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Use of Bevacizumab in recurrent glioblastoma: 2
a scoping review and evidence map
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Abstract

Background Glioblastoma (GBM) is the most malignant primary tumor in the brain, with poor prognosis

and limited effective therapies. Although Bevacizumab (BEV) has shown promise in extending progression-
free survival (PFS) treating GBM, there is no evidence for its ability to prolong overall survival (OS). Given the
uncertainty surrounding BEV treatment strategies, we aimed to provide an evidence map associated with BEV
therapy for recurrent GBM (rGBM).

Methods PubMed, Embase, and the Cochrane Library were searched for the period from January 1, 1970, to
March 1, 2022, for studies reporting the prognoses of patients with rGBM receiving BEV. The primary endpoints
were overall survival (OS) and quality of life (QoL). The secondary endpoints were PFS, steroid use reduction,
and risk of adverse effects. A scoping review and an evidence map were conducted to explore the optimal BEV
treatment (including combination regimen, dosage, and window of opportunity).

Results Patients with rGBM could gain benefits in PFS, palliative, and cognitive advantages from BEV treatment,
although the OS benefits could not be verified with high-quality evidence. Furthermore, BEV combined therapy
(especially with lomustine and radiotherapy) showed higher efficacy than BEV monotherapy in the survival

of patients with rGBM. Specific molecular alterations (IDH mutation status) and clinical features (large tumor
burden and double-positive sign) could predict better responses to BEV administration. A low dosage of BEV
showed equal efficacy to the recommended dose, but the optimal opportunity window for BEV administration
remains unclear.

Conclusions Although OS benefits from BEV-containing regimens could not be verified in this scoping review,
the PFS benefits and side effects control supported BEV application in rGBM. Combining BEV with novel
treatments like tumor-treating field (TTF) and administration at first recurrence may optimize the therapeutic
efficacy. rGBM with a low apparent diffusion coefficient (ADCL), large tumor burden, or IDH mutation is more
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likely to benefit from BEV treatment. High-quality studies are warranted to explore the combination modality
and identify BEV-response subpopulations to maximize benefits.

Keywords Bevacizumab, Recurrent glioblastoma, Combined therapy, Quality of life

Introduction

Glioblastoma (GBM) is the most aggressive type of pri-
mary malignant tumor of the brain in adults [1]. Despite
the new combination of Stupp protocol, including radia-
tion and chemotherapy with maximal surgical resection
and tumor-treating field (TTF), the prognosis remains
unsatisfactory as most tumors recur in situ [1, 2]. Several
interventions, including targeted therapies, have been
attempted to improve the prognosis of GBM. As GBM is
a hyperemic tumor involving the upregulation and activa-
tion of VEGFA and HIF [3], VEGFA is a reasonable target
molecule in the treatment of GBM. Bevacizumab (BEV),
a humanized monoclonal antibody inhibiting VEGEFA,
was considered a promising candidate for treating
GBM, given its clinical benefits in other cancers such as
colorectal cancer [4], renal cell carcinoma [5], non-squa-
mous non-small cell lung cancer [6], and cervical cancer
[7]. Success in the treatment of other tumors persuaded
researchers to conduct phase III AVAglio and RTOG
0825 clinical trials in patients with newly diagnosed
GBM. However, both clinical trials didn’t improve the
overall survival (OS) in the BEV treatment arm. Further,
a randomized phase II TAVAREC clinical study demon-
strated that BEV treatment had no significant improve-
ment on progression-free survival (PFS) and OS in Grade
2 and Grade 3 gliomas [8]. A phase III trial by Wick et
al. did not find any OS benefits with combined therapy
of BEV plus lomustine, compared with lomustine alone
[9]. Based on these several clinical trials, BEV is consid-
ered ineffective in prolonging OS for recurrent GBM
(rGBM) by the European Association Neuro-Oncology
(EANO) [10, 11]. Nevertheless, clinical benefits other
than the prolongation of survival were possibly observed.
The EORTC protocol demonstrated that BEV decreased
steroid dependence and relieved para-tumor edema in
patients with GBM [8]. Despite a lack of evidence sup-
porting its ability to prolong OS, BEV was approved by
the FDA (U.S. Food and Drug Administration) in 2009
as a treatment for rGBM and was included in the 2021
EANO guidelines due to its demonstrated improvement
in quality of life and safety [11].

BEV might not be suitable for the treatment of all
rGBM patients in general based on the outcome of these
randomized trials. In the AVAglio trial, subgroup analy-
sis revealed that the TCGA-proneural GBM subtype
had an OS benefit from the administration of BEV. Fur-
ther, epigenetic mechanisms could also influence the
sensitivity of BEV, as demonstrated by Cloughesy et al’s
finding that methylguanine-DNA methyltransferase

(MGMT) methylation may be predictive for onartu-
zumab (ONA)+BEV outcomes in GBM. It is necessary
to perform subgroup analyses to specifically identify
the survival benefits of the treatment of BEV. However,
no consensus has been reached regarding the subset of
rGBM patients who are sensitive to BEV. Furthermore,
the optimal combination therapy, dosage efficacy, and
correct indication for BEV therapy are still controversial.

Given the considerable uncertainty surrounding BEV
treatment strategies, we aimed to systematically review
the current evidence associated with BEV therapy by
mapping evidence. We aimed to answer the following
five questions: (1) Could BEV-containing regimens bring
survival benefits to patients with rGBM, compared with
non-BEV treatment regimens? (2) Could BEV combined
with other therapies prolong the OS of patients with
rGBM, compared with BEV monotherapy? (3) Could
BEV treatment improve quality of life (QoL) and reduce
the adverse events (AEs) in rGBM? (4) Could some sub-
groups harboring specific clinical or molecular charac-
teristics gain survival benefits from BEV treatment? (5)
What are the optimal dosages and indications for the
BEV treatment in rGBM?

Methods

Search strategy and study selection

The scoping review and mapping evidence were con-
ducted following the PRISMA extension for scoping
reviews [12]. A comprehensive literature search was
performed in electronic databases including PubMed,
Embase, and the Cochrane Library, on March 27th, 2022.

Inclusion criteria

(1) Patients with recurrent high-grade glioma (WHO
grades 3-4) or GBM (WHO grade 4), regardless of
age, gender, or pathological type; (2) Patients who were
treated with BEV alone or in combination. Treatment
types were focused on but were not limited to BEV
alone, or BEV plus radiotherapy, chemotherapy (includ-
ing carmustine implants), chemoradiotherapy, surgery,
immunotherapy, and TTFs; (3) The outcomes of inter-
est included OS, PFS, QoL, and AEs (cerebral edema and
cognitive deficits) incidence; (4) Study types included
randomized controlled trials (RCT), case-control trials
(CCT), observational trials, pre- and post-control stud-
ies, and systematic reviews.
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Exclusion criteria

(1) Case reports and conference abstracts; (2) Protocols
but not reports of the study result; (3) Studies that were
not reported in English.

