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Abstract

Introduction: The minimally important difference (MID), also referred to in the literature as the
(minimal) clinically important difference, can be defined as the smallest change in the score of a
patient-reported outcome measure (PROM) or clinical outcome that patients perceive as
important. MIDs can provide a useful tool to interpret the magnitude of changes measured using
PROMs. While the EQ-5D-5L has now become a well-established PROM, limited MID estimates for
the EQ-5D-5L utility index are currently available in cancer. This study aims to fill this gap in the
literature by estimating within and between group-level MIDs for the EQ-5D-5L in people with
cancer. Additionally, MIDs are also estimated for the European Organisation for Research and

Treatment of Cancer Quality of Life Questionnaire Core 30 (EORTC QLQ-C30).

Methods: Anchor-based and distribution-based methods are the most frequently applied methods
to estimate MIDs. We utilised both the anchor-based methods complemented by distribution-
based method as recommended to assess the variability of the estimates. Both patient-reported
anchors (primary), namely: the EQ-visual analogue scale (EQ-VAS), item 29 (overall health) and
item 30 (overall quality of life) of the EORTC QLQ-C30, and a clinical anchor (secondary), the
Eastern Co-operative Oncology Group (ECOG) performance status, were used. Anchors for the EQ-
5D-5L utility index and for each EORTC QLQ-C30 scale were selected based on the correlation
between each anchor and PROM pair. Clinical change groups were defined a priori based on the
minimally important change threshold for each selected anchor. Anchor-based MIDs were
estimated via mean change method and linear regression for improved and deteriorated groups
using patient-reported anchors. Distribution-based MIDs were determined by multiple statistics
that are commonly used in the literature: 0.3 and 0.5 of the standard deviation, and the standard

error measurement method.



Data source: The Cancer 2015 dataset is a longitudinal and perspective cohort. The dataset
contains clinical, molecular pathology, demographic, socio-economic, and health-related quality of
life (HRQoL) data of 1,685 patients, with an average follow-up of 12 months, with various newly
diagnosed cancers in Victoria, Australia. Clinical data included, cancer stage, and the ECOG
performance. The PROM data included the EQ-5D-5L and EORTC QLQ-C30. The cohort included
patients with the most common solid-tumour cancers such as breast, lung, colorectal and prostate
cancer, but also patients with more rare cancers such as head and neck, bone/soft tissue, renal or
bladder cancer. Data was collected at baseline, 3-, 6- and 12-months post-consent, and continued

every 12 months thereafter.

Conclusions: In the EQ-5D-5L, the resulting mean anchor-defined MID estimates were 0.02 to 0.03
for improvement and -0.04 to -0.03 for deterioration. For the EORTC QLQ-C30, changes of at least
3.55 units on the physical functioning scale, 6.42 on the role functioning scale, 4.44 on the
emotional function, and 5.41 on the social functioning scale were required to constitute
meaningful improvement change. The highest MID improvement needed on the symptom scale
was 5.50 on the insomnia scale with the lowest MID improvement being 1.86 units on the nausea
and vomiting scale, respectively. A negative change was estimated to be at least 3.77 units on the
physical scale, 6.83 on the role functioning, 3.41 on the emotional, and 5.58 on the social
functioning scale were required to constitute meaningful improvement change. The largest MID
decrement needed on the symptom scale was 5.70 on the insomnia scale with the lowest MID
decrement being 2.17 units on the nausea and vomiting scale, respectively. By utilising a cancer-
specific panel dataset, (typically clinical trial or cross-sectional datasets have been used in the
literature) in the estimation of MID for EQ-5D-5L and EORTC QLQ-C30, the MID estimates will be
more applicable to the real-world population. Secondly, by including the patient-reported anchors
in the determination of MIDs, this methodology meets what is now considered the gold standard

approach.



Introduction

Cancer and the treatment of cancer has a high symptom burden on patients and can have a
significant impact on health-related quality of life (Zeng et al. 2012). Health Related Quality of Life
(HRQol) is an important measurement for cancer patients, it can be used to assess the
effectiveness of the treatment and identify if patients experience meaningful improvements or
deterioration based on self-assessment. However, the magnitude of change in HRQol for patients
to experience that relates to a meaningful improvement or deterioration has not been thoroughly
assessed.

The minimal important difference (MID) has been defined as the smallest difference in the score
of a patient-reported outcome measure (PROM) or clinical outcome that is meaningful to a patient
(Revicki et al. 2008). There is currently a lack of consensus in the literature regarding the
terminology of MID (Houchen-Wolloff and Evans 2019). MID may refer to a change that individuals
can detect, or it may refer to a difference in clinical outcome measures or PROM which lead to a
meaningful change to the patient, or which results in a meaningful reduction in an important
adverse outcome (Houchen-Wolloff and Evans 2019). Furthermore, the terms MID and minimal
clinically important difference (MCID) are used interchangeably in the literature and may be
defined differently by different authors (Cook 2008). Subsequently, we defined MID as the
smallest difference in the score of a PROM or clinical outcome measure that is meaningful to a
patient (Revicki et al. 2008).

