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Abstract Objective: Prognostic value of health-related quality of life (HRQoL) data may be

important to inform patients in clinical practice and to guide clinical decision-making. Our

study investigated the added prognostic value of HRQoL for overall survival (OS) and

progression-free survival (PFS) in a large heterogeneous sample of glioma patients, besides

known prognostic factors.

Methods: We included individual baseline data from previously published randomised

controlled trials (RCTs) in glioma patients in which HRQoL was assessed through the Euro-

pean Organisation for Research and Treatment of Cancer QLQ-C30 and QLQ-BN20 ques-

tionnaires. Multivariable Cox regression models (stratified for newly diagnosed versus

recurrent disease) were constructed, first with clinical variables (age, sex, tumour type, perfor-

mance status, allocated treatment and extent of resection) only and subsequently with HRQoL

variables added, separately for OS and PFS. The added prognostic value of HRQoL was

calculated using C-indices.

Results: Baseline HRQoL and clinical data from 15 RCTs were included, comprising 5217 pa-

tients. In the model including both clinical and HRQoL variables, better cognitive and role

functioning and less motor dysfunction were independently associated with longer OS,

whereas better role and cognitive functioning, less nausea and vomiting and more appetite loss

were independently associated with prolonged PFS. However, C-indices indicated only a small

prognostic improvement of the models for OS and PFS when adding HRQoL to the clinical

prognostic variables (þ1.1% for OS and þ.7% for PFS).

Conclusion: Our findings demonstrate that several baseline HRQoL variables are indepen-

dently prognostic for OS and PFS, yet the added value of HRQoL to the known clinical prog-

nostic variables was small.

ª 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Health-related quality of life (HRQoL) is an important

end-point, both in clinical practice and in clinical trials
in oncology. In clinical trials, HRQoL data may

contribute to determine the net clinical benefit of a

treatment strategy. In clinical practice, HRQoL data

may provide important information on the patients’

functioning during the course of disease and guide

tailored treatment [1,2]. This is particularly important in

patient populations where survival is relatively short and

where cure is not possible. HRQoL is therefore relevant
for patients with gliomas, the most common malignant

primary brain tumour in adults [3].

One important feature of HRQoL data may be its

potential prognostic value for survival. Clinical vari-

ables such as age and performance status (PS) have

proven to be important prognostic factors for overall

survival (OS) in glioma patients, and recent studies have

shown that HRQoL is an independent prognostic
marker for survival in various other cancer populations

[4e6]. If demonstrated to be an independent prognostic

factor in glioma, HRQoL data could be used in clinical
practice to inform patients, facilitate decision-making

and ultimately to improve outcomes. In addition,

HRQoL could be used as a stratification variable in

future clinical trials [7].

The few studies investigating HRQoL as a prognostic
factor for survival in glioma patients reported disparate

results [8e10]; in glioblastoma and anaplastic oligo-

dendroglioma patients, the specific HRQoL scales that

were found to be of prognostic importance differed be-

tween studies, and the predictive ability of the models

showed only modest improvement when adding

HRQoL scales to known clinical predictors [8,9]. These

findings may, in part, reflect methodological issues such
as small sample sizes, missing baseline data and statis-

tical techniques chosen to analyse the data. Moreover,

prognostic models in glioma research focused on OS as

end-point. In glioma, progression-free survival (PFS)

may also be a relevant outcome, which can be seen as a

surrogate end-point for measuring treatment efficacy

[11]. With this knowledge, it seems most appropriate to

assess the prognostic value of HRQoL for both OS and
PFS. Additionally, a prognostic model should include

the recent changes in classification of tumour types
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involving molecular markers [12,13]. The added prog-

nostic value of HRQoL in such a model has not yet been

investigated.

