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Objectives: We investigated the validity of the recently developed European Organisation for Research and Treatment of
Cancer Quality of Life Questionnaire Core 30 (EORTC QLQ-C30) summary score in patients with hematologic malignancies.
Specifically, we evaluated the adequacy of a single-factor measurement model for the QLQ-C30, and its known-groups
validity and responsiveness to change over time.

Methods: We used confirmatory factor analysis to test the single-factor model of the QLQ-C30, using baseline QLQ-C30 data
(N = 2134). The QLQ-C30 summary score was compared to the original QLQ-C30 scales using general (age, sex, Eastern
Cooperative Oncology Group performance status, comorbidity) and disease-specific (red blood cell transfusion
dependency) groups. Repeated measurements allowed us to investigate responsiveness to change in a subgroup of
patients with acute myeloid leukemia.

Results: The single-factor model of the QLQ-C30 exhibited adequate fit in patients with hematologic malignancies. Known-
group comparisons generally supported the construct validity of the summary score when using more general grouping
variables (sociodemographics, broad clinical parameters). Nevertheless, when groups were formed on the basis of disease-
specific variables (eg, transfusion dependency), the summary score performed less well the some of the original, separate
scales of the QLQ-C30.

Conclusion: Our findings provide support for the validity of the single-factor model of the EORTC QLQ-C30 in patients with
hematologic malignancies. Specifically, the results suggest that the summary score can be used as an endpoint in this
population when symptom- or other health domain-specific hypotheses are not available.
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Introduction

The European Organisation for Research and Treatment of
Cancer Quality of Life Questionnaire Core 30 (EORTC QLQ-C30)1

is one of the most widely used patient-reported outcome (PRO)
measures in assessing health-related quality of life (HRQOL),
functional health, and symptoms in cancer clinical trials.2 The
QLQ-C30 assesses 15 health domains, including physical and
emotional functioning and key cancer symptoms such as fatigue,
pain, dyspnea, and nausea. Although the wide range of scales
included in the QLQ-C30 provides a comprehensive overview of a
patient’s HRQOL, it also presents statistical challenges in clinical
trials due to multiple testing and the resulting risk of type I
errors.

Although several approaches are available for correcting or
compensating for multiple testing, often all QLQ-C30 scales are
analyzed without such corrections.3 Sometimes, to avoid the
problem, the 2-item global health status/quality of life (QOL) scale
is used as a primary, single endpoint. Nevertheless, the global
health status/QOL scale of the QLQ-C30 may not be sensitive
enough to capture the relevant health-specific aspects for a given
cancer population under study. For example, in phase III ran-
domized controlled trials, the selection of the primary HRQOL
endpoint should ideally be based on previous empirical data of
specific health domains most likely to be affected by the treatment
being tested.4-6 Nevertheless, this information might not be
available from previous studies, or the selection of specific health
domains as primary outcomes may be inappropriate, such as in
research settings using large heterogeneous cancer population-
based registries.

To overcome these challenges, the QLQ-C30 Summary Score
has been introduced as an additional scoring algorithm.7 This
score is based on the statistical evaluation of 7 higher-order
models for the 15 health domains of the QLQ-C30 that were
defined on the basis of relevant literature and expert opinion.8

The models comprised either a single higher-order HRQOL fac-
tor or different combinations of 2 higher-order factors (eg,
physical and mental health, physical burden and mental function,
symptom burden and function). In a replication study,7 all
models were re-evaluated using data from 3282 patients with
mixed cancer diagnoses. Based on model fit and parsimony, the
single-factor model was selected to serve as the basis for the
QLQ-C30 Summary Score. The QLQ-C30 Summary Score was also
shown to be as discriminative as the best-performing single
scales of the QLQ-C30 regarding tumor stage, performance sta-
tus, and change over time. In line with these results, a recent
study comparing a heterogeneous sample of 4020 cancer pa-
tients with a general population sample also demonstrated that
the summary score was more discriminative than any single scale
of the QLQ-C30.9 Although these studies provide support for the
use of the QLQ-C30 Summary Score, the data sets used in these
studies comprised heterogeneous samples of cancer patients
with mainly solid tumors.

