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Abstract

Background: To optimise measurement precision, relevance to patients and flexibility, patient-reported
outcome measures (PROMs) should ideally be adapted to the individual patient/study while retaining direct
comparability of scores across patients/studies. This is achievable using item banks and computerized
adaptive tests (CATs). The EORTC QLQ-C30 is one of the most widely used PROMs in cancer research and
clinical practice. Here we provide an overview of the research program to develop CAT versions of the QLQ-

C30’s 14 functional and symptom domains.

Methods: The EORTC Quality of Life Group’s strategy for developing CAT item banks consists of: literature
search to identify potential candidate items; formulation of new items compatible with the QLQ-C30 item
style; expert evaluations and patient interviews; field-testing and psychometric analyses, including factor

analysis, item response theory (IRT) calibration, and simulation of measurement properties. In addition,

software for setting up, running, and scoring CAT has been developed.

Results: Across 8 rounds of data collections, 9,782 patients were recruited from 12 countries for the field-
testing. The four phases of development resulted in a total of 260 unique items across the 14 domains.

Each item bank consists of 7-34 items. Psychometric evaluations indicated higher measurement precision
and increased statistical power of the CAT measures compared to the QLQ-C30 scales. Using CAT, sample

size requirements may be reduced by approximately 20-35% on average without loss of power.

Conclusions: The QLQ-C30-CAT represents a more precise, powerful and flexible measurement system than

the QLQ-C30. It is currently being validated in a large independent, international sample of cancer patients.



Introduction

Patient-reported outcomes (PROs) are the primary source of information about patients’ health-related
quality of life (HRQOL). PRO measures (PROMs) are typically static, standardised questionnaires i.e., all
patients are asked the same set of items yielding scores that are comparable across patients. To achieve
precise measurements for patients at different levels of HRQOL, traditional PROMs often require a
substantial number of items; more than may be feasible and/or reasonable to ask patients to complete.
Therefore, such PROMs typically represent a compromise between the need to minimize patient burden,

while achieving adequate measurement precision.

Item response theory (IRT) provides a family of statistical models to describe the psychometric
characteristics of items in multi-item scales.! In recent years, there has been an increasing interest in the
use of IRT when developing new PRO/HRQOL measures and for enhancing existing ones. A simple search in
PubMed® using search terms ‘item response theory’ AND (‘quality of life’ OR ‘patient reported outcome’)
resulted in 5 hits for 2000, 21 for 2005, and 69 for 2015.%2 One of the primary reasons for this increasing
interest and one of the major advantages of IRT is that, when a set of items has been calibrated (estimated)
to an IRT model, scores based on any subset of the items are on the same metric and hence, are directly
comparable. This unique feature allows the content of questionnaires to be adapted to the individual
patient without compromising the comparability of scores across patients. This is utilised by computerized
adaptive tests (CATs) to present the most informative items to each patient, thereby optimising the
measurement properties.® During a CAT assessment, item selection is tailored to the individual based on
responses to prior items, i.e. in each step the choice of item is adapted to the current estimate of the

patient’s location on a health continuum (e.g., physical functioning or fatigue).

CAT measures have several advantages over measures based on classical test theory. These include

increased measurement precision, reduced respondent burden, increased question relevance to individual



patients, and increased flexibility. The length of the CAT questionnaire can be adapted to each study or

patient, and scores can be generated automatically, facilitating real time feedback of results.

Because of the clear advantages of CAT measurement, the European Organisation for Research and
Treatment of Cancer (EORTC) Quality of Life Group (QLG) initiated in 2005 a project to develop a CAT PROM
specifically relevant for cancer patients. Since the EORTC QLG’s core questionnaire, the QLQ-C30, is one of
the most widely used PROMs in cancer research and clinical practice,* the QLG deemed it particularly
relevant to enhance the measurement properties of this instrument. Therefore, the aim of this project was
to develop item banks (calibrated collections of items) for CAT measurement of the 14 functional and
symptom domains out of the 15 domains assessed by the EORTC QLQ-C30 (additional items have not been
developed for the overall quality of life scale).>® Development of the CAT required supplementing the QLQ-
C30 with additional items to more fully assess each HRQOL domain. Basing the CAT on the conceptual
model of the QLQ-C30 ensures maximum backward compatibility with the original instrument. Hence,
future studies using the EORTC CAT can compare results with the substantial body of literature of studies
using the original QLQ-C30. In particular, a CAT assessment can be set up to ask all QLQ-C30 items

(supplemented with additional items for increased precision) if a direct assessment of QLQ-C30 is desired.

