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Abstract
Objectives
There is a need to improve the assessment of emotional functioning (EF). In the international an
Innovative Palliative Care Intervention to Improve Quality of Life in Cancer Patients - a Multi-Centre
Cluster Randomized Clinical Trial (ACTION) trial involving patients with advanced cancer, EF was
assessed by a customized 10-item short form (EF10). The EF10 is based on the European Organisation for Research and Treatment of Cancer (EORTC) EF item bank and has the potential for greater
precision than the common EORTC Quality of Life Questionnaire Core 30 four-item scale (EF4). We
assessed the relative validity (RV) of EF10 compared with EF4.

Methods
Patients from Belgium, Denmark, Italy, the Netherlands, Slovenia and the United Kingdom completed EF10 and EF4, and provided data on generic quality of life, coping, self-efficacy, and personal
characteristics. Based on clinical and sociodemographic variables and questionnaire responses, 53
“known groups” that were expected to differ were formed, for example, females versus males. The
EF10 and EF4 were first independently compared within this known group, for example, the EF10
score of females vs the EF10 score of males. When these differences were significant, the RV was
calculated for the comparison of the EF10 with the EF4.

Results
A total of 1028 patients (57% lung, 43% colorectal cancer) participated. Forty-five of the 53 knowngroups comparisons were significantly different and were used for calculating the RV. In 41 of 45
(91%) comparisons, the RV was more than 1, meaning that EF10 had a higher RV than EF4. The
mean RV of EF10 compared with that of EF4 was 1.41, indicating superior statistical power of EF10
to detect differences in EF.

Conclusions
Compared with EF4, EF10 shows superior power, allowing a 20 to 34% smaller sample size without
reducing power, when used as a primary outcome measure.
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Introduction
Assessing the quality of life of patients with cancer is common practice in clinical trials and is strongly
suggested as a screening instrument for detecting distress and improving care.1, 2 Commonly used
questionnaires often lack precision3, 4 and may have problems with floor and/or ceiling effects, limiting their ability to detect differences between groups and change over time.
Computerized adaptive testing (CAT) is a relatively new technique that enables more efficient data
collection for example, of patient-reported outcomes. The content and the number of questions
presented are selected according to the participant’s previous responses; that is, they are restricted
to those relevant to that specific participant.5, 6 For example, if a participant’s responses indicate
severe emotional problems, the next item will be one that is relevant for people with such severe
problems.6 The items used in CAT are derived from so-called item banks.6 These items have been
calibrated (estimated) to an item-response theory model,7, 8 which means that scores based on any
subset of the items are comparable.6
Because CAT has a higher validity (i.e., the statistical power) than traditional measures, it has the
potential to reduce trial sample size requirements without reducing power.6 Even when it is not
possible to complete questions on a computer, the item banks underlying CAT can be useful. Taking
into consideration the participant’s characteristics, such as age or type and stage of cancer, relevant
items can be selected from the item bank and used in pen and paper questionnaires, so-called
customized short-forms.
Currently, several organizations work on the enhancement of clinical outcomes research by developing efficient measures of patient-reported outcomes using item banks. In the United States,
the Patient-Reported Outcomes Measurement Information System (PROMIS) has developed item
banks. In Europe, the European Organisation for Research and Treatment of Cancer (EORTC) Quality of Life Group has developed 14 item banks for each of the domains (excluding overall physical
condition/quality of life) covered by its core quality-of-life measure, the Quality of Life Questionnaire
Core 30 (QLQ-C30). This includes one of its key domains: emotional functioning (EF).6, 9 Traditionally, EF is assessed with the QLQ-C30 four-item EF scale (EF4), measuring depression, anxiety and
general distress,10, 11 or with a shortened two-item version (EF2) as included in the Quality of Life
Questionnaire Core 15 Palliative Care (QLQ-C15-PAL) questionnaire, an abbreviated version of the
QLQ-C30 for use in palliative care.12 To date, the EF item bank has only been tested in the data
set used for its development and no external validation has been performed. This study is the first
to test a customized 10-item short form (EF10) based on the EORTC EF item bank in an external,
independent and international data set.
Our hypothesis is that the customized EF10 will provide more precise results, that is, better discrimination between groups, and thus higher relative validity (RV) and lower expected sample size
requirements than the original QLQ-C30 EF scale (EF4). The primary aim was to compare the RV,
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which is also known as the relative efficiency, of the EF10 with that of the EF4. The secondary aims
were to compare the RV of the EF10 with that of the EF2 and to compare the RV of the EF4 with
that of the EF2.