Two reviewers independently screened the titles and
abstracts of the retrieved records. Following the initial
screening, full texts of the trials that passed title/abstract
screening were scrutinized to confirm eligibility for the
analyses. Disagreements were resolved by discussion with
a third person if necessary. A PRISMA flow diagram was
constructed to show the full article-selection process.

Data extraction

Two authors (Minjie Fu and Xiao Huang) independently
examined the studies and extracted data using a stan-
dardized spreadsheet with the following characteristics:
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trial type, number of participants, type and administra-
tion of interventions, the definition of outcomes, mea-
surement variables, and key findings. In situations of
discrepancies, the third author (Zhirui Zhou) was con-
sulted for final decision-making.

Data coding and definition

Selected studies were coded according to the type and
administration of interventions (BEV monotherapy or
BEV combined therapy). Classification criteria were
discussed by the professional group. The term “Benefi-
cial” was defined as a finding that had one or more of
the following results: prolonged OS or improved QoL
or PFS. The term “Harm” was defined as a finding that
had one or more of the following results: decreased
OS or PFS or worse QoL. The term “No difference”

Studies identified through
database searching.
(n=405)

A 4

Studies after duplicates
removed
(n=390)

A 4

Studies screened by
title/abstract
(n=390)

Studies excluded
(n=258)

A 4

lity ] [Screening] [Identification]

Irrelevant with the topics
(n=42)

A 4

Q A 4
= Full-text studies assessed
w for eligibility
- (n=132)
O
0 A 4
= Studies included in
O evidence map
= (n=90)

Fig. 1 PRISMA flow diagram
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was defined as no significant difference or no differ-
ence reported between the groups for OS, PFS, or
QoL. “Inconclusive” was defined as a finding that dem-
onstrated both beneficial and harmful results in the
studies.

Presentation of evidence mapping

We provided a scoping review and mapping evidence
through a descriptive table that consisted of the char-
acteristics of selected studies. The narrative descrip-
tion was presented.

Results

Study selection

A primary search yielded a total of 405 studies. After
the removal of 15 duplicated publications, 390 studies
were subsequently screened. Subsequently, full texts of
132 studies were scrutinized for eligibility. Ultimately,
90 studies met the eligibility criteria for inclusion in
the scoping review and mapping evidence, comprising
2 phase I trials, 22 phase II trials, 2 phase III studies,
5 prospective studies, 36 retrospective studies, and 23
reviews (see Fig. 1).

Could BEV-containing treatment regimens bring survival
benefits to patients with rGBM, compared with non-BEV
treatment regimens?
In total, 31 studies (2 phase III studies, 5 phase II stud-
ies, 2 prospective studies, 9 retrospective studies, and
13 reviews, see Table 1) compared the therapeutic
efficacy of BEV-containing treatment regimens with
non-BEV treatment regimens. Of these, 17 studies
investigated the benefits of adding BEV to chemother-
apy (1 phase III trial, 1 phase II trial, 4 retrospective
studies, and 11 reviews), while 5 studies investigated
the efficacy of BEV plus lomustine (1 phase III trial, 3
phase II trial, and 1 retrospective study). Although a
phase II study by Taal et al. showed the OS benefits of
BEV plus lomustine versus the lomustine monotherapy
group (mOS: LOM vs. BEV/LOM 110 vs. BEV/LOM
90, 8 months vs. 16 months vs. 11 months) [13], the
other four randomized studies (including a phase III
trial by Wick et al.) didn’t support this finding. Other
phase II/III trials did not identify the OS benefits of
BEV with a range of other chemotherapy partners
(temozolomide (TMZ), trebananib, irinotecan, and
nivolumab) compared with the non-BEV regimen.
Four studies (3 retrospective studies and 1 review)
reported that the combination of BEV and radiother-
apy improved OS, compared with radiotherapy alone.
Meanwhile, 1 retrospective study and 1 prospective
study on BEV plus re-surgery regimen showed that
rGBM patients benefitted from BEV after receiving
re-surgery.
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Although some randomized clinical trials showed
positive effects of the BEV-containing regimen on PFS,
other palliative effects, and neurological improvement
as meaningful benefits, gain on OS was not observed
among the entire patient population in the majority of
the trials.

Could BEV combined therapy prolong the OS of patients
with rGBM compared with BEV monotherapy?

Because BEV treatment alone lacked evidence to pro-
long OS of patients with rGBM, 41 studies were fur-
ther conducted to identify the optimal combination
therapies. These studies included 14 phase II trials, 1
phase I trial, 15 retrospective studies, 1 prospective
study, and 10 reviews (Table 2).

A range of chemotherapy candidates was studied,
including lomustine, ONA, celecoxib, vorinostat,
dasatinib, valganciclovir, and trebananib. The phase II
trials by Taal et al. and Weathers et al. did not find the
OS benefits of the addition of lomustine to BEV [13,
14], while the results varied in the two retrospective
studies [15, 16]. Although several studies found that
BEV plus lomustine could prolong PFS, compared with
BEV monotherapy, its benefits on OS warranted fur-
ther validation [17, 18]. In addition to lomustine, the
OS benefits of Irinotecan (IRI), osimertinib, and val-
ganciclovir were reported in some retrospective stud-
ies [19-21]. But currently, no high-quality evidence
from RCT was found to further verify their positive
effect on OS.

Five studies investigated the efficacy of BEV plus
radiotherapy versus BEV monotherapy (1 prospective
study and 4 retrospective studies) on OS. Although the
prospective study found no significant difference in
OS between the combination group and monotherapy
group [22], the other four retrospective studies stated
that radiotherapy plus BEV improved the rGBM prog-
nosis by enhancing OS [23-26].

A retrospective study by Yamaguchi et al. in 2021
showed that the BEV plus re-surgery improved OS
(mOS, Cytoreductive surgery+BEV vs. BEV, 16.3
months vs. 7.4 months, p=0.0008) [27] while another
retrospective study in 2017 did not find any difference
between BEV combination and single regimen groups
[28].

As TTF has emerged as a promising technique for
tumor therapy, the efficacy of TTF plus BEV was also
elucidated. A post-analysis of the EF-14 trial demon-
strated that the combination of BEV and TTF brought
more OS benefits, compared with BEV alone (mOS,
TTE+BEV vs. BEV: 11.8 months vs. 9.0 months,
p=0.043) [29].