HRQoL is a subjective analysis of the impact of physical and emotional health status on a patients
quality of life, commonly assessed through validated PROMs (Yin et al. 2016). Two of the most
commonly used PROMs in cancer are the EQ-5D-5L, a well-established generic preference-based
instrument in health outcomes research and, the EORTC QLQ-C30, a cancer-specific PROM.
However, a statistically significant change in a PROM score issued at two time points may not
reflect a meaningful change in HRQoL that is valued by patients. Furthermore, the sample size of
clinical trials is calculated to ensure that they are powered to detect improvements in primary
clinical end-points but are not commonly powered to detect statistically significant changes in
secondary outcomes, such as HRQoL outcomes (O'Sullivan et al. 2005). One of the advantages of
the MID is that it can be applied in an informative way for clinicians, researchers, and healthcare
decision agencies because it allows for an assessment and measurement of improvement (or

deterioration) in HRQoL that is meaningful to the patient. Specifically, MIDs can provide a useful



tool to interpret the magnitude of changes measured using HRQoL instruments by measuring
health improvement which is independently attached to a clinically meaningful measure (Mouelhi
et al. 2020). From the perspective of healthcare decision agencies, the MID allows better
understanding of the magnitude of the treatment effect (Johnston et al. 2015) and can provide
evidence that a treatment effect is meaningful beyond statistical significance. The MID can help
meet the high level of evidence required to show that improvement to HRQol has been achieved

by the technology under appraisal (Houchen-Wolloff and Evans 2019).

Currently, there is no consensus on the most appropriate method to estimate MIDs as MID
estimates for a condition may vary greatly based on many factors (Kang et al. 2021) such as
patient population, disease severity, follow-up time periods, and different natural histories of the
disease experienced by patients. Three main approaches commonly used in the literature to
estimate the MID are the anchor-based approach, the distributional approach, and the
instrument-defined approach (Coretti et al. 2014). The anchor-based approach uses clinically
relevant external indicators (anchors), to link changes in HRQoL in domains which are correlated
to the change in the anchor measure. The change in score in the instrument of interest associated
with a change in the anchor measure is the MID (Revicki et al. 2008). The distribution-based
approaches including effect size and the standard error of measurement (SEM) use the
distribution (standard deviation) of HRQoL scores to estimate an MID (Pickard et al. 2007). The
instrument-defined approach uses the instrument for which the MID is being estimated as an

internal anchor, rather than an external anchor, to estimate an MID (Xu and Cheung 2020).

Drug regulatory authorities in the US and Europe have issued guidance on the evidence they
request to support the definitions of MID in the analysis of clinical trials data presented to them to
support marketing authorisation applications for drugs. The EMA guidelines state that statistically
significant PROM score per se are not sufficient for specific claims without demonstration of a
clinically relevant treatment benefit (Committee for Medicinal Products for Human Use (CHMP)
2016). Similarly, the FDA guidelines state that distribution-based approaches should not be the
main method to calculate MID (Food and Administration 2009). Concern surrounding the use of
the distribution-based approach is also found in the literature where the method is criticised
because the MID is not related to a clinically meaningful outcome or a patient-reported change in
outcome, and therefore does not provide a measure of value to the change detected, because it

does not incorporate the patient perspective (Carrasco-Labra et al. 2021) Generally, it is



recommended to generate MID estimates using different methodologies and statistical methods;
and to triangulate a change in score that relates to a deterioration or improvement of the
individual’s condition. While there is significant literature on MID estimates for the EORTC QLQ-
C30, there has been limited research into MID estimates for the EQ-5D-5L utility index in cancer. It
is essential to estimate the MID for both measures in cancer patients as we can gain insights in
identifying which treatments have the greatest impact on the domains of HRQolL that are most
meaningful to the patient by identifying changes that are important to the patient. The use of real-
world data rather than data from a clinical trial, allows us to estimate the real-word MID rather
than the MID for the intervention under investigation (Coretti et al. 2014). In addition, the
longitudinal nature of the data allows us to assess the responsiveness of HRQoL measures over
time (Revicki et al. 2008). This study aims to determine the MID of both the EQ-5D-5L and the

EORTC QLQ-C30 in a cohort of Australian cancer patients using multiple MID methodologies.

Methods

Data source and study population

The Cancer 2015 dataset is a longitudinal and prospective cohort which contains clinical, molecular
pathology (i.e., tumour sample DNA), health resources, and HRQol data of 1,685 patients with
various newly diagnosed cancers in Victoria, Australia. The cohort includes patients with the most
common solid-tumour cancers such as breast, lung, colorectal and prostate cancer, as well as
patients with more rare cancers such as head and neck, bone/soft tissue, renal or bladder cancer.
Patients’ follow-up was performed at, 6- and 12-months post-consent, and continued every 12

months thereafter.

The Cancer 2015 dataset collected socio-demographic details of patients such as age, gender,
country of birth, education level, and marital status. In addition, clinical data includes cancer
stage, treatment summary, the Eastern Co-operative Oncology Group (ECOG) performance status,
which evaluates patients’ capabilities (Oken et al. 1982), and the Charlson Comorbidity Index ,
which predicts the risk of death within 1 year of hospitalisation for patients with specific comorbid
conditions(Charlson et al. 1987). To measure the HRQol of patients, the EQ-5D 3L and 5L, and the
EORTC QLQ-C30 were administered. However, only the EQ-5D-5L and EORTC QLQ-C30 data were
used for the analysis of this study. Data was collected at baseline (diagnosis) and at various follow-

up points (6, 12, 24 and 36 months).



HRQolL instruments

EQ-5D-5L

EQ-5D-5L is a widely used generic, preference-based measure that assesses patients’ HRQoL on 5
dimensions (mobility, self-care, usual activities, pain/discomfort, and anxiety/depression), each
being characterised by five levels of severity (no problems, some problems, moderate problems,
severe problems, and extreme problems/unable to). Each health profile described by the EQ-5D-5L
has a utility value usually anchored on a scale at 0 and 1, where 1 represents full health and 0
indicates a state as bad as being dead. Utility values can also be negative which suggest a state
worse than being dead. The newly developed Australian value set was used to value the EQ-5D-5L
utility scores. The second component of the EQ-5D-5L is the EQ-VAS which asks respondents how
their general health is at the time they complete the questionnaire. Based on their own
judgement, respondents self-report their health on a scale ranging from 0, which indicates ‘the
worst health you can imagine’ and 100, which represents ‘the best health you can imagine’. The
EQ-VAS was used as one of the patient-reported anchors when applying the anchor-based method

to estimate the MIDs, described below.