Methods
Sample
The Advance Care Planning: an Innovative Palliative Care Intervention to Improve Quality of Life
in Cancer Patients - a Multi-Centre Cluster Randomized Clinical Trial (ACTION) cluster randomized
clinical trial investigates an adapted version of the Respecting Choices advance care planning program. Patients were recruited in pulmonology and oncology departments in hospitals in Belgium,
Denmark, Italy, the Netherlands, Slovenia and the United Kingdom between June 2015 and May
2017. Patients were invited by their treating health care professional. The ACTION study protocol
has been described elsewhere.13
Eligibility requirements included a histologically verified cancer diagnosis of either lung cancer
stage III or IV, or colorectal cancer stage IV, being aged at least 18 years and being physically and
mentally competent to give consent and complete the questionnaire. Patients had to have a World
Health Organization/ Eastern Cooperative Oncology Group performance status of 0 to 3.14 Written
informed consent was obtained. Ethics committees of the participating countries approved the
study.
Patients provided information about their age, sex, living situation, and educational level. Their
health care professionals provided clinical information, such as the date of diagnosis, current disease stage, and current treatment.

Assessment of the RV
See Table 1.
We used the method of known-groups validation to evaluate the RV (i.e., statistical power to detect
group differences) of the EF10 compared with those of the EF4 and the EF2.18 EF is a multidimensional and complex construct that is influenced by various characteristics on the patient level (e.g.,
sex), clinical level (e.g., type of cancer), coping, satisfaction and experience with care, and patient
involvement. For each patient characteristic and for each questionnaire item (except for the EF
items), participants were divided into “known groups”: two groups based on a priori formulated
expectations on differences with regard to EF. For example, we hypothesized that patients who
felt nauseated would have a worse EF than would patients who did not feel nauseated. In case of
continuous variables, such as age, the median value was used as a cutoff for the dichotomization.
For example, we hypothesized that older patients would have a better EF than would younger
patients.19 If the median was similar to the highest or the lowest score, and thus no groups could
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Table 1. Scales for the assessment of emotional functioning
The EORTC QLQ-C30 EF scale (EF4) consists of four items asking about feeling tense, worrying, feeling depressed, and being
irritable.11 The EF4 was scored using sum scoring following the EORTC scoring manual.15
The two-item EF version in the QLQ-C15-PAL (EF2) consists of the items about feeling depressed and feeling tense.12 The EF2 was
scored using an appendix to the EORTC scoring manual.16
A customized 10-item EF short form (EF10) was composed for the trial, including the original 4 QLQ-C30 items (EF4) and 6
additional items from the EORTC EF item bank.6, 9 The EORTC EF item bank includes 24 items and is based on the response of
1023 patients from different countries. The development of the item bank has been described elsewhere in more detail.6 The
items for this study were selected by methodological and clinical experts, based on characteristics of the target population, such
as age and type of cancer.17 The selection of items based on these population characteristics is aimed at making the measure
more applicable for the specific population in this study (i.e., patients with advanced cancer). Based on results of observed6
and simulated data (currently in press) put together, asking fewer than 5 to 6 items might give notable loss in power, whereas
asking more than about 14 items would give only negligible gain in power. Hence, 10 items were chosen as a good compromise
between response burden and optimal measurement precision. The EF10 was scored using the item-reponse theory model model
calibrated for the EORTC EF item bank.6 The complete questionnaire is included in the Supplementary Materials found at https://
doi.org/10.1016/j.jval.2018.07.002. All EF items concern the experiences “during the past week” and use a four-point response
scale ranging from “not at all” to “very much”.
EORTC, European Organisation for Research and Treatment of Cancer; Quality of Life Questionnaire Core 30 (QLQ-C30); Quality of
Life Questionnaire Core 15 Palliative Care (QLQ-C15-PAL).