The combinatory partners of BEV were widely stud-
ied, and some BEV combined therapies (especially
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Table 1 The therapeutic efficacy of BEV-containing treatment regimens and non-BEV treatment regimens

Study Study type Diagnosis Sample Treatmentarm Primary endpoint and effect Key Findings Ref-
size (%) size er-
ence
2010, Review rGBM NA NA No pooled data BEV-containing regi- [57]
Moen men improved ORR and
etal. PFS. Further study is

needed to see the
improvement of OS.

2010, Review rGBM NA BEV-containing regimen  No pooled data The improved ORR that  [58]
Chamber- was observed in the
lain et al. BRAIN and NCI 06-C-

0064E studies resulted
in the accelerated ap-
proval of single-agent
BEV for patients with

progressive GBM after
previous TMZ-based
therapy.
2012, Park Retrospec-  rGBM 1 BEV +GKSR + Che- Median OS: OS favored BEV plus [59]
etal. tive study (100%)  motherapy vs. BEV+GKSR+Chemotherapy vs.  GKSR plus chemothera-

GKSR+Chemotherapy GKSR +Chemotherapy: 17.9 vs. py group.
12.2 months (P=0.005)

2014, Taal Phase ll trial  rGBM 148 Bevacizumab vs. Lomus-  9-month OS: BEV plus LOM could [13]
etal (100%)  tinevs.BEV/LOM 110vs.  BEV vs.LOM vs. BEV/LOM 110vs.  prolong OS of rtGBM
BEV/LOM 90 BEV/LOM 90: 38% (95%Cl 25-51)  compared with LOM

vs. 43% (95%CI 29-57) vs. 87% single-agent.
(95%CI 39-98) vs. 59% (95%Cl
43-72)

12-month OS:

BEV vs. LOM vs. BEV/LOM 110 vs.
BEV/LOM 90: 26% (95%CI 15-39)
vs. 30% (95%CI 18-44) vs. 63%
(95%Cl 23-86) vs. 45% (95%Cl
30-59)

Median OS:

BEV vs. LOM vs. BEV/LOM 110 vs.
BEV/LOM 90: 8 months (95%Cl
6-9) vs. 8 months (95%Cl 6-11)
vs. 16 months (95%C| 2-34) vs. 11
months (95%Cl 8-12)

2014, Review rGBM NA BEV-containing regimen  No pooled data Only one randomized [60]
Khasraw vs. non-BEV regimen study addressed the ef-
etal. ficacy of bevacizumab
in the recurrent setting.

2014, Review rGBM 55 BEV+GKSR vs. GKSR Median OS (since diagnosis): BEV plus GKSR [35]
Larson (17.1%) BEV +GKSR vs. GKSR: 33.2 months  prolonged the OS in
etal. (959%CI 23.7-42.7) vs. 26.7 months  patients with rGBM

(95%Cl 21.8-31.6) compared with GKSR.
2014, Phase Il trial  rGBM 120 TMZ +RT vs. Median OS: No significant [61]
Chauffer (100%) BEV+IRI+RT+TMZ TMZ+RT vs. BEV+IRI+RT+TMZ:  difference
etal. 11 months (95%Cl 9-15) vs. 11

months (95% Cl 9-15)
2016, Review rGBM NA NA No pooled data The efficacy of BEV [62]
Tosoni raised controversy
etal. because of the lack of

survival benefits.
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Table 1 (continued)
Study Study type Diagnosis Sample Treatmentarm Primary endpoint and effect Key Findings Ref-
size (%) size er-
ence
2016, Phase Il trial  rGBM 55 BEV+TMZ vs. TMZ Median OS: No significant [63]
Balana (100%) BEV+TMZ vs. TMZ: 10.6 months  difference
etal. (95% Cl 6.9-14.3) vs. 7.7 months
(95% Cl 5.4-10.0)
HR for OS:
BEV+TMZ HR=0.68 (95% Cl
044-1.04,P=0.07)
2016, Retrospec-  rGBM 77 BEV+Lomustine vs. non- Median OS (from diagnosis): BEV-containing regi- [64]
Sanchez  tive study (100%)  BEV regimen BEV+Lomustine vs. non-BEV regi- men prolonged the OS.
etal. men: 17.63 (95% Cl 15.38-19.89)
vs. 13.23 months (95% Cl
11.79-14.68, p=0.049)
2017, Phase Ill trial  rGBM 437 BEV+LOM vs. LOM Median OS: No significant [9]
Wick et al. (100%) BEV+LOM vs. LOM: 9.1 months difference
(95% C1 8.1-10.0) vs. 8.6 months
(95% Cl 7.6-10.4)
HR for OS:
BEV+LOM HR=0.95 (95% ClI
0.74-1.21;P=0.65)
2017, Review pGBM and rGBM 4330 BEV containing regimen  HR for OS: BEV treatment showed  [65]
Lombardi (100%)  vs.non-BEV regimen BEV monotherapy HR=1.09 no benefits for OS but
etal. (p=0.7) PFS.
BEV combined therapy HR=0.96
(p=03)
2017, Review rGBM NA NA No pooled data Treatment responses [49]
Hunds- of rGBM with TMZ,
berger LOM, and BEV and
etal. their combinations are
short-lasting and did
not show substantial
survival advantages
in randomized clinical
trials.
2018, Review GBM and rGBM  NA BEV+LOM vs. LOM No pooled data Many practicing [33]
Wick et al. clinicians described the
positive effect of BEV
plus LOM on PFS, other
palliative effects, and
neurological improve-
ment in many patients
as meaningful benefits,
without OS gain in
the entire patient
population.
2018, Phase Il trial  rGBM 48 BEV+TBN vs. TBN NA No significant [66]
Reardon (100%) difference
etal.
2018, Retrospec-  rGBM (first 51 BEV monotherapy vs.No  Median OS: Patients who received [67]
Carter tive study recurrence) (16.6%)  treatment BEV monotherapy vs. no treat- BEV treatment had a
etal. ment: 15.4 months vs. 6.8 months longer OS.
(P=0.00015)
2018, Am- Review GBM and rGBM 3743 Antiangiogenic therapy ~ HR for OS: Antiangiogenic therapy  [68]
eratunga (100%)  (one study didn't use Antiangiogenic therapy vs.non-  could not improve OS
etal. BEV) vs. non-antiangio-  antiangiogenic therapy: HR=0.99 for rGBM significantly.