EORTC QLQ-C30

EORTC QLQ-C30 is a cancer-specific questionnaire which contains 30 items that evaluate five
functional domains (physical, emotional, social, role, and cognitive), 8 symptoms (fatigue, pain,
nausea/vomiting, constipation, diarrhoea, insomnia, dyspnoea, and appetite loss), the global
health status and quality of life, and the financial impact of cancer. All items have a four-point
scale (not at all, a little, quite a bit, and very much), except for the two global health status and
Qol items. Scores for each of the 15 dimensions are converted to a 0 and 100 scale. Higher scores
indicate poorer symptoms on the symptom scales, whereas for all other items, higher scores
suggest better functioning and QoL. For consistency in interpretation in the analysis, the symptom
scale was coded in reverse to follow the functioning scales’ interpretation, i.e., 0 represents the
worst possible score and 100, the best possible score. Symptom scales reported in the
demographic tables are reported as standard for the EORTC QLQ-C30 where higher scores indicate

higher symptom burden.

Statistical based method

Descriptive statistics were used to summarise patients’ information. The primary method for the

estimation of the MID in this study was the anchor-based approach to determine the meaningful



change of EQ-5D-5L utility and EORTC QLQ-C30 scores. This methodology links a change in
outcome to the patient-perspective (Houchen-Wolloff and Evans 2019) which provides a value to
the change observed (Carrasco-Labra et al. 2021). The distributional method was also used to

provide complimentary evidence to validate the MID estimated using the anchor-based approach.

The anchor-based approach

Anchor-based methods link HRQoL to known clinically relevant indicators or to the patient
determined rating of change. The anchor-based approach harnessed an external indicator (or
anchor) to assign patients into different clinical change groups (CCG). These groups for each
anchor were determined a priori, and they reflected various levels of change, defined as small
positive change, small negative change, and no change. If patients experienced change scores on
the anchors that were either lower or higher than the above pre-established thresholds they were
excluded from the analysis, as these patients were not considered to have experienced a
‘minimally important’ change (i.e., they either experienced a change that was too low to be

considered important or too high to be considered ‘minimal’).

The literature strongly recommends using multiple independent anchors and examining
responsiveness across multiple samples. Currently, it is unclear whether an objective clinical
outcome measure is more appropriate as an external anchor compared to a patient-reported
anchor. The FDA has highlighted concerns that the use of a global health question, usually used as
an external anchor from a HRQoL instrument, may introduce recall and response shift bias (Food
and Administration 2009). However, the use of patient reported anchors such as the Patient
Global Impressions scale — Change, Improvement, Severity (PGI-C, PGI-I, PGI-S) is often used and
was highlighted as a major strength of the study(Hui et al. 2015). Furthermore, clinical outcome
measures may not identify changes that are important to the patient (Sedaghat 2019). Many
studies recommend using several anchors, and then triangulating on a single value or a small
range of values to increase the robustness of the MID estimates (Yost and Eton 2005; Revicki et al.
2008) (Coon 2016). Four external indicators were chosen to be included in the analysis: one clinical
(ECOG) and 3 patient-reported (EQ-5D-5L VAS, Q29 and Q30 of the EORTC QLQ-C30). Each of these
anchors met the criteria for selection; all are relevant, have a clear medical interpretation, and are
accepted by clinicians. Additionally, the EQ-VAS and items 29 and 30 of the EORTC QLQ-C30 have

been validated in patients.



ECOG

The Eastern Cooperative Oncology Group measure (ECOG) is a performance status measure that is
routinely used by clinicians to evaluate the progression of disease and the extent to which it affects
patients’ daily life. ECOG has five grades of severity that range from 0 and 5, where 0 indicates a
patient is ‘fully active’, 4 suggests a patient is ‘completely disabled’, and 5 represents death. The CCG
for the ECOG measure was defined as a change score of 1 grade on the grade scale from 0 and 5,

representing the ‘minimal’ expected change.

EQ-VAS
The CCG threshold for the EQ-VAS, the ‘minimal’ expected change, was defined as a change in

score of 7-10 points on the scale from 0 and 100, based on findings from previous work (Pickard et

al. 2007).

Items 29 and 30 of the EORTC QLQ-C30 questionnaire

The final selected anchors used in this study were the questions relating to overall health and
overall QoL from the EORTC QLQ-C30. Both these anchors are taken directly from the EORTC QLQ-
C30 (questions 29 and 30) where patients can rate their overall health and QoL on a scale of 1
(very poor) to 7 (excellent). For items 29 and 30 of the EORTC QLQ-C30 questionnaire, the

‘minimal’ expected change was defined by a change in score of 1 point on the scale from 1 and 7.

Statistical analysis

The empirical relationship between each anchor and both the EQ-5D-5L and EORTC QLQ-C30
instruments using correlation analysis was assessed. For the base case analysis for the EQ-5D-5L,
each anchor was correlated to the EQ-5D-5L utility index score, whereas for the EORTC QLQ-C30,
each anchor was correlated to each EORTC QLQ-C30 scale, excluding the financial scale as it was
unlikely that a correlation would exist (Musoro et al. 2020). Following Musoro et al. (2020), we
calculated the correlation of both the cross-sectional utility scores to the anchor and the change
correlation scores and change in anchor score for additional complementary information. To be
suitable and interpretable for the estimation of an MID, each anchor must correlate at least
moderately (r >|0.30]|) with the HRQoL(Mouelhi et al. 2020). The MID estimates were triangulated
on a single value or a small range of values where more than 1 anchor was found to be suitable
using the correlation analysis results. To triangulate multiple MID estimates derived from different

anchors a correlation-weighted average was used (Trigg and Griffiths 2021)). This allows for an



increased weighting given to stronger anchor measure found in the study. Separate triangulation

of the results will be estimated for the between-group differences and within-group changes.

