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Abstract
Background  Shared decision-making (SDM) plays a crucial role in breast cancer care by empowering patients and reducing 
decision regret. Patient decision aids (PtDAs) are valuable tools for facilitating SDM, now available in digital and artificial 
intelligence (AI)-powered formats to offer increasingly personalized contents. The ongoing CINDERELLA clinical trial 
(ClinicalTrials.gov: NCT05196269) evaluates an innovative AI cloud-based approach using a web platform and a mobile 
application (CINDERELLA APProach) versus the conventional approach to support SDM in breast cancer patients under-
going locoregional treatment. This protocol outlines a trial-based multidimensional evaluation, encompassing economic, 
financial, implementability, and environmental considerations associated with the CINDERELLA APProach.
Methods  A within-trial cost-consequence and cost-utility analysis from a societal perspective will be performed using 
patient-level data on outcomes and resource use. The latter will be valued in monetary terms using country-specific unit costs 
or patient valuations. A budget impact analysis will be performed over 1 and 5 years from the budget holder perspectives. 
The CINDERELLA APProach implementability will be assessed through an evaluation of its usability, acceptability, organi-
zational impact, and overall feasibility. The environmental impact will be quantitatively assessed across several dimensions, 
such as quantity, appropriateness, and emissions, supplemented by qualitative insights. Overall, data for the evaluation will 
be gathered from patient questionnaires, interviews with patients and managers, focus groups with healthcare professionals, 
and app electronic data.
Discussion  A thorough understanding of the broad consequences of the CINDERELLA APProach may foster its successful 
translation into real-world settings, hopefully benefiting breast cancer patients and clinical practice.

1 � Background

Breast cancer is the most commonly diagnosed malignancy 
in women worldwide, and its incidence is expected to rise 
steadily in the next decades [1]. Treatment of early breast 
cancer is complex and consists in a combination of locore-
gional treatments, such as surgery and radiotherapy, and 
systemic neoadjuvant and adjuvant therapies [2]. Breast 
cancer diagnosis and treatment often cause emotional dis-
tress, anxiety, depression, and have a negative impact on 

health-related quality of life (HRQoL) [3]. To properly 
address the psychological consequences that follow a diag-
nosis of breast cancer, healthcare professionals should pro-
vide tailored and comprehensive information to patients 
for them to cope successfully with the disease [4]. Shared 
decision-making (SDM) in breast cancer is key to fostering 
patients’ empowerment, improving their knowledge about 
the disease and the different therapeutic options available, 
and ultimately decreasing decision regret [5, 6]. SDM may 
be particularly important and appropriate in clinical situa-
tions where decisions are highly preference sensitive and/or 
there is equipoise, i.e., there are multiple treatment options 
available and no one is clearly superior to the others [7]. The 
decision-making process in the surgical treatment of early 
breast cancer exemplifies this context [8], justifying and 
calling for the application of SDM. Despite the recognized 
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relevance of SDM in breast cancer’s locoregional treatment, 
its implementation in current clinical practice is far from 
widely diffused. According to a recent systematic review and 
meta-analysis, only 38% of breast cancer patients benefited 
from a SDM process in regards to their surgical treatment 
[9]. The successful implementation of SDM in breast cancer 
depends on several factors, including also the availability of 
decision-support tools such as patient decision aids (PtDAs) 
[10]. PtDAs are evidence-based tools designed to help 
patients make choices among healthcare options that align 
with their preferences and values, fostering their participa-
tion in the decisional process [11]. Over the years, several 
PtDAs have been developed for different diseases, with many 
formats that range from paper-based aids to computer-based, 
interactive decision tools [12, 13]. Digital PtDAs have the 
potential to be individually tailored, present a more complete 
content, and a greater degree of interaction and scalabil-
ity [14, 15]. The advancement of artificial intelligence (AI) 
and its growing integration into the healthcare domain [16], 
including breast cancer [17], represent a further opportunity 
for augmenting PtDAs potentialities [18, 19].

The CINDERELLA clinical  trial, built within the 
European Union (EU)  funded CINDERELLA project 
(HORIZON-HLTH-2021-DISEASE-04. Project number 
101057389), is a prospective multicenter randomized con-
trolled trial (ClinicalTrials.gov: NCT05196269) aimed at 
comparing an innovative AI cloud-based approach (CIN-
DERELLA APProach) versus the conventional approach 
to support SDM in breast cancer patients planned for 
locoregional treatment. The clinical protocol for the trial is 
described in detail elsewhere [20]. In the CINDERELLA 
arm, patients are provided with a PtDA, namely a mobile 
health application that simulates visually through AI the pos-
sible aesthetic outcomes of a certain type of surgical treat-
ment, accompanied by an objective evaluation (e.g., good/
fair). The primary objective of CINDERELLA APProach 
is to improve the match of expectations about the aesthetic 
outcome before and after treatment, with an expected posi-
tive impact on patients’ psychosocial distress and HRQoL 
[21]. Moreover, secondary objectives of CINDERELLA 
APProach include the increase in patient’s body image sat-
isfaction after surgery, patients’ general HRQoL, and the 
reduction in health resource consumption.

Hence, the multifaceted nature and broad spectrum of 
objectives of this intervention call for a comprehensive 
assessment that carefully considers both costs and benefits 
across several domains. The construction of an extensive 
framework for the evaluation represents also an opportunity 
to enrich the literature on PtDAs, where little attention has 
been posed so far on an assessment that goes beyond clinical 
effectiveness.

Currently, there is no consensus on an economic 
framework for evaluating PtDAs, resulting in substantial 

heterogeneity of methods and uncertainty regarding their 
cost-effectiveness [25]. A paucity of economic evaluation 
studies is also registered for AI applications in healthcare, 
as reported in a recent systematic review [22]. This in turn 
generates uncertainty on the cost-effectiveness profile of 
such technologies and raises questions about the context in 
which they could generate savings.

Beyond economic considerations, the implementation of 
digital health interventions, which are complex and dynamic 
interventions [23], can pose significant challenges that need 
to be monitored. Implementation strategies are in fact mul-
tifaceted and must adapt to local contexts, which have mul-
tiple interacting actors (for example, patients and health-
care providers), leading to considerable variability across 
different settings [24]. Despite extensive research into digi-
tal health interventions, the question of how to effectively 
integrate these technologies into clinical practice remains 
largely unanswered [25].

Furthermore, although PtDAs have the potential to opti-
mize resource utilization by better understanding patient 
preferences and values [26], their environmental impact 
remains unexplored [27].

Hence, to enrich the literature on methods for the assess-
ment of health technologies and to contribute to the CIN-
DERELLA clinical trial with a comprehensive understand-
ing of the consequences following the deployment of an AI 
cloud-based platform to support SDM in the treatment of 
breast cancer, this protocol illustrates a trial-based multidi-
mensional evaluation, which encompasses the economic and 
financial impact, the implementability, and the environmen-
tal impact of the CINDERELLA APProach.

2 � Methods

Figure 1 illustrates a summary of the data collection process, 
sources, different methodologies, and timeline throughout 
the CINDERELLA clinical trial.

2.1 � Economic Evaluation

The objective of the economic evaluation is to evaluate the 
costs and consequences of the CINDERELLA APProach 
versus the standard of care over the trial period through trial-
based cost-consequence and cost-utility analyses, conducted 
in accordance with the Professional Society for Health Eco-
nomics and Outcomes Research (ISPOR) Good Research 
Practices [28].

The patients will be followed from randomization to 
12 months after the end of locoregional treatment (either 
surgery or radiotherapy, depending on the last treatment 
received). The total duration of the trial will be approxi-
mately 36 months, with recruitment spanning approximately 
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18 months. The expected sample size is 1030 patients (515 
in each arm), calculated based on the two primary objectives 
(i.e., (i) differences in pretreatment expectations and the final 
aesthetic outcomes between the trial arms; (ii) agreement 
of the pretreatment AI evaluation and patients’ post therapy 
self-evaluation in treatment arm) and adjusted for potential 
dropouts [20].

The economic evaluation analyses will be carried out 
from a societal perspective and will cover the jurisdictions 

involved in the clinical trial (i.e., Portugal, Germany, Italy, 
Israel, and Poland). The Consolidated Health Economic 
Evaluation Reporting Standards for Interventions That 
Use Artificial Intelligence (CHEERS-AI) will be followed 
when reporting the health economic evaluation [29, 30].

Fig. 1   Timeline, methodologies, and sources of data collection 
throughout the CINDERELLA trial. eCRFs electronic case report 
forms, EQ-5D-5L EuroQol 5 dimensions 5 levels, HCP healthcare 
professionals, ICHOM International Consortium for Health Out-

comes Measurement, MAUQ mHealth Apps Usability Questionnaire, 
TDABC time-driven activity-based costing, uMARS user version of 
the Mobile App Rating Scale
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2.1.1 � Identification, Measurement, and Valuation of Costs

According to the societal perspective, all cost categories will 
be included in the analysis (direct healthcare costs, direct 
nonhealthcare costs, and indirect costs). Table 1 provides, 
for each resource use input, a summary of the sources and 
timing of measurement, as well as valuation sources for the 
different jurisdictions. Resource use data will be collected 
until 12 months follow-up through different sources: (i) trial 
electronic case report forms (eCRFs); (ii) online question-
naires filled in by the healthcare professionals (hereafter, 
HCP questionnaires) in presence of the patients; (iii) online 
questionnaires filled in directly by the patients (hereafter, 
patient questionnaires), which will be translated in the main 
language in use at the trial centers; (iv) interviews conducted 
with the staff and healthcare personnel in participating clini-
cal centers, adopting the Time-Driven Activity-Based Cost-
ing (TDABC) methodology for estimating personnel cost; 
and (v) interviews with CINDERELLA platform developers 
(i.e., CANKADO).

All resource use will be valued in monetary terms using 
appropriate country-specific unit costs or participant valu-
ations (e.g., for travel and accommodation expenses). Unit 
costs will be derived from national costing manuals (e.g., 
formularies, official national list pricing), the hospitals’ 
financial and administrative records (e.g., sourced from 
the management and control office and/or from the clinical 
pharmacy), publicly available datasets [e.g., Organisation for 
Economic Co-operation and Development (OECD) data] or 
sourced from the literature when not available from the pre-
viously listed sources. In case multiple sources are available 
for the same cost item, scenario analyses will be conducted 
using different cost sources. All costs will be expressed in 
Euros and referred to 2023, the year of trial start.

2.1.2 � Identification, Measurement, and Valuation 
of Benefits

The benefits of the intervention will be estimated by consid-
ering patient-reported outcomes (PROs), that will be meas-
ured in the trial using questionnaires administered to patients 
in both arms at different time points (Table 2). For conduct-
ing the cost-consequence analysis, a variety of outcomes 
will be considered, namely expectations about the aesthetic 
outcome, Quality-Adjusted Life Years (QALYs) and patient 
satisfaction. For cost-utility analysis, only QALYs will be 
considered.

The patients’ match of expectations about the aesthetic 
outcome of locoregional treatment, before and after treat-
ment, will be measured through the Expectations Ques-
tionnaire, developed ad hoc for the CINDERELLA trial. 
Patients’ expectations will be recorded using a five-point 
scale: much worse, worse, same, better, much better [20]. 

