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Abstract

Background Patient-reported outcomes (PROs) are increasingly recognized as essential endpoints in neuro-oncology, yet
their prognostic value for survival across brain tumor trials remains incompletely defined. We conducted a systematic review
and meta-analysis to quantify the association between key PRO domains and overall survival (OS) and progression-free
survival (PFS)in patients with glioma.

Methods Following PRISMA 2020 guidelines, we included randomized controlled trials that reported baseline PROs using
the European Organisation for the Research and Treatment of Cancer Quality of Life Questionnaire Core 30 or European
Organisation for Research and Treatment of Cancer Quality of Life Questionnaire-Brain Neoplasm-20 questionnaires, with
corresponding survival outcomes. Hazard ratios (HRs) per 10-point increase in each PRO domain were extracted. Ran-
dom-effects models generated pooled HRs. Heterogeneity, risk of bias (ROB 2), and certainty of evidence (GRADE) were
assessed.

Results Eight trials comprising 6,846 patients were included. Higher baseline cognitive functioning was significantly asso-
ciated with improved OS (HR=0.94, 95% CI [0.91-0.97]), as was physical functioning (HR=0.97, 95% CI [0.94-1.00]).
Pooled functional domains showed a protective association (HR=0.96, 95% CI [0.93-1.00]), while BN-20 domains showed
no association with overall survival. Pooled analysis of studies reporting EORTC QLQ-C30 scales was associated with
improved PFS (HR=0.99, 95% CI [0.99-0.99]). Subgroup analysis of physical functioning showed an association with
improved PFS (HR=0.99, 95% CI [0.97-1.0]), and the pooled analysis of all functional scales showed the same direction
(HR=0.99, 95% CI [0.99-0.99]).

Conclusions Functional and cognitive PRO domains appear to have potential to be robust prognostic markers of survival in
glioma trials, and these findings support the complementary role of PROs alongside clinical, radiographic, and molecular
measures. Our findings support integrating PROs into response assessment selection in future neuro-oncology trials.

Keywords Patient-reported outcomes - Brain tumors - Glioblastoma - Randomized clinical trials - Prognosis -
Systematic review - Meta-analysis

Introduction

Quality of life (QoL) and functional status are pivotal
aspects in the management of patients with brain tumors [1,
2]. Nonetheless, prognostic evaluation in neuro-oncology
primarily relies on objective clinical and molecular markers,
including age, performance status (an objective assessment
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trials using validated instruments such as the European
Organisation for the Research and Treatment of Cancer
Quality of Life Questionnaire Core 30 (EORTC QLQ C30)
[7] and European Organisation for Research and Treatment
of Cancer Quality of Life Questionnaire-Brain Neoplasm-20
(EORTC QLQ BN20) [8], their use predominantly serves as
secondary endpoints to assess treatment tolerability rather
than as prognostic factors for survival [8—10].

In contemporary neuro-oncology, clinical trial endpoints
and treatment response assessments are primarily defined
by the Response Assessment in Neuro-Oncology (RANO)
criteria [11]. RANO integrates radiographic changes with
selected neurological and corticosteroid-related clinical fea-
tures to determine progression-free survival (PFS) and over-
all survival (OS) [11]. Yet RANO excludes patient-reported
QoL measures, despite the accumulating evidence indicat-
ing that impairments in baseline physical function, cogni-
tive ability, fatigue, and overall health perception may be
linked to poorer survival outcomes in patients with gliomas
and brain metastases [2, 12-20]. Multiple randomized con-
trolled trials (RCTs) suggest that baseline QoL can serve as
an independent predictor of OS and PFS in neuro-oncolog-
ical patients [13—20]. Nonetheless, these findings have yet
to be unified, often constrained by small sample sizes, het-
erogeneous QoL measurement instruments, and variations
in analytical methodologies. Importantly, to date, no sys-
tematic review or meta-analysis has consolidated evidence
across studies or quantified the prognostic significance of
various QoL domains in brain tumors relative to conven-
tional clinical and molecular prognostic factors.

Therefore, we conducted the first systematic review and
meta-analysis to evaluate whether baseline patient reported
QoL may be an independent prognostic factor for survival in
patients with brain tumors. Specifically, we aimed to quan-
tify the pooled hazard ratio (HR) for OS and PFS associated
with each QoL domain and compare the prognostic strength
of functional, symptom, and global QoL scales.

