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Abstract

Background European cancer programmes and policies lack a unified health-related quality of life (HRQoL) assess-
ment tool. The European oncology quality of life toolkit (EUonQol-Kit) is a novel set of HRQol questionnaires,
co-designed with cancer patients and survivors, translated and culturally adapted into 31 European languages,

and with both static and dynamic electronic administration modes. The main aim of this study is the psychometric
assessment of the static version. Secondary aims include evaluating the EUonQol-Kit acceptability, cross-validat-
ing the administration modes, exploring individual factors potentially affecting HRQol and HRQoL inequalities
between countries.

Methods A sample of 4,500 participants, including three groups (active treatment, survivors, and palliative care)

from 45 centres in 25 EU Member States and 7 associated countries, will be enrolled in a multicentre observational
cross-sectional study. All participants will complete the static EUonQol-Kit; three subsamples (each 10% of the total
sample) will also respectively complete the following: a) dynamic EUonQol-Kit, based on Item Response Theory (IRT)/
Computer Adaptive Testing (CAT), b) FACT-G and EQ-5L-5D, and ¢) static EUonQoL-Kit (re-test). Psychometric analyses
will encompass exploratory and confirmatory factor analyses (measurement model and structural validity), Cronbach’s
alpha (internal consistency), intraclass correlation coefficient (test-retest reliability), Pearson/Spearman correlation
(concurrent validity), comparison of group scores (construct validity), and Differential [tem Functioning (cross-country
item equivalence). Secondary analyses will evaluate participant response time and rate, and static/dynamic score dif-
ferences. Regression models will estimate associations between individual factors and HRQoL.

Discussion The EUonQol-Kit will serve to systematically incorporate patient perspectives into European cancer poli-
cies and to address HRQoL inequalities across Europe.

Trial registration ClinicalTrials.gov Identifier: NCT05947903, 2023-06-28.
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Background

Health-Related Quality of Life (HRQoL) is a multidi-
mensional construct used to operatively estimate how
disease and treatment impact a patient’s perception of
overall functioning and wellbeing. Key dimensions of
HRQoL include an individual’s physical health, emo-
tional/psychological state, self-care, role functioning,
and social relationships, reflecting a dynamic interplay
of preferences, life priorities, past experiences, current
circumstances, and future expectations [1-5]. HRQoL is
commonly evaluated using Patient-Reported Outcome
Measures (PROMs), assessment tools, often question-
naires, designed to collect “any report of the status of a
patient’s health condition that comes directly from the
patient without interpretation by a clinician or anyone
else” [6]. PROMs serve as the gold standard for under-
standing “what matters to patients’, as they provide self-
reported insights into HRQoL, invaluable for optimising
benefits for both individuals and society.

HRQoL is acknowledged as a central health outcome
in cancer care and represents one of the pillars of the
European Union (EU) Mission on Cancer [7], which
aims to support the needs of cancer patients through-
out the entire disease pathway. Within this context,
aggregated PROM data may inform the development
of targeted interventions, research priorities, and evi-
dence-based policymaking, to address unmet needs and
improve cancer patients’ quality of life outcomes across
the EU. Indeed, PROMs are increasingly acknowledged
as being of value at the overarching levels of health sys-
tems, as they help assess how the system is performing
from a patient’s perspective. On the meso/institutional
level, they can be used for healthcare quality improve-
ment purposes, i.e., to benchmark the performance of
providers, assess the effectiveness of services and pub-
licly report on issues that are relevant to informed and
shared decision-making. On the macro/systemic level,
their purpose is mainly to complement population-based
information from surveillance data for supporting health
policymakers in resource planning and allocation [8].
However, despite significant advances in the application
of PROMs in real world settings and effective examples of
large-scale PROM implementation in many international
initiatives [9—-11], the use of PROM data at the meso and
macro level is limited.