The aim of the present study was to investigate the

added prognostic value of HRQoL for OS and PFS in a

large, heterogeneous sample of glioma patients above

and beyond the known prognostic factors.
2. Methods

2.1. Study sample

This study is part of the CODAGLIO (i.e. COmbining

clinical trial Data sets in GLIOma) project, in which a

database was created including HRQoL data (assessed

with the European Organisation for Research and

Treatment of Cancer [EORTC] QLQ-C30, version 3.0

[14], and the brain cancer-specific QLQ-BN20 [15], both

showing robust psychometric properties) of individual
glioma patients from 15 previously published phase II

and III randomised controlled trials (RCTs)

(Supplementary file 1).
2.2. Prognostic variables

Besides HRQoL (see supplementary file 2 for details on

HRQoL assessment), other sociodemographic and

clinical variables previously recognised as prognostic for
OS that were available in all included RCTs were

collected: tumour type (World Health Organisation

[WHO] grade II or III astrocytoma,

oligodendroglioma and oligoastrocytoma [all classified

as non-glioblastoma] or grade IV [glioblastoma]), age,

sex, disease stage (newly diagnosed versus recurrent),

WHO PS (0 versus 1 versus 2), prior resection (yes

versus no) and allocated treatment (radiotherapy [RT
monotherapy], chemotherapy [chemomonotherapy],

angiogenesis inhibitors [angiomonotherapy], tumour-

treating fields [TTF monotherapy], radiotherapy and

chemotherapy combined [RT and chemo], radio and

angiogenesis inhibitors combined [RT and angio],

radiotherapy combined with chemotherapy and angio-

genesis inhibitors [RT and chemo and angio] and

chemotherapy and TFF combined [chemo and TTF]).
Prior resection was classified into yes/no because infor-

mation on the extent of resection (biopsy, partial or

gross total resection) was not available for all patients.

Therefore, we classified both partial and complete

resection as resected, and biopsy as not resected. Owing

to the variety of treatments that were used in the

different RCTs, treatments were categorised based on

type and combination (e.g. lomustine, irinotecan, com-
bined procarbazine, lomustine and vincristine and

temozolomide were all classified as chemotherapy).

Moreover, subgroup analyses were carried out in pa-

tients with data on use of corticosteroids and
antiepileptic drugs (AEDs) at baseline and in patients

with data on molecular parameters (Supplementary file

2 for details).
2.3. Statistical analysis

All patients with a completed baseline HRQoL form

were included in the analyses. OS was measured from

the date of randomisation until the date of death (i.e.

event) or the date of last contact (determined at the time

of the database lock, separately for each individual
RCT; i.e. censored patients) and was estimated using the

KaplaneMeier method. PFS was measured from the

date of randomisation until the date of progression or

death (i.e. events) or date of last contact (determined at

the time of the database lock, separately for each indi-

vidual RCT, i.e. censored patients). In all included

RCTs, progression was defined by means of the

Response Assessment in Neuro-Oncology (RANO)
Criteria or MacDonald criteria [16,17]. The log-rank

test was used to compare survival distributions. To

evaluate if there were differences between patients with

and without a HRQoL form (i.e. selection bias), several

clinical characteristics were compared using the Chi-

square test for categorical data and independent

Student t-tests for continuously distributed variables.

The construction of the final prognostic models was
based on two steps. First, univariable Cox proportional

hazard (CPH) models were constructed to assess the

association between each independent variable (tumour

type, age, sex, prior resection, WHO PS and all HRQoL

scales/items) and OS and PFS. Hazard ratios and their

corresponding 95% two-sided confidence intervals (CIs)

were calculated [18]. Subsequently, multivariable CPH

models, separately for OS and PFS, were constructed,
including those variables that exhibited P < .10 in uni-

variable analysis. The models were stratified for disease

stage (newly diagnosed versus recurrent). First, pro-

portional hazard assumptions for the Cox models were

assessed graphically, and potential multicollinearity was

investigated with Spearman-rank correlation co-

efficients. Next, a stepwise backward model was applied

to eliminate non-significant parameters (P < .0 for in-
clusion and P > .10 for exclusion). The model was first

carried out with the sociodemographic/clinical variables

only (‘clinical model’) and subsequently with the socio-

demographic/clinical variables and HRQoL scales

(‘clinical þ HRQoL model’). The purpose of this second

model was to assess the potential benefit of adding

baseline HRQoL scores to the sociodemographic/clin-

ical factors to predict survival more accurately. Perfor-
mance of the two final multivariable models (one for OS

and one for PFS) was assessed with Harrell’s

concordance-index (C-index) [19], which estimates the

probability of concordance between predicted and

observed responses. Finally, internal validation of the
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models was carried out by comparing the C-indices of

1000 bootstrap replications [20].