QALYs will be calculated from responses to the EQ-5D-5L 
questionnaire [31]. The EQ-5D-5L questionnaire is a generic 
quality of life instrument with questions covering five 
domains: mobility, self-care, usual activities, pain and dis-
comfort, anxiety and depression. Each dimension is divided 
into five levels of severity: no problems, slight problems, 
moderate problems, severe problems, and extreme problems. 
First, the responses on the five domains of the EQ-5D-5L 
will be converted into a synthetic index using utility scores. 
This index is anchored between 0, corresponding to dead, 
and 1, corresponding to perfect health. Country-specific 
utility values will be used for Portugal, Germany, Italy, 
and Poland. If not available at the time of data analysis, a 
value set from a comparable country will be used for Israel. 
QALYs will be computed by multiplying the duration of 
time spent in a determined health state by the utility of that 
health state. Patient satisfaction will be recorded through the 
BREAST-Q International Consortium for Health Outcomes 
Measurement (ICHOM) [32, 33], a disease-specific PRO 
measure. In its complete version, it aims at measuring the 
satisfaction and HRQoL in patients undergoing breast sur-
gery. In this trial, only the subdomain concerning patients’ 
satisfaction with breasts and breast cancer treatment will be 
considered. Patient satisfaction will be measured on a four-
point scale: very dissatisfied, somewhat dissatisfied, some-
what satisfied, very satisfied. Responses will be converted 
into a synthetic score, ranging from 0 to 100 (the higher the 
score, the better the outcome), using questionnaire-specific 
conversion tables.

2.1.3 � Statistical Analysis

The main analyses will be carried out considering the 
“intention to treat” (ITT) population to avoid affecting the 
randomized allocation. In the ITT analysis, all randomized 
patients will be included, regardless of actual intervention 
received or adherence to the intervention protocol [34]. 
This includes patients who did not use the CINDERELLA 
APProach in the intervention arm and those who dropped 
out from either arm. This is a realistic approach that reflects 
the clinical scenario in the real-world, where noncompli-
ance, dropouts and protocol deviations may frequently hap-
pen. A per-protocol analysis will also be conducted [35]. 
This analysis will include only a subset of the ITT popula-
tion who completed the study without any major protocol 
violations (i.e., patients who did not adhere to treatment, 
switched groups, missed measurements, or dropped out will 
be excluded).

Descriptive statistics will be presented along with statisti-
cal tests of difference, either parametric (for normally dis-
tributed data) or nonparametric (for nonnormally distributed 
data) as appropriate.



949CINDERELLA APProach - Protocol for Multidimensional Evaluation

Ta
bl

e 
1  

M
ea

su
re

m
en

t a
nd

 v
al

ua
tio

n 
of

 re
so

ur
ce

 u
se

C
os

t c
at

eg
or

y
M

ea
su

re
m

en
t

Va
lu

at
io

n

So
ur

ce
Ti

m
in

g
Po

rtu
ga

l
G

er
m

an
y

Ita
ly

Po
la

nd
Is

ra
el

D
ir

ec
t h

ea
lth

ca
re

 c
os

ts
H

os
pi

ta
liz

at
io

ns
H

C
P 

qu
es

tio
nn

ai
re

s
Pr

es
ur

ge
ry

; w
ou

nd
 

he
al

in
g;

 6
 m

on
th

s 
fo

llo
w

-u
p;

 1
2 

m
on

th
s f

ol
lo

w
-u

p

D
ia

gn
os

is
-r

el
at

ed
 

gr
ou

p 
(D

RG
) 

ta
riff

s (
Po

rt
ug

ue
se

 
N

at
io

na
l H

ea
lth

 
Se

rv
ic

e–
C

en
tra

l 
Ad

m
in

is
tra

tio
n 

of
 th

e 
H

ea
lth

 S
ys

te
m

)

D
ia

gn
os

is
-r

el
at

ed
 

gr
ou

p 
(D

RG
) t

ar
iff

s 
(I

ns
tit

ut
e 

fo
r t

he
 h

os
-

pi
ta

l r
em

un
er

at
io

n 
sy

ste
m

–I
nE

K
)

D
ia

gn
os

is
-r

el
at

ed
 

gr
ou

p 
(D

RG
) t

ar
iff

s 
(I

ta
lia

n 
M

in
is

tr
y 

of
 

H
ea

lth
)

D
ia

gn
os

is
-r

el
at

ed
 

gr
ou

p 
(D

RG
) t

ar
iff

s 
(N

at
io

na
l H

ea
lth

 
Fu

nd
)

Pr
oc

ed
ur

e-
re

la
te

d 
gr

ou
p 

(P
RG

) t
ar

iff
s (

Is
ra

el
i 

M
in

is
tr

y 
of

 H
ea

lth
)

Pe
r-d

ie
m

 ra
te

 (I
sr

ae
li 

M
in

is
tr

y 
of

 H
ea

lth
)

A
cc

es
s t

o 
em

er
ge

nc
y 

de
pa

rtm
en

t
H

C
P 

qu
es

tio
nn

ai
re

s
Pr

es
ur

ge
ry

; w
ou

nd
 

he
al

in
g;

 6
 m

on
th

s 
fo

llo
w

-u
p;

 1
2 

m
on

th
s f

ol
lo

w
-u

p

B
en

ch
m

ar
k 

te
rm

s f
or

 
ho

sp
ita

l c
on

tra
ct

ua
l-

iz
at

io
n 

(P
or

tu
gu

es
e 

N
at

io
na

l H
ea

lth
 

Se
rv

ic
e–

C
en

tra
l 

Ad
m

in
is

tra
tio

n 
of

 th
e 

H
ea

lth
 S

ys
te

m
)

D
ia

gn
os

is
-r

el
at

ed
 

gr
ou

p 
(D

RG
) t

ar
iff

s 
(I

ns
tit

ut
e 

fo
r t

he
 h

os
-

pi
ta

l r
em

un
er

at
io

n 
sy

ste
m

–I
nE

K
)

Li
te

ra
tu

re
Lu

m
p 

su
m

 ta
riff

 
(N

at
io

na
l H

ea
lth

 
Fu

nd
)

N
at

io
na

l p
ric

e 
lis

t 
(I

sr
ae

li 
M

in
is

tr
y 

of
 

H
ea

lth
)

R
ad

io
th

er
ap

y
eC

R
Fs

R
an

do
m

iz
at

io
n 

(b
as

e-
lin

e)
; w

ou
nd

 h
ea

lin
g 

(e
C

R
Fs

)

B
en

ch
m

ar
k 

te
rm

s f
or

 
ho

sp
ita

l c
on

tra
ct

ua
l-

iz
at

io
n 

(P
or

tu
gu

es
e 

N
at

io
na

l H
ea

lth
 

Se
rv

ic
e–

C
en

tra
l 

Ad
m

in
is

tra
tio

n 
of

 th
e 

H
ea

lth
 S

ys
te

m
)

A
nn

ua
l p

ay
er

 c
on

tra
ct

s 
(C

on
tra

to
s P

ro
-

gr
am

a–
C

P)
H

os
pi

ta
l r

ec
or

ds

D
ia

gn
os

is
-r

el
at

ed
 

gr
ou

p 
(D

RG
) t

ar
iff

s 
(I

ns
tit

ut
e 

fo
r t

he
 h

os
-

pi
ta

l r
em

un
er

at
io

n 
sy

ste
m

–I
nE

K
)

O
ut

pa
tie

nt
s f

ee
s (

Ei
n-

he
itl

ic
he

r B
ew

er
-

tu
ng

sm
aß

st
ab

–E
BM

; 
G

eb
üh

re
no

rd
nu

ng
 

fü
r Ä

rz
te

–G
O

Ä)
H

os
pi

ta
l r

ec
or

ds

N
at

io
na

l t
ar

iff
s (

Ita
l-

ia
n 

M
in

is
tr

y 
of

 
H

ea
lth

)
H

os
pi

ta
l r

ec
or

ds

D
ia

gn
os

is
-r

el
at

ed
 

gr
ou

p 
(D

RG
) t

ar
iff

s 
(N

at
io

na
l H

ea
lth

 
Fu

nd
)

H
os

pi
ta

l r
ec

or
ds

N
at

io
na

l p
ric

e 
lis

t 
(I

sr
ae

li 
M

in
is

tr
y 

of
 

H
ea

lth
)

H
os

pi
ta

l r
ec

or
ds

N
eo

ad
ju

va
nt

 th
er

ap
y

eC
R

Fs
Pr

es
ur

ge
ry

; w
ou

nd
 

he
al

in
g 

(e
C

R
FS

)
D

ia
gn

os
is

-r
el

at
ed

 
gr

ou
p 

(D
RG

) 
ta

riff
s (

Po
rt

ug
ue

se
 

N
at

io
na

l H
ea

lth
 

Se
rv

ic
e–

C
en

tra
l 

Ad
m

in
is

tra
tio

n 
of

 th
e 

H
ea

lth
 S

ys
te

m
)

C
en

tra
liz

ed
 p

ur
ch

as
-

in
g 

da
ta

ba
se

 (P
or

ta
l 

BA
SE

)
H

os
pi

ta
l r

ec
or

ds

D
ia

gn
os

is
-r

el
at

ed
 

gr
ou

p 
(D

RG
) t

ar
iff

s 
(I

ns
tit

ut
e 

fo
r t

he
 h

os
-

pi
ta

l r
em

un
er

at
io

n 
sy

ste
m

–I
nE

K
)

H
os

pi
ta

l r
ec

or
ds

D
ia

gn
os

is
-r

el
at

ed
 

gr
ou

p 
(D

RG
) t

ar
iff

s 
(I

ta
lia

n 
M

in
is

tr
y 

of
 

H
ea

lth
)

N
at

io
na

l p
ric

e 
lis

t 
(A

IF
A)

H
os

pi
ta

l r
ec

or
ds

D
ia

gn
os

is
-r

el
at

ed
 

gr
ou

p 
(D

RG
) t

ar
iff

s 
(N

at
io

na
l H

ea
lth

 
Fu

nd
)

H
os

pi
ta

l r
ec

or
ds

N
at

io
na

l p
ric

e 
lis

t 
(I

sr
ae

li 
M

in
is

tr
y 

of
 

H
ea

lth
)

H
os

pi
ta

l r
ec

or
ds

B
re

as
t s

ur
ge

ry
eC

R
Fs

; H
C

P 
qu

es
tio

n-
na

ire
s

R
an

do
m

iz
at

io
n 

(b
as

e -
lin

e)
; w

ou
nd

 h
ea

lin
g 

(e
C

R
Fs

)
Su

rg
er

y 
(H

C
P 

qu
es

-
tio

nn
ai

re
s)

H
os

pi
ta

l r
ec

or
ds

H
os

pi
ta

l r
ec

or
ds

H
os

pi
ta

l r
ec

or
ds

H
os

pi
ta

l r
ec

or
ds

H
os

pi
ta

l r
ec

or
ds



950	 L. Borsoi et al.

Ta
bl

e 
1  

(c
on

tin
ue

d)

C
os

t c
at

eg
or

y
M

ea
su

re
m

en
t

Va
lu

at
io

n

So
ur

ce
Ti

m
in

g
Po

rtu
ga

l
G

er
m

an
y

Ita
ly

Po
la

nd
Is

ra
el

Im
ag

in
g 

te
sts

H
C

P 
qu

es
tio

nn
ai

re
s

Pr
es

ur
ge

ry
; w

ou
nd

 
he

al
in

g;
 6

 m
on

th
s 

fo
llo

w
-u

p;
 1

2 
m

on
th

s f
ol

lo
w

-u
p

N
at

io
na

l t
ar

iff
s (

Po
r-

tu
gu

es
e 

N
at

io
na

l 
H

ea
lth

 S
er

vi
ce

-C
en

-
tra

l A
dm

in
is

tra
tio

n 
of

 th
e 

H
ea

lth
 S

ys
te

m
)

