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Abstract 
Background.   Despite the lack of proven therapies for recurrent high-grade glioma (HGG), only 8%–11% of pa-
tients with glioblastoma participate in clinical trials, partly due to stringent eligibility criteria. Prior bevacizumab 
treatment is a frequent exclusion criterion, due to difficulty with response assessment and concerns for rebound 
edema following antiangiogenic discontinuation. There are no standardized trial eligibility rules related to prior 
antiangiogenic use.
Methods.   We reviewed ClinicalTrials.gov listings for glioma studies starting between May 2009 and July 2022 for 
eligibility rules related to antiangiogenics. We also reviewed the literature pertaining to bevacizumab withdrawal.
Results.   Two hundred and ninety-seven studies for patients with recurrent glioma were reviewed. Most were 
phase 1 (n = 145, 49%), non-randomized (n = 257, 87%), evaluated a drug-only intervention (n = 223, 75%), and had 
a safety and tolerability primary objective (n = 181, 61%). Fifty-one (17%) excluded participants who received any 
antiangiogenic, one (0.3%) excluded participants who received any non-temozolomide systemic therapy. Fifty-nine 
(20%) outlined washout rules for bevacizumab (range 2–24 weeks, 4-week washout n = 35, 12% most common). 
Seventy-eight required a systemic therapy washout (range 1–6 weeks, 4-week washout n = 34, 11% most common). 
Nine permitted prior bevacizumab use with limitations, 18 (6%) permitted any prior bevacizumab, 5 (2%) were for 
bevacizumab-refractory disease, and 76 (26%) had no rules regarding antiangiogenic use. A literature review is then 
presented to define standardized eligibility criteria with a 6-week washout period proposed for future trial design.
Conclusions.   Interventional clinical trials for patients with HGG have substantial heterogeneity regarding eligi-
bility criteria pertaining to bevacizumab use, demonstrating a need for standardizing clinical trial design.

Key Points

•	 Antiangiogenic-based eligibility rules used in glioma clinical trials are inconsistent.

•	 Bevacizumab discontinuation for disease progression can result in rebound edema, but 
this is not universal.

•	 Six-week washout is likely to be tolerated, permitting the timely introduction of 
experimental therapeutics.

Despite years of research in basic science and clinical trials, 
treatment of patients with adult-type gliomas remains a 
clinical challenge. Following initial multimodality therapy 
involving surgical resection, radiation therapy, and systemic 
therapy, tumors invariably recur and represent life-limiting 
illnesses.1–3 Treatment of recurrent glioblastoma (GBM) or 

other high-grade glioma (HGG) is not standardized with no 
single agent to date conferring a clear survival benefit.2 In 
the absence of viable alternatives readily available in the 
clinic, many patients with recurrent HGG are treated with 
antiangiogenics. Bevacizumab is an anti-vascular endothe-
lial growth factor (VEGF) antibody that is US Food and Drug 
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Administration (FDA) approved for adult patients with pro-
gressive GBM.4 However, due to the lack of survival bene-
fits associated with the agent, the European Medicines 
Agency has rejected this indication.5 In a pooled analysis 
of patients with newly diagnosed GBM, bevacizumab 
was associated with improved progression-free survival 
(PFS), but not overall survival (OS).6 In the setting of re-
current GBM, bevacizumab alone or in combination with 
lomustine or irinotecan was associated with radiographic 
responses and improved PFS, but use of the antiangiogenic 
agent did not improve OS.7,8 Despite lack of established 
survival benefits for GBM or other HGG, bevacizumab is 
frequently utilized as a steroid-sparing strategy to manage 
peritumoral edema and to manage radiation necrosis.7–10

Given limited treatment options for patients with re-
current HGG, every patient with this diagnosis should be 
considered for clinical trial enrollment.11 This is especially 
the case at first recurrence, as these patients are most 
likely to have a good performance status and thus sus-
tain benefit from novel therapies. Yet only an estimated 
8%–11% of patients with GBM enroll in clinical trials.12 
While estimates are not available, participation is likely to 
be lower for other HGGs due to smaller number of studies 
available. Although poor performance status, cognitive 
issues, and other patient variables are associated with 
the low participation of HGG patients in clinical trials, ex-
cessively strict exclusion criteria may also act as barriers 
to patient participation. As an example, previous partici-
pation in a clinical trial for newly diagnosed tumors may 
preclude individuals from participating in studies for re-
current disease. Prior treatment with bevacizumab is also 
frequently cited as an exclusion criterion in clinical trials 
for patients with recurrent glioma.2 Recurrent cerebral 
edema following cessation of bevacizumab has been re-
ported, which can result in clinical decline and premature 
termination of study participation.13,14 Additionally, the 
increase in contrast enhancement or T2 hyperintensity on 
MRI following bevacizumab discontinuation may indicate 
rebound edema rather than tumor progression, thus con-
founding response assessments.13,15 Although these are 
valid concerns, the methodology of clinical trial exclusion 
for current or prior antiangiogenic therapy is not stand-
ardized. Many clinical trials either exclude patients with 
prior antiangiogenic use altogether or require arbitrarily 
defined extended washout periods prior to enrollment. 

Beyond prolonging trial duration due to slower accrual, 
other consequences of such eligibility criteria include pa-
tients and caregivers declining antiangiogenic therapy to 
maintain eligibility for potential future studies. This may 
negatively impact patient care and outcomes. A stand-
ardized scientifically rational approach to handling prior 
antiangiogenic therapy is thus critical for optimal patient 
care and trial enrollment and will expedite the devel-
opment of therapeutics for patients with glioma. In this 
study, we first sought to review the heterogeneity of el-
igibility patterns pertaining to prior antiangiogenic use 
in clinical trials involving patients with recurrent glioma. 
Thereafter we systematically reviewed the literature per-
taining to the clinical impact of bevacizumab withdrawal, 
with the goal of providing guidance to clinical trialists on 
future study design, pertaining to eligibility criteria for 
prior bevacizumab use.

Materials and Methods

Study Selection

We searched ClinicalTrials.gov listings for phase 1, 2, and 
3 trials involving adult patients with glioma with study 
starts between May 5, 2009 and July, 15 2022. May 5, 2009 
is the date bevacizumab was granted accelerated approval 
by the FDA for patients with recurrent glioblastoma.4 The 
specific search criteria used are defined in Table 1. Over the 
search period, World Health Organization (WHO) classifi-
cation of CNS tumors was updated in 2016 and 2021.16,17 
For the purposes of this analysis, trials for all adult-type 
diffuse gliomas under the current CNS WHO classification 
including astrocytoma, IDH-mutant; oligodendroglioma, 
IDH-mutant, and 1p/19q-codeleted; and glioblastoma, IDH-
wild type were considered.17 Separate searches were con-
ducted for astrocytoma and oligodendroglioma to ensure 
inclusion of relevant studies for these specific tumor types 
over the search period.