Finally, these steps were repeated in subgroups of

patients. Analyses were performed using IBM SPSS,

version 23.0 [21], while the calculation of C-indices and

the validation of the models were performed with R [22]

using the rms package [23].
3. Results

Individual patient data were obtained from 15 interna-

tional RCTs including a total of 6048 patients.
3.1. Data collection and baseline characteristics

Baseline HRQoL data were available for 86% (5217/

6084) of the patients (Table 1). Patients who completed
a baseline HRQoL questionnaire were younger (mean

age 53 versus 55 years), had a better WHO PS

(WHO Z 0 in 38% versus 29%) and had undergone

resection more often (74% versus 62%) than patients

who did not complete the baseline HRQoL assessment.

There was also a significant difference in survival time:

patients who completed a HRQoL baseline form had

longer OS than patients without a baseline form (me-
dian 18.0 months, 95% CI [17.3e18.7] versus median

14.7 months, 95% CI [13.3e16.1], p < .001). Similarly

for PFS, patients with a baseline form had longer PFS

than patients without a baseline form (8.3 months, 95%

CI [7.9e8.7] versus 5.3 months, 95% CI [4.7e5.9],

p < .001).
3.2. Clinical model

Results of the univariable analyses showed that all

clinical variables and the majority of the HRQoL vari-

ables were associated with longer OS and PFS (see

Supplementary file 3 for details). In the multivariable

models for OS and PFS including the clinical variables

only, female sex, a younger age, non-glioblastoma

tumour type, a better WHO PS, resection and allo-

cated treatment other than radiotherapy alone were
independently associated with longer OS and PFS

(Tables 2 and 3).
3.3. Clinical and HRQoL model

In the multivariable models including both the clinical

and HRQoL variables, all clinical variables remained

significantly prognostic for OS and PFS. Among the
HRQoL variables, better role and cognitive functioning

and less motor dysfunction were associated with longer

OS (Table 2), and better cognitive functioning, less

nausea and vomiting and more appetite loss were asso-

ciated with longer PFS (Table 3).
3.4. Predictive accuracy

The validated C-index for the model predicting OS with
both the clinical and HRQoL variables was reasonable

and similar in predicting survival to the model with the

clinical variables only (C Z .721 versus C Z .716,

respectively) (Table 4). This represents a relative gain in

predictive accuracy of 1.1% (see Table 4 for the calcu-

lation). Similar results were found for PFS, with pre-

dictive abilities of C Z .683 and C Z .679 for the

clinical model and clinical þ HRQoL model, respec-
tively. The added value of the HRQoL scales in this

model was also small (.7%).
3.5. Subanalyses

Results of the subanalyses (Supplementary file 3)

including patients with data on AEDs and corticoste-

roids showed that in addition to the clinical variables,

lower levels of fatigue and motor dysfunction were
prognostic for longer OS, and better role functioning,

less appetite loss and weakness of the legs were prog-

nostic for longer PFS. With regard to the subgroup

including the WHO 2016 tumour classification and O6-

methylguanine-DNA methyltransferase promotor

methylation status, worse emotional functioning, less

fatigue and less nausea and vomiting were prognostic

for longer OS, and only less nausea and vomiting was
prognostic for longer PFS. C-indices were similar to the

‘original’ models.
4. Discussion

We studied the added value of baseline HRQoL as

prognostic indicator for OS and PFS in a large, het-

erogeneous sample of glioma patients by pooling indi-
vidual HRQoL and sociodemographic/clinical data

from previously conducted RCTs, controlling for

known prognostic factors. Although this sample repre-

sents a large proportion of the glioma patient popula-

tion regarding sex, age and type of tumour, the patients

included in our analysis had a relatively good PS, indi-

cating selection bias, likely driven by stringent inclusion

criteria for RCTs [24]. Moreover, patients who
completed a baseline form (86%) had a better OS and

PFS than those who did not, reflecting a selection bias in

the available sample of trial patients.

