention and the control group was found, neither by 
unadjusted analyses nor when adjusting for other poten-
tial cost drivers (Table 5). Factors associated with higher 
costs were palliative treatment intention, being male, and 
having higher frailty scores, where one point increase in 
the Edmonton Frail Scale resulted in 9.4% higher costs 
(Table 5). Crude cost data are displayed in Table 4.

Discussion
In this pilot cluster RCT targeting older patients receiv-
ing RT with palliative or curative intent, we found no 
significant impact of a GAM intervention on either 
patient-reported physical function, overall QoL, physi-
cal performance, symptoms, or use and costs of health 
services.

To the best of our knowledge, this is the first con-
trolled study evaluating a GAM intervention solely in 

Table 2 (continued)

All patients(n = 178) Control group(n = 89) Intervention 
group(n = 89)

p-value

TUG (missing 6),h mean (SD) 10.2 (3.6) 10.2 (3.5) 10.2 (3.7) 0.927

Grip strength (missing 1),h mean (SD) 32.0 (10.4) 31.5 (10.8) 32.6 (10.1) 0.488

SPPB (missing 1), i mean (SD) 9.9 (2.5) 9.7 (2.8) 10.1 (2.1) 0.234

Survival
 Deceased during study period (%) 25 (14.4) 11 (12.4) 14 (15.7) 0.454
a Stage according to the TNM classification
b Ductal carcinoma in situ receiving RT regimen similar to patients’ with invasive breast cancer stage I
c Patient with myelomatosis where the TNM classification does not apply
d ECOG PS = Eastern Cooperative Oncology Group Performance Status
e EFS = Edmonton Frail Scale, scores 0–17, scores 0–3 considered as fit, higher scores indicate increasing levels of frailty
f CCI = Comorbidity Index, scored 0–26, higher scores indicating more comorbidities
g Mini-Cog, screening of cognitive function, scored 0 (worse) to 5 (better)
h TUG = Timed Up and Go measured in seconds, higher numbers indicate poorer mobility; h Hand grip strength in kilogrammes, measured by a dynamometer
i SPPB = Short physical performance battery, scored 0–12, higher scores indicate better physical performance
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an RT setting, and the first to include collaboration 
between specialist and primary health care. Opposed 
to our findings, the majority of RCTs from surgical and 
medical settings have shown a positive impact of GAM 
on at least some treatment outcomes [10, 11]. The most 

consistent benefits seem to be on toxicity, complications, 
and treatment completion [10, 11, 13, 15, 56, 57, 58, 59]. 
QoL, function, and symptoms have been inconsistently 
included and assessed. In line with our results, three pre-
vious RCTs found either no effect on QoL and functional 

Table 3  Comparison of patient-centred outcomes between study groups, 8 weeks after termination of  radiotherapya

a Only patients with scores at both baseline and 8 weeks included
b Physical function and global quality of life, respectively, measured by the European Organisation for Research and Treatment of Cancer Quality of life 
Questionnaire-C30 (QLQ-C30)
c Estimated by longitudinal ANCOVA analysis, adjusted for baseline values, mean difference with 95% confidence intervals
d EQ-5D-5L index = EuroQoL-5 dimension-5 level index
e SPPB Short Physical Performance Battery
f Estimated by longitudinal ANCOVA analysis, adjusted for baseline values, intention, Edmonton frail scale, gender, and age, mean difference with 95% confidence 
intervals; ICC stands for intra-class correlation coefficient

Outcome Group Baseline 8 weeks
Mean (SD) Mean (SD)

Physical functionb

 ICC = 0.33 Control, N = 81 77.2 (23.2) 73.9 (25.7)

Intervention, N = 76 84.7 (17.4) 81.3 (20.4)

 Mean  differencec 0.60 (− 3.02; 4.21)

 p-value 0.747

 Mean  differencef 0.57 (− 3.00; 4.15)

 p-value 0.753

Global Quality of Lifeb

 ICC = 0.23 Control, N = 81 71.0 (19.0) 68.0 (21.7)

Intervention, N = 76 77.3 (20.3) 74.1 (21.0)