N
at

io
na

l t
ar

iff
s (

Ei
n-

he
itl

ic
he

r B
ew

er
-

tu
ng

sm
aß

st
ab

-E
BM

; 
G

eb
üh

re
no

rd
nu

ng
 

fü
r Ä

rz
te

-G
O

Ä)

N
at

io
na

l t
ar

iff
s (

Ita
l-

ia
n 

M
in

is
tr

y 
of

 
H

ea
lth

)

N
at

io
na

l t
ar

iff
s 

(N
at

io
na

l H
ea

lth
 

Fu
nd

)

N
at

io
na

l p
ric

e 
lis

t 
(I

sr
ae

li 
M

in
is

tr
y 

of
 

H
ea

lth
)

La
bo

ra
to

ry
 te

sts
H

C
P 

qu
es

tio
nn

ai
re

s
Pr

e-
su

rg
er

y;
 w

ou
nd

 
he

al
in

g;
 6

 m
on

th
s 

fo
llo

w
-u

p;
 1

2 
m

on
th

s f
ol

lo
w

-u
p

N
at

io
na

l t
ar

iff
s (

Po
r-

tu
gu

es
e 

N
at

io
na

l 
H

ea
lth

 S
er

vi
ce

-C
en

-
tra

l A
dm

in
is

tra
tio

n 
of

 th
e 

H
ea

lth
 S

ys
te

m
)

N
at

io
na

l t
ar

iff
s (

Ei
n-

he
itl

ic
he

r B
ew

er
-

tu
ng

sm
aß

st
ab

–E
BM

; 
G

eb
üh

re
no

rd
nu

ng
 

fü
r Ä

rz
te

–G
O

Ä)

N
at

io
na

l t
ar

iff
s (

Ita
l-

ia
n 

M
in

is
tr

y 
of

 
H

ea
lth

)

N
at

io
na

l t
ar

iff
s 

(N
at

io
na

l H
ea

lth
 

Fu
nd

)

N
at

io
na

l p
ric

e 
lis

t 
(I

sr
ae

li 
M

in
is

tr
y 

of
 

H
ea

lth
)

V
is

its
 w

ith
 sp

ec
ia

lis
ts

H
C

P 
qu

es
tio

nn
ai

re
s

Pr
e-

su
rg

er
y;

 w
ou

nd
 

he
al

in
g;

 6
 m

on
th

s 
fo

llo
w

-u
p;

 1
2 

m
on

th
s f

ol
lo

w
-u

p

B
en

ch
m

ar
k 

Te
rm

s f
or

 
H

os
pi

ta
l C

on
tra

ct
u-

al
is

at
io

n 
(P

or
tu

gu
es

e 
N

at
io

na
l H

ea
lth

 
Se

rv
ic

e–
C

en
tra

l 
Ad

m
in

is
tra

tio
n 

of
 th

e 
H

ea
lth

 S
ys

te
m

)

C
on

su
lta

tio
n 

fe
es

 
(E

in
he

itl
ic

he
r 

Be
we

rt
un

gs
-

m
aß

st
ab

–E
BM

; 
G

eb
üh

re
no

rd
nu

ng
 

fü
r Ä

rz
te

–G
O

Ä)

N
at

io
na

l t
ar

iff
s (

Ita
l-

ia
n 

M
in

is
tr

y 
of

 
H

ea
lth

)

N
at

io
na

l t
ar

iff
s 

(N
at

io
na

l H
ea

lth
 

Fu
nd

)

N
at

io
na

l p
ric

e 
lis

t 
(I

sr
ae

li 
M

in
is

tr
y 

of
 

H
ea

lth
)

V
is

its
 w

ith
 g

en
er

al
 

pr
ac

tit
io

ne
r

H
C

P 
qu

es
tio

nn
ai

re
s

Pr
es

ur
ge

ry
; w

ou
nd

 
he

al
in

g;
 6

 m
on

th
s 

fo
llo

w
-u

p;
 1

2 
m

on
th

s f
ol

lo
w

-u
p

N
at

io
na

l A
ud

iti
ng

 
B

od
y

C
on

su
lta

tio
n 

fe
es

 
(E

in
he

itl
ic

he
r 

Be
we

rt
un

gs
-

m
aß

st
ab

–E
BM

; 
G

eb
üh

re
no

rd
nu

ng
 

fü
r Ä

rz
te

–G
O

Ä)

Pu
bl

ic
ly

 av
ai

la
bl

e 
re

po
rt

N
at

io
na

l t
ar

iff
s 

(N
at

io
na

l H
ea

lth
 

Fu
nd

)

C
ap

ita
tio

n 
fe

es

M
ed

ic
in

al
 p

ro
du

ct
s

H
C

P 
qu

es
tio

nn
ai

re
s

Pr
es

ur
ge

ry
; w

ou
nd

 
he

al
in

g;
 6

 m
on

th
s 

fo
llo

w
-u

p;
 1

2 
m

on
th

s f
ol

lo
w

-u
p

N
at

io
na

l d
ru

g 
pr

ic
e 

lis
t 

(I
N

FA
RM

ED
)

Re
fe

re
nc

e 
dr

ug
 p

ric
e 

lis
t (

Bf
Ar

M
)

N
at

io
na

l d
ru

g 
pr

ic
e 

lis
t (

AI
FA

)
N

at
io

na
l d

ru
g 

pr
ic

e 
lis

t (
N

at
io

na
l H

ea
lth

 
Fu

nd
)

N
at

io
na

l d
ru

g 
pr

ic
e 

lis
t 

(I
sr

ae
li 

M
in

is
tr

y 
of

 
H

ea
lth

)

Pe
rs

on
ne

l
In

te
rv

ie
w

s (
TD

A
B

C
); 

Pa
tie

nt
 q

ue
sti

on
-

na
ire

s

A
lo

ng
si

de
 c

lin
ic

al
 tr

ia
l 

(in
te

rv
ie

w
s)

Pr
es

ur
ge

ry
; w

ou
nd

 
he

al
in

g;
 6

 m
on

th
s 

fo
llo

w
-u

p;
 1

2 
m

on
th

s f
ol

lo
w

-u
p 

(p
at

ie
nt

 q
ue

sti
on

-
na

ire
s)

Sa
la

ry
 ta

bl
es

 (P
or

tu
-

gu
es

e 
M

in
is

tr
y 

of
 

H
ea

lth
)

La
bo

ur
 tr

ad
e 

un
io

n 
co

nt
ra

ct
s

Pu
bl

ic
ly

 a
va

ila
bl

e 
re

po
rts

Sa
la

ry
 ta

bl
es

 (I
ta

lia
n 

M
in

is
tr

y 
of

 E
co

no
m

-
ic

s a
nd

 F
in

an
ce

–
N

at
io

na
l A

cc
ou

nt
s)

La
bo

r t
ra

de
 u

ni
on

 
co

nt
ra

ct
s

Lu
m

p 
su

m
 fe

es
 

(N
at

io
na

l H
ea

lth
 

Fu
nd

)

A
ve

ra
ge

 y
ea

rly
 sa

la
rie

s 
(O

EC
D

 d
at

ab
as

e)

C
IN

D
ER

EL
LA

 
A

PP
ro

ac
h 

co
st 

(e
.g

., 
tra

in
in

g,
 e

qu
ip

m
en

t)

In
te

rv
ie

w
s

A
lo

ng
si

de
 c

lin
ic

al
 tr

ia
l

Fi
na

nc
ia

l/a
dm

in
ist

ra
-

tiv
e 

re
co

rd
s

Fi
na

nc
ia

l/a
dm

in
ist

ra
-

tiv
e 

re
co

rd
s

Fi
na

nc
ia

l/a
dm

in
ist

ra
-

tiv
e 

re
co

rd
s

Fi
na

nc
ia

l/a
dm

in
ist

ra
-

tiv
e 

re
co

rd
s

Fi
na

nc
ia

l/a
dm

in
ist

ra
tiv

e 
re

co
rd

s



951CINDERELLA APProach - Protocol for Multidimensional Evaluation

Ta
bl

e 
1  

(c
on

tin
ue

d)

C
os

t c
at

eg
or

y
M

ea
su

re
m

en
t

Va
lu

at
io

n

So
ur

ce
Ti

m
in

g
Po

rtu
ga

l
G

er
m

an
y

Ita
ly

Po
la

nd
Is

ra
el

D
ir

ec
t n

on
he

al
th

ca
re

 c
os

ts

Tr
av

el
 e

xp
en

se
s

Pa
tie

nt
 q

ue
sti

on
na

ire
s

Pr
es

ur
ge

ry
; w

ou
nd

 
he

al
in

g;
 6

 m
on

th
s 

fo
llo

w
-u

p;
 1

2 
m

on
th

s f
ol

lo
w

-u
p

Pa
tie

nt
 q

ue
sti

on
na

ire
s

Pa
tie

nt
 q

ue
sti

on
na

ire
s

Pa
tie

nt
 q

ue
sti

on
na

ire
s

Pa
tie

nt
 q

ue
sti

on
na

ire
s

Pa
tie

nt
 q

ue
sti

on
na

ire
s

A
cc

om
m

od
at

io
n 

ex
pe

ns
es

Pa
tie

nt
 q

ue
sti

on
na

ire
s

Pr
es

ur
ge

ry
; w

ou
nd

 
he

al
in

g;
 6

 m
on

th
s 

fo
llo

w
-u

p;
 1

2 
m

on
th

s f
ol

lo
w

-u
p

Pa
tie

nt
 q

ue
sti

on
na

ire
s

Pa
tie

nt
 q

ue
sti

on
na

ire
s

Pa
tie

nt
 q

ue
sti

on
na

ire
s

Pa
tie

nt
 q

ue
sti

on
na

ire
s

Pa
tie

nt
 q

ue
sti

on
na

ire
s

In
di

re
ct

 c
os

ts
Pa

tie
nt

s’
 p

ro
du

ct
iv

ity
 

lo
ss

es
Pa

tie
nt

 q
ue

sti
on

na
ire

s
Pr

es
ur

ge
ry

; w
ou

nd
 

he
al

in
g;

 6
 m

on
th

s 
fo

llo
w

-u
p;

 1
2 

m
on

th
s f

ol
lo

w
-u

p

A
ve

ra
ge

 c
ou

nt
ry

-s
pe

-
ci

fic
 y

ea
rly

 sa
la

rie
s 

(O
EC

D
 d

at
ab

as
e)

A
ve

ra
ge

 c
ou

nt
ry

-s
pe

-
ci

fic
 y

ea
rly

 sa
la

rie
s 

(O
EC

D
 d

at
ab

as
e)

A
ve

ra
ge

 c
ou

nt
ry

-s
pe

-
ci

fic
 y

ea
rly

 sa
la

rie
s 

(O
EC

D
 d

at
ab

as
e)

A
ve

ra
ge

 c
ou

nt
ry

-s
pe

-
ci

fic
 y

ea
rly

 sa
la

rie
s 

(O
EC

D
 d

at
ab

as
e)

A
ve

ra
ge

 c
ou

nt
ry

-
sp

ec
ifi

c 
ye

ar
ly

 sa
la

rie
s 

(O
EC

D
 d

at
ab

as
e)

