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Abstract
Background. Results of NRG Oncology RTOG 0825 reported adding bevacizumab to standard chemoradiation did 
not significantly improve survival endpoints and resulted in greater decline in neurocognitive function (NCF) and 
patient-reported outcomes (PRO) over time in bevacizumab-treated patients. The present report provides addi-
tional results of patient-centered outcomes over time and their prognostic association with survival endpoints.
Methods. NCF tests, MD Anderson Symptom Inventory - Brain Tumor Module (MDASI-BT), and European 
Organization for Research and Treatment of Cancer (EORTC) quality of life (QOL) questionnaire with brain cancer 
module (QLQ-C30/BN20) were completed in a subset of progression-free patients at baseline and longitudinally. 
The prognostic value of baseline and early changes in NCF and PROs and differences between treatments from 
baseline to follow-up assessments were evaluated.
Results. A total of 508 randomized patients participated. Baseline/early changes in NCF and PROs were prog-
nostic for OS and PFS. No between-arm differences in time to deterioration were found. At week 6, patients 
treated with bevacizumab evidenced greater improvement on NCF tests of executive function and the MDASI-BT 
Cognitive Function scale, but simultaneously reported greater decline on the EORTC Cognitive Function Scale. 
At later time points (weeks 22, 34, and 46), patients treated with bevacizumab had greater worsening on NCF 
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tests as well as PRO measures of cognitive, communication, social function, motor symptoms, general 
symptoms, and interference.
Conclusion. The collection of patient-centered clinical outcome assessments in this phase III trial revealed 
greater deterioration in NCF, symptoms, and QOL in patients treated with bevacizumab. Baseline and early 
change in NCF and PROs were prognostic for survival endpoints.

Key Points

1.  Baseline neurocognitive function and self-reported symptoms in glioblastoma 
(GBM) patients are prognostic.

2.  Bevacizumab is associated with worse cognitive function and symptoms in newly 
diagnosed GBM patients.

Glioblastoma (GBM) is one of the most common malig-
nant primary brain tumors. At diagnosis, standard treat-
ment includes the use of concurrent chemoradiotherapy 
with temozolomide followed by adjuvant temozolomide.1 
Despite the improvement in overall survival (OS) with this 
approach, median survival remains poor with only 10%-15% 
of patients living 5 years or longer. Patients often experience 
neurocognitive deficits and neurologic symptoms from the 
time of diagnosis, and most patients experience progressive 
decline throughout the illness trajectory. As a consequence, 
evaluating the impact of new therapeutic approaches 
should include evaluation of the clinical benefit of the treat-
ment; specifically addressing whether the treatment results 
in improvement of disease-related neurocognitive dysfunc-
tion and symptoms and/or if the treatment has unfavorable 
systemic or neurologic toxicity.

Studies evaluating the efficacy of bevacizumab in pa-
tients with recurrent GBM demonstrated an improved 
progression-free survival (PFS), a reduction in the use of 
corticosteroids, and stable or improved neurocognitive 
function (NCF) in the majority of patients prior to disease 
progression.2–4 These results led to the accelerated Food 
and Drug Administration approval of bevacizumab for 
patients with recurrent GBM. NRG Oncology RTOG 0825 
was undertaken to evaluate whether adding bevacizumab 
to standard treatment at diagnosis, resulted in either im-
proved OS or PFS in patients with GBM. NRG Oncology 
RTOG 0825 implemented a multi-method evaluation of 
patient-centered clinical outcome assessments to help 

evaluate the net clinical benefit of these treatment strat-
egies. In NRG Oncology RTOG 0825, survival outcomes 
were not improved and patients randomized to the 
bevacizumab arm demonstrated greater decline in NCF, 
greater neurocognitive complaints, increased symptom 
burden and interference, and reduced quality of life (QOL) 
over time despite being judged to be radiographically 
and clinically free of tumor progression.5 The present re-
port provides additional results of analyses evaluating 
changes in NCF, symptoms, and health-related quality of 
life (HRQOL).

Patients and Methods

Patients

Eligibility criteria included age ≥18 years of age, newly diag-
nosed GBM confirmed on central review, Karnofsky perfor-
mance status ≥70, proficient in English (to participate in the 
NCF, symptoms, and HRQOL component of the trial), and 
provide written informed consent to participate in this op-
tional portion of the trial. The study was approved by the 
institutional review board or the equivalent panel at each 
study center before patient enrollment. Participating centers 
consisted of both community and academic centers within 
the National Cancer Institute’s National Clinical Trials net-
work in the United States, Canada, Europe, and Israel.

Importance of the Study

This report of the clinical outcomes assessment in RTOG 
0825 is important in that it provides evidence that treatment 
with bevacizumab is associated with worse neurocognitive 
function and patient-reported symptoms during treatment 
as compared to standard of care. This report adds to the 
literature as it included both objective testing and self-re-
port of symptoms in addition to assessment of quality of 

life, with all measures demonstrating lack of benefit from 
the addition of bevacizumab. In addition, the prognostic 
utility of baseline clinical outcomes assessment in this 
vulnerable patient population was reported. Finally, this re-
port demonstrates that the collection of these measures in 
large trials is feasible and provides important data on the 
impact of treatment on how the person feels and functions.
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Study Design

NRG Oncology RTOG 0825 (NCT00884741; protocol avail-
able on CTSU.org) was a randomized, double-blind, placebo-
controlled, multicenter phase III trial that was sponsored by 
the National Cancer Institute and supported by an unrestricted 
educational grant provided by Genentech. Details of the treat-
ment schema were previously reported.5 Briefly, all patients 
were registered to the trial prior to fractionated, conformal, 
or intensity-modulated radiotherapy and chemotherapy 
with temozolomide. The NRG Oncology Statistics and Data 
Management Center randomized patients using permuted 
block randomization in a parallel fashion 1:1 to receive either 
intravenously administered bevacizumab or placebo every 2 
weeks starting at week 4 of radiotherapy until disease progres-
sion, severe treatment-related toxicity, or completion of adju-
vant therapy. Up to 12 cycles of temozolomide were permitted 
in the adjuvant maintenance phase. Patients were stratified 
by O6-methylguanine-DNA methyltransferase (MGMT) and 
a tumor-based molecular profile based on the expression of 
nine genes. Patients were unblinded after progression to re-
ceive bevacizumab as salvage treatment.