PROMs are well established at the micro/individual
patient level and in clinical research, where cancer-
specific PROMs have been developed, validated and

translated into many languages with the primary aim to
assess effectiveness and tolerability of healthcare inter-
ventions in the context of clinical trials [12-17]. Tra-
ditionally, these questionnaires are based on Classical
Test Theory (CTT) [18] and they are “static’, that is, the
same set of questions is presented to every respondent.
However, Computer Adaptive Testing (CAT) technol-
ogy, which applies Item Response Theory (IRT) to adapt
the choice of questions to the specific health status of
each respondent based on their answers during ques-
tionnaire completion, has recently paved the way for
dynamic PROM:s to potentially improve HRQoL assess-
ment in oncology [19, 20]. Most of the existing instru-
ments have been designed some decades ago and need
to be updated. In addition, it is well established that
collaborative forms of patient and public involvement
are useful in achieving appropriate and valid PROMs in
oncology [21]. Involving patients not only by collecting
their input on PROMs (usually through interviews and
focus groups), but also by actively engaging them as co-
researchers in the development process of the tools is
of paramount importance to increase the relevance and
acceptability of PROMs [21, 22].

At present, European cancer policies and programs
lack a comprehensive HRQoL assessment tool with
these innovative features, which can be widely used
with a multi-level approach in different healthcare sys-
tems and countries. The EU-funded project “Quality
of Life in Oncology: measuring what matters to cancer
patients and survivors in Europe (EUonQoL)” aims to
develop, validate and disseminate the EUonQoL-Kit, a
unified patient-centred toolkit for HRQoL assessment,
based on preferences and priorities of cancer patients
and survivors, to be used to support the development
and evaluation of European cancer programs and poli-
cies [23, 24].

The EUonQoL-Kit, developed from a patient perspec-
tive, is an electronic PROM available in the languages
of the EU27 member states and several associated
countries. It is designed to be applicable for future,
periodic surveys contributing to the EU’s Mission on
Cancer. The EUonQoL-Kit includes three question-
naires, each designed for a specific cancer condition:
patients in active treatment, survivors, and patients
in palliative care. Each questionnaire allows for two
modes of administration: static and dynamic.

The main aim of this study is to assess the met-
ric properties (measurement model, validity, and
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Fig. 1 Countries (25 EU Member States and 7 associated countries) participating in the EUonQol validation study

reliability) of the EUonQoL-Kit static version through
its first large-scale application in a pan-European sur-
vey of cancer patients and survivors. Secondary aims
comprise: 1) Assessing the acceptability of the EUon-
QoL-Kit and reasons for refusal, including patient
burden; 2) Validating the static and dynamic modes of
administration of the EUonQoL-Kit against each other;
3) Exploring sociodemographic and clinical factors
potentially associated with HRQoL; 4) Providing pre-
liminary estimates of HRQoL across different European
countries.

Methods/design

Patient and public involvement

The EUonQoL project is based on a co-design approach,
involving patients as co-researchers in the different
phases of the project, including the development of the
EUonQoL-Kit and the validation study. The term “co-
researchers” is used for people diagnosed with any kind
of cancer, and their caregivers, who collaborate with
the researchers. Three co-researchers have participated
in the preparatory activities for the implementation of
the survey by offering their views on the patient’s jour-
ney during the study, as perceived through the descrip-
tion given in the present protocol. They collaborated
with the researchers through regular online meetings

and email contact. With the aim of exploring any poten-
tial for improvement in the patient experience, they
have provided feedback on the patient documentation
(study information sheet, informed consent form, data
processing information sheet) and helped to draft the
Standard Operating Procedures (SOPs), ie. detailed
written instructions aimed to achieve uniform step-by-
step actions for study implementation across the clinical
centres involved in conducting the survey. An important
outcome of this collaborative involvement of patient co-
researchers is a list of dos and don’ts guiding research-
ers and healthcare professionals in their interaction with
patients during the critical stages of the survey. This list
is reported in Supplementary Information 1, Additional
File 1. After data collection and analyses are completed,
patient co-researchers will be involved in results inter-
pretation as well.