Pa
tie

nt
s’

 le
is

ur
e 

tim
e 

lo
st

Pa
tie

nt
 q

ue
sti

on
na

ire
s

Pr
es

ur
ge

ry
; w

ou
nd

 
he

al
in

g;
 6

 m
on

th
s 

fo
llo

w
-u

p;
 1

2 
m

on
th

s f
ol

lo
w

-u
p

A
ve

ra
ge

 c
ou

nt
ry

-s
pe

-
ci

fic
 y

ea
rly

 sa
la

rie
s 

(O
EC

D
 d

at
ab

as
e)

A
ve

ra
ge

 c
ou

nt
ry

-s
pe

-
ci

fic
 y

ea
rly

 sa
la

rie
s 

(O
EC

D
 d

at
ab

as
e)

A
ve

ra
ge

 c
ou

nt
ry

-s
pe

-
ci

fic
 y

ea
rly

 sa
la

rie
s 

(O
EC

D
 d

at
ab

as
e)

A
ve

ra
ge

 c
ou

nt
ry

-s
pe

-
ci

fic
 y

ea
rly

 sa
la

rie
s 

(O
EC

D
 d

at
ab

as
e)

A
ve

ra
ge

 c
ou

nt
ry

-
sp

ec
ifi

c 
ye

ar
ly

 sa
la

rie
s 

(O
EC

D
 d

at
ab

as
e)

In
fo

rm
al

 c
ar

e
Pa

tie
nt

 q
ue

sti
on

na
ire

s
Pr

es
ur

ge
ry

; w
ou

nd
 

he
al

in
g;

 6
 m

on
th

s 
fo

llo
w

-u
p;

 1
2 

m
on

th
s f

ol
lo

w
-u

p

A
ve

ra
ge

 c
ou

nt
ry

-s
pe

-
ci

fic
 y

ea
rly

 sa
la

rie
s 

(O
EC

D
 d

at
ab

as
e)

A
ve

ra
ge

 c
ou

nt
ry

-s
pe

-
ci

fic
 y

ea
rly

 sa
la

rie
s 

(O
EC

D
 d

at
ab

as
e)

A
ve

ra
ge

 c
ou

nt
ry

-s
pe

-
ci

fic
 y

ea
rly

 sa
la

rie
s 

(O
EC

D
 d

at
ab

as
e)

A
ve

ra
ge

 c
ou

nt
ry

-s
pe

-
ci

fic
 y

ea
rly

 sa
la

rie
s 

(O
EC

D
 d

at
ab

as
e)

A
ve

ra
ge

 c
ou

nt
ry

-
sp

ec
ifi

c 
ye

ar
ly

 sa
la

rie
s 

(O
EC

D
 d

at
ab

as
e)

eC
RF

s e
le

ct
ro

ni
c 

ca
se

 re
po

rt 
fo

rm
s, 

H
C

P 
he

al
th

ca
re

 p
ro

fe
ss

io
na

ls
, O

EC
D

 O
rg

an
is

at
io

n 
fo

r E
co

no
m

ic
 C

o-
op

er
at

io
n 

an
d 

D
ev

el
op

m
en

t, 
TD

AB
C

 ti
m

e-
dr

iv
en

 a
ct

iv
ity

-b
as

ed
 c

os
tin

g



952	 L. Borsoi et al.

The use of resources will be estimated for both arms. 
Differences in the consumption of resources will be quali-
tatively described but not compared statistically. Mean and 
median total costs, also disaggregated by cost category, will 
be computed and appropriate measures of dispersions (e.g., 
95% confidence intervals) will be reported. Multivariable 
regression analyses will be performed to assess the impact 
on costs and outcomes of different baseline variables that, 
according to the literature, are expected to have an impact 
on SDM, patient outcomes, and/or costs. The set of variables 
includes age, education level, marital status, comorbidity 
profile (Charlson or Elixhauser index), employment status, 
digital health literacy, and trial country. As an example, mar-
ital status is used as a proxy of family support, which has 
been documented as significantly associated with patients’ 
HRQoL in breast cancer patients [36]. Employment status 
is considered given that recent works [37] showed that, dur-
ing oncology consultations, employed patients with a recent 
diagnosis of breast cancer asked significantly more questions 
than nonemployed and retired patients, which may suggest 
a more pronounced attitude toward SDM. The threshold for 
statistical significance will be set at 0.05.

Trial data will be examined for any missing data. The 
appropriate method for dealing with missing data will 
depend on the proportion of missing data and likely mecha-
nism of missingness [i.e., missing completely at random 
(MCAR); missing at random (MAR); missing not at random 
(MNAR)] [38]. Multiple imputation will be undertaken to 
account for MAR and MCAR.

Analyses will be conducted using StataSE, R and Excel 
(latest versions available).

2.1.4 � Cost‑Consequence and Cost‑Utility Analyses

The mean differences in costs and outcomes for the two 
arms will be provided. The results of the cost-consequence 
analysis will be presented in a disaggregated format, with 
costs and outcomes (i.e., expectations about the aesthetic 

outcome, QALYs and patients’ satisfaction) reported 
separately. Estimates (mean and measure of dispersion) 
will be provided for each arm, along with the incremental 
differences between arms. Trade-offs between costs and 
effects will not be explicitly provided. For the cost-utility 
analysis, the incremental cost–utility ratio (ICUR) will 
be estimated, dividing the difference in total mean costs 
between the CINDERELLA APProach and the standard 
of care arm by the differences in QALYs. The ICUR will 
be interpreted using appropriate cost-effectiveness thresh-
olds. As none of the jurisdictions involved in the clinical 
trial provides an explicit, discrete value for cost-effec-
tiveness threshold, the cost-utility analysis will use two 
generic cost-effectiveness thresholds of 50,000 €/QALY 
and 100,000 €/QALY. Discounting will not be applied to 
either costs or benefits as the economic evaluation will be 
performed over a time horizon of 12 months.

Sensitivity analyses will be conducted to explore 
uncertainty surrounding key parameters and determine 
the reliability of the results from the base-case analysis 
[28]. Univariate sensitivity analysis will be performed 
by varying one key parameter at a time across its plau-
sible range, while the remaining values are held at their 
baseline values. Results will be presented in table format 
and/or graphically through a tornado plot. Probabilistic 
sensitivity analysis will be performed by assigning to 
each key input parameter a specified distribution and by 
drawing randomly from this distribution. The nonpara-
metric bootstrapping approach will be used to determine 
the level of sampling uncertainty surrounding the mean 
costs, outcomes, and cost-effectiveness summary measure 
(ICUR) by generating 10,000 estimates of (incremental) 
costs and benefits. To represent decision uncertainty in 
the cost-utility analysis, cost-effectiveness acceptability 
curves (CEACs) will be used. CEACs display the propor-
tion of the estimates produced by bootstrapping that would 
be considered acceptable over a range of willingness-to-
pay (WTP) thresholds. Results will be presented in table 

Table 2   Outcomes for economic evaluation

EQ-5D-5L EuroQol 5 dimensions 5 levels, ICHOM International Consortium for Health Outcomes Measurement, QALYs Quality-Adjusted Life 
Years

Type of outcome Questionnaire Outcome measure Timing Used in

Expectation about aesthetic 
outcome

Expectations Questionnaire Expectation score Presurgery; wound healing; 6 
months follow-up; 12 months 
follow-up

Cost-consequence analysis

Health-related quality of life EQ-5D-5L QALYs Presurgery; wound healing; 6 
months follow-up; 12 months 
follow-up

Cost-consequence analysis
Cost-utility analysis

Satisfaction BREAST-Q ICHOM Domain scores Presurgery; wound healing; 6 
months follow-up; 12 months 
follow-up

Cost-consequence analysis
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format and/or graphically through a cost-effectiveness 
plane when appropriate (e.g., for cost-utility analysis).

Subgroup analyses will be conducted to investigate 
how costs and outcomes vary between different patient 
subgroups. Following the same rationale explained in the 
previous section, several baseline variables will be used for 
conducting these analyses, including age, education level, 
marital status, comorbidity profile, employment status, digi-
tal health literacy, trial country.

2.1.5 � Budget Impact Analysis

The economic evaluation will be complemented by a budget 
impact analysis to assess the financial impact of the CIN-
DERELLA APProach implementation. This analysis will be 
conducted from the healthcare provider and the healthcare 
system perspectives (i.e., the budget holders’ perspectives) 
over two different time horizons: 1 year (short term) and 5 
years (medium term), in accordance with the ISPOR Good 
Research Practices [39].

The cost analysis will be drawn from that conducted for 
economic evaluation, although only hospital-related costs 
will be included when considering the healthcare provider 
perspective, and direct healthcare costs will be included 
when considering the healthcare system perspective. Dis-
counting will not be applied as the budget holder is inter-
ested in the expected financial streams at each point in time 
rather than their net present values.

To conduct the budget impact analysis, which compares 
the status quo (without the CINDERELLA APProach) 
with a future scenario entailing the gradual uptake of the 
CINDERELLA APProach, additional parameters besides 
resource use and costs will be estimated, namely the eligi-
ble population and the uptake of the new intervention. The 
eligible population consists in all patients eligible for the 
new intervention, i.e., the CINDERELLA APProach, during 
the time horizon of interest, given any access restrictions. 
The definition of the eligible population will start with an 
analysis of country-specific epidemiological data, namely 
disease prevalence and incidence, which will be sourced 
from either European-based databases (e.g., European Can-
cer Information System [40]) or national cancer registries 
(e.g., AIRTUM–Italian Network of Cancer Registries [41]). 
This will be complemented with an estimate of the number 
of patients covered by the locally approved indications for 
the new technology (i.e., breast cancer patients eligible for 
locoregional treatment). The uptake of the CINDERELLA 
APProach is, by definition, not known at the time of analy-
sis, therefore some hypotheses on its diffusion need to be 
made and included in the future scenario. More specifically, 
two different changes will be included in the analysis: (i) 
the CINDERELLA APProach is added to the standard of 
care (combination) and (ii) the CINDERELLA APProach 

replaces the standard of care (substitution). Expert opinions 
will be collected to hypothesize credible levels of uptake for 
the new intervention.

The total costs of the status quo and the future scenario 
will be estimated and compared to estimate the financial 
impact of the uptake of the CINDERELLA APProach.

2.2 � Implementability

The effectiveness of an intervention is critically influenced 
by its implementation in a given context [42]. Implementa-
tion science has emerged as the scientific study of methods 
to promote the systematic dissemination of research results 
in clinical routines, with the aim of improving the quality 
and effectiveness of health services [43]. By embedding an 
implementation research component into the CINDERELLA 
trial, we aim to foster the successful diffusion of the CIN-
DERELLA APProach via a thorough understanding of the 
factors that affect its translation into real-world settings and 
an evaluation of its usability, acceptability, organizational 
impact, and overall feasibility.

2.2.1 � Usability

Usability can be defined as “the extent to which a product 
can be used by specified users to achieve specified goals 
with effectiveness, efficiency, and satisfaction in a speci-
fied context of use” [44]. User evaluation is one of the most 
commonly used method for assessing the usability of mobile 
applications [45], with several rating scales developed to 
evaluate the usability of mHealth apps [46, 47]. The usabil-
ity of the CINDERELLA mobile application will be evalu-
ated through an online questionnaire administered to patients 
in the intervention arm at 6 and 12 months follow-up. The 
questionnaire was developed starting from two previously 
validated questionnaires, namely the standalone version of 
the mHealth Apps Usability Questionnaire (MAUQ) for 
patients [48] and the user version of the Mobile App Rating 
Scale (uMARS) [49]. The MAUQ standalone version for 
patients contains 18 items, referred to three dimensions of 
app usability (i.e., ease of use, interface and satisfaction, 
usefulness). For each item, patients will be asked to express 
their degree of accordance on a seven-point scale (strongly 
agree, agree, somewhat agree, neither agree nor disagree, 
somewhat disagree, disagree, strongly disagree). From the 
uMARS questionnaire, we extracted only the four questions 
concerning the information quality subscale, whose answers 
are on a five-point scale. The questionnaires were translated 
into the main language in use at the trial centers.

