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Abstract

Purpose The recommended method for establishing a meaningful threshold for individual changes in patient-reported out-
come (PRO) scores over time uses an anchor-based method. The patients assess their perceived level of change and this is
used to define a threshold on the PRO score which may be considered meaningful to the patient. In practice, such an anchor
may not be available. In the absence of alternative information often the meaningful change threshold for assessing between-
group differences, the minimally important difference, is used to define meaningful change at the individual level too. This
paper will highlight the issues with this, especially where the underlying measurement scale is not continuous.

Methods Using the EORTC QLQ-C30 as an example, plausible score increments (“state changes”) are calculated for each
subscale highlighting why commonly used thresholds may be misleading, including leading to sensitivity analyses that are
inadvertently testing the same underlying threshold.

Results The minimal possible individual score change varies across subscales; 6.7 for Physical Functioning, 8.3 for Global
Health Scale and Emotional Functioning, 11.1 for fatigue, 16.7 for role functioning, cognitive functioning, social function-
ing, nausea and vomiting, pain and 33.3 for single items.

Conclusions The determination of meaningful change for an individual patient requires input from the patients but being
mindful of the underlying scale ensures that these thresholds are also guided by what is a plausible change for patients to
achieve on the scale.

Keywords Meaningful change - Responder definition - State change - EORTC QLQ-C30

Introduction

It is common to convert a patient-reported outcome measure
(PRO) into scores for a variety of concepts being measured,
e.g. pain or physical function scores. In a clinical trial, these
scores are used to compare between treatments, normally
to see if one treatment is superior to another in relation to
patients’ quality of life. In order to summarise these scores
for each treatment group, mean scores are often used and
then compared across the groups to check for differences.
Another method is to compare the proportion of patients

> Kim Cocks
kim @kcstats.co.uk
I KCStats Consultancy, Leeds, UK
2 Adelphi Values, Cheshire, UK
3 Amgen Ltd, South San Francisco, CA, USA

in each group that have experienced a meaningful change,
referred to as a ‘PRO responder’ or ‘PRO non-responder’.
This would be used to demonstrate a treatment benefit if a
higher proportion of patients experienced a PRO response in
one treatment group compared to the other. The PRO scores
are dichotomised using a threshold, commonly referred to
as the responder definition (RD), which represents a change
in an individual’s score that would provide evidence of a
treatment benefit. Although statistically sub-optimal, since
an ordinal or continuous score is dichotomized for analy-
sis resulting in loss of information, there is an increasing
emphasis on defining importance of individual patient
change [1]. Therefore, there is a need for careful consid-
eration of appropriate thresholds for responders and stand-
ardisation across studies so that results are comparable
[2]. Often, due to the uncertainty in defining these thresh-
olds, sensitivity analyses are also required to test alterna-
tive thresholds. Since PROs use different response scales,
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different numbers of items and different scoring techniques
these thresholds need to be considered for each PRO instru-
ment separately and also within the PRO instrument for the
different domains or subscales. This paper focusses on how
the limitations of the PRO scores can be a starting point to
help to define appropriate RD thresholds.

When considering changes in individual patient scores it
depends on how the scores are constructed as to whether all
integer scores between the minimum and maximum are plau-
sible for a patient to score. If patients are responding to items
using discrete Likert responses (such as ‘Not at all’, “Very
much’ etc.) then the score can be constructed by scaling
these limited response options up so the minimum score is
0 and maximum score is 100. The underlying measurement
scale is not actually continuous though as the scores will
be limited by the response options on the Likert scale. The
measurement scale will vary according to how many items
are summated to obtain a subscale or domain score and also
according to the number of options on the response scale.
The more items included, or the more response options
available to patients, the more continuous the measurement
scale will appear. Therefore, a five-item subscale has a wider
range of scores between 0 and 100 that are plausible than the
range of scores provided by a single item. This means that
for an individual patient only certain thresholds for defining
a responder will be plausible.