The prognostic value of known clinical parameters

was confirmed in this study; younger and female pa-

tients, those with a better PS, a non-glioblastoma

tumour type (irrespective of further tumour

histology) and patients who underwent resection and
were treated with other treatment regimens than radio-

therapy alone had both significantly longer OS and PFS.

Of note, we did not include interaction effects,

hampering estimation of survival for specific subgroups



Table 1
Baseline sociodemographic and clinical characteristics of the patients included in the RCTs, separately for those with and without completed

baseline health-related quality of life forms.

All patients (n Z 6084) HRQoL present (n Z 5217) HRQoL absent (n Z 867) P-value

n (%) n (%) n (%)

Sex

Male 3710 (61) 3211 (62) 499 (58) .165

Female 2351 (39) 2005 (38) 346 (40)

Missing 23 (0) 1 (0) 22 (3)

Age (mean, SD) 53 (13) 53 (13) 55 (13) <.001*

Histology

Non-glioblastoma 1762 (29) 1501 (29) 261 (30) .423

Glioblastoma 4322 (71) 3716 (71) 606 (70)

Disease stage

Newly diagnosed 4968 (82) 4330 (83) 638 (74) <.001*

Recurrent 1116 (18) 887 (17) 229 (26)

WHO PS

WHO 0 2257 (37) 2006 (38) 251 (29) <.001*

WHO 1 3015 (50) 2587 (50) 428 (49)

WHO 2 756 (12) 604 (12) 152 (18)

Missing 56 (1) 20 (0) 36 (4)

Allocated treatment

RT alone 1349 (22) 1105 (21) 244 (28) <.001*

Chemo alone 1107 (18) 840 (16) 267 (31)

Angio alone 126 (2) 106 (2) 20 (2)

RT and chemo 1633 (27) 1455 (28) 178 (21)

RT and chemo and angio 834 (14) 807 (15) 27 (3)

Chemo and angio 444 (7) 360 (7) 84 (10)

TTF alone 120 (2) 107 (2) 13 (2)

Chemo and TTFields 466 (8) 434 (8) 32 (4)

Missing 5 (0) 3 (0) 2 (0)

Surgical status

Resected 4379 (72) 3845 (74) 534 (62) <.001*

Not resected 1523 (25) 1221 (23) 302 (35)

Missing 182 (3) 151 (3) 31 (4)

Use of AEDs

No 1337 (22) 1134 (22) 203 (23) .033*

Yes 1566 (26) 1371 (26) 195 (23)

Missing 3181 (52) 2712 (52) 469 (54)

Use of steroids

No 3182 (52) 2754 (53) 428 (49) .807

Yes 2329 (38) 2021 (39) 308 (36)

Missing 573 (9) 442 (9) 131 (15)

IDH status

IDH-mutant 463 (8) 396 (8) 67 (8) <.001*

IDH-wildtype 875 (14) 804 (15) 71 (8)

Missing 4746 (78) 4017 (77) 729 (84)

1p/19q status

Codeleted 214 (4) 175 (3) 39 (4) <.001*

Non-codeleted 1485 (24) 1338 (26) 147 (17)

Missing 4385 (73) 3704 (71) 681 (79)

MGMT status

Methylated 1657 (27) 1483 (28) 174 (20) <.001*

Unmethylated 1634 (27) 1462 (28) 172 (20)

Missing 2783 (46) 2272 (44) 521 (60)

WHO PS, World Health Organisation Performance Status; Trt, allocated treatment; RT, radiotherapy; chemo, chemotherapy; Angio, angiogenesis

inhibitor; TTF, tumour-treating fields; HRQoL, health-related quality of life; IDH, isocitrate dehydrogenase mutations; MGMT, O6-methyl-

guanine-DNA methyltransferase promotor methylation.
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(e.g. glioblastoma patients who were treated with

radiotherapy only). Nevertheless, several HRQoL pa-

rameters provided independent prognostic information

in addition to the known clinical variables, confirming

previous results in glioma patients [8e10]. Although the

C-index scores indicated that adding HRQoL
parameters to the prognostic model did improve the

model, the added value was small (1.1% for OS and .7%

for PFS). These results confirm previous results in

glioblastoma patients in which HRQoL calculated with

the C-index was found to add 1.4% to the clinical vari-

ables for OS [8]. Overall, the predictive accuracy in our



Table 2
Multivariable Cox proportional hazard models for overall survival, one including clinical data only and one model including both clinical and

HRQoL data.