Given the outstanding progress made in clinical research,
hematologic cancers are now being treated with newly adopted
disease management strategies, such as molecularly targeted
therapies and monoclonal antibodies. This has resulted in sub-
stantially improved survival rates. Life expectancy of patients
with some types of leukemia now approaches that of their peers
in the general population,10 and targeted therapies in some types
of acute leukemia have contributed to remarkable survival im-
provements.11 This has led to a paradigm shift within the he-
matologic research field towards assuming a more chronic
therapy model for disease, making the argument for
implementation of PRO measures more compelling.12-15 In this
context, it is relevant to investigate the psychometric perfor-
mance of the QLQ-C30 Summary Score in patients with hema-
tologic malignancies

Our study objectives were to investigate (1) whether the
previously established single-factor model underlying the
QLQ-C30 Summary Score could be replicated in patients with
hematologic malignancies, and (2) the validity of this summary
score using known-group comparisons and analysis of respon-
siveness to change over time using both general and disease-
specific anchors.
Patients and Methods

Data Source

For the purpose of the current study, we formed a pooled
database of 6 individual datasets. These datasets comprise cross-
sectional and longitudinal studies conducted by Gruppo Italiano
Malattie Ematologiche dell’Adulto (GIMEMA) in patients diag-
nosed with acute myeloid leukemia (AML) (n = 1),16 chronic
myeloid leukemia (n = 2),17-19 acute promyelocytic leukemia (n =
1),4,11 and myelodysplastic syndromes (MDS) (n = 2).20-23 The
pooled database for the purpose of this analysis consisted of 2134
patients who completed the QLQ-C30 at baseline and, only for
patients with AML, after the induction treatment phase (n = 255).
Most patients were from Italy (90.2%). Sociodemographic and
clinical variables, including age, sex, Eastern Cooperative Oncology
Group (ECOG) performance status, comorbidity, and transfusion
dependency, were available for nearly all datasets.

EORTC QLQ-C30

The EORTC QLQ-C301 is a cancer-specific questionnaire with 30
items organized into 15 scales. There are 5 multi-item functional
scales (physical [PF], role [RF], cognitive, emotional [EF], and social
[SF]); 3 multi-item symptom scales (fatigue [FA], nausea and
vomiting, and pain); 6 single-item symptom scales (dyspnea [DY],
insomnia, appetite loss, constipation [CO], diarrhea [DI], and
financial difficulties [FI]); and a 2-item health status/global QOL
scale. All questions are answered on a 4-point Likert-type scale,
with the exception of the 2 items of the QOL scale that use a 7-
point scale. For the functioning and the QOL scales, a higher
score indicates better functioning. For the symptoms scales, a
higher score indicates a higher level of symptom burden. The QLQ-
C30 summary score was calculated as the mean of the combined
13 QLQ-C30 scale scores (excluding FI and QOL). Prior to calcu-
lating the mean, symptom scale scores are reversed so that higher
scores indicate lower symptom burden.7

Statistical Analysis

To replicate the previously established single-factor measure-
ment model underlying the QLQ-C30 Summary Score, we used the
same modeling procedure as in Gundy et al8 and Giesinger et al7.
In brief, the single-factor model was estimated by using confir-
matory factor analysis (CFA). The QLQ-C30 scales were modeled as
first-order factors (except for the FI scale, which was excluded
from analysis). Then all first-order factors apart from QOL were
loaded on the second-order HRQOL factor (the summary score).
The QOL factor was left free to correlate with the higher-order
HRQOL factor. To ensure model identification, one of the item-
loadings for each factor and the variance of the second-order
HRQOL factor were set to 1. The residual variance of the single-
item factors was fixed at 20% of the total variance. We used the



Table 1. Patient characteristics (N = 2134).