There are various aids to interpretation which are used to
quantify the size of difference in PRO scores which would
be considered meaningful or beneficial. The minimally
important difference (MID) provides a measure of the small-
est change in the PRO of interest that patients perceive as
important, either beneficial or harmful, and that would lead
the patient or clinician to consider a change in management
[3]. It is used for the purpose of comparing mean scores
between groups and, aligned with this is the minimally
important change (MIC) which provides guidance on the
smallest level of change over time for a group of patients that
is meaningful. Often the MID published for an instrument is
assumed to be appropriate also for use as the MIC and RD.
There are a number of reasons why these thresholds may
need to be different. The underlying concepts are different,
a change an individual patient needs to achieve in order for
it to be meaningful to them is not the same as how different
a mean score needs to be between two groups in order for
a treatment benefit to be declared. The way between-group
MIDs are derived also lends itself to defining meaningful
differences between an average score for a group rather than
for individuals over time. The accepted method for deriving
MIDs is based on comparing mean scores on a different
measure where the meaning is already known (an anchor).
This results in a threshold that lies anywhere on the continu-
ous scale between the minimum and maximum score for a
subscale. When deriving a RD, the threshold needs to be

@ Springer

achievable by an individual patient completing the question-
naire at two points in time. If we use a MID threshold in the
place of a RD threshold we may be referring to an integer
score that an individual patient cannot achieve by filling in
their answers at two points in time. The smallest of these
plausible scores that an individual can achieve has been
previously referred to as a single ‘state change’. Wyrwich
et al. [4] highlighted the state change for the SF-36 PRO
measure. Note that this refers to individual scores and is not
equivalent to the minimum detectable change (MDC) which
is defined as the smallest amount of change that is greater
than measurement error, based on the confidence interval
around the standard error of measurement [5]. The MDC is
outside of the scope of this paper but will also be linked to
the underlying distribution of the PRO scores.

Using the EORTC QLQ-C30, which is an example of a
PRO measure with scores derived from single and multi-
ple Likert scales, we aimed to calculate the state change for
each subscale as one of the steps in choosing an appropriate
responder threshold and provide a diagram highlighting the
other considerations when choosing a RD for each subscale.

Methods

The European Organisation for Research and Treatment of
Cancer (EORTC) QLQ-C30 is a validated, self-rating ques-
tionnaire including 30 items (or questions) [6]. The QLQ-
C30 includes 15 subscales; One scale for Global Health
Status/QoL; five functional scales including Physical Func-
tioning, Role Functioning, Emotional Functioning, Cogni-
tive Functioning, Social Functioning and nine symptom
scales comprising of Fatigue, Nausea/Vomiting, Pain, Dysp-
noea, Insomnia, Appetite Loss, Constipation, Diarrhoea and
Financial Difficulties.

For all Functional and Symptom subscales, items are
answered on a 4-point Likert scale ranging from ‘Not at all’
through to ‘Very much’, with the exception of the Global
Health Status/QoL subscale which has two items using a
7-point Likert scale. Scoring procedures can be found in
the EORTC QLQ-C30 Scoring Manual, ver. 3 [7]. All scale
scores range from 0 to 100. The score for each subscale is
made up of a differing number of items, some are single item
scales and the maximum number of items in a subscale is
5, Table 1.

For the Global Health Status/QoL scale and functional
subscales, a higher score represents a better health state and
for the symptom subscales a lower score represents a better
health state.

MS Excel was used to generate all possible scores from
all possible combinations of responses to the items within
each subscale, based on the QLQ-C30 Scoring Manual, ver.
3 [7]. It was assumed all items had been answered, though
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Table1 EORTC QLQ-C30

Table 2 Example score generation for the global health/QoL subscale

QLQ-C30

Total number of items 30

5 functional scales

- Physical functioning (5 items)

- Role functioning (2 items)

- Emotional functioning (4 items)

- Cognitive functioning (2 items)

- Social functioning (2 items)

9 symptom scales

- Fatigue (3 items)

- Pain (2 items)

- Nausea and vomiting (2 items)

- Dyspnoea (1 item)

- Appetite loss (1 item)

- Insomnia (1 item)

- Constipation (1 item)

- Diarrhoea (1 item)

- Financial difficulties (1 item)

A global health status (GHS)/Quality of life
(QOL) scale (2 items)

4- or 7-point scales (for GHS/QOL items
only)

Subscales

Response scales

Score range 0-100 (high score =high response)