Six hundred and four resultant studies were screened in-
dependently by 2 authors (U.S. and M.I.) with data valid-
ated by a third author (M.W.; Figure 1). Thirty-one studies 
for patients with diagnoses other than glioblastoma, 
astrocytoma, and oligodendroglioma were excluded. These 
studies were for medulloblastoma (n = 15), ependymoma 

Importance of the Study

Given limited treatment options for patients with recur-
rent glioma, every patient should be considered for clin-
ical trial enrollment. Excessively strict exclusion criteria 
can act as barriers to participation. Prior treatment with 
bevacizumab is frequently cited as an exclusion criterion 
in clinical trials for patients with recurrent glioma. In this 
study, we reviewed ClinicalTrials.gov listings for glioma 
studies starting between May 2009 and July 2022 for el-
igibility rules related to antiangiogenics. We found that 
antiangiogenic-based eligibility rules are inconsistent 

and heterogeneous. We also reviewed the literature 
pertaining to the clinical impact of bevacizumab with-
drawal in multiple cancer scenarios in context with 
bevacizumab pharmacokinetics and pharmacody-
namics. We found that a 6-week washout is likely to be 
tolerated by most patients, permitting timely introduction 
of experimental therapeutics. These findings can inform 
future clinical trial design, allow the use of more permis-
sive inclusion criteria that can improve participation and 
expedite development of novel therapeutics.
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(n = 10), neurofibromatosis type 2 associated tumors 
(n = 3), diffuse midline glioma H3K27-altered (n = 1), neuro-
fibromatosis type 1 associated neurofibromas (n = 1), neu-
roendocrine tumors (n = 1), rhabdoid/teratoid tumor (n = 1) 
and subependymal giant cell astrocytoma (n = 1), with 2 
studies including more than one of the listed tumor types. 
Seventy-nine studies designed for pediatric patients up 
to age 21 were excluded. Ninety-five studies that did not 

investigate a tumor-directed pharmacological agent for re-
current glioma were excluded. These studies investigated 
imaging techniques (n = 45), supportive care measures 
(n = 24), surgical interventions (n = 17), radiation therapy 
interventions (n = 6), and caregiver measures (n = 3).

Prior use of bevacizumab was not applicable to 37 
studies designed for patients naïve to any form of systemic 
therapy (eg, newly diagnosed glioma) or 3 studies that in-
volved patients rolling over from a different clinical trial to 
continue experimental systemic therapy. Sixty-two studies 
that used bevacizumab either as a treatment or compar-
ison arm were also excluded. The remaining 297 studies 
were reviewed for patient eligibility rules related to prior 
bevacizumab use.

Study Review

Each study selected for inclusion was reviewed independ-
ently by 2 authors (U.S. and M.I.) with resultant data valid-
ated by a third author (M.W.). Data collected included study 
National Clinical Trial (NCT) number, study URL, title, start 
date, completion date, study phases, treated conditions, 
type of intervention, intended enrollment, funding source, 
randomization status, and primary outcome measures.

Trial inclusion and exclusion criteria were reviewed to 
identify rules related to prior bevacizumab use. Studies 
excluding participants who received bevacizumab, or 
any other antiangiogenic therapy were noted. Remaining 
studies were reviewed for rules related to washout from 
specific bevacizumab or other systemic therapy. Studies 
where no washout period was specified were noted.

No local Institutional Review Board approval was sought 
for this study analyzing publically available clinical trial 
data as posted on ClinicalTrials.gov.

Results

Two-hundred-ninety-seven studies where a therapeutic 
intervention was undertaken for patients with recurrent 
glioblastoma, astrocytoma, or oligodendroglioma were re-
viewed for eligibility criteria related to prior antiangiogenic 
use. Findings are summarized in Table 2.

Of 297 studies reviewed, 163 (55%) were for patients 
with HGG only. The remaining studies were open to pa-
tients with HGG in addition to other gliomas (n = 45, 15%), 
any CNS tumor (n = 28, 9%), or solid organ tumors in-
cluding HGG (n = 61, 21%). Most of the studies were phase 
1 only (n = 145, 49%), followed by phase 2 only (n = 76, 
26%), phase 1/2 (n = 44, 15%), and early phase 1 (n = 24, 
8%). Only 40 trials (13%) were randomized. Safety and 
tolerability were the stated primary objectives of most 
studies (n = 181, 61%) consistent with the large number 
of phase 1 clinical trials included. Forty-two (14%) of the 
studies had a pharmacokinetics, pharmacodynamics, or 
tissue concentration-based primary objective. Other pri-
mary objectives included response rate (n = 36, 12%), PFS 
(n = 30, 10%), and overall survival (OS; n = 8, 3%).

Most studies evaluated a drug-only intervention (n = 223, 
75%). Other interventions included drugs and procedures 

Table 1.  ClinicalTrials.gov Study Inclusion Criteria

Criterion Value*

Condition or disease Glioblastoma
Glioma
Recurrent glioblastoma
Recurrent glioma

Status Not yet recruiting
Recruiting
Enrolling by invitation
Active, not recruiting
Completed

Age Adult (18–64)
Older adult (65+)

Phase Phase 1
Phase 2
Phase 3

Study start From May 5, 2009
To July 15, 2022

*All search values per criterion conducted using the “OR” search 
operator.

 

Studies screened
n = 604

Studies included
n = 297 

Incorrect tumor type*
n = 31

Pediatric study**
n = 79

No tumor-directed systemic therapy***
n = 95

Systemic-therapy naïve patients only
n = 37

Rollover study from other clinical trial
n = 3

Study used bevacizumab****
n = 62

Figure 1.  Study selection. *Studied tumors other than 
astrocytoma, oligodendroglioma, or glioblastoma. **Studies 
targeting patients up to age 21. ***Studies investigating imaging 
techniques, supportive care measures, surgical interventions, ra-
diation therapy interventions, and caregiver measures. ****Studies 
using bevacizumab, either as a treatment or control arm.
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such as laser interstitial thermal therapy (n = 3, 1%), drug 
and radiation (n = 9, 3%), medical devices such as tumor 
treating fields (n = 3, 1%), medical device and drug (n = 6, 
2%), therapeutic vaccine (n = 22, 7%), viral vector (n = 16, 
5%), T-cell therapy (n = 14, 5%), and NK cell therapy (n = 1, 
0.3%). Most of the studies had no results available through 
the ClinicalTrials.gov website (n = 251, 85%). The majority 
of the studies were funded by industry only (n = 86, 29%) 
or a combination of industry and other sources such as 
National Institutes of Health (NIH) funding (n = 79, 27%; 
Supplementary Table 1).

