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Abstract
Objective: To provide equipercentile equating of physical function (PF) scores from frequently used patient-reported outcome mea-
sures (PROMs) in cancer patients to facilitate data pooling and comparisons.

Study Design and Setting: Adult cancer patients from five European countries completed the European Organization for Research and
Treatment of Cancer (EORTC) computer adaptive test (CAT) Core, EORTC Quality of Life Questionnaire Version 3.0 (QLQ-C30), Func-
tional Assessment of Cancer Therapy - General (FACT-G), 36-item Short Form Health Survey (SF-36), and the Patient-Reported Outcomes
Measurement Information System (PROMIS) Physical Function 20a short form. The R package ‘‘equate’’ was used to establish conversion
tables of PF scores on those measures with a bivariate rank correlation of at least 0.75.

Results: In total, 953 patients with cancer (mean age 58.9 years, 54.7% men) participated. Bivariate rank correlations between PF
scores from the EORTC CAT Core, EORTC QLQ-C30, SF-36, and PROMIS were all above 0.85, but below 0.69 for the FACT-G. Con-
version tables were established for all measures but the FACT-G. These tables indicate which score from one PROM best matches the score
from another PROM and provide standard errors of converted scores.

Conclusion: Our analysis indicates that linking of PF scores from both EORTC measures (CAT and QLQ-C30) with PROMIS and SF-
36 is possible, whereas the physical domain of the FACT-G seems to be different. The established conversion tables may be used for
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comparing results or pooling data from clinical studies using different PROMs. � 2023 The Author(s). Published by Elsevier Inc. This is
an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Patient-reported outcome measures (PROMs) have
become a cornerstone of outcome assessment in cancer
clinical trials [1,2]. PROMs provide a standard methodol-
ogy for assessing health-related quality of life; a multidi-
mensional construct including physical function (PF),
role/social functioning, emotional functioning, and specific
cancer symptoms and treatment side effects [3]. PF reflects
the ability to pursue activities required for maintaining
functional independence and independent living [3,4].
Guidance documents from regulatory authorities highlight
patient-reported PF as a key outcome in cancer clinical tri-
als [3] that has been shown to be more sensitive to treat-
ment effects than clinician-reported performance status
and to provide prognostic information on patient survival
that goes beyond clinical or laboratory data [5].

The most frequently used PROM in cancer clinical trials
and clinical practice [6e8] is the European Organization
for Research and Treatment of Cancer (EORTC) Quality
of Life Questionnaire Version 3.0 (QLQ-C30), a multidi-
mensional questionnaire assessing PF alongside other func-
tional domains and symptoms [9]. The recently released
EORTC computer adaptive test (CAT) Core allows for the
assessment of the same outcomes with more precision
and an extended measurement range [10,11]. Other widely
used PROMs, the 36-item Short Form Health Survey
(SF-36) [12] and the Functional Assessment of Cancer
Therapy - General (FACT-G) [13], contain subscales for
PF, while the Patient-Reported Outcomes Measurement In-
formation System (PROMIS) provides an item bank for PF
[14]. These PF PROMs have been shown to be strongly
correlated [15,16], despite some conceptual differences
[17]. For example, the FACT-G physical well-being
(PWB) subscale focuses on symptom burden rather than
physical capacity, mobility, and activities of daily living
[18].

The availability of various PROMs allows to select the
most suitable measure for specific purposes. However, the
variety in terms of content and metrics compromises com-
parisons of study results and data aggregation in meta-
analyses. For example, a PF score of 50 points on the
metric of one PROM does not equal to the same value from
another PROM, as these values may indicate different
levels of the measured construct. Thus, such scores cannot
be compared directly or included in a pooled data analysis.

To overcome this limitation, linking methods have been
introduced to convert scores from one PROM to the metric
of another PROM [19] or to create a common metric [20].
Linking studies have been published for a number of
commonly used PROMs in cancer medicine [20,21] but
have not included the EORTC QLQ-C30 or EORTC CAT
Core, which hinders comparing or pooling PRO data
collected with these measures.

In an ongoing project by the EORTCQuality of Life Group,
we evaluate the possibility of linking scores fromEORTCmea-
sures with other common PROMs in cancer research. The proj-
ect comprises a qualitative content comparison to assess
conceptual overlap and quantitative analyses establishing and
evaluating the actual linking algorithm. The content analysis
of the included PF measures has been published previously
[17]. In this article, we present linking algorithms for the PF
domain of the following scales and item banks that were
included in this analysis: the EORTC QLQ-C30 PF scale, the
EORTC CAT PF item bank, the SF-36 PF scale, PROMIS PF
v2.0 20a short form, the FACT-G PWB scale, and a combined
scale FACT/PROMIS-PF4.
2. Methods