- Functional scales: High score =better
functioning

- GHS/QOL.: High score =better GHS/QOL

- Symptom scales: High score =worse
symptoms

Recall period Past week

in practice a subscale score will still be calculated with up
to 50% of items missing. These generated scores represent
the plausible scores an individual completing the question-
naire could achieve and therefore provide the range of pos-
sible values for the individual level of change. Table 2 shows
an example of some of the score generation for the global
health status/QoL subscale, with two items on a 7-point Lik-
ert scale. First a raw score is created as the average of the
two responses and then the subscale score is created using
the following formula from the scoring manual:-

R -1
(RawScore — 1) } % 100

Global health score = { G

Once all the possible combinations of responses have
been generated for each subscale, the range of generated
scores were summarised on a graph as the ‘plausible’ scores
for that subscale (Fig. 1).

Question 29 response Question 30  Raw score Global
response health
score
1 1 1 0
1 2 1.5 8.33
1 3 2 16.67
1 4 2.5 25.00
1 5 3 33.33
1 6 35 41.67
1 7 4 50.00
2 1 1.5 8.33
2 2 2 16.67
2 3 2.5 25.00
2 4 3 33.33
2 5 35 41.67
2 6 4 50.00
2 7 4.5 58.33

...repeated for 3 up to 7

Results
Plausible thresholds

The minimum change an individual can achieve on the QLQ-
C30 subscales range from + 6.7 (Physical Functioning scale
comprising 5 items) to+33.3 (single item scales), Fig. 1.
These minimum changes can be achieved when one item in
the subscale changes by one category on the Likert-response
scale assuming all items are answered and all other items in
the scale have remained the same. For example, if a patient
responded to the single item for Insomnia with ‘Not at all’
at baseline and then four weeks later responded to the same
item with ‘A little’ then their score would have increased
from O to 33.3. If the patient had responded similarly to the
two pain items with ‘Not at all’ for both at baseline and then
four weeks later had ‘A little’ pain on one item and remained
at ‘Not at all’ for the other item then their pain score would
increase from O to 16.67.

Key: GHS/QoL—Global health status/Quality of life sub-
scale, Single—single-item subscales (Dyspnoea, Insomnia,
Appetite loss, Constipation, Diarrhoea, Financial Difficul-
ties), Two—two-item subscales (Role Functioning, Cogni-
tive Functioning, Social Functioning, Nausea and Vomiting,
Pain), Three—three-item scale (Fatigue), Four—four-item
scale (Emotional Functioning), Five—five-item scale (Physi-
cal Functioning). Dashed lines show commonly used thresh-
olds (5, 10, 15).

Figure 1 highlights some of the commonly used thresh-
olds, e.g. 5 points, 10 points and 15 points. These are gen-
erally based on thresholds that were originally estimated
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for group-level analyses. It is good practice to pre-specify
a RD threshold when planning the study but to also include
a sensitivity analysis which uses a different, normally a
larger threshold to represent a more stringent hurdle. This
way there is a check on how much the choice of threshold
has influenced a result and whether treatment differences
hold across different choices of threshold. Figure 1 shows
that choosing, for example, a 10-point responder threshold
with a 15-point threshold for a sensitivity analysis is not
appropriate for the Global Health Status/QoL scale, single-
item scales, two-item scales and four-item scales. The figure
shows there are no plausible values for a patient between
these lines, therefore if you set the threshold anywhere in
that range you will identify the same number of responders
and will not be conducting a true test of choosing a different
threshold. Using the global health status/QoL as an exam-
ple again, a 10-point responder threshold will not identify
patients with the minimum change (a 1 response category
change on one of the items) since their score would be 8.33.
It would identify anyone with a change of 2 points on the
response scale on one of the items and no change on the
other item, or a change on both items in the same direction
by one point on the Likert scale, since either of these sce-
narios would result in a 16.67 point change. Therefore, for
this scale, valid thresholds for the main analysis and sensi-
tivity analyses, respectively, may be 5 points and 10 points,
10 points and 20 points or 5 and 20 points depending on
whether a change in only one of the items by one category
is considered sufficient to indicate a meaningful change on
the scale.