Cox model for clinical data Cox model for clinical and HRQOL data

HR death (95% CI)a P-value HR death (95% CI)a P-value

Clinical variables

Female (ref) ref ref

Male 1.22 (1.13e1.31) <.001* 1.28 (1.18e1.39) <.001*

Agec 1.03 (1.02e1.03) <.001* 1.03 (1.02e1.03) <.001*

Non-glioblastoma (ref) Glioblastoma ref <.001* ref <.001*

3.44 (3.01e3.90) 3.65 (3.17e4.13)
WHO PS 0 (ref) ref ref

WHO PS 1 1.37 (1.26e1.49) <.001* 1.29 (1.18e1.42) <.001*

WHO PS 2 2.00 (1.78e2.26) <.001* 1.62 (1.41e1.87) <.001*

Resected (ref) ref ref

Not resected 1.46 (1.32e1.61) <.001* 1.48 (1.33e1.64) <.001*

Trt: RT alone (ref) ref ref

Trt: Chemo alone .65 (.56e.76) <.001* .67 (.57e.79) <.001*

Trt: Angio alone .50 (.35e.71) <.001* .48 (.33e.69) <.001*

Trt: RT and chemo .64 (.57e.71) <.001* .62 (.55e.70) <.001*

Trt: RT and chemo and angio .50 (.44e.57) <.001* .50 (.44e.68) <.001*

Trt: Chemo and angio .40 (.30e.55) <.001* .37 (.27e.51) <.001*

Trt: TTF alone .79 (.58e1.07) .132 .75 (.55e1.04) .083*

Trt: Chemo and TTFields .45 (.39-.52 <.001* .47 (.40e.55) <.001*

HRQoL variables

Role functioningc e e .99 (.99e.99) .037*

Cognitive functioningc e e .99 (.99e.99) .002*

Motor dysfunctionc e e 1.00 (1.00e1.01) .026*

HR, hazard ratio; CI, confidence interval; WHO PS, World Health Organisation Performance Status; Trt, allocated treatment; RT, radiotherapy;

chemo, chemotherapy; Angio, angiogenesis inhibitor; TTF, tumour-treating fields; HRQoL, health-related quality of life; ref, reference group in

analysis. aSignificant HRQoL variables are presented. cContinuous variable. *Statistically significant.

Models are stratified for disease stage (newly diagnosed/recurrent).
aHRs reflect the probability for the event death. HRs of >1 suggest and increased risk of death compared to the reference category, HRs <1 suggest

a smaller risk.
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study was reasonable for OS (C-index of .716) and

slightly less accurate for PFS (C-index of .679), again

comparable to previous studies in glioma patients with

C-indices including the clinical and HRQoL variables of

.63, .65 and .77 for OS [8e10]. Although similar

compared to previous studies in glioma patients, the

added value was smaller compared to studies including

other cancer patients. In two studies including patients
from 11 to 18 different cancer sites, the added value was

found to be 5% and 6%, respectively [6,25]. Glioma

patients may entail a specific group of patients, as they

do not only have cancer but also a progressive neuro-

logical disease. Although we included items and scales as

measures with the brain tumour-specific QLQ-BN20

module for this purpose, of which some items/scales

were independently prognostic for OS (e.g. motor
dysfunction), this did not increase the added prognostic

value. Because HRQoL added little prognostic infor-

mation to the clinical variables, further validation and

calibration of these models was not considered

meaningful.

Role and cognitive functioning were the only two

HRQoL variables that were independently prognostic

for both OS and PFS. Other studies including
different types of glioma patients also found that
baseline cognitive complaints, as measured with the

EORTC QLQ-C30 cognitive functioning scale or

objective cognitive functioning measured with a neu-

ropsychological test battery or the Mini-Mental State

Examination, were prognostic for OS [8,9,26e30].

