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Abstract

Background. Different analytical methods may lead to different conclusions about the impact of treatment on
health-related quality of life (HRQoL). This study aimed to examine 3 different methods to evaluate change in
HRQolL and to study whether these methods result in different conclusions.

Methods. HRQoL data from 15 randomized clinical trials were combined (CODAGLIO project). Change in
HRQolL scores, measured with the European Organization for Research and Treatment of Cancer Quality of Life
Questionnaire Core 30 and BN20 questionnaires, was analyzed in 3 ways: (1) at the group level, comparing mean
changes in scale/item scores between treatment arms, (2) at the patient level per scale/item, calculating the per-
centage of patients that deteriorated, improved, or remained stable per scale/item, and (3) at the individual patient
level, combining all scales/items.

Results. Baseline and first follow-up HRQoL data were available for 3727 patients. At the group scale/item level,
only the item “hair loss” showed a significant and clinically relevant change (ie, >10 points) over time, whereas
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change scores on the other scales/items were statistically significant only (all P<.001; range in change
score, 0.1-6.2). Although a large proportion of patients had stable HRQoL over time (range, 27%-84%) on the
patient level per scale/item, many patients deteriorated (range, 6%-43%) or improved (range, 8%-32%) on a
specific scale/item. At the individual patient level, the majority of patients (86%) showed both deterioration
and improvement, whereas only 1% remained stable on all scales.

Conclusions. Different analytical methods of changes in HRQoL result in distinct conclusions of treatment
effects, all of which may be relevant for informing clinical decision making.

brain tumor | patient-reported outcome | quality of life | questionnaire

Functioning and well-being are particularly important for
patients with an incurable disease such as glioma, for
which both the duration and quality of survival count.
To quantify patients’ functioning and well-being, health-
related quality of life (HRQoL) questionnaires are often
used. These questionnaires are typically multidimen-
sional in nature, including single- and multi-item scales
that assess functional health as well as symptom burden.
Although these measures provide a lot of information
about the functioning and well-being of patients, they also
result in an analytical challenge because of the multiple
outcomes that are generated.

In clinical trials, HRQoL scores are typically used to eval-
uate the impact of the treatments under investigation on
the level of functioning and symptom burden on a group
level. This means that changes in HRQolL scores over
time are compared between treatment arms. In this case,
HRQolL is assessed per scale/item, that is, at the “group
scale/item level” Another way to look at a change in
HRQoL scores is at the individual patient level. This can be
achieved per scale/symptom (ie, “patient scale/item level”)
by calculating the percentage of patients whose HRQoL
remained stable, improved, or deteriorated over time on
a specific scale/item. However, for an individual patient,
it may be of more interest to observe changes in the full
range of scales/items simultaneously, rather than for only
a single scale/item. Any given patient may improve on one
scale/item, and deteriorate or remain stable on another
scale/item. For example, a patient may remain stable in his
or her level of physical functioning and pain during treat-
ment, but may experience more fatigue.

To the best of our knowledge, there has only been one
study in brain tumor patients that focused on investigating
changes in HRQoL and whether conclusions on the im-
pact of treatment on HRQoL differed when analyzed at the
group or (individual) patient level.? In this small study, pa-
tients with brain metastases treated with stereotactic ra-
diotherapy were found to have stable HRQoL scores over
time when analyzed at the group level, but when analyzed
at the individual patient level, many patients actually de-
teriorated or improved on specific HRQoL scales/items.
More important, the majority of patients (64%) showed
both improvement and deterioration on different HRQoL
scales. Thus, different methods of analysis may result in
different conclusions regarding treatment effects.

The aim of our study was to examine 3 different methods
of evaluating change in HRQoL scores in a large group of
glioma patients and to examine whether these methods re-
sult in different conclusions regarding the impact of treat-
ment on HRQolL.