Study design and target population

This is a multicentre observational cross-sectional study,
involving 45 clinical sites from 25 EU Member States and
7 associated countries, mostly selected among members
of the Organisation of the European Cancer Institutes
(OECI). The study has been registered on ClinicalTrials.
gov (Identifier: NCT05947903, 2023-06-28). Figure 1
shows geographical coverage of the data collection.
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Table 1 Operational definitions of the disease conditions for the three target groups

Target group Disease condition definition

Examples

A) Patients in active treatment

Patients undergoing or having recently completed:

- Curative treatment for early-stage cancers

- Non-curative treatment for advanced/metastatic
cancers, including disease controlling/life prolonging

- Stage 1-2 breast cancer during or up to 3 months
following radiotherapy, surgery, or systemic treatments
- Stage 4 breast cancer on 1st line chemotherapy

« Lung cancer on immunotherapy

tumour-directed treatment (e.g., patients with meta-
static disease receiving chemotherapy, immunotherapy,

or targeted agents)
B)  Survivors

C) Patients in palliative care
of the following criteria:

- Projected prognosis < 12 months and ECOG* > 2
- Referred to a specialist palliative care team for symp-

tom control

Patients who are disease-free without evidence of active
cancer, and at least one year off active treatment (except
for long-term adjuvant hormonotherapy)

Patients with advanced cancers who meet at least one

- Breast cancer treated with surgery and adjuvant
radiotherapy three years ago and on 10 years of hor-
monal treatment

- Patients with castrate-resistant prostate cancer, pro-
gressed through systemic treatment options referred
for radiotherapy for bone pain

« Metastatic breast cancer patient on 5th-line systemic
treatment

- Receiving non-curative systemic treatment or radio-

therapy purely for symptom control

" ECOG (Eastern Cooperative Oncology Group) performance status [25]

Eligibility criteria

Individuals will be considered eligible for the study if they
meet the following inclusion criteria: i) Age 18 years or
more; ii) Present or past histologically confirmed diag-
nosis of solid tumour or haematological malignancyj; iii)
Being in one of three disease conditions, i.e., active treat-
ment, survivors, palliative care (definitions are detailed in
the following paragraph, “ Disease condition operational
definitions”); iv) Native tongue or fluent in the language
of the questionnaire; v) Written informed consent to the
study. Individuals will be ineligible to study participation
in the presence of cognitive impairment preventing them
from completing the questionnaire.

Disease condition operational definitions

For the validation purposes of the study, three opera-
tional disease condition definitions are adopted with the
pragmatic objective of distinguishing among participants
in the three different target groups: Group A) Patients in
active treatment; Group B) Survivors; Group C) Patients
in palliative care. The full definitions complemented by
examples are provided in Table 1.

The EUonQolL-Kit

The development of the EUonQoL-Kit involved multiple
stakeholders, also including patients, through an itera-
tive process of several steps: (i) two systematic literature
reviews on existing QoL questionnaires and on qualita-
tive studies exploring QoL dimensions relevant to the
three different target groups; (ii) a mixed-method study,
including interviews with patients and a Delphi survey
with both patients and healthcare providers, aimed at col-
lecting priorities and preferences on HRQoL dimensions

for cancer patients and survivors; (iii) triangulation of the
above results through a consensus methodology to cre-
ate a first static version of the EUonQoL-Kit that (iv) was
tested in a usability study; (v) revision of the question-
naire based on the results of the usability study and on
a consensus development panel methodology to develop
a second version of the EUonQoL-Kit that will be used
in the present validation survey; (vi) translation and cul-
tural adaptation of this second version of the EUonQoL-
Kit across European languages, in accordance with the
ISPOR guidelines [26]. More details on the EUonQoL-Kit
development process will be reported in a separate paper.