Data on CINDERELLA usability derived from the ques-
tionnaire will be analyzed quantitatively. First, a principal 
components analysis (PCA) will be performed [50] to evalu-
ate the psychometric properties of the questionnaire obtained 
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from the integration of MAUQ and uMARS questionnaires, 
separately for each trial country to accommodate differences 
in questionnaire language, and the resulting subscales will 
be tested for internal consistency (Cronbach’s alpha). Then, 
a descriptive analysis will be conducted on the collected 
data. The means and standard deviations (SD) for individ-
ual statements, subscales and the entire questionnaire will 
be computed. Based on data distribution, parametric (e.g., 
t-test) or nonparametric tests (e.g., Kruskal–Wallis test) will 
be used to investigate differences among patients according 
to different baselines characteristics (e.g., age, education 
level, digital health literacy).

2.2.2 � Acceptability

Acceptability is a multifaceted concept and, to date, there 
is still no consensus around its definition [51]. Sekhon 
and colleagues (2017) defined acceptability of healthcare 
interventions as “the extent to which people delivering or 
receiving a healthcare intervention consider it to be appro-
priate, based on anticipated or experienced cognitive and 
emotional responses to the intervention” [52], and Weiner 
and colleagues (2017) as “the perception among implemen-
tation stakeholders that a given treatment, service, practice, 
or innovation is agreeable, palatable, or satisfactory” [53]. 
Acceptability can be related to several concepts, including 
users’ attitude (e.g., how they feel about the intervention), 
usage intentions (e.g., willingness to engage), actual usage 
(e.g., number of interactions), and satisfaction after having 
engaged with the intervention [54]. The users’ perception 
of acceptability can be measured at different points in time, 
namely before (prospective acceptability), whilst (concurrent 
acceptability), and after (retrospective acceptability) engag-
ing with the intervention [52]. For the purpose of this study, 
the acceptability of the CINDERELLA APProach will be 
measured according to two different user perspectives, i.e., 
the patients’ and the healthcare professionals’ perspective, as 
the successful implementation of a healthcare intervention 
depends on its acceptability to both intervention deliverers 
and recipients [55]. Moreover, data collection will be per-
formed at different time points to capture both concurrent 
and retrospective acceptability.

Acceptability for patients will be referred strictly to the 
CINDERELLA mobile application and will be measured 
alongside different dimensions and using different data col-
lection methods. First, the app’s actual usage will be evalu-
ated using data collected electronically by the CANKADO 
system (e.g., number of log ins, app retention rates) through-
out the clinical trial (concurrent acceptability). Second, 
patient satisfaction will be derived from the related section 
in the MAUQ questionnaire [48] at 6 and 12 months follow-
up (concurrent and retrospective acceptability).

Quantitative data on CINDERELLA acceptability for 
patients (i.e., app’s usage and patients’ satisfaction) will be 
summarized using medians, interquartile ranges, means, 
standard deviations, counts, and percentages as appropri-
ate. Based on data distribution, parametric (e.g., t-test) or 
nonparametric tests (e.g., Kruskal–Wallis test) will be used 
to investigate differences among patients according to dif-
ferent baselines characteristics (e.g., age, education level, 
digital health literacy).

Third, semi-structured interviews will be conducted with 
a sample of patients to measure retrospective acceptability at 
the end of the trial period (12 months follow-up). The final 
sample size for this study phase is not determined a priori 
but will be based on the data saturation principle [56]. We 
will set an initial sample equal to ten patients; after the first 
ten interviews, three further interviews will be conducted 
to verify whether there are any emerging themes [57]. 
The interview process will continue until no new insights 
emerge from the interviews. The enrolment will be done by 
the healthcare professionals at each clinical center, and the 
interviews will be conducted remotely with commonly used 
teleconferencing tools (e.g., Microsoft Teams) to accom-
modate the geographical dispersion of the interviewees. 
Every interview will last approximately 40 minutes. The 
interviews will be conducted making efforts to ensure that 
the interviewers speak the language of the interviewees. All 
interviews will be audio-recorded and transcribed. When 
needed, the interview transcripts will be translated into Eng-
lish. Back translation will be done to ensure the quality and 
accuracy of the translated text.

For healthcare professionals, acceptability of the overall 
CINDERELLA APProach will be evaluated based on quali-
tative data from focus groups. As the care pathway of breast 
cancer patients usually requires the coordination among 
different professional figures, focus groups are deemed an 
appropriate method to capture interaction, stimulate discus-
sions and explore different experiences and points of view 
[58]. Two types of stakeholders will be primarily involved 
in the focus groups at each trial site: (i) breast surgeons/
oncologists and (ii) nurses. The focus groups will be con-
ducted either face-to-face or remotely (with commonly used 
teleconferencing tools, e.g., Microsoft Teams), according 
to the healthcare professionals’ availability. Focus groups 
will be conducted at two different time points, namely at 12 
months and 24 months after trial start to perform a longitudi-
nal analysis of experienced acceptability. Focus groups will 
be audio-recorded after obtaining verbal consent from each 
participant. The recordings will be verbatim transcribed. The 
outlines of the interview (Supplementary Material 1) and 
focus group (Supplementary Material 2) will be pilot tested 
and, if needed, modified iteratively.

The transcripts of the interviews and focus groups will be 
analyzed using thematic analysis [59], and the themes will 
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be driven by a theoretical framework of acceptability [52]. 
Findings for the qualitative data from the interviews and 
focus groups will be reported using the Consolidated Crite-
ria for Reporting Qualitative Research (COREQ) checklist 
[60].

2.2.3 � Organizational Impact

The assessment of the organizational impact is critical for 
complex interventions, whose adoption in clinical practice 
frequently requires substantial organizational investments, 
multidisciplinary teams, need for supervision, change in the 
relationships between different organizations, and training 
for patients and professionals [61]. The evaluation of the 
organizational impact of the CINDERELLA APProach will 
be performed by conducting focus groups at each clinical 
center at different time points. One focus group will be held 
at the beginning of the trial with the aim of describing the 
current organizational model and in particular the delivery 
and service model (“as is” scenario). Two additional focus 
groups will be conducted at 12 months and 24 months after 
the trial start to understand how the organizational model 
has changed with the introduction of CINDERELLA 
APProach (“to be” scenario). Specifically, we aim to inves-
tigate whether and how work processes, human resources 
availability and skills, relationships between healthcare 
professionals, resource need, and involvement of patients 
have changed following the implementation of the interven-
tion. Focus groups will be audio-recorded, and the record-
ings will be verbatim transcribed. The outline of the focus 
groups (Supplementary Material 3) will be pilot tested and, 
if needed, modified iteratively. In analyzing the data using 
thematic analysis [59], we will rely on the HTA Core Model 
proposed by the European Network for Health Technology 
Assessment (EUnetHTA) [61]. Findings will be reported 
using the COREQ checklist [60].

2.2.4 � Feasibility

Feasibility of an intervention can be related to intervention’s 
content and delivery, acceptability, adherence, likelihood of 
cost-effectiveness, or capacity of providers to deliver the 
intervention [62]. Evaluating the feasibility of an interven-
tion allows to determine whether the intervention is appro-
priate, and to identify what (if anything) in the research 
methods or protocols needs modification and how changes 
might occur [63]. The feasibility of the CINDERELLA 
APProach will be evaluated by integrating the evidence 
collected in previous phases, namely economic evaluation, 
usability, acceptability, and organizational impact. Although 
a comprehensive and unique framework for assessing feasi-
bility does not exist, our analyses will be driven by a recent 

conceptual framework developed by Klaic and colleagues 
(2022) [64].

2.3 � Environmental Impact

The environmental impact assessment of the CINDERELLA 
APProach will employ the framework proposed by Mac-
Neill and colleagues (2021) [65]. The framework has several 
strengths, including a clear delineation of the dimensions 
addressed, a comprehensive perspective on the opportunities 
for the healthcare system to mitigate its diverse and hetero-
geneous environmental impacts, and its linkage with dimen-
sions that that can be monitored with well-known indicators 
in ongoing studies. Grounded in three fundamental prin-
ciples, the framework focuses on (i) reducing demand for 
health services; (ii) matching the supply of health services 
with demand, ensuring appropriate care delivery; and (iii) 
reducing emissions associated with the provision of health 
services. Consequently, the environmental impact of the 
CINDERELLA APProach will undergo quantitative evalu-
ation across three key dimensions: quantity, appropriateness, 
and emissions.

The quantity dimension requires an estimation of the 
amount of care received by patients in the CINDERELLA 
versus the standard of care arm. To provide a comprehensive 
estimate of the different healthcare services received, their 
costs will also be considered. Hence, data on the healthcare 
services consumed together with their costs will be drawn 
from same sources employed for conducting the economic 
evaluation and analyzed accordingly for comparisons.

To assess appropriateness, a set of key performance indi-
cators (KPIs) (Table 3) will be calculated for the two arms 
starting from the data collected through the eCRFs and com-
pared using statistical tests of difference with 95% confi-
dence intervals. The indicators have been recently developed 
[66, 67] and focus specifically on avoiding inappropriate 
use of healthcare services after breast cancer interventions.

Emissions resulting from patients’ travel to access health-
care services will be estimated using data collected from 
HCPs and patient questionnaires at the designated time 
points for economic evaluation. Data will be derived from 
close-ended questions investigating average travel distances 
to reach healthcare facilities (e.g., for hospital visits) and 
modes of transport (e.g., car, public transportation). The 
total distance traveled will be calculated by summing the 
declared kilometers for each healthcare service, considering 
the mean of the range reported by the patient. The emissions 
associated to different travel modes will be based on the 
most recent literature [68]. A multivariable linear regression 
model, with kilometers traveled as the dependent variable, 
will be fitted to identify variables with the greatest impact 
on costs, using baseline covariates.
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Given the absence of a unified framework for environ-
mental impact analysis, the quantitative assessments will be 
supplemented by qualitative insights from healthcare profes-
sionals and managers. A focus group with healthcare profes-
sionals at participating clinical centers at 24 months after 
trial start will investigate their perceived commitment in 
terms of practices adopted and information shared with 
patients. Additionally, interviews will be conducted with 
healthcare managers at participating clinical centers to 
address issues related to the healthcare sector's awareness 
of its responsibility in reducing environmental impact and 
increasing awareness among healthcare workforce and 
patients. The outline of the interviews and focus groups are 
provided in Supplementary Material 4 and  5, respectively. 
The qualitative data pertaining to environmental impact 
will be analyzed using the same methodology previously 
described for assessing acceptability and organizational 
impact.

In light of the ongoing debate on how to incorporate envi-
ronmental impact within health technology assessment, we 
opted for a parallel evaluation [69], a flexible approach that 
entails analyzing and presenting environmental data along-
side established health economic analyses.