I
Methods

Study Sample

This study is part of the CODAGLIO (COmbining clinical
trial DAtasets in GLIOma) project, in which a database was
created including HRQoL data of individual glioma pa-
tients from 15 phase 2 and 3 randomized controlled trials
(RCTs)(Supplementary Table 1). We included those RCTs
in the database that assessed HRQoL with the European
Organization for Research and Treatment of Cancer
(EORTC) Quality of Life Questionnaire Core 30 (QLQ-C30)
and the complementary questionnaire for brain cancer pa-
tients QLQ-BN20.2 HRQoL was assessed as a secondary
end point in all RCTs. All patients gave their written in-
formed consent to participate in the RCTs, and all principal
investigators of these RCTs gave permission for use of the
collected data.

Health-Related Quality of Life Data

The EORTC QLQ-C30 consists of 5 functional scales
(physical, role, emotional, cognitive, and social func-
tioning), 3 symptom scales (fatigue, pain, and nausea and
vomiting), a global health status/QoL scale, and 6 single
items (dyspnea, appetite loss, insomnia, constipation, di-
arrhea, and financial difficulties). The QLQ-BN20 contains
20 items, comprising 4 symptom scales (future uncer-
tainty, visual disorder, motor dysfunction, and commu-
nication deficit) and 7 single items (headaches, seizures,
drowsiness, hair loss, itchy skin, weakness of legs, and
bladder control). Raw scores for both questionnaires are
linearly transformed to a scale from 0 to 100 according to
the standard EORTC procedures.* For the functional scales
and the global health status/QoL scale, a higher score in-
dicates better HRQoL. For the symptom scales and items,
higher scores indicate greater symptom burden. In all
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RCTs, baseline questionnaires were administered be-
fore the start of the allocated treatment, but after surgery
and irrespective of supportive treatment. To investigate
changes in HRQol, the first follow-up (FU) questionnaire
scores of patients undergoing treatment were compared to
their baseline scores. The timing of the first FU moment,
reflecting the initial treatment effect, differed per RCT and
ranged from 3 weeks to 16 weeks after baseline (median,
10.7 weeks). Clinically relevant change in HRQoL was de-
fined as 10 or more points on a scale/item, reflecting the
minimum clinically important difference.® For method 1,
only those differences that were both statistically signifi-
cant and clinically relevant were considered meaningful
and therefore described. Methods 2 and 3 rely on determi-
nation of clinically relevant differences, and are therefore
reported as such.

Clinical and Sociodemographic Variables

The following available clinical and sociodemographic
variables were collected: age, sex, tumor type (glioblas-
toma vs nonglioblastoma), prior surgery (resection vs bi-
opsy), newly diagnosed vs recurrent tumor, World Health
Organization (WHO) performance status (PS; 0 vs > 1), and
allocated treatment (radiotherapy, chemotherapy, angio-
genesis inhibitors, tumor-treating fields, radiotherapy and
chemotherapy combined, radiotherapy and angiogenesis
inhibitors combined, radiotherapy combined with chemo-
therapy and angiogenesis inhibitors, and chemotherapy
and TTF combined).

Statistical Analysis

All patients with completed HRQoL baseline and FU
questionnaires were included in the analysis. To evaluate
whether there were differences between patients who
completed both a baseline and FU questionnaire and pa-
tients who completed only baseline questionnaires, clin-
ical characteristics were compared using the chi-square
statistic for categorical data, and a t test for continuous
variables.

Method 1: Change in Health-Related Quality of
Life at the Group Scale/Item Level

Mean change scores for all HRQoL scales/items between
baseline and the first FU assessment were calculated for all
patients together, to identify significant and clinically rele-
vant changes (ie, > 10 points) at the group scale/item level.

Method 2: Change in Health-Related Quality of
Life at the Individual Patient Level for Each Scale/
Item

Changes in HRQoL scores were analyzed for each scale/
item separately for each patient. To do so, differences in
HRQoL scores between baseline and FU were computed
for every scale/item.Thereafter, each patient was classified
into 1 of 3 categories (improved, deteriorated, and stable)
for every scale/item, based on the 10-or-more points

criterion for defining clinically relevant change. The per-
centage of patients in each category was computed.