 Mean  differencec 1.08 (− 3.09; 5.25)

 p-value 0.611

 Mean  differencef 1.00 (− 3.18; 5.19)

 p-value 0.639

EQ-5D-5L indexd

 ICC = 0.15 Control, N = 87 0.78 (0.20) 0.81 (0.18)

Intervention, N = 87 0.83 (0.17) 0.80 (0.21)

 Mean  differencec  − 0.06 (− 0.09; − 0.02)

 p-value 0.002

 Mean  differencef  − 0.06 (− 0.10; − 0.03)

 p-value 0.001

SPPBe

 ICC = 0.06 Control, N = 64 10.1 (2.3) 10.5 (2.3)

Intervention, N = 62 10.4 (2.0) 10.8 (1.9)

 Mean  differencec 0.09 (− 0.33; 0.51)

 p-value 0.672

 Mean  differencef 0.12 (− 0.30; 0.53)

 p-value 0.581

Grip strength
 ICC = 0.26 Control, N = 64 32.8 (10.8) 33.7 (13.8)

Intervention, N = 62 33.0 (10.2) 34.8 (9.2)

 Mean  differencec 0.93 (− 0.49; 2.35)

 p-value 0.198

 Mean  differencef 0.95 (− 0.47; 2.37)

 p-value 0.189
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limitations [16] or no effect on daily life activities and 
physical performance [15, 60], except for fewer falls 
[15]. Contradictory, four studies reported either a posi-
tive impact on QoL (functional aspects) [12], less decre-
ment in QoL and reduced severity of symptoms [14], or 

improvement in a few QoL aspects [13, 61]. Thus, further 
research is warranted to clarify what may be achieved on 
QoL and function by GAM in oncology settings.

In our cost analyses, we identified palliative treatment 
intent, poorer frailty scores, and gender as cost-driving 

Fig. 3 Results of longitudinal ANCOVA for between-group differences in trend in outcomes (unadjusted) and post hoc analyses assessing 
between-group differences at each time point presented as p-values. Curves showing mean scores with 95% confidence intervals at each 
assessment point for the two study groups, *higher scores indicate better physical function, global QoL, health index, physical performance, or grip 
strength, respectively, **higher scores indicate more symptoms
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factors in accordance with existing knowledge [62, 63, 
64]. We found no impact of the GAM intervention. 
Our results coincide with one previous RCT reporting 
direct cost estimates of GAM [65], and partly contradict 
another more recent one, showing a cost-saving effect in 
a curative, but not in a palliative chemotherapy setting 

[19]. Thus, firm evidence of a cost-saving effect in older 
patients with cancer remains to be found. However, 
based on present results and a range of studies looking at 
the impact on length and number of hospital stays, there 
are no indications that the use of hospital services and 
subsequently costs may increase [10, 11].

Table 4 Volume and costs of health care services used by each study group during study participation

a Time from inclusion to 8 weeks after termination of radiotherapy
b time from 8 to 52 weeks after radiotherapy
c GAM geriatric assessment with management
d all cost in Euro and 2020 prices
e time from inclusion up to 52 weeks after termination of radiotherapy

All participants N = 178 Intervention cohort 
N = 89

Control cohort N = 89 p-value

Mean (SD) Mean (SD) Mean (SD)

Volume of services
During the intervention  perioda

Specialist services

• In-hospital days 1.1 (3.7) 0.4 (1.9) 1.9 (4.8) 0.011
• Visits to outpatient clinics 23.3 (12.1) 25.8 (11.8) 20.7 (12.0) 0.004
Primary health care services