Patient Evaluation and Follow-Up

Patients who were clinically and radiographically stable 
without evidence of disease progression were scheduled to 
complete neurocognitive testing and patient-reported out-
comes (PROs) at baseline, end of radiation (corresponding 
to week 6 from the start of treatment) at the time of im-
aging studies during treatment (weeks 10, 22, 34, 46, and 62 
from the start of treatment), and after treatment completion 
(every 3 months for 1 year, then every 4 months for 1 year, 
then every 6 months). The current manuscript reports the re-
sults from the first 46 weeks of patient follow-up in order to 
have sufficient patient numbers to analyze. The NCF test bat-
tery consisted of the following measures assessing learning 
and memory, processing speed, and executive function: 
Hopkins Verbal Learning Test-Revised (HVLT-R),6 Trail Making 
Test (TMT),7 and Controlled Oral Word Association (COWA).8 
NCF testing was conducted by a healthcare professional 
that completed structured training and was credentialed 
by the study neuropsychologist (J.S.W.). At the same visit, 
patients additionally completed two PRO measures: the 
MD Anderson Symptom Inventory - Brain Tumor Module 
(MDASI-BT) and the European Organization for Research and 
Treatment of Cancer (EORTC) quality of life questionnaire 
with a brain cancer module (EORTC QLQ-C30/BN20). The NCF 
and PRO instruments and their scoring have been previously 
described.2,9

Endpoints

The aims of this study were to (1) determine the dif-
ferential acute effects associated with the addition of 
bevacizumab to temozolomide and radiation, as com-
pared to the conventional arm, on measures of NCF, 
symptoms, and HRQOL during radiation and across 
the longitudinal progression-free interval and (2) deter-
mine the relationship of NCF, symptoms, and HRQOL 
with PFS and OS.

Statistical Considerations

Sample size calculations for this trial were previously re-
ported.5 All analyses were conducted as intent-to-treat by 
randomization arm. Results of the longitudinal repeated 
measures analysis using general linear models with fixed 
effects for study group and time and inclusion of MGMT 
status and RPA (recursive partitioning analysis) class to 
adjust for prognostic status were previously reported.5 
The current manuscript reports further protocol-specified 
results of mean changes from baseline to each follow-up 
time point and time to deterioration (TTD) in patients that 
were clinically and radiographically determined to have no 
evidence of progressive disease. Changes from baseline to 
each subsequent time point were calculated by subtracting 
baseline from follow-up scores (ie, standardized NCF test 
scores, transformed EORTC scores, and raw MDASI-BT 
scores). Differences between arms were tested with a 
Wilcoxon-Mann-Whitney test due to departures from nor-
mality and effect size was calculated as the z score divided 
by the square root of the sample size.10Deterioration in 
NCF from baseline was determined based on the reliable 
change index (RCI)2,9,11; the minimally important difference 
(MID) for each PRO measure was used to determine deteri-
oration from baseline in HRQOL ratings (10-point change)12 
and MDASI-BT ratings (1-point change).9,13 TTD was defined 
for the NCF tests, HRQOL scales, and MDASI-BT factors in-
dividually. TTD in NCF was defined as the time required for 
a patient to evidence the first deterioration on any of the 
NCF tests. TTD in symptoms was defined as the time re-
quired for a patient to evidence the first deterioration on 
any of the MDASI-BT factors (ie, affective, cognitive, neuro-
logic, treatment, generalized/disease, gastrointestinal [GI] 
factor). TTD in HRQOL was defined as the time required for 
a patient to evidence the first deterioration on any of the 
following EORTC QLQ-C30/BN20 scales (ie, global QOL, 
physical functioning, cognitive functioning, social func-
tioning, motor dysfunction, and communication deficit). 
A cumulative incidence approach was used, treating death 
and progression as a competing risk, with testing between 
treatments arms done using Gray’s test.14 Cause-specific 
Cox proportional hazards models were used to determine 
hazard ratios and 95% confidence intervals (CI).15 A P value 
of .0167, calculated as 0.05/3 for each component of this 
study (NCF, QOL, and symptoms), was used to determine 
statistical significance for all analyses given that these 
substudy endpoints were considered tertiary. A sensitivity 
analysis was conducted in which TTD was evaluated in the 
same manner as above except death was counted as an 
event rather than as a competing risk.