This study utilised the change difference and regression analysis methods. Using the change
difference method, the MID was calculated as the difference in HRQoL index score change
between two timepoints between the “small change” and “no change” groups that were pre-
defined by the anchor. Specifically, for a given HRQoL instrument and its corresponding anchor,
the MID was calculated as the difference in the average HRQoL index score between the “small
positive change” and “no change” CCGs for improvement, and between the “small negative
change” and “no change” CCGs for deterioration.

The regression analysis method quantified MID as the coefficient of the CCG group indicator
obtained from fitting 2 regression models, one estimating improvement and one estimating
deterioration with the change in HRQoL index score as the dependent variable, and the anchor as
an explanatory variable (Nolan et al. 2016; Musoro et al. 2020). The CCG group indicator was
coded as 0 for “no change”, and 1 for “small positive change” for the improvement model, and 0
for “no change”, and 1 for “small negative change” for the deterioration model. Potential
confounding factors, such as patient’s demographic and clinical characteristics (e.g., patient’s age,
sex, primary cancer site and cancer stage), were added to the regression models. The regression
models were fitted for the whole sample.

The distribution-based approach

The distribution-based approach considers only the statistical distribution of HRQoL scores. It
relies on the dispersion of patient’s HRQoL scores to quantify how much of a change in HRQoL
scores may be important for patients. The standard deviation (SD) and standard error of
measurement (SEM are the two parameters mostly used in the literature(Mouelhi et al. 2020;
Ousmen et al. 2018). Based on the SD, the MID was calculated as a multiplier times the SD of the
HRQoL score at baseline in the patient group. Commonly 0.3 and 0.5 are the multipliers that are
used in the literature in studies that have estimated MIDs using the distribution-based
approach(Mouelhi et al. 2020). SEM is calculated as SD * v/1 — r, where r is the reliability
coefficient for the HRQolL instrument. The r for the EORTC QLQ-C30 is estimated as 0.85
(Hjermstad et al. 1995), and for EQ-5D-5L indey, it is estimated as 0.85 (Long et al. 2021). A
threshold of 1 SEM has been widely used to determine MID (Musoro et al. 2020; Quinten et al.
2019).



Results

This paper calculated and compared the MID for the EQ-5D-5L and EORTC QLQ-C30 from a prospective

population based longitudinal cancer cohort, that had collected data using both instruments to assess

HRQoL.

EQ-5D-5L analysis

Table 1 presents a summary of demographic and clinical characteristics of patients who were in

the EQ-5D-5L sample. The mean age of participants at baseline (N= 464) was 63 years old, and 56%

were female. At baseline there were 103 unique EQ-5D-5L health states reported with an average

EQ-5D-5L index score of 0.90 £ 0.14. 26% of the sample reported a perfect health state utility at

baseline.

Table 1. EQ-5D-5L sample demographic and clinical characteristics

Patient characteristics N=464

Mean (SD)

95% Confidence Interval

Age

63 (11)

62-64

EQ-5D-5L score (baseline)

0.9042 (0.14)

0.8918 - 0.9166

EQ5D VAS (baseline)

80.01 (15.86)

n % of total N of patients
z\lbL;rsneI:l)i(;ret))f health states 103
Health state 11111 122 26 %
Number of follow-ups
1 27 6%
2 70 15%
3 117 25%
4 177 38%
5 73 16%
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Sex

Male 204 44%

Female 260 56%

Cancer site at first diagnosis

Breast 161 35%
Genitourinary 106 23%
Head and Neck 63 14%
Colorectal 60 13%
Lung 25 5%
All others 46 10%
Missing 3 0.7%
Staging

Unknown 8 2%
Distant metastases 12 3%
Regional lymph nodes 108 23%
Ionr\;zsr:;)n of adjacent tissue or 44 9%
Localised to the tissue of origin 262 56%
Missing 30 6%

A total of 4 potential anchors were initially assessed for both the EQ-5D-5L and EORTC QLQ-C30
scales, of which one was a clinical measure (ECOG) and 3 were patient-reported anchors (EQ-VAS,
Q29 and Q30 of the EORTC QLQ-C30). Table 2 provides estimates of cross-sectional correlations
between the EQ-5D-5L scores and each anchor, and the correlation between their change scores.

The cross-sectional correlations between HRQol scales and anchors ranged from -0.10 to 0.6,



while the correlations between their change scores ranged from -0.06 to 0.4. Examining each
anchor, we observed change score correlations of -0.06 for ECOG, 0.41 for VAS, 0.34 and 0.32 for
Q29 and Q30 in the EORTC QLQ--C30.

Table 2. Correlations between anchors and EQ-5D-5L score

Cross sectional Change score

Correlation Correlation
ECOG -0.10 -0.06
VAS 0.60 0.41
Q29 0.57 0.34
Q30 0.57 0.32
Numbers highlighted in bold meet the threshold (r >| 0.30]) for inclusion for MID estimation

Figure 1 examines the strength of the association between the change in anchor score and the
change in EQ-5D-5L index score. The dotted lines represent the change in anchor for a

deterioration or improvement. The correlations for both the cross-sectional and change scores
between the clinical anchor, ECOG, and the EQ-5D-5L score were less than the 0.3 threshold so

ECOG was not retained for further analysis.
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Figure 1. Change in EQ-5D-5L score and anchor
Results in Table 3 present the MID estimates for those anchors that satisfied the anchor threshold

criteria. The MID estimates varied according to the scale, direction of change scores (improvement
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versus deterioration), and anchor. Within our analysis the MID estimates were in the expected
direction, where positive was associated with an improvement and negative scores was associated
with a deterioration in utility score, respectively. The MID estimate of the mean change anchor-
based method (within group change) ranged from 0.01 to 0.03 in the improvement category and -
0.03 to -0.04 in the deterioration category. In the regression-based method (between group
change) this ranged from 0.02 to 0.06 in the improvement category and -0.04 to -0.03 in the
deterioration category. Table 3 also describes the MID estimates for the distribution approach
where the results of the MID analysis ranged from 0.04 to 0.07. Only the mean change
improvement results of the Q30anchor based analysis did not satisfy Cohen's recommendation

that it should be considered a MID.

