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Abstract
Background.  In patients with recurrent glioblastoma, the benefit of bevacizumab beyond progression remains 
uncertain. We prospectively evaluated continuing or ceasing bevacizumab in patients who progressed while on 
bevacizumab.
Methods.  CABARET, a phase II study, initially randomized patients to bevacizumab with or without carboplatin 
(Part 1). At progression, eligible patients underwent a second randomization to continue or cease bevacizumab 
(Part 2). They could also receive additional chemotherapy regimens (carboplatin, temozolomide, or etoposide) or 
supportive care.
Results.  Of 120 patients treated in Part 1, 48 (80% of the anticipated 60-patient sample size) continued to Part 2. 
Despite randomization, there were some imbalances in patient characteristics. The best response was stable dis-
ease in 7 (30%) patients who continued bevacizumab and 2 (8%) patients who stopped receiving bevacizumab. 
There were no radiological responses. Median progression-free survival was 1.8 vs 2.0 months (bevacizumab vs 
no bevacizumab; hazard ratio [HR], 1.08; 95% CI, .59–1.96; P = .81). Median overall survival was 3.4 vs 3.0 months 
(HR, .84; 95% CI, .47–1.50; P = .56 and HR .70; 95% CI .38–1.29; P = .25 after adjustment for baseline factors). Quality-
of-life scores did not significantly differ between arms. While the maximum daily steroid dose was lower in the 
continuation arm, the difference was not statistically significant.
Conclusions.  Patients who continued bevacizumab beyond disease progression did not have clear survival 
improvements, although the study was not powered to detect other than very large differences. While these data 
provide the only randomized evidence related to continuing bevacizumab beyond progression in recurrent glio-
blastoma, the small sample size precludes definitive conclusions and suggests this remains an open question.
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Glioblastoma has a universally poor prognosis, a high 
morbidity and mortality burden, and the highest average 
years lost for any tumor type.1–3 Management approaches 
for recurrent glioblastoma are limited. Bevacizumab, 
a humanized monoclonal antibody against vascular 
endothelial growth factor (VEGF) is commonly used, hav-
ing received accelerated approval from the Food and Drug 
Administration (FDA) in 2009 4 on the basis of radiological 
response rates (up to 50%) and progression-free survival 
(PFS) (up to 9  months) in phase 2 trials.5–7 However, no 
phase 3 study has demonstrated an overall survival (OS) 
benefit. Most recently, the phase 3 EORTC 26101 study did 
not find an OS benefit when using bevacizumab in com-
bination with lomustine over lomustine monotherapy, 
despite initial enthusiasm and a reported survival ben-
efit from the phase 2 BELOB study.8,9 Bevacizumab use 
in the recurrent glioblastoma setting is not universal: the 
European Medicines Agency did not approve it, in part due 
to the absence of chemotherapy-alone comparative data at 
that time.10,11

The role of continuing bevacizumab beyond initial pro-
gression remains controversial. Some clinicians favor 
continuing bevacizumab on the basis of metastatic colo-
rectal cancer studies indicating benefit beyond progres-
sion,12,13 and small retrospective glioblastoma studies 
have suggested that cessation may result in accelerated 
disease progression, rapid revascularization, and rebound 
edema.14–17 Conversely, a retrospective review of 54 glio-
blastoma patients reported a 6-month PFS of only 2% for 
patients continuing with a second bevacizumab-containing 
regimen.18

Despite a relative lack of prospective supportive data, 
the current National Comprehensive Cancer Network 
guidelines for recurrent glioblastoma specifically indicate 
support for continuing bevacizumab beyond progres-
sion.19 Reasonable preclinical rationale has existed for 
this practice. Although the drug’s exact mechanism of 
action in glioblastoma is poorly understood, its antian-
giogenic effects are thought to contribute directly. These 
effects, as well as possible enhanced delivery of chemo-
therapy to the tumor site through vascular normalization, 
should in theory be maintained throughout different lines 
of chemotherapy.20 The antiedema effect of bevacizumab 
is also well documented.21 This, together with published 
benefits in administering the drug beyond progression in 
colorectal cancer12,13 and the lack of randomized data in 
the setting of glioblastoma, provided the rationale for this 
study.