Cox proportional hazards models were used to deter-
mine if baseline or early change (from baseline to week 
6)  scores on the NCF tests, the MDASI-BT, or the EORTC 
QLQ-C30/BN20 were prognostic for OS and PFS in 
univariable and multivariable analyses after accounting for 
RPA class (III vs IV vs V) and MGMT status (unmethylated vs 
methylated). Separate multivariable models were built for 
baseline and early changes with collinearity of covariates 
assessed using Spearman correlation coefficients. A signif-
icance level of 0.10 was used for univariable analyses due 
to the exploratory nature of model building using stepwise 
selection to reduce covariates in the models.
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Results

Patient Characteristics

Detailed reports of participation rates in the NCF and PRO 

clinical outcome assessments and subject characteristics 
have been previously published.5 Between April 2009 and 
May 2011, when the target accrual was met, 978 patients 
were enrolled, and 637 patients were randomized on NRG 
Oncology RTOG 0825. Of the enrolled patients, 525 patients 
consented to participate in longitudinal evaluation of NCF, 
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Fig. 1 NRG Oncology RTOG 0825 substudy CONSORT diagram and completion rates.
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symptoms, and HRQOL as described in our previous publi-
cation.5 There was no difference between the 525 (81%) pa-
tients that consented to participate in the substudy and the 
125 (19%) patients that did not on any sociodemographic 
or clinical characteristics.5 The substudy sample included 
260 patients that were randomized to bevacizumab and 
248 patients that were randomized to placebo; 17 patients 
were not randomized (Figure 1). There were no between-
arm differences in sociodemographic or clinical character-
istics for patients participating in the substudy5 (Table 1).

At baseline, analyzable (defined as measures completed 
without error) NCF test results were available for ≥94% of 
patients; ≥94% of patients had symptom measures, and 
≥95% had HRQOL measures that were analyzable.5

Baseline NCF, Symptoms, and HRQOL

As can be seen in Table 2, patients presented with a wide range 
of performances on the NCF tests with the majority of patients 
performing below the healthy population, consistent with 
mild or greater impairment at baseline. Likewise, patients pre-
sented with symptom severity reported across the range of 
severity with the majority providing ratings <2 (in the minimal 
range) (Table 3). Most patients reported their HRQOL to be 
high and similar to the general population.16 The greatest ex-
ception to this was numerically lower ratings on the Cognitive 
Functioning and Social Functioning scales. There were no 
between-arm differences on any NCF test or the MDASI-BT 
at baseline. Patients randomized to the bevacizumab arm re-
ported less Communication Deficit on the EORTC QLQ-BN20 
(14.3 vs 17.9, P = .03) at baseline.

Deterioration in NCF, Symptoms, and HRQOL 
Relative to Baseline

Across the first 46 weeks of follow-up, the frequency of de-
terioration at each time point relative to baseline for each 
measure based on RCI/MID criterion is reported in Table 4 
and Supplementary Table 1. At week 6, patients treated 
with bevacizumab evidenced less frequent deterioration 
on TMTB (Trail Making Test Part B), COWA, and MDASI-BT 
(Cognitive Factor), and more frequent deterioration on the 
EORTC (Cognitive Function Scale) and MDASI-BT (Affective 
Factor). At week 10, patients treated with placebo evidenced 
greater worsening on the MDASI-BT (GI Factor). At week 
22, patients treated with bevacizumab evidenced greater 
worsening on the MDASI-BT (Symptom Interference - 
Mood). At week 34, patients treated with bevacizumab evi-
denced greater worsening on TMTA (Trail Making Test Part 
A) and TMTB, MDASI-BT (Affective Factor, Treatment Factor, 
Generalized/Disease Factor), and EORTC (Motor Dysfunction 
Scale). At week 46, patients treated with bevacizumab evi-
denced greater worsening on TMTA, COWA, MDASI-BT 
(Symptom Interference - Activities), and EORTC (Cognitive 
Function Scale, Communication Deficit Scale, and Social 
Functioning Scale). Changes scores and corresponding ef-
fect sizes are located in Supplementary Tables 2–4.

TTD in NCF, Symptoms, and HRQOL

There was no statistically significant difference between 
arms in the time to neurocognitive, symptom, or HRQOL 

deterioration. As can be seen in Figure 2A and C, patients 
in both arms deteriorated very early. Median time to 
neurocognitive deterioration for patients treated with pla-
cebo was 1.22 months (95% CI: 1.15-1.41) vs 1.24 months 
(95% CI: 1.12-1.81) for patients treated with bevacizumab. 
Median time to symptom deterioration (MDASI-BT) was 
1.15 (95% CI: 1.08-1.25) and 1.12 (95% CI: 1.02-1.15) for pa-
tients treated with placebo vs bevacizumab, respectively. 
Median TTD in HRQOL (EORTC) was 1.08 months (95% CI: 
1.02-1.15) and 1.05 months (95% CI: 0.99-1.12) for patients 
treated with placebo vs bevacizumab, respectively. In the 
sensitivity analyses where death was treated as a deteri-
oration event, there was a trend for patients treated with 
bevacizumab to have more rapid deterioration in Global 
Health Status and Social Functioning on the EORTC QLQ-
C30 (Supplementary Figures 1 and 2). There was no statisti-
cally significant difference in the TTD between arms on any 
other HRQOL subscale (results not shown) or overall NCF, 
symptom, or HRQOL (Supplementary Figures 3–6).

Baseline and Early Worsening Prediction of PFS 
and OS

In univariable analyses, baseline and early changes in nu-
merous NCF tests, symptom factors, and HRQOL scales 
were associated with OS (Supplementary Table 5). In terms 
of PFS, numerous baseline NCF tests, symptom factors, 
and HRQOL scales were associated with PFS but only early 
changes in NCF tests and symptom factors were associ-
ated with PFS (Supplementary Table 6). Multivariable ana-
lyses demonstrated baseline and early changes in the TMT 
Part B score from the NCF tests (baseline: HR = 1.30, 95% CI: 
1.03-1.65, P = .029; early changes: HR = 1.48, 95% CI: 1.05-
2.10, P = .026); baseline Neurologic factor (HR = 1.12, 95% 
CI: 1.03-1.21, P = .005) and early changes in the Cognitive 
factor score (HR = 1.61, 95% CI: 1.18-2.22, P =  .003) from 
the MDASI-BT; and, baseline Physical Function and Motor 
Dysfunction scale (HR = 0.99, 95% CI: 0.98-0.99, P < .001) 
and early changes in Communication Deficit (HR  =  1.51, 
95% CI: 1.12-2.04, P  =  .007) from the EORTC QLQ-C30/
BN20 were associated with OS (Supplementary Table 
7). Multivariable analyses only demonstrated baseline 
MDASI-BT Neurologic factor score (HR = 1.10, 95% CI: 1.02-
1.18, P = .015) and baseline EORTC Physical Function scale 
(HR  =  0.99, 95% CI: 0.98-0.99, P < .001) were associated 
with PFS (Supplementary Table 8).