2.1. Sample

In this prospective study, we recruited a heterogeneous
sample of patients having mixed cancer diagnoses from five
European centers, the Medical University of Innsbruck
(Austria), the Medical Faculty of Martin Luther University
Halle-Wittenberg (Germany), the University Hospital of Nav-
arra (Spain), the Netherlands Cancer Institute (Netherlands),
and the Mount Vernon Cancer Centre (United Kingdom).
Additional inclusion criteria were any treatment status (on-
treatment and off-treatment), age�18 years, written informed
consent, sufficient command of the primary language of the
patient’s country of residence, and no cognitive impairment
interfering with questionnaire completion. Patients were ap-
proached during hospital visits or contacted via e-mail.
PROMs were administered electronically using the software
CHES [22]. In a subgroup of patients who completed the
initial assessment at the start of chemotherapy, a second
assessment was conducted at the third chemotherapy cycle
(or earlier, in case of treatment discontinuation). All other pa-
tients completed the PROMs only at a single time point.

The study was approved by the ethics committee of the
Medical University of Innsbruck (AN20140368) and con-
ducted in accordance with Good Clinical Practice and the
ethical principles of the Declaration of Helsinki.

http://creativecommons.org/licenses/by/4.0/
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What is new?

Key findings
� The present study investigates the possibilities to

link patient-reported outcome measures that are
commonly used to evaluate physical functioning
in cancer patients. Equipercentile equation is used
to establish linking tables for score conversion.

� Our analysis suggests that PF scores from the
EORTC CAT Core / EORTC QLQ-C30, SF-36,
and PROMIS can be linked with adequate preci-
sion for use in group-based comparisons.

� Quantitative analyses indicate that linking between
these measures and the FACT-G seems not
feasible. This supports the findings of a previous
qualitative analysis that the FACT-G is conceptu-
ally distinct.

What this adds to what was known?
� Previous linking analysis on patient-reported

outcome measures in oncology did not include
the EORTC QLQ-C30 or EORTC CAT Core.

What is the implication and what should change
now?
� Linking methods allow for conversion of scores be-

tween two measures. The equating tables may help
to pool data from different studies when con-
ducting meta-analyses.

2.2. Physical function measures

The PROM battery completed by the patients included
the EORTC QLQ-C30 PF scale, the EORTC CAT PF item
bank, the SF-36 PF scale, the PROMIS PF v2.0 20a short
form, the FACT-G PWB scale, and a 4-item combination
FACT/PROMIS-PF4. Full titles and short descriptions of
all included PROMs are provided in Table 1.

2.3. Statistical analysis

Spearman rank correlation coefficients were calculated
to investigate the strength of the bivariate correlation be-
tween the measures, and scatter plots are presented. Corre-
lations exceeding 0.75 [35] were considered sufficient to
link scores on group level. Furthermore, we calculated
group standardized mean difference (SMD) for each mea-
sure for observed values based on sex, age (above/below
70 years), and treatment status (on/off treatment). The
SMD was calculated by dividing the mean group difference
by the pooled standard deviation (SD) of the two groups. In
line with Dorans [36], a difference in SMD between mea-
sures (with equal reliability) that is larger than 0.11
indicates that group-specific equating procedures may be
needed. Given the assumption of equal reliability, we
expect comparisons of SMDs only to be meaningful for
measures with comparable numbers of items. Unidimen-
sionality of the measures has been evaluated using a confir-
matory factor analysis.

To establish linking relationships between the included
PROMs, we used the equipercentile equating approach
which aligns scores from two measures with the same
percentile ranks [37]. We do not provide linking tables to
convert scores between the EORTC CAT Core and EORTC
QLQ-C30, since conversion for these two scales can be
done directly via the item response theory (IRT) model un-
derlying the EORTC CAT Core [24]. For our analysis, we
used the R package ‘‘equate’’ [38] which permits the defi-
nition of nonlinear relationships between scales with
discrete scores using a cumulative distribution function
approximated by percentile ranks. Polynomial log-linear
presmoothing [39] was used to reduce the impact of sam-
pling and measurement error. Standard errors were esti-
mated via parametric bootstrapping with resampling
based on the smoothed score distribution. Furthermore,
the mean absolute error (MAE) was calculated as a measure
of precision of the linking procedure [40]. To investigate
variation in linking precision across patient groups, we also
calculated the MAE separately for patient groups defined
by sex, age (above/below 70 years), and treatment status
(on/off treatment). Standardized MAE (SMAE) was calcu-
lated by dividing the MAE by the SD of the target measure
in the total sample. Smaller MAEs and SMAEs indicate
more precise score prediction, while large SMAEs reflect
standard errors. SMAEs below 0.5 [41e43] were consid-
ered to indicate sufficiently invariant linking precision.
3. Results

3.1. Patient characteristics

The final sample consisted of 953 patients with different
cancer diagnoses. The mean age was 58.9 years
(SD 5 13.4), and 54.7% were men. The most frequent di-
agnoses were lymphoma (11.9%), breast cancer (10.9%),
and thyroid cancer (9.9%). At assessment, 73.2% of pa-
tients were receiving anticancer treatment. For further sam-
ple characteristics, see Table 2.