Method 3: Change in Health-Related Quality of
Life at the Individual Patient Level Including All
Scales/Items

HRQolL scores were also analyzed at the individual patient
level by considering all scales/items simultaneously. Based
on the change in HRQoL scores on all scales/items, pa-
tients were categorized as (a) deteriorated, (b) improved, (c)
stable, or (d) both improved and deteriorated. The “deterior-
ated” category included patients for whom the score of at
least one scale/item declined and scores on the other scales/
items remained stable. The “improved” category included
patients for whom the score of at least one scale/item im-
proved, and scores on the other scales/items remained
stable. The “stable” category indicated stable, nonchanging
scores on all scales/items. Last, the “declined/improved”
category indicated that patients had deterioration in at least
one scale/item and an improvement in at least one other
scale/item. The distribution of patients in these 4 categories
was visualized with heat maps. Patients were clustered not
only based on their changes in the different HRQoL scales/
items, but also on the clinical and sociodemographic vari-
ables age, WHO PS, sex, surgery, and tumor type, that repre-
sent the most distinct characteristics between patients in the
included RCTs, to evaluate whether these factors were as-
sociated with a specific pattern of change in HRQoL scores.
Analyses were performed using IBM SPSS, version 23.0.
The R packages Pheatmap’ and ComplexHeatmaps® were
used to create heat maps.

I
Results

HRQoL data were available for 6084 patients in the
CODAGLIO database, of whom 5217 patients (86%) com-
pleted an HRQoL baseline questionnaire, and 3727 pa-
tients completed both a baseline and first FU questionnaire
(61%) (Table 1). Of the patients who completed a baseline
and FU questionnaire, the majority were diagnosed with
glioblastoma (68%), underwent resection (75%), and the
mean (SD) age was 52 (13) years.

When compared with patients who did not complete an
FU assessment, patients who completed a baseline and an
FU questionnaire were younger (52 vs 53 years), less often
diagnosed with glioblastoma (68% vs 71%), more often
newly diagnosed patients (87% vs 83%), had a better PS
(WHO =0 in 43% vs 39%), underwent resection more often
(75% vs 74%), and were more often allocated to a combina-
tion of treatments rather than monotherapy compared to
the patients who completed a baseline questionnaire only,
indicating minor imbalances (Table 1).

Method 1: Change in Health-Related Quality of
Life at the Group Scale/Item Level

When calculating the mean change in HRQoL scores be-
tween baseline and FU for each scale/item separately (at the
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Table1. Clinical/Sociodemographic Characteristics of Patients With and Without a Health-Related Quality of Life Baseline and Follow-Up

Questionnaire

All patients (with and Patients with HRQoL Patients with both a Difference
without HRQoL baseline questionnaire baseline and FU between(A)
questionnaires) n = 6084 only (A) n=5217 questionnaires (B) n = 3727 and (B), P

Male 3710 (61) 3211 (62) 2309 (62) .337

Female 2351 (39) 2005(38) 1417 (38)

Missing 23(0) 1(0) 1(0)

Age, mean, SD, y 53 (13) 53 (13) 52 (13) <.0012

Glioblastoma 4322 (71) 3716 (71) 2521 (68) <.0012

Nonglioblastoma 1762 (29) 1501 (29) 1206 (32)

Newly diagnosed 4968 (82) 4330 (83) 3223 (87) <.0012

Recurrent 1116 (18) 887 (17) 504 (14)

WHO PS 0 2257 (37) 2006 (39) 1595 (43) <.0012

WHO PS 1/2 3771 (62) 3191 (61) 2125 (57)

WHO PS missing 56 (1) 20 (0) 7(0)

Resection 4379 (72) 3845 (74) 2807 (75) <.0012

Biopsy 1523 (25) 1221 (23) 798 (21)

Missing 182 (3) 151 (3) 122 (3)

TRT: radiotherapy alone 1349 (22) 1105 (21) 812 (22) <.0012

TRT: chemotherapy alone 1112 (18) 843 (16) 502 (14)

TRT: angiogenesis inhib- 126 (2) 106 (2) 80 (2)

itor alone

TRT: radiotherapy and 1633 (27) 1455 (28) 1153 (31)

chemotherapy

TRT: radiotherapy and 834 (14) 807 (16) 640 (17)

chemotherapy and angio- 444 (7) 360 (7) 245 (7)

genesis inhibitor

TRT: chemotherapy and 120 (2) 107 (2) 31 (1)

angiogenesis inhibitor

TRT: tumor-treating fields 466 (8) 434 (8) 264 (7)

alone

TRT: chemotherapy and
tumor-treating fields

Abbreviations: FU, follow-up; HRQoL, health-related quality of life; WHO PS, World Health Organization performance status; TRT, allocated

treatment.