Discussion

As has been reported previously, treatment with 
bevacizumab did not increase OS time in patients with 
GBM that participated in NRG Oncology RTOG 0825; PFS 
time was longer but did not exceed the pre-specified cri-
terion. In addition, longitudinal repeated measures mod-
eling in patients that were clinically and radiographically 
progression-free demonstrated greater worsening in 
aspects of NCF, symptoms, and HRQOL for patients in the 
bevacizumab arm compared to the patients in the pla-
cebo arm.5

The current report extends the work examining dif-
ferences in NCF, symptoms, and HRQOL found in NRG 

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noab011#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noab011#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noab011#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noab011#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noab011#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noab011#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noab011#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noab011#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noab011#supplementary-data
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Oncology RTOG 0825. Completion rates of NCF testing and 
PROs were excellent at baseline (≥94%). At baseline, most 
patients present with neurocognitive dysfunction while 
HRQOL on average is similar to the healthy population. 
The majority of patients endorsed minimal symptoms at 
baseline through a wide range of symptom burden can be 
appreciated. Both baseline and early worsening in select 
measures of NCF, symptoms, and HRQOL were predictive 
of both PFS and OS, highlighting the importance of these 
measures to survival outcomes and the potential utility as 
either stratification factors or as study entry criteria in fu-
ture clinical trials.

Through 46 weeks, completion rates of NCF testing and 
PROs were>75%, which is quite favorable relative to pre-
vious clinical trials. It is hypothesized that this improved 
participation rate and reduction in attrition and missing 
data are due to substantial efforts from the study team to 
inform sites of the importance of and to increase famil-
iarity with this component of the trial. The successful inte-
gration and participation in this aspect of the trial builds 
on previous work utilizing the same measures,9 and rep-
resents a critical milestone in neuro-oncology that allows 
investigators to design studies with fewer concerns that 
these important endpoints will be inevaluable due to ex-
cessive, unplanned missing data. Clearly, there remains 
room to improve (particularly in terms of obtaining these 
data over time as patients begin to develop increased brain 
damage), which is needed both to address the pressing 
scientific and clinical questions posed in these trials and 
because regulatory authorities have recognized these out-
comes as being critical in the appraisal of treatments for 
patients with brain tumors.17

In patients that were clinically and radiographically free 
from progressive disease, the median time to decline in all 
Net Clinical Benefit (NCB) assessments was <2 months in 
both treatment arms with no appreciable differences be-
tween the arms. This demonstrates the early and relentless 
neurodegenerative course experienced by patients with 

  
Table 1 Baseline Characteristics of Randomized Patients that 
Consented to the Substudy

Placebo  
(n = 248)

Bevacizumab  
(n = 260)

Chi-Square  
Test P  Value

Age (y)

 Median (min-max) 57 (19-82) 59 (21-82)  

 >=50 194 (78.2%) 213 (81.9%) .30

Gender   .17

 Male 156 (62.9%) 148 (56.9%)  

Race (n, %)   .59

 White 235 (94.8%) 251 (96.5%)  

  Black or African 
American

5 (2.0%) 4 (1.5%)  

 Other 8 (3.2%) 5 (2.0%)  

Education   .10

 Less than high school 17 (6.9%) 9 (3.5%)  

  High school  
graduate/GED

58 (23.4%) 73 (28.1%)  

  Some college/ 
vocational school/ 
associate degree

74 (29.8%) 58 (22.3%)  

  Bachelor’s degree  
or higher

75 (30.2%) 92 (35.4%)  

 Other 24 (9.7%) 28 (10.8%)  

KPS   .82

 90-100 156 (62.9%) 161 (61.9%)  

 70-80 92 (37.1%) 99 (38.1%)  

Surgery   .40

 Gross total 146 (58.9%) 166 (63.8%)  

 Subtotal 94 (37.9%) 89 (34.2%)  

 Other 8 (3.2%) 5 (1.9%)  

Neurologic function   .75

 No symptoms 87 (35.1%) 89 (34.2%)  

 Minor symptoms 108 (43.5%) 121 (46.5%)  

 Moderate symptoms 53 (21.4%) 50 (19.2%)  

Laterality Right vs Left .60

 Right 135 (54.4%) 147 (56.5%)  

 Left 108 (43.5%) 107 (41.2%)  

 Bilateral 4 (1.6%) 5 (1.9%)  

 Unknown 1 (0.4%) 1 (0.4%)  

MGMT status Methylated vs 
Unmethylated

.64

 Methylated 68 (27.4%) 76 (29.2%)  

 Unmethylated 171 (69.0%) 178 (68.5%)  

 Invalid 9 (3.6%) 6 (2.3%)  

Molecular profile Favorable vs Unfavorable .87

 Favorable 66 (26.6%) 62 (23.8%)  

 Unfavorable 160 (64.5%) 175 (67.3%)  

 Indeterminate 20 (8.1%) 20 (7.7%)  

 Failed 2 (0.8%) 3 (1.2%)  

RPA class   .18

 III 40 (16.1%) 30 (11.5%)  

 IV 156 (62.9%) 183 (70.4%)  

 V 45 (18.1%) 44 (16.9%)  

 Unknown 7 (2.8%) 3 (1.2%)  

Tumor location

 Frontal 97 (39.1%) 100 (38.5%)  

 Temporal 104 (41.9%) 111 (42.7%)  

 Parietal 92 (37.1%) 95 (36.5%)  

 Occipital 26 (10.5%) 45 (17.3%)  

 Other 24 (9.7%) 21 (8.1%)  

Abbreviations: MGMT, O6-methylguanine-DNA methyltransferase; 
GED, General Education Development; KPS, Karnofsky Performance 
Status; RPA, recursive partitioning analysis.