Methods

This systematic review and meta-analysis were conducted
in accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) 2020
guidelines. The protocol was prospectively registered in the
PROSPERO international prospective register of systematic
reviews (registration number: 1248134).

Data from this study is available upon reasonable request
from the corresponding author.
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Search strategy and eligibility criteria

We conducted a systematic literature search of PubMed
(MEDLINE), Embase, and the Scopus from January 2000
to November 2025 (dates were selected based as the pres-
ent day EORTC QLQ-C30 tool was introduced in 1997),
to identify randomized controlled trials (RCTs) evaluating
the prognostic significance of baseline health-related quality
of life (HRQoL) and functional patient-reported outcomes
(PROs) in adults with primary or metastatic brain tumors.
The complete search strategy is reported in Supplemen-
tary Table S1. Eligible studies met the following criteria:
(1) enrolled adult patients (> 18 years) in prospective phase
II-IV RCTs investigating any therapeutic modality for brain
tumors; (2) included at least one validated PRO or HRQoL
instrument assessed at baseline (EORTC QLQ-C30/BN20);
(3) reported OS and/or PFS outcomes; and (4) performed at
least one univariate or multivariate survival analysis assess-
ing the association between baseline PROs and survival
while adjusting for established clinical prognostic factors
such as age, objective performance status (KPS/WHO PS),
extent of resection, MGMT methylation status, steroid use,
or treatment arm. Studies lacking survival analyses, non-
RCT designs, pediatric populations, or lacking extractable
hazard ratios were excluded. Detailed inclusion and exclu-
sion criteria are summarized in Supplementary Table S2.

Study selection and data collection

Study selection and screening were conducted in accordance
with PRISMA 2020 guidelines. All records retrieved from
the database search were imported into EndNote X9 for
initial management, where duplicate entries were identified
and removed. The deduplicated dataset was then transferred
to Mendeley and exported in RIS format for systematic
screening using the Rayyan platform (https:/www.rayyan
.ai/). Two independent reviewers (S.S. and B.D.) screened
titles and abstracts, followed by full-text assessment of all
studies that met preliminary eligibility criteria. Discrepan-
cies at any stage were resolved through consensus, with two
senior investigators (A.N.S. and V.M.L.) serving as adjudi-
cators when necessary. To ensure completeness, reference
lists of all included studies and relevant reviews were manu-
ally examined. The selection process is summarized in the
PRISMA flow diagram (Fig. 1).

For inclusion in the meta-analysis component of this
study, additional prespecified criteria were applied. Eli-
gible randomized controlled trials were required to report
HRs derived from multivariable Cox proportional hazards
models assessing the association between baseline PROs or
functional status measures and OS or PFS. Only analyses
that adjusted for relevant clinical covariates (e.g., age, extent
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Fig. 1 PRISMA flowchart of study selection. * With automation tool; ** Without automation tool

of resection, MGMT methylation, performance status) were
considered, ensuring that the prognostic contribution of
PROs was evaluated independently of established clinical
predictors. For secondary or pooled analyses derived from
multiple randomized controlled trials, included populations
were carefully cross-checked against other eligible studies
to assess potential overlap. When overlap was identified,
data were included only once, prioritizing the most com-
prehensive multivariable-adjusted analysis to avoid double-
counting of patient populations.

Because no unified PRO instrument exists for neuro-
oncology trials, studies using the EORTC QLQ-C30/BN20
were eligible, provided that PRO domains were reported
as continuous variables. Continuous PRO reporting was
required to maintain methodological consistency and to
enable appropriate pooling of HRs across trials. When

multiple publications originated from overlapping trial
populations, only the most complete and methodologically
robust dataset was retained to avoid duplication. All data
used in the meta-analysis were extracted from published
sources.

The EORTC QLQ-C30 is a well-validated and widely
used PRO instrument in oncology that assesses multiple
domains of health-related quality of life in patients with can-
cer. It includes five functional scales (physical, role, emo-
tional, cognitive, and social), three symptom scales (fatigue,
pain, and nausea/vomiting), a global health status/quality-
of-life scale, and several single-item measures assessing
additional symptoms such as appetite loss, insomnia, con-
stipation, and diarrhea [7]. The EORTC QLQ-BN20 is a
validated, brain tumor—specific patient-reported outcome
module designed to complement the QLQ-C30 by capturing
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symptoms and functional impairments unique to patients
with primary or metastatic brain tumors. It comprises mul-
tiple symptom domains, including future uncertainty, visual
disorders, motor dysfunction, and communication deficits,
as well as additional items assessing headaches, seizures,
drowsiness, hair loss, and treatment-related concerns. This
instrument enables a comprehensive evaluation of neuro-
logic and tumor-related quality-of-life burdens in neuro-
oncology populations [8].