Numbers in parentheses are percentages. Pvalues are based on chi-square statistics.

aIndicates significant level P<.001.

group level), only the item “hair loss” showed a significant
and clinically relevant change (ie, > 10 points) over time,
with a mean deterioration of 10.2 points. Change scores on
the other scales/items showed a statistically significant (all
P<.001) but not clinically relevant change, with changes in
mean scores ranging between 0.1 and 6.2 points (Figure 1).
These results suggest that the treatments under investiga-
tion did not have a clinically relevant impact on the level of
functioning and wellbeing of the patients.

Method 2: Change in Health-Related Quality of Life
at the Individual Patient Level for Each Scale/Item

Classification of patients into the 3 categories “stable,”
“deteriorated,” and “improved” for each scale/item sepa-
rately, showed that a large proportion of patients (range,

27%-84%) had “stable” scores on most items/scales.
“Stable” was the largest category for all scales except fa-
tigue, for which “deterioration” was the largest category.
Nevertheless, Figure 2 also shows that a considerable per-
centage of patients had “deteriorated” (range, 6%-43%)
or “improved” (range, 8%-32%) scores. Although the re-
sults at the group scale/item level showed that HRQoL was
stable over time, the results of this analysis show that this
does not hold true for a large proportion of patients.

Method 3: Change in Health-Related Quality of
Life at the Individual Patient Level Including All
Scales/Items

Analysis at the individual patient level considering all
scales/items simultaneously showed that most patients
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Figure 1.

Health-Related Quality of Life (HRQoL) at the Group Scale/ltem Level: Mean Scores for All HRQoL Scales/Items at Baseline and First

Follow-Up Moment. AP, appetite loss; BC, bladder control; c, clinical relevant difference; CD, communication deficit; CF, cognitive functioning; CO,
constipation; DI, diarrhea; DR, drowsiness; DY, dyspnea; EF, emotional functioning; FA, fatigue; Fl, financial impact, FU, future uncertainty, GH, global
health status; HA, headache; HL, hair loss; IS, itchy skin; MD, motor dysfunction; NV, nausea and vomiting; PA, pain; PF, physical functioning; RF, role
functioning; SE, seizures; SF, social functioning, SL, insomnia; VD, visual disorder; WL, weakness of the legs. *Statistically significant difference.

(86%) both deteriorated and improved, whereas only a
minority of the patients only improved (6%), deteriorated
(7%), or remained stable (1%) on all scales. In Figure 3, the
change scores of all individual patients are visualized with
a heat map. Similar to the analysis of individual patients at
the individual scale/item level, this heat map demonstrates
that within a patient the direction of HRQoL varies con-
siderably. Indeed, the majority of patients both deterior-
ated on a scale/item, and improved or remained stable on
other scales/items. Additional clustering on clinical char-
acteristics (ie, WHO PS, sex, tumor type, surgery, newly
diagnosed vs recurrent tumor, and age) did not identify
subgroups of patients with a specific pattern of change in
their HRQoL scores. Contrary to what one might expect,
patients with more favorable characteristics, for example,
younger age or better WHO PS, did not seem to be the pa-
tients who improved or remained stable with respect to
their HRQoL scores.

I
Discussion

The results of this study indicate that, depending on the
method used to analyze and report HRQoL data, results
may lead to different conclusions about treatment effects.
When analyzing change in HRQoL scores of each scale/
item at the group level, the results of this study suggest
that initial treatment has hardly any clinically relevant im-
pact on the functioning and well-being of glioma patients.