The two-part, stratified, nonblinded, randomized phase 
2 study, Carboplatin and Bevacizumab in Recurrent 
Glioblastoma (CABARET), was conducted in Australia. 
In Part 1 of CABARET, 120 patients were randomized to 
bevacizumab plus carboplatin or bevacizumab alone. The 
primary objective was to determine the effect of beva-
cizumab plus carboplatin, versus bevacizumab mono-
therapy on PFS using modified Response Assessment in 
Neuro-Oncology (RANO) criteria.22 Published outcomes 
showed no PFS or OS benefit from adding carboplatin to 
bevacizumab.23

We report here results from Part 2 of CABARET, in which, 
at progression, eligible patients were randomized to con-
tinue or cease bevacizumab in addition to a specified 

chemotherapy regimen or best supportive care. The objec-
tives were to determine the effect of continuing or stop-
ping bevacizumab after progression.

Methods

Patient Eligibility

Eligibility criteria for CABARET Part 1 have been previously 
described.23,24 In brief, consenting adults with recurrent 
glioblastoma after receiving radiotherapy and temozolo-
mide, with no other prior chemotherapy for glioblastoma, 
and ECOG performance status 0−2, were eligible. Prior 
recurrences were not exclusionary, provided no chemo-
therapy other than temozolomide had been used (prior 
5-day or metronomic schedules permitted).

Progressive disease during Part 1 was determined by site 
investigators and could be either clinical or radiological, as 
per RANO criteria.22 Following progression on Part 1, eli-
gible and consenting patients were randomized. Eligibility 
criteria for entry onto Part 2 included: patients with RANO-
defined (radiological or clinical) progression on Part 1 of 
CABARET; considered appropriate by the site investiga-
tor to undergo further active therapy; had not withdrawn 
from bevacizumab during Part 1 due to toxicity; and did not 
have contraindications to the ongoing use of bevacizumab. 
Reasons for patients not continuing on to Part 2 were docu-
mented (Supplementary Table 1).

Part 2 Study Design 

The study design is outlined in Fig. 1. Following progres-
sion on Part 1 and prior to Part 2 randomization, patients 
continuing to Part 2 could elect to receive specified chemo-
therapy or best supportive care without chemotherapy at 
clinician discretion in consultation with the patient. After 
this decision had been recorded, eligible patients were 
then randomized 1:1 to continue bevacizumab 10  mg/
kg intravenously 2-weekly, or to cease bevacizumab. Part 
2 randomization was stratified by center, age, sex, per-
formance status, and Part 1 treatment allocation. The 
randomization occurred after the decision about addi-
tional therapy in order to avoid bias from the possibility 
of patients subsequently choosing not to remain on trial 
if they chose no chemotherapy and were randomized to 
receive no bevacizumab.

Patients who had received bevacizumab monother-
apy in Part 1 were treated with either carboplatin (AUC 
5)  4-weekly, or best supportive care without chemother-
apy. Patients who had received bevacizumab plus carbo-
platin in Part 1 could receive: etoposide (50 mg/m2 daily 
for 20  days every 28  days); temozolomide (150−200  mg/
m2 daily for 5 days every 28 days, or 75 mg/m2 daily for 
20  days every 28  days), or best supportive care without 
chemotherapy. These drug choices were limited by safety 
recommendations from Roche: availability of safety data 
was required for use of these agents in combination with 
bevacizumab, and at the time data existed to support the 
use of temozolomide rechallenge or etoposide in this set-
ting.25,26 Additional limitations included unavailability of 
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lomustine and irinotecan on the Australian Pharmaceutical 
Benefits Scheme for this indication at the time of study 
design, and the safety and efficacy of bevacizumab in com-
bination with lomustine had not been reported at the time 
of study design.

Supportive care was permitted throughout for all patients 
including concomitant antibiotics, analgesics, corticos-
teroids, transfusions, and other necessary symptomatic 
therapy, except other investigational antitumor agents, 
chemotherapy, hormonal therapy, or immunotherapy.

Part 2 Outcomes

The primary outcome was median PFS. Response rate, OS, 
health-related quality of life (QOL), cognitive function, cor-
ticosteroid dose, and toxicities were also assessed.

Dose Modification

The toxicity criteria for discontinuing or suspending treat-
ment have been previously reported.23 To summarize: no 
bevacizumab dose reductions were permitted, but bevaci-
zumab was discontinued for clinically relevant central nerv-
ous system hemorrhage, nephrotic syndrome, or grade 4 
hypertension. The causative drug was discontinued for any 
grade 3 or 4 hypersensitivity reaction. Any drug could be 
delayed for up to 8 weeks for lesser adverse events. In Part 
2, modifications to the specified chemotherapy regimen 
were at clinician discretion.