  

  
Table 1 Continued 

Placebo  
(n = 248)

Bevacizumab  
(n = 260)

Chi-Square  
Test P  Value
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Oncology RTOG 0825. Completion rates of NCF testing and 
PROs were excellent at baseline (≥94%). At baseline, most 
patients present with neurocognitive dysfunction while 
HRQOL on average is similar to the healthy population. 
The majority of patients endorsed minimal symptoms at 
baseline through a wide range of symptom burden can be 
appreciated. Both baseline and early worsening in select 
measures of NCF, symptoms, and HRQOL were predictive 
of both PFS and OS, highlighting the importance of these 
measures to survival outcomes and the potential utility as 
either stratification factors or as study entry criteria in fu-
ture clinical trials.

Through 46 weeks, completion rates of NCF testing and 
PROs were>75%, which is quite favorable relative to pre-
vious clinical trials. It is hypothesized that this improved 
participation rate and reduction in attrition and missing 
data are due to substantial efforts from the study team to 
inform sites of the importance of and to increase famil-
iarity with this component of the trial. The successful inte-
gration and participation in this aspect of the trial builds 
on previous work utilizing the same measures,9 and rep-
resents a critical milestone in neuro-oncology that allows 
investigators to design studies with fewer concerns that 
these important endpoints will be inevaluable due to ex-
cessive, unplanned missing data. Clearly, there remains 
room to improve (particularly in terms of obtaining these 
data over time as patients begin to develop increased brain 
damage), which is needed both to address the pressing 
scientific and clinical questions posed in these trials and 
because regulatory authorities have recognized these out-
comes as being critical in the appraisal of treatments for 
patients with brain tumors.17

In patients that were clinically and radiographically free 
from progressive disease, the median time to decline in all 
Net Clinical Benefit (NCB) assessments was <2 months in 
both treatment arms with no appreciable differences be-
tween the arms. This demonstrates the early and relentless 
neurodegenerative course experienced by patients with 

GBM, which is seen both on tests of NCF and patient self-
reports of symptoms and HRQOL. Unfortunately, patients 
treated with bevacizumab did not experience a delay in 
time to decline in NCF or worsening in symptom burden 
or HRQOL. Importantly, worsening of multiple measures 
of NCF, symptoms, and HRQOL occurred at multiple later 
time points compared to baseline. This highlights that, 
on average, the adverse effects of the additional therapy 
may be additive to that of the disease and the importance 
of evaluating not only the disease-related effects but also 
those of the therapy to better understand the clinical im-
pact of the treatment on the individual.

When each measure was examined at individual time 
points, patients treated with bevacizumab demonstrated 
greater improvements in executive function on objec-
tive testing at week 6 as well as improved self-reported 
cognitive function on the MDASI-BT, although they also 
self-reported greater neurocognitive complaints on the 
HRQOL measure. At week 10, patients that received pla-
cebo reported greater worsening on the GI Factor of the 
MDASI-BT. Patients treated with bevacizumab did not 

demonstrate or report improved NCF, symptoms, or 
HRQOL at any other time point compared to patients 
that received placebo. By week 34, patients treated with 
bevacizumab demonstrated worse NCF test results and/or 
greater neurocognitive complaints on at least one of the 
clinical outcome assessment measures. Additionally, pa-
tients treated with bevacizumab reported more worsening 
on multiple components of the symptom measure, re-
flective of both disease- and treatment-associated symp-
toms, and primarily cognitive and social role functioning 
changes on the HRQOL measure. While it is not possible to 
isolate the reason for the early and time-limited benefit in 
tested executive function and self-reported cognitive func-
tion on the MDASI-BT at week 6 in patients that received a 
single dose of bevacizumab, it may be analogous to some 
beneficial effects of steroids on symptoms of edema and is 
consistent with anecdotal experience of an immediate ben-
efit on mental status for a subgroup of patients. However, 
patients’ subjective global appraisal of their NCF on the 
HRQOL measure was opposite this result. One possible 
explanation for this difference is the specific measures of 

  
Table 2 Baseline Neurocognitive Test Scores

Placebo Bevacizumab Mann-Whitney  
Test P Value  
(Effect Sizec)

Neurocognitive testa

HVLT-R Total Recall (n = 235) (n = 250)  

 Mean (SD) −1.4 (1.6) −1.4 (1.5)  

 Median (min, max) −1.3 (−6.3 to 1.8) −1.3 (−5.7 to 1.7) .89 (0.006)

HVLT-R Delayed Recall (n = 237) (n = 249)  

 Mean (SD) −1.5 (1.8) −1.4 (1.7)  

 Median (min, max) −1.3 (−6.1 to 1.2) −1.3 (−5.5 to 1.2) .95 (0.003)

HVLT-R Delayed Recognition (n = 236) (n = 249)  