The EUonQoL-Kit consists of 6 questionnaires (Fig. 2):
for each of the three target groups (i.e., active treatment,
survivors, palliative care, according to the operational
definitions described above), a specific questionnaire has
been developed that is available in both a static version
(i.e., a traditional questionnaire composed by a fixed set
of pre-selected items) and a dynamic version applying
Computer Adaptive Testing (CAT, i.e., a questionnaire
where items are selected based on the responses pro-
vided by the participants while filling in the question-
naire). CAT is based on Item Response Theory (IRT), a
set of mathematical models that describe the relationship
between an individual’s ‘ability’ or ‘trait’ and how they
respond to items on a scale [27]. The static and dynamic
versions of the EUonQoL-Kit include both traditionally
scored items and IRT-scored items (i.e., items calibrated
based on an IRT model).

Table 2 shows the item number and composition of the
EUonQoL-Kit in both the static and dynamic versions.
Each questionnaire covers several HRQoL dimensions, as
well as patient experiences, two items on overall health
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Table 2 Item number and composition of the static and dynamic versions of the EUonQol-Kit
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Dimensions

EUonQolL-Kit

Static version

Dynamic version

IRT-scored items
Mobility & Activity/Physical Functioning (PF)
Social Role & Activities/Role Functioning (RF)
Pain (PA)
Energy/Fatigue (FA)
Sleeping problems (SL)
Anxiety & Worry/Emotional Functioning (EF)
Family & Relationships/Social Functioning (SF)
Financial aspects/difficulties (FI)
Total number of IRT-scored items
Traditionally scored items
Other physical symptoms - single items?
Other mixed items®
Patient experiences

Overall health and QoL +WISP (Write In 3 Symptoms/Problems)

General QoL open-ended question
Total number of traditionally scored items
Total number of items

2-3¢
2
2

28-32°
44-50°¢

(e NN RN AN e e RO Y

(%
o

1-16°
6-7¢
3
1
28-32¢
78-82¢

2 Cover appetite, nausea, constipation, diarrhoea, breathing problems and symptom side effects

b Cover fear of recurrence, future outlook, spirituality, concentration, body image, sex life/intimacy, maintenance of independence, health behavioural change,
isolation and symptom worries + traditionally scored "Financial aspects" and "Family & Relationships"

€ Min. and max. number of items included in the three questionnaires for the three target groups
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Table 3 Enrolment in each centre according to target groups and primary cancer diagnosis

Primary cancer diagnosis Group A Group B Group C Total

Active treatment Survivors Palliative care

Lung cancer 6+1 1 5+1 16+2
Breast cancer 6+1 +1 5+1 16+2
Colorectal cancer 6+1 441 441 14+2
Haematological malignancies* 6+1 441 441 14+2
Prostate cancer 6+1 4+1 4+1 14+2
Other cancer 10+2 8+2 8+2 26+2
Total 40 30 30 100

" Haematological malignancies include lymphomas

and QoL perception, one open-ended question to report
up to three additional symptoms or problems not cov-
ered by the questionnaire (“Write In three Symptoms/
Problems”—WISP item [28]), and a general open-ended
question regarding what mostly impacts the respondents’
HRQoL.

It should be noted that items on a dimension may be
common or unique to the three groups. In addition,
traditionally scored items are the same in the static and
dynamic versions. Finally, the total number of items
tested in this validation study ranges from 44 to 50 in
the static version and from 78 to 82 in the dynamic ver-
sion (shorter questionnaires are for patients in palliative
care, group C). The items to be included in the final ver-
sion of the questionnaire will be chosen based on the psy-
chometric properties of the items and scales emerging
from the present study. It is worth noting that the final
dynamic version is expected to be shorter than the pre-
sent one.