Variables Value

Age (years)
Mean (SD) 51.5 (14.5)
Median (IQR) 51.0 (41.0-60.0)

Sex, n (%)
Male 1196 (56.4)
Female 925 (43.6)
Missing 13

ECOG, n (%)*
0 885 (47.4)
1 732 (39.3)
2 215 (11.5)
3 33 (1.8)
Missing 25

Comorbidity, n (%)†

No 664 (40.1)
Yes 991 (59.9)
Missing 2

Diagnosis, n (%)
AML 477 (22.4)
APL 244 (11.4)
CML 382 (17.9)
MDS 1031 (48.3)

Transfusion dependency, n (%)‡

No 721 (71.0)
Yes 295 (29.0)
Missing 15

Country, n (%)
Italy 1926 (90.2)
Germany 50 (2.4)
Austria 39 (1.8)
China 27 (1.3)
Czech Republic 25 (1.2)
United Kingdom 20 (0.9)
Croatia 13 (0.6)
Belgium 10 (0.5)
France 10 (0.5)
United States 8 (0.4)
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weighted least-squares estimator with adjustment for means and
variances, and missing data were handled using pairwise deletion.
In accordance with previous assumptions,7 standardized factor
loadings were expected to be greater than 0.4. The adequacy of the
CFA models was evaluated using the Comparative Fit Index (CFI),
the Tucker-Lewis Index (TLI), and the root mean square error of
approximation (RMSEA) to assess goodness of fit of the single-
factor model.24 Values of CFI and TLI above 0.95 or 0.90 indicate
good or acceptable fit, respectively. For RMSEA, values below 0.05
indicate good fit and below 0.08 indicate acceptable fit.25

After confirming the single-factor HRQOL measurement model
in this sample, we employed univariate linear regression analysis
to investigate the known-groups validity (ie, the ability to
distinguish between groups known to be different on certain
background characteristics) of the QLQ-C30 Summary Score and
the original, separate scales of the QLQ-C30. General linear mixed-
model analysis was used to compare longitudinal changes in
HRQOL. General groups were formed according to ECOG perfor-
mance status (0-1 vs 2-3), comorbidity (yes vs no), sex (male vs
female), and age (# 60 vs . 60 years). Disease-specific groups
were formed on the basis of red blood cell transfusion dependency
groups (yes vs no) for MDS patients, and baseline versus post-
induction scores for AML patients only. This latter comparison
was used to evaluate the responsiveness to change.

Mean difference/change in the QLQ-C30 Summary Score and
the original QLQ-C30 scale scores were accompanied by Cohen’s
d effect sizes (ESs), with an ES of 0.2 considered small, 0.5 mod-
erate, and 0.8 large.26 To compare the performance of each QLQ-
C30 scale to that of the QLQ-C30 Summary Score, we also
computed relative validity (RV) estimates from the known-groups
regression analyses. The RV is the ratio of the F statistics from the
comparator and the reference scale (Fcomp: Fref).26 In this study, the
QLQ-C30 Summary Score was used as the reference scale. RV value
lower than 1 indicates a better performance of the QLQ-C30
Summary Score, while a RV value greater than 1 indicates a bet-
ter performance of the original QLQ-C30 scale scores. We used the
lavaan package from R software, version 3.5.1,27 to perform CFA.
All other analyses were performed using SAS software, version 9.4
(SAS Institute Inc).
Brazil 6 (0.3)

AML indicates acute myeloid leukemia; APL, acute promyelocytic leukemia; CML,
chronic myeloid leukemia; ECOG, Eastern Cooperative Oncology Group; IQR,
interquartile range; MDS, myelodysplastic syndromes.
*Available in 5 of 6 datasets (N = 1890).
†Available in 5 of 6 datasets (N = 1657).
‡Considered only for MDS patients (N = 1031).
Results

Patient Characteristics

Analyses were based on data from 2134 patients diagnosed
with AML (n = 477), acute promyelocytic leukemia (n = 244),
chronic myeloid leukemia (n = 382), and MDS (n = 1031). Overall,
the mean age of patients was 51.5 years (interquartile range: 41-
60 years), and 56.4% and 43.6% were male and female patients,
respectively. At least 1 comorbid condition was reported by 59.9%
of the patients, and most patients had an ECOG status 0 (47.4%) or
1 (39.3%). In the MDS group, 29% of the patients were dependent
on red blood cell transfusions. Further details are reported in
Table 1.