3.2. Descriptive statistics and bivariate correlations for
PROMs

The EORTC CAT Core PF T-score ranged from 8.0 to
67.0, and the mean score was 44.2 (SD 5 10.7). The scores
on the EORTC QLQ-C30 PF scale ranged between 0 and
100, with a mean of 76.9 (SD 5 22.0). The T-scores ob-
tained from the PROMIS PF 20a short form ranged be-
tween 17.0 and 63.0, with a mean score of 45.9
(SD 5 9.2). The SF-36 covered the whole 0e100 metric



Table 1. Short titles, full titles, and descriptions of all included patient-reported outcome measures

Short title Full title Description

EORTC CAT Core PF Physical functioning item
bank of the European
Organization for
Research and Treatment
of Cancer Computer
Adaptive Tests for Core
domains e Physical
Functioning item bank

The EORTC CAT Core [10,23] consists of 14 item banks that have been
developed to measure the same functional health domains and
symptoms as the EORTC QLQ-C30 v3.0 [9] with higher precision and
an extended measurement range. The item bank for PF consists of
31 items, including the five PF items from the EORTC QLQ-C30
[24]. The EORTC measures use a four-point rating scale as the
response format, with categories ranging from ‘Not at all’ to ‘Very
much,’ without referring to a specific recall period.

EORTC QLQ-C30 PF Physical functioning scale
within the European
Organization for
Research and Treatment
of Cancer Quality of Life
Questionnaire e Core
module

Scores for the EORTC QLQ-C30 are calculated as sum scores from all
items of a subscale, which are then transformed to a metric from
0 to 100 through linear regression [25]. Results from the EORTC
CAT Core are based on a T-score metric with normative mean of 50
points and a standard deviation (SD) of 10 points. The underlying
normative data were collected from the European general
population [26]. The item banks can be used for computer-adaptive
assessments [24] or to create static short forms that target specific
patient populations [27], with both providing scores that are fully
compatible with those from the original EORTC QLQ-C30. In this
study, we asked patients all 31 items in the PF item bank.

PROMIS PF 20a (v2.0) Patient-Reported Outcomes
Measurement
Information System,
Short form for Physical
Functioning with 20
items (version 2.0)

The PROMIS Physical Function 20a [28] is a generic short form based
on the PROMIS Physical Function Item Bank v2.0 [29]. Six items
from the PROMIS Cancer Item Bank v1.1 are included in the
Physical Function 20a short form. No recall period is specified in the
short form. The questions are answered on a five-point Likert scale
ranging from ‘Not at all’ to ‘Cannot do’ or ‘Without any difficulty’ to
‘Unable to do.’ Scores are given on a T-score metric based on the
general population of the United States [30].

SF-36 PF Short Form 36, Physical
Function subscale

The SF-36 is a 36-item HRQOL measure [12,31] that comprises eight
individual domains including PF. The PF scale is conceptualized as
the ‘performance of or capacity to perform a variety of activities that
are normal for an individual in good health’ [32], including self-
care, mobility, and physical activities. The questionnaire items
assess limitations of physical activities and functioning owing to
health conditions. The PF domain comprises 10 items rated on
three-point rating scale (response categories: ‘Yes, limited a lot,’
‘Yes, limited a little,’ and ‘No, not limited at all’) and no specific
recall period. Please note that in this analysis, we refer to the PF
scale and not to the physical component summary score. Scores for
the SF-36 PF scale are given on a 0e100 metric and calculated
through linear transformation of the sum of the item scores.

FACT-G PWB Functional Assessment of
Cancer Therapy e

General, Physical Well-
being subscale

The FACT-G [33] is a cancer-specific questionnaire comprising four
domains, including a physical well-being scale (FACT-G PWB). The
27 items on the FACT-G version 4.0 [13] are rated on a five-point
Likert scale ranging from ‘Not at all’ to ‘Very much,’ referring to a 7-
day recall period. The PWB scale consists of seven items assessing
fatigue, pain, and nausea, two items on treatment side effects and
feeling ill in general, an item on being bedbound, and one item on
the interference with patients’ family life. Scores on the FACT-G are
calculated as sum scores. The FACT-G PWB score thus ranges
between 0 and 28.