be created on the basis of median value, we calculated the mean value and used it as the cutoff to
create two groups. In total, we formed 53 pairs of known groups for the comparison. The EF10, EF4,
and EF2 were then each compared within these known groups (e.g., the EF10 of patients who felt
nauseated vs the EF10 of patients who did not feel nauseated).
We used the two-sample t test (assuming equal variances) to assess significant differences between
the known groups for the comparison. The RV was calculated when the t test for at least one of
the measures being compared (EF10, EF4, or EF2) showed a significant difference (P < 0.05).18 For
each comparison, the t statistic was calculated and subsequently squared. The ratio (= RV) was
calculated for each comparison by using the squared t-statistic of the EF10 as the numerator and the
squared t statistic of the EF4 or the EF2 as the denominator.6 We used the EF10 as the numerator
because we wanted to evaluate the potential gain (or loss) in measurement precision and power
using the customized EF scale (EF10) compared with the two existing scales (EF4 and EF2). Hence,
RV > 1 would confirm the expectation that EF10 is the more precise measure. The mean RV across
all characteristics or variables was calculated with a bootstrap-based 95% confidence interval.20 A
mean RV above 1 indicates that the EF10 has higher RV than the EF4 or the EF2. With increasing RV,
one can expect more power gained by using the EF10. On the basis of the mean RV, we estimated
the potential savings in sample size requirements using the EF10 compared with using the EF4 or
the EF2.21 See Table 2.

Known-group comparisons
The known-group comparisons were based on the following measures and characteristics.
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Table 2. Example for the translation of the relative validity into a percentage of sample
size reduction
t2 (EF10)

Because the RV is calculated as RV = 2
, if RV=1.21 for the E10 vs the EF4, it means that the t test for the EF10 was (√1.21 =
t (EF4)
SD (EF4)
1.1) 1.1 times that of the EF4, or equivalent with SD(EF10) =
. We used this SD-ratio to calculate an estimate of the required
1.1
sample for the EF10 compared with the EF4. As an example, if the EF4 with N = 128 had power = 80% at α = 5% to detect a
specific difference, then it can be calculated from the SD ratio using standard sample size calculations that the EF10 would need N
= 106 to obtain the same power, or 106/128 = 83% of the sample of the EF4.
We used power = 80%, α = 5%, and effect size (ES) = 0.5 in the calculations. The expected savings for any combination of power
and ES will be similar to those presented here, except in very extreme cases with very low power or large ES.

Sociodemographic and clinical characteristics
Patients provided information about their age, sex, marital status, whether they had children or
not, educational level and religiosity. Their health care professionals provided clinical background
information on the type and current stage of the disease and the time since diagnosis of both the
primary tumor and the current stage of the disease. In addition, they indicated whether the patient
received chemotherapy.

Quality of life and symptoms
The EORTC Quality of Life Questionnaire Core 15 Palliative Care (QLQ-C15-PAL), an abbreviated
version of the EORTC QLQ-C30 for palliative care, was used to measure patients’ quality of life
and symptoms.12 Fourteen items use a four-point response scale, ranging from “not at all” to “very
much”. The final and 15th item concerns a rating of the overall quality of life during the past week,
with response options on a seven-point scale ranging from 1 “very poor” to 7 “excellent”.

Coping
Patients completed three scales, that is problem-focused coping, acceptance, and avoidance (denial) COPE and brief COPE.22, 23 The 12 questions have a four-point response scale.

Satisfaction with care
Items from the European Organization for Research and Treatment of Cancer Inpatient Satisfaction
with care (EORTC IN-PATSAT) Questionnaire were used to assess patients’ satisfaction with care,
their appraisal of hospital doctors and nurses, and aspects of care organization and services.24 The
questions have a five-point response scale.

Experience of cancer care
The “Assessment of Patients’ Experience of Cancer Care” assesses patients’ perceptions of the
quality of their cancer care.25 To assess medical decision-making of the treatment and care, we
selected five items measuring the quality of the medical decision-making. Responses are given on
a five-point scale.
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Patient involvement
We developed four questions on patient involvement in treatment and care and the awareness
of relatives and physicians of the patients’ wishes and preferences, which can be answered on a
five-point scale.

Results
Patient characteristics
Characteristics of the 1028 participants in the study are presented in Table 3. The majority of the
sample was male (60%), married (70%), and living in a private household (95%). Most patients had
lung cancer stage IV (45%) or colorectal cancer stage IV (29%). Most had a World Health Organization performance status of 1 (52%).
Table 3. Sociodemographic and clinical characteristics of the study sample (N = 1028)
Characteristic*

Value

Age (y), mean ± SD
Range

65.91 ± 9.85
18-91

Sex, n (%)
Male

592 (60.2)

Country of residence, n (%)
Belgium

180 (18.1)

Denmark

134 (13.6)

Italy

147 (14.9)

The Netherlands

229 (23.2)

Slovenia

74 (7.5)

The United Kingdom

218 (22.1)

Civil status, n (%)
Married, civil partnership

683 (70.1)

Divorced, separated

110 (11.3)

Widowed

96 (9.8)