• GP, visits 1.33 (1.6) 1.5 (1.6) 1.2 (1.7) 0.238

• Physiotherapy, visits 0.2 (1.0) 0.2 (1.0) 0.2 (1.0) 0.883

• Home nursing, hours 0.5 (2.0) 0.4 (1.6) 0.6 (2.4) 0.381

• Rehabilitation, hours 0.0 (0.2) 0.0 (0.2) 0.0 (0.2) 0.857

• Nursing home stay, days 0.1 (1.3) 0.3 (1.9) 0 0.179

During the post-intervention  periodb

Specialist services

• In-hospital days 5.1 (9.7) 4.7 (10.3) 5.4 (9.1) 0.633

• Visits to outpatient clinics 10.3 (10.7) 10.6 (11.9) 9.9 (9.4) 0.671

Primary health services

• GP, visits 16.0 (12.3) 17.6 (13.5) 14.5 (10.9) 0.089

• Physiotherapy, visits 4.1 (11.4) 5.3 (13.0) 3.0 (9.6) 0.177

• Home nursing, hours 12.3 (49.2) 9.1 (52.3) 15.6 (45.9) 0.376

• Rehabilitation, hours 1.5 (10.6) 2.2 (14.7) 0.9 (3.3) 0.402

• Nursing home stay, days 3.4 (12.9) 2.9 (12.3) 4.0 (11.8) 0.527

Hours of  GAMc intervention 7.3 (4.8)

• In-hospital 2.0 (0)

• Municipal cancer contact nurse 5.3 (4.7)

Cost of servicesd

Costs of  GAMc intervention 350 (222)

Cost during intervention period 7362 (527) 7016 (4162) 7709 (5865) 0.382

• Specialist health care 5871 (3998) 5633 (3613) 6109 (4341) 0.428

• Primary health care 1316 (2268) 1033 (1704) 1601 (2854) 0.109

Cost during post-intervention period 5504 (8747) 4815 (8108) 6192 (9338) 0.295

• Specialist health care 2729 (6029) 2315 (4329) 3142 (7351) 0.362

• Primary health care 2775 (2904) 2500 (6426) 3050 (4888) 0.521

Costs during whole study period, mean (SD)e 12,866 (11,715) 11,831 (10,759) 13,901 (12,574) 0.240

• Specialist health care 8599 (8099) 7984 (6562) 9250 (9382) 0.285

• Primary health care 4092 (7284) 3533 (7621) 4651 (6929) 0.307
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Methodological considerations
Drawing general conclusions regarding the outcomes of 
GAM, based on existing evidence, is seriously hampered 
by substantial differences in the choice of outcomes, 
assessment methods, study populations, and intervention 
designs [10, 11, 66]. These are all imperative factors for 
the interpretation of results, along with an understanding 
of the study context and the comparative conventional 
care, which is often poorly described [66]. The present 
study was designed as a pilot study to evaluate a complex 
intervention, including study design, patient selection, 
and feasibility, and to provide an estimate of a potential 
effect size. There are several study strengths that we find 
should be preserved in a future RCT. The initial GA was 
performed with established methods covering recom-
mended domains [7] and with pre-planned guidelines 
for the management of identified problems/needs [10]. 
The intervention addressed major challenges in the care 
for older patients with cancer, i.e. care coordination and 

systematic monitoring [67]. We chose outcomes reflect-
ing clinical benefits that are highly prioritised in older 
age [68, 69], and demonstrated excellent compliance 
using well-validated patient-reported outcomes meas-
ures (PROMs) [70]. Finally, both specialist and primary 
care registries were included in the health economic 
evaluation.

However, several study limitations may explain the 
lack of intervention effect. We included patients irre-
spective of frailty status, and opposed to most studies, 
set the lower age limit to 65 years in line with the ASCO 
Guideline [71]. A selection of the fitter patients may 
have occurred, particularly in the intervention group, as 
a majority of our study sample turned out to be fit. This 
may have diluted the intervention effect [16]. The het-
erogeneity of the study sample in terms of cancer type, 
stage, and treatment intent may also have contributed 
since treatment burden (length, intensity, side effects) 
varies widely with these factors. Further, in contrast to 

Table 5 Comparison of costs of health care services between study  groupsa

a  Results of linear mixed models for LN (natural logarithm)-transformed costs, with adjustment for cluster effects on the municipal level, when necessary according to 
Bayes Information Criterion
b RC regression coefficient
c CI confidence interval
d time from inclusion up to 52 weeks after termination of radiotherapy
e time from inclusion to 8 weeks after termination of radiotherapy
f time from 8 to 52 weeks after radiotherapy
g ICC intra-class correlation

Variable Unadjusted models Adjusted model

RCb (95%  CIc) p-value RCb (95%  CIc)  p-value

Costs during the whole study periodd  (ICCg = 0.05)

 Intercept 12.65 (11.45; 13.85) < 0.001
 Group, intervention  − 0.09 (− 0.29; 0.11) 0.365  − 0.02 (− 0.19; 0.15) 0.827