We have completed the development of all 14 item banks for the CAT version of the QLQ-C30. The analyses
and results of some, but not all of the individual item banks have been published in details.” Here we

present for the first time an overview of the complete EORTC QLQ-C30-CAT instrument.

Methods

The development of all 14 CAT item banks followed the same general approach, which comprises four
phases: 1) literature search, 2) operationalisation (selection and formulation of items), 3) pre-testing, and
4) field-testing. This approach has been described in details elsewhere.®*? Following is a summary of the

approach.



A literature search was conducted to identify existing items used to measure the domain of focus (e.g.,
physical functioning or fatigue). These were not systematic reviews, but aimed at acquiring sufficient

information about previous measurement of the domain to be able to formulate new, relevant items.

The retrieved items were assessed for relevance to EORTC measurement and for redundancy. As the aim
was to retain the conceptual model from the QLQ-C30, items were discarded if not reflecting the HRQOL
domains as measured by the QLQ-C30. For example, the QLQ-C30 items on physical functioning do not
cover agility. Hence, items on agility were deemed not relevant for our measurement of physical
functioning. Other items were discarded because they could not be re-worded to fit the standard QLQ-C30
timeframe and/or response options (e.g. an item asking ‘how many times did you...?’” would not fit the
response options ‘not at all’ to ‘very much’) or because they were too similar to items already selected.

The list of retained items was used as a starting point for formulating new items covering the full range of
the domain of interest (e.g., from poor to excellent physical functioning) and fitting the QLQ-C30 item style.

The list of items was evaluated by international HRQOL/PRO experts and revised accordingly.

In phase 3, the revised items were evaluated by a heterogeneous, international sample of cancer patients.
Items from each domain were evaluated by at least 30 patients from >3 countries. Patient input on item
relevance, clarity, coverage etc. was obtained using semi-structured interviews. Before the interviews,
items were translated into the relevant languages by the Translation Office of the EORTC Quality of Life
Department according to rigorous and well-established guidelines.'® The list of items was revised based on

the patient comments.

In phase 4, the resulting item banks were field-tested in heterogeneous, international samples of cancer
patients. The goal was to include a total of about 1,000 patients across >3 countries. The patients
completed the new items together with the QLQ-C30. The resulting dataset formed the basis for the final
psychometric evaluations. These included: evaluating dimensionality using factor analysis for ordinal

variables; calibrating the IRT model (the generalized partial credit model) and evaluating item fit; evaluating



differential item functioning (DIF) to explore whether items function similarly across different groups of
patients (e.g., men and women, patients from different countries); and evaluating the measurement
precision of the CATs based on the resulting item banks using both observed and simulated data.’* Items

not fitting the unidimensional IRT model or exhibiting DIF were candidates for exclusion.

Ethical approval for phases 3 and 4 was obtained in accordance with local ethical standards.

CAT measurement requires specialized software for real time selection of items, for estimating scores, etc.
Therefore the EORTC QLG has developed software for conducting online CAT assessment. The group has
also developed software for selecting items for short forms. Short forms are static, fixed questionnaires
composed of items selected from the item banks. Scores based on such short forms are directly
comparable with those based on the dynamic CAT version and are particularly useful when (online)

electronic data collection is infeasible.

Results

The literature searches in phase 1 revealed a wide range in the number of items that have been used to
measure the different QLQ-C30 domains, ranging from 122 role functioning items to 1,729 items for
emotional functioning. Across all domains, deletion of redundant items and items not relevant for our
measurement model or incompatible with the QLQ-C30 item style reduced the lists by 69-94% leaving, on

average, 15% of the items identified in the literature.