 Mean (SD) −1.0 (2.3) −0.8 (1.8)  

 Median (min, max) −0.2 (−14.9 to 0.9) −0.4 (−10.2 to 0.9) .64 (0.021)

TMT Part A (n = 237) (n = 244)  

 Mean (SD) −3.4 (13.1) −3.0 (7.7)  

 Median (min, max) −0.9 (−160.2 to 2.2) −1.2 (−96.2 to 2.1) .18 (0.062)

TMT Part B (n = 236) (n = 238)  

 Mean (SD) −4.1 (9.3) −4.8 (14.4)  

 Median (min, max) −1.3 (−97.4 to 4.0) −1.4 (−194.2 to 2.3) .56 (0.027)

COWA (n = 239) (n = 247)  

 Mean (SD) −0.9 (1.4) −1.0 (1.2)  

 Median (min, max) −0.9 (−4.1 to 5.0) −1.0 (−3.9 to 2.6) .29 (0.048)

CTB Compositeb (n = 236) (n = 244)  

 Mean (SD) −2.0 (3.5) −2.0 (3.2)  

 Median (min, max) −1.2 (−33.4 to 2.1) −1.3 (−35.2 to 1.0) .37 (0.041)

Abbreviations: COWA, Controlled Oral Word Association; CTB, Clinical Trial Battery; HVLT-R, Hopkins Verbal Learning Test-Revised; SD, standard 
deviation; TMT, Trail Making Test.
aNeurocognitive test scores are presented as standardized z scores (mean = 0, SD = 1) where negative scores represent worse neurocognitive func-
tion. bCTB Composite score is the mean of standardized scores (HVLT-R Total Recall, HVLT-R Delayed Recall, HVLT-R Delayed Recognition, TMT Part 
A and B, COWA). At least 5 scores had to be available to calculate this variable. cEffect size calculated as Wilcoxon z score divided by the square 
root of the sample size.
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Table 3 Baseline HRQOL and Symptom Scores

Placebo Bevacizumab Mann-Whitney  
Test P Value  
(Effect Sizef)

EORTC QLQ-C30/BN20a

Global QOLb (n = 236) (n = 248)  

 Mean (SD) 68.6 (24.4) 70.4 (21.3)  

 Median (min, max) 75.0 (0.0-100.0) 75.0 (0.0-100.0) .70 (0.018)

Physical functioningb (n = 235) (n = 249)  

 Mean (SD) 85.6 (17.5) 85.7 (16.6)  

 Median (min, max) 93.3 (13.3-100.0) 93.3 (13.3-100.0) .85 (0.008)

Cognitive functioningb (n = 236) (n = 249)  

 Mean (SD) 72.7 (24.1) 76.0 (22.9)  

 Median (min, max) 83.3 (0.0-100.0) 83.3 (0.0-100.0) .12 (0.071)

Social functioningb (n = 236) (n = 249)  

 Mean (SD) 69.6 (24.1) 70.1 (22.9)  

 Median (min, max) 66.7 (0.0-100.0) 66.7 (0.0-100.0) .79 (0.012)

Motor dysfunctionc (n = 235) (n = 248)  

 Mean (SD) 16.3 (19.9) 13.4 (18.4)  

 Median (min, max) 11.1 (0.0-100.0) 11.1 (0.0-100.0) .09 (0.078)

Communication deficitc (n = 235) (n = 249)  

 Mean (SD) 17.9 (21.5) 14.3 (20.6)  

 Median (min, max) 11.1 (0.0-100.0) 0.0 (0.0-100.0) .03 (0.101)

MDASI-BTd

Symptom Burdene (n = 234) (n = 244)  

 Mean (SD) 1.4 (1.4) 1.2 (1.1)  

 Median (min, max) 1.0 (0.0-9.0) 0.9 (0.0-5.7) .28 (0.050)

Symptom Interference - Globale (n = 234) (n = 243)  

 Mean (SD) 2.0 (2.3) 1.9 (2.1)  

 Median (min, max) 1.2 (0.0-9.2) 1.2 (0.0-9.0) .79 (0.012)

Symptom Interference - Activitiese (n = 234) (n = 243)  

 Mean (SD) 2.2 (2.5) 2.2 (2.4)  

 Median (min, max) 1.0 (0.0-10.0) 1.3 (0.0-10.0) .49 (0.031)

Symptom Interference - Moode (n = 234) (n = 242)  

 Mean (SD) 1.8 (2.3) 1.6 (2.0)  

 Median (min, max) 1.0 (0.0-9.0) 1.0 (0.0-9.0) .75 (0.015)

Affective Factore (n = 235) (n = 244)  

 Mean (SD) 2.3 (2.2) 2.1 (1.9)  

 Median (min, max) 1.6 (0.0-10.0) 1.4 (0.0-8.4) .48 (0.032)

Cognitive Factore (n = 234) (n = 244)  

 Mean (SD) 1.5 (2.0) 1.4 (1.8)  

 Median (min, max) 0.8 (0.0-9.3) 0.8 (0.0-8.3) .52 (0.029)

Neurologic Factore (n = 235) (n = 243)  

 Mean (SD) 1.2 (1.7) 0.9 (1.2)  

 Median (min, max) 0.7 (0.0-9.3) 0.3 (0.0-6.7) .09 (0.077)

Treatment Factore (n = 234) (n = 244)  

 Mean (SD) 1.4 (1.6) 1.4 (1.6)  

 Median (min, max) 1.0 (0.0-9.3) 0.7 (0.0-8.0) .88 (0.007)

Generalized/Disease Factore (n = 232) (n = 243)  