 Intention, curative − 0.59 (− 0.79; − 0.39) < 0.001 − 0.39 (− 0.60; − 0.19) < 0.001
 Edmonton frail scale 0.11 (0.08; 0.15) < 0.001 0.09 (0.05; 0.13) < 0.001
 Gender, female − 0.20 (− 0.41; − 0.0002) 0.050 − 0.19 (− 0.36; − 0.007) 0.041
 Age − 0.005 (− 0.02; 0.01) 0.618  − 0.01 (− 0.03; 0.002) 0.087

Costs during the intervention periode  (ICCg = 0)

 Intercept 11.99 (10.91; 13.06) < 0.001
 Group, intervention − 0.03 (− 0.21; 0.14) 0.717 − 0.01 (− 0.17; 0.15) 0.897

 Intention, curative − 0.26 (− 0.45; − 0.07) 0.007  − 0.03 (− 0.21; − 0.16) 0.759

 Edmonton frail scale 0.09 (0.06; 0.13) < 0.001 0.10 (0.06; 0.13) < 0.001
 Gender, female − 0.32 (− 0.49; − 0.14) < 0.001  − 0.33 (− 0.49; − 0.17) < 0.001
 Age  − 0.005 (− 0.02; 0.01) 0.537 − 0.01 (− 0.03; − 0.0003) 0.045
Costs during the post-intervention periodf  (ICCg = 0)

 Intercept 15.61 (11.47; 19.75)  < 0.001
 Group, intervention  − 0.28 (− 0.89; 0.33) 0.363 − 0.22 (− 0.82; 0.38) 0.474

 Intention, curative − 0.34 (− 1.00; 0.32) 0.308 − 0.24 (− 0.95; 0.47) 0.515

 Edmonton frail scale 0.05 (− 0.07; 0.17) 0.423 0.06 (− 0.07; 0.19) 0.376

 Gender, female 0.19 (− 0.43; 0.82) 0.545 0.15 (− 0.46; 0.77) 0.625

 Age  − 0.07 (− 0.13; − 0.02) 0.011  − 0.08 (− 0.13; − 0.02) 0.007
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recent recommendations [10], the GA results were not 
accounted for in the oncological decision-making. The 
intervention was initiated by single professionals, largely 
dependent on the action of others (patients’ oncologist, 
GP, or cancer contact nurse) to effectuate most support-
ive measures. No difference between groups in the use of 
primary health care services may be related to fit patients 
(no need for services), but it can also indicate that iden-
tification and/or management of problems/needs might 
have failed, resulting in minor contrast to conventional 
care. The effectiveness of the municipal part of the inter-
vention, including competence in identifying geriatric 
problems, may therefore be questioned. We expect that 
a pending, pre-planned evaluation of the intervention`s 
feasibility, including interviews with patients and nurses 
[25], will answer these questions.

Further study limitations include the coinciding 
COVID-19 pandemic, which seriously affected the study 
conduct. The recruitment had to be paused for several 
months, and a heavy, extra workload was experienced by 
health services including the cancer contact nurses. Non-
intended interventions in the control group may also be 
considered since baseline assessments were performed 
by the same staff who initiated the intervention. Finally, 
it must be kept in mind that being a pilot study, it was not 
dimensioned for either sub-group analyses or detailed 
cost-assessments of service offers of low frequency.

Conclusions
In this controlled pilot study on GAM applied in col-
laboration between hospital- and primary care services in 
an RT setting, no improvement of patients’ global QoL, 
function, or symptom burden could be revealed, nor did 
it affect health care utilisation and costs. Potential causes 
for this lack of effect represent important learning points 
for future studies that are needed to define the role and 
organisation of GAM in RT settings. Our main recom-
mendations are:

• Target the patients likely to benefit from the inter-
vention, i.e. those with pre-frailty and frailty.

• Keep the study sample homogeneous in terms of 
cancer type and treatment intent.

Based on recent developments in geriatric oncology, 
the intervention should be strengthened by taking the 
initial GA results into account in oncological decisions, 
and by integrating geriatric expertise into older patients’ 
treatment teams to efficiently manage any geriatric 
impairments. Finally, we advocate further use of precisely 
defined PROMs to capture true benefits for the patients.
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