Response Evaluation

Response evaluation was determined by magnetic reso-
nance imaging (MRI), clinical status, and steroid dosing, 
according to RANO criteria22 and incorporated a modifica-
tion using a 5-point scale to define the extent of T2/FLAIR 
signal abnormality (modified RANO criteria).23 PFS for Part 
2 was defined as the time between date of progression on 

Part 1 treatment determined at the trial site (using RANO 
criteria) and the date of disease progression on Part 2 
treatment as determined by central radiology review, or 
death from any cause. Patients were censored at com-
mencement of any other anticancer therapy or if alive and 
progression-free at last assessment. Overall survival for 
Part 2 was calculated from the date of Part 1 site-deter-
mined progression to date of death from any cause. The 
date of progression on Part 1 of the study served as the 
baseline for patients who participated in Part 2 as in clini-
cal practice this is also likely to be the date at which deci-
sions about further treatment are made, and thus most 
relevant to comparing survival between alternative treat-
ments. Response rates and progression were determined 
by central radiology review according to modified RANO 
criteria.23

Precontrast and postcontrast T1 and T2/FLAIR MRI were 
performed 8-weekly during Part 2, the baseline MRI being 
defined as the MRI that confirmed Part 1 progression. MRIs 
were reviewed both by site investigators and centrally. The 
radiological and clinical assessment of progression at the 
trial site was used to make decisions about study treat-
ment continuation or cessation. Central radiology review 
was used for reporting trial endpoints.

Clinical assessments, including physical examination 
and neurocognitive and QOL assessments, were per-
formed 4-weekly. Following Part 2 progression, monthly 
follow-up assessments were conducted until the patient 
died or withdrew from the trial.

Safety

Adverse events were classified and graded using 
National Cancer Institute Common Terminology Criteria 
for Adverse Events version 4.0,27 and safety data were 
collected until at least 30 days after the last study treat-
ment. The protocol was approved by all relevant human 
research ethics committees. Written informed consent 
was required before any study procedure commence-
ment. Cooperative Trials Group for Neuro-Oncology 

Fig. 1  Study design (Parts 1 and 2)
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(COGNO), coordinated at the National Health and 
Medical Research Council (NHMRC) Clinical Trials Centre, 
University of Sydney, was responsible for collection, 
maintenance, integrity, and confidentiality of all data. The 
trial management committee was responsible for study 
conduct. An independent data safety monitoring commit-
tee monitored safety aspects. Roche Products Pty Limited 
(Australia) provided trial funding and bevacizumab, but 
was not involved in data monitoring, analysis, or manu-
script preparation.

Statistical Design and Analysis

We compared two arms: patients randomized to continue 
bevacizumab versus patients randomized to cease beva-
cizumab, irrespective of additional treatment received. It 
was anticipated that approximately 60 patients (50 percent 
of the Part 1 cohort) would be randomized to Part 2, and 
as such, Part 2 was powered to detect only a large differ-
ence between arms. A  sample of 30 patients per group 
would have provided 80% power to detect a large differ-
ence in survival (hazard ratio [HR] of 2, median survival 2 
versus 4 months) and a one-sided alpha of 5%. At the time 
of study design in early 2010, retrospective data reported 
a median PFS of 2 months for 19 patients with recurrent 
glioblastoma who discontinued bevacizumab and received 
other salvage therapies.28

For safety assessments, all patients, except one who 
withdrew prior to receiving any Part 2 treatment, were 
included. Efficacy assessments comparing continuing 
versus ceasing bevacizumab included the intention-to-
treat (ITT) population of all randomized patients, using 
the Kaplan-Meier method to estimate median survival 
and 6-month survival percentage and proportional haz-
ards regression to calculate the HR. The best responses in 
each patient were compared between treatments using a 
chi-square test. In addition, a Cox regression analysis of 
treatment effect on survival was undertaken with adjust-
ment for key baseline factors: age, sex, performance sta-
tus, prior recurrence, and planned chemotherapy regimen, 
as a sensitivity analysis.