genic therapy

(95% C10.85-1.16, P=0.90)
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Table 1 (continued)
Study Study type Diagnosis Sample Treatmentarm Primary endpoint and effect Key Findings Ref-
size (%) size er-
ence
2019, Retrospec-  First recurrent 168 BEV vs. LOM (2001— Median OS: No significant differ- [15]
Nguyen tive study glioblastoma (100%)  2004; 2009-2015) vs. BEV vs. BEV+LOM vs. LOM 01-04  ence was observed
etal. (GBM) BEV+LOM vs. LOM 09-15: 6.94 months vs. between the BEV-
7.13 months vs. 5.65 months vs.  containing regimen
14.1 months and the non-BEV
groups. But subgroup
analysis showed that
BEV might be beneficial
for rtGBM patients with
large tumor burden.
2019, Kim  Review rGBM NA NA No pooled data The concurrent ap- [69]
etal. proach with TMZ or BEV
did not improve the OS
of re-RT.
2019, Phase Il trial  rGBM 123 BEV+LOM vs. LOM Median OS: No significant [70]
Brandes (100%) BEV+LMS vs. LMS: 6.4 months vs.  difference
etal. 5.5 months
HR for OS:
BEV+LOM HR=1.04 (95% ClI
0.69-1.59)
2020, Prospective  rGBM 22 Surgery +BEV +Vincris- Median OS: BEV-containing regi- [71]
Huang study (682%)  tine+Carboplatin vs. Surgery+BEV+Vincristine+Car-  men prolonged OS of
etal. Surgery boplatin vs. Surgery rGBM after surgery.
13.5months (95% Cl 6.5-89.3)
vs. 3.2 months (95% Cl 0.7-14.8;
P=0.006)
2020. Prospective  rGBM (large 67 BEV containing regimen  Median OS: No significant [44]
Patel etal. study tumor burden)  (79.1%)  vs. surgery surgery vs. BEV-containing regi-  difference
men 7.6 months vs. 4.3 months
(P=0.0376)
HR for OS:
BEV-containing regimen HR=1.02
(95% C11.01-1.04, P=0.009)
2020, Phase Ill trial  rGBM (first 347 Nivolumab vs. BEV Median OS: There was no OS [72]
Reardon recurrence) (47.6%) Nivolumab vs. BEV: 9.8 months difference between
etal. (95% Cl, 8.2-11.8) vs. 10.0 months  nivolumab and BEV
(95% C1,9.0-11.8) treated groups.
HR for OS:
BEV HR=1.04 (95% Cl, 0.83-1.30;
P=0.76)
2020, Review GBM and rGBM  NA NA No pooled data 1. The addition of BEV [73]
Roth et al. to lomustine in patients

with rGBM prolonged
PFS but not OS.

2. BEV remains a useful
option in patients with
symptomatic tumors
who experience a clini-
cal benefit due to relief
of the mass effect.
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Table 1 (continued)

Page 8 of 23

Study Study type Diagnosis Sample Treatmentarm Primary endpoint and effect Key Findings Ref-
size (%) size er-
ence
2020, Retrospec-  rGBM (first 344 Alkylating agents+BEV ~ Median OS (since the first No benefits were ob- [41]
Seystahl  tive study recurrence) (100%)  vs. Alkylating agents recurrence): served from adding BEV
etal. 1. Model 1 to alkylating agents.
Alkylating agents vs. Alkylating
agents+BEV 6.9 months (95% Cl
5.3-8.5) vs. 7.1 months (95% Cl
52-9.1)
2. Model 2
Alkylating agents vs. Alkylating
agents+BEV 11.1 months (95% Cl
10.2-12.1) vs. 7.4 (95% Cl 5.7-9.0)
2020, Tan  Review GBM and rGBM  NA NA No pooled data BEV could not improve  [74]
etal. OS but QoL with de-
creased corticosteroid
use and thus some-
times is reserved for
symptomatic patients
at later recurrences.
2020, Retrospec-  rHGG 61 BEV-containing regimen  Median OS: BEV prolonged OS of [75]
Hofmann  tive study (100%)  vs.non-BEV regimen BEV vs. non-BEV: 10.3 months vs.  rGBM, especially in case
etal. 4.2 months (P=0.023) of a second or later
recurrence.
2021,Ya-  Retrospec-  rGBM 124 Cytoreductive sur- Median OS (since the first The addition of BEVto  [27]
maguchi  tive study (100%)  gery+BEV vs. cytoreduc-  recurrence): cytoreductive surgery
etal. tive surgery cytoreductive surgery +BEV prolonged OS since the
vs. cytoreductive surgery: 16.3 first recurrence.
months vs. 8.1 months (P=0.007)
2021, Review rGBM 1734 BEV-containing regimen  HR for OS: No significant [39]
McBain (100%)  vs.non-BEV regimen BEV+LOM vs. LOM: No difference  difference
etal. (HR=0.91,95% Cl 0.75-1.10,
moderate-certainty evidence)
BEV vs. LOM: No difference
(HR=1.22,95% Cl 0.84-1.76, low-
certainty evidence)
BEV+IRI vs. LOM (HR=1.16,
95%Cl 0.71-1.88, very low-cer-
tainty evidence)
2021, Retrospec-  rGBM 46 SRS+ Chemotherapy Median OS (since SRS): BEV-containing regi- [76]
Lovo et al. tive study (26.1%)  (12BEV+3TMZ) vs. SRS SRS+ chemotherapy vs. SRS: 12 men prolonged OS of
months vs. 7 months (P=0.04) patients with rGBM
after SRS.
2021, Retrospec-  rHGG 70 (50%) HSRS+TMZ vs. 1-year OS: BEV treatment might [77]
Guan tive study HSRS+BEV vs. BVZ+HSRS vs. HSRS alone: 77.3%  be beneficial to HSRS
etal. HSRS+BEV+TMZ vs. vs. 56.0% (P=0.035) treated rHGG patients.
HSRS +BSC

Abbreviations: BEV, bevacizumab; BSC, best supportive care; GBM, glioblastoma; GKSR, Gamma Knife stereotactic radiosurgery; HSRS, hypofractionated stereotactic
radiosurgery; LMS, lomustine; LOM, lomustine; ORR, objective response rates; OS, overall survival; PFS, progression-free survival; rGBM, recurrent glioblastoma;
rHGG, recurrent high-grade glioma; SRS, stereotactic radiosurgery; TMZ, temozolomide;

with lomustine and radiotherapy) were proved to have
superior efficacy to BEV monotherapy. But additional
research is required to determine the optimal combi-
nation of treatment modalities.

Median OS reported in the studies included in the
analyses is summarized in Fig. 2. Although it was
difficult to prove the OS benefits of BEV treatment
through a single study, there was a trend to suggest

that rGBM patients treated with BEV combined ther-
apy may experience longer median OS.

Could BEV treatment improve the quality of life and reduce
the adverse events in rGBM?