However, analyzing change in HRQoL scores at the in-
dividual patient level resulted in a different conclusion.
First, although a large group of patients indeed remained
stable on certain scales/items, an almost equal share of pa-
tients deteriorated or improved on those scales/items.This
finding is masked when the data are analyzed only at the
group level. A likely explanation may be that the scores for
patients who deteriorated and improved averaged out, re-
sulting in a stable score at the group level. Thus, averaging
the scores for all patients together leads to the conclusion
that there is no difference in HRQoL over time, whereas a
significant percentage of the patients may, in fact, expe-
rience a decrease in their HRQoL. Furthermore, analyzing
changes in HRQolL at the individual patient level including
all scales/items simultaneously showed that the vast ma-
jority of patients (86%) both improved and deteriorated on
different scales after treatment initiation, and only a small
proportion of the patients remained completely stable over
time (1%). This additional information about the joint im-
pact of treatment on all outcomes may help patients and
physicians to make the best treatment decision.

The patients included in this study appear to represent
fairly well the population of glioma patients treated in
clinical trials, which is of course already a selected group.
Although patients who complete HRQoL questionnaires
are a further selection of healthier patients,® those who
completed both a baseline and FU questionnaire did not
differ to a great extent from the patients who completed
a baseline questionnaire only. Depending on the research
question, different statistical techniques can be used. For
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Figure 2. Health-Related Quality of Life (HRQoL) at the Individual Level Separately for Each HRQoL Scale/ltem: Distribution of Patients Who
Deteriorated, Improved, and Remained Stable Between Baseline and First Follow-Up Moment. AP, appetite loss; BC, bladder control; CD, com-
munication deficit; CF, cognitive functioning; CO, constipation; DI, diarrhea; DR, drowsiness; DY, dyspnea; EF, emotional functioning; FA, fatigue; Fl,
financial impact, FU, future uncertainty, GH, global health status; HA, headache; HL, hair loss; IS, itchy skin; MD, motor dysfunction; NV, nausea and
vomiting; PA, pain; PF, physical functioning; RF, role functioning; SE, seizures; SF, social functioning, SL, insomnia; VD, visual disorder; WL, weak-
ness of the legs. Change in HRQoL scores were based on 10- or more point clinically relevant difference.

example, if one wants to analyze differences in HRQoL be-
tween 2 treatment arms over time, longitudinal models
(eg, linear mixed models) should be used. In this study,
we focused on a change in HRQoL between 2 time points,
from baseline to the first follow-up assessment. This
could also have been baseline and the assessment at the
12-month follow-up assessment. This again emphasizes
that it is important to prespecify the research question with
respect to HRQolL in the study protocol, and choose the
appropriate statistical analyses accordingly. The choice of
the HRQoL instruments may also affect our findings, par
ticularly for the analysis at the individual patient level, be-
cause the QLQ-C30 and QLQ-BN20 together comprise 26
single- or multi-item scales. Indeed, the finding that only a
tiny percentage of the patients (1%) remained completely
stable over time in the simultaneous analysis of the indi-
vidual patient level data including all scales/items can be
explained by the large number of scales/items considered
in the analysis as well as the definition of a clinically rel-
evant change. It is unlikely that patients rate all 50 items
in the EORTC QLQ-C30 and QLQ-BN20 exactly the same,
even when their overall perceived HRQolL is unchanged.
For single-item scales, this may directly result in a clini-
cally relevant change of 10 or more points (eg, a change
from “a little bit” to “quite a bit” will result in a change in
item score of 33 points, thus exceeding the cutoff for a clin-
ically relevant change). Currently, the EORTC Quality of
Life group is working on a more sophisticated and appro-
priate way of defining clinically meaningful changes on the

scales/items of the QLQ-30 questionnaire, because recent
studies highlight that the widely used 10-or-more points
change® is too simplistic and does not detect a true clin-
ical relevant change both at a group as well as at an indi-
vidual patient level.’®'2 One method to reduce the impact
of the abundance of scales/items would be to use a sum-
mary score for HRQolL, which is available for the EORTC
QLQ-C30, integrating the majority of the functional and
symptom scores.’™ A limitation, however, is that such a
summary score including HRQoL issues relevant to brain
tumor patients (ie, as measured with the QLQ-BN20) is cur-
rently not available. ldeally, analyses with this summary
score should be performed at the group and at the indi-
vidual patient level to extract maximum information with
regard to change in HRQolL.