The EORTC QLQ-C30 social functioning, overall QOL, role 
functioning, physical functioning, cognitive functioning, 
and fatigue, drowsiness, communication deficit and motor 
dysfunction symptom scales were compared between 
arms. QOL is reported as time to deterioration, measured 
as time between the end of Part 1 and first recorded deteri-
oration on the global QOL scale. Deterioration was defined 
as a decline of ≥10 points on a 0−100 scale persisting for 2 
consecutive assessments; or a single decline of ≥10 points 
on a 0−100 scale where further measurements were not 
obtained because of progression or death; disease pro-
gression on central review without QOL decline or com-
pletion; or inability to complete assessments because of 
neurological deterioration or death. The median and inter-
quartile range (IQR) of time to deterioration was calculated 
using the Kaplan-Meier method, and the HR for deteriora-
tion was calculated using proportional hazards regression.

Mean and maximum daily steroid doses in the first 
30 days of treatment were calculated for each patient; the 
mean calculated by summing total steroid intake divided 

by 30 or the number of days the patient was on Part 2 treat-
ment, whichever was lower. The medians of these values 
were compared between arms using the Wilcoxon rank-
sum test.

Results

Baseline Characteristics

Characteristics of patients who continued to Part 2 are 
shown in Table  1. In total, 48 patients (80% of the antici-
pated n = 60 from Part 1) were recruited to Part 2. There 
were some differences between the two arms with respect 
to number of relapses at the time of Part 1 recruitment, 
with 48% (n = 11) of patients randomized to continue beva-
cizumab having more than one recurrence, compared with 
20% (n  =  5) of those randomized to cease bevacizumab 
(P = .05). Patients with ECOG performance status of 2 and 
3 were equally balanced between arms, but with a higher 
proportion of patients with undocumented status in the 
bevacizumab continuation arm.

Characteristics of patients who did not continue to Part 
2 are shown in Table  1 for comparison. These patients 
tended to be older, with a poorer performance status and 
a shorter OS (median 2.0 versus 3.3 months for those ran-
domized). The most common reasons for decisions not to 
continue onto Part 2 were that the patient was not consid-
ered appropriate to receive further chemotherapy or bev-
acizumab (n = 34); and patient preference (n = 14). Other 
reasons included death while on Part 1 (n = 5); surgery for 
recurrence (n = 4); and withdrawal from bevacizumab dur-
ing Part 1 (n = 4) (Supplementary Table 1). Supplementary 
Table  2 shows the treatment received after Part 1 for 
patients who did not continue to Part 2, and for those who 
had treatment beyond Part 2.

Treatment

Forty-eight of the 120 patients who received at least one 
dose of study treatment in Part 1 were randomized to Part 2 
between July 2011 and September 2013, from 15 of the 18 par-
ticipating sites (Fig. 2). Of these, 48% were randomized to con-
tinuing bevacizumab and 52% to ceasing bevacizumab. Two 
patients were still receiving treatment on Part 1 at the time 
of study closure, so were not eligible to participate in Part 2, 
and received ongoing compassionate access to bevacizumab. 
The median time from discontinuing Part 1 to randomization 
to Part 2 was 2.5 days. Chemotherapy choices for both arms 
were similar (Table 1). One patient randomized to cease beva-
cizumab chose to discontinue participation, dying 24  days 
after Part 2 randomization, and is included in the ITT analysis.

Median time on study was 1.5 months for bevacizumab 
continuation and 1.1  months for bevacizumab cessation. 
The mean number of bevacizumab doses was 3 (range, 
1−14). Reasons for ceasing Part 2 treatment (site-deter-
mined) were progression (65%, n  =  31), patient choice 
(23%, n = 11), clinician preference (6%, n = 3), death from 
cancer (4%, n = 2), and adverse event (2%, n = 1; grade 2 
elevated alanine transaminase).
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Efficacy

No patients had an objective response, as determined by 
central radiology review. The best response by site review 
was stable disease in 30% (n = 7) of those continuing bevaci-
zumab and 8% (n = 2) of those ceasing (P = .047). Only 30 of 48 
patients (63%) underwent MRI on Part 2; thus progression was 
determined clinically for a substantial proportion. There was 
no difference in median PFS between arms: 1.8 months in the 
continuation arm and 2.0 months in the cessation arm (HR, 
1.08; 95% CI, .59−1.96; P = .81) (Fig. 3a). Six-month PFS was 
5% (n = 1) for bevacizumab continuation and 0% for cessation.

Progression was determined clinically or as death without 
documented radiological progression in 22 of 48 participants: 
9 (39%) in the continuation arm and 13 (52%) in the cessation 
arm. In the remainder, a combination of radiological and clini-
cal progression was seen, with no clear differences between 
arms, and specifically no abundance of nonenhancing T2 pro-
gression in the bevacizumab cessation arm (Table 2).