Study procedures

Sample size

One hundred patients will be enrolled in each of the
clinical centres involved in the survey, stratified accord-
ing to the three target groups as follows: A) Active treat-
ment, 40 patients; B) Survivors, 30 patients; C) Palliative
care, 30 patients. Scientifically sound recommendations
on statistical power/sample size in validation studies
are lacking and minimum rule-of-thumb requirements
are provided [29]; in particular, the sample size recom-
mended for structural validity is 1,000, considering that
exploratory and confirmatory factor analyses (EFA &
CFA) will be performed sequentially in two random sub-
samples of 500 participants each. We initially aimed at
involving 40 cancer centres in 32 countries (at least 1 cen-
tre and 100 patients per country), resulting in a total of
4,000 participants with 1,600, 1,200 and 1,200 responders
in each group, appropriate to both psychometric and sec-
ondary analyses stratified by country. As a potential risk

mitigation measure, we enrolled 5 additional centres (45
instead of 40, overall sample of 4,500 participants, with
1,800, 1,350 and 1,350 in groups A, B, and C, respec-
tively) to account for potential dropout of centres during
both the preparatory and conduction phase of the study.

Patient recruitment

To guarantee a minimum variability in terms of primary
cancer diagnosis, each centre will be recommended
to enrol patients in agreement with the stratification
scheme shown in Table 3.

Data collection

Enrolment is planned to begin at the end of August 2024
and the survey is expected to be completed by the end of
March 2025.

In each centre, data collection will be performed in
pre-identified outpatient clinics and inpatient wards dur-
ing specific days previously agreed upon with the study
coordinator. Participation in the study will be offered to
consecutive eligible patients until the pre-defined sample
size for each target group and primary diagnosis (Table 3)
is reached. All participants in the sample will fill out one
of the three versions of the EUonQoL-Kit (determined
by their assignment to one of the three target groups) as
a static administration. In addition, three subsamples of
patients will be randomly selected to complete the fol-
lowing additional questionnaires on the same occasion
(Table 4):

1) FACT-G (Functional Assessment of Cancer Therapy
— General) [16] and EQ-5D-5L (5-level European
Quality of Life Five Dimension) [30] with the aim to
evaluate concurrent validity (“concurrent validity”
subsample: 10% of the overall sample, stratified for
the three disease conditions, A, B, and C).

2) The HRQoL domains covered by the IRT-scored
items in the dynamic version of the EUonQoL-Kit;
the aim is to identify the optimum number of items
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Table 4 Random allocation of participants to specific subsamples, with EUonQol-Kit version determined by the patient group

Questionnaire Group A Group B Group C Total
Active treatment Survivors Palliative care

EUonQol-Kit static + FACT-G/EQ-5D-5L 3 3 10

EUonQol-Kit static +dynamic administration 3 3 10

of the IRT-scored items?®

EUonQol-Kit static test-retest 4 3 3 10

EUonQol-Kit static only 28 21 21 70

Total 40 30 30 100

@The traditionally scored items of the dynamic version will not be administered in the present study, as they are the same of the static version, which will be

administered to all patients in the sample

for each domain to be used in the dynamic version as
well as to test the real-world feasibility of such imple-
mentation (“dynamic” subsample: 10% of the overall
sample, stratified for the three patient groups).

3) The same version of the EUonQoL-Kit (determined
by the participant assignment to one of the three tar-
get groups) as a static administration, a second time
at least one hour after the first completion, to assess
test—retest reliability (“test-retest” subsample: 10%
of the overall sample, stratified for the three disease
conditions).

Box 1 reports the list of sociodemographic and clinical
variables collected for this study.

The sociodemographic information will be self-
reported by the participants through an electronic form
after the completion of the questionnaires. Individual
clinical characteristics will be entered into a dedicated
electronic Case Report Form (eCRF) by healthcare pro-
fessionals, who will also provide feedback on the par-
ticipants’ ability to self-complete the EUonQoL-Kit and
collect information on their familiarity with the use of
digital devices and the Internet.

E-tools and procedures for participant registration and
data collection are described in Supplementary Informa-
tion 2, Additional File 1.

Data analysis and statistics

Psychometric validation

Internationally accepted methodological guidelines for
the validation of PROMs will be followed [31, 32].

