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Background: Health-related quality of life (HRQOL) questionnaires should ideally be adapted
to the individual patient and at the same time scores should be directly comparable across
patients. This is achievable using a computerised adaptive test (CAT). Basing the CAT on an
existing instrument enables measurement within an established HRQOL framework and
allows backward-compatibility with studies using the original instrument. Because of
these advantages the EORTC Quality of Life Group (QLG) has initiated a project to develop
a CAT version of the widely used EORTC QLQ-C30.

Methods: We present the EORTC QLG’s strategy for developing a CAT. For each dimension of
the EORTC QLQ-C30 our approach includes literature search and conceptualisation, formu-
lation of new items, expert and patient evaluations, field-testing, and psychometric analy-
ses of the items. The strategy is illustrated with the initial results of the development of
CAT for physical functioning (PF).

Results: We identified 975 PF items in the literature. Of these, 407 items were deemed rele-
vant, i.e. measured one of the PF aspects measured by the QLQ-C30. Based on these items
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we developed 86 new items. Review by the EORTC CAT-project group reduced this to 66
items. Based on expert and patient evaluations several items were revised and the list
was further reduced to 51 items.

Conclusions: Based on the findings for PF, we believe that our approach will generate item
pools that are relevant and appropriate for cancer patients. These will form the basis for
a backward-compatible CAT assessing the HRQOL dimensions of the EORTC QLQ-C30.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

The primary source of information about patients’ health-re-
lated quality of life (HRQOL) is self-report questionnaires, also
termed patient-reported outcomes (PROs). These instruments
have typically been developed and implemented using classi-
cal methods like sum scoring (adding the scores to individual
items into scales). However, these classical methods have
some limitations. For example, all patients have to answer
the same set of items for sum scores to be comparable. This
means that PRO instruments often constitute a compromise
between optimal measurement (requiring longer instru-
ments) and reasonable response burden (requiring shorter
instruments).

In recent years there has been an increasing interest in
methods based on item response theory (IRT)"? for measuring
HRQOL (see e.g.>™). IRT is a statistical framework for assess-
ing the characteristics of the items in multi-item scales. IRT
models estimate among other things the ‘difficulty’ of each
item. For example, taking a long walk is more demanding/dif-
ficult than taking a short walk. Hence, asking patients with
good physical functioning about taking a long walk may be
highly informative while for patients with poor functioning
an item about taking a short walk may be more informative.
IRT-based methods take this into account.

One of the major advantages of IRT methods compared to
classical methods, and one of the reasons for the interest in
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Fig. 1 - Two examples of how a CAT measurement of
physical functioning could proceed.

these methods, is that when a set of items has been cali-
brated (estimated) to an IRT model all scores based on any
subset of the items are on the same metric. That is, even if
two patients answer different subsets of items from the same
item pool, their scores are directly comparable. This unique
feature means that a questionnaire can be adapted to the
individual to optimise the measurement properties, yet at
the same time comparability of scores are maintained across
patients. This possibility for adapting the instrument is fully
utilised in a computerised adaptive test (CAT)'* to construct
individualised instruments: based on the responses to the
preceding items, a computer programme evaluates which
item should be asked next to obtain maximal information.
The additional items are administered until a predefined level
of information (i.e. precision) has been reached or until a pre-
defined number of items has been administered. Fig. 1 shows
two simple examples of how a CAT measuring physical func-
tioning could proceed. If the patient reports few problems on
an item, the next item will concern a more demanding task,
while if severe problems are reported the following item will
concern a less demanding task. In this way the questionnaire
is individualised, using the most informative items for each
patient. In contrast, traditional questionnaires ask the same
items to all, and hence, generally need more items to obtain
the same level of precision.

CAT measurement has several advantages compared to
traditional questionnaires including: increased measurement
precision and/or reduced response burden, increased flexibil-
ity as the questionnaire can be adapted to the individual
study or patient, avoidance of asking uninformative ques-
tions, and immediate calculation and presentation of results.

Because of the clear advantages of CAT measurement a
number of research groups are developing CAT’s for mea-
surement of HRQOL, including the Patient-Reported Out-
comes Measurement Information System (PROMIS)™,
QualityMetric'®, and the European Palliative Care Research
Collaborative.**

The European Organisation for Research and Treatment of
Cancer Quality of Life Group (EORTC QLG) has initiated a CAT-
project for the HRQOL dimensions measured by the EORTC
Quality of Life Questionnaire (EORTC QLQ-C30)."* The EORTC
QLQ-C30 is one of the most widely used quality of life ques-
tionnaires in cancer research.’®" It consists of 30 items mea-
suring 15 aspects of HRQOL: five functional measures, nine
symptom measures and one measure of overall health/quality
of life.’® At present the EORTC QLQ-C30 exists only in a tradi-
tional version where all patients are asked the same 30 items.