Median OS was 3.4 months (bevacizumab continuation) 
versus 3.0 months (bevacizumab cessation) (HR, .84; 95% 
CI, .47−1.50; P = .56) (Fig. 3b). After adjustment for baseline 
factors, HR, .70; 95% CI .38–1.29; P = .25. Four patients who 
participated in Part 2 died within 1 month of completing 

Table 1  Baseline characteristics of patients participating in Part 2 of the CABARET trial

Characteristic Value Continued bevaci-
zumab (n = 23)

Ceased bevaci-
zumab (n = 25)

Did not continue to 
Part 2 (n = 74)

Age (years) at Part 2 randomization 50 (30–70) 54 (34–74) 57 (25–82)

Sex Female 9 (39%) 12 (48%) 34 (46%)

Male 14 (61%) 13 (52%) 40 (54%)

ECOG performance status at Part 2 baseline/end Part 1

0/1 8 (35%) 12 (48%) 13 (18%)

2 7 (30%) 8 (32%) 12 (16%)

3 3 (13%) 3 (12%) 10 (14%)

4 0 0 5 (7%)

Not recorded 5 (22%) 2 (8%) 34 (46%)

Time on CABARET Part 1 (median months, range) 3.6 (1.3–12.9) 4.1 (1.7–20.3)

Reasons for Part 1 progression T1 MRI changes 4 (17%) 2 (8%) NA

T2 MRI changes 1 (4%) 3 (12%)

New lesion on 
MRI

2 (9%) 1 (4%)

Clinical only 6 (26%) 4 (16%)

Combination of 
above

10 (43%) 15 (60%)

Prior diagnosis of grade I−III astrocytoma,  
oligoastrocytoma, or oligodendroglioma

No 19 (83%) 21 (84%) 66 (89%)

Yes 4 (17%) 4 (16%) 8 (11%)

Relapse at time of Part 1 recruitment First 12 (52%) 19 (76%) 49 (66%)

Second or more 11 (48%) 5 (20%) 24 (32%)

Unknown 0 (0%) 1 (4%) 1 (1%)

Initial surgery Biopsy 2 (9%) 3 (12%) 10 (14%)

Debulking 6 (26%) 8 (32%) 23 (31%)

Resection 15 (65%) 14 (56%) 41 (55%)

Surgery for recurrent disease Unknown 0 (0%) 1 (4%) 1 (1%)

No 11 (48%) 13 (52%) 42 (57%)

Yes 12 (52%) 11 (44%) 31 (42%)

Corticosteroid use at Part 2 randomization No 3 (13%) 4 (16%) NA

Yes 20 (87%) 21 (84%) NA

Cytotoxic drug selected for Part 2 Carboplatin 13 (57%) 13 (52%) NA

Temozolomide 2 (9%) 6 (24%)

Etoposide 7 (30%) 5 (20%)

No 
chemotherapy

1 (4%) 1 (4%)
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Part 1; 3 in the cessation arm and 1 in the continuation arm. 
All 4 patients were reported as dying from cancer but none 
were able to undergo MRI showing RANO progression. 
These patients are included in all analyses.

Exploratory sensitivity analyses using date of randomi-
zation as the baseline date instead of date of progression 
on Part 1 to calculate PFS and OS also did not result in dif-
ferences in survival times between arms (data not shown).

Median survival for the cohort of 48 patients who contin-
ued to Part 2 was 3.3 months (95% CI, 2.5–3.9) and median 
survival for the 64 patients who did not go on to Part 2 was 
2.0 months (95% CI, 1.4–2.9).

Safety

Treatment-related adverse events are shown in Table 3. There 
were no unexpected toxicities and no grade 5 toxicities. Ten 
patients (43%) who continued and 8 (33%) who ceased bevaci-
zumab experienced grade 3 or 4 toxicities. The most common 
toxicities in both arms were hypertension and fatigue. Specific 
bevacizumab-related toxicities, including bleeding, deep-vein 
thrombosis, proteinuria, and hypertension, occurred more 
frequently in the continuation arm and were uncommon, with 
the exception of low-grade hypertension, in both arms.