Cognitive impairment might be an early indicator of

tumour progression which may not (yet) be visible or

detected on scans [31]. Another explanation could be
that patients’ cognitive complaints act as a proxy for

tumour volume, which was not included as a covariate

in our study but is associated with survival [32]. The

finding that role functioning was an independent

prognostic variable for OS did not replicate earlier

brain tumour studies but might be indicative of the

impact of the disease on functioning in daily life.

Indeed, role functioning was also found to be prog-
nostic in, for example, testicular cancer patients,

where the disease similarly strikes at a younger age

compared with other cancers, affecting the working

life of patients and therefore the role functioning of

these patients [6]. Other HRQoL variables that were

prognostic in our study were motor dysfunction (for

OS), nausea and vomiting and appetite loss (for PFS).

These symptoms may be an indicator of the severity
of the disease.



Table 3
Multivariable Cox proportional hazard models for progression-free survival, one including clinical data only, and one model including both

clinical and HRQoL data.

Cox model for clinical data Cox model for clinical and HRQOL data

HR progression (95% CI)a P-value HR progression (95% CI)a P-value

Clinical variables

Female (ref) ref ref

Male 1.18 (1.11e1.26) <.001* 1.19 (1.11e1.27) <.001*

Agec 1.01 (1.01e1.01) <.001* 1.01 (1.01e1.01) <.001*

Non-glioblastoma (ref) Glioblastoma ref <.001* ref <.001*

3.23 (2.90e3.60) 3.29 (2.93e3.69)
WHO PS 0 (ref) ref ref

WHO PS 1 1.25 (1.16e1.34) <.001* 1.22 (1.13e1.32) <.001*

WHO PS 2 1.40 (1.25e1.57) <.001* 1.28 (1.13e1.45) <.001*

Resected (ref) ref .001* ref .004*

Not resected 1.67 (1.07e1.27) 1.14 (1.04e1.25)

Trt: RT alone (ref) ref ref

Trt: Chemo alone 1.06 (.93e1.20) .396 1.14 (1.00e1.30) .059

Trt: Angio alone .70 (.53e.92) .009* .72 (.55e.95) .020*

Trt: RT and chemo .70 (.63e.78) <.001* .73 (.65e.82) <.001*

Trt: RT and chemo and angio .50 (.44e.56) <.001* .52 (.45e.59) <.001*

Trt: Chemo and angio .56 (.45e.70) <.001* .58 (.46e.74) <.001*

Trt: TTF alone .70 (.53e.93) .015* .72 (.54e.96) .027*

Trt: Chemo and TTFields .92 (.80e1.06) .245 .99 (.86e1.15) .894

HRQoL variables

Role functioningc e e .99 (.99e.99) .010*

Cognitive functioningc e e .99 (.99e.99) .032*

Nausea and vomitingc e e 1.00 (1.00e1.01) .010*

Appetite lossc e e .99 (.99e.99) .011*

HR, hazard ratio; CI, confidence interval; WHO PS, World Health Organisation Performance Status; Trt, allocated treatment; RT, radiotherapy;

chemo, chemotherapy; Angio, angiogenesis inhibitor; TTF, tumour-treating fields; HRQoL, health-related quality of life; ref, reference group in

analysis. aSignificant HRQoL variables are presented. cContinuous variable. *Statistically significant.

Models are stratified for disease stage (newly diagnosed/recurrent).
aHRs reflect the probability for the event progression. HRs of >1 suggest and increased risk of progression compared with the reference category,

HRs <1 suggest a smaller risk.
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In the subgroup analyses including AEDs and corti-

costeroid use or the molecular markers, all known

clinical variables remained prognostic for OS and PFS.