3 � Discussion

The CINDERELLA APProach holds great promise for a 
variety of different users and stakeholders in the breast can-
cer care pathway and, more broadly, in the healthcare sys-
tem. For this reason, on top of the expected benefits for the 
breast cancer patients undergoing locoregional treatment, 

who may potentially experience higher level of awareness, 
SDM, greater matching between expectations and results, 
and improved HRQoL, the CINDERELLA trial aims to eval-
uate the broader consequences of the innovative approach 
for the healthcare professionals, healthcare facilities, and 
the society at large, from an organizational, economic, and 
environmental standpoint.

The generalizability of the CINDERELLA trial results 
depends on several factors, including differences in 
the healthcare system characteristics, clinical practices, and 
the availability and accessibility of healthcare services. The 
collection of data from countries with different healthcare 
systems will enable conclusions that are applicable to het-
erogeneous settings. Moreover, a comprehensive assessment 
of the CINDERELLA APProach’s implementability will 
shed light on the contextual and individual factors that might 
hinder or facilitate its translation into real-world settings, 
thus providing a nuanced understanding of how the interven-
tion can be adapted to different contexts and jurisdictions. To 
ensure further transferability of results from the economic 
evaluation, future research should adopt appropriate meth-
ods for adjusting the information to reflect local conditions 
[70], such as differences in unit costs and healthcare utiliza-
tion patterns.

The evidence emerging from the various dimensions 
investigated within the CINDERELLA project will be 
presented separately rather than being aggregated using 
structured methods such as multicriteria decision analysis 
(MCDA). Through this approach, we aim to ensure that the 
decision-making process remains deliberative and flexible, 
rather than shifting toward a fully quantitative model. How-
ever, future research may consider developing and using a 

Table 3   Description of KPIs for the “appropriateness” dimension of the environmental impact analysis

BC breast cancer, CT computed tomography, KPI key performance indicator, MRI magnetic resonance imaging, PET positron emission tomog-
raphy

KPI Description of measurement

KPI 1: post surgery The percentage of patients with stage I–II BC in whom, within 60 days after the index breast surgery, at least one 
of the following examinations was performed: hepatic ultrasound, CT, MRI, bone scan, or PET. The percentage 
of patients with BC who underwent PET must also have been evaluated for stage III BC. Target: the percentage 
for this KPI should not exceed 5%

KPI 2: follow-up The percentage of patients with stage I–II BC who, starting from 60 days after the index breast surgery and up to 
365 days after this surgery, underwent at least one of the following examinations: CT, MRI, bone scan, or PET. 
Target: the percentage for KPI should not exceed 5%

KPI 3: subsequent breast 
reconstruction/axillary 
dissection

The percentage of patients who, within 90 days after the index mastectomy, underwent subsequent surgery for 
breast reconstruction and/or axillary dissection. Target: the percentage for this KPI should be close to 0%

KPI 4: treatment timing The percentage of patients who, as candidates for chemotherapy and/or hormone therapy and without evidence 
of disease, initiated adjuvant treatment (chemotherapy and/or hormone therapy as the only pharmacologi-
cal therapy in the adjuvant setting) within 60 days after the index breast surgery. The percentage for this KPI 
should be close to 100%

KI P5: radiotherapy timing The percentage of patients who underwent partial resection surgery and who, as candidates for radiotherapy, initi-
ated radiotherapy within 180 days after the last surgery, if no adjuvant treatment was administered, or within 
270 days, if adjuvant treatment was administered. Target: the percentage for this KPI should be close to 100%
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MCDA framework for this complex intervention, ensuring 
that the weights chosen adequately reflect the different pri-
orities and perspectives of all stakeholders involved.

The multidimensional evaluation described in this pro-
tocol will gather data alongside the CINDERELLA clini-
cal trial for the next 3 years, through questionnaires, focus 
groups, and interviews with patients, healthcare profession-
als, and healthcare managers. The width of this protocol 
mirrors the ambition of the CINDERELLA trial to deliver 
substantial value first and foremost to the breast cancer 
patients involved, and to facilitate the widespread adop-
tion of the CINDERELLA APProach into clinical practice 
internationally, thereby benefiting a larger patient popula-
tion. More specifically, through the analysis of the economic, 
organizational, and environmental impact of the CINDER-
ELLA APProach, our study will support its replicability and 
sustainability in various and potentially heterogeneous con-
texts. We ultimately believe that the results of these ancil-
lary evaluations will provide further evidence to nourish the 
international debate on the sustainability and ethical use of 
AI in healthcare.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s41669-​024-​00519-1.

Acknowledgements  We thank all the members of the CINDERELLA 
Consortium who contributed to the development of this protocol.

Declarations 

Funding  The CINDERELLA project was funded by the European 
Union (EU grant HORIZON-HLTH-2021-DISEASE-04. Project 
number 101057389). The funder did not have a role in study design, 
data collection and analysis, decision to publish, or preparation of the 
manuscript.

Conflict of interest  The authors have no relevant financial or non-fi-
nancial interests to disclose.

Ethics approval  Ethics approval for the clinical trial was obtained 
from the Ethics Committees of all clinical centers involved (Sheba Tel 
Hashomer, Fundação Champalimaud, Gdański Uniwersytet Medyc-
zny, Ospedale San Raffaele, Universitatsklinikum Heidelberg). Ethics 
approval for the focus groups and interviews with healthcare profes-
sionals and managers was obtained from the Ethics Committee of Boc-
coni University. The project itself was approved by European Commis-
sion's Ethics Committee.

Consent to participate  Not applicable.

Consent for publication (from patients/participants)  Not applicable.

Data availability statement  Data sharing is not applicable in this article 
as no datasets were generated or analyzed.

Code availability  Not applicable.

Author contributions  LB: conceptualization, methodology, writing 
(original draft), writing (review and editing), visualization. EL: con-
ceptualization, methodology, writing (review and editing). OC: con-

ceptualization, methodology, writing (review and editing), supervision, 
funding acquisition.

Open Access   This article is licensed under a Creative Commons Attri-
bution-NonCommercial 4.0 International License, which permits any 
non-commercial use, sharing, adaptation, distribution and reproduction 
in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other 
third party material in this article are included in the article's Creative 
Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article's Creative Commons 
licence and your intended use is not permitted by statutory regula-
tion or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this licence, visit 
http://​creat​iveco​mmons.​org/​licen​ses/​by-​nc/4.​0/.

References

	 1.	 Heer E, Harper A, Escandor N, Sung H, McCormack V, Fidler-
Benaoudia MM. Global burden and trends in premenopausal and 
postmenopausal breast cancer: a population-based study. Lancet 
Glob Health. 2020;8(8):e1027–37. https://​doi.​org/​10.​1016/​S2214-​
109X(20)​30215-1.

	 2.	 Burstein H, Curigliano G, Thürlimann B, Weber W, Poortmans 
P, Regan M, et al. Customizing local and systemic therapies for 
women with early breast cancer: the St. Gallen International Con-
sensus Guidelines for treatment of early breast cancer 2021. Ann 
Oncol. 2021;32(10):1216–35. https://​doi.​org/​10.​1016/j.​annonc.​
2021.​06.​023.

	 3.	 Faller H, Schuler M, Richard M, Heckl U, Weis J, Küffner R. 
Effects of psycho-oncologic interventions on emotional distress 
and quality of life in adult patients with cancer: systematic review 
and meta-analysis. J Clin Oncol. 2013;31(6):782–93. https://​doi.​
org/​10.​1200/​jco.​2011.​40.​8922.

	 4.	 Cardoso F, Kyriakides S, Ohno S, Penault-Llorca F, Poortmans 
P, Rubio IT, et al. Early breast cancer: ESMO clinical practice 
guidelines for diagnosis, treatment and follow-up. Ann Oncol. 
2019;30(8):1194–220. https://​doi.​org/​10.​1093/​annonc/​mdz173.

	 5.	 Keating NL, Guadagnoli E, Landrum MB, Borbas C, Weeks JC. 
Treatment decision making in early-stage breast cancer: should 
surgeons match patients’ desired level of involvement? J Clin 
Oncol. 2002;20(6):1473–9. https://​doi.​org/​10.​1200/​jco.​2002.​20.6.​
1473.

	 6.	 Lam WW, Kwok M, Chan M, Hung WK, Ying M, Or A, et al. 
Does the use of shared decision-making consultation behaviors 
increase treatment decision-making satisfaction among Chinese 
women facing decision for breast cancer surgery? Patient Educ 
Couns. 2014;94(2):243–9. https://​doi.​org/​10.​1016/j.​pec.​2013.​11.​
006.

	 7.	 van der Horst DEM, Garvelink MM, Bos WJW, Stiggelbout AM, 
Pieterse AH. For which decisions is shared decision making con-
sidered appropriate?—a systematic review. Patient Educ Couns. 
2023;106:3–16. https://​doi.​org/​10.​1016/j.​pec.​2022.​09.​015.

	 8.	 Collins ED, Moore CP, Clay KF, Kearing SA, O’Connor AM, 
Llewellyn-Thomas HA, et al. Can women with early-stage breast 
cancer make an informed decision for mastectomy. J Clin Oncol. 
2009;27(4):519–25. https://​doi.​org/​10.​1200/​JCO.​2008.​16.​6215.

	 9.	 Zheng H, Yang L, Hu J, Yang Y. Frequency and influencing fac-
tors of shared decision making among breast cancer patients 
receiving surgery: a systematic review and meta-analysis. Clin 
Breast Cancer. 2023;23(1):e20–31. https://​doi.​org/​10.​1016/j.​clbc.​
2022.​10.​007.

https://doi.org/10.1007/s41669-024-00519-1
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1016/S2214-109X(20)30215-1
https://doi.org/10.1016/S2214-109X(20)30215-1
https://doi.org/10.1016/j.annonc.2021.06.023
https://doi.org/10.1016/j.annonc.2021.06.023
https://doi.org/10.1200/jco.2011.40.8922
https://doi.org/10.1200/jco.2011.40.8922
https://doi.org/10.1093/annonc/mdz173
https://doi.org/10.1200/jco.2002.20.6.1473
https://doi.org/10.1200/jco.2002.20.6.1473
https://doi.org/10.1016/j.pec.2013.11.006
https://doi.org/10.1016/j.pec.2013.11.006
https://doi.org/10.1016/j.pec.2022.09.015
https://doi.org/10.1200/JCO.2008.16.6215
https://doi.org/10.1016/j.clbc.2022.10.007
https://doi.org/10.1016/j.clbc.2022.10.007


958	 L. Borsoi et al.

	10.	 Oprea N, Ardito V, Ciani O. Implementing shared decision-
making interventions in breast cancer clinical practice: a scoping 
review. BMC Med Inform Decis Mak. 2023;23(1):164. https://​
doi.​org/​10.​1186/​s12911-​023-​02263-8.

	11.	 Elwyn G, O’Connor A, Stacey D, Volk R, Edwards A, Coulter 
A, et al. Developing a quality criteria framework for patient deci-
sion aids: online international Delphi consensus process. BMJ. 
2006;333(7565):417. https://​doi.​org/​10.​1136/​bmj.​38926.​629329.​
AE.

	12.	 Stacey D, Légaré F, Lewis K, Barry MJ, Bennett CL, Eden KB, 
et al. Decision aids for people facing health treatment or screening 
decisions. Cochrane Database Syst Rev. 2017. https://​doi.​org/​10.​
1002/​14651​858.​CD001​431.​pub5.