 Mean (SD) 1.1 (1.5) 0.9 (1.1)  
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executive function that worsened and consideration of 
the individual items in each PRO tool. Importantly, it is the 
COWA and TMTB objective tests at week 6 that show less 
deterioration. The MDASI-BT cognitive factor includes the 
patients’ perceived severity of the following symptoms: 
difficulty understanding, remembering, speaking, and con-
centrating. The EORTC Cognitive scale includes only diffi-
culty in concentrating, reading a newspaper or watching 
television, and difficulty remembering things, with trouble 
finding the right words to express yourself, difficulty 
speaking and communicating your thoughts included in a 
separate item grouping referred to as the “communication 
scale.” This summary score did align with the findings from 
week 6 on other tests and measures and may indicate how 
these items are represented in the scales leads to this dif-
ference. For clinicians who employ these tools to monitor 
patients, it is important to understand the individual symp-
toms that are included in summary scores as well as the 
domains evaluated for any test that is employed to ensure 
understanding of these results.

Efforts to develop predictive models to identify pa-
tients that may experience at least early benefit from 
bevacizumab may be of value. However, caution must be 
applied to the interpretation of these results as corrections 
for multiple comparisons were not applied given the ex-
ploratory nature of these analyses.

Despite the similarities between NRG Oncology RTOG 
0825 and the AvaGlio trial,18 there are numerous differ-
ences in study design, outcome measures, and statistical 
analytical approaches employed that complicate a simple 
“head-to-head” comparison. The most immediate and ob-
vious are differences in the patient-centered clinical out-
come assessments: NRG Oncology RTOG 0825 used 3 
tests of NCF that measure episodic learning and memory, 
processing speed, and executive function, while AvaGlio 
used a dementia screening instrument (Mini Mental 
State Examination); RTOG used a multi-symptom inven-
tory (MDASI-BT), AvaGlio had no such measure; and both 
RTOG and AvaGlio used the EORTC QLQ-C30/BN20 HRQOL 
measures. While it is tempting to compare the results from 
the HRQOL measure across studies, differences in the 
statistical analysis and study design hamper the validity 
of such cross-trial comparisons of the published results. 

A  particularly compelling finding within NRG Oncology 
RTOG 0825 was the consistency of findings across both 
objective tests of NCF and subjective ratings of cognitive 
function in both the longitudinal repeated measures anal-
ysis and at the later time points in the change from base-
line analyses.

As the analyses of the patient-centered outcomes were 
dependent on the clinical and radiographic status of the 
patient, examination of these outcomes again after central 
review of the imaging studies of the brain are of high in-
terest. Such analyses may help clarify the hypothesis that 
the greater declines in NCF and symptom report over time 
in the bevacizumab patients was due to the imaging cri-
teria in NRG Oncology RTOG 0825 failing to detect tumor 
progression as early in the bevacizumab group as it does 
in the placebo group leading to more patients in the 
bevacizumab group at each time point with progressing 
brain tumor/brain damage and thus measurably greater 
neurocognitive dysfunction.

The current study has several limitations including im-
perfect compliance with NCF test and PRO completion as 
described earlier, the absence of NCF test and PRO data 
after the patient experienced progressive disease, appli-
cation of imaging criterion that may not have been able 
to detect tumor progression equally well in both arms, 
and limitations in generalizing the results observed in the 
clinical trial population to all patients with GBM. As de-
scribed previously, we have made tremendous strides in 
improving compliance to these endpoints and are confi-
dent that the neuro-oncology clinical and research com-
munity will continue to improve in this area. One of the 
most common reasons for noncompliance with NCF 
testing and PRO completion is disease progression; how-
ever, collecting this critical data at the time of and/or after 
progression would allow examination of the extent of 
contribution of tumor progression to changes in NCF and 
PROs. As the scans for patients on trial were collected and 
banked there will be opportunity for reanalysis of the im-
aging with newer criterion that may further enhance our 
understanding of the impact of disease and treatment on 
patients’ NCF, symptoms, and HRQOL. As is true with most 
phase III clinical trials in newly diagnosed patients with 
GBM, the eligibility criteria generally limit access to the 

 Median (min, max) 0.5 (0.0-9.5) 0.5 (0.0-7.0) .09 (0.078)

GI Factore (n = 231) (n = 240)  

 Mean (SD) 0.3 (1.2) 0.2 (0.6)  

 Median (min, max) 0.0 (0.0-9.5) 0.0 (0.0-4.5) .90 (0.006)

Abbreviations: GI, gastrointestinal; HRQOL, health-related quality of life; MDASI-BT, MD Anderson Symptom Inventory - Brain Tumor Module; SD, 
standard deviation.
Activities: work, general activity, walking; Mood: relationships with other people, enjoyment of life, mood.
aEORTC QLQ-C30/BN20 Scale scores are presented as transformed scores; bHigher scores represent better HRQOL; cHigher scores represent worse 
HRQOL/symptoms; dMDASI-BT Factor scores are presented as raw scores; eHigher scores represent worse symptoms; fEffect size calculated as 
Wilcoxon z score divided by the square root of the sample size.
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Table 4 Deterioration Frequencies