In contrast, HRQoL variables varied across subgroups:

other functioning scales and symptoms were of prog-

nostic value in the subgroup models compared with the
‘original model’. Moreover, some HRQoL variables

were unexpectedly prognostic for PFS and OS, i.e. more

appetite loss for prolonged PFS in the main analysis and

worse emotional functioning for prolonged OS in the

subanalysis including the molecular markers. These

findings imply that although the clinical variables

appeared to be robust prognostic markers, the prog-

nostic value of the HRQoL variables depended on the
subgroups. For the subgroup analysis including the

molecular markers, assessment period may also be a

factor, as the patients for whom data on molecular

markers were available were included in more recent

RCTs. We also considered using the HRQoL summary

score [33] instead of all individual scales/items; however,

the summary score consists of items of the EORTC

QLQ-C30 only and does not include the brain
tumourespecific items/scales included in the EORTC

QLQ-BN20. Taken together, our results suggest that the

role of HRQoL data in predicting prognosis is
limited and not useful for stratification in future clinical

trials, as it is unclear which variables should be assessed

and included.

Although the added prognostic value of HRQoL

was small, HRQoL remains an important outcome in

both clinical trials and practice. In clinical trials,
HRQoL assessment is important to determine the net

clinical benefit of a new treatment strategy [34]. In

clinical practice, HRQoL assessments are important in

monitoring patients’ functioning over time and in

informing patients and clinicians about the effect of the

tumour and treatment on symptoms, functioning and

quality of life. In addition, rather than baseline

HRQoL data, a change in HRQoL from baseline
during treatment, reflecting the impact of treatment on

HRQoL, may be of more prognostic value and should

be further investigated to inform patients in clinical

practice on the impact of treatment [35]. However, it is

important to also include data on treatment compli-

ance, as this may also be related with more adverse

events [36]. With regard to the selection bias toward a

healthier population, in other cancer populations, it
has been shown that in centres participating in clinical

trials with high HRQoL compliance rates, survival

rates are higher as well [37]. Whether this reflects solely



Table 4
Performance and internal validation of the multivariable Cox proportional hazard models for overall survival (OS) and progression-free survival

(PFS).

Model n c-index Bootstrapped c-index

(mean from 1000 bootstraps)

Optimisma (%) Added valueb (%)

Main analysis

OS: clinical model 4944 .7172 .7157 .002 e

OS: clinical þ HRQoL model 4396 .7254 .7213 .004 1.1%

PFS: clinical model 5018 .6805 .6793 .001 e

PFS: clinical þ HRQoL model 4458 .6863 .6828 .004 .7%

Sub analysis

OS: clinical model þ AEDs, steroids 2292 .7069 .7028 .004 e

OS: clinical þ HRQoL model þ AEDs, 2069 .7166 .7054 .011 .5%

Steroids

PFS: clinical model þ AEDs, steroids 2321 .7058 .7032 .003 e

PFS: clinical þ HRQoL model þ AEDs, 2093 .7099 .7021 .008 -.2%

Steroids

OS: WHO 2016 classification þ 1748 .6962 .6877 .009 e

MGMT: clinical model

OS: WHO 2016 classification þ 1503 .7142 .6970 .017 1.8%

MGMT: clinical þ HRQoL model

PFS: WHO 2016 classification þ 1765 .6865 .6800 .007 e

MGMT: clinical model

PFS: WHO 2016 classification þ 1518 .6979 .6835 .014 .7%

MGMT: clinical þ HRQoL model

AEDs, antiepileptic drugs; HRQoL, health-related quality of life; WHO, World Health Organisation; MGMT, O6-methylguanine-DNA meth-

yltransferase promotor methylation.
a Measure of internal validation: c-index minus the bootstrapped c-index.
b Added value of the bootstrapped c-index of the clinical þ HRQoL model compared with the clinical mode. The added value is calculated

using the formula: ((clinicalþHRQoL model e .5)/(.5) (*100) - (clinical model e .5)/(.5) (*100)).
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the patient’s health status or the level of care is

currently unknown.

In conclusion, this study investigated the added

prognostic value of HRQoL to the known clinical var-

iables in a large heterogeneous sample of glioma pa-

tients. Although some HRQoL parameters were
independently prognostic for survival, the added value

of baseline HRQoL to the known clinical prognostic

variables was small. Thus, although HRQoL has proven

to be an important outcome in glioma patients for

various purposes, HRQoL adds little for prognostic

purposes.
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