The aim of the EORTC CAT-project is to measure the same
15 HRQOL dimensions as measured with the QLQ-C30, but
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with higher efficiency and precision. This requires new items
supplementing the existing items, filling ‘gaps’, e.g. new
items enabling assessment of patients in very poor condition.
Initial investigations indicated that it might be difficult to de-
velop enough relevant but different items for ‘overall quality
of life’. Therefore, the project focuses on developing CAT for
the other 14 HRQOL dimensions of the QLQ-C30. Basing the
CAT on the QLQ-C30 ensures backward-compatibility with
the substantial literature of studies using the QLQ-C30. The
CAT instrument aims to measure the same well-validated
and well-known HRQOL dimensions with significantly im-
proved precision. Most other CATs do not have such a direct
link to an existing instrument. Instead they are developed
‘from scratch’ and are unconstrained by existing conceptual
frameworks, resulting in a completely new instrument. This
gives greater freedom in the development process, but may
also result in unfamiliar measures.

The purpose of the current paper is to provide an overview
of the methods used to develop the new EORTC QLQ-C30 CAT
instrument, illustrated by the development of CAT for physi-
cal functioning (PF).

2. Methods

The development of the EORTC CAT is conducted by members
of the EORTC QLG. This international CAT-project group in-
cludes oncologists, psychologists, statisticians, and others
with considerable experience in developing HRQOL
instruments.

The development of the item pools forming the basis for
the CAT can be divided into four phases: (1) literature search,
(2) operationalisation (selection and formulation of items), (3)
pre-testing (patient interviews), and (4) field-testing (data col-
lection and psychometric analyses).

2.1. Phase 1: literature search

For each dimension the literature search has two overall
goals:

1. to gain general knowledge about the dimension,
2. to identify existing instruments and items used to mea-
sure the dimension.

The literature search elucidates how the dimension has
been conceptualised/defined in the literature and how the
QLQ-C30 items fit into such definitions; in particular, whether
the dimension seems to be unidimensional or whether it is
composed of several subdimensions. If the dimension con-
sists of several subdimensions it should be clarified to which
subdimension(s) the QLQ-C30 items belong. As the new items
should only measure the same subdimensions, subsequent
item development focuses on these subdimensions. The
items identified from existing instruments used to measure
the dimension form the basis for developing new items cover-
ing the relevant subdimensions and levels (e.g. from poor to
good physical functioning) of the dimension.

The literature search is primarily conducted on MEDLINE,
but other databases and sources (e.g. textbooks, monographs)

are also searched when deemed relevant. In addition, the
PROQOLID database (http://www.progolid.org) and the EORTC
QLG Item Bank? are searched for relevant items.

It should be noted that the intent is not necessarily to car-
ry out a fully comprehensive literature review for each dimen-
sion, but rather to identify the most important conceptual
frameworks for the dimension and to identify existing, vali-
dated items that can form the basis for developing the item
pools.

2.2.  Phase 2: operationalisation

Based on the conceptualisation from the previous phase, the
list of identified items is trimmed: items measuring subdi-
mensions not covered by the QLQ-C30 items and redundant
(closely similar) items are deleted. Items that cannot be refor-
mulated to fit the ‘QLQ-C30 item style’ (i.e. the response cat-
egories ‘not at all’, ‘a little’, ‘quite a bit’ and ‘very much’; a
one week time frame, etc.) are also deleted.

The ‘shortlist’ of items forms the basis for formulating new
items measuring the relevant subdimensions and fitting the
item style. If items for patients at certain levels of the dimen-
sion (e.g. patients with severe symptoms) are lacking, new
items particularly relevant for these patients are formulated.

This item selection and formulation are carried out inde-
pendently by (at least) two members of the project group.
After each step, possible differences are discussed and a con-
sensus is reached.

The list of developed items is evaluated by at least 10 ex-
perts coming from three or more countries. The experts judge
whether the items measure the relevant aspects of the
dimension, are appropriate, clear and well-formulated, and
whether items for some of the relevant aspects are lacking.