Similarly, if 5 points was chosen as the response defini-
tion with a 10-point threshold for the sensitivity analysis this
would not be appropriate for single-, two- and three-item
scales (since no values between 5 and 10 are possible).

@ Springer

Figure 1 highlights that for all subscales, a responder defi-
nition of 5 points would consider any patient who had the
minimal change in only one item as a responder.

Table 3 shows the plausible choice of responder defini-
tions for each subscale based on the achievable scores for an
individual patient on that scale. Numbers provided represent
the minimal change and the next two change increments as
more stringent estimates of a response.

Since the actual scores can involve recurring decimal
places, we recommend to round the choice of threshold
down to the nearest 5 points from the exact score in order to
capture the required patients as responders. These represent
the same thresholds since no scores are possible within 5
points.

Conclusions

Defining responders based on PRO scales enables com-
parison between treatments with respect to the proportion
of patients achieving a PRO response and the time until
deterioration or improvement in PRO. The nature of these
scales means that the definition of a responder requires
careful consideration. Thresholds used to indicate a mean-
ingful difference between groups may be available for an
instrument but may not be directly applicable for change
over time experienced by an individual patient and should
not be automatically applied to define responders. We have
observed that it is common to use estimates of the MID or
a percentage of the scale to define responders, with 5, 10
(10%) and 15 (15%) points commonly quoted for responder
analyses [8—13] with the EORTC QLQ-C30, with reliance
on methods papers from 2005 to 2007 [14—16]. Further, a
recent paper [17] used a threshold per subscale based on
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Table 3 EORTC QLQ-C30 state changes

Subscale Items Response Increments in indi- Possible responder definitions (RDs)
scale (Lik-  vidual patient change
ert) scores® B C
RD RD (minimal RD (minimal
(minimal ~ change+1 change+2
changeb) increment®) increments)
GHS/QoL Two 7 8.3 >+5 > +15¢ >+25
Physical functioning Five 4 6.7 >+5 >+10 >+15
Emotional functioning Four 4 8.3 >+5 >+15¢ >+25
Fatigue Three 4 11.1 <-10 <-20 <-30
Role functioning, cognitive functioning, Two 4 16.7 >+15 >30 >50
social functioning
Nausea and vomiting, pain Two 4 16.7 <-15 <-30 <-50
Dyspnoea, insomnia, appetite loss, constipa- Single 4 333 <-130 <-65 <-100

tion, diarrhoea, financial difficulties

GHS/QoL Global health status/quality of life

*Increments refer to the change in score when a patient moves a single response category on the Likert scale on one item in the scale. For exam-
ple, moving from ‘A little’ to ‘Quite a bit’ on one item in the physical functioning scale would mean a change in the patient’s score of 6.7 points.
Increments have been rounded to 1 decimal place

®Minimal change is the suggested threshold to capture any change in score, i.e. the smallest increment. Thresholds are rounded down to the near-

est 5 points

“Minimal change plus one increment is the suggested threshold to capture a change in score of two increments. This may be achieved by a
patient moving two response categories on the Likert scale for one item, e.g. ‘Not at all’ to ‘Quite a bit’, or moving to an adjacent response cat-
egory on two of the items in a scale. Thresholds are rounded down to the nearest 5 points

dFor these subscales a 10-point threshold is the same as a 15-point threshold. We encourage rounding down to the nearest 5 for transparency and

consistency

mean differences from Cocks et al. 2011 [18]. Use of the
MID in this way for an individual threshold may be mis-
leading and may not be meaningful on an individual patient
basis. Consider an analysis of the GHS/Qol scale using 10
points as a threshold in the main analysis and 15 points for
a sensitivity analysis. This is common practice given the
uncertainty around estimation of thresholds, to check robust-
ness of results when using a higher threshold in a sensitiv-
ity analysis. However, these analyses would give identical
results, not because the initial analysis is robust to the higher
threshold but because both thresholds would define the same
number of responders since patients can only change by 8.3-
point increments (8.3, 16.6 and so on). The 10- and 15-point
thresholds are exactly the same thresholds for this scale, they
would only define a responder if the 16.6 score change or
higher occurred.