A wide range of exclusion rules regarding prior 
antiangiogenic or other systemic therapy use were repre-
sented (Table 3). Thirty studies excluded participants who 
received any bevacizumab (n = 30, 10%) and 21 studies 
excluded participants who received any antiangiogenic 
therapy (n = 21, 7%). Fifty-nine (20%) studies outlined 
washout rules for patients who received bevacizumab 
prior to enrollment. The washout duration ranged from 
2 weeks to 24 weeks with a 4-week washout (n = 35, 12%) 
being most common (Table 4). Seventy-eight studies did 
not have bevacizumab-specific rules but outlined washout 
rules for systemic therapy in general. The washout dura-
tion ranged from 1 to 6 weeks or 3 to 5 half-lives, with a 
4-week washout (n = 34, 11%) being most common again. 
Nine studies permitted prior bevacizumab use with spe-
cific restrictions. Within this group, 7 studies allowed prior 
bevacizumab use only if the agent was administered for 
radiation necrosis or symptom management. One study 
permitted prior bevacizumab only if it was administered 
as part of first-line therapy and another permitted prior 
bevacizumab only if it was administered intra-arterially. 
Eighteen studies (6%) permitted any prior bevacizumab use 
whereas 5 (2%) studies were exclusively open to patients 
with bevacizumab-refractory disease. Seventy-six studies 
(26%) had no explicit rule about prior bevacizumab use.

Among the 51 studies that excluded patients who had any 
prior bevacizumab or other antiangiogenic therapy, 1 (2%) 
was early phase 1, 16 (31%) were phase 1, 13 (25%) were 
phase 1/2, and 19 (37%) were phase 2 (Figure 2). Thirty-five 

Table 2.  Summary of Recurrent Glioma Clinical Trials

Characteristic n (%)

Total studies reviewed 297

Conditions treated

 � HGG only 163 (55%)

 � HGG and other gliomas 45 (15%)

 � HGG and other CNS tumors 28 (9%)

 � HGG and other systemic tumors 61 (21%)

Phase

 � Early phase 1* 24 (8%)

 � Phase 1 145 (49%)

 � Phase 1/2 44 (15%)

 � Phase 2 76 (26%)

 � Phase 3 3 (1%)

 � Not applicable** 5 (2%)

Anticipated enrollment

Less than 11 33 (11%)

  11–20
  21–30
  31–40
  41–50
  51–100

56 (19%)
49 (16%)
41 (14%)
27 (9%)
48 (16%)

  101–200 28 (9%)

  Greater than 201 15 (5%)

Randomization

 � Randomized 40 (13%)

 � Non-randomized 257 (87%)

Intervention

 � Drug only 223 (75%)

 � Drug and procedure 3 (1%)

 � Drug and radiation 9 (3%)

 � Device only 3 (1%)

 � Device and drug 6 (2%)

 � Vaccine 22 (7%)

 � Viral vector 16 (5%)

 � T cells 14 (5%)

 � NK cells 1 (0.3%)

Primary objective

 � PK, PD, tissue concentration based*** 42 (14%)

 � Safety and tolerability 181 (61%)

 � Response rate 36 (12%)

 � Progression-free survival 30 (10%)

 � Overall survival 8 (3%)

Study start date

 � May 5, 2009—December 31, 2014 99 (33%)

 � January 1, 2015—December 31, 2019 111 (37%)

 � January 1, 2019—July 15, 2022 87 (29%)

Characteristic n (%)

Study results

 � No results available 251 (85%)

 � Has results 46 (15%)

HGG, high-grade glioma; CNS, central nervous system; NK cell, nat-
ural killer cell; PK, pharmacokinetics; P, pharmacodynamics; TMZ, 
temozolomide.
*According to the National Institutes of Health, early phase 1 refers to 
exploratory trials conducted before traditional phase 1 trials. Formerly, 
these trials were listed as phase 0.
**On ClinicalTrials.gov, “Not Applicable” is used to describe trials 
without FDA-defined phases. This would typically include trials with a 
device or behavioral intervention.
***PK, PD, tissue concentration based describes studies where the 
stated primary objective was to gain information about drug pharmaco-
kinetics, pharmacodynamics, metabolism, and tissue uptake.

 

Table 2. Continued

http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdae039#supplementary-data
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(69%) of these studies were for patients with HGG only, 
10 (20%) were open to patients with other gliomas and 6 
(12%) were open to patients with other CNS tumors. Forty-
one (80%) had a drug-only intervention with the remainder 
studying other types of interventions. Fourteen (27%) had 
a start date between May 2009 and December 2014, within 
5 years of bevacizumab FDA approval. Twenty-two (43%) 

had a start date between January 2015 and December 2019, 
with the remaining 15 (29%) starting in 2020 or later. Based 
on expected enrollment numbers at the time of our data 
search, these 51 studies anticipated the participation of 
3234 patients who would have been ineligible in event of 
any bevacizumab or other antiangiogenic use.

Among the 59 studies that had specific washout rules 
regarding bevacizumab use, the most common washout 
period listed was 4 weeks (n = 35, 59%). Only 5 (8%) 
studies required a washout of less than 4 weeks in du-
ration. Nineteen (32%) studies required a washout that 
was greater than 4 weeks. 4 (7%) were early phase 1, 35 
(59%) were phase 1, 7 (12%) were phase 1/2, and 13 (22%) 
were phase 2 (Figure 2). Forty-two (71%) of these studies 
were for patients with HGG only, 12 (20%) were open to 
patients with other gliomas, 4 (7%) were open to patients 
with other CNS tumors, and 1 (2%) to patients with other 
systemic tumors. Forty (68%) had a drug-only intervention 
with the remainder studying other types of interventions. 
Twenty-four (41%) had a start date between May 2009 and 
December 2014, within 5 years of bevacizumab FDA ap-
proval. Nineteen (32%) had a start date between January 
2015 and December 2019, with the remaining 16 (27%) 
starting in 2020 or later.

Discussion

Barriers to Glioma Trial Accrual are Numerous 
and Delay Development of Novel Therapeutics

Despite the lack of proven therapies for recurrent GBM and 
other HGG, only an estimated 8%–11% of patients with 
GBM participate in clinical trials.12 Barriers to trial partici-
pation include patient, physician, and organization-related 
factors.18 Patients may lack an understanding of clinical 
trials, carry misperceptions about participation, or may 
be unable to participate due to limited access. Physicians 
may not be familiar with or lack incentives for seeking 
available studies. Organizations may lack necessary infra-
structure. Increasingly narrow definitions of tumor types 
based on molecular characteristics may limit the availa-
bility of studies for rare tumor types. Additionally, there is 
a lack of diversity in brain tumor clinical trials with limited 
participation from minorities.19 These issues collectively 
increase time needed for trials to conclude and contribute 
to delays in development of novel therapeutics.18 Fewer 
barriers to enrollment may increase participation, facili-
tate timely trial completion, and address lack of diversity 
in clinical trial enrollment by improving the likelihood of 
minority accrual.