Unmarried

86 (8.8)

Living with partner, n (%)

717 (74.1)

Living conditions
Private household

915 (94.4)

Institutionary care

6 (0.6)

Other

48 (5.0)

Having children, n (%)

848 (86.8)

Education
Years of education, mean ± SD
Range

13.17 ± 4.59
0-45

Interquartile range

10.0, 13.0, 16.0

Religion, n (%)
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Table 3. Sociodemographic and clinical characteristics of the study sample (N = 1028) (continued)
Characteristic*

Value

Religious

491 (50.5)

Not-religious

353 (36.3)

Prefers not to specify

128 (13.2)

Ethnicity, n (%)
No ethnic minority

943 (99.0)

Cancer type and current stage, n (%)
Lung cancer (stage III or IV)

534 (57.6)

Colorectal cancer (stage IV or metachronous metastases)

393 (42.4)

Time since diagnosis in years, mean ± SD
Range

1.4 ± 1.82
0-11

Time since diagnosis of current stage in years, mean ± SD
Range

0.85 ± 1.16
0-9.69

Current treatment, n (%)U
Chemotherapy

301 (29.3)

Targeted therapy

866 (84.2)

Immunotherapy

897 (87.3)

Radiotherapy

921 (89.6)

WHO performance status, n (%)
0: fully active

318 (34.4)

1: restricted in physically strenuous activity

486 (52.6)

2: ambulatory and capable of all self-care

107 (11.6)

3: capable of only limited self-care

13 (1.4)

NOTE:
*
Missing: Age (n=11), Gender (n=6), Country of residence (n=7), Civil status (n=14), Living with partner (n=21), Living conditions (n=20),
Having children (n=12), Education (n=130), Religion (n=17), Ethnicity (n=36), Cancer type and stage (n=62), WHO performance status
(n=65)
U Several options may apply.

Relative validity
The results of the known-group comparisons of the three scales (EF10, EF4, EF2) are summarized in
Table 4. The table presents the t statistics and the RV per known-group comparison as well as the
mean RV for the comparisons of the EF10 with the EF4, the EF10 with the EF2, and the EF4 with
the EF2, respectively.
Of the 53 pairs of known groups considering the EF10 and the EF4, 45 showed a statistically significant difference for at least one of the two measures. For these 45 pairs we calculated the RV for
the EF10 compared with the EF4 and found that RV ranged from 0.47 to 3.71. In 41 out of the 45
(91%) comparisons, the RV was above 1, indicating that the EF10 had a higher RV than did the EF4.
The mean RV for the comparison of the EF10 with the EF4 was 1.41, with a bootstrap-based 95%
confidence interval of 1.28 to 1.57. Transforming this confidence interval to sample size requirements resulted in a 20% to 34% reduction in sample size without loss of power.
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Table 4. Relative validity of the three scales to assess emotional functioning
Patient characteristics

Scale

Relative validity

EF10
EF4
EF2
t statistic t statistic t statistic

EF10
/EF4

EF10
/EF2

EF4
/EF2

Age*

1.43

2.09

1.54

0.47

–

1.84

Sex

3.90

3.72

4.31

1.10

0.82

0.75

Spouse

–

–

–

–

–

–

Children: yes/ noU

–

–

–

–

–

–

Education

2.06

3.01

3.02

0.47

0.46

0.99

Religious

–4.47

–4.43

–3.81

1.02

1.38

1.35

Lung cancer vs colorectal cancer

U

–3.04

–2.94

–2.86

1.07

1.13

1.06

StageU

–

–

–

–

–

–

Chemotherapy yes/ noU

–

–

–

–

–

–

Time since diagnosis

2.99

2.27

2.16

1.73

1.92

1.11

Time in stage

3.43

2.88

2.51

1.41

1.86

1.31

WHO status

4.69

3.95

4.07

1.41

1.33

0.94

Quality of life (EORTC QLQ-C15-PAL)
Physical functioning: trouble taking a short walk