Replication of the Higher-Order Single-Factor Model

The single-factor model including all QLQ-C30 scales (except
FI) showed an acceptable to good model-data-fit with an RMSEA
of 0.064 (90% confidence interval [CI] 0.063-0.066), a CFI of 0.963,
and a TLI of 0.959. All standardized factor loadings exceeded the
predefined threshold of 0.40, with the exception of CO (0.337) and
DI (0.357). The bivariate correlation between the QLQ-C30 Sum-
mary Score and the QOL scale was r = 0.72. Further details are
given in Figure 1.
General Known-Group Comparisons

When comparing patients with high and low ECOG status
(0-1 vs 2-3), the QLQ-C30 Summary Score outperformed 12 of 14
QLQ-C30 scales, with a larger ES (0.66) and better performance
in relative validity (see Table 2). With the QLQ-C30 Summary
Score as reference scale, 8 of the QLQ-C30 scales even showed
an RV lower than 0.50, with corresponding ES ranging from
0.12 to 0.41. Only the PF scale (ES = 0.80, RV = 1.47) and the
RF scale (ES = 0.69, RV = 1.08) outperformed the QLQ-C30
Summary Score. When comparing patients with and without
comorbidities, the QLQ-C30 Summary Score performed better
than 11 of the single QLQ-C30 scales, with ES = 0.17 (Table 3).
Three scales outperformed the QLQ-C30 Summary Score;
PF (ES = 0.19, RV = 1.27), pain (ES = 20.19, RV = 1.27), and FA
(ES = 20.18, RV = 1.04).

The comparisons of men and women yielded a difference in
ES of 0.25 for the QLQ-C30 Summary Score, with PF (ES = 0.26,



Figure 1. Single-factor model for the EORTC QLQ-C30 with factor loadings.

AP indicates appetite loss; CF, cognitive function; CO, constipation; DI, diarrhea; DY, dyspnea; EF, emotional function; EORTC QLQ-C30, European Organisation for
Research and Treatment of Cancer Quality of Life Questionnaire-Core 30; FA, fatigue; FI, financial impact; NV, nausea and vomiting; PA, pain; PF, physical function;
QL, global quality of life; RF, role function.
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RV = 1.05) and EF (ES = 0.25, RV = 1.01) being the only QLQ-C30
scales outperforming the QLQ-C30 Summary Score. For all other
scales, effect sizes were below ES = 0.22. When using age as the
grouping variable, the difference between patients above versus
Table 2. Effect sizes and relative validities for the EORTC QLQ-C30 S
status as grouping variable.

QLQ-C30 Scale ECOG 0 and 1,
N = 1617

Mean SD

Summary score 80.3 14.6

Physical functioning 77.9 20.7

Role functioning 74.7 28.6

Cognitive functioning 84.3 19.4

Emotional functioning 74.3 21.8

Social functioning 81.3 25.2

Global QOL 59.6 23.6

Fatigue 36.3 25.8

Nausea/vomiting 7.2 14.9

Pain 18.1 24.1

Dyspnea 24.9 27.4

Insomnia 23.7 28.3

Appetite loss 16.1 26.3

Constipation 15.5 24.8

Diarrhea 8.2 18.3

ECOG indicates Eastern Cooperative Oncology Group; ES, effect size; QLQ-C30, Qualit
below 60 years was largest for PF (ES = 0.31, RV = 1.63) followed by
the QLQ-C30 Summary Score (ES = 0.17). For all other scales, the ES
was 0.14 or lower. The QLQ-C30 Summary Score outperformed the
remaining 13 QLQ-C30 scales.
ummary Score and the individual scales using ECOG performance

ECOG 2 and 3, N = 248 RV ES

Mean SD

70.3 18.3 1.00 0.66

60.6 26.7 1.47 0.80

54.7 31.8 1.08 0.69

76.0 26.0 0.37 0.40

70.7 24.9 0.06 0.16

67.8 30.7 0.61 0.52

46.1 23.3 0.75 0.57

52.6 27.2 0.90 20.63

10.6 18.1 0.11 20.22

27.2 27.6 0.32 20.37

38.6 32.6 0.54 20.49

30.5 32.5 0.13 20.24

27.3 32.3 0.39 20.41

20.5 29.6 0.09 20.20

10.5 22.0 0.04 20.12

y of Life Questionnaire Core 30; QOL, quality of life; RV, relative validity.