Excessively strict inclusion and exclusion criteria repre-
sent a major potential barrier to trial accrual. Maximizing 
opportunities for patients with recurrent HGG to partic-
ipate in studies will expedite accrual and permit prom-
ising agents to move towards larger phase studies 
more quickly. This is particularly the case for early phase 
studies conducted to establish the safety and tolerability 
of pharmaceutical agents. For example, a limited course 
of bevacizumab is frequently used in clinical practice for 
treatment of radiation necrosis or symptomatic cerebral 

Table 3.  Clinical Trial Antiangiogenic Rules

Antiangiogenic rule n (%)

Excludes participants who received any 
antiangiogenic

21 (7%)

Excludes participants who received any 
bevacizumab

30 (10%)

Excludes participants who received any non-TMZ 
systemic therapy

1 (0.3%)

Requires specific washout period for bevacizumab 59 (20%)

Requires washout period for prior systemic therapy 78 (26%)

Permit prior bevacizumab use with restrictions 9 (3%)

Permit any prior bevacizumab use 18 (6%)

Study for bevacizumab-refractory disease only 5 (2%)

No explicit rule regarding prior antiangiogenic use 76 (26%)

Table 4.  Prior Therapy Washout Periods

Characteristic n (%)

Total studies reviewed 297

Studies requiring specific washout period for 
bevacizumab

59 (20%)

 � 2 weeks 3 (1%)

 � 3 weeks 2 (0.6%)

 � 4 weeks 35 (12%)

 � 5 weeks 3 (1%)

 � 6 weeks 6 (2%)

 � 12 weeks 4 (1.3%)

 � 14 weeks 1 (0.3%)

 � 16 weeks 2 (0.6%)

 � 24 weeks 3 (1%)

Studies requiring washout period for prior systemic 
therapy

78 (26%)

 � 1 week 6 (2%)

 � 2 weeks 12 (4%)

 � 3 weeks 19 (6%)

 � 4 weeks 34 (11%)

 � 6 weeks 2 (0.6%)

 � 3 half-lives (approximately 9 weeks for 
bevacizumab)

3 (1%)

 � 4 half-lives (approximately 11 weeks for 
bevacizumab)

1 (0.3%)

 � 5 half-lives (approximately 14 weeks for 
bevacizumab)

1 (0.3%)
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edema related to pseudoprogression.20 However, our data 
reveals that patients receiving any prior bevacizumab are 
frequently excluded from early-phase clinical trials.

A Case for Unified Antiangiogenic Washout Rules

A blanket exclusion of patients with any prior bevacizumab 
use for recurrent glioma trials is difficult to justify. Such 
practice should be reserved for specific situations, such 
as the use of bevacizumab as a control arm or as part of 
the experimental intervention. Since bevacizumab is as-
sociated with wound-healing complications, exclusion 
of prior antiangiogenic administration for studies that 
involve a surgical resection or biopsy is reasonable.21 
However, even in these circumstances, a washout period 
for bevacizumab may be preferred since normal wound 
healing 5–6 weeks following bevacizumab cessation has 

been reported despite effective circulating VEGF inactiva-
tion and a 4-week washout has been recommended prior 
to craniotomy.22,23 Despite this, 51 (17%) of the trials re-
viewed in this study precluded any prior bevacizumab or 
other antiangiogenic use without consideration for dura-
tion and intent of treatment. Thirty (59%) of these studies 
were early phase 1, phase 1, or phase 1/2 studies with 23 
of them describing safety and tolerability as their primary 
objective (39%). Forty-one (69%) of these studies had a 
drug-only intervention with no requirement for a surgical 
procedure. For early-phase trials with a safety and tolera-
bility endpoint or with no planned surgical intervention or 
surgical sample collection, exclusion of patients with any 
prior antiangiogenic use should be avoided. Prior therapy 
with a limited course of bevacizumab (or similar agents) 
should be permissible. Such an approach was utilized in 
7 studies included in our analysis, but the specific imple-
mentations were varied. As an example, one study allowed 

Early Phase 1

Phase 1

Phase 1/2

Phase 2

Not Applicable

Trial Phase

HGG only

HGG and other gliomas

HGG and other CNS tumors

All Bevacizumab
Excluded, n = 51

Treated
tumors

HGG only

HGG and other gliomas

HGG and other CNS tumorsHGG and other systemic tumors

Bevacizumab
Washout, n = 59

Treated
tumors

Early Phase 1

Phase 1

Phase 1/2

Phase 2

Trial Phase

PK and PD

Safety
RR

PFS

OS

Primary
objective

NIH Only

Industry Only

Other Only

Combination with Industry

Combination, Non-Industry

Funding
Source

NIH Only

Industry Only

Other Only

Combination with Industry

Combination, Non-Industry

Funding
Source

PK and PD

Safety

RR

PFS
OS

Primary
objective

Figure 2.  Analysis of studies that excluded any prior antiangiogenic use or mandated specific washout periods for participants previously re-
ceiving bevacizumab. HGG, high-grade glioma; CNS, central nervous system; PK, pharmacokinetics; PD, pharmacodynamics; OS, overall survival; 
PFS, progression-free survival; RR, response rate. On ClinicalTrials.gov, “Not Applicable” is used to describe trials without FDA-defined phases. 
This would typically include trials with a device or behavioral intervention. Other indicates studies funded by institutions other than industry and 
NIH. Combination, non-industry includes studies funded by NIH, other U.S. Federal Government funding, or other non-industry sources such as 
academic institutions.
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up to 5 doses of bevacizumab if the agent was used for the 
management of radiation necrosis while 2 allowed less 
than 4 doses to be administered if the agent was used for 
cerebral edema only.

Requirement of a washout period for patients previously 
treated with bevacizumab is reasonable given previously 
reported concerns for rebound edema following abrupt 
bevacizumab discontinuation.14 Preclinical studies with 
spontaneous RIP-Tag2 tumors and implanted Lewis lung 
carcinomas in mice have been used to demonstrate vas-
cular regrowth following reversal of anti-VEGF therapy, 
which represents a potential mechanism for rebound edema 
and accelerated tumor growth upon angiogenic discontin-
uation.24 However, in our analysis, antiangiogenic washout 
periods were widely varied, ranging from 2 to 24 weeks. 
The most common antiangiogenic washout period was 4 
weeks, which was used in 35 studies (12% of the trials re-
viewed). In studies that did not list a rule specifically for 
bevacizumab or other antiangiogenics, general systemic 
therapy washout periods were also highly varied, ranging 
from 1–6 weeks or 3–5 half-lives of the prior therapy. The 
most common general systemic therapy washout was also 4 
weeks, used in 34 studies (11% of the trials reviewed). In the 
case of bevacizumab, half-life is estimated at 20 days with 
3 half-lives equaling approximately 9 weeks and 5 half-lives 
at approximately 14 weeks.25 Twenty-six (9% of the trials re-
viewed) required a specific antiangiogenic or other systemic 
therapy washout period that was longer than 4 weeks.