Table 3. EQ-5D- 5L MID mean change and linear regression

Anchor-based approach

Distribution-based approach

Mean change Regression model
Improve eDeterlorat Improve eDeterlorat 0.5 0.3 | SEM
ECOG n/a n/a n/a n/a n/a n/a n/a
0.02 -0.04 0.02 -0.04
VAS 0.07 0.04 | 0.06
(0.2) (-0.3) (0.2) (-0.3)
0.03 -0.03 0.06 -0.03
Q29 0.07 0.04 | 0.06
(0.2) (-0.2) (0.4) (-0.2)
0.01 -0.04 0.05 -0.03
Q30 0.07 0.04 | 0.06
(0.1) (-0.3) (0.3) (-0.2)
Weighted 0.02 -0.04 0.04 -0.03
n/a n/a n/a
EQ-5D MID (0.2) (-0.3) (0.3) (-0.2)
Bold figures reflect effect size (ES)

Table 3 also presents a single triangulated summary of MIDs based on a correlation-weighted
average following the method given in (Trigg and Griffiths 2021). For improvement the mean
change method (within group change) resulted in an improvement of 0.02 and a deterioration of -
0.04. For the regression model we triangulated a summary improvement of 0.04 and a

deterioration of -0.03.

EORTC QLQ-C30

Table 4 presents a summary of demographic and clinical characteristics of patients who were in
the EORTC QLQ-C30 sample. The mean age of participants at baseline (N= 799) was the same for

both samples at 63 years, and 55% were female. The most common type of cancer reported was
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breast cancer (35%) followed by genitourinary cancer (22%). The EORTC QLQ-C30 sample had
more respondents who had distant metastases (6%) in comparison to the EQ-5D-5L sample (3%).
Baseline symptoms were assessed and reported using the EORTC QLQ-C30 outcome measure. As
shown in Table 4, self-rated function in our sample was relatively high. Across subscales, sample

mean scores ranged between 81.5 and 85.2 (on a 100-point scale).

Table 4. EORTC QLQ-C30 sample demographic and clinical characteristics

Patient characteristics

Mean Standard deviation (SD)
Age 63 12
EORTC QLQ-C30 baseline
Overall health 5.35(1.22) 1.22
Quality of life 5.54 1.25
oGoLscale iteman) | 7408 1367 1967
Physical functioning 85.2 18.2
Role functioning 81.9 25.6
Emotional functioning 81.5 20.1
Cognitive functioning 83.3 19.8
Social functioning 82.5 25.1
Pain 18.7 24.3
Dyspnea 13.9 22.8
Appetite loss 10.6 22.1
Constipation 9.9 19.8
Diarrhoea 7.6 17.5
Fatigue 26.3 23.0
Nausea/Vomiting 4.4 11.4
Financial problems 13.7) 25.41
Number of follow-ups n % of total N of patients
1 45 6%
2 154 19%
3 219 27%
4 206 26%
5 109 14%
6 32 4%
7 15 2%
8 1%
9 0.4%
10 2 0.3%
Sex
Male 357 45%
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Female 442 55%
Cancer type

Breast 278 35%
Genitourinary 178 22%
Head and Neck 95 12%
Colorectal 101 13%
Central nervous system 8 1%
Lung 45 6%
All others 91 11%
Missing 3 0.38%
Staging

Unknown 16 2%
Distant metastases 50 6%
Regional lymph nodes 188 24%
Lnr\éz;i:;)n of adjacent tissue or 70 9%
Localised to the tissue of origin | 437 55%
Missing 38 5%

The same four potential anchors, namely the clinical (ECOG) and 3 patient-reported anchors (VAS,
Q29 and Q39 of the EORTC QLQ-C30) were tested for suitability for inclusion for MID estimation.
Table 5 provides the correlations between the EORTC QLQ-C30 and anchors and the correlation
between the changes in EORTC QLQ-C30 and in the anchors. The cross-sectional correlations
between HRQoL scales and anchors ranged from 0.11 to 0.67 in absolute value, while the
correlations between their change scores ranged from 0.20 to 0.44. For the absolute value it was
determined that the functional scales physical, role, and social functioning were correlated at least
moderately (| r| > 0.30) with each of the health anchors selected. Generally, patient-reported
anchors showed higher correlations with HRQoL scales compared to clinical anchors. In addition,
the patient reported anchors met the correlation threshold for estimation of MID for more item
scales compared to clinical measures. For the relative change score value, no scale value of the
EORTC QLQ-C30 for the ECOG anchor met the correlation threshold for inclusion. The correlations

highlighted in bold were retained for estimation of MID values.