Table 3. Effect sizes and relative validities for the EORTC QLQ-C30 Summary Score and the individual scales using comorbidity as
grouping variable.

QLQ-C30 Scale No comorbidity,
N = 664

At least 1
comorbidity, N = 991

RV ES

Mean SD Mean SD

Summary score 82.6 14.3 80.0 16.0 1.00 0.17

Physical functioning 79.0 21.0 74.7 22.7 1.27 0.19

Role functioning 79.5 26.2 75.7 29.2 0.63 0.14

Cognitive functioning 84.8 19.8 82.2 20.7 0.55 0.13

Emotional functioning 76.6 21.8 74.8 21.4 0.23 0.08

Social functioning 83.8 24.9 82.2 24.8 0.13 0.06

Global QOL 64.1 23.6 62.2 22.4 0.25 0.09

Fatigue 31.5 25.6 36.0 26.2 1.04 20.18

Nausea/vomiting 5.6 12.9 6.4 14.2 0.10 20.06

Pain 14.9 22.4 19.5 24.5 1.27 20.19

Dyspnea 23.1 26.4 25.0 29.2 0.16 20.07

Insomnia 22.0 27.2 24.8 29.2 0.31 20.10

Appetite loss 11.5 22.1 14.7 26.2 0.58 20.13

Constipation 14.8 24.0 15.9 25.9 0.06 20.04

Diarrhea 6.5 15.6 9.6 20.4 0.92 20.17

EORTC QLQ-C30 indicates European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire Core 30; ES, effect size; QOL, quality of life; RV,
relative validity.
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Disease-Specific Known-Group Comparisons

Data on transfusion dependency were available for the 2
datasets with MDS patients, as this is a critical issue for the clinical
management of these patients. For all patients, transfusion de-
pendency was defined prior to baseline HRQOL assessment, based
Table 4. Effect sizes and relative validities for the EORTC QLQ-C30 Su
transfusion as grouping variable in MDS patients.

QLQ-C30 Scale No RBC transfusion
dependency, N = 721

Mean SD

Summary score 80.2 15.1

Physical functioning 74.4 22.2

Role functioning 75.0 28.9

Cognitive functioning 83.1 20.6

Emotional functioning 74.2 21.9

Social functioning 82.4 25.3

Global QOL 60.3 22.6

Fatigue 35.9 26.0

Nausea/vomiting 5.2 12.6

Pain 17.2 23.5

Dyspnea 25.4 27.8

Insomnia 24.8 28.7

Appetite loss 14.4 25.4

Constipation 16.5 26.4

Diarrhea 6.9 17.2

EORTC QLQ-C30 indicates European Organisation for Research and Treatment of Ca
syndromes; QOL, quality of life; RBC, red blood cell; RV, relative validity.
on previously established criteria for this cancer population.28 The
largest differences between those dependent on transfusion
versus those who were not were observed for QOL (ES = 0.33), DY
(ES = 20.29), and RF (ES = 0.27), and the smallest differences for
CO (ES = 0.02) and DI (ES = 20.02) (Table 4). The effect size for the
QLQ-C30 Summary Score was ES = 0.21. Six scales had an RV
mmary Score and the individual scales using dependency on RBC

RBC transfusion
dependency, N = 295

RV ES

Mean SD

77.1 15.3 1.00 0.21

68.6 22.0 1.56 0.26

67.2 30.0 1.67 0.27

81.7 20.7 0.11 0.07

75.4 22.1 0.07 20.05

75.1 28.3 1.79 0.28

52.8 22.9 2.54 0.33

42.1 25.8 1.32 20.24

6.2 13.1 0.15 20.08

20.6 25.9 0.46 20.14

33.7 31.5 1.90 20.29

22.2 27.9 0.18 0.09

19.0 27.3 0.75 20.18

16.1 26.2 0.01 0.02

7.3 17.4 0.01 20.02

ncer Quality of Life Questionnaire Core 30; ES, effect size; MDS, myelodysplastic



Table 5. Effect sizes and relative validities for the EORTC QLQ-C30 Summary Score and the individual scales in a comparison of patients
with AML at diagnosis and post-induction chemotherapy (treatment responders only).