The heterogeneity of antiangiogenic washout rules in 
glioma trials is striking. There is little consistency in the rules 
utilized in various trials with designs ranging from blanket 
exclusion of patients who had any prior antiangiogenic ex-
posure to studies open only for bevacizumab-refractory dis-
ease with no specified washout period. This heterogeneity 
applies to clinical trials utilizing agents with antiangiogenic 
activity besides bevacizumab. As an example, NCT01931098 
utilized pazopanib and topotecan, permitting enrollment 
of patients with prior bevacizumab use if the most recent 
dose was administered at least 3 weeks prior to participa-
tion.26 On the other hand, NCT01817751 utilized sorafenib 
and excluded patients with any prior bevacizumab use.27 
The impact of this heterogeneity on clinical trial outcomes 
is unknown. This heterogeneity is at least in part due to 
lack of large prospective studies evaluating the issue 
of bevacizumab discontinuation in patients with HGG. 
Optimal washout periods are unknown with no high-level 
data from large group prospective clinical trials to guide 
decision making. As such, washout rules utilized in clinical 
trial design remain arbitrary, likely reflective of individual 
investigator practice and preferences rather than scientific 
evidence. Nevertheless, a closer scrutiny of available retro-
spective and prospective data provides insights and guid-
ance for future trial designs.

Bevacizumab Discontinuation is Not Always 
Associated With Rebound Edema or Accelerated 
Progression

First, rebound tumor growth after bevacizumab discontin-
uation is relatively infrequent in patients with glioma, es-
pecially if bevacizumab is discontinued for reasons other 

than disease progression. For example, a retrospective 
review of 53 patients with recurrent HGG revealed that 
only 11 patients (21%) had rebound progression of disease 
after bevacizumab discontinuation.14 The mean interval 
between bevacizumab discontinuation and rebound dis-
ease progression was 6.1 weeks (median 6 weeks, range 
3–10 weeks).14 Another study evaluated 7 patients with 
HGG who discontinued bevacizumab after an initial ra-
diographic response but prior to tumor progression.28 
Treatment was stopped due to toxicity in 4 cases and pa-
tient/physician choice in 3 cases. No patients experienced 
a rebound effect, and the median time to tumor recur-
rence after bevacizumab discontinuation was 4 months. 
In another review of 82 patients, 18 stopped treatment for 
reasons other than disease progression and no instances 
of rebound tumor growth were reported.29 Collectively, 
these data reveal that rapid tumor growth is relatively in-
frequent in patients with HGG when bevacizumab is dis-
continued for reasons other than disease progression.

Studies of other malignancies confirm that rebound 
disease growth is infrequent after bevacizumab discon-
tinuation and may be disease-specific. For example, we 
have previously reported that rebound growth of vestib-
ular schwannomas in neurofibromatosis type 2-related 
schwannomatosis occurs in a subset of patients within 6 
months of bevacizumab discontinuation.30 However, other 
major malignancies do not seem to demonstrate any alter-
ations in disease trajectory after bevacizumab discontinua-
tion. In a pooled analysis, patterns of disease progression 
following bevacizumab discontinuation from 5 clinical 
trials representing 4205 patients with breast, colorectal, 
renal, and pancreatic cancer were described.31 No differ-
ence in median time from treatment discontinuation to 
progression or death and no evidence of accelerated dis-
ease was noted upon stopping antiangiogenic therapy due 
to adverse events. Similarly, there was no indication of in-
creased mortality or decreased OS among patients where 
bevacizumab was stopped due to disease progression.31

Patients experiencing disease progression during 
bevacizumab therapy often continue to receive 
bevacizumab post-progression due to concerns about re-
bound tumor growth; however, the efficacy of this approach 
remains unclear. Continuation of bevacizumab following 
disease progression has been evaluated prospectively.32 
As part of a phase 2 clinical trial, patients with recurrent 
GBM initially treated with bevacizumab were randomized 
to continue (n = 23) or cease bevacizumab (n = 25) with no 
difference in PFS or OS between the 2 groups. Median time 
to deterioration in overall quality of life for patients who 
continued bevacizumab was 1.15 (range.89–1.64) months, 
and 1.64 (range.85–2.04) months for those who ceased 
bevacizumab (HR = 1.25 for the continuation arm relative 
to the cessation arm, 95% CI: 0.70–2.24, P = .45) with ste-
roid use similar between the 2 groups (median daily dex-
amethasone dose 4 mg in both arms).32In another clinical 
trial of adult patients with GBM, participants were random-
ized to lomustine plus bevacizumab (n = 61) or lomustine 
plus placebo (n = 62). Continued bevacizumab therapy 
was not associated with any survival benefit.33 Although 
the investigators did not specifically report on the inci-
dence of rebound edema, there were no differences be-
tween treatment groups at the time of initiation and use 
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of corticosteroids after randomization.33 These data sug-
gest discontinuation of ongoing bevacizumab after disease 
progression does not seem to be associated with acceler-
ated progression or rebound edema requiring dispropor-
tionate steroid use compared to patients who remain on 
the antiangiogenic therapy.

Collectively, these retrospective and prospective studies 
reveal a relatively limited risk of rebound edema, accel-
erated disease progression, and clinical decline after 
bevacizumab discontinuation in HGG. Therefore, these 
findings support the practice of enrolling patients with re-
current HGG in clinical trials after limited courses of prior 
antiangiogenic use. However, these studies provide less 
insight into the median time to development of rebound 
edema, and therefore offer insufficient guidance to select 
an optimal washout period after prior bevacizumab use.

Pharmacokinetic, Pharmacodynamic, and Surgical 
Considerations for Antiangiogenic Washout

One way to define a washout period for bevacizumab or 
other antiangiogenics would be based on pharmacoki-
netic and pharmacodynamic properties. Bevacizumab is 
a monoclonal antibody with a long half-life estimated at 
20 days, and thus an expectation for an extended dura-
tion of action.25 As an example, following intraocular ad-
ministration, bevacizumab was associated with complete 
intravitreal VEGF blockade for a minimum of 4 weeks.34 In 
a study of colorectal cancer patients undergoing surgery, 
bevacizumab was found to be active and block circulating 
VEGF 6 weeks after cessation.22 Although this may provide 
some justification for prolonged bevacizumab washout 
periods, measurement of plasma VEGF may be insuffi-
cient in this regard. Clinical studies are conflicted in terms 
of whether or not plasma VEGF increases or decreases 
after bevacizumab therapy.35,36 Moreover, plasma VEGF 
levels are not associated with radiographic response.36 
Surgical trials directly measuring glioma VEGF at various 
timepoints after bevacizumab withdrawal would be re-
vealing, but very challenging to perform. Furthermore, 
the substantial inter-patient variability in both blood 
bevacizumab concentrations post-dosing (a mean 4-fold 
difference between lowest and highest concentration) 
and half-life (range = 11–50 days) adds additional layers of 
complexity in interpretation.37,38

An alternative strategy is to review the consequences 
of bevacizumab withdrawal on surgical complications. 
Several studies have examined perioperative risks 
involving the surgical resection of liver metastases in 
patients with colorectal cancer following neoadjuvant 
bevacizumab therapy. First, a comparative clinical trial 
demonstrated that discontinuation of bevacizumab at least 
6 weeks prior to surgery was not associated with increased 
perioperative morbidity despite persistent effective VEGF 
inactivation.22 Similarly, a retrospective study demon-
strated that neoadjuvant bevacizumab (discontinued at a 
median of 58 days prior to surgery) also revealed no differ-
ence in surgical complication rates.39 Limited studies have 
reported a 1%–10% rate of wound-healing complications 
for patients who previously received bevacizumab under-
going craniotomy.7,23,40,41 As an example, in a study of 209 

patients who underwent a second or third craniotomy 
for recurrent GBM, significantly more patients receiving 
preoperative bevacizumab developed healing compli-
cations (35%) than non-bevacizumab-treated patients 
(10.0%, P = .004).40 While the total duration of bevacizumab 
therapy did not influence risk, there was a statistically 
nonsignificant trend toward increased risk of wound com-
plications for patients who stopped bevacizumab for less 
than 28 days compared to those who had therapy cessa-
tion for at least 28 days.40 This led authors to recommend 
at least 4 weeks between bevacizumab cessation and sur-
gical intervention whenever possible.23,40 Notably, the au-
thors did not explore the impact of alternative durations 
(eg, 6 or 8 weeks) between the last dose of preoperative 
bevacizumab and craniotomy.