Quality of Life

Some patients in Part 2 did not complete QOL question-
naires beyond baseline, largely because they were too 
unwell. Completion rates in both arms were similar, with 

37 (77%) completing QOL assessment at Part 2 baseline, 
24/28 (86%) at 4 weeks, 8/8 (100%) at 8 weeks, and 4/4 
(100%) at 12 weeks. The median (IQR) time to deterioration 
in overall QOL for patients who continued bevacizumab 
was 1.15 (.89–1.64) months, and 1.64 (.85–2.04) months for 
those who ceased bevacizumab (HR = 1.25 for the continu-
ation arm relative to the cessation arm, 95% CI, .70–2.24, 
P = .45). This takes into consideration all patients on study 
including those who did not complete questionnaires 
beyond baseline (which was classified as a deterioration 
for the purposes of the trial). Median times were similar, 
and there were no clinically or statistically significant dif-
ferences between arms in any of the subscales tested. For 
most patients, QOL deterioration was attributed to not 
completing QOL tools because of neurological deteriora-
tion, progression, or death (as specified as a determinant 
of QOL deterioration) rather than to completed QOL ques-
tionnaires having a decrease of 10 points or more.

Steroid Dosing

Mean daily steroid doses in the first 30  days of treat-
ment were similar in both arms, ranging from 0 to 16 mg/
day for patients in the continuation arm and 0 to 18 mg/
day in the cessation arm (median 4 mg/day in both arms, 
P = .6). Maximum daily dose per patient ranged from 0 to 
16 mg/day in the continuation arm (median 4 mg/day) and 
0 to 36 mg/day in the cessation arm (median 8 mg/day), 
although the higher maximum daily dose in the cessation 
arm was not statistically significantly different from the 
continuation arm (P = .55).

Fig. 2  CONSORT diagram
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Discussion

In this first prospective, randomized clinical trial of continuing 
versus ceasing bevacizumab beyond progression in recur-
rent glioblastoma, we were not able to show a significant dif-
ference in PFS or OS between arms. However, with the small 
sample size, the confidence intervals on survival benefits are 
wide, ruling out only very large effects. Further, an analysis 
adjusted for some imbalances in baseline factors suggests 
that moderate effects of continuing bevacizumab are possi-
ble. Consequently, this remains an open question, and ulti-
mately a phase 3 study would be required to demonstrate 
smaller but important benefits of continuing bevacizumab. 
Nevertheless, Part 2 of CABARET has demonstrated that ran-
domizing patients to continue or cease bevacizumab in this 
context is indeed feasible and in the absence of a clear effect, 
further study of the question is warranted.

Median OS for both arms on Part 2 of CABARET 
was short, and poorer than reported in similar study 

settings.28,29 No radiological responses were seen, and 
the higher proportion with recorded stable disease in the 
continuation arm did not translate to any survival benefit, 
although it is important to note that many patients did not 
actually receive their first planned Part 2 MRI and many 
who did, did not have a subsequent one. From the limited 
results using the MRIs that were performed, ceasing beva-
cizumab on progression did not appear detrimental, with 
no overabundance of rebound effects radiologically in the 
discontinuation arm. Nevertheless, with the large propor-
tion of patients who did not undergo MRI we are unable to 
conclude that this does not occur.

Two other important study endpoints, QOL and cor-
ticosteroid use, have also been reported. There was no 
evidence that bevacizumab continuation was associated 
with better QOL; but we cannot exclude the possibility of 
a difference that was simply not detected, owing to the 
low statistical power of this study. The maximum recorded 
steroid dose included up to 36 mg per day in the cessation 
arm compared with up to 16 mg per day in the continu-
ation arm, which is a clinically relevant difference. While 
there was no statistically significant difference in median 
values for maximum or mean daily steroid dose, again 
this may relate to the small sample. In retrospective stud-
ies, conflict surrounds the merits of continuing or ceasing 
bevacizumab. While rapid rebound is a noted concern in 
some studies,14,16,17 others have indicated it may be safe to 
discontinue bevacizumab for some patients. A small retro-
spective series of 7 patients discontinuing bevacizumab for 
reasons other than progression demonstrated a median 
time to recurrence after discontinuation of 4  months 
(range 1−26) and a 6-month PFS as high as 43%.30 Three 
of five patients who resumed bevacizumab had a partial 
response.