–10.69

–9.07

–8.19

1.39

1.70

1.23

Physical functioning: need to stay in bed or a chair

–8.53

-6.63

–6.43

1.65

1.76

1.06

Physical functioning: help with eating, dressing, washing

–7.34

-7.00

–6.69

1.10

1.20

1.09

Dyspnea

–8.65

-7.41

–6.66

1.36

1.68

1.24

Pain

–8.21

-8.12

–7.28

1.02

1.27

1.24

Insomnia

–8.29

-7.95

–7.76

1.09

1.14

1.05

Fatigue

–13.70

-11.04

–10.54

1.54

1.69

1.10

Lack of appetite

–11.78

-9.82

–9.29

1.44

1.61

1.12

Nausea

–10.25

-9.10

–8.77

1.27

1.37

1.08

Constipation

–5.63

-5.21

–5.54

1.17

1.03

0.88

Tiredness

–14.88

-13.20

–13.46

1.27

1.22

0.96

Interference due to pain

–11.31

-10.65

–10.42

1.13

1.18

1.04

Overall quality of life

15.41

12.80

12.51

1.45

1.52

1.05

Active: efforts on doing something about it

3.20

2.91

3.01

1.21

1.13

0.94

Acceptance: accepting the reality

5.44

4.65

4.47

1.37

1.48

1.08

Coping (COPE)

Planning: coming up with a strategy

2.66

2.99

3.72

0.79

0.51

0.65

Active: taking action

3.34

2.92

2.90

1.31

1.33

1.01

Denial: acting as though it hasn’t happenedU

–

–

–

–

–

–

Denial: saying “this isn’t real”

–3.08

–3.19

–3.42

0.94

0.81

0.87

Denial: pretending this hasn’t happened ‡

–1.84

–1.88

–1.98

–

0.86

0.90

Acceptance: learning to live with it

8.15

6.40

6.13

1.62

1.77

1.09

Planning: thinking about what steps to takeU

–

–

–

–

–

–

–3.36

–2.78

–2.73

1.46

1.51

1.04

Acceptance: getting used to the idea

4.94

4.28

3.51

1.33

1.98

1.48

Acceptance: accepting that it has happened

4.43

3.92

3.43

1.28

1.67

1.30

Denial: refusing to believe that it has happened
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Table 4. Relative validity of the three scales to assess emotional functioning (continued)
Patient characteristics

Scale

Relative validity

EF10
EF4
EF2
t statistic t statistic t statistic

EF10
/EF4

EF10
/EF2

EF4
/EF2

1.49

Satisfaction with care (IN-PATSAT)
Information about illness (by doctors)

5.50

4.42

3.62

1.55

2.31

Information about medical tests (by doctors)

5.90

4.53

3.94

1.70

2.24

1.32

Information about treatment (by doctors)

5.82

4.90

3.97

1.41

2.15

1.52
1.09

Information about medical tests (by nurses)

5.79

4.88

4.68

1.41

1.53

Information about care (by nurses)

5.46

4.14

3.68

1.74

2.20

1.26

Information about treatment (by nurses)

5.94

4.83

4.27

1.51

1.93

1.28

General rating of received care

6.71

4.95

4.39

1.84

2.34

1.27

Experience of cancer care (APECC)
Detailed discussions

6.88

5.80

5.09

1.41

1.83

1.30

Concerns/ questions

6.73

5.07

4.78

1.76

1.98

1.13

Preferred option

7.31

6.32

5.58

1.34

1.72

1.28

Work out differences

6.24

5.29

4.52

1.39

1.90

1.37

Responsible for final decision

5.34

4.36

3.58

1.50

2.22

1.48

Friends are aware of wishes§

3.40

1.77

1.20

3.71

8.03

–

Doctors are aware of wishes*

–

–

–

–

–

–

Patient Involvement

Involvement as preferred

5.16

3.79

3.61

1.85

2.04

1.10

Great influence on care

3.65

2.26

1.97

2.60

3.43

1.32

1.41

1.74

1.16

Mean ratio
95% CI

1.28–1.57 1.48–2.10 1.11–1.26

APECC, Assessment of Patients’ Experience of Cancer Care; COPE; EORTC IN-PATSAT, the European Organization for Research and
Treatment of Cancer Inpatient Satisfaction with care (EORTC IN-PATSAT) Questionnaire; Quality of Life Questionnaire Core 15 Palliative Care (QLQ-C15-PAL); WHO, World Health Organization.
NOTE:
* not significant for the comparison of E10 with E2 (P > 0.05)
U not significant for any comparison (P > 0.05)
‡ not significant for the comparison of E10 with E4 (P > 0.05)
§ not significant for the comparison of E4 with E2 (P > 0.05)