2.3.  Phase 3: pre-testing

Next, the revised list of items is evaluated by cancer patients
(the primary target group). At least 10 patients from each of
at least three countries are interviewed about the items. The
interview procedure follows the EORTC QLG guidelines for
pre-testing of items.?® The patient sample should represent
the diversity of the target group: different levels of the
dimension, sites, age groups, both genders, etc. In order to
conduct these interviews, the candidate items are translated
into the relevant languages using rigorous forward-back-
ward translation procedures developed by the EORTC
QLG.?! The interviews are intended to elucidate whether pa-
tients find some of the items difficult to answer, confusing,
annoying, upsetting, intrusive, etc. and hence need to be re-
phrased or deleted. The interviews also explore the need for
additional items to cover important topics which may have
been missed.

2.4.  Phase 4: field-testing

The revised list of items is field-tested in at least three coun-
tries representing different regions of Europe. To ensure sta-
ble calibration of the IRT models and to be able to compare
item characteristics across countries, responses from a mini-
mum of 100 (and preferably 200) patients from each country,
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with a total of at least 1000 responses will be collected.?? For
the results to be generally applicable to cancer patients, the
sample must be as heterogeneous as possible in terms of dis-
ease sites, stages, age groups, etc. The patients are asked to
complete the new items together with the QLQ-C30. They also
complete ‘debriefing items’ covering similar issues as in the
interviews (e.g. whether certain items are too difficult, inap-
propriate, ambiguous, etc.).

The resulting data set forms the basis for the final evalua-
tion and selection of items and the calibration of the items to
the IRT model used for the CAT. The following is a short sum-
mary of the methods used for the psychometric evaluation:

1. Descriptive statistics including item mean scores,
response frequencies, percent missing responses and cor-
relations with the relevant QLQ-C30 items.

2. Factor analysis for ordinal variables to explore the dimen-
sionality of the set of items.?*?* Local independence (a
requirement for standard IRT models?) is investigated in
the factor analyses using residual correlations.>*%

3. Differential item functioning (DIF) analysis using ordinal
logistic regression.?®? If, for example, men and women
answer an item differently even though they are at the
same level of the dimension (e.g. have the same level of
physical functioning), the item is said to show gender
DIF. If an item shows gender DIF it may be problematic
to compare scores for men and women. Hence, to be able
to compare scores across all groups of patients the items
should not exhibit substantial DIF.

4. Calibration of the IRT model. We primarily use the general-
ised partial credit model (GPCM)?, but other IRT models
may be explored as well; for example, if the GPCM has poor
fit or if a more restrictive and robust model (like the partial
credit model) seems to fit. Model fit is investigated using
Muraki’s test for item fit?® and comparisons of observed
and expected item responses.

The results of these analyses are used to identify and dis-
card items that exhibit unacceptable levels of DIF, do not fit
the IRT model, etc.

3. Results

We illustrate the methodology using the results of the first
three phases of the development of the item pool for PF.
The field-testing is in progress and the results of this and
the psychometric analyses (phase 4) will be described in de-
tail in a separate paper.

3.1. Phase 1: literature search

The literature search revealed few thoroughly developed con-
ceptual frameworks for PF. We based our conceptualisation of
the QLQ-C30 PF on the framework of Stewart and Kamberg
who defined PF as ‘... the performance of or capability to per-
form a variety of physical activities...” such as ‘bathing,
dressing, walking, bending, climbing stairs, and running’?°
and on the World Health Organization’s International Classi-
fication of Functioning, Disability and Health (ICF).*° Using
the ICF subdimensions (categories) we classified the QLQ-C30
PF items as shown in Table 1. We concluded that QLQ-C30 PF
was composed of the four subdimensions described in the
table and therefore, focused our item selection and develop-
ment on these four subdimensions.

In collaboration with the European Palliative Care Re-
search Collaborative, we included an early version of the list
of items they had identified in the literature when developing
a PF CAT for use in palliative care.®! This list consisted of 946
items. A review of the PROQOLID database identified 24 addi-
tional PF items and five additional items were identified from
the EORTC QLG Item Bank. In all 975 PF items were identified.

3.3. Phase 2: operationalisation

We classified the identified items into one of the ICF catego-
ries listed in Table 1 or an ‘other’ category if the item was
judged to measure something other than one of the four rel-
evant subdimensions. The two reviewers agreed that 454
items measured one of the relevant subdimensions, while
521 items measured something else and were discarded. Of
the 454 items kept, 47 were deleted because of redundancy

Table 1 - QLQ-C30 PF items and our classification of the items (based on WHO’s ICF*?),

Item text

ICF category

Description of category

Do you have any trouble doing strenuous
activities, like carrying a heavy shopping
bag or a suitcase?