The retained items formed the basis for formulating new, unique items that were compatible with the
EORTC item style. This resulted in 14-86 candidate items across the 14 item banks. These items were then

evaluated by experts from a variety of fields, reducing the lists to 12-55 items per domain.

In phase 3, we conducted 11 separate pre-tests, each comprising items from 1 to 3 domains. Each pre-test

included a mixed sample of 31-52 cancer patients from 3-5 countries, resulting in a total of 433 patient



interviews. Patient characteristics are shown in[Table 1] Based on feedback from patients about items being

difficult to understand, confusing, intrusive or otherwise problematic, some items were reformulated or
deleted. If patients judged that items on important aspects of a domain were missing, new items were
formulated. These patient-based revisions resulted in item lists of 12 to 51 items per domain for the final

phase 4 evaluations.

Table 1|about here)

To reduce response burden and because of the chronology of item bank development, phase 4 consisted of
8 patient surveys, each covering 1-3 domains. Each survey included 858-1,321 patient responses, with a
total of 9,782 responses. Patients were recruited from 12 countries (between 4 and 7 countries per

survey). British and Danish patients participated in all surveys. Sociodemographic and clinical characteristics

of the heterogeneous patient sample are shown in|Table 2

Table 2|about here)

We evaluated the psychometric properties of the items for each domain following a thorough, stepwise
procedure. Across the 14 domains, we evaluated a total of 372 candidate items. The primary reasons for
deleting items were multidimensionality and misfit to the IRT model. Across the domains, approximately
20% of the candidate items were deleted to ensure that the list of items for each domain was sufficiently
unidimensional for the IRT analysis. Additionally, 10% of items across the domains were deleted to obtain
acceptable fit to the IRT models. For all domains, DIF analyses indicated that some items might perform
slightly differently across specific patient groups, particularly across certain countries/languages. However,
the potential DIF identified was relatively trivial in the sense that it was unlikely to have practical impact on
the estimation of domain scores, i.e. the DIF would not bias comparisons across groups. Taken together,
the psychometric evaluations resulted in the deletion of between 0% and 47% of the candidate items

within each domain. The 14 resulting CAT item banks range from 7 items for lack of appetite to 34 items for



fatigue and cognitive functioning (see Table 3) and comprise in total 260 items including the 28 QLQ-C30

items (+ 2 items for overall quality of life).

Table 3|about here)

CAT measurements asking 1, 2, 3,... items were simulated and the measurement precision/statistical power
of these CATs to detect expected group differences were compared with the original QLQ-C30 scales. From

this, the required sample sizes needed with the CATs to obtain the same power as with the QLQ-C30 scales

were estimated. The averages of these simulations across the 14 domains are plotted in[Fig. 1| The required

sample size for the CATs was, on average, substantially lower than for the QLQ-C30 scales. For example,
asking 4 items in a CAT requires, on average only 75% of the sample size to match the power of the
corresponding QLQ-C30 scale. As expected the more items asked in the CAT, the more power, i.e. smaller
sample sizes are needed. Note that there were substantial differences in the estimated maximal sample

size savings across the domains, ranging from 15% for social functioning to 55% for dyspnea.

Fig. 1|about here)

The software developed for conducting CAT measurement consists of two parts: a front end, visible to the
respondent, and a back end that performs the calculations needed to conduct a CAT assessment. The
current online version of the front end, CHES, was developed by Evaluation Software Development™. A

demo version of this CHES-EORTC-CAT platform is available at https://eortc.ches.pro/ and a screenshot is

shown in[Fig. 2| The front end has a simple and intuitive design allowing most respondents to use it without

help or instructions. The back end, termed the CAT-engine, has been developed within the EORTC CAT-
project. Using a simple web-interface, required information regarding which items to ask and the item

responses provided is shared between the CAT-engine and CHES. The CAT-engine may communicate with

other electronic PRO data collection systems such as REDCap {https://www.project-redcap.org/}, to run a

CAT assessment.
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We have also developed a tool for selecting items for short forms.|Fig. 3|shows an example of the current

version of this short form generator software. For the domain of interest (e.g., physical functioning) the
expected mean and standard deviation of the target population together with the score range of interest
are inputted. The generator then estimates which items will be the most informative. It also provides a plot

of the information function of the selected items and the score distribution of the target population (see

Fig. 3). This tool is particularly useful for selecting the most informative items for a static short form

qguestionnaire when it is not feasible to use the CAT system.