The practicality of antiangiogenic washout periods must 
also be considered for patients with HGG. The median PFS 
from next salvage therapy following bevacizumab dis-
continuation for disease progression was reported as 9 
weeks in one study.29 In another study reviewing patterns 
of relapse and prognosis after bevacizumab failure, the 
median OS after progressive disease was 4.5 months.42 
Among the 19 patients who received a salvage therapy fol-
lowing bevacizumab failure in the same study, the median 
PFS was 2 months and the median OS was 5.2 months.42 
When bevacizumab was stopped for reasons other than 
tumor progression, the median PFS was reported as 4–6 
months.28,29 In a pooled analysis of non-CNS tumors, 
median time from bevacizumab discontinuation due to 
adverse events to disease progression or death was 4 
months.31 Based on available PFS and OS data, washout 
periods longer than 8 weeks are unlikely to be tolerated. 
Bevacizumab washout periods extending to 3 or 5 half-
lives (approximately 9 and 14 weeks) are impractical.

Guidance for Future Clinical Trial Designs

Determining the optimal washout period for patients with 
progressive disease on bevacizumab is challenging with 
limited data available to guide trial design recommenda-
tions and clinical decision making. We propose a 6-week 
bevacizumab washout (that is, approximately 2 half-lives) 
for patients with glioma enrolling in clinical trials, which 
is justified based on the earlier discussed (1) median time 
to rebound tumor progression following bevacizumab ces-
sation previously reported as 6.1 weeks, (2) median time 
to clinical deterioration following bevacizumab discon-
tinuation after disease progression from multiple studies 
indicating that washout periods longer than 8 weeks are 
unlikely to be tolerated, and (3) perioperative outcome 
data after neoadjuvant bevacizumab demonstrating rel-
ative safety of surgical intervention at least 4 weeks after 
bevacizumab discontinuation.14 A 6-week bevacizumab 
washout will avoid unnecessary delays in initiation of in-
vestigational therapeutics and is likely to be tolerated by 
most patients with recurrent glioma, while excluding the 
poorest candidates for clinical trial enrollment. This ap-
proach is also conservative enough to account for the im-
pact of variabilities in bevacizumab dosing (7.5–15 mg/kg) 
and the significant inter-patient variability in bevacizumab 
pharmacokinetics. This is especially important for phase 1 
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trials where drug–drug interactions and novel drug phar-
macokinetics are critical.

The impact of prior bevacizumab use on response as-
sessment has also been a historical concern.13,15 In a 
survey of relapse patterns following bevacizumab use, it 
was concluded that contrast-enhanced MRI may not ade-
quately assess disease status with a nonenhancing pattern 
of progression noted in some cases and associated with 
worse survival.42 However, in a different analysis of treat-
ment with bevacizumab or bevacizumab plus irinotecan, 
most patients did not experience a change from baseline 
in radiographic characteristics of disease.43 Any impact of 
bevacizumab on response assessment is relatively less of 
a concern for phase 1 trials as these are primarily focused 
on safety and tolerability. Similarly, large phase 2 or 3 trials 
with OS endpoints should not be impacted. For phase 
2 and 3 trials with imaging-based primary endpoints (re-
sponse rate and progression-free survival), study design 
with an appropriate washout will enable broad participa-
tion of patients with prior bevacizumab use, leading to a 
trial which more accurately represents the patient popula-
tion. Eventually, the impact of bevacizumab on efficacy can 
be addressed with planned subset analyses.

Shorter washout periods (<6 weeks) may be fea-
sible in specific situations, especially in patients where 
bevacizumab was discontinued for reasons other than dis-
ease progression. Rebound/accelerated tumor growth after 
bevacizumab withdrawal is infrequent, and median cortico-
steroid needs do not seem to be impacted by drug discon-
tinuation.32,33 The most common antiangiogenic-specific 
washout period specified in the clinical trials included in 
our analysis was 4 weeks, used in 35 studies (12% of the 
trials reviewed). Furthermore, a 2–3 week bevacizumab-
specific washout was utilized in 5 of the studies in our 
analysis. However, based on information provided on 
ClinicalTrials.gov alone, one cannot ascertain the propor-
tion of patients enrolled in these trials who actually re-
ceived bevacizumab at these minimum timepoints prior to 
enrollment and the associated impact on outcomes.

Study designs permitting concurrent bevacizumab ad-
ministration is another consideration, which mitigates con-
cerns regarding rebound edema and associated clinical 
deterioration. Indeed, such a design was utilized in 5 clin-
ical trials included in our analysis. Four of these were phase 
1 studies with safety, tolerability, or pharmacokinetics-
based primary endpoints while one was a phase 2 study 
with a PFS endpoint. Similar designs can be considered 
for clinical trials studying reirradiation or immunotherapy, 
which may mitigate issues such as radiation necrosis or 
pseudoprogression. In immunotherapy trials, utilization 
of antiangiogenics rather than steroids for management 
of tumor or treatment-related edema can be desirable to 
minimize immunosuppression related to corticosteroid 
use. Clinically stable patients with disease progression 
despite bevacizumab use could be considered for contin-
uation of antiangiogenic therapy while participating in a 
study with an experimental agent. However, this approach 
would require consideration of potential drug–drug inter-
actions, may add difficulty to adverse event assessment re-
lated to novel therapeutics, and would potentially require 
larger studies to permit result stratification based on con-
current use of antiangiogenics. One way to address this 

issue would be to require concurrent bevacizumab use, 
which would improve feasibility and limit the need for large 
sample sizes. Study designs specifically for patients with 
bevacizumab-refractory disease are another consideration, 
which was an approach implemented in 5 trials included in 
our analysis.