Do you have any trouble taking a long walk?

objects

Do you have any trouble taking a short walk
outside of the house?

Do you need to stay in bed or a chair during
the day?

Do you need help with eating, dressing,
washing yourself or using the toilet?

Self-care

Lifting and carrying

Walking and moving

Mobility, unspecified

Raising up an object or taking something
from one place to another

Moving the whole body from one place to
another like walking, running, and climbing
stairs

Walking and moving

Limitations in mobility in general,
unspecific terms

Caring for oneself, washing and drying
oneself, caring for one’s body and body
parts, dressing, eating and drinking

Note: all five items have the response categories: ‘not at all’, ‘a little’, ‘quite a bit’, and ‘very much’.
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or because they could not be reformulated into the QLQ-C30
item style. Although differing in wording, many of the
remaining 407 items covered the same activity, e.g. walking,
running, climbing stairs or dressing. We grouped the items
according to these activities. We used the items in each activ-
ity-group as inspiration for formulating new items covering
the activity and complying with the QLQ-C30 item style. To
begin with we formulated 86 new items. After evaluations
by the members of the project group the list of items was re-
duced to 66. These items were judged to cover the relevant
subdimensions and the different levels of PF (from poor to
good PF) satisfactorily.

The 66 items were evaluated by 10 experts from Denmark,
Germany, The Netherlands, and the UK. The expert evalua-
tions resulted in rewording of 12 items and deletion of 11
items: four because of redundancy, three were judged difficult
to understand/answer, two could not be translated into an
equivalent wording in some languages, and two items were
judged to measure something other than the relevant subdi-
mensions of PE.

3.4.  Phase 3: pre-testing

A total of 43 patients were interviewed about the 55 remaining
candidate items and the five original QLQ-C30 PF items. Clin-
ical characteristics of the patients are shown in Table 2. Based
on the interviews we changed the wording of 12 items to
make them clearer, unambiguous, and more consistent. Four
items were deleted: two because several patients found them
difficult to understand/answer, one because of redundancy,
and one because the item text did not fit well with the re-
sponse options and it could not be reformulated to do so
without being too similar to some of the other items. Deleting
the four items did not compromise the content coverage. The

Table 2 - Clinical characteristics of the 43 patients inter-

iewed in phase 3.

N/mean

Gender

Men 19 (44%)

Women 24 (56%)
Country

Denmark 11 (26%)

France 12 (28%)

Germany 10 (23%)

UK 10 (23%)
Age (mean years) 58 (range 27-88)

Cancer stage

I-I 5 (12%)
-1V 31 (72%)
Unknown 7 (16%)

Cancer site

Breast 10 (23%)
Gastrointestinal 6 (14%)
Urogenital 5 (12%)
Gynaecological 5 (12%)
Head and neck 2 (5%)
Prostate 2 (5%)
Other 5 (12%)

patients did not suggest any additional items regarding the
relevant subdimensions.

After the first three phases 51 new candidate items
remained for the PF item pool (see Appendix 1) together with
the five QLQ-C30 PF items. These will be field-tested and the
final item selection and the IRT calibration will be conducted.

4, Discussion

CAT measurement has several advantages compared to tradi-
tional questionnaire measurement. In particular, it can im-
prove measurement precision without increasing the
response burden for the patients. To utilise these new meth-
ods to improve the measurement of cancer patients’ HRQOL
the EORTC QLG has initiated a project to develop CAT for
the widely used EORTC QLQ-C30 questionnaire.

The EORTC CAT development can be divided into four
phases: literature search, operationalisation, pre-testing, and
field-testing. These phases are closely related to the phases
of EORTC QLG module development.?® Here we have reported
the results of the first three phases of the item pool develop-
ment for physical functioning. Our development procedure
was feasible and useful for developing items for assessing
PFE. The literature search yielded valuable insights into how
PF has been defined, conceptualised and measured, and how
the EORTC measurement fits into these definitions. This was
a useful inspiration for formulating items measuring PF in
the ‘EORTC QLQ-C30 way’. The expert and patient evaluations
were invaluable in identifying problematic items, and in opti-
mising item wording. We believe that our developmental pro-
cedure will generate item pools that are relevant and
appropriate for use with cancer patients.