Table 5.Correlations between EORTC QLQ-C30 and anchors

Cross sectional Change score

Scale Anchor Correlation Correlation

PF ECOG -0.48 -0.27
RF ECOG -0.41 -0.20
EF ECOG -0.17 -0.09
CF ECOG -0.24 -0.12
SF ECOG -0.35 -0.14
FA ECOG -0.38 -0.22
NV ECOG -0.24 -0.14
PA ECOG -0.25 -0.15
DY ECOG -0.25 -0.10
SL ECOG -0.17 -0.07
AP ECOG -0.30 -0.14
CcO ECOG -0.17 -0.08
DI ECOG -0.12 -0.04
QL ECOG -0.34 -0.20
PF VAS 0.61 0.40
RF VAS 0.64 0.39
EF VAS 0.49 0.29
CF VAS 0.47 0.26
SF VAS 0.58 0.36
FA VAS 0.66 0.44
NV VAS 0.36 0.22
PA VAS 0.56 0.33
DY VAS 0.43 0.24
SL VAS 0.40 0.20
AP VAS 0.43 0.28
(6(0) VAS 0.27 0.11
DI VAS 0.20 0.07
QL VAS -0.11 0.57
PF Q29 0.60 0.40
RF Q29 0.63 0.40
EF Q29 0.49 0.28
CF Q29 0.46 0.24
SF Q29 0.57 0.34
FA Q29 0.67 0.43
NV Q29 0.37 0.23
PA Q29 0.58 0.35
DY Q29 0.44 0.23
SL Q29 0.42 0.20
AP Q29 0.44 0.29
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CcO Q29 0.27 0.10
DI Q29 0.23 0.11
QL Q29 n/a n/a
PF Q30 0.58 0.38
RF Q30 0.63 0.39
EF Q30 0.52 0.31
CF Q30 0.46 0.22
SF Q30 0.62 0.39
FA Q30 0.64 0.38
NV Q30 0.37 0.23
PA Q30 0.55 0.33
DY Q30 0.44 0.19
SL Q30 0.42 0.18
AP Q30 0.43 0.29
CcO Q30 0.25 0.10
DI Q30 0.22 0.10
QL Q30 n/a n/a

*PF=physical function, RF=role functioning, EF= emotional functioning, CF= cognitive functioning SF= social
functioning, FA= fatigue, NV= nausea vomiting, PA= pain, DY= dyspnoea, SL= insomnia, AP= appetite loss,
CO = constipation, DI = diarrhoea, QL = Global health status / QoL

Bold figures satisfy the threshold (|r| > 0.30) for MID estimation using change correlation method

Results in Table 6 present the MID estimates for the anchors that satisfied the anchor threshold
criteria. As before, the MID estimates were in the expected direction with positive scores within
the improvement category and negative scores in the deterioration category. The ECOG anchor
was only suitable for estimating the MID for physical functioning, relationship functioning, social
functioning, fatigue, and global quality of life. The MID estimate using the mean change anchor-
based method (within group change) for physical functioning ranged from 2.85 to 5.94 in the
improvement category and -1.17 to -6.20 in the deterioration category. For role functioning the
improvement ranged from 3.0 to 8.66 and deterioration from -5.45 to -7.61. Further MID
estimates for the additional scales are described in table 6. In the regression method (between
group change) the MID improvement ranged from 1.83 to 9.25 and deterioration from -2.12 to -
8.12. Table 6 also describes the MID estimates for the distribution approach where the results of
the MID analysis ranged from 3.52 to 13.63.

Results of the triangulation is presented in Table 6. A range of summary MIDs based on a
correlation-weighted average was generated for 11 of the 14 item scales of the QLQ-C30. The
MIDs for most EORTC QLQ-C30 scales ranged from 2.02 to 6.83 points in absolute values for the

mean change method and for the regression results ranged between 1.68 to 7.11. Two scales
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failed to satisfy the minimum ES needed to be considered a true MID, the improvement scores for

both cognitive functioning and dyspnoea.

Table 6.EORTC QLQ-C30 MID estimates

Mean change

Regression model

Distribution approach

Scale Improve Deteriorate Improve Deteriorate 0.5 0.3 SEM
2.85t05.94 -6.20t0-1.27 | 2.75t0 6.37 -6.58 t0 -3.01 _ _
PF 5.37-5.4 7:59 7:59
(3.55) (-3.77) (3.64) (-4.28) 7.64 1 7.64
RF : 8.2 )
(6.42) (-6.83) (6.31) (-7.11) 13.67 11.8
4.04 to 4.87 -4.82 t0-2.18 | 4.391t05.08 -4.96 t0 -1.96
EF 10.72 6.43 9.09
(4.44) (-3.56) (4.65) (-3.41)
1.97 to 2.67 -3.2910-2.99 | 2.18102.68 -3.13t0-2.90
CF 10.11 6.06 8.58
(2.27) t (-3.15) (2.44) t (-3.03)
SF 12' 7.77 1 :
(5.42) (-5.68) (5.41) (-5.56) 95 0.99
4.62107.37 -7.61t0-6.50 | 4.95t07.23 | -8.27 to -6.47 11.48-
FA 1'1 6.89 9.76
(5.64) (-6.81) (5.76) (-6.93) 3
1.12to0 2.89 -2.421t0-1.87 | 1.16t0 2.71 -2.26t0-2.12
NV 5.86 3.52 4.98
(1.9) (-2.17) (1.86) (-2.19)
3.83t05.41 -7.62 t0-5.45 | 3.39t05.37 -7.36t0-5.48
PA 12 7.2 | 10.18
(4.71) (-6.77) (4.31) (-6.54)
DY | 0.01to02.68 -4.41t0-3.55 | 0.25t0 2.11 -4.48 t0 -3.29
10.49 6.29 8.9
(1.45) * (-3.95) (1.39) * (-4.08)
SL| 4.24t07.09 -5.71t0-4.89 | 4.43t07.01 -6.18 to -5.05
14.64 8.78 | 12.42
(5.5) (-5.25) (5.63) (-5.70)
3.04to05.21 -4.73t0-2.55 | 3.00to0 4.85 -4.87 t0-2.32
AP 11.71 7.03 9.94
(3.84) (-3.43) (3.84) (-3.42)