The primary aim of the study includes the evaluation
of conceptual and measurement model, validity and reli-
ability of the EUonQoL-Kit static version under CTT, as
recommended by the international guidelines mentioned
above. In particular, the following analyses will be con-
ducted for the whole sample, as well as stratifying by dis-
ease condition (patients in active treatment, survivors,

and patients in palliative care) and, in some of them strat-
ifying by country:

+ EFA and CFA will be performed to assess EUonQoL-
Kit conceptual and measurement model and struc-
tural validity. The global sample will be divided into
two random sub-samples, stratifying by target group
and country. The first sub-sample will be used to per-
form EFA, and the second sub-sample for CFA. The
conceptual measurement model obtained during
the development of the EUonQoL Kit, together with
the results of EFA will be considered to construct
the model to be confirmed by CFA. Goodness-of-fit
will be measured by the Root Mean Square Error of
Approximation (RMSEA, adequate if below 0.08),
and the Comparative Fit Index (CFI) and Tucker-
Lewis Index (TLI), which are recommended to be
over 0.95 [33].

« Distribution of answers to items will be examined by
calculating the absolute and relative frequencies of
the different response options.

« Distribution of scale scores will be examined by cal-
culating the observed range of scale scores, floor, and
ceiling effects (proportion of participants with the
worst and best possible score, respectively), and sta-
tistics of central tendency and dispersion.

+ Reliability will be evaluated in terms of internal con-
sistency and reproducibility. Internal consistency
will be assessed with Cronbach’s alpha coefficient of
multi-item scales [34]. To assess reproducibility, a
sub-sample of patients (10 patients per centre, corre-
sponding to 10% of the total sample, see Table 4) will
complete the EUonQoL-Kit a second time at least
1 hour after the first completion (test-retest), and
agreement will be estimated with the Intra-class Cor-
relation Coefficient (ICC).

+ Concurrent validity of the EUonQoL-Kit will be eval-
uated in the selected sub-sample by the multi-trait
multimethod matrix [35] between the EUonQoL-
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Box 1 List of sociodemographic and clinical variables collected for the three target groups

Variables

Sociodemographic

Age

Country of birth
Sex and gender identity

Place of residence

Living situation

Members in household

Education level

Main activity status (prior to cancer diagnosis and current)

Financial situation (total expenses in relation to household income, ability to keep up with household and medical bills)

Presence of disabilities

Lifestyle behaviour (smoking, drinking, diet, physical activity)

Importance of religious belief/spirituality

Clinical

Primary cancer diagnosis (ICD-10 code and date)®

Stage of cancer disease®

Presence of local relapse (date)?

Presence of metastases (site and date)?

ECOG performance status

Charlson Comorbidity Index

Tumour-directed treatment (date of last treatment, type, line)®

Pharmacological treatment for psychiatric disorders, pain, and other physical symptoms

Weight/Height, and duration and amount of involuntary weight loss (if any)

Follow-up frequency©

Followed by a specialized palliative care team®

Followed by a psycho-oncologist

Setting of care®

2 Current, for Groups A and C, previous for Group B

b Groups A and C only

€ Group B only

Kit and the FACT-G/EQ-5D-5L questionnaires with
Pearson or Spearman correlation coefficients accord-
ing to the variables’ distribution. Hypotheses, estab-
lished a priori, will be tested on the strength of the
logical relationships expected between them (0.61—
0.90 strong, 0.31-0.60 moderate, and < 0.30 weak).

Construct validity based on hypotheses-testing will
be assessed by examining the patterns of EUonQoL-
Kit scores across known groups defined by variables
such as tumour stage, treatment, and ECOG perfor-
mance status. The hypothesis is that we will observe
better QoL scores for patients in early stage, less
invasive treatment modalities, and for patients with
a good performance status. Mean differences among
groups will be tested with ANOVA, and the magni-
tude of the difference between them will be estimated
by Effect Size coefficient (difference in mean scores

between groups/pooled standard deviation):>0.8
high, 0.5-0.8 moderate, and 0.2-0.5 low [36].