FACT/PROMIS-PF4 Ad-hoc scale with two items
from the FACT-G PWB
and PROMIS PF 20a
(v2.0)

To improve linking with PROMIS, Kaat et al. [34] suggested a
combined FACT/PROMIS-PF5 scale, which consists of two FACT-G
items (‘trouble meeting the needs of my family,’ ‘spend time in
bed’) and three PROMIS items (PFA11 ‘chores,’ PFA53 ‘errands,’
PFA1 ‘vigorous activities’). The PROMIS item PFA53 was not part
of our assessment, but our data allowed to approximate the scale
suggested by Kaat et al. [34] by combining the remaining four
items, hereafter FACT/PROMIS-PF4, to estimate linking options for
this combined scale. Sum scores for this scale range from 0 to 16.
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Table 2. Characteristics of the study sample (N 5 953)

Variable N %

Sex

Female 432 45.3

Male 521 54.7

Age

Below 70 yr 752 78.9

70 yr or above 201 21.1

Diagnoses

Lymphoma 113 11.9

Breast cancer 104 10.9

Thyroid cancer 94 9.9

Naso-/oropharyngeal 89 9.3

Colorectal cancer 79 8.3

Lung cancer 72 7.6

Prostate cancer 70 7.3

Leukemia 50 5.2

Gynecological cancers 46 4.8

Pancreas cancer 36 3.8

Neuroendocrine tumor 34 3.6

Gastric cancer 20 2.1

Bladder cancer 15 1.6

Skin cancer 15 1.6

Anal cancer 13 1.4

Other solid tumors 77 8.1

Other hematological malignancies 26 2.7

Treatment status

On treatment 698 73.2

Off treatment 255 26.8

Marital status

Single 140 14.8

Married/partnership 666 70.4

Separated/divorced/widowed 140 14.8

Missing 7

Highest level of education

Less than compulsory 19 2.0

Compulsory 273 29.0

Post compulsory but below university 436 46.3

University level or above 213 22.6

Missing 12

Employment status

Retired 427 45.4

Employed full time 245 26.0

Employed part time 85 9.0

Self-employed 68 7.2

Unemployed 32 3.4

Homemaker/parent/carer 32 3.4

Student/in training 14 1.5

Other 38 4.0

Missing 12

Country

Amsterdam (NL) 44 4.6

(Continued )

Table 2. Continued

Variable N %

Innsbruck (AT) 448 47.0

London (UK) 182 19.1

Pamplona (ES) 91 9.5

Halle (DE) 188 19.7
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with a mean score of 71.0 (SD 5 25.9). Our sample re-
ported the whole range on the FACT-G PWB, from 0 to
28, while the mean score was 20.9 (SD 5 6.2). Scores on
the FACT/PROMIS-PF4 ranged between 0 and 16, with a
mean of 11.3 (SD5 3.9). The results from the confirmatory
factor analysis evaluating the unidimensionality of the mea-
sures are shown in Supplementary File 3.

The highest Spearman rank correlation was found be-
tween the two EORTC measures: 0.94 (95% confidence in-
terval [95% CI] 0.93e0.94). Other correlations of the
EORTC CAT Core instrument were 0.90 (95% CI
0.88e0.91) with the PROMIS PF 20a short form, 0.89
(95% CI 0.87e0.90) with the SF-36 PF scale, and 0.65
(95% CI 0.60e0.69) with the FACT-G PWB scale. Compa-
rable correlations were found between the EORTC QLQ-
C30 PF scale and PROMIS (0.86; 95% CI 0.84e0.88),
SF-36 (0.85; 95% CI 0.03e0.87), and the FACT-G PWB
(0.67; 95% CI 0.63e0.71). Further bivariate correlations
were 0.90 (95% CI 0.89e0.91) between the SF-36 and
the PROMIS measure, 0.69 (95% CI 0.65e0.73) for the
FACT-G PWB with the SF-36, and 0.69 (95%CI
0.66e0.73) for the FACT-G with the PROMIS measure.
Scatter plots detailing the bivariate associations are shown
in Fig. 1.

In comparison to the FACT-G PWB scale, the FACT/
PROMIS-PF4 showed higher correlations with the compar-
ator measures, that is, 0.89 (95% CI 0.87e0.90) with
PROMIS, 0.81 (95% CI 0.79e0.84) with the SF-36, and
0.80 (95% CI 0.77e0.82) with the EORTC CAT Core as
well as the QLQ-C30. The correlation between FACT-G
PWB and FACT/PROMIS-PF4 was 0.82 (95% CI
0.80e0.85).
3.3. Standardized mean differences for age, sex, and
treatment status

SMDs in the comparison between men and women
ranged from 0.07 (QLQ-C30) to 0.14 (EORTC CAT Core
and PROMIS) and 0.15 (FACT-G, SF-36, and FACT/
PROMIS-PF4). Comparing patients above and below the
age of 70 years showed the following SMDs: FACT-G
�0.03, FACT/PROMIS-PF4 0.10, QLQ-C30 0.12, SF-36
0.17, PROMIS 0.18, and EORTC CAT Core 0.29. Differ-
ences between patients on and off treatment showed SMDs
of 0.48 for the FACT-G, 0.52 for the QLQ-C30 and the SF-
36, 0.54 for the EORTC CAT Core, 0.55 for PROMIS, and
0.60 for the FACT/PROMIS-PF4. Further details are re-
ported in Supplementary File 3.



Fig. 1. Scatterplot and rank correlation for the bivariate associations of the EORTC CAT Core Physical Functioning item bank (AeC) and the EORTC
QLQ-C30 Physical Functioning scale (DeF) with the three comparator measures, as well as the bivariate correlations between the SF-36 Physical
Function subscale, the PROMIS Physical Function short form 20a (v2.0), and the FACT-G Physical Well-being subscale (GeI). EORTC, European Or-
ganization for Research and Treatment of Cancer; CAT, computer adaptive test; QLQ, Quality of Life Questionnaire; PROMIS, Patient-Reported Out-
comes Measurement Information System; SF-36, 36-item Short Form Health Survey; FACT-G, Functional Assessment of Cancer Therapy - General.
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All differences in SMDs across measures and groups were
below or close to the predefined threshold of 0.11 [36], with
the exception of SMDs in the age group comparisons that
showed differences in SMDs of up to 0.32 (FACT-G �0.03
vs. EORTC CAT Core 0.29). In this comparison, those scales
with more items and, thus, presumably higher reliability
showed higher SMDs than scales with fewer items. Since
variation in reliability compromises the interpretation of dif-
ferences in SMDs, we do not consider these results as suffi-
cient evidence for the need for group-specific linking.
3.4. Linking using equipercentile equating

The difference between the observed mean scores and
the mean scores predicted from the comparator measures
was always less than one point on the metric of the mea-
sures. SDs were also very similar for observed and pre-
dicted scores. Details are shown in Table 3.

MAEs and SMAEs for the overall sample, as well as
age groups, sex, and treatment status, are presented in
Table 4. All SMAEs for conversions between the EORTC
measures, PROMIS, and the SF-36 were below 0.5, except
for the prediction of PROMIS scores based on the QLQ-
C30 PF scale (SMAE 5 0.54) in the subgroup of patients
off treatment. In contrast, predictions of EORTC,
PROMIS, or SF-36 scores based on the FACT-G mostly
showed SMAE values above 0.5; SMAEs for conversions
based on or predicting FACT/PROMIS-PF4 scores were
larger than 1.0.

Details on the variation in standard errors across the
measurement continuum of the PROMs are shown in
Figures 2e4. Score conversion tables are shown in
Supplementary File 1 for the EORTC CAT Core, QLQ-
C30, PROMIS, and SF-36. The FACT-G was not included
owing to the low bivariate correlations. Conversion tables
for the FACT/PROMIS-PF4 are shown in Supplementary
File 2.

To use the conversion tables, the observed scores from
the measure to be converted are rounded to the nearest
integer. If this integer is, for example, 50 points on the T-
score metric of the PROMIS measure, the predicted score
on the T-score metric of the EORTC CAT Core would be



Table 3. Descriptive statistics for observed and predicted scores for
the PRO measures

PRO measure Mean SD

EORTC CAT Core PF

Observed 44.23 10.68

Predicted by PROMIS PF 20a SF 44.23 10.67

Predicted by SF-36 Physical Function 44.73 11.76

Predicted by FACT-G Physical Well-
being

44.01 10.15

Predicted by FACT/PROMIS-PF4 44.36 10.25

EORTC QLQ-C30 PF

Observed 76.94 21.99

Predicted by PROMIS PF 20a SF 76.83 21.68

Predicted by SF-36 Physical Function 76.85 22.15

Predicted by FACT-G Physical Well-
being

77.04 22.06

Predicted by FACT/PROMIS-PF4 77.27 21.07

PROMIS PF 20a SF

Observed 45.89 9.20

Predicted by EORTC CAT Core PF 45.89 9.20

Predicted by EORTC QLQ-C30 PF 46.87 10.76

Predicted by SF-36 Physical Function 46.29 10.09

Predicted by FACT-G Physical Well-
being

45.72 8.77

Predicted by FACT/PROMIS-PF4 46.00 8.81

SF-36 Physical Function

Observed 71.00 25.86

Predicted by EORTC CAT Core PF 70.90 25.32

Predicted by EORTC QLQ-C30 PF 71.13 25.85

Predicted by PROMIS PF 20a SF 70.88 25.48

Predicted by FACT-G Physical Well-
being

71.06 25.96

Predicted by FACT/PROMIS-PF4 71.27 25.07

FACT-G Physical Well-being

Observed 20.90 6.23

Predicted by EORTC CAT Core PF 20.90 6.09

Predicted by EORTC QLQ-C30 PF 20.98 6.34

Predicted by PROMIS PF 20a SF 20.89 6.15

Predicted by SF-36 Physical Function 20.91 6.33

Predicted by FACT/PROMIS-PF4 21.02 5.90

FACT/PROMIS-PF4

Observed 11.30 3.89

Predicted by EORTC CAT Core PF 11.30 3.99

Predicted by EORTC QLQ-C30 PF 10.73 4.87

Predicted by PROMIS PF 20a SF 11.29 4.00

Predicted by SF-36 Physical Function 11.06 4.40

Predicted by FACT-F Physical Well-
being

11.37 3.71

Abbreviations: PRO, patient-reported outcome; SD, standard devi-
ation; EORTC, European Organization for Research and Treatment
of Cancer; CAT, computer adaptive test; QLQ, Quality of Life Ques-
tionnaire; PF, physical function; PROMIS, Patient-Reported Out-
comes Measurement Information System; SF-36, 36-item Short
Form Health Survey; FACT-G, Functional Assessment of Cancer Ther-
apy - General.
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48.86 points (standard error 0.54 points). In another
example, the maximum value of 100 points on the metric
of the SF-36 PF scale is converted to 67.09 points (standard
error 0.77 points) on the EORTC CAT Core metric.
4. Discussion

Our study showed high correlations between the PF do-
mains of the EORTC CAT Core, EORTC QLQ-C30,
PROMIS, and SF-36 suggesting that scores from these
measures can be linked to each other. The correlations of
the FACT-G PWB scale with these three scales were sub-
stantially lower. SMAEs were lower for conversions be-
tween EORTC CAT Core, EORTC QLQ-C30, PROMIS,
and SF-36 (all but one below 0.5 across all subgroups
analyzed), compared to the FACT-G or the FACT/
PROMIS-PF4 scale.

In a previous qualitative content analysis [17], we inves-
tigated the item content of these measures using the inter-
national classification of functioning (ICF) framework
[44] with an established analytical approach [45]. We found
that most of the items from the EORTC CAT Core, SF-36,
PROMIS PF 20a short form, and FACT-G could be as-
signed to ICF categories within the ICF component ‘Activ-
ities and Participation.’ For all PROMs but the FACT-G, the
first-level category ‘Mobility’ covered more than half of the
item content, followed by ‘Self-care’ for the EORTC, SF-
36, and PROMIS 20a short form. For the cancer-specific
PROMIS item bank, ‘Domestic life’ was the second most
frequently used first-level category. The FACT-G PWB
was the most heterogeneous measure with items related
to the components ‘Activities and Participation’ and ‘Body
Functions’ and additional content that could not be catego-
rized within the ICF framework. These results suggested
that there is conceptually sufficient overlap in content to
allow for meaningful linking of scores from the EORTC
CAT Core, SF-36, and PROMIS, whereas the FACT-G is
conceptually distinct [17,18].

The quantitative analysis in this article supports these
findings on (dis)similarity from the qualitative content anal-
ysis. Correlations between the EORTC QLQ-C30, the
EORTC CAT Core, SF-36, and PROMIS ranged between
0.85 and 0.90 (0.94 between the two EORTC measures),
clearly exceeding the threshold of 0.75 that has been
applied previously for identifying scales where group-
level linking is possible [35,46]. In fact, the observed cor-
relations of the EORTC CAT Core with the SF-36 and
PROMIS were even above the threshold for individual-
level linking of 0.866 suggested by Dorans [36]. Also,
the correlations between the EORTC QLQ-C30 PF scale
with these two comparator measures were close to this
value. In contrast, correlations for the FACT-G PWB with
the other measures ranged from 0.64 to 0.69.

Regarding the need for age-, sex-, and treatment status-
specific linking procedures, the SMDs indicated that these



Table 4. Mean absolute error and standardized mean absolute error of the linking procedures

Direction of score conversion

Total sample Age !70 Age ‡70 Men Women On treatment Off treatment

MAE SMAE MAE SMAE MAE SMAE MAE SMAE MAE SMAE MAE SMAE MAE SMAE

EORTC CAT Core PF

Predicted by PROMIS PF 20a SF 3.82 0.36 3.88 0.37 3.48 0.33 3.89 0.37 3.67 0.35 3.83 0.36 3.84 0.36

Predicted by SF-36 Physical Function 4.53 0.43 4.71 0.44 3.79 0.36 4.80 0.45 4.20 0.40 4.33 0.41 5.03 0.47

Predicted by FACT-G Physical Well-
being

7.00 0.66 7.24 0.68 5.82 0.55 7.22 0.68 6.68 0.63 6.98 0.66 6.99 0.66

Predicted by FACT/PROMIS-PF4 16.04 1.51 16.39 1.54 14.37 1.35 16.94 1.60 14.84 1.40 15.30 1.44 15.52 1.46

EORTC QLQ-C30 PF

Predicted by PROMIS PF 20a SF 7.85 0.36 7.83 0.36 7.78 0.35 7.72 0.35 7.97 0.36 8.36 0.38 6.30 0.29

Predicted by SF-36 Physical Function 8.38 0.38 8.38 0.38 8.38 0.38 8.49 0.39 8.05 0.37 8.96 0.41 6.78 0.31

Predicted by FACT-G Physical Well-
being

12.46 0.57 12.38 0.56 12.54 0.57 12.82 0.58 11.94 0.54 13.43 0.61 9.69 0.44

Predicted by FACT/PROMIS-PF4 32.96 1.50 32.94 1.50 32.96 1.50 33.09 1.51 32.62 1.48 34.13 1.55 23.67 1.08

PROMIS PF 20a S

Predicted by EORTC CAT Core PF 3.28 0.36 3.34 0.36 3.01 0.33 3.15 0.34 3.40 0.37 3.23 0.35 3.42 0.37

Predicted by EORTC QLQ-C30 PF 4.26 0.47 4.40 0.48 3.68 0.40 4.25 0.46 4.25 0.46 3.98 0.43 4.95 0.54

Predicted by SF-36 Physical Function 3.52 0.38 3.66 0.40 3.01 0.33 3.43 0.37 3.61 0.39 3.29 0.36 4.15 0.45

Predicted by FACT-G Physical Well-
being

5.53 0.60 5.63 0.61 4.79 0.52 5.44 0.59 5.66 0.62 5.44 0.59 5.64 0.62

Predicted by FACT/PROMIS-PF4 14.00 1.53 14.44 1.58 12.28 1.34 13.76 1.50 14.28 1.56 13.20 1.44 14.33 1.56

SF-36 Physical Function

Predicted by EORTC CAT Core PF 8.69 0.34 8.73 0.34 8.48 0.33 8.47 0.33 8.83 0.34 9.20 0.36 7.25 0.28

Predicted by EORTC QLQ-C30 PF 9.96 0.38 9.95 0.38 9.98 0.39 9.76 0.38 10.02 0.39 10.50 0.41 8.56 0.33

Predicted by PROMIS PF 20a SF 8.10 0.31 7.95 0.31 8.89 0.34 7.96 0.31 8.23 0.32 8.66 0.33 6.54 0.25

Predicted by FACT-G Physical Well-
being

14.87 0.57 14.86 0.57 14.45 0.56 14.18 0.55 15.70 0.61 16.26 0.63 11.02 0.43

Predicted by FACT/PROMIS-PF4 39.31 1.52 39.25 1.52 39.23 1.52 37.66 1.46 41.17 1.59 40.68 1.57 28.80 1.11

FACT-G Physical Well-being

Predicted by EORTC CAT Core PF 3.79 0.61 3.84 0.61 3.57 0.57 3.60 0.58 3.98 0.64 4.10 0.66 2.97 0.48

Predicted by EORTC QLQ-C30 PF 3.70 0.59 3.70 0.59 3.63 0.58 3.65 0.58 3.70 0.59 3.91 0.63 3.15 0.50

Predicted by PROMIS PF 20a SF 3.54 0.57 3.52 0.56 3.54 0.57 3.44 0.55 3.67 0.59 3.82 0.61 2.76 0.44

Predicted by SF-36 Physical Function 3.66 0.59 3.66 0.59 3.54 0.57 3.51 0.56 3.84 0.61 3.99 0.64 2.80 0.45

Predicted by FACT/PROMIS-PF4 9.28 1.48 9.20 1.47 9.59 1.53 9.06 1.45 9.53 1.52 9.75 1.56 6.48 1.04

FACT/PROMIS-PF4

Predicted by EORTC CAT Core PF 6.01 1.54 5.96 1.52 6.26 1.60 5.88 1.50 6.13 1.57 5.93 1.52 4.78 1.22

Predicted by EORTC QLQ-C30 PF 6.61 1.69 6.60 1.69 6.63 1.70 6.46 1.65 6.72 1.72 6.39 1.63 5.76 1.47

Predicted by PROMIS PF 20a SF 6.13 1.57 6.12 1.57 6.20 1.59 5.93 1.52 6.36 1.63 6.06 1.55 5.04 1.29

Predicted by SF-36 Physical Function 6.27 1.60 6.26 1.60 6.33 1.62 6.06 1.55 6.46 1.65 6.15 1.57 5.40 1.38

Predicted by FACT-G Physical Well-
being

5.93 1.52 5.88 1.51 6.10 1.57 5.82 1.50 6.04 1.55 6.00 1.54 4.36 1.12

Abbreviations: EORTC, European Organization for Research and Treatment of Cancer; CAT, computer adaptive test; QLQ, Quality of Life Ques-
tionnaire; PF, physical function; PROMIS, Patient-Reported Outcomes Measurement Information System; SF-36, 36-item Short Form Health Sur-
vey; FACT-G, Functional Assessment of Cancer Therapy - General; MAE, mean absolute error; SMAE, standardized mean absolute error (i.e., mean
absolute error divided by the standard deviation of the observed scores in the total sample).
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may not be needed for the EORTC CAT Core, EORTC
QLQ-C30, SF-36, and PROMIS, whereas for other scales
the results were inconclusive as larger differences in SMDs
may be a result of varying reliability.

Recently, a study by Lee et al. [46] comparing the five-
item PF scale of the EORTC QLQ-C30 and the four-item
PF scale of the PROMIS-29 highlighted the similar
conceptualization of the domains in these measures. Con-
tent differences were found to only reflect variations in dif-
ficulties of the tasks assessed. The two PF scales showed a
correlation of 0.78 which is somewhat lower than the cor-
relation of 0.86 observed in our study. This difference
may reflect a difference in reliability of the assessments
given the lower number of PF items in their study using



Fig. 2. Linking functions (bold lines) and standard errors (dotted lines) to predict the PROMIS and SF-36 physical functioning scores from the
EORTC CAT Core Physical Functioning item bank and vice versa. EORTC, European Organization for Research and Treatment of Cancer; CAT, com-
puter adaptive test; PROMIS, Patient-Reported Outcomes Measurement Information System; SF-36, 36-item Short Form Health Survey.

Fig. 3. Linking functions (bold lines) and standard errors (dotted lines) to predict the PROMIS and SF-36 physical functioning scores from the
EORTC QLQ-C30 Physical Functioning scale and vice versa. EORTC, European Organization for Research and Treatment of Cancer; QLQ, Quality
of Life Questionnaire; PROMIS, Patient-Reported Outcomes Measurement Information System; SF-36, 36-item Short Form Health Survey.
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Fig. 4. Linking functions (bold lines) and standard errors (dotted lines) for equipercentile equation between PROMIS and SF-36 Physical Func-
tioning scores. PROMIS, Patient-Reported Outcomes Measurement Information System; SF-36, 36-item Short Form Health Survey.
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the 4-item short form by PROMIS compared to ours using
the 20-item short form.

Whereas our analysis covers several widely used PF mea-
sures among patients with cancer, this selection is still limited,
particularly regarding PROMIS. Here, we only assessed a sin-
gle short form, albeit the one with the most items. Because all
PROMIS short form and CATs based on the same item bank
provide scores on the same metric, and the same is true for the
EORTC short form and CATs, our conversion tables are
applicable for score conversion between any measures based
on these item banks. The selection of the short form was
informed by considerations on response burden which only
allowed the inclusion of a certain number of items. At the
same time, the use of a single-group design in which all pa-
tients completed all measures at the same time point is
considered optimal for linking analyses [36].

Another limitation is the imbalanced sample which only
allowed for certain analysis of possible variation in linking
precision across patient groups. This imbalance extends to
the distribution of patients across centers and countries.
Nonetheless, the coverage of different countries and lan-
guages goes beyond most previous linking studies, and
score distributions indicated good coverage of the measure-
ment range of the investigated PROMs.

Whereas standard errors of predicted scores are reason-
ably small in the mid-range of the score distribution, extreme
scores can only be linked with very limited precision. There-
fore, linking scores in patient populations with high perfor-
mance levels, such as young cancer survivors, and those
with very poor levels, such as palliative care patients, is
not recommended with the current conversion tables.

Whereas there are other analytical techniques available for
this purpose, such as IRT or regression models, we think that
equipercentile equating provides some important advantages
overmore complexmethods.Most importantly, thismethod re-
lies on scale-level data rather than item-level datawhichmakes
it more applicable in situations where data with individual
response sets are not available. This is mostly the case for
meta-analyses or other analysis comparing or merging results
from different PROMs. Next, all PROMs have their own
scoring algorithms; these can be simple, such as for theEORTC
QLQ-C30 PF, FACT-G PWB, and SF-36 PF scales, or more
complex, relying on IRTmodels andmaximum likelihood esti-
mation like the EORTC CAT Core and PROMIS measures.
IRT-based linkingmethods require a jointmodel that comprises
items from different PROMs; this may not fit the same unidi-
mensional model or may only do so if the item characteristics
(e.g., item difficulty and slope) of the original item bank are
altered. Such alterations of item characteristics, however, will
result in incompatibility of the official and commonly used
scoring algorithms and the scores obtained from the linking
model. Such incompatibilities are avoidedwhen equipercentile
equating is applied. Furthermore, previous studies found that
differences in precision obtained by different linking methods
are mostly small [47e49] whereas the strength of the correla-
tion can have a substantial impact [19].

In conclusion, our analysis suggests that PF scores from
the EORTC CAT Core/EORTC QLQ-C30, SF-36, and
PROMIS can be linked with adequate precision for use in
group-based comparisons. Conceptually, linking is supported
by previous qualitative findings [17] suggesting conceptual
overlap among these measures. The FACT-G PWB scale is
not only conceptually distinct, but it is also statistically less
associated with these other scales, suggesting that linking to
the other measures may not be meaningful. The equating ta-
bles from our analysis may be used for linking PF scores
from the EORTC CAT Core/EORTC QLQ-C30, SF-36,
and PROMIS. This may be used, for example, to pool data
from different studies or conduct meta-analyses. Further-
more, our results inform future studies on linking procedures
by highlighting possible variations in linking precision
across patient groups; this warrants further investigation.
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