Placebo Bevacizumab Chi-Square  
Test P Value

Neurocognitive testa

HVLT-R Total Recall

Week 6 (n = 185) (n = 207) .24

Deteriorated 18.4% 23.2%  

Week 10 (n = 154) (n = 178) .10

Deteriorated 27.9% 20.2%  

HVLT-R Delayed Recall

Week 6 (n = 186) (n = 207) .78

Deteriorated 20.4% 19.3%  

Week 10 (n = 155) (n = 178) .75

Deteriorated 27.1% 28.7%  

HVLT-R Delayed Recognition

Week 6 (n = 185) (n = 207) .82

Deteriorated 28.1% 27.1%  

Week 10 (n = 155) (n = 176) .16

Deteriorated 20.0% 14.2%  

TMTA

Week 6 (n = 183) (n = 197) .10

Deteriorated 25.1% 18.3%  

Week 10 (n = 154) (n = 169) .24

Deteriorated 10.4% 14.8%  

TMTB

Week 6 (n = 179) (n = 193) .04

Deteriorated 26.3% 17.6%  

Week 10 (n = 151) (n = 162) .12

Deteriorated 25.2% 17.9%  

COWA

Week 6 (n = 188) (n = 205) .002

Deteriorated 11.7% 3.4%  

Week 10 (n = 156) (n = 175) .78

Deteriorated 4.5% 5.1%  

CTB Composite*

Week 6 (n = 183) (n = 201) .16

Deteriorated 36.6% 29.9%  

Week 10 (n = 154) (n = 170) .19

Deteriorated 35.1% 28.2%  

MDASI-BT

Symptom Burden

Week 6 (n = 186) (n = 206) .45

Deteriorated 28.5% 32.0%  

Week 10 (n = 158) (n = 180) .65

Deteriorated 20.9% 18.9%  

Symptom Interference - Global

Week 6 (n = 187) (n = 206) .42

Deteriorated 35.8% 39.8%  

Week 10 (n = 158) (n = 180) .74

Deteriorated 31.6% 33.3%  
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Symptom Interference - Activities

Week 6 (n = 187) (n = 206) .22

Deteriorated 35.3% 41.3%  

Week 10 (n = 158) (n = 180) .68

Deteriorated 35.4% 33.3%  

Symptom Interference - Mood

Week 6 (n = 187) (n = 205) .13

Deteriorated 32.1% 39.5%  

Week 10 (n = 158) (n = 179) .62

Deteriorated 31.0% 33.5%  

Cognitive Factor

Week 6 (n = 186) (n = 206) .05

Deteriorated 33.5% 24.3%  

Week 10 (n = 158) (n = 180) .51

Deteriorated 24.7% 21.7%  

Neurologic Factor

Week 6 (n = 187) (n = 205) .83

Deteriorated 18.2% 19.0%  

Week 10 (n = 159) (n = 180) .21

Deteriorated 18.9% 13.9%  

Treatment Factor

Week 6 (n = 186) (n = 206) .22

Deteriorated 46.8% 52.9%  

Week 10 (n = 158) (n = 180) .74

Deteriorated 41.8% 40.0%  

Generalized Disease Factor

Week 6 (n = 185) (n = 206) .58

Deteriorated 27.6% 30.1%  

Week 10 (n = 156) (n = 180) .64

Deteriorated 24.4% 22.2%  

Affective Factor

Week 6 (n = 187) (n = 206) .04

Deteriorated 27.8% 37.4%  

Week 10 (n = 159) (n = 180) .36

Deteriorated 28.3% 23.9%  

GI Factor

Week 6 (n = 181) (n = 201) .59

Deteriorated 29.3% 31.8%  

Week 10 (n = 156) (n = 176) .04

Deteriorated 28.8% 19.3%  

EORTC QLQ-C30/BN20

Global HRQOL Scale

Week 6 (n = 191) (n = 212) .19

Deteriorated 32.5% 38.7%  

Week 10 (n = 159) (n = 184) .89

Deteriorated 34.6% 35.3%  

  
Table 4 Continued
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subpopulation of patients in better health, which will limit 
the generalizability of the findings to the broader and often 
less well population of patients with this disease.

NRG Oncology RTOG 0825 has firmly established that it 
is feasible and highly relevant to the interpretation of ther-
apeutic efficacy and safety in brain tumor trials to measure 
critical aspects of NCF, symptoms, and HRQOL. We are en-
couraged by the widespread acceptance and implemen-
tation of these clinical outcome assessments at the sites 
within the NRG Oncology RTOG network and are certain 
that these outcomes will offer deeper insights into the op-
timal therapies for patients that maximize both life span 
and health span.

Supplementary Material

Supplementary material is available at Neuro-Oncology 
online.
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Cognitive Functioning Scale

Week 6 (n = 192) (n = 213) .01

Deteriorated 29.2% 40.8%  

Week 10 (n = 159) (n = 184) .56

Deteriorated 27.0% 29.9%  

Physical Functioning Scale

Week 6 (n = 191) (n = 211) .64

Deteriorated 36.1% 38.4%  

Week 10 (n = 157) (n = 184) .46

Deteriorated 32.5% 28.8%  

Social Functioning Scale

Week 6 (n = 191) (n = 213) .23

Deteriorated 35.1% 40.8%  

Week 10 (n = 158) (n = 184) .43

Deteriorated 36.7% 32.6%  

Motor Dysfunction

Week 6 (n = 190) (n = 211) .57

Deteriorated 30.5% 28.0%  

Week 10 (n = 156) (n = 184) .31

Deteriorated 27.6% 32.6%  

Communication Deficit

Week 6 (n = 190) (n = 212) .34

Deteriorated 25.3% 21.2%  

Week 10 (n = 156) (n = 184) .67

Deteriorated 27.6% 25.5%  

Abbreviations: COWA, Controlled Oral Word Association; CTB, Clinical Trial Battery; HRQOL, health-related quality of life; HVLT-R, Hopkins Verbal Learning 
Test-Revised; MDASI-BT, MD Anderson Symptom Inventory - Brain Tumor Module; TMTA, Trail Making Test Part A; TMTB, Trail Making Test Part B.
Deterioration is calculated using the change score.
aChange score is calculated using standardized z score.
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