QLQ-C30 Scale At diagnosis,
N = 255

Post-induction
chemotherapy,
N = 255

RV ES

Mean SD Mean SD

Summary score 76.7 16.0 83.3 12.4 1.00 0.41

Physical functioning 79.7 21.9 80.3 17.1 0.01 0.03

Role functioning 64.3 33.1 68.0 30.1 0.07 0.11

Cognitive functioning 84.8 19.7 89.8 15.1 0.43 0.26

Emotional functioning 72.0 22.6 82.2 17.2 1.54 0.45

Social functioning 73.3 27.7 73.9 26.2 ,0.01 0.02

Global QOL 49.3 26.3 65.5 21.0 2.23 0.61

Fatigue 44.2 28.6 32.1 21.2 1.10 20.42

Nausea/vomiting 9.9 17.0 8.0 16.0 0.05 20.12

Pain 20.1 26.0 11.6 19.2 0.60 20.33

Dyspnea 29.0 29.2 10.8 19.2 2.32 20.62

Insomnia 27.2 30.9 16.7 22.9 0.63 20.34

Appetite loss 25.4 29.9 14.6 24.3 0.56 20.36

Constipation 15.3 25.4 10.3 20.5 0.19 20.20

Diarrhea 5.6 14.8 7.2 16.6 0.04 0.11

AML indicates acute myeloid leukemia; EORTC QLQ-C30, European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire Core 30; ES, effect
size; QOL, quality of life; RV, relative validity.
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indicative of better performance than the QLQ-C30 Summary
Score: QOL (RV = 2.54), DY (RV = 1.90), SF (RV = 1.79), RF (RV =
1.67), PF (RV = 1.56), and FA (RV = 1.32). For the remaining 8 scales,
the RV was lower than 1, indicating poorer performance than the
QLQ-C30 Summary Score.

When comparing the 255 AML patients before and after in-
duction chemotherapy, we found the largest mean change for DY
(ES = 20.62), QOL (ES = 0.61), and EF (ES = 0.45), and the smallest
change for SF (ES = 0.02) and PF (ES = 0.03). For the QLQ-C30
Summary Score the mean change was ES = 0.41. Based on the
RVs, the scales DY (2.32), QOL (2.23), EF (1.54), and FA (1.10)
outperformed the QLQ-C30 Summary Score. Details are provided
in Tables 4 and 5.
Discussion

Our results confirm the adequacy of a single-factor measure-
ment model of the QLQ-C30 in patients with hematologic malig-
nancies. Known-group comparisons indicated that the QLQ-C30
Summary Score derived from this model is consistent among the
most discriminatory scales for generic patient characteristics such
as ECOG performance status, comorbidity, age, and sex. A few
individual scales (PF in particular) outperformed the QLQ-C30
Summary Score in specific comparisons, but no single scale out-
performed the summary score across all of the generic
comparisons.

In the 2 comparisons specific to hematologic patients, the QLQ-
C30 Summary Score was less discriminatory. It was only the sev-
enth most discriminatory scale in the comparison of patients with
or without dependency on blood transfusions, and the fifth most
discriminatory scale in responsiveness to change from pre- to
post-induction chemotherapy in AML patients. In these 2 com-
parisons, 2 specific symptom scales, DY and FA, both key
symptoms in AML patients that have been shown to be sensitive
to treatment changes,29 outperformed the QLQ-C30 Summary
Score. This was also true for the global QOL scale and EF, which
have been shown to be sensitive to changes over time in previous
AML longitudinal studies.30