Fig. 2|and|Fig. 3|about here)

Discussion

CAT measurement adapts in real time a PROM to the individual patient while retaining direct comparability
of scores across patients. The EORTC QLQ-C30-CAT presented here measures the same HRQOL domains as
the widely used EORTC QLQ-C30 questionnaire. This ‘intelligent’ version of the QLQ-C30 allows clinicians
and researchers to assess each patient’s level of symptoms and functioning using only the most informative
items from the item banks that have been developed. Thereby, measurement precision and response
burden/time can be adjusted to the needs of the individual study. When minimal response burden or time
is essential, a short and quick CAT design can be chosen, while when high precision is paramount for key
outcomes (e.g., pain when testing a new pain medication) or when sample size is limited by budget or
clinical availability, more items can be asked. Even in cases where electronic data collection is not feasible,
one may take advantage of the CAT item banks to construct short forms, i.e. static (paper) questionnaires

customised to fit the requirements of the individual studies.

The 14 item banks developed for the QLQ-C30-CAT include 7 to 34 items each and a total of 260 items, i.e.
about 9 times the number of items in the QLQ-C30. These item banks have been developed using a

thorough mixed-methods approach including literature searches, expert evaluations, interviews with

11



cancer patients, and psychometric analyses based on large international and mixed samples of cancer
patients. The development has been conducted internationally, using different languages and in different
cultures which strengthens the robustness of the results and helps to ensure that the instrument is
meaningful and applicable across patient groups. Currently the complete set of item banks is available in 10

languages.

A number of other research groups have developed and/or evaluated the use of CAT instruments for PRO
measurement, covering a variety of patient groups and HRQOL domains.'®>?® Most prominent of these is
the large scale US based PROMIS initiative.’® PROMIS instruments have been developed to measure
physical, mental, and social health for a wide range of patients groups, covering both adults and children.
PROMIS measures of physical functioning, social functioning, pain, fatigue, anxiety and depression have
been specifically targeted to cancer patients.3’ These measures, as PROMIS measures in general, have been
developed in and for use in the US, although work is in progress to translate and validate PROMIS measures
across countries.>! Hence, in international studies, and in studies outside the US in general, the cross-
national development is an advantage of the EORTC QLQ-C30-CAT. The involvement of international

samples of patients in the development process is a trademark of all EORTC QLG PROM development.

The expectation that CAT measurement is more efficient and precise than standard fixed-length/fixed-
format questionnaires has been confirmed for the EORTC QLQ-C30-CAT. Simulations indicated that on
average, sample sizes may be reduced by typically 25-30% as compared to using the QLQ-C30, without
reducing the power of a study. This means that costs and time for PRO studies can be significantly reduced
without affecting quality, simply by using this new instrument. The increased measurement precision also
means that the CAT instrument will be more appropriate for measurement at the individual patient level,
e.g. for monitoring changes over time, which generally requires more precise measures than studies at

group level.
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It should be noted that the simulations were based on the same data as used for the development of the
QLQ-C30-CAT. Therefore, a large international validation study has been initiated to assess the
psychometric properties of the QLQ-C30-CAT in an independent sample. When this validation is completed,
the QLQ-C30-CAT will be released as a fully validated EORTC instrument. However, the current version is
available for use, with the understanding that some minor refinements in the instrument may be required
based on the findings of the validation study. The EORTC QLG website provides more information on the

current use of the QLQ-C30-CAT and short forms at http://groups.eortc.be/qol/eortc-cat.