Limitations and Future Directions

Our study has several limitations. First, the data presented 
is a snapshot of studies acquired on the search date and 
does not represent changes to participant eligibility rules 
that may have occurred with subsequent protocol amend-
ments. Second, the analysis is based on study data as pre-
sented on ClinicalTrials.gov, which contains summary-level 
information rather than full study protocol details. Third, 
our search is limited to ClinicalTrials.gov and omits any 
studies that may not have a listing on this platform. Lastly, 
since our analysis of the listed trials does not include in-
dividual patient-level data as to how antiangiogenic rules 
were reflected in the real-world experience of study par-
ticipants, it is difficult to strongly recommend rules for fu-
ture study design on the basis of incomplete information. 
Nevertheless, this is a survey of a large number of clin-
ical trials enrolling patients with HGG and likely captures 
antiangiogenic-related eligibility trends within the field of 
neuro-oncology during our search period. In addition, we 
attempted to consider reported clinical experience with 
bevacizumab discontinuation in the setting of glioma and 
other cancers, pharmacokinetics of bevacizumab, and re-
ported neurosurgical experience related to post-operative 
complications to frame our recommendations for future 
study design. We view our presented work as a starting 
point that can be refined and prospectively validated.

Given universally poor outcomes for patients with HGG, 
there is a desperate need to bring new treatments into the 
clinic. These deadly tumors will be ultimately overcome by 
novel therapeutics and great science. However, equally im-
portant is diligent clinical trial design that puts the needs 
of patients first, encourages participation, and takes down 
barriers rather than making it harder for patients to join. Our 
analysis demonstrates that antiangiogenic-based eligibility 
rules used in HGG clinical trials are inconsistent and hetero-
geneous. Available clinical data does indicate bevacizumab 
discontinuation for reasons other than disease progression 
is not associated with rebound edema, accelerated tumor 
growth, or shortened survival. Bevacizumab discontinua-
tion for disease progression can result in rebound edema, 
but this is not universal. A 6-week washout is likely to be 
tolerated by most patients, represents an established safe 
window for craniotomy, and permits timely introduction 
of experimental therapeutics. Implementation of practical 
washout periods and avoiding the practice of excluding pa-
tients with any prior antiangiogenic use will increase enroll-
ment and expedite study completion.

Supplementary material

Supplementary material is available online at Neuro-
Oncology (https://academic.oup.com/neuro-oncology).

http://academic.oup.com/noajnl/article-lookup/doi/10.1093/noajnl/vdae039#supplementary-data
http://academic.oup.com/noajnl/article-lookup/doi/10.1093/noajnl/vdae039#supplementary-data
http://academic.oup.com/noajnl/article-lookup/doi/10.1093/noajnl/vdae039#supplementary-data


 10 Sener et al.: Antiangiogenic exclusion rules in glioma trials

Keywords 

antiangiogenic | bevacizumab | clinical trial | glioma | study 
design

Funding

This publication was supported by Grant Number UL1 TR002377 
from the National Center for Advancing Translational Sciences 
(NCATS) and by Grant Number R01 FD-R-07288 from the Food 
and Drug Administration (FDA). Its contents are solely the re-
sponsibility of the authors and do not necessarily represent the 
official views of the NIH or the FDA.

Conflict of interest statement

Authors have no conflicts of interest to disclose.

Authorship statement

Conceptualization: U.S., S.H.K.; Methodology: U.S., S. H.K.; 
Investigation: U.S., M.I., M.W.; Writing—Original Draft: U.S.; 
Writing—Review and Editing: all authors; Data Curation: U.S., 
M.W.; Supervision: S.H.K. All authors have seen and approved 
the submitted manuscript.

Data availability

Study data will be made available upon reasonable request.

Affiliations

Department of Neurology, Mayo Clinic, Rochester, Minnesota, 
USA (U.S.); Department of Medical Oncology, Mayo Clinic, 
Rochester, Minnesota, USA (U.S., M.W., S.H.K.); Department of 
Neurology, Medical University of South Carolina, Charleston, 
South Carolina, USA (M.I.)

References

1.	 Ostrom QT, Price M, Neff C, et al. CBTRUS statistical report: Primary 
brain and other central nervous system tumors diagnosed in the United 
States in 2015-2019. Neuro Oncol. 2022;24(suppl_5):v1–v95.

2.	 Wen PY, Weller M, Lee EQ, et al. Glioblastoma in adults: A Society for 
Neuro-Oncology (SNO) and European Society of Neuro-Oncology (EANO) 

consensus review on current management and future directions. Neuro 
Oncol. 2020;22(8):1073–1113.

3.	 van den Bent MJ, Chang SM. Grade II and III oligodendroglioma and 
astrocytoma. Neurol Clin. 2018;36(3):467–484.

4.	 Cohen MH, Shen YL, Keegan P, Pazdur R. FDA drug approval sum-
mary: Bevacizumab (Avastin) as treatment of recurrent glioblastoma 
multiforme. Oncologist. 2009;14(11):1131–1138.

5.	 Gil-Gil MJ, Mesia C, Rey M, Bruna J. Bevacizumab for the treatment of 
glioblastoma. Clin Med Insights Oncol. 2013;7:123–135.

6.	 Ameratunga M, Pavlakis N, Wheeler H, et al. Anti-angiogenic 
therapy for high-grade glioma. Cochrane Database Syst Rev. 
2018;2018(11):CD008218.

7.	 Friedman HS, Prados MD, Wen PY, et al. Bevacizumab alone and in 
combination with irinotecan in recurrent glioblastoma. J Clin Oncol. 
2009;27(28):4733–4740.

8.	 Wick W, Gorlia T, Bendszus M, et al. Lomustine and bevacizumab in pro-
gressive glioblastoma. N Engl J Med. 2017;377(20):1954–1963.

9.	 Brandes AA, Finocchiaro G, Zagonel V, et al. AVAREG: A phase II, ran-
domized, noncomparative study of fotemustine or bevacizumab for pa-
tients with recurrent glioblastoma. Neuro Oncol. 2016;18(9):1304–1312.

10.	 Taal W, Oosterkamp HM, Walenkamp AM, et al. Single-agent 
bevacizumab or lomustine versus a combination of bevacizumab plus 
lomustine in patients with recurrent glioblastoma (BELOB trial): A ran-
domised controlled phase 2 trial. Lancet Oncol. 2014;15(9):943–953.

11.	 Nabors LB, Portnow J, Ahluwalia M, et al. Central nervous system can-
cers, version 3.2020, NCCN clinical practice guidelines in oncology. J 
Natl Compr Canc Netw. 2020;18(11):1537–1570.

12.	 Vanderbeek AM, Rahman R, Fell G, et al. The clinical trials landscape for 
glioblastoma: is it adequate to develop new treatments? Neuro Oncol. 
2018;20(8):1034–1043.

13.	 Galldiks N, Rapp M, Stoffels G, et al. Response assessment 
of  bevacizumab in patients with recurrent malignant glioma using 
[18F]Fluoroethyl-L-tyrosine PET in comparison to MRI. Eur J Nucl Med 
Mol Imaging. 2013;40(1):22–33.

14.	 Zuniga RM, Torcuator R, Jain R, et al. Rebound tumour progression after 
the cessation of bevacizumab therapy in patients with recurrent high-
grade glioma. J Neurooncol. 2010;99(2):237–242.