Risk of bias and certainty assessment

The methodological quality of the included studies was
assessed in accordance with the Cochrane Handbook for
Systematic Reviews of Interventions [21]. Two independent
reviewers (S.S. and A.N.S.) applied the Risk of Bias tool for
Randomized trials (ROB 2) tool to evaluate potential bias
across domains [22]. The certainty of evidence supporting
pooled estimates was graded using the Grading of Recom-
mendations, Assessment, Development, and Evaluation
(GRADE) framework, considering risk of bias, consistency,
directness, precision, and publication bias [21].

Statistical analysis

Descriptive statistics were used to summarize the character-
istics of the included studies and their patient populations.
In the systematic review component, all PRO domains dem-
onstrating significant associations with OS in the original
analyses were qualitatively synthesized. For the quantita-
tive meta-analysis, only studies that reported multivariable
HRs for continuous baseline scores of the EORTC QLQ-
C30 or EORTC QLQ BN-20 instrument were eligible for
pooling, as this measure was the most consistently applied
and methodologically comparable across trials. For each
study, log hazard ratios (logHRs) and their corresponding
standard errors were calculated from the reported HRs and
95% confidence intervals. Pooled effect estimates were
generated using a random-effects model with Hartung-
Knapp adjustment, implemented through the meta package
in R, applying inverse-variance weighting to account for
between-study heterogeneity. Statistical heterogeneity was
quantified using the I? statistic, Cochran’s Q test, and the
estimated between-study variance (7). Analyses were con-
ducted for each EORTC QLQ-C30 and EORTC QLQ-BN20
domain when two or more studies reported comparable con-
tinuous estimates, and additional stratified analyses were
performed across functional domains to evaluate broader
patterns of prognostic relevance. Given the anticipated
clinical and methodological heterogeneity across studies,
pooled analyses were restricted to PRO domains reported by
multiple studies with comparable definitions and adjustment
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strategies. Where fewer than three studies contributed to a
domain or heterogeneity was substantial, results were inter-
preted cautiously and supplemented with narrative synthe-
sis. All statistical tests were two-sided with a significance
threshold of P<0.05. All analyses, including forest plot
generation and heterogeneity assessment, were performed
using R version 4.3.2.

Results
Study characteristics

Following an initial screening of the titles and abstracts of
1,139 studies, a total of 84 full-text articles were evaluated
for eligibility. This process culminated in the inclusion of
6846 patients across eight RCTs [13-20]. Of these, two
studies by Coomans et al.'>, and Quinten et al.'8, analyzed
individual patient-level data derived from 15 to 2 RCTs,
respectively. The constituent trials were cross-referenced
with other included studies and overlapping trial-level pub-
lications were not entered separately into the meta-analysis
to preserve independence of patient populations. There were
6 (75%) studies were conducted in Europe, while 2 (25%)
in the USA. Six (75%) studies analysed glioblastoma only
[13-15, 17, 19, 20], while 1 (12.5%) study reported oligo-
dendroglioma outcomes [16], and the study by Quinten et
al.!® did not specify brain tumor type. There were 7 (87.5%)
studies who used both the EORTC QLQ-C30 and EORTC
QLQ BN20, and 1 (12.5%) study used EORTC QLQ-C30
as PRO instruments to assess QoL among patients [13-20].
All the studies included in this systematic review and meta-
analysis found at least 1 PRO measure to be significantly
associated with predicting OS and PFS. A comprehensive
summary of the significant variables identified in multivari-
able analyses for each study is presented in Table 1.

Seven studies reported multivariate outcomes using the
EORTC QLQ-C30'*1%20 tool, and four reported using the
EORTC QLQ-BN20'*!>1719 Among the studies using the
EORTC QLQ-C30 tool to assess OS, four studies included
and reported cognitive functioning [14, 15, 17, 18] in mul-
tivariable analysis, three included and reported physical
functioning [13, 14, 20], and two included and reported
social functioning [14, 17]. Role functioning [15], emo-
tional functioning [16], global health status [17], insomnia
[14], appetite loss, !* and nausea and vomiting [14] were
each included and reported in one study. Three studies
reported future uncertainty [14, 16, 19], while motor dys-
function [15], communication deficit [16], visual disorder
[14], seizures [14], and weakness in legs [16] were reported
in a single study each using the BN-20 tool. Using EORTC
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QLQ-C30, three studies reported an association between
PFS across six domains [13, 15, 20].