In total, 19 studies (1 phase I trial, 4 phase II trials, 1
phase III trial, 4 retrospective studies, and 9 reviews)
investigated the BEV effect on QoL and AEs (edema
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Table 2 The therapeutic efficacies of BEV monotherapy and combined therapy
Study Study type Diagnosis Sample Treatmentarm Primary endpoint and effect Key findings Ref-
size (%) size er-
ence
2009, Review rGBM NA BEV+IRI vs. BEV Median OS: BEV plus IRl only [19]
Welch monotherapy BEV+IRI vs. BEV: 8.9 months vs.  showed a slight gain
etal. 9.7 months of survival (9.7 vs. 89
months), versus 30
weeks (7-8 months)
for historical controls.
2009, Phase Il trial  rGBM 167 BEV vs. BEV plus IRI Median OS: BEV alone orin [78]
Friedman (100%) BEV vs. BEV plus IRI: 9.2 months  combination with IRI
etal. (95% C18.2-10.7) vs. 8.7 was well tolerated
months (95% Cl 7.8-10.9) and active in rGBM
but had no benefits
on OS.
2012, Phase I trial  rGBM 19 BEV +Vorinostat + IRl Median OS: PFS and OS were [79]
Chinnai- (100%) 7.3 months favored with a high
yan et al. dose of vorinostat
combined with BEV
plus IRI.
2012, Jo-  Review rGBM (first NA BEV+IRI vs. BEV Median OS: No OS benefits were  [80]
hansson recurrence) monotherapy BEV+IRI vs. BEV: 8.7 months vs.  observed in BEV plus
etal. 9.2 months IRl group.
2013, Review rGBM NA BEV combined therapy vs. No pooled data Combination [81]
Weller BEV monotherapy regimens did not
etal. produce evidence of
superior activity but
commonly produced
more toxicity.
2014, Retrospec-  rGBM 18 BEV+HSRS + plus Median OS: BEV plus SRS might [26]
Clarket  tive study (85.7%)  chemotherapy 12.5 months improve the progno-
al. sis of rGBM.
2014, Taal Phase Il trial  rGBM 148 BEV vs. LOM vs. BEV/LOM 110 9-month OS: BEV plus LOM [13]
etal (100%) vs. BEV/LOM 90 BEV vs. LOM vs. BEV/LOM 110 prolonged OS of
vs. BEV/LOM 90: 38% (95% Cl patients with rGBM
25-51) vs.43% (95% CI 29-57)  compared with BEV
vs. 87% (95% Cl 39-98) vs. 59%  monotherapy.
(95% Cl 43-72)
12-month OS:
BEV vs. LOM vs. BEV/LOM 110
vs. BEV/LOM 90: 26% (95%ClI
15-39) vs. 30% (95% Cl 18-44)
vs. 63% (95% Cl 23-86) vs. 45%
(95% Cl 30-59)
Median OS:
BEV vs. LOM vs. BEV/LOM 110
vs. BEV/LOM 90: 8 months
(95% Cl 6-9) vs. 8 months (95%
Cl:6-11) vs. 16 months (95%
Cl 2-34) vs. 11 months (95%
C18-12)
2014, Phase Il trial  rGBM 54 BEV + Fotemustine Median OS: BEV plus fotemus- [82]
Soffietti (100%) BEV+ Fotemustine: 9.1 months  tine combined
etal. (95% C17.3-10.3) therapy was not

superior to either
BEV or fotemustine
monotherapy.
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Table 2 (continued)

Study Study type Diagnosis Sample Treatmentarm Primary endpoint and effect Key findings Ref-
size (%) size er-
ence
2015, Retrospec-  rGBM (first 37 Novo TTF-100 A+BEV+TCCC Median OS: no significant [83]
Wong tive study recurrence) (100%) vs. Novo TTF-100 A+BEV Novo TTF-100 A+BEV+TCCC difference
etal. vs. Novo TTF-100 A+BEV: 10.3

months (95% Cl 7.7-13.6) vs.
4.1 months (95% Cl 0.3-22.7;

P=0.0951)
2015,Wu  Phase Il trial  rGBM 73 BEV monotherapy vs. Median OS: no significance [84]
etal. (100%) BEV + vorinostat BEV + vorinostat vs. BEV: difference

9.2 months vs. 7.9 months,

P=0.75)
2015, Phase Il rGBM 83 BEV +vorinostat vs. BEV Median OS: no significant [85]
Puduvalli  study (100%) monotherapy BEV +vorinostat vs. BEV (8.3 vs.  difference
etal. 7.0 months; P=0.93)
2015, Review rGBM NA BEV monotherapy vs. BEV No pooled data Neither BEV mono- [34]
Matsuoka combined therapy therapy nor BEV
etal, combined therapy

showed to prolong
OS.

2015, Phase Il rGBM 121 BEV + Dasatinib vs. BEV+PLA  Median OS: No significant [86]
Galanis study (100%) BEV+Dasatinib vs. BEV+PLA:  difference
etal. 7.2 months vs. 7.9 months

HR for OS:

BEV + Dasatinib HR=0.86 (95%

Cl0.56-1.31,P=0.48)
2015, Phase Il trial  rGBM 120 BEV + Carboplatin vs. BEV Median OS: No significant [87]
Field et (100%)  monotherapy BEV+ Carboplatin vs.BEV:6.9  difference
al. months vs. 7.5 months

HR for OS:

BEV+carboplatin HR=1.18

(95% C10.82-1.69, P=0.38)
2016, Phase Il trial  rGBM 49 BEV+LOM vs. BEV Median OS: No significant [14]
Weathers (100%)  monotherapy BEV+LOM vs. BEV: 13.05 difference
etal. months (95% Cl 7.08-17.82)

vs. 8.79 months (95% Cl

6.42-20.22)
2016, Retrospec-  rGBM 63 BEV vs. BEV +valganciclovir Median OS: Valganciclovir in [21]
Penget  tivestudy (100%) BEV vs. BEV+valganciclovir: 8.7 combination with
al. months (95% Cl 6.8-10.8) vs. BEV prolonged OS,

13.1 months (95% C19.13-NA)  compared with BEV

HR for OS: monotherapy.

HR=NA (log-rank P=0.005)
2016, Retrospec-  rGBM 35 BEV monotherapy vs. Median OS: BEV plus LOM [16]
Heiland  tive study (100%)  BEV+LOM BEV alone vs. BEV+LOM:4.07  prolonged the OS of
etal months (95% Cl 3.02-12.98) vs.  patients with rGBM.

6.59 months (95% CI 5.51-16.3;

P=0.0238)

HR for OS:

BEV+LOM HR=0.43 (95% Cl

0.2-0.95).
2017, Phase Il trial  rGBM 123 BEV+TMZ vs. BEV+IRI Median OS: No significant [88]
Gilbert (100%) BEV+TMZ vs. BEV+IRI: 9.4 difference
etal. months (95% Cl 6.7-10.7) vs.