When calculating the RV of the EF10 in comparison with that of the EF2, we found significant differences in EF in 45 of 53 known-group comparisons; 44 of these 45 comparisons were also significant
when comparing the EF10 with the EF4. The RV was calculated for these 45 pairs and the EF10 had
a higher RV than the EF2 in 40 out of 45 (89%) significant comparisons. The mean RV for the EF10
compared with that for the EF2 was 1.74 (95% CI 1.48–2.10). This would allow for a 31% to 52%
reduction in sample size when using the EF10 instead of the EF2, without loss of power.
Comparison of the EF4 with the EF2 revealed higher RV of the EF4 in 36 out of 45 (80%) significant
comparisons. These 45 comparisons differed from the previous comparisons (Table 4). The mean RV
for the comparison of the EF4 with the EF2 was 1.16 (95% CI 1.11–1.26). Based on this confidence
interval, using the EF4 instead of the EF2 would allow for a 9% to 20% reduction in sample size
without loss of power.
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Discussion
One of the most powerful implications of using CAT is the more precise and efficient estimate of
a patient’s quality of life by tailoring the items to the patient’s individual characteristics. The aim of
this study was to compare the RV of the customized EF10 with the original validated EF4 using the
method of known-groups comparison.
The results of the study confirm our hypothesis that the EF10 has a better RV compared with those
of the EF4 and the EF2. This means that the EF10 has superior power to detect differences between
groups, which allows for a smaller sample size to detect differences without reducing power. Ninetyone percent of the known-group comparisons indicated higher RV of the EF10 compared with the
EF4, with an average RV of 1.41. This allows for a smaller sample size of about 20% to 34% when
using the EF10 instead of the EF4. This indicates that clinical trials having EF as primary outcome
and using the EF10 instead of the EF4 scale of the QLQ-C30 can be carried out with considerably
smaller sample sizes without loss of power.
The EF10 had a higher RV in 89% of the comparisons with the EF2. We also found that the EF4 had
a higher RV than did the EF2. Although this finding was expected and hypothesized when the EF2
was developed 11 years ago,12, 26 it had not been confirmed empirically.
Mapping the quality of life of patients is important for the improvement of care and to inform treatment decisions. Quality of life is often an important outcome measure in randomized clinical trials
and observational studies. The savings in sample size that can be obtained by using the customized
short-form EF10 are particularly important when the study concerns a vulnerable group of patients,
such as patients with advanced cancer, because the reduced required sample sizes can address the
often-encountered problems with reaching target numbers in studies. Many palliative care trials
have failed because of problems with recruitment.27, 28 An additional benefit is that when fewer study
participants are required while maintaining the same power, innovative findings may become ready
for implementation sooner.
Using a customized short form has many benefits, yet it comes with the costs of the complex
development (e.g., the creation of an item bank or the selection of items based on the samples’
characteristics). Besides, although the items might lead to less missing values, because the questions are more applicable to the respondents’ situation, the questionnaires tend to be somewhat
longer, which is adding some burden to respondents. Therefore, as is generally the case in patientreported outcome assessments, it is important to weigh the practical gain (i.e., increased power) of
a longer, more precise measure against minimizing the burden to respondents. Note that we aimed
here to improve measurement precision by adding relevant items, but customized short forms can
also be used to form shorter measures if, for example, the minimum response burden has priority.
The EORTC CAT has been designed for international use in patients with cancer, and we tested it for
the first time in a large sample of patients with advanced cancer in various European countries. This
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makes generalizability of the results possible. Another strength of this study was the high number of
known-group comparisons (53 pairs, of which 45 were significant), which makes the findings robust
and reduces the risk that conclusions are influenced by chance findings. In addition, we calculated
the RV only when the t test for at least one of the measures being compared (EF10, EF4, or EF2)
showed a significant difference.
Although this study used cross-sectional data, extending and replicating our approach based on
longitudinal ACTION data will be possible in due course. We used the EORTC item bank on EF,
which has the structure of the original QLQ-C30 scale with respect to the number of response options and phrasing of items. One might consider this a limitation in comparison to, for example, the
PROMIS item banks that were developed from scratch, while aiming for the optimal way to address
concepts. However, because of its design (being a new measurement system), the PROMIS item
banks do not allow comparison to a pre-existing, validated instrument measuring exactly the same
construct, using the same wording. Instead they need to compare the RV to alternative instruments
measuring a similar construct. In our study, we were able to assess the RV of the EF10 to a validated
instrument measuring exactly the same construct.

Conclusions
We found that the customized EF10 based on the EORTC CAT item bank performs better than the
EF4 in detecting differences in EF between groups of patients with advanced cancer. Compared
with the EF4, the EF10 showed superior power, allowing a 20% to 34% smaller sample size without
reducing power, when used as a primary outcome measure.

Assessing emotional functioning
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