	13.	 Ottawa Hospital Research Institute. Patient Decision Aids. https://​
decis​ionaid.​ohri.​ca/. Accessed 10 Feb 2024.

	14.	 Staszewska A, Zaki P, Lee J. Computerized decision aids for 
shared decision making in serious illness: systematic review. 
JMIR Med Inform. 2017;5(4): e36. https://​doi.​org/​10.​2196/​medin​
form.​6405.

	15.	 Clauser SB, Wagner EH, Bowles EJA, Tuzzio L, Greene SM. 
Improving modern cancer care through information technology. 
Am J Prev Med. 2011;40(5):S198–207. https://​doi.​org/​10.​1016/j.​
amepre.​2011.​01.​014.

	16.	 Secinaro S, Calandra D, Secinaro A, Muthurangu V, Biancone 
P. The role of artificial intelligence in healthcare: a structured 
literature review. BMC Med Inform Decis Mak. 2021;21:1–23.

	17.	 Cardoso MJ, Houssami N, Pozzi G, Séroussi B. Artificial intel-
ligence (AI) in breast cancer care—leveraging multidisciplinary 
skills to improve care. Artif Intell Med. 2022;123: 102215. https://​
doi.​org/​10.​1016/j.​artmed.​2021.​102215.

	18.	 Hassan N, Slight RD, Bimpong K, Weiand D, Vellinga A, Morgan 
G, et al. Clinicians’ and patients’ perceptions of the use of artifi-
cial intelligence decision aids to inform shared decision making: a 
systematic review. Lancet. 2021;398:S80. https://​doi.​org/​10.​1016/​
S0140-​6736(21)​02623-4.

	19.	 Jayakumar P, Moore MG, Furlough KA, Uhler LM, Andrawis JP, 
Koenig KM, et al. Comparison of an artificial intelligence-enabled 
patient decision aid vs educational material on decision quality, 
shared decision-making, patient experience, and functional out-
comes in adults with knee osteoarthritis: a randomized clinical 
trial. JAMA Netw Open. 2021;4(2): e2037107. https://​doi.​org/​
10.​1001/​jaman​etwor​kopen.​2020.​37107.

	20.	 Kaidar-Person O, Antunes M, Cardoso JS, Ciani O, Cruz H, Di 
Micco R, et al. Evaluating the ability of an artificial-intelligence 
cloud-based platform designed to provide information prior to 
locoregional therapy for breast cancer in improving patient’s 
satisfaction with therapy: the CINDERELLA trial. PLoS ONE. 
2023;18(8): e0289365. https://​doi.​org/​10.​1371/​journ​al.​pone.​
02893​65.

	21.	 Cardoso JS, Silva W, Cardoso MJ. Evolution, current challenges, 
and future possibilities in the objective assessment of aes-
thetic outcome of breast cancer locoregional treatment. Breast. 
2020;49:123–30. https://​doi.​org/​10.​1016/j.​breast.​2019.​11.​006.

	22.	 Voets MM, Veltman J, Slump CH, Siesling S, Koffijberg H. Sys-
tematic review of health economic evaluations focused on artifi-
cial intelligence in healthcare: the Tortoise and the Cheetah. Value 
Health. 2022;25(3):340–9. https://​doi.​org/​10.​1016/j.​jval.​2021.​11.​
1362.

	23.	 Murray E, Hekler EB, Andersson G, Collins LM, Doherty A, Hol-
lis C, et al. Evaluating digital health interventions: key questions 
and approaches. Am J Prev Med. 2016;51(5):843–51. https://​doi.​
org/​10.​1016/j.​amepre.​2016.​06.​008.

	24.	 Bauer MS, Damschroder L, Hagedorn H, Smith J, Kilbourne 
AM. An introduction to implementation science for the non-
specialist. BMC Psychol. 2015;3(1):32. https://​doi.​org/​10.​1186/​
s40359-​015-​0089-9.

	25.	 Buis L. Implementation: the next giant hurdle to clinical trans-
formation with digital health. J Med Internet Res. 2019;21(11): 
e16259. https://​doi.​org/​10.​2196/​16259.

	26.	 Cussans A, Harvey G, Kemple T, Tomson M. Interventions to 
reduce the environmental impact of medicines: a UK perspective. 
J Clim Change Health. 2021;4: 100079. https://​doi.​org/​10.​1016/j.​
joclim.​2021.​100079.

	27.	 Maes-Carballo M, Martín-Díaz M, Mignini L, Khan KS, 
Trigueros R, Bueno-Cavanillas A. Evaluation of the use of shared 
decision making in breast cancer: international survey. Int J Envi-
ron Res Public Health. 2021. https://​doi.​org/​10.​3390/​ijerp​h1804​
2128.

	28.	 Ramsey SD, Willke RJ, Glick H, Reed SD, Augustovski F, Jons-
son B, et al. Cost-effectiveness analysis alongside clinical trials 
II-An ISPOR Good Research Practices Task Force report. Value 
Health. 2015;18(2):161–72. https://​doi.​org/​10.​1016/j.​jval.​2015.​
02.​001.

	29.	 Elvidge J, Hawksworth C, Avşar TS, Zemplenyi A, Chalkidou A, 
Petrou S, et al. Consolidated Health Economic Evaluation Report-
ing Standards for Interventions That Use Artificial Intelligence 
(CHEERS-AI). Value Health. 2024. https://​doi.​org/​10.​1016/j.​jval.​
2024.​05.​006.

	30.	 Husereau D, Drummond M, Augustovski F, de Bekker-Grob E, 
Briggs AH, Carswell C, et al. Consolidated Health Economic 
Evaluation Reporting Standards 2022 (CHEERS 2022) state-
ment: updated reporting guidance for health economic evalu-
ations. BMC Med. 2022;20(1):23. https://​doi.​org/​10.​1186/​
s12916-​021-​02204-0.

	31.	 Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D, 
et al. Development and preliminary testing of the new five-level 
version of EQ-5D (EQ-5D-5L). Qual Life Res. 2011;20(10):1727–
36. https://​doi.​org/​10.​1007/​s11136-​011-​9903-x.

	32.	 Pusic AL, Klassen AF, Scott AM, Klok JA, Cordeiro PG, Cano 
SJ. Development of a new patient-reported outcome meas-
ure for breast surgery: the BREAST-Q. Plast Reconstr Surg. 
2009;124(2):345–53. https://​doi.​org/​10.​1097/​PRS.​0b013​e3181​
aee807.

	33.	 Ong WL, Schouwenburg MG, van Bommel ACM, Stowell C, Alli-
son KH, Benn KE, et al. A standard set of value-based patient-
centered outcomes for breast cancer: the International Consortium 
for Health Outcomes Measurement (ICHOM) initiative. JAMA 
Oncol. 2017;3(5):677–85. https://​doi.​org/​10.​1001/​jamao​ncol.​
2016.​4851.

	34.	 Detry MA, Lewis RJ. The intention-to-treat principle: how to 
assess the true effect of choosing a medical treatment. JAMA. 
2014;312(1):85–6. https://​doi.​org/​10.​1001/​jama.​2014.​7523.

	35.	 Hernán MA, Hernández-Díaz S. Beyond the intention-to-treat in 
comparative effectiveness research. Clin Trials. 2011;9(1):48–55. 
https://​doi.​org/​10.​1177/​17407​74511​420743.

	36.	 Arora NK, Finney Rutten LJ, Gustafson DH, Moser R, Hawkins 
RP. Perceived helpfulness and impact of social support provided 
by family, friends, and health care providers to women newly diag-
nosed with breast cancer. Psychooncology. 2007;16(5):474–86. 
https://​doi.​org/​10.​1002/​pon.​1084.

	37.	 Mazzi MA, Perlini C, Deledda G, Ghilardi A, Buizza C, Bottacini 
A, et al. Employment status and information needs of patients 
with breast cancer: a multicentre cross-sectional study of first 
oncology consultations. BMJ Open. 2020;10(9): e038543. https://​
doi.​org/​10.​1136/​bmjop​en-​2020-​038543.

	38.	 Little RJ, Rubin DB. Statistical analysis with missing data. New 
York: Wiley; 2019.

	39.	 Sullivan SD, Mauskopf JA, Augustovski F, Jaime Caro J, Lee 
KM, Minchin M, et al. Budget impact analysis-principles of good 
practice: report of the ISPOR 2012 Budget Impact Analysis Good 
Practice II Task Force. Value Health. 2014;17(1):5–14. https://​doi.​
org/​10.​1016/j.​jval.​2013.​08.​2291.

https://doi.org/10.1186/s12911-023-02263-8
https://doi.org/10.1186/s12911-023-02263-8
https://doi.org/10.1136/bmj.38926.629329.AE
https://doi.org/10.1136/bmj.38926.629329.AE
https://doi.org/10.1002/14651858.CD001431.pub5
https://doi.org/10.1002/14651858.CD001431.pub5
https://decisionaid.ohri.ca/
https://decisionaid.ohri.ca/
https://doi.org/10.2196/medinform.6405
https://doi.org/10.2196/medinform.6405
https://doi.org/10.1016/j.amepre.2011.01.014
https://doi.org/10.1016/j.amepre.2011.01.014
https://doi.org/10.1016/j.artmed.2021.102215
https://doi.org/10.1016/j.artmed.2021.102215
https://doi.org/10.1016/S0140-6736(21)02623-4
https://doi.org/10.1016/S0140-6736(21)02623-4
https://doi.org/10.1001/jamanetworkopen.2020.37107
https://doi.org/10.1001/jamanetworkopen.2020.37107
https://doi.org/10.1371/journal.pone.0289365
https://doi.org/10.1371/journal.pone.0289365
https://doi.org/10.1016/j.breast.2019.11.006
https://doi.org/10.1016/j.jval.2021.11.1362
https://doi.org/10.1016/j.jval.2021.11.1362
https://doi.org/10.1016/j.amepre.2016.06.008
https://doi.org/10.1016/j.amepre.2016.06.008
https://doi.org/10.1186/s40359-015-0089-9
https://doi.org/10.1186/s40359-015-0089-9
https://doi.org/10.2196/16259
https://doi.org/10.1016/j.joclim.2021.100079
https://doi.org/10.1016/j.joclim.2021.100079
https://doi.org/10.3390/ijerph18042128
https://doi.org/10.3390/ijerph18042128
https://doi.org/10.1016/j.jval.2015.02.001
https://doi.org/10.1016/j.jval.2015.02.001
https://doi.org/10.1016/j.jval.2024.05.006
https://doi.org/10.1016/j.jval.2024.05.006
https://doi.org/10.1186/s12916-021-02204-0
https://doi.org/10.1186/s12916-021-02204-0
https://doi.org/10.1007/s11136-011-9903-x
https://doi.org/10.1097/PRS.0b013e3181aee807
https://doi.org/10.1097/PRS.0b013e3181aee807
https://doi.org/10.1001/jamaoncol.2016.4851
https://doi.org/10.1001/jamaoncol.2016.4851
https://doi.org/10.1001/jama.2014.7523
https://doi.org/10.1177/1740774511420743
https://doi.org/10.1002/pon.1084
https://doi.org/10.1136/bmjopen-2020-038543
https://doi.org/10.1136/bmjopen-2020-038543
https://doi.org/10.1016/j.jval.2013.08.2291
https://doi.org/10.1016/j.jval.2013.08.2291


959CINDERELLA APProach - Protocol for Multidimensional Evaluation

	40.	 ECIS-European Cancer Information System. https://​ecis.​jrc.​ec.​
europa.​eu. Accessed 19 Feb 2024.

	41.	 AIRTUM-Italian Network of Cancer Registries. https://​www.​regis​
tri-​tumori.​it. Accessed 19 Feb 2024.

	42.	 Pfadenhauer LM, Gerhardus A, Mozygemba K, Lysdahl KB, 
Booth A, Hofmann B, et  al. Making sense of complexity in 
context and implementation: the Context and Implementation 
of Complex Interventions (CICI) framework. Implement Sci. 
2017;12(1):21. https://​doi.​org/​10.​1186/​s13012-​017-​0552-5.