7.7 months (95% Cl 6.7-9.1)
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Study Study type Diagnosis Sample Treatmentarm Primary endpoint and effect Key findings Ref-
size (%) size er-
ence
2017, Phase Il trial  rGBM (first 129 BEV+ONA vs. BEV+PLA Median OS: No significant [40]
Clough- recurrence; BEV  (100%) BEV+ONA vs. BEV+PLA: 8.8 difference
esy etal. naive) months vs. 12.6 months
HR for OS:
BEV+ONAHR=1.45 (95% Cl
0.88-1.37;P=0.1389)
9-months OS:
BEV+ONA vs. BEV+PLA: 49.7%
vs.57.2% (P=04115)
2017, Birk Review rHGG NA NA No pooled data BEV resulted in (471
etal. improvements in PFS
in patients with rGBM
secondary to micro-
vascular regression,
but improvements in
OS were limited
2017, Retrospec-  rGBM 180 repeated surgery +salvage Median OS: No significant [28]
Azoulay tive study (100%)  chemo and/or RT (contain- repeated surgery +salvage difference
etal. ing BEV) vs. No repeated chemo and/or RT (include BEV)
surgery +salvage chemo vs. repeated surgery alone:
and/or RT (containing BEV) 10 months vs. 6.8 months
vs. repeated surgery alone (P=04727)
vs. BSC
2017, Retrospec-  First recurrent 109 TTF+BEV vs. BEV Median OS: TTF plus BEV [29]
Kesari tive study glioblastoma (529%)  monotherapy TTF+BEV vs.BEV: 11.8 months  prolonged OS,
etal. vs. 9.0 months compared with BEV
HR for OS: monotherapy.
TTF+BEV HR=0.61 (95% Cl
0.37-0.99; P=0.043)
2017, Review rGBM NA NA No pooled data Treatment responses  [49]
Hunds- with TMZ, LOM,
berger and BEV and their
etal. combinations were
short-lasting and did
not show substantial
survival advantages
in randomized clini-
cal trials of rGBM.
2017, Review GBM and rGBM 1249 BEV monotherapy vs. BEV Pooled median OS: There was an ob- [31]
Diaz et al. (100%) combined therapy BEV monotherapy vs. BEV served increased OS
combined therapy: 31 to 40 when patients with
weeks (weighted median recurrent GBM were
0S: 36.2 +3.8 weeks, 95% Cl treated with BEV
32.5-415)vs. 1510 44.6 alone or in combina-
weeks (weighted median tion with cytotoxic
0S:39.5+6.2 weeks, 95% Cl chemotherapy, com-
39.5-44.8) pared with historical
cytotoxic chemo-
therapy control.
2018, Review rGBM 574 combination group OR for OS: LOM plus BEV was [18]
Song (100%) (BEV+LOM) vs. monothera-  combination group vs. mono-  beneficial on PFS.
etal. pies group (BEV alone or LOM  therapies group: OR=0.84 But there was no

alone)

(95% C10.68-1.03, P=0.09)

advantage on OS
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Table 2 (continued)

Study Study type Diagnosis Sample Treatmentarm Primary endpoint and effect Key findings Ref-
size (%) size er-
ence
2018, Retrospec-  rHGG 35 BEV + reirradiation Median OS (since diagnosis): 1. Concomitant reirra- [25]
Schern-  tive study (100%) 44.6 months diation with BEV was
berg et Median OS (since beneficial for rtHGG
al. reirradiation): patients.
10.5 months (95% Cl: 7.6-13.4) 2. BEV-naive status
was the only factor
that was indepen-
dently associated
with improved OS
(P=0.002)
2018, Retrospec-  rHGG 118 BEV+FSRS Median OS (since diagnosis): The combination [24]
Palmer tive study (100%) 26.7 months (95% Cl 24.7-33.3, of FSRS and BEV for
etal. range 9.7-175.2) recurrent/progres-
Median OS (since sive HGG provided
recurrence): promising results in
13.8 months (95% Cl 12.3-16.1, terms of OS.
range 1.8-53.0).
2018, Fat  Retrospec-  rHGG 92 BEV monotherapy vs. 12-months OS: No significant differ- ~ [89]
etal. tive study (100%)  BEV+other chemotherapy BEV+other chemotherapy vs.  ence was observed
BEV monotherapy: 32% vs. 14% between the BEV
(P=0.07) monotherapy and
combined therapy
groups.
2018, Phase Il trial  rGBM 8(100%) BEV+ERC1671 vs.BEV Median OS: No significant [90]
Botaetal. BEV+ERC1671 vs. BEV: 12 difference
months vs. 7.5 months
2019, Retrospec-  rGBM 45 GKSR+BEV +chemotherapy  Median OS (since diagnosis): GKSR plus BEV was [23]
Morris tive study (100%) 31.0 months (95% Cl 18.6-39.4) beneficial and safe.
etal. Median OS (since GKSR):
13.3 months (95% Cl 7.4-24.9)
after SRS
2019, Retrospec-  rGBM (first 168 Bev vs. LOM (2001-2004; Median OS: 1. No significant [15]
Nguyen  tive study recurrence) (100%) 2009-2015) vs. BEV+LOM BEV vs. BEV +LOM vs. LOM difference
etal. 01-04 vs. LOM 09-15:6.94 2. Subgroup analysis
months vs. 7.13 months vs. 5.65 showed that BEV
months vs. 14.1 months might be beneficial
for rtGBM patients
with a large tumor
burden.
2019, Phase Il rGBM 121 BEV-+DST vs. BEV Median OS: No significant [91]
Galanis  study (100%) BEV+DST vs. BEV: 7.3 months  difference
etal. vs. 7.7 months
2020, Prospective  rHGG (BEV 35 BEV containing chemothera- Median OS: FSRS plus BEV con- [22]
Bergman  study resistant) (100%)  py+FSRS vs. BEV containing  BEV containing chemothera-  taining chemothera-
etal. chemotherapy py + FSRS vs. BEV containing py improved tumor
chemotherapy: 7.2 months local control and PFS
(95% Cl 6.1-8.1) vs. 48 months  but not OS.
(95% Cl1 1.7-7.6,P=0.11)
2020, Lee Phase Il trial  rGBM (first 115 BEV + trebananib vs. BEV Median OS: No significant [92]
etal recurrence) (100%) monotherapy BEV +Trebananib vs. BEV difference

monotherapy: 7.5 months
(95% C16.8-10.1) vs. 11.5
months (95% Cl 8.4-14.2)
HR for OS:

HR=1.46 (95% CI 0.95-2.27;
P=0.09)
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Study Study type Diagnosis Sample Treatmentarm Primary endpoint and effect Key findings Ref-
size (%) size er-
ence
2020, Phase Il trial  rGBM 74 BEV + vorinostat vs. BEV Median OS: No significant [93]
Puduvalli (100%) monotherapy BEV vs. Bevacizumab +vorino-  difference
etal. stat: 9.26 (95% Cl 5.88-11.37)
vs. 7.79 (95% Cl 5.06-9.63,
P=0.6398)
2020, Retrospec-  rGBM (first 51 BEV +alkylating agents vs. Median OS (since Alkylating agents [41]
Seystahl  tive study recurrence) (14.8%)  BEV monotherapy recurrence): have activity in recur-
etal. BEV+ Alkylating agents vs. BEV:  rent glioblastoma,
9.4 months (95%Cl 7.7-11.2) vs.  especially in the con-
5.1 months (3.5-6.7, P<0.001)  text of MGMT pro-
moter methylation.
2021, Retrospec-  rGBM 15 BEV+ osimertinib Median OS: BEV plus Osimertinib ~ [20]
Cardona  tive study (100%) BEV +osimertinib: 9.0 months  had a long-lasting
etal. (95% Cl 3.9-14.0) meaningful ben-
efit to some rGBM
subgroups.
2021, Review rGBM NA NA No pooled data Studies showed that  [94]
Chen BEV was effective in
etal. prolonging PFS and
alleviating edema
but had no effect on
prolonging OS.
2021, Retrospec-  rHGG 92 BEV+chemotherapy vs.BEV ~ Median OS: No significant [95]
Detti et tive study (100%) monotherapy BEV vs. BEV +other chemother-  difference
al. apy: 9.4 months (7.7-13.4) vs.
8.9 months (95% Cl 7.2-11.7)
2021, Review rGBM NA NA No pooled data LOM was the only 7]
Zheng chemotherapy drug
etal. that improved the
efficacy of BEV in
rGBM.
2021,Ya- Retrospec-  rGBM 73 Cytoreductive surgery+BEV ~ Median OS (since the first BEV plus cytore- [27]
maguchi  tive study (589%)  vs.BEV monotherapy vs.BSC  recurrence): ductive surgery
etal. Cytoreductive surgery +BEV improved OS
vs. BEV vs. BSC: 16.3 months; compared with BEV
7.4 months; 4.6 months monotherapy.

(p=0.0008)

Abbreviations: BEV, bevacizumab; DST, dasatinib; FSRS, Fractionated Stereotactic Radiosurgery; GBM, glioblastoma; GKSR, Gamma Knife stereotactic radiosurgery;
HSRS, hypofractionated stereotactic radiosurgery; IR, Irinotecan; LOM, lomustine; ONA, Onartuzumab; OS, overall survival; PFS, progression-free survival; PLA,
placebo; RT, radiotherapy; rGBM, recurrent glioblastoma; rHGG, recurrent high-grade glioma; SRS, stereotactic radiosurgery; TMZ, temozolomide; TTF, tumor

treating field

and cognitive dysfunction) (Table 3). While the effect
of BEV monotherapy and combined therapy on OS
prolongation remains unclear and controversial, three
studies have verified BEV’s potential to reduce ste-
roid use [30-32]. Additionally, three studies have
reported that BEV could reduce the AEs induced by
radiotherapy [33-35]. BEV also effectively controlled
the tumor mass. However, only two retrospective
studies found that the health-related QoL improved
after receiving BEV containing therapy [30, 36], while
other studies, including a phase II trial, did not find
associations between BEV treatment and QoL [37,
38]. A review suggested that BEV combined therapy
increased the incidence of side effects compared to

BEV monotherapy [39]. Therefore, the potential for
BEV to improve QoL remains uncertain and requires
further validation.

Could subpopulations harboring some clinical or
molecular characteristics gain survival benefits from BEV
treatment?

A total of 17 studies (6 phase II trials, 2 prospective stud-
ies, and 9 retrospective studies) analyzed the types of
rGBM that may favorably benefit from BEV-containing
therapies. These studies analyzed the association between
different genetic alterations, such as MGMT methylation,
IDH mutation, and EGFR alteration and clinical features
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Fig. 2 Median OS of patients with rGBM reported in studies

such as age groups, laboratory examinations, and radio-
logical characteristics (Table 4).

MGMT methylation status

MGMT methylation status was assessed in six stud-
ies (4 phase II trials and 2 retrospective studies) to
determine its association with responses to BEV [38,
40, 41]. A phase II trial found that BEV plus ONA
improved OS in patients with rGBM having unmeth-
ylated MGMT (mOS, ONA+BEV vs. PLA+BEV, 10.9
vs. 7.5 months, p=0.0836), compared with BEV plus
placebo while BEV monotherapy favored outcome in
patients with rGBM harboring methylated MGMT
(mOS, ONA+BEV vs. PLA+BEYV, 7.7 months vs. NR,
p=0.0150) [40]. A retrospective study on BEV plus
osimertinib treatment was marginally effective in most
GB patients with simultaneous EGFR amplification
plus EGFRVIII mutation [20]. Another retrospective
study compared the post-recurrence survival between
patients with MGMT methylation and unmethylation,
treated with BEV plus alkylating agents and found no
difference between the two groups [41]. Nevertheless,
another phase II trial did not find differences in QoL
between the groups with GBM having MGMT meth-
ylation and unmethylation to BEV plus TMZ [38].

IDH mutation status

The association between IDH mutation status and
response to BEV has been investigated in one phase
II trial and two retrospective studies. Subgroup analy-
sis of the BELOB trial revealed that patients with IDH
mutation had higher OS and PFS compared to the
control (mOS, IDH mutant vs. IDH wildtype: 20 vs. 9
months, p=0.021) [13]. Dono et al. revealed an asso-
ciation between the genetic alterations and response
to stereotactic radiosurgery (SRS) and BEV-containing
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Study type
Phase | trial
Phase Il trial
Phase Il trial

Prospective study
Retrospective study

Treatment
BEV combined therapy
BEV monotherapy

|| Non-BEV therapy

Median OS
[l From diagnosis

Il From enroliment/rar
[ From treatment

B From recurrence
B Not defined

chemotherapy in patients with rGBM carrying IDH-
wildtype. Moreover, PTEN mutant subgroup in IDH
WT group was found to have longer PFS and OS
after combination therapy (mOS, PTEN mutant vs.
PTEN wildtype: 22.5 vs. 13.6 months, p=0.07; mPFS,
PTEN mutant vs. PTEN wildtype: 17.5 vs. 8.1 months,
p=0.04) [42]. A retrospective study conducted by
Lv et al. revealed that rGBM carrying IDH mutation
had a better prognosis (OS and PFS) after receiving a
BEV-containing regimen, compared with rGBM with-
out IDH mutation (BEV monotherapy, mOS, IDH
mutant vs. IDH wildtype: 10.16 vs. 4.9 months; mPFS,
IDH mutant vs. IDH wildtype: 3.23 vs. 1.37 months,
p=0.04; BEV plus sunitinib, mOS, IDH mutant vs. IDH
wildtype: 7.53 vs. 4.83 months; mPFS, IDH mutant vs.
IDH wildtype: 2.07 vs. 1.10 months, p=0.06), while
no difference was found between IDH wildtype and
mutated rGBM receiving non-BEV regimens (cetux-
imab and sunitinib) [43].