Within the included studies, hazard ratios for OS and PFS
were obtained from multivariable Cox proportional hazards
models, which adjusted for established clinical and tumor-
related prognostic factors. Although the specific covariates
varied among studies, commonly adjusted variables com-
prised age, sex, baseline performance status (e.g., WHO or
KPS), extent of resection, tumor grade, molecular markers
(e.g., IDH mutation and MGMT promoter methylation sta-
tus), and treatment modality (Table 1).

Most studies evaluated the complete set of domains
within the EORTC QLQ-C30 and, where pertinent, the
QLQ-BN20; however, only a subset of these domains was
incorporated or retained in multivariable models. The selec-
tion of PRO domains varied across studies and was founded
on prior clinical relevance, univariable screening for sur-
vival associations, or the exclusion of correlated domains to
reduce collinearity and overfitting. Notably, no study con-
currently included all QLQ-C30 or QLQ-BN20 domains
within a single multivariable model. This variability in
covariate adjustment and PRO domain selection plausibly
contributes to the heterogeneity observed between studies
in the pooled estimates.

Overall survival

A summary of meta-analysis results is provided in Fig. 2.
Overall pooled analysis of cognitive functioning (HR=0.94,
95% CI[0.91-0.97]; P=91.5%) (Fig. 2a) and physical func-
tioning (HR=0.97, 95% CI [0.94-1.0]; ’=77.1%) (Fig. 2b)
showed to be significantly associated with improved OS,
where as social functioning showed no association with OS
(HR=1.02,95% CI [0.43-2.44]; ’=94.5%) (Fig. 2c). When
all the functioning scales with at least two studies report-
ing were pooled, better functioning was associated with
improved OS (HR=0.96, 95% CI [0.93-1.0]; F=88.1%)
(Fig. 2d).

A pooled analysis of EORTC QLQ-BN20 showed no
significant association between future uncertainty and OS
(HR=1.01, 95% CI[0.94-1.09]; I’=85.6%) (Fig. 3).

Progression-free survival

Pooled analysis of studies reporting Physical function-
ing showed a significant association with improved PFS
(HR=0.99, 95% CI [0.97-1.0]; F=27.2%) (Fig. 4a) and
pooled analysis of all functional scales showed the same
direction with improved PFS (HR=0.99, 95% CI [0.99-
0.99]; F=98.9%) (Fig. 4b).

Multiple domain-specific pooled analyses exhibited sig-
nificant heterogeneity, indicative of variations in patient

populations, covariate adjustment methodologies, and ana-
lytical techniques across different studies. In areas with a
restricted number of contributing studies or consistently
high heterogeneity, quantitative synthesis was approached
with caution, prioritizing the consistency and directional
trends of effects across studies over solely relying on pooled
point estimates.

Risk of bias and certainty assessment

Risk of bias across the eight included randomized trials was
generally low, with most studies demonstrating adequate
randomization, appropriate outcome measurement, and
minimal deviations from intended interventions. The main
concerns related to missing PRO data stem primarily from
clinical decline in glioma populations and selective report-
ing of PRO domains, leading to an overall judgment of some
concerns but no studies at high risk (Supplementary Fig. 1).

Using the GRADE framework, the certainty of evidence
supporting associations between baseline PRO domains
and overall survival was rated as moderate. Downgrading
was driven primarily by inconsistency, reflected by vari-
ability in effect estimates and domain-specific associations
across studies, and imprecision, due to wide confidence
intervals and a limited number of events for certain PRO
domains. Suspected publication bias was considered based
on selective reporting of PRO domains and the absence of
small trials reporting null effects. Certainty of evidence for
progression-free survival was rated as low, reflecting fewer
evaluable trials, greater between-study heterogeneity, and
reduced precision of pooled estimates. Study-level contrib-
utors to these judgments, including heterogeneity in PRO
domain selection and multivariable adjustment strategies,
are summarized in Supplementary Table 3.