*PF=physical function, RF= role functioning, EF= emotional functioning, CF= cognitive functioning SF= social
functioning, FA= fatigue, NV= nausea vomiting, PA= pain, DY= dyspnoea, SL= insomnia, AP= appetite loss, CO =
constipation, DI = diarrhoea

Bold figure EORTC QLQ-C30 sub-scale Triangulated MID estimates

t Failed to meet Cohen's criteria a true MID estimate ES is required to be between 0.2 and <0.8
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Discussion

Estimation of MID in HRQoL assessments is important when determining the effectiveness of the
treatment and identifying if patients experience meaningful improvements or deterioration based
on self-assessment. In the EQ-5D-5L, the resulting mean anchor-defined MID estimates were 0.02
to 0.03 for improvement and -0.04 to -0.03 for deterioration. For the EORTC QLQ-C30, changes of
at least 3.55 units on the physical functioning scale, 6.42 on the role functioning scale, 4.44 on the
emotional function, and 5.41 on the social functioning scale were required to constitute
meaningful improvement change. The highest MID improvement needed on the symptom scale
was 5.50 on the insomnia scale with the lowest MID improvement being 1.86 units on the nausea
and vomiting scale, respectively. A negative change was estimated to be at least 3.77 units on the
physical scale, 6.83 on the role functioning, 3.41 on the emotional, and 5.58 on the social
functioning scale were required to constitute meaningful improvement change. The largest MID
decrement needed on the symptom scale was 5.70 on the insomnia scale with the lowest MID

decrement being 2.17 units on the nausea and vomiting scale, respectively.

Our estimates identified improvements or deterioration in the expected direction for both the EQ-
5D-5L and the EORTC QLQ-C30. For the EQ-5D-5L, the estimates for deterioration tended to be
larger than those for improvement, a pattern which also carried over in large part for the EORTC
QLQ-C30. This may be due to the high baseline values - more difficult to detect improvement when
high and easier to detect deterioration when baseline is high. However, the current evidence on
whether there is significance between the differences in the magnitude of change between
deteriorating and improving scores is conflicting (Musoro et al. 2018; Maringwa et al. 2011; Cella

et al. 2002).

The MIDs for HRQoL measures estimated using the distribution-based approach were somewhat
consistently larger than those using the anchor-based method. In the EQ-5D-5L analysis, we found
that the distribution-based and the anchor-based regression approach produced similar MID
estimates, supporting the validity of the range of MID estimates. Examining the distributional
estimates of the MID for the EORTC QLQ-C30, it is apparent that the estimates are higher than
those obtained from the anchor-based method. Distribution-based approaches have the
advantage of being easy to calculate as they do not require an external criterion, unlike the
anchor-based method. However, the distribution-based approach relies on the assumption of

normality particularly in healthier patient populations who produce more skewed score
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distributions (Pickard et al. 2007) and they do not provide insight into the importance of the
difference (de Vet et al. 2006). Additionally, a limitation of using the standard deviation to
estimate MID for health state utility in the EQ-5D-5L is that the closer the average utility is to 1,

the smaller the SD and thus the smaller the MID estimated.

The EQ-5D-5L MID for improvement in our study was significantly lower than previously estimated
in US and UK cancer patients. In our study we estimated the MID for improvement ranging from
0.02 — 0.07, however, MID cancer estimates for the EQ-5D-3L UK index was 0.08 and for the US
was 0.06 (Pickard et al. 2007). The EQ-5D- 5L utility score at baseline in the present study
was0.90, with 26% of the respondents reporting perfect health. Comparing this baseline figure to
previous cancer research using the same data in 2018, we see that the average tariff at baseline
for the EQ-5D-3L respondents was 0.751 compared with 0.851 for EQ-5D-5L respondents (Lorgelly
et al. 2018) with 23% of respondents in the 5L version reporting perfect baseline health, 3% lower
than what was observed in our study. This demonstrates that there can be a large difference
between baseline estimates and thus MID estimates given the tariff values used. The baseline
estimated in our sample, 0.90, and the baseline in the 2018 study, 0.85, to the Australian general
population, we see the mean utility was 0.91 (McCaffrey et al. 2016). This would indicate that the
impact of cancer has minimal impact on the Australian population HRQoL. Therefore, we can
hypothesise that because of these high levels of perfect health at baseline, improvement can
occur at a lower magnitude in our sample and may explain our lower improvement estimate. An
example of this can be found in the Bedard et al. where a study of cancer patients with bone
metastases, patients reported a higher improvement MID for pain than previously reported
elsewhere (Bedard et al. 2014). Given the sample baseline experienced higher pain in the study,
the authors hypothesised that the patients had more capacity to improve given their starting pain
at baseline, and thus had a higher improvement score for pain. Given that MID values can vary by
disease group/severity, patient baseline status, direction of change, and demographic factors, the
characteristics of our sample (relatively stable, early disease state, and high baseline HRQolL) may

influence the MID generated.

It is difficult to compare to previous research because of the change of the EQ-5D version from 3L
to 5L, as well as the different country specific tariffs, which can result in substantially different
health utilities between countries. To our knowledge, the only MIDs for EQ-5D utility scores for

cancer patients in Australia which have been previously reported relate to the 3-level version of
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the EQ-5D. Here, using the 0.5 SD approach, an MID of 0.09 was estimated for cancer (Tsiplova et

al. 2016), which is higher than the 0.07 MID that we estimated in our study.

Examining MIDs estimated outside of cancer for the EQ-5D-5L, a MID of 0.0917 was calculated for
an elderly population with hypertension in China using an instrument-defined approach.
Additionally, in stroke patients the MID estimated was a change of 0.10 in the EQ-5D index score
(Tsiplova et al. 2016; Wong et al. 2020). This is considerably higher than our estimate of 0.02 —
0.07. Furthermore, in the Australian population larger MID values for Chronic obstructive
pulmonary disease (COPD)(0.11), asthma (0.11), and anxiety or depression (0.11) have been
estimated, which are greater than the MIDs estimated for cancer. This may suggest that the

cancer patients have a greater adaption to illness and resulting response shift in HRQoL.