+ Test of Differential Item fFunctioning (DIF) will be
used to assess item equivalence; that is, to evaluate
if patients from different countries show differing
probabilities of success on any item, after matching
on the scale score [37]. An ordinal logistic regression
approach will be used to assess DIF (uniform and
non-uniform) with item response as the dependent
variable in the models, and scale score and country
as the independent variables, together with the scale-
country interaction.

Analysis of secondary outcomes
Acceptability and patient burden
Acceptability will be assessed through EUonQoL-
Kit response rate (number of patients successfully
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completing the questionnaire among those offered to fill
in it), and average percentage of missing items per ques-
tionnaire; respondent burden will be assessed through
the time needed to complete the EUonQoL-Kit (statistics
of central tendency and dispersion).

Validation of IRT-scored items

There are two primary aims of this validation: 1) to com-
pare scores obtained with the static and dynamic admin-
istration to test if they produce similar, interchangeable
results; and 2) to assess whether the items selected for
the static version and the related CAT-settings should be
adjusted to obtain optimal assessment.

1) As static and dynamic administrations, respectively,
are based on the same item banks, they are expected to
produce interchangeable scores. This is verified by com-
paring scores from the two versions in the sub-sample
which has completed both tools. Mean score differences
(and standard deviations) will be calculated and tested.
Only trivial differences are expected. Furthermore,
Bland—Altman plots, Pearson correlations and Intra-class
Correlation Coefficients (ICCs) between the two types
of assessment will be calculated. Strong associations are
expected.

2) Items selected for the static administration and
the settings for the dynamic CAT administration have
been selected prior to the validation study based on the
expected score distributions of the patient populations in
the survey. However, the efficiency and precision of the
tools depend on these choices. Therefore, based on the
observed (“true”) distributions in the survey samples, it
will be assessed whether the pre-selected items and the
CAT settings chosen are optimal or whether adjustments
are required to improve efficiency and precision. This will
be done by estimating how informative each item is on
average for each patient sample, and accordingly, assess-
ing which are the most informative items and what are
the optimal CAT-settings.

Analysis of factors potentially associated with HRQoL

in cancer patients and survivors

Analysis of the association between HRQoL outcomes
and individual characteristics will involve extensive
exploratory visual plots to compare crude average esti-
mates of the different HRQoL dimensions assessed by
the EUonQoL-Kit (Table 2) grouped by different partici-
pant characteristics (Box1). Then, multivariable regres-
sion models will be fitted for each HRQoL dimension; for
scores that can be assumed to be a continuous measure-
ment with normal distribution (i.e. those coming from
multi-item scales), linear generalized models with normal
link will be applied, while for QoL scores in which normal
distribution assumption does not hold (i.e. those from
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single items scales), quantile regression models [39] or
multinomial regression models, where appropriate, will
be used. The most relevant variables to be included in the
regression models will be chosen by applying appropriate
variable selection methods. All the analyses will be per-
formed separately in each target group (patients in active
treatment, survivors, and patients in palliative care).

As the data collection in the present study is limited to
a few centres per country for reasons of feasibility (often
one centre per country), analyses of HRQoL inequali-
ties across EU countries will be exploratory and based
on descriptive comparison of crude estimates by country.
Heterogeneity among countries will be firstly explored in
the statistical models allowing for inclusion of a country
random effect; the latter will be tested using the likeli-
hood ratio test. Moreover, the different countries will be
grouped according to EU geographic areas (North, East,
Center, Sud, West) and the corresponding terms will be
included in the statistical models fitted for each HRQoL
dimension to test for possible differences among macro
areas.