Discussion

In this systematic review and meta-analysis of randomized
controlled trials involving 6,846 patients with diffuse glio-
mas, we found that baseline patient-reported outcomes, par-
ticularly cognitive and physical functioning measured using
the EORTC QLQ-C30, were independent prognostic indica-
tors of overall survival.

Domain-specific analyses showed that higher cogni-
tive and physical functioning were consistently associated
with improved survival. In contrast, social functioning and
EORTC QLQ BN20 symptom domains showed no associa-
tion with our assessed outcomes. These results underscore
the importance of implementing functional and cognitive
health into the global QoL scores to work as early markers
of clinically meaningful outcomes. They may also validate
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a. Study logHR SE(logHR) Hazard Ratio HR 95%—-Cl Weight
Mauer et al., 2007 -0.0856 0.0225 —&— 0.92 [0.88;0.96] 17.5%
Quinten et al., 2013 -0.0726 0.0165 —_— 0.93 [0.90; 0.96] 20.4%
Malamstrom et al., 2024 (TMZ or RT+TMZ arm / CE6) -0.0943 0.0224 —&— 0.91 [0.87;0.95] 17.5%
Malamstrom et al., 2024 (TMZ or RT+TMZ arm / Nordic/NOA) -0.0619 0.0189 —— 0.94 [0.91;0.98] 19.2%
Coomans et al., 2019 -0.0101 0.0003 0.99 [0.99;0.99] 25.4%
Random effects model ol 0.94 [0.91; 0.97] 100.0%
Heterogeneity: I° = 91.5%, t° = 0.0011, p < 0.0001

0.9 1 1.1
Hazard ratio (better cognitive function with lower HR)
Study logHR SE(logHR) Hazard Ratio HR 95%~Cl Weight
Armstrong et al., 2013 (physical Functioning) -0.0101 0.0052 0.99 [0.98;1.00] 30.0%
Malamstrom et al., 2024 (Physical Functioning / RT arm / CE8&) -0.0834 0.0251 ——&—— 0.92 [0.88;0.97] 17.5%
Malamstrom et al., 2024 (Physical Functioning / RT arm / Nordic/NOA) -0.0513 0.0187 —— 0.95 [0.92;0.99] 21.7%
Wefel et al., 2021 (physical Functioning) -0.0101 0.0026 0.99 [0.98;1.00] 30.7%
Random effects model 0.97 [0.94; 1.00] 100.0%
Heterogeneity: 1 = 77.1%, ©° = 0.0008, p = 0.0044 ! y g
0.9 1 1.1
Hazard ratio (physical functioning)

C.
Study logHR SE(logHR) Hazard Ratio HR 95%~Cl Weight
Malamstrom et al., 2024 (Social Functioning/ Rtarm/CE6) -0.0513 0.0241 0.95 [0.91;1.00) 49.7%
Mauer et al., 2007 (Social Functioning) 0.0862 0.0213 - 1.09 [1.05;1.14] 50.3%
Random effects model (HK) 1.02 [0.43; 2.44] 100.0%
Heterogeneity: I° = 94.5%, ©° = 0.0089, p < 0.0001 ! '

05 1 2
Hazard ratio (HR)

: Study logHR SE(logHR) Hazard Ratio HR  95%-Cl Weight
Malamstrom et al., 2024 (Cognitive Functioning/ TMZ or RT+TMZ arm/ CE6) -0.0943 0.0224 —— 0.91 [0.87;0.95] 8.5%
Malamstrom et al., 2024 (Cognitive Functioning/ TMZ or RT+TMZ arm/ Nordic/NOA) -0.0619 0.0189 —— 0.94 [0.91;0.98] 8.9%
Coomans et al., 2019 (Cognitive Functioning) -0.0101 0.0003 0.99 [0.99;0.99] 10.4%
Mauer et al., 2007 (Cognitive Functioning) -0.0856 0.0225 —#— 0.92 [0.88;0.96] 8.5%
Quinten et al., 2013 (Cognitive Functioning) -0.0726 0.0165 —_— 0.93 [0.90;0.96] 9.3%
Malamstrom et al., 2024 (Social Functioning/ RTarm/CE6) -0.0513 0.0241 —— 0.95 [0.91;1.00] 8.2%
Mauer et al., 2007 (Social Functioning) 0.0862 0.0213 —#— 1.09 [1.05;1.14] 8.6%
Wefel et al., 2021 (Physical Functioning) -0.0101 0.0026 0.99 [0.98;1.00] 10.3%
Malamstrom et al., 2024 (Physical Functioning/ RT arm/CE6) -0.0834 0.0251 —F— 0.92 [0.88;0.97) 8.1%
Malamstrom et al., 2024 (Physical Functioning/ RT arm/Nordic/NOA) -0.0513 0.0187 —— 0.95 [0.92;0.99] 9.0%
Armstrong et al., 2013 (Physical Functioning) -0.0101 0.0052 0.99 [0.98;1.00] 10.3%
Random effects model (HK) e 0.96 [0.93; 1.00] 100.0%
Heterogeneity: /° = 88.1%, t° = 0.0022, p < 0.0001