15.	 Pope WB, Lai A, Nghiemphu P, Mischel P, Cloughesy TF. MRI in patients 
with high-grade gliomas treated with bevacizumab and chemotherapy. 
Neurology. 2006;66(8):1258–1260.

16.	 Louis DN, Perry A, Reifenberger G, et al. The 2016 world health organ-
ization classification of tumors of the central nervous system: A sum-
mary. Acta Neuropathol. 2016;131(6):803–820.

17.	 Louis DN, Perry A, Wesseling P, et al. The 2021 WHO classification 
of tumors of the central nervous system: A summary. Neuro Oncol. 
2021;23(8):1231–1251.

18.	 Lee EQ, Chukwueke UN, Hervey-Jumper SL, et al. Barriers to accrual and 
enrollment in brain tumor trials. Neuro Oncol. 2019;21(9):1100–1117.

19.	 Taha B, Winston G, Tosi U, et al. Missing diversity in brain tumor trials. 
Neurooncol Adv. 2020;2(1):vdaa059.

20.	 Liao G, Khan M, Zhao Z, et al. Bevacizumab treatment of radiation-
induced brain necrosis: A systematic review. Front Oncol. 
2021;11:593449.

21.	 Zhang H, Huang Z, Zou X, Liu T. Bevacizumab and wound-healing com-
plications: A systematic review and meta-analysis of randomized con-
trolled trials. Oncotarget. 2016;7(50):82473–82481.

22.	 Starlinger P, Alidzanovic L, Schauer D, et al. Neoadjuvant bevacizumab 
persistently inactivates VEGF at the time of surgery despite preoperative 
cessation. Br J Cancer. 2012;107(6):961–966.

23.	 Abrams DA, Hanson JA, Brown JM, et al. Timing of surgery and 
bevacizumab therapy in neurosurgical patients with recurrent high grade 
glioma. J Clin Neurosci. 2015;22(1):35–39.



N
eu

ro-O
n

colog
y 

A
d

van
ces

11Sener et al.: Antiangiogenic exclusion rules in glioma trials

24.	 Mancuso MR, Davis R, Norberg SM, et al. Rapid vascular re-
growth in tumors after reversal of VEGF inhibition. J Clin Invest. 
2006;116(10):2610–2621.

25.	 Lu JF, Bruno R, Eppler S, et al. Clinical pharmacokinetics of bevacizumab 
in patients with solid tumors. Cancer Chemother Pharmacol. 
2008;62(5):779–786.

26.	 Institute NC, Center NIoHC. Oral Pazopanib Plus Oral Topotecan 
Metronomic Antiangiogenic Therapy for Recurrent Glioblastoma 
Multiforme (A) Without Prior Bevacizumab Exposure and (B) After Failing 
Prior Bevacizumab: Accessed 12/2/2023, https://classic.clinicaltrials.gov/
show/NCT01931098; 2015

27.	 University VC, Institute NC. Sorafenib, Valproic Acid, and Sildenafil 
in Treating Patients With Recurrent High-Grade Glioma: Accessed 
12/2/2023, https://classic.clinicaltrials.gov/show/NCT01817751; 2013

28.	 Sherman WJ, Raizer JJ, Grimm SA. Outcome of discontinuing 
bevacizumab prior to malignant glioma progression. J Neurooncol. 
2013;111(1):87–89.

29.	 Anderson MD, Hamza MA, Hess KR, Puduvalli VK. Implications of 
bevacizumab discontinuation in adults with recurrent glioblastoma. 
Neuro Oncol. 2014;16(6):823–828.

30.	 Webb MJ, Neth BJ, Webb L, et al. Withdrawal of bevacizumab is asso-
ciated with rebound growth of vestibular schwannomas in neurofibro-
matosis type 2-related schwannomatosis patients. Neuro Oncol Adv. 
2023;5(1):1–12.

31.	 Miles D, Harbeck N, Escudier B, et al. Disease course patterns after dis-
continuation of bevacizumab: Pooled analysis of randomized phase III 
trials. J Clin Oncol. 2011;29(1):83–88.

32.	 Hovey EJ, Field KM, Rosenthal MA, et al; CABARET/COGNO investiga-
tors. Continuing or ceasing bevacizumab beyond progression in recur-
rent glioblastoma: An exploratory randomized phase II trial. Neurooncol 
Pract. 2017;4(3):171–181.

33.	 Brandes AA, Gil-Gil M, Saran F, et al. A randomized phase II trial 
(TAMIGA) Evaluating the efficacy and safety of continuous bevacizumab 

through multiple lines of treatment for recurrent glioblastoma. 
Oncologist. 2019;24(4):521–528.

34.	 Beer PM, Wong SJ, Hammad AM, et al. Vitreous levels of unbound 
bevacizumab and unbound vascular endothelial growth factor in two pa-
tients. Retina. 2006;26(8):871–876.

35.	 Verheul HM, Paesante S, Jaspers J, et al. VEGF pharmacodynamics during 
bevacizumab treatment. J Clin Oncol. 2008;26(15_suppl):14633–14633.

36.	 Alidzanovic L, Starlinger P, Schauer D, et al. The VEGF rise in blood of 
bevacizumab patients is not based on tumor escape but a host-blockade 
of VEGF clearance. Oncotarget. 2016;7(35):57197–57212.

37.	 Nugue G, Bidart M, Arlotto M, et al. Monitoring monoclonal anti-
body delivery in oncology: The example of bevacizumab. PLoS One. 
2013;8(8):e72021.

38.	 Papachristos A, Sivolapenko GB. Pharmacogenomics, pharmacoki-
netics and circulating proteins as biomarkers for bevacizumab treat-
ment optimization in patients with cancer: A review. J Pers Med. 
2020;10(3):79.

39.	 Kesmodel SB, Ellis LM, Lin E, et al. Preoperative bevacizumab does 
not significantly increase postoperative complication rates in patients 
undergoing hepatic surgery for colorectal cancer liver metastases. J Clin 
Oncol. 2008;26(32):5254–5260.

40.	 Clark AJ, Butowski NA, Chang SM, et al. Impact of bevacizumab che-
motherapy on craniotomy wound healing. J Neurosurg. 2011;114(6): 
1609–1616.

41.	 Chamberlain MC, Johnston SK. Salvage therapy with single agent 
bevacizumab for recurrent glioblastoma. J Neurooncol. 2010;96(2): 
259–269.

42.	 Iwamoto FM, Abrey LE, Beal K, et al. Patterns of relapse and prog-
nosis after bevacizumab failure in recurrent glioblastoma. Neurology. 
2009;73(15):1200–1206.

43.	 Pope WB, Xia Q, Paton VE, et al. Patterns of progression in patients 
with recurrent glioblastoma treated with bevacizumab. Neurology. 
2011;76(5):432–437.

https://classic.clinicaltrials.gov/show/NCT01931098
https://classic.clinicaltrials.gov/show/NCT01931098
https://classic.clinicaltrials.gov/show/NCT01817751