Before the analyses described above, a preliminary
analysis of missing data pattern will be performed by
assessing the proportion of missing data for each partici-
pant characteristic variable (Table 5) and for the HRQoL
dimension used as dependent variable in the model. Lit-
tle’s MCAR test [39] will be used to test the MCAR null
hypothesis. If the latter will not be rejected at the 5% level
and/or if missingness will be below 5%, missing data will
be ignored, and an available case analysis will be per-
formed; this analysis will have a reduced statistical power
due to the reduced sample size but it will not be biased
[39]. In case of MCAR assumption refusal, the possibil-
ity to perform multiple imputation will be evaluated
by selecting, among those collected, the variables that
could contribute to the missing data imputation models.
Ninety-five percent confidence intervals (95%Cls) will be
calculated for all estimates provided.

Discussion

The EUonQoL project is an important step in the pro-
gress towards high value patient-centred care, as it takes
up the challenge of providing an innovative HRQoL
assessment instrument (the EUonQoL-Kit), aimed at
ensuring that patients’ perspectives will be systematically
incorporated into future European cancer programs and
policies. Co-designed with patients to address their pri-
orities and needs, translated and culturally adapted into
several European languages, integrating both static and
dynamic questionnaires, the EUonQoL-Kit is intended
to serve as a unified tool to assess variation in HRQoL
among different European countries and specific sub-
groups within the cancer patient population.
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Access to reliable outcome measurement systems will
allow policymakers to make more informed decisions
on which interventions to fund, prioritize, or modity.
Underlying the development and validation of the EUon-
QoL-Kit is in fact the assumption that having a standard-
ised instrument for the collection and analysis of HRQoL
data will facilitate its use as a performance measure in
healthcare systems. The latter will then be able to pri-
oritise interventions that align with patients’ goals and
values, eventually leading to better health outcomes and
enhanced quality of life.

This paper provides a comprehensive description of
the validation study aimed to establish the psychometric
properties of the EUonQoL-Kit in a very large European
sample of cancer patients and survivors. Based on this
validation study results, the toolkit will be further refined
and finalised. In particular, the settings of the dynamic
version will be adjusted defining the number of items
to be proposed to the three population groups to obtain
optimal efficiency and precision of the tool.

After the validation phase of the EUonQoL-Kit, a num-
ber of implementation strategies will be put in place to
guide and disseminate the use of the tool in (i) future
European HRQoL surveys, to enable healthcare pro-
viders to monitor longitudinal outcomes or identify
emerging issues in order to adjust plans and resource
allocation as needed to optimize cancer programs; (ii)
in the framework of the EU Mission on Cancer, to pro-
vide support to one of the core principles of EU initia-
tives on cancer, namely improving or preserving QoL at
all stages of the disease; (iii) in coordination with other
EU-funded projects and other research activities, to com-
plement and integrate existing health outcome measures.
For example, the European Cancer Inequalities Register
(ECIR) is a database designed to identify and analyse sys-
temic disparities in cancer care across different demo-
graphic, socioeconomic, and geographic population
groups within and between member states and regions
of Europe. This initiative provides policymakers and
healthcare stakeholders with valuable data to develop
targeted interventions and policies aimed at reducing
inequalities and improving outcomes for cancer patients
across Europe. Integrating future EUonQoL-Kit data into
the ECIR could enhance the register’s ability to capture
patients’ experiences and outcomes, thereby strengthen-
ing its role as an effective guiding tool for evidence-based
policies addressing cancer inequalities.

We are aware that despite the large overall sample size,
which ensures an adequate psychometric evaluation of
the EUonQoL-Kit, this study may not have a sufficiently
large and representative sample per country to ensure the
generalisability of estimates of HRQoL of cancer patients
and survivors in different European countries. However,
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the preliminary exploratory results that will be obtained
will serve to inform sampling design in future more com-
prehensive studies.

Conclusion

The EUonQoL-Kit will be a keystone for advancing
patient-centred care in several significant ways. Aligned
with patient priorities and needs, it will provide reliable
and actionable HRQoL data serving as a performance
measure in healthcare systems and a guiding tool for pri-
oritising interventions. This will ultimately lead to more
effective cancer care strategies.
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