We are working in parallel on the development of item
pools for all QLQ-C30 dimensions (except overall quality of
life). As each of the item pools for the various QLQ-C30
dimensions is completed, we will develop and implement
the appropriate CAT, ultimately resulting in a complete CAT
version of the original questionnaire.

By explicitly and systematically basing the CAT develop-
ment on a single, existing instrument our approach differs
from that of most other research groups developing CAT for
HRQOL measurement. Basing the CAT on an established
HRQOL instrument as the QLQ-C30 has several advantages
including backward-compatibility with a huge literature and
measurement of well-validated and well-known HRQOL
dimensions. It also simplifies the conceptual part of the
development because we know what to measure (the same
as the existing instrument) and do not have to establish a
whole new framework of measurement. However, as a conse-
quence the new items are required to conform to a similar
layout, response options, timeframe, etc. and have to mea-
sure the same aspects of HRQOL as the existing items do. In
some cases this limits the number of applicable items it is
possible to devise. Still, for an instrument such as the QLQ-
C30 with few items for each dimension, CAT may significantly
improve the measurement. Furthermore, such a CAT may
serve as a platform for developing further CAT instruments
which in addition to being compatible with the QLQ-C30,
may cover other HRQOL dimensions, other time frames, utilise



EUROPEAN JOURNAL OF CANCER 46 (2010) 1352-1358

1357

other innovative item designs, etc. A platform it is feasible to
develop within a foreseeable timeframe and which in itself
will improve the precision and efficiency of the assessment
of the HRQOL of cancer patients significantly.
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Appendix 1

The 51 candidate items for the EORTC PF CAT item pool after
the pre-testing (phase 3). Note that this is not the final list of
items, but the list of items for the field-testing (phase 4).

Do you have any trouble lifting a full cup or glass to your mouth?
Do you need help to walk about indoors (e.g. a walking stick or someone to support you)?

Do you have any trouble walking 100 m?

Do you need help caring for your feet (e.g. cutting your toenails)?

Do you have any trouble walking around indoors?
Do you have any trouble walking up a flight of stairs?

Do you need help with grooming (e.g. cleaning nails, brushing teeth, combing your hair)?

Do you have any trouble walking down a flight of stairs?

Do you have any trouble walking over uneven ground such as grass or gravel?

Do you have any trouble walking for 30 min?
Do you have any trouble walking 100 m on level ground?

Do you need help putting on or taking off trousers or a skirt?

Do you need help taking a shower?

Do you have any trouble lifting a box weighing about 10 kg?

Do you have any trouble hiking 3 km on uneven surfaces?

Do you have any trouble participating in strenuous sports, like running 10 km, cycling 25 km, or a similar activity?

Do you need help dressing?
Do you need help putting on your shoes?

Do you have any trouble taking a long, brisk walk (more than 30 min)?

Do you have any trouble walking outdoors on flat ground?
Do you need help brushing your teeth?

Do you have any trouble walking 500 m?

Do you have any trouble climbing three flights of stairs?
Do you have any trouble walking a few steps?

Do you have any trouble lifting a box weighing about 10 kg and carrying it for 1 min?

Do you need help pulling on a sweater?
Do you need help putting on a shirt?

Do you have any trouble walking 100 m while carrying a heavy shopping bag in each hand?
Do you have any trouble reaching and getting down an object weighing about 2 kg (such as a bag of flour) from just above

your head?

Do you have any trouble bending over to pick up a light object from the floor?

Do you have any trouble running 1 km?

Do you have any trouble running fast?

Do you have any trouble walking 10 m inside?
Do you have any trouble taking a brisk walk?

Do you have any trouble walking without losing your balance?

Do you have any trouble walking 1 km?

Do you have any trouble carrying a heavy bag upstairs?
Do you need help washing your face and hands?

Do you need help to go to the lavatory?

Do you have any trouble walking 10 m outside your home?
Do you have any trouble running 100 m?

Do you have any trouble taking a long walk carrying a heavy pack on your back (e.g. a filled rucksack)?
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Appendix 1 (continued)

Do you have any trouble running up three flights of stairs without a rest?

Do you have any trouble carrying something weighing about 5 kg?

Do you need help to walk about outside (e.g. a walking stick or someone to support you)?
Do you need help washing and drying your whole body?
Do you need help undressing?

Do you have any trouble carrying something in both hands (e.g. shopping bags) while climbing a flight of stairs?
Do you need help eating?

Do you have any trouble lifting a full teapot/coffeepot?
Do you have any trouble running a short distance, such as to catch the bus?
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