Previous research for participants who have advanced cancer demonstrated higher MID values
compared to our study. Examining the literature for EORTC QLQ-C30 MID scores we see advanced
cancer patients have a meaningful change for improvement ranging from 10.1 units (physical
functioning) to 13.5 units (role functioning). Similarly in brain cancer patients (Maringwa et al.
2011), EORTC QLQ-C30 MID estimates for improvement was reported to be nine for physical
functioning, 14 for role functioning, five for social functioning, and 14 for fatigue. These values are
different to the estimates obtained in our study, where we observed lower values for physical
functioning, fatigue, and social functioning. The higher values were attributed to patient
characteristics: specifically, the higher levels of pain at baseline (Bedard et al. 2014). Our study
estimated lower MID unit changes, however our sample consisted of lower numbers of advanced
cancer compared to Maringwa et al. 2011. The MID estimates in our study for most scales were
within the range of 5-8 unit changes this was similar to cocks et al. (Cocks et al. 2012). In patients
with multiple myeloma in longitudinal data across multiple cancer sites in Norway, researchers
using the response shift methodology found EORTC QLQ-C30 scores varied from 2 to 17.5 for
improved patients, which is a broader range for our study (range from 2 to 8.66). The MID for
deterioration in the study ranged between 12.2 to 27, which is again a larger range than reported

in our study (range from -1.87 to -7.62).

Strengths

This study has followed best practice recommendations, identified from a targeted review of the
literature and available guidelines from the FDA and EMA. We used multiple anchors in our study,
one objective clinical measure (ECOG) and three patient reported outcomes (Q29, Q30 and the
EQ-5D VAS), to ensure that the anchors used were credible and appropriate. The use of multiple
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anchors helped to validate our results. In addition, there is some agreement in the literature that
the use of patient-reported anchor-based approach is the optimal way to determine the MID as it
directly captures the patients’ preferences and is now considered the gold standard approach

(Guyatt et al. 2002; King 2011).

By utilising a cancer-specific longitudinal dataset, (typically clinical trial or cross-sectional datasets
have been used in the literature) in the estimation of MID for EQ-5D-5L and EORTC QLQ-C30, the
MID estimates are more applicable to the real-world population and may be more relevant to
reimbursement decision-making agencies. There is a lack of guidance around the most appropriate
minimally important difference thresholds, however the Germany reimbursement agency Institut
fur Qualitat und Wirtschaftlichkeit im Gesundheitswesen (IQWiG) has highlighted that the use of
MID from Pickard et al (2007) is unsuitable due to its estimation from a cross sectional design
rather than longitudinal data. This highlights that the current cross-sectional MID estimates may

not be suitable and fit for use in HTA applications(IQWiG 2018).

Limitations

The choice of clinical anchor for MID studies in retrospective longitudinal data is challenging.
Within our study the ECOG was selected as the clinical anchor and demonstrated very little
movement from the clinically stable group. The lack of change in the ECOG values resulted in
correlation coefficients that were below the threshold for inclusion of ECOG as an anchor to
estimate the MID in the study. We included a correlation between cross-sectional HRQoL score
and ECOG status, where correlation values were above the threshold which allowed us to estimate
anchor-based MID scores. However, despite this meeting the correlation threshold, there are
concerns about the plausibility of the selected anchor, as well as the reliability of the estimated

MIDs for this anchor.

The longitudinal nature of the Cancer 2015 cohort data posed a limitation for the study.
Individuals in the dataset at earlier dates completed the EQ-5D-3L but the cohort was switched to
the EQ-5D-5L for later observations and for individuals recruited later in the data set. Hence the
EQ-5D-5L analysis did not use “true” EQ-5D baseline value, as there was no consistent start date
(e.g., 14 days after diagnosis), compared to that of the EORTC QLQ-C30 data. In our data we took
the patients first observation with EQ-5D-5L as the “observed” baseline in our dataset. Our data
included 103 patients who were determined to have entered the Cancer 2015 cohort where their
first observation in our data set was their “true” baseline. A simple analysis (between groups t-
test) comparing the two populations (true baseline and observed baseline) was undertaken to see
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if there was difference between the utility means, however no statistically significant difference
(p=0.58) was observed between the groups. Thus, we can conclude that this limitation in data did

not have an impact on the analysis.

In addition, there were rarer solid cancer groups, such as head and neck cancer, where a higher
prevalence was observed in our dataset. Cancer 2015 is a longitudinal prospective cohort of
cancer patients treated in 5 hospitals in Victoria, Australia. The cohort successfully recruited the
expected major solid such as breast, lung, colorectal and prostate cancer(Parisot et al. 2015). It
also has recruited fewer common cancers such as head and neck cancer, bladder cancer and bone
and soft tissue cancer. In Australia in 2009 there was 3.4% of all cancers were diagnosed as head
and neck cancer(AIHW (2014) ), in the Cancer 2015 cohort sample we have approximately 23% of
patients with head and neck cancer, highlighting a higher prevalence in this cancer category, that

could impact the generalisability of the MID estimates.

Conclusion

Knowledge of the minimal amount of change required for patients to experience a relevant
improvement or deterioration is important when determining the impact of treatments on
patients” HRQoL and the effectiveness of the treatment. Further studies should identify more
robust clinical anchors. These studies should also focus on cancer type and severity to estimate
the MID for individual cancers. Identification of robust meaningful change in HRQoL can also be
used as a tool to aid researchers in the determination of the sample size required for clinical trials

and determine if changes in HRQoL are important to patients.
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