Concurrent with the validation study, large samples of general population data from several countries
across Europe have been collected.3? These will be used to norm the QLQ-C30-CAT so that the European
general population has a mean of 50 and a standard deviation of 10 (a so-called T-scoring) for each HRQOL
domain. This scoring allows for simple interpretation of patients’ HRQOL in comparison with the general
population (stratified by age and gender, when desired). Norm data for the US, Canada, Russia and Turkey
have also been collected. These reference data and the norming of the QLQ-C30-CAT will be ready and

implemented before the release of the validated instrument.

With this psychometrically sound CAT version of the widely used EORTC QLQ-C30, the measurement
precision and flexibility of EORTC PRO assessment in cancer patients will be significantly improved. This
means more reliable and relevant PRO assessment in clinical research and trials, but also that the QLQ-C30-
CAT has greater potential for use in clinical practice for monitoring individual changes and enhancing
patient-clinician communication. Although cancer patients are the primary target group of the QLQ-C30-
CAT, it may, as is the case with the QLQ-C30, be applicable and relevant in many other patient groups as
well as in the general population.
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Legends

Table 1. Sociodemographic and clinical characteristics of the N=433 patients included across the 11 phase 3
pre-testings”

Table 2. Sociodemographic and clinical characteristics of the N=9,782 patients included across the 8 phase 4
data collections’

Table 3. Number of items per domain in the EORTC QLQ-C30 and the EORTC QLQ-C30-CAT (including the

QLQ-C30 items), respectively.

Fig. 1. The simulated relative required sample size (%) using CAT measurement compared to using the QLQ-
C30 sum scales. Values less than 100% indicate that smaller samples may be used with CAT without
reducing the power.

Fig. 2. Example of the CHES-EORTC-CAT software.

Fig. 3. Example of the current version of the EORTC short form generator software.
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Table 1. Sociodemographic and clinical characteristics of the N=433 patients included across the 11 phase 3 pre-

testings”

N (per cent)™

Gender Female 233 (53:8%)

Country Austria 20 (4-6%)

France 42 (9-7%)

Italy 45 (10-4%)

Spain 30 (6-9%)

The Netherlands 3(0-7%)

Cancer stage I-11 147 (33-9%)

Cancer site Breast 78 (18-:0%)

Gynaecological 50 (11-5%)

Lung 32 (7-4%)

Other 69 (15-9%)

Other treatment 73 (16-9%)

Education 0-10 years 88 (20-3%)

14-16 years 95 (21:9%)

Work Retired 187 (43-2%)

Other 75 (17-3%)

Living alone 110 (25-4%)
*: A minor subsample of patients has participated in more than one pretesting and hence, contributes more than once to this

count.

**: Some per cents sum to less than 100% because of missing data.



Table 2. Sociodemographic and clinical characteristics of the N=9,782 patients included across the 8 phase 4 data

collections”

N (per cent)™

Gender Female 5,300 (54-2%)

Country Australia 122 (1:2%)

Denmark 2,094 (21-4%)

Germany 263 (2:7%)

Poland 532 (5-4%)

Sweden 326 (3-3%)

The Netherlands 126 (1-3%)

Cancer stage I-11 4,734 (48-4%)

Cancer site Breast 1,916 (19-6%)

Gynaecological 1,142 (11-7%)

Lung 519 (5:3%)

Other 1,918 (19-6%)

Other treatment 2,277 (23-3%)

Education 0-10 years 2,989 (30:6%)

14-16 years 2,310 (23:6%)

Work Retired 4,852 (49-6%)

Other 1,551 (15-9%)

Living alone 2,573 (26:3%)
*: A minor subsample of patients has participated in more than one data collection and hence, contributes more than once to

this count.

**: Some per cents sum to less than 100% because of missing data.



Table 3. Number of items per domain in the EORTC QLQ-C30 and the EORTC QLQ-C30-CAT (including the QLQ-C30

items), respectively.

Domain #itemsin # items in CAT
QLQ-C30 item bank

Emotional functioning 4 24

Social functioning 2 13

Fatigue 3 34

Pain 2 16

Diarrhoea 1 13

Financial difficulties 1 9

Lack of appetite 1 7

Total across 15 domains 30 262
*: additional items for CAT have not been developed for overall quality of life.
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