Fig.  3  Kaplan-Meier estimates of A) progression-free survival 
and B) overall survival in patients continuing versus ceasing beva-

cizumab treatment after disease progression

Table 2  Reason for progression

Reason(s) Continued 
bevacizumab 
(n = 23)

Ceased 
bevacizumab 
(n = 25)

T1 + T2 + clinical 2 (9%) 4 (16%)

clinical only; MRI completed  
but not showing progression

3 (13%) 1 (4 %)

T1 + T2 + new lesion + clinical 1 (4%) 1 (4%)

T1 + T2 + new lesion 0 2 (8%)

T1 + T2 2 (9%) 0

T2 + new lesion + clinical 1 (4%) 1 (4%)

T2 + clinical 1 (4%) 1 (4%)

T1 + new lesion + clinical 1 (4%) 0

T1 + new lesion 1 (4%) 0

T1 + clinical 1 (4%) 0

T2 only 0 1 (4%)

Clinical deterioration or death  
without MRI completed to  
confirm progression

9 (39%) 13 (52%)

Censored* 1 (4%) 1 (4%)

* Commenced other anticancer treatment
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Several publications specifically addressing the role of 
bevacizumab beyond progression in glioma have been 
reported since CABARET was designed. Reardon et al pub-
lished a retrospective pooled analysis of 99 participants in 
single-arm, phase 2 studies of bevacizumab, comparing 
outcomes after on-trial progression for those who did and 
did not continue bevacizumab.31 Median OS was longer 
for those continuing bevacizumab (5.9 versus 4.0 months), 
and bevacizumab was an independent predictor of sur-
vival in multivariable analysis. Other retrospective series 
indicate at best a modest effect of continuing bevacizumab 
beyond progression,17,18,32 including a retrospective review 
of 42 patients receiving ongoing bevacizumab plus nitros-
ourea chemotherapy after bevacizumab failure, which did 
not show any benefit in continuation; response rate was 
0% and 6-month PFS was 3%, in keeping with our find-
ings.33 Several prospective phase 2, single-arm studies of 
bevacizumab continuation after progression have simi-
larly shown no responses, and PFS and OS data together 

demonstrate doubtful clinically meaningful benefit.7,28,29 
The TAMIGA study, a prospective randomized phase 2 
trial is yet to report results but will be the only other pro-
spective study to compare continuation and cessation of 
bevacizumab.34

There are a number of important limitations to this study. 
First, the small sample size and that the lower number of 
patients recruited than anticipated meant that it is not pos-
sible to draw definitive conclusions on the effectiveness of 
continuing bevacizumab. But Part 2 of CABARET was only 
intended as an exploratory study of this question to rule 
out very large effects and to demonstrate the feasibility of a 
larger trial subsequently. Second, only 80% of the planned 
60 patients were able to be enrolled. This partly represents 
the difficulties of recruiting patients with more than one 
recurrence of glioblastoma, the disease not uncommonly 
rendering them too unwell for participation in a clinical 
trial. Indeed, beyond Part 2, only 10 of 48 patients then went 
on to receive any further therapy (Supplementary Table 2). 

Table 3  Toxicity

Adverse event Grade Continued bevacizumab  
(n = 23)

Ceased bevacizumab  
(n = 24*)

Anemia All grades 1 (4%) 3 (13%)

Grade ≥3 0 (0%) 0 (0%)

Febrile neutropenia All grades 0 (0%) 0 (0%)

Grade ≥3 0 (0%) 0 (0%)

Neutropenia (without fever) All grades 3 (13%) 2 (8%)

Grade ≥3 1 (4%) 1 (4%)

Thrombocytopenia All grades 7 (30%) 2 (8%)

Grade ≥3 2 (9%) 1 (4%)

Nausea and vomiting All grades 7 (30%) 8 (33%)

Grade ≥3 1 (4%) 0 (0%)

Diarrhoea All grades 3 (13%) 0 (0%)

Grade ≥3 0 (0%) 0 (0%)

Constipation All grades 6 (26%) 4 (17%)

Grade ≥3 0 (0%) 0 (0%)

Fatigue All grades 20 (87%) 13 (54%)

Grade ≥3 2 (9%) 3 (13%)

Central nervous system hemorrhage All grades 1 (4%) 0 (0%)

Grade ≥3 0 (0%) 0 (0%)

Bleeding All grades 3 (13%) 1 (4%)

Grade ≥3 0 (0%) 0 (0%)

Deep-vein thrombosis All grades 1 (4%) 0 (0%)

Grade ≥3 0 (0%) 0 (0%)

Proteinuria All grades 1 (4%) 0 (0%)

Grade ≥3 0 0

Hypertension All grades 19 (83%) 17 (71%)

Grade ≥3 1 (4%) 0

Abscess All grades 1 (4%) 0

Grade >=3 0 0

* One patient declined to participate after randomization and no further toxicity data are available.
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We had already anticipated a 50% drop-out from Part 1 to 
Part 2, and were aware that, given this was a phase 2 study, 
Part 2 was aimed mainly to provide information on poten-
tial signals for efficacy that might warrant further investiga-
tion. Regarding reasons why participants did not continue 
on to Part 2, usually this was because they were considered 
not well enough for additional therapy; this is reflected in 
lower ECOG performance status and lower median sur-
vival (2 months in this group versus 3.3 months).