0.9 11

Fig. 2 Association between European organisation for research and
treatment of cancer quality of life questionnaire core 30, Domains and
overall survival. (a) cognitive functioning, (b) physical functioning,

Study logHR
Mauer et al., 2007 (Future Uncertainty) 0.1044
Paquette et al., 2016 (Future Uncertainty) 0.0109

Malamstrom et al., 2024 (Future Uncertainty / RT arm / Nordic/NOA) -0.0513

Random effects model

Heterogeneity: I* = 85.6%, t° = 0.0037, p = 0.0010

1
Hazard ratio (HR)

(¢) social functioning, and (d) combined functional domains. Reported
as hazard ratios (HRs) with 95% ClIs. HR <1 indicates improved sur-
vival with higher functioning scores

SE(logHR) Hazard Ratio HR  95%-Cl Weight
0.0530 111 [1.00;1.23] 23.0%
0.0038 1.01 [1.00;1.02] 40.1%
0.0187 B 0.95 [0.92;0.99] 36.8%

1.01 [0.94; 1.09] 100.0%
0.9 114

Hazard ratio (future uncertainty)

Fig.3 Association between European organisation for the research and treatment of cancer quality of life questionnaire brain neoplasm 20 domain,
future uncertainty, and overall survival. with 95% Cls. HR <I indicates improved survival with higher functioning scores
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d.
Study logHR SE(logHR) Hazard Ratio HR 95%—Cl Weight
Armstrong et al., 2013 (Physical Functioning) —-0.0131 0.0000 [l 0.99 [0.99; 0.99] 86.4%
Wefel et al., 2021 (Physical Functioning) -0.0101 0.0026 ——— 0.99 [0.98;1.00] 13.6%
Random effects model (HK) 0.99 [0.97; 1.00] 100.0%
Heterogeneity: 1% = 27.2%, ¥* < 0.0001, p=0.2413
0.96 1 1.03
Hazard ratio (HR)

Study

Coomans et al., 2019 (Role Functioning) -0.0101
Coomans et al., 2019 (Cognitive Functioning) -0.0101
Armstrong et al., 2013 (Physical Functioning) -0.0131
Wefel et al., 2021 (Physical Functioning) -0.0101

Random effects model (HK)
Heterogeneity: I° = 98.9%, t° < 0.0001, p < 0.0001

Fig. 4 Association between European organisation for the research
and treatment of cancer quality of life core 30 domains and overall
survival. (a) physical functioning, (b) combined functional domains.

the growing recognition that PROs capture elements of dis-
ease burden not detected by objective clinical, radiographic
or molecular markers alone.

Our findings align with prior evidence showing that
patient reported as well as objective symptoms, neurocogni-
tive decline, and functional impairment often precede radio-
graphic progression in gliomas and may reflect early tumor
infiltration, network disruption, and global neural dysfunc-
tion [8, 12, 15, 23-26]. Cognitive and physical patient
reported functioning emerged as the strongest PRO predic-
tors of survival, which aligns well with current understand-
ing of glioma pathophysiology [17, 27-29]. For instance,
cognitive functioning, has been shown to correlate strongly
with lesion location, tumor volume, white-matter tract
involvement, and molecular subtype factors that directly
influence prognosis [30-36] .

Importantly, these domains reflect both neurological
integrity and the patient’s ability to maintain daily function-
ing, serving as integrated markers of tumor behavior and
host resilience [37, 38]. Our results extend previous multi-
cancer findings by Quinten et al. and Coomans et al. and con-
firm that the prognostic relevance of PROs is not restricted
to broad oncology populations but may also strongly apply
to the neuro-oncological patient [15, 18].