	43.	 Eccles MP, Mittman BS. Welcome to implementation sci-
ence. Implement Sci. 2006;1(1):1. https://​doi.​org/​10.​1186/​
1748-​5908-1-1.

	44.	 International Organization for Standardization (ISO). ISO 9241-
11:2018(en). Ergonomics of human-system interaction—Part 11: 
usability: definitions and concepts. https://​www.​iso.​org/​obp/​ui/#​
iso:​std:​iso:​9241:-​11:​ed-2:​v1:​en. Accessed 19 Feb 2024

	45.	 Swaid S. Usability of mobile apps: an integrated approach. 2017.
	46.	 Azad-Khaneghah P, Neubauer N, Miguel Cruz A, Liu L. Mobile 

health app usability and quality rating scales: a systematic review. 
Disabil Rehabil Assist Technol. 2021;16(7):712–21. https://​doi.​
org/​10.​1080/​17483​107.​2019.​17011​03.

	47.	 Hajesmaeel-Gohari S, Khordastan F, Fatehi F, Samzadeh H, 
Bahaadinbeigy K. The most used questionnaires for evaluating 
satisfaction, usability, acceptance, and quality outcomes of mobile 
health. BMC Med Inform Decis Mak. 2022;22(1):22. https://​doi.​
org/​10.​1186/​s12911-​022-​01764-2.

	48.	 Zhou L, Bao J, Setiawan IMA, Saptono A, Parmanto B. The 
mHealth App Usability Questionnaire (MAUQ): development 
and validation study. JMIR Mhealth Uhealth. 2019;7(4): e11500. 
https://​doi.​org/​10.​2196/​11500.

	49.	 Stoyanov SR, Hides L, Kavanagh DJ, Wilson H. Development and 
validation of the User Version of the Mobile Application Rating 
Scale (uMARS). JMIR Mhealth Uhealth. 2016;4(2): e72. https://​
doi.​org/​10.​2196/​mheal​th.​5849.

	50.	 Hastie T, Tibshirani R, Friedman JH. The elements of statisti-
cal learning: data mining, inference, and prediction. New York: 
Springer; 2009.

	51.	 Perski O, Short CE. Acceptability of digital health interventions: 
embracing the complexity. Transl Behav Med. 2021;11(7):1473–
80. https://​doi.​org/​10.​1093/​tbm/​ibab0​48.

	52.	 Sekhon M, Cartwright M, Francis JJ. Acceptability of healthcare 
interventions: an overview of reviews and development of a theo-
retical framework. BMC Health Serv Res. 2017;17(1):88. https://​
doi.​org/​10.​1186/​s12913-​017-​2031-8.

	53.	 Weiner BJ, Lewis CC, Stanick C, Powell BJ, Dorsey CN, 
Clary AS, et al. Psychometric assessment of three newly devel-
oped implementation outcome measures. Implement Sci. 
2017;12(1):108. https://​doi.​org/​10.​1186/​s13012-​017-​0635-3.

	54.	 Nadal C, Sas C, Doherty G. Technology acceptance in mobile 
health: scoping review of definitions, models, and measurement. 
J Med Internet Res. 2020;22(7): e17256. https://​doi.​org/​10.​2196/​
17256.

	55.	 Proctor E, Silmere H, Raghavan R, Hovmand P, Aarons G, Bunger 
A, et al. Outcomes for implementation research: conceptual dis-
tinctions, measurement challenges, and research agenda. Adm 
Policy Ment Health. 2011;38(2):65–76. https://​doi.​org/​10.​1007/​
s10488-​010-​0319-7.

	56.	 Glaser B, Strauss A. Discovery of grounded theory: strategies for 
qualitative research. New York: Routledge; 2017.

	57.	 Francis JJ, Johnston M, Robertson C, Glidewell L, Entwistle V, 
Eccles MP, et al. What is an adequate sample size? Operational-
ising data saturation for theory-based interview studies. Psychol 
Health. 2010;25(10):1229–45. https://​doi.​org/​10.​1080/​08870​
44090​31940​15.

	58.	 Kitzinger J. Qualitative research. Introducing focus groups. BMJ. 
1995;311(7000):299–302. https://​doi.​org/​10.​1136/​bmj.​311.​7000.​
299.

	59.	 Clarke V, Braun V, Hayfield N. Thematic analysis. In: Smith J, 
editor. Qualitative psychology: a practical guide to research meth-
ods. London: Sage Publications Ltd; 2015. p. 222–48.

	60.	 Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting 
qualitative research (COREQ): a 32-item checklist for interviews 
and focus groups. Int J Qual Health Care. 2007;19(6):349–57. 
https://​doi.​org/​10.​1093/​intqhc/​mzm042.

	61.	 EUnetHTA. Joint Action 2, Work Package 8. HTA Core Model® 
version 3.0. https://​www.​eunet​hta.​eu/​hta-​core-​model/. Accessed 
10 Feb 2024.

	62.	 Skivington K, Matthews L, Simpson SA, Craig P, Baird J, Blazeby 
JM, et al. A new framework for developing and evaluating com-
plex interventions: update of Medical Research Council guidance. 
BMJ. 2021;374: n2061. https://​doi.​org/​10.​1136/​bmj.​n2061.

	63.	 Bowen DJ, Kreuter M, Spring B, Cofta-Woerpel L, Linnan L, 
Weiner D, et al. How we design feasibility studies. Am J Prev 
Med. 2009;36(5):452–7. https://​doi.​org/​10.​1016/j.​amepre.​2009.​
02.​002.

	64.	 Klaic M, Kapp S, Hudson P, Chapman W, Denehy L, Story D, 
et al. Implementability of healthcare interventions: an overview of 
reviews and development of a conceptual framework. Implement 
Sci. 2022;17(1):10. https://​doi.​org/​10.​1186/​s13012-​021-​01171-7.

	65.	 MacNeill AJ, McGain F, Sherman JD. Planetary health care: a 
framework for sustainable health systems. Lancet Planet Health. 
2021;5(2):e66–8. https://​doi.​org/​10.​1016/​S2542-​5196(21)​
00005-X.

	66.	 Altini M, Balzi W, Maltoni R, Falcini F, Foca F, Messori Ioli G, 
et al. Key performance indicators for monitoring the integrated 
care pathway in breast cancer: the E.Pic.A. project. AboutOpen. 
2019;5(1):31–8. https://​doi.​org/​10.​33393/​abtpn.​2019.​291.

	67.	 Massa I, Balzi W, Burattini C, Gentili N, Bucchi L, Nanni O, 
et al. The challenge of sustainability in healthcare systems: fre-
quency and cost of inappropriate patterns of breast cancer care 
(the E.Pic.A study). Breast. 2017;34:103–7. https://​doi.​org/​10.​
1016/j.​breast.​2017.​05.​007.

	68.	 European Environment Agency (EEA). Indicators. https://​www.​
eea.​europa.​eu/​en/​analy​sis/​indic​ators. Accessed 19 Feb 2024.

	69.	 Toolan M, Walpole S, Shah K, Kenny J, Jónsson P, Crabb N, 
et al. Environmental impact assessment in health technology 
assessment: principles, approaches, and challenges. Int J Technol 
Assess Health Care. 2023;39(1): e13. https://​doi.​org/​10.​1017/​
S0266​46232​30000​41.

	70.	 Drummond M, Barbieri M, Cook J, Glick HA, Lis J, Malik F, 
et al. Transferability of economic evaluations across jurisdictions: 
ISPOR Good Research Practices Task Force report. Value Health. 
2009;12(4):409–18. https://​doi.​org/​10.​1111/j.​1524-​4733.​2008.​
00489.x.

https://ecis.jrc.ec.europa.eu
https://ecis.jrc.ec.europa.eu
https://www.registri-tumori.it
https://www.registri-tumori.it
https://doi.org/10.1186/s13012-017-0552-5
https://doi.org/10.1186/1748-5908-1-1
https://doi.org/10.1186/1748-5908-1-1
https://www.iso.org/obp/ui/#iso:std:iso:9241:-11:ed-2:v1:en
https://www.iso.org/obp/ui/#iso:std:iso:9241:-11:ed-2:v1:en
https://doi.org/10.1080/17483107.2019.1701103
https://doi.org/10.1080/17483107.2019.1701103
https://doi.org/10.1186/s12911-022-01764-2
https://doi.org/10.1186/s12911-022-01764-2
https://doi.org/10.2196/11500
https://doi.org/10.2196/mhealth.5849
https://doi.org/10.2196/mhealth.5849
https://doi.org/10.1093/tbm/ibab048
https://doi.org/10.1186/s12913-017-2031-8
https://doi.org/10.1186/s12913-017-2031-8
https://doi.org/10.1186/s13012-017-0635-3
https://doi.org/10.2196/17256
https://doi.org/10.2196/17256
https://doi.org/10.1007/s10488-010-0319-7
https://doi.org/10.1007/s10488-010-0319-7
https://doi.org/10.1080/08870440903194015
https://doi.org/10.1080/08870440903194015
https://doi.org/10.1136/bmj.311.7000.299
https://doi.org/10.1136/bmj.311.7000.299
https://doi.org/10.1093/intqhc/mzm042
https://www.eunethta.eu/hta-core-model/
https://doi.org/10.1136/bmj.n2061
https://doi.org/10.1016/j.amepre.2009.02.002
https://doi.org/10.1016/j.amepre.2009.02.002
https://doi.org/10.1186/s13012-021-01171-7
https://doi.org/10.1016/S2542-5196(21)00005-X
https://doi.org/10.1016/S2542-5196(21)00005-X
https://doi.org/10.33393/abtpn.2019.291
https://doi.org/10.1016/j.breast.2017.05.007
https://doi.org/10.1016/j.breast.2017.05.007
https://www.eea.europa.eu/en/analysis/indicators
https://www.eea.europa.eu/en/analysis/indicators
https://doi.org/10.1017/S0266462323000041
https://doi.org/10.1017/S0266462323000041
https://doi.org/10.1111/j.1524-4733.2008.00489.x
https://doi.org/10.1111/j.1524-4733.2008.00489.x

	Artificial-Intelligence Cloud-Based Platform to Support Shared Decision-Making in the Locoregional Treatment of Breast Cancer: Protocol for a Multidimensional Evaluation Embedded in the CINDERELLA Clinical Trial
	Abstract
	Background 
	Methods 
	Discussion 

	1 Background
	2 Methods
	2.1 Economic Evaluation
	2.1.1 Identification, Measurement, and Valuation of Costs
	2.1.2 Identification, Measurement, and Valuation of Benefits
	2.1.3 Statistical Analysis
	2.1.4 Cost-Consequence and Cost-Utility Analyses
	2.1.5 Budget Impact Analysis

	2.2 Implementability
	2.2.1 Usability
	2.2.2 Acceptability
	2.2.3 Organizational Impact
	2.2.4 Feasibility

	2.3 Environmental Impact

	3 Discussion
	Acknowledgements 
	References