Our study shows that conclusions about the impact of
treatment on HRQoL may vary depending on the analyt-
ical method used. We did not intend to extract informa-
tion on the impact of specific treatments on HRQoL, nor
for specific patient groups (eg, low-grade vs high-grade
glioma), but focused on the impact of the analytical
method chosen. When looking at individual clinical trials,
however, it is important to evaluate the impact of treat-
ment regimens. Results of past studies in glioma patients
often have shown no difference in HRQoL comparing dif-
ferent treatment regimens, whereas, if analyzed at the in-
dividual patient level, important differences might have
been observed.''® As such, information given to patients
could have been different. Possible clinically relevant
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Figure 3. Health-Related Quality of Life (HRQol) at the individual level taking into account all HRQoL scales/items: heat map reflecting change
scores (>10-point difference) for all HRQoL scales/items for all included patients. Patients and symptoms are ordered so similar scores are next to
each other, using hierarchical clustering techniques. The horizontal axis represents all individual patients, and HRQoL scales/items are represented
on the vertical axis. Red indicates deterioration in HRQoL, orange indicates stable scores, and yellow indicates improving scores. Annotations
above the heat map indicate patients’ clinical characteristics: World Health Organization performance status, tumor type, sex, surgery, newly
diagnosed vs recurrent, and age. GH, global health status; PF, physical functioning; RF, role functioning; EF, emotional functioning; CF, cognitive
functioning; SF, social functioning; FA, fatigue; NV, nausea and vomiting; PA, pain; DY, dyspnea; SL, insomnia; AP, appetite loss; CO, constipation;
DI, diarrhea; Fl, financial impact; FU, future uncertainty; VD, visual disorder; MD, motor dysfunction; CD, communication deficit; HA, headache; SE,
seizures; DR, drowsiness; HL, hair loss; IS, itchy skin; WL, weakness of the legs; BC, bladder control. Change in HRQoL scores are based on 10- or

more point clinically relevant difference.

information on the functioning and well-being of patients
may be missed when analyzing HRQoL data at the group
level only, because a large proportion of patients may ex-
perience a change in HRQoL that may go unnoticed at the
group level if this proportion is similar, emphasizing the
importance of analyzing HRQoL at the group and at the
individual patient level. Moreover, although it is known
that the first 2 methods described in our study result in dif-
ferent interpretations of outcomes, they are still not often
both included in the study protocol and subsequently ana-
lyzed, reported, and interpreted as such. Therefore, we ad-
vise future trials to consider analyzing HRQoL data at the
individual patient level in addition to the group level, and
to prespecify these analyses in the study protocol. In addi-
tion, one could consider building a prognostic model, for
example, to identify those patients who deteriorate during
a specific treatment. Similarly, using a heat map to visu-
alize and cluster HRQoL scores may also be incorporated
into future research, because this adds to the interpretation
on the impact of treatment on a patient’s HRQoL.

Researchers or organizations may have their own pro-
cedures for the analysis and interpretation of HRQoL data.
However, the diverse ways of analysis and interpretation
of this data in the same clinical trial can result in conflicting
and confusing conclusions, as also shown in this study.
Different conclusions may of course be justified when dif-
ferent research questions are prioritized, but should not
occur when answering the same research question. To ad-
dress this issue, standardization of analytical methods with
respect to HRQoL data are warranted. Currently, the Setting
International Standards of Patient-Reported Outcomes and
Quality of Life Endpoints Data in Cancer Clinical Trials in-
itiative is ongoing, with the goal of establishing recom-
mendations for the analysis of patient-reported outcomes
in cancer clinical trials.”” Ultimately, this guideline should
improve the quality and consistency of statistical analysis
in clinical trials, facilitating the interpretation of HRQoL
findings.

In conclusion, when studying the impact of a treatment
strategy on HRQoL in clinical trials, different analytical
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methods may result in different conclusions about the
impact of these treatments. Analyzing HRQolL at the indi-
vidual patient level in addition to analysis of the scale/item
at the group level may be valuable in providing insights,
and should be considered in future research.
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Supplementary material is available online at Neuro-
Oncology Practice (http://nop.oxfordjournals.org/).
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