Our results are largely in line with the previous study by
Giesinger et al7 that relied primarily on data from patients with
solid tumors. Model-data fit statistics were very similar.7 Only
the standardized factor loadings for constipation and diarrhea in
the current study were somewhat lower than in the previous
study.7 This may reflect the lesser importance of these symp-
toms in patients with hematologic malignancies, as was also
evidenced by the results of the known-group comparisons. Our
results for the more generic group comparisons were also
largely similar to those of Giesinger et al,7 where the QLQ-C30
Summary Score generally outperformed the individual scales.
Disease-specific variables were not included in the Giesinger
et al study, due to the heterogeneity of their cancer sample, and
thus comparisons with the current results are not possible. Our
finding that the presence of comorbid conditions is most
strongly associated with PF is in line with previous studies. Mols
et al31 used reference data from the Dutch general population to
compare participants with and without comorbid conditions. In
that study, the QLQ-C30 Summary Score showed the second
largest group difference, with only the PF scale being more
discriminative.

The good performance of the global QOL scale observed for our
disease-specific comparisons in AML and MDS patients differs
from that seen in previous studies in patients with solid tu-
mors,7,32,33 which questioned the sensitivity of the global QOL
scale. Although this finding warrants further research, we believe
that, overall, our results support the strategy of employing the
QLQ-C30 Summary Score as a study endpoint in cases where
previous knowledge does not allow for domain-specific
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hypotheses or when the sample being studied includes mixed
hematologic populations. Where domain-specific hypotheses can
be posed, specific QLQ-C30 scale scores may be more appropriate
as primary HRQOL endpoints.

Our study has several limitations that should be noted. Our
datasets included mostly patients from centers in Italy and did
not provide the variety of countries in the original validation
study of the QLQ-C30 Summary Score.7 Also, data for comor-
bidity and ECOG performance status were not available for all
datasets.

A strength of our study is the large dataset including patients
from various multicenter trials and observational studies. Also, our
study represents a truly independent replication of the single-
factor model, whereas the previous evaluations of model-data
fit7,8 relied on 2 random halves of the same datasets. Finally,
although not covering all hematologic malignancies, our data
included a wide spectrum of leukemia subtypes, including acute
and chronic leukemia conditions as well as patients with myelo-
dysplastic syndromes.

As discussed above, the QLQ-C30 Summary Score has been
introduced to overcome problems with multiplicity of endpoints
in clinical trials. Any adjustment for multiple testing through
adaptation of significance levels limits the statistical power of
such analyses and may, therefore, not be the method of choice.
Although this is true for statistical methods commonly used for
analysis of QLQ-C30 data, such as linear mixed models, adjust-
ment of significance levels is even more problematic when using a
time-to-QOL deterioration method34 or when conducting non-
inferiority trials.

The time-to-QOL deterioration method is a survival analysis
approach that defines a deterioration in PRO scores of a given
magnitude as an event. Although this approach is attractive
because it can facilitate clinical interpretation of PRO scores, it
may suffer from limited statistical power.35 In noninferiority trials
investigating whether one treatment is equivalent to another
treatment, statistical power is also an issue, as these trials
frequently target smaller effects than superiority trials. In both
cases, the additional loss of statistical power makes correction for
multiple testing an unattractive option. If in noninferiority trials
the focus is mainly on noninferiority across all measured health
domains, rather than on specific domains, the summary score may
better reflect the research question being posed. Similarly, if the
focus is on general health, further potential benefit of the QLQ-C30
Summary Score may be its use for assessing comparability of trial
populations across studies or of study groups at baseline. Cancer
registries collecting PRO data may also consider the QLQ-C30
Summary Score for comparing various patient groups. In addi-
tion, the QLQ-C30 Summary Score may be useful in the context of
benchmarking, if heterogeneous patient groups are being
compared.
Conclusion

In conclusion, the additional support for the single-factor
measurement model for the QLQ-C30 Summary Score and its
generally positive performance in generic group comparisons
supports mainly its use in studies of patients with heterogeneous
hematologic malignancies, particularly in those cases where
symptom or other health domain-specific hypotheses are not
available. The availability of QLQ-C30 Summary Score may help
reduce potential problems with multiple testing that arise from
using the individual QLQ-C30 questionnaire scales, and may
facilitate the design of future clinical trials in patients with he-
matologic malignancies.
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