A further limitation is related to chance imbalances 
in baseline factors at the time of randomization to Part 
2, with more patients having more than one recurrence 
among those assigned to the continuing-bevacizumab 
arm. Survival analysis with adjustment for this and other 
baseline factors did not show a significant survival effect 
between treatments, but confidence intervals did suggest 
that an even larger effect of continuing bevacizumab could 
have been missed (compared with the unadjusted analysis).

One concern raised has been whether patients rand-
omized are representative, with many patients being con-
sidered to be uncomfortable about ceasing bevacizumab; 
however, bevacizumab was not otherwise available in 
Australia for such patients other than on compassionate 
use, and after ceasing Part 1 of CABARET, only 2 went on to 
receive further bevacizumab (Supplementary Table 2).

An additional limitation is the restricted chemotherapy 
choices (temozolomide, etoposide, or carboplatin) for 
patients after recurrence on Part 1, and the unavailability 
of the nitrosourea lomustine as an option. These choices 
available to clinicians at that time were pragmatic and 
represented standard (Australian) second- and third-line 
approaches at the time of study design, but have not been 
shown to improve survival, and rechallenge with temozo-
lomide would generally only be considered from a clinical 
perspective if progression has not occurred during prior 
therapy with the drug. Lomustine is now used more com-
monly in this setting, both in Australia and elsewhere, and 
has been the reference arm for several prominent clinical 
trials, none of which had been presented or published by 
the time of study design.9,8,35 The choice of chemotherapy 
is less critical to the trial question, since chemotherapy 
choices were made before randomization and were well 
balanced between the 2 arms of the trial, which examined 
the additional value of continuing or stopping bevaci-
zumab on the background of whatever other therapy was 
chosen.

This study represented a real-world patient cohort. 
Patients with multiple relapses were eligible; and while 
performance status was stipulated for Part 1, for Part 2, 6 
patients with ECOG 3 were eligible to participate on the 
basis of their clinician’s decision that they were suitable 
for additional active treatment. The second randomization 
itself selected for relatively well patients, that is, those who 
were considered well enough to continue therapy for their 
disease, which may limit the generalizability of our find-
ings to the broader population of patients with recurrent 
glioblastoma but may be very applicable to a population 
considering continuation or cessation of bevacizumab fol-
lowing progression on this agent.

A substantial proportion of patients in each treatment 
arm died without documented radiological progression, 
presumably being too unwell to undergo MRI. This high-
lights the limitations of using PFS as an endpoint compared 

with the unequivocal endpoint of OS. It is possible that dif-
ferences in radiological outcomes between continuing and 
ceasing bevacizumab were not adequately documented, 
and radiological PFS has not been captured for all patients 
in this study. While there were no signals suggesting obvi-
ous differences between the 2 arms for those complet-
ing scheduled imaging, the proportion who did not have 
follow-up MRI means that we cannot conclusively state 
that there is no difference in types of radiological progres-
sion. However, in patients with glioblastoma, death almost 
invariably is a consequence of disease progression; PFS 
data have not been missed because radiological progres-
sion could not be confirmed on MRI, as PFS incorporates 
clinical progression and death. Thus, clinical progression 
without MRI documentation is still true progression. MRI 
testing every 4 weeks may have increased the proportion 
of patients with documented radiological progression, but 
was not feasible.

In conclusion, Part 2 of the CABARET clinical trial pro-
vides the first randomized evidence on the value of con-
tinuing or stopping bevacizumab after progression in 
patients with recurrent glioblastoma. The study has not 
been able to demonstrate any significant benefits of con-
tinuing bevacizumab, but on the basis of its small sample, 
only very large benefits have been excluded, and the value 
of such treatment remains a very open question. The trial 
does suggest that randomizing patients to this question is 
challenging, but provides evidence that it is feasible, and 
further pursuit of this question in a future phase 3 trial 
should be supported.

Supplementary Material

Supplementary material is available at Neuro-Oncology 

Practice online.
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