These results also support and strengthen recent efforts by
the RANO and RANO-PRO working groups that incorpo-
rate patient-reported outcomes into glioma trial design and

logHR SE(logHR)

Hazard Ratio HR 95%~Cl Weight
0.0003 £l 0.99 [0.99;0.99] 29.9%
0.0003 L] 0.99 [0.99;0.99] 29.9%
0.0000 W 0.99 [0.99;0.99] 30.5%
0.0026 —=&—— 0.99 [0.98;1.00) 9.8%

s

I 1
0.98 1 1.02

Hazard ratio (HR)

0.99 [0.99; 0.99] 100.0%

Reported as hazard ratios (HRs) with 95% ClIs. HR < 1 indicates
improved survival with higher functional scores

clinical decision-making [1, 39—41]. Traditionally, radio-
graphic markers such as contrast enhancement are increas-
ingly recognized as imperfect surrogates for clinical status
due to pseudoprogression, pseudoresponse, steroid effects,
as well as interobserver variability [42—47]. The observa-
tion that functional and cognitive decline predict survival
independent of imaging supports a more multidimensional
approach to response assessment in glioma. While our find-
ings do not establish PROs as replacements for imaging-
based response criteria, they underscore the potential value
of incorporating PRO trajectories alongside radiographic
and molecular markers in future research endeavors. Such
integrated methodologies may facilitate the refinement of
prognostic stratification, improve the interpretation of treat-
ment effects, and augment endpoint sensitivity in clinical
trials, subject to direct comparative validation.

Limitations

This study leverages only high-quality randomized data
from published RCTs and applies rigorous methods to
isolate the prognostic value of PROs. However, several
limitations warrant consideration. Although the majority
of included trials utilized both the EORTC QLQ-C30 and
QLQ-BN20 instruments, heterogeneity in Patient-Reported
Outcome (PRO) reporting emerged at the domain and ana-
lytic levels rather than at the instrument level. Specifically,
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studies varied in the selection of PRO domains incorporated
into multivariable models, in whether these domains were
chosen a priori or identified through statistical screening,
and in whether PROs were analyzed individually or within
composite or stepwise frameworks. Consequently, only a
subset of studies contributed data to each domain-specific
meta-analysis, which limited the precision of the findings
and contributed to heterogeneity across studies.

Furthermore, variability in statistical adjustments across
trials likely affected the pooled effect estimates. Although
all studies controlled for established prognostic factors, the
specific covariates and modeling strategies differed: some
adjusted for composite indices such as RPA (Recursive Par-
titioning Analysis) class, others for molecular markers such
as MGMT promoter methylation, and still others used trial-
level stratification or stepwise selection, as summarized in
Table 1. These differences hindered full harmonization of
adjusted hazard ratios and may have contributed to residual
heterogeneity.

Most studies reported baseline PROs only, preventing
evaluation of longitudinal trajectories which may be more
predictive of tumor progression and survival than single
time-point measurements. Furthermore, analyses were not
restricted to specific brain tumor pathologies, which may
obscure histology-specific PRO-survival associations that
could emerge in larger, more granular datasets. Future
research should integrate serial PRO monitoring with imag-
ing, digital neurocognitive testing, and molecular biomark-
ers to develop hybrid prognostic models. Large collaborative
datasets and standardized PRO methodology endorsed by
RANO-PRO will be essential for validating PRO-informed
survival models. Ultimately, our findings reinforce the need
to embed PRO measurement as a routine component of
neuro-oncology care and clinical trials, not merely as a sup-
portive endpoint but as a clinically meaningful predictor of
patient outcomes.

Conclusion

This review shows that patient-reported outcomes, espe-
cially cognitive and physical functioning, offer indepen-
dent prognostic value for overall survival in diffuse glioma
patients. These domains reflect how patient reported neuro-
logical and functional status may not fully be captured by
radiographic or molecular markers. While global QoL and
most EORTC QLQ BN20 symptom scales lacked consis-
tent prognostic power, the strong links for patient reported
cognitive and physical functioning support their routine
clinical use and future trial endpoints. As the field advances
toward patient-centered response frameworks, adding PROs
to RANO criteria and molecular profiling could improve

@ Springer

risk stratification, early detection of decline, and personal-
ized treatment. Standardizing and prospectively evaluating
PROs in future studies may be vital to enhancing their role
in prognosis and therapeutic decision-making.
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supplementary material available at https://doi.org/10.1007/s11060-0
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