EGFR alteration status

A phase II trial found that EGFR vIII positive rGBM
had PFS and OS benefits from BEV plus rindopep-
imut therapy (HR for BEV plus rindopepimut, 0.58,
p=0.01).

Radiological characteristics

Apart from genetic alterations, the association
between radiological examination outcome and
response to BEV was elucidated. Cox regression analy-
sis in a phase II trial showed that BEV improved sur-
vival in patients with large enhancing tumors with low
apparent diffusion coefficient (ADCL). It also revealed
that the pretreatment tumor volume was an indepen-
dent risk factor for the BEV-treated group [44]. A pro-
spective study revealed that patients with hyperintense



Page 15 of 23

(2023) 23:544

Fu et al. BMC Cancer

‘Adelsyiouow A3g Yum pasedulod Adelay1 paulquiod A3g
l6€] S3VS 4o Aduanbaly 1aybiy e yum paieosse sem uawiibal buiuieiuod A3g buiniedsy vN  pue Adessylouow AJg VN NgD! MIINDY e 3D UlegdON 1 70T
Adeiayy pauiquiod A3g
(86] ‘[en3 Yy Buunp 9sop ploJls 81 padNpal uoleAsIuIWPR AJ  WOT+AIE SAAIG pue Adessylouow A3g (908) L NEDJ4  [eul|Sseyd e 38 [80Ysioy ‘0707
Adelay1 paulquiod A3g NGO
(€1 WEDJ puUB INGD JO 15943 SSeld a1 pansl|a) A3 VYN pueAdessyiouow A3g VN pue INgS MIINY ‘B39 4104 ‘020
INGDJ 1M S1ualied Ul SWODINO [BAIAINS Pale|al-eulol|b a|ge suawibal suawibal  (%001) Apnis oAl ‘e 19
(/6] -JOABJUN YUIM PIBDOSSE SeM SudUIBaI Bululeluod-A3g 01 sy JO Juswdolnap ay | BujuieIu0d-A3g BujuleIu0d-A3g 867 NgD!  -dadsouiay e)ONSIeN ‘070T
Adelay1 pauiquiod A3g NgD!
r/] 'SISOID3UOIPEI JO S218J 33 PadNPal uaWibas bulueluod-A3g VYN  pueAdelayiouow A3g VN pue |NgO MIIAY ‘1B 13 Ue] ‘0707
(%001) sewol|6
[8] 'sdnoub Jusw1ea.l) OM] 31 USIMIDQ PIAISSCO SBM DUIRYIP JUBDLIUDIS ON  ZINL 'SA ZWL1+AJg  Adeiayl pauiquiod A3g GGl 1UauNd3Y  |ell || dseyd ‘1819 1U39 ‘810¢
|9A3) (9%001) sewlol|b Apnis oAl
[og] 95eq Yum paledwod a4l| JO Alljenb paie|ai-yijeay O} [e1dyausq Sem Jusuiealt A3g ZINL+A3g  Adesayr pauiqwiod A3g 0T uaunday  -dadsolisy ‘219 N1'810T
‘uone|ndod 1uaied a13us Yy Ul Uleb [eAlAINS
|[BI9A0 UR JO 3DUaSe 3y} Ul 'syauaq [njbuiueawl se sjuajied AUew Ul PaAISSCO 2iam Adeiayy pauiquiod A3g NgD!
[e€] uondUNYSAp [e2160j0INaU pUB PWSPS Pa1R[2J-SISOID3UOIPR] UO S1D3449 [BIDYSUS] Y| VYN  pueAdelayiouow A3g VN pue |NgO MIIADY ‘e 12 IIM ‘8107
EEIRUSEIEIEN]]s) (9%001) ele
[8¢] 40 AJF Yyum pateast NG Yim siuned Ul paAISsgo sem aDUIHIp Juedyiubis oN ZWL+AJ8  Adessyr pauiquiod A3g 0€ gD [eul || 9seyd eloppnipeg ‘£ 10¢
NGOJ YUM Spusiied Ul 9sn PloJals WiSl-buo| JO S109)9 SIS Syl padnpal Adeiayy pauiquiod A3g NgO!
[L€] AJjea1ulD gD 4O BuIas 9yl Ul gewnzioeaaq 4o 9sn ayi ‘Adesayi Jo ysu ayy audssQg VYN  pueAdelayiouow A3g N pue |NgO MIINY 1e12ze1g /10T
“UuoldUNy SAINUHOD0INBU JoU 3yl| JO (%001)
(6]  Aujenb paiejai-yijesy oY) JsYuRU PRIdSYR SUNSNWO| O} RUWINZIDRAS] JO UORIPPe 3YL  WOT SAWOT+A3E  Adeisyl pauiquiod A3g VA4 NGD! el [l 9seyd B9 /10T
Adelay1 paulquiod A3g
(/€] 10D aA0idwi 10U PIp OS|e UOBUIGWIOD Ul 10 dUOje AJg YN  pue Adessylouow A3g VN NgD! MIINDY {ERERSIEIE T4
Adelay1 paulquiod A3g ‘e
[pe]  -santadoid eulapa-iiue JO SSO| Y1 OF NP 12949 PUNOQaI B Ul Pa}NS3I UOIBNUIIUODSI] VYN  pueAdelayiouow A3g VN NgD! MIINY e)ONSIeN ‘G107
97€)
(s€] (££0°0=d) %6—9F WO} S129)y9 UONEIPRI 9SI9APE 9|11 Padnpal A3g VYN Adessyl pauiquiod A3g L NgD! M3INSY B39 UOSIET %710C
Adelayiowayd
‘dnoib ‘s Adesayy Apnis 9l
[og] |0J1UOD Y3 Y1M paledwiod ‘9102s BUIAl| Juspuadapul 3y J0o) [eIdyauaq sem AJg -owayd+A3g  Adesayl psuiquiod A3g  (%05) 0T NgDS  -dadsoley (e la edbeN ‘L 10T
-9suodsal |ed1bojolpes Jo ssa|piebal ‘A3g (9%001)
[cel Bun.eis saye A|pidel spiosis bubiel paddois pue 1yausq [ed1ul]> e pey siusied ||y l41+A38  Adesayl paulquiod A3g 0 NGO [BUY|[SRYd  [e 12 ZN0IASY '010T
“auljeseq (9001) e3e
[906] 01 9AIRJD1 ‘PUNOY SBM DUIIY JSAO SSOP PI0ISISODIHIOD UBIPIW Ul UOIINPAI JUSISISUOD VY MI+AJgSAATg  Adeisyl pauiