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Abstract

Introduction When determining if changes on patient-reported outcome (PRO) scores in clinical trials convey a meaning-
ful treatment benefit, statistical significance tests alone may not communicate the patient perspective. Appraising within-
patient changes on PRO scores against established thresholds can determine if improvements or deteriorations experienced
by individuals are meaningful. To evaluate the appropriateness of thresholds for interpreting meaningful improvements and
deterioration within individuals on the European Organisation for Research and Treatment of Cancer (EORTC) 30-item
core instrument (QLQ-C30) and 13-item lung cancer module (QLQ-LC13), a series of psychometric methods were applied
to data from a phase III randomized controlled clinical trial in non-small cell lung cancer.

Methods Anchor-based methods of empirical cumulative distribution functions and classification statistics were employed
using change scores from Baseline to Week 7 using changes on the QLQ-C30 Global Health Status item as an anchor. Dis-
tribution-based methods of one-half standard deviation and standard error of measurement identified the minimum amount
of change each domain score can reliably measure.

Results While the correlations between the domain scores and the anchor item were modest in size (i.e., ¥ > 0.30 for only 5
of 24 domains), consideration of multiple methods along with the magnitude of possible step changes on the score allowed
for patterns to emerge. The triangulation process planned a priori resulted in different methods being the source for dif-
ferent domain scores. Absolute values of the proposed thresholds ranged from 11.11 to 33.33, and all resulted in the same
classifications for all EORTC domains, except QLQ-C30 Fatigue, as would the 10-point threshold that is traditionally used.
Conclusion This study confirms the appropriateness of the 10-point EORTC score threshold generally used by the field for
interpreting within-patient changes, but the thresholds proposed from this study enhance interpretability by corresponding
to only observable locations along the domain score scale.
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Key Points for Decision Makers

This study corroborates the appropriateness of 10-point
thresholds for identifying meaningful within-patient
change on European Organisation for Research and
Treatment of Cancer (EORTC) scores in lung cancer.

By accounting for the amount of change that is possi-
ble on each score, proposed thresholds for interpreting
change on EORTC scores in lung cancer range from
11.11 to 33.33.

To enhance ease of interpretation, researchers should
consider applying the thresholds proposed here for iden-
tifying individuals who have responded to treatment or
who have experienced deterioration in future lung cancer
studies.

1 Introduction

Patient-reported outcome (PRO) instruments are commonly
used in oncology clinical trials to measure the effect of ther-
apy on functioning, cancer symptoms, and adverse effects
of treatment. Patient-experience data, such as those from
PRO instruments, can be valuable in risk-benefit assessment,
with PRO data possibly being included in drug labeling
when analyses are prespecified and alpha-controlled [1, 2]
(i.e., included in the clinical trial analysis plan as primary
or secondary endpoints). In some cases, PRO data may be
included in drug labels descriptively when the evidence is
strong and the information complements clinical data, such
as the Xalkori label for non-small cell lung cancer (NSCLC)
describing a benefit in time to development or worsening of
dyspnea [3].

In oncology, PRO instruments developed by the Euro-
pean Organisation for Research and Treatment of Cancer
(EORTC) are commonly administered in clinical trials. This
includes a 30-item core instrument (QLQ-C30) and cancer
type-specific modules, such as the QLQ-LC13 developed
for use in NSCLC and small cell lung cancer (SCLC) [4, 5].
When evaluating changes in EORTC scores for individuals
over the course of therapy, a 10-point threshold has been
used to assist regulators and health authorities interpret
the meaningfulness of within-patient score changes [6].
This threshold is also often applied in time-to-deteriora-
tion analyses. Despite the widespread use of this 10-point
threshold, its derivation from a mixed cancer sample (i.e.,
breast cancer and SCLC) on scores from only four QLQ-C30
domains in a study intended to evaluate a novel anchor of
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‘subjective significance’ renders its generalized use debat-
able [7]. Evidence to support the use of a 10-point threshold
and expand it to other EORTC scores has been generated
by other researchers, but the source data still represented a
mix of cancer types [8]. Score interpretation work that has
been conducted specifically using patients with NSCLC has
been limited to QLQ-C30 scores for the purpose of group
difference interpretation (i.e., minimal important difference)
rather than within-patient change [9, 10].

Recognizing the need for evidence-based, lung cancer-
specific thresholds for interpreting meaningful within-
patient improvement and deterioration on the QLQ-C30
and QLQ-LC13, this research applied multiple statistical
approaches to a phase III randomized controlled trial data-
set. While the analysis was applied to all domain scores rel-
evant in a clinical trial setting (i.e., excluding the QLQ-C30
Financial Difficulties score), the manuscript focuses on the
key domains of interest to patients, physicians, and regula-
tors (i.e., Physical Functioning, Coughing, Dyspnea, Chest
Pain) [2, 11-13], with the results for the remaining domains
available in the electronic supplementary files.

2 Methods
2.1 Data Source

Data used for these psychometric analyses came from a
multicenter, international, randomized, open-label, phase
III trial comparing a programmed death-ligand 1 (PD-L1)
immune checkpoint inhibitor with a taxane chemotherapy
(NCT02395172). Participants were aged 18 years or older
with histologically confirmed stage IIIB, IV, or recurrent
NSCLC that progressed after previous platinum doublet
therapy. Additional inclusion and exclusion criteria and
details about the study design are available in the study by
Barlesi et al. [14]. Participants were randomized in a 1:1
ratio, stratified by PD-L1 assay status and NSCLC histology,
to receive either the PD-L1 immune checkpoint inhibitor
once every 2 weeks or the taxane chemotherapy once every
3 weeks.

PRO questionnaires were completed by participants
during site visits using an electronic tablet or site pad at
screening, at randomization prior to first administration
of the trial treatment, and at selected study visits prior to
administration of trial treatment and any trial-related proce-
dures. PRO assessments corresponded to in-clinic treatment
visits, resulting in different assessment time points between
the two treatment arms. For the checkpoint inhibitor arm,
post-randomization PRO assessments occurred at Weeks 1,
3,7, and 13, and thereafter every 6 weeks while receiving
treatment. For the chemotherapy arm, post-randomization
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PRO assessments occurred at Weeks 1, 4, 7, and 13, and
thereafter every 6 weeks while receiving treatment.

While change from Baseline to Week 13 was planned
for these analyses for comparability with PRO change score
analyses conducted on other checkpoint inhibitors [15, 16],
the sample size of participants experiencing meaningful
change on the anchor item at Week 13 (i.e., meaningful
improvement, n = 24; meaningful deterioration, n = 29) did
not meet the a priori threshold of n > 30. Instead, change
from Baseline to Week 7 was used (i.e., meaningful improve-
ment, n = 39; meaningful deterioration, n = 43). Baseline
was defined as the last measurement prior to randomization
or, if missing, the last measurement prior to the first trial
drug administration.

Analysis was conducted on participants who were ran-
domized to study treatment with evaluable PRO data (i.e.,
completed one baseline PRO assessment and at least one
post-baseline PRO questionnaire). Analysis was pooled
across treatment groups.

2.2 Patient-Reported Outcome Instruments

The EORTC QLQ-C30 assesses general aspects of health-
related quality of life (QoL) of patients with cancer, includ-
ing five functional scales (i.e., Physical, Role, Cognitive,
Emotional, Social), three symptom scales (i.e., Fatigue,
Pain, Nausea and Vomiting), a Global Health Status/QoL
scale, a number of single items assessing additional com-
mon symptoms of cancer (i.e., Dyspnea, Loss of Appe-
tite, Insomnia, Constipation, Diarrhea), and a single item
measuring the financial impact of disease. Most items are
reported on a 1-to-4 verbal response scale with response
options of ‘not at all’, ‘a little’, ‘quite a bit’, and ‘very much’,
while the two Global Health Status/QoL items are reported
on a 1-to-7 numeric response scale anchored at the ends
with ‘very poor’ and ‘excellent’. All responses are linearly
transformed to produce domain scores on a 0-to-100 range,
where higher scores represent a greater amount of the con-
cept being measured.

The EORTC QLQ-LC13 comprises 13 questions that
measure lung cancer-related symptoms (i.e., Coughing,
Hemoptysis, Dyspnea) and treatment-related adverse effects
(i.e., Sore Mouth or Tongue, Dysphagia, Hair Loss, Tingling
Hands or Feet, Chest Pain, Arm or Shoulder Pain, Other
Pain, Usefulness of Pain Meditation). The QLQ-LC13 items
use the same 1-to-4 verbal response scale as the QLQ-C30
items, and domain scores are also transformed to a 0-to-100
metric.

The primary method by which score interpretation is
determined relies on external criteria as anchors to classify
participants according to the degree of change in the concept
being measured. While an anchor that measures the con-
cept being measured by each PRO score is desirable, in this

study concept-specific anchors were not available. Instead,
the Global Health Status item from the QLQ-C30 was used
to define change in participants’ overall health. This item
has been previously used as an anchor, where a two-category
increase indicated improvement and a two-category decrease
indicated deterioration [17], and these two levels of improve-
ment and deterioration were chosen as the ‘target’ anchor
categories for defining meaningful change for this study.

2.3 Psychometric Methods

Prior to conducting anchor-based analyses, the strength of
the relationship between change on the anchor and change on
each EORTC score was evaluated to ensure that the anchor
is sufficiently related to the instrument. Ideally, correlations
should be at least 0.3 to indicate a viable anchor, but results
can be interpreted cautiously when the anchor correlation
does not reach that threshold [18].

The primary anchor-based approach was the presenta-
tion of empirical cumulative distribution functions (ECDFs)
[19]. ECDFs plotted the cumulative proportion of partici-
pants reporting change scores at each level of the EORTC
score range; separate curves were presented for each level of
change reported on the Global Health Status item. The loca-
tion at which the curve corresponding to the target anchor
category (i.e., two-category increase for improvement, two-
category decrease for deterioration) reaches 50% on the
y-axis is a possible location for an interpretable threshold,
provided that this curve is distinct from the adjacent cat-
egory curves at this location [20]. ECDFs considered each
level of change on the anchor as a separate curve so that the
distance between anchor categories could be compared, but
categories towards the tails of the distribution above and
below the target anchor categories were collapsed because
sample sizes were below 10.

A supportive anchor-based approach examined a series of
classification statistics (i.e., sensitivity, specificity, positive
predictive value [PPV], negative predictive value [NPV])
along each point of the EORTC score scale. These statistics
were reported separately for predicting improvement (i.e.,
two-category or greater increase) and deterioration (i.e.,
two-category or greater decrease) on each EORTC score.
The location where sensitivity and specificity are simultane-
ously at their highest levels is one possible threshold loca-
tion, as is the location where PPV and NPV are simultane-
ously at their highest levels [20].

A supplementary analysis relied on distribution-based
methods. While unable to link the meaning of estimates
back to the patient perspective as recommended [1], distri-
bution-based methods ensure that proposed thresholds are
sufficiently large given the variability of the scores and the
reliability of the instrument. The one-half standard deviation
(SD) method used data from Baseline to identify the amount
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of change on an instrument that would equate to a moderate
amount of change [21]. The standard error of measurement
(SEM) adjusted the magnitude of the one-half SD estimate
for the reliability of the scale (i.e., more reliable scores can
measure smaller amounts of change) [22]. The SEM reliabil-
ity adjustment for each domain was based on the test—retest
reliability between the screening and Week 1 administrations
for stable participants on the Global Health Status item [23].

Thresholds for identifying improvement and deterioration
were proposed by triangulating the results of the anchor-
based and distribution-based methods. ECDFs were given
preference over classification statistics, assuming sensitiv-
ity and specificity were adequate. The chosen anchor-based
estimate must also have exceeded the SEM, ensuring that the
proposed amount of change can be reliably measured by the
scale. The proposed thresholds were considered against the
minimum amount of change that can be observed on each
domain given the number of items and their four-category
response scale (Online Resource 1).

3 Results
3.1 Descriptive Statistics

Data were available for 681 participants randomized to study
treatment with evaluable PRO data. Select baseline charac-
teristics of the sample are presented in Table 1. The analy-
sis sample was predominantly male (69%), white (64%),
and spread across geographic regions of the world. The
average age was 63.1 years, ranging from 29 to 89 years. The
majority of participants in the analysis sample had Eastern
Cooperative Oncology Group scores of 1 (64%) and non-
squamous histology of disease (69%).

Scores at Baseline and Week 7 and the change from Base-
line to Week 7 for key domains and the anchor item are
presented in Table 2 for participants with evaluable scores
at both time points; scores for the remaining domains are
reported in Online Resource 2. Although the EORTC scores
showed minimal mean change from Baseline to Week 7, the
large SDs and wide range of change scores reflected some
improvement and deterioration in the sample. For the Global
Health Status anchor item, Baseline scores were towards the
middle of the score range (mean = 66.0), with responses
observed across the whole scale range. While the mean score

Table 1 Descriptive statistics
for demographic and clinical

Variable

characteristics for the study Age
cohort as analyzed

Sex

Race

Region

ECOG

NSCLC histology

Statistic Baseline [N = 681]
n 681

Missing (%) 0(0.0)
Mean + SD (years) 63.1 £9.6
Min-max (years) 29.0-89.0
Male 468 (68.7)
Female 213 (31.3)
White 438 (64.3)
Asian 207 (30.4)
Black or African American 6(0.9)
American Indian or Alaska Native 1(0.1)
Native Hawaiian or other Pacific Islander 1(0.1)
Other 5(0.7)
Missing 23 (3.4)
Asia 204 (30.0%)

US and Western Europe
Rest of the world

Eastern Europe

171 (25.1%)
161 (23.6%)
145 (21.3%)

0 244 (35.8)
1 437 (64.2)
Squamous cell 209 (30.7)
Non-squamous 472 (69.3)

Data are expressed as n (%) unless otherwise specified

ECOG Eastern Cooperative Oncology Group, Min minimum, Max maximum, NSCLC non-small cell lung

cancer, SD standard deviation

A\ Adis



EORTC Score Interpretation

695

Table 2 Descriptive statistics for participants with patient-reported outcome data at Baseline and Week 7 for key EORTC domain and Spearman
correlations between key EORTC domain scores and the Global Health Status item for change from Baseline to Week 7

EORTC domain score

n, Missing (%), mean + SD, min—max

r (p-value)

Baseline [n = 483] Week 7 [n = 483]

Between EORTC domain and Global
Health Status for A from Baseline to

Change from
Baseline to

Week 7 Week 7
[n =483]
EORTC QLQ-C30 Physical Functioning 483 483 483 0.33 (<0.0001)
0(0.0) 0(0.0) 0(0.0)
77.8 +18.4 74.9 +20.4 -29+16.5
6.7-100.0 6.7-100.0 —60.0 to 60.0
EORTC QLQ-LC13 Dyspnea 482 482 482 —0.29 (<0.0001)
1(0.2) 1(0.2) 1(0.2)
249 +21.0 262 +21.2 1.4+ 18.1
0.0-100.0 0.0-100.0 —66.7 to 66.7
EORTC QLQ-LC13 Coughing 482 482 482 —0.14 (0.0028)
1(0.2) 1(0.2) 1(0.2)
347 +27.3 31.4 +£26.6 -33+264
0.0-100.0 0.0-100.0 —100.0 to 100.0
EORTC QLQ-LC13 Pain in Chest 482 482 482 —0.20 (<0.0001)
1(0.2) 1(0.2) 1(0.2)
17.7 +23.5 14.6 +22.0 -3.1+239
0.0 -100.0 0.0-100.0 —100.0 to 66.7
EORTC Global Health Status 482 482 482 NA
1(0.2) 1(0.2) 1(0.2)
66.0 + 19.9 65.0+19.9 —-1.0+ 195
0.0-100.0 0.0-100.0 —66.7 to 83.3

EORTC European Organisation for Research and Treatment of Cancer, min minimum, max maximum, QLQ-C30 30-item core instrument,
QLQ-LC13 13-item lung cancer module, SD standard deviation, NA not applicable

did not change at Week 7 (i.e., 65.0), changes as large as a
five-category improvement (i.e., 83.3) and a four-category
deterioration (i.e., —66.7) were observed.

Correlations between change scores on the key EORTC
domains and the anchor item are also presented in Table 2
and Online Resource 2. The correlation for QLQ-C30 Physi-
cal Functioning (r = 0.33) reached the a priori threshold
of 0.30, while those for QLQ-LC13 Dyspnea (r = —0.29),
Coughing (r = —0.14), and Chest Pain (r = —0.20) did
not; however, these three QLQ-LC13 score correlations
all reached statistical significance (p < 0.01). Thus, Global
Health Status is sufficiently related to the QLQ-C30 Physical
Functioning and may provide some insight into the inter-
pretation of the three QLQ-LC13 scores, but interpretation
estimates for the latter may be deflated (i.e., biased towards
0) due to weak correlations.

3.2 Empirical Cumulative Distribution Functions
The ECDFs for the Global Health Status change groups (i.e.,

3+ category improved through 3+ category worsened) are
presented for the four key EORTC domains in Fig. 1; plots

for the remaining domains are reported in Online Resource
3. The locations where the target anchor categories (i.e.,
two-category improved and two-category worsened) cross
50% on the y-axis (i.e., median) were considered possible
thresholds for identifying improvement and deterioration
on the domain score. For QLQ-C30 Physical Function-
ing, the median for the two-category improved group was
+13.33, and this line was distinct from the adjacent groups
at 50%. The median for the two-category worsened group
was —6.67, and this line was distinct from one-category
worsened. For QLQ-LC13 Dyspnea, the median for the
two-category improved group was 0, which is not a viable
location because this score indicates no change. The median
for the two-category worsened group was +22.22, which
is in the direction of deterioration for symptom domains,
and this line was distinct from the adjacent groups at 50%.
For QLQ-LC13 Coughing, the two-category improved
group also provided an uninterpretable estimate of 0. The
two-category worsened group crossed 50% at +33.33, but
this line was not distinct from one-category worsened, also
limiting the suitability of this estimate. For QLQ-LC13
Chest Pain, the two-category improved group provided an
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Fig.1 ECDFs of change on key EORTC domain scores and change
on Global Health Status from Baseline to Week 7 (anchor group sam-
ple sizes indicated in parentheses). ECDF empirical cumulative dis-

uninterpretable estimate of +33.33 in the direction of dete-
rioration, while the median for the two-category worsened
group was +33.33, which was not distinct from the one-
category worsened group, thus limiting the usefulness of
this estimate.

3.3 Classification Statistics

The classification statistics plots for participants with mean-
ingful improvement on Global Health Status (i.e., two-cat-
egory or greater increase) are presented in Fig. 2 for the
four key EORTC domains; plots for the remaining domains
are reported in Online Resource 4. The location where the
four classification statistics are simultaneously maximized
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tribution function, EORTC European Organisation for Research and
Treatment of Cancer, QLQ-C30 30-item core instrument, QLQ-LCI3
13-item lung cancer module

was considered a possible threshold for identifying improve-
ment on the domain score. However, PPV was generally
very low in the range where sensitivity and specificity were
simultaneously maximized, therefore priority was given to
maximizing sensitivity and specificity. This location was
+6.67 for QLQ-C30 Physical Functioning, —11.11 for QLQ-
LC13 Dyspnea, and —33.33 for QLQ-LC13 Coughing and
QLQ-LC13 Chest Pain. The classification statistics plots for
participants with meaningful deterioration on Global Health
Status (i.e., two-category or greater decrease) are presented
in Fig. 3 for the four key EORTC domains; plots for the
remaining domains are reported in Online Resource 5. The
location where sensitivity and specificity were maximized
when considering deterioration was —6.67 for QLQ-C30
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Fig.2 Classification statistics for improvement on key EORTC
domain scores anchored on a two-category improvement on Global
Health Status from Baseline to Week 7. EORTC European Organisa-

Physical Functioning, +11.11 for QLQ-LC13 Dyspnea,
and +33.33 for QLQ-LC13 Coughing and QLQ-LC13 Chest
Pain.

3.4 Distribution-Based Methods

Results for the distribution-based approaches are presented
in Table 3 for the four key EORTC domains; values for
the remaining domains are reported in Online Resource 6.
Because distribution-based estimates do not account for the
meaningfulness of the magnitude and are always positive,
their values were applicable for both improvement and dete-
rioration. For QLQ-C30 Physical Functioning, QLQ-LC13
Dyspnea, and QLQ-LC13 Coughing, the test-retest reli-
ability value was large enough to render the SEM estimate
smaller than the 0.5 SD estimate. These estimates were 8.62,

— Specificity

1.0
0.94
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0.1+
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0.9
0.8
0.7
0.6
0.5
0.4+
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0.3
0.2
0.14

0.0 T T T T T T T T T T
-100 -80 60 —40 20 0 20 40 60 80 100

EORTC QLQ-LC13 Symptom Scales — Pain in Chest Change Score

PPV — NPV

tion for Research and Treatment of Cancer, NPV negative predictive
value, PPV positive predictive value, QLQ-C30 30-item core instru-
ment, QLQ-LC13 13-item lung cancer module

10.29, and 13.42, respectively. For QLQ-LC13 Chest Pain,
the test—retest reliability was smaller, therefore the SEM esti-
mate of 14.95 reflected the scale’s more modest reliability.

3.5 Triangulation

To determine appropriate thresholds for identifying mean-
ingful improvement and deterioration, the estimates from
the anchor-based and distribution-based methods for the four
key EORTC domains were graphically examined (Online
Resource 7) and the proposed thresholds are presented in
Table 4. Proposed thresholds for the remaining domains are
reported in Online Resource 8.

For QLQ-C30 Physical Functioning, while the estimates
for improvement were in the same range, they differed
by a score step, with an ECDF estimate of +13.33 and a

A\ Adis



698 C.D.Coonetal.
A B
1.0 1.0
0.91 0.91
0.8 1 0.8 1
2 071 £ 074
g 0.6 S 0.6
g g
5 0.5 5 0.5
g g
2044 Z 044
= K
O 034 T 034
0.2 1 0.2 1
0.11 0.1
0.0 T T T T T T T T T T 0.0 T T T T T T T T T T
-100 —80 —-60 —40 20 O 20 40 60 80 100 -100 —80 —-60 —-40 20 O 20 40 60 80 100
EORTC QLQ-C30 Functional Scales — Physical Functioning Change Score EORTC QLQ-LC13 Symptom Scales — Dyspnea Change Score
C D
1.0 1.0 4
0.9 0.9
0.8 0.8 1
2 0.7 2 074
G 0.6 & 06
g g
= 0.5 5 0.5
g g
T 0.4 T 044
3 £
T 0.3 5 0.3
0.21 0.21
0.1 0.1
0.0 T T T T T T T T T t 0.0 T T T T T T T T T T
-100 -80 —60 —-40 -20 O 20 40 60 80 100 -100 80 —-60 —-40 20 0 20 40 60 80 100
EORTC QLQ-LC13 Symptom Scales — Coughing Change Score EORTC QLQ-LC13 Symptom Scales — Pain in Chest Change Score
— Sensitivity — Specificity PPV — NPV
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domain scores anchored on a two-category deterioration on Global
Health Status from Baseline to Week 7. EORTC European Organisa-

Table 3 Distribution-based
estimates for key EORTC
domain scores (N = 681)
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Research and Treatment of Cancer, NPV negative predictive

value, PPV positive predictive value, QLQ-C30 30-item core instru-
ment, QLQ-LC13 13-item lung cancer module

EORTC domain Test-retest One-half standard Standard error
reliability® deviation® of measurement

EORTC QLQ-C30 Physical Functioning 0.82 10.12 8.62

EORTC QLQ-LC13 Dyspnea 0.77 10.81 10.29

EORTC QLQ-LC13 Coughing 0.76 13.67 13.42

EORTC QLQ-LC13 Pain in Chest 0.62 12.06 14.95

EORTC European Organisation for Research
QLQ-LC13 13-item lung cancer module

and Treatment of Cancer, QLQ-C30 30-item core instrument,

Test-retest reliability is the intraclass correlation coefficient using a two-way mixed effects regression
model based on absolute agreement with screening data as the ‘test’ administration and Week 1 data as the
‘retest’ administration, using only participants who report the same value on the Global Health Status item

at both administrations

b Based on Baseline scores
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Table 4 Proposed thresholds (and their key sources) for interpreting meaningful improvement and deterioration on key EORTC domain scores

EORTC domain score Number Minimum Improvement Deterioration
of items  score step
EORTC QLQ-C30 Physical Functioning 5 6.67 +13.33 (ECDF) —13.33 (SEM)
EORTC QLQ-LC13 Dyspnea 3 11.11 —11.11 (classification statistics) +11.11 (classification statistics)
EORTC QLQ-LC13 Coughing 1 33.33 —33.33 (classification statistics) +33.33 (ECDF and classification statistics)
EORTC QLQ-LC13 Pain in Chest 1 33.33 —33.33 (classification statistics) +33.33 (ECDF and classification statistics)

ECDF empirical cumulative distribution function, EORTC European Organisation for Research and Treatment of Cancer, QLQ-C30 30-item
core instrument, QLQ-LC13 13-item lung cancer module, SEM standard error of measurement

classification statistics estimate of +6.67. Because +6.67
is smaller than the SEM of 8.62, it was not a reasonable
estimate. Therefore, the ECDF estimate of +13.33 (i.e., a
two-category improvement on one of the five Physical Func-
tioning items, or a one-category improvement on two of the
five Physical Functioning items) was the proposed thresh-
old for improvement. For deterioration, both the ECDF
and classification statistics estimates were —6.67; however,
because these estimates were smaller than the SEM, instead
the proposed threshold for deterioration of —13.33 (i.e., a
two-category deterioration on one of the five Physical Func-
tioning items, or a one-category deterioration on two of the
five Physical Functioning items) was based on the lowest
possible score that exceeds the SEM.

For QLQ-LC13 Dyspnea improvement, the ECDF pro-
duced an uninterpretable estimate of 0.00, while the clas-
sification statistics produced a viable estimate of —11.11.
This estimate exceeded the SEM of 10.29, therefore —11.11
(i.e., a one-category improvement on one of the three Dysp-
nea items) was the proposed threshold for improvement.
For QLQ-LC13 Dyspnea deterioration, the ECDF estimate
was +22.22, while the classification statistics estimate was
+11.11; both estimates exceeded the SEM. At a thresh-
old of +11.11, sensitivity was below 50% and specificity
above 70%; increasing the threshold to the ECDF estimate
of +22.22 produced a sensitivity of around 30% and speci-
ficity approaching 90% (Fig. 3b). This divergence of clas-
sification statistics is undesirable because it would produce
many false negative results, therefore a threshold of +11.11
would be more appropriate. In the ECDF plot (Fig. 1b), the
two-category worsened group had a cumulative frequency
of around 60% at +11.11, indicating that about 60% of that
target anchor group had QLQ-LC13 Dyspnea change scores
of +11.11 or worse. The one-category worsened group had a
cumulative frequency below 40% at +11.11, showing ample
separation between the two-category worsened target anchor
group and the one-category worsened group showing less
change on the anchor. Therefore, +11.11 (i.e., a one-cate-
gory deterioration on one of the three Dyspnea items) was an
appropriate location for a proposed deterioration threshold
for QLQ-LC13 Dyspnea.

For QLQ-LC13 Coughing, the ECDF for improvement
produced an uninterpretable estimate of 0.00, while the
classification statistics for improvement produced a viable
estimate of —33.33. This estimate exceeded the SEM of
13.42, therefore —33.33 (i.e., a one-category improvement
on the single Coughing item) was the proposed improvement
threshold. For deterioration, both the ECDF and classifi-
cation statistics produced estimates of +33.33, which also
exceeded the SEM. Therefore, +33.33 (i.e., a one-category
deterioration on the single Coughing item) was the proposed
deterioration threshold.

For QLQ-LC13 Chest Pain improvement, the ECDF
produced an uninterpretable estimate of +33.33 (i.e., in the
direction of deterioration), but the classification statistics
estimate was —33.33 (i.e., in the correct direction). This esti-
mate exceeded the SEM of 14.95, therefore —33.33 (i.e., a
one-category improvement on the single Chest Pain item)
was the proposed threshold for improvement. For QLQ-
LC13 Chest Pain deterioration, both the ECDF and classifi-
cation statistics estimates were +33.33, exceeding the SEM.
Thus, the proposed threshold for deterioration was +33.33
(i.e., a one-category deterioration on the single Chest Pain
item).

4 Discussion

Estimates from anchor-based and distribution-based meth-
ods and knowledge of the possible score steps were used to
propose data-supported thresholds for domain scores on the
QLQ-C30 and QLQ-LC13 using a sample of NSCLC clini-
cal trial participants. Absolute values of proposed thresholds
ranged from 11.11 to 33.33 on the EORTC scales. For all
but three of the domains, the thresholds corresponded to
the minimum score step location (i.e., the smallest observ-
able change on the scale), and this pattern is consistent
with recent research on QLQ-C30 and QLQ-LC13 scores
in NSCLC [24]. For each domain, the proposed thresholds
for improvement and deterioration are equidistant from O,
although this methodology considered the possibility that a
greater amount of change might be needed to be meaningful
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in one direction. The key sources for the proposed thresholds
varied across the domains and the direction for interpreta-
tion, with some relying on ECDFs alone, some relying on
classification statistics alone, some relying on both, and for
some the SEM was the only viable estimate. While different
domains relied on different sources, this practice of judging
results across multiple sources is the triangulation process
and was established a priori, thus there can be confidence
in the appropriateness of the proposed thresholds regardless
of the source. While the correlation with the anchor did not
reach 0.30 for most domains, patterns emerged when con-
sidering the target and adjacent anchor groups in the ECDFs,
the distance between sensitivity and specificity at possible
threshold locations, and the measurement variability of the
domain score.

For all domain scores, the proposed thresholds exceeded
the traditional 10-point threshold, therefore an individual
who meets these proposed thresholds would also meet the
10-point threshold for interpreting change. For all domains
except QLQ-C30 Fatigue, the proposed thresholds were the
next score step above a score of 10, therefore an individual
who meets the 10-point threshold for interpreting change
would also meet the proposed threshold.

The methodology applied here has several advantages
over the traditional 10-point threshold. This analysis used
an NSCLC sample to establish thresholds for interpreting
changes experienced by patients with lung cancer, whereas
the 10-point threshold was originally derived using a com-
bined cancer sample. This analysis also applied the method-
ology to all relevant domain scores from the QLQ-C30 and
QLQ-LC13 to establish a unique threshold for each domain,
whereas the original 10-point threshold analysis only consid-
ered four QLQ-C30 domain scores, the results from which
have been generalized to all EORTC scores. Additionally,
this analysis considered the steps along the domain score
scale where changes can be observed, proposing thresholds
at observable locations.

Because the thresholds proposed here generally result in
the same classifications as 10-point thresholds, these analy-
ses can be considered confirmation that it is appropriate to
apply the traditional 10-point threshold to all QLQ-C30 and
QLQ-LC13 functional, symptom, and adverse effect domain
scores in patients with NSCLC. Howeyver, the thresholds pro-
posed here are easier to communicate and interpret because
they correspond to locations along the score scale where
change can be observed in an individual.

This research adds to the evidence required by health
authorities (e.g., US FDA [1]) for identifying NSCLC
clinical trial participants who experienced a clinically rel-
evant amount of change in their EORTC QLQ-C30 and
QLQ-LCI13 scores. While many health authorities desire
such empirical evidence, there are examples of current
HTA requirements where universal thresholds are instead
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applied, thus necessitating that meaningful change analy-
ses be conducted different ways depending on the health
authority reviewing the submission. For example, the Ger-
man Federal Joint Committee (G-BA), which is a key stake-
holder in the EUnetHTA21 methodological workstream, has
set a universal 15% of the PRO scale range as a minimum
criterion for assessing the clinical relevance of individual
changes on PRO scores [25]. However, the thresholds sup-
ported by the evidence presented here may provide different
classifications than the 15% criterion adopted by the G-BA.
For each of the EORTC domain scores, 15% of the scale
equates to a 15-point change, and the proposed thresholds
for QLQ-C30 Physical Functioning (+13.33) and QLQ-
LC13 Dyspnea (x11.11) were lower than that criterion. A
review of the classification statistics plots reveals that the
15% criterion increased specificity but decreased sensitiv-
ity when compared with the proposed thresholds, leading
to fewer false positives but greater false negatives. Thus,
on these two domains, the use of the 15% criterion would
incorrectly classify some individuals who experienced a
meaningful change according to this global anchor, which
would result in an under-reporting of treatment responders
on QLQ-C30 Physical Functioning and QLQ-LC13 Dysp-
nea to G-BA. However, for the remaining EORTC domains,
the proposed thresholds would identify the same individu-
als who responded to treatment or experienced meaningful
deterioration as the 15% criterion. In consequence, depend-
ing on whether empirically-derived thresholds or universal
thresholds are required, different rates of meaningful change
on QLQ-C30 Physical Functioning and QLQ-LC13 Dyspnea
scores may be submitted to different health authorities for
the same therapy [25].

Despite agreement with previous research, this study has
several limitations. While anchors that were directly rated by
patients were preferred over clinical anchors rated by some-
one other than the patient, this study did not include other
PRO instruments or global status items, therefore the only
suitable anchor was one that measured overall health rather
than the specific concept measured by each domain score.
This disconnect was reflected in the correlations, which
reached the desired level for only five of the QLQ-C30
domains and none of the QLQ-LC13 domains. Additionally,
although the overall study sample was robust, the number of
participants who fell into either of the target anchor change
groups was small (i.e., 30 with two-category improvement,
31 with two-category worsening). The restricted range of
observed change on the anchor, with most participants
reporting little to no change, may have also been a source
of the modest correlations and a different clinical trial sam-
ple may produce more change and a stronger relationship
to Global Health Status. Later time points post-baseline
may also reflect greater change in health status, but because
the dropout rate increases steadily as cancer clinical trials
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progress, later time points provided smaller samples. Finally,
the selection of the two-category improved/worsened target
anchor change groups was also not driven based on patient
input as is desired [19], although this definition of meaning-
ful change has been previously used and is larger than the
minimum change on the anchor.

Given the body of evidence to date, the proposed thresh-
olds should be considered for use in EORTC score interpre-
tation in NSCLC, but additional research would strengthen
the confidence in these estimates. Data from other clinical
trials should be used to cross-validate these estimates, ide-
ally by applying multiple methods to multiple anchors, pref-
erably ones targeted to the domain scores being evaluated.
Patients with NSCLC should also be interviewed using qual-
itative methods to obtain their direct impressions of changes
on these EORTC domain scores, as well as any anchors used
for interpretation. Finally, as additional evidence is gener-
ated, the results from future studies and this study should be
triangulated to refine the thresholds while considering the
properties of the source estimates (e.g., methods, anchors,
correlation strength, sample size).

5 Conclusion

By considering data from multiple anchor-based methods,
the measurement variability of each domain score, and the
observable score change steps, this study proposes robust
and defensible thresholds for each of the domains on the
EORTC QLQ-C30 and QLQ-LC13 in patients with NSCLC.
While this study has limitations, the thresholds it proposes
are consistent with those that have been traditionally applied
to interpreting EORTC scores. The field has questioned
the use of a 10-point threshold for identifying meaningful
change on EORTC scores and this study corroborates the
appropriateness of this threshold for QLQ-C30 and QLQ-
LC13 scores in NSCLC. Additionally, these results highlight
that score interpretation is facilitated when the amount of
change that is possible on the score is considered. Given
the consistency with previous estimates and the enhanced
interpretability, researchers should consider applying the
thresholds proposed here for identifying individuals who
have responded to treatment or who have experienced dete-
rioration in future studies of patients with lung cancer.
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