Consideration of the discrete nature of the PRO sub-
scale scores and minimum state changes must therefore be
accounted for in order to appropriately define the level of
change that is meaningful at an individual level. Moreover,
care should be taken to use RDs for sensitivity analyses
that are not essentially equivalent. It is common to conduct
initial analyses with a pre-defined responder definition and
then conduct a sensitivity analysis using a larger threshold
to check for robustness. Analyses that have considered these

thresholds as equivalent will result in misinterpretation of
responder analysis being confirmed as robust when in fact
the main analysis and sensitivity analysis for the subscale
has simply been duplicated.

We have used the EORTC QLQ-C30 instrument as an
example but the same will apply to any instrument where the
underlying scale structure is discrete and responder analyses
are being contemplated, for example, the SF-36 [19]. Fig-
ure 2 highlights the consideration of this ‘state change’ or
‘plausible scores’ as one of the steps to defining appropriate
thresholds. Alongside the state change, the top row high-
lights using existing qualitative and quantitative evidence
to guide choice of responder threshold, provided these
were derived specifically for individual patient change. It
is important to start to align on responder thresholds across
studies where possible so that results can be comparable
across different studies. This is with the caveat thought that
previous studies have used an appropriate estimate for an
individual patient change. The bottom row in the figure
highlights other aspects of the study that are relevant for
the choice of responder threshold including the disease,
population, treatments, toxicity and the study design and
hypotheses. For example, responder thresholds for a physi-
cal functioning endpoint may be different in a study of a fit
and healthy population where the goal is full rehabilitation
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Fig.2 Considerations for choos-

SV .
ing responder thresholds * Minimum possible

responder definition =
state change

e Consider how changes in
the scores reflect levels of
change at the item level
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State change

-
o Existing responder
thresholds

¢ Check for existing studies
asking patients the
meaning of changes for
the instrument/subscale
of interest

e Conduct qualitative
interviews where needed

2

* Only use those specifically
estimating meaningful
change thresholds for
individuals

Patient voice Prior estimates

/- What is the expected
disease trajectory?
¢ What is the demographic
of the population?
e What is the expected
severity at baseline on the

PRO scale?

following an injury compared to a study treating patients
with a chronic progressive disease. The starting point on
the PRO scale for a population in a study is important to
consider, and this may depend on the demographic as well
as expected disease trajectory. The treatment goal is also
important context to consider. A study with a palliative goal
may use the same PRO scale as a study with a curative aim
but the changes patients view as meaningful are likely to
vary in these two settings.

For multi-item scales in the QLQ-C30 we recommend,
in the absence of any other information, using a responder
definition that represents a larger change than simply one
item changing by one response category on the Likert scale
(column B or C in Table 1). The minimum change could
be used as a sensitivity analysis (column A) or a larger
change as deemed appropriate based on the considerations
highlighted in Fig. 2. The smallest possible change may be
justifiable but the threshold should not be smaller than this
minimal change. The purpose here is to highlight the issues
with assuming a between-group MID is appropriate for
use as a responder definition. Moreover, choosing a global
responder definition across subscales is not recommended
given individual change scores have very different meanings
across the subscales.

One limitation in our score generation is the assump-
tion that all items are present. In practice, a subscale score
can still be generated as long as at least 50% of items
are answered. Typically less than 2% of patients [7] are
expected to have missing items and with more PROs being

Population
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e Consider primary
objective and clinical
endpoint.

/- Comparison of toxic or
burdensome treatments
may require a higher
threshold

Treatment toxicity

Study design

(7

administered electronically this may decrease further, so this
should have minimal impact on the generated thresholds.

Further work is required to establish the sizes of
changes that are meaningful to patients on the EORTC
QLQ-C30 and for other similar instruments. This work
could utilise patient’s global ratings of change scores
which are often used to determine between-group MIDs
but capture individual patient views about their own
change in PRO score so are directly aligned with the
threshold required for responder analyses. Techniques for
qualitative patient interviews are also being developed to
aid definition of individual-patient thresholds and have
been trialled for EORTC instruments recently too [20].
Alongside consideration of what individual score changes
can be achieved these additional methods seek to iden-
tify the meaning of any changes directly from the patient,
which will improve the credibility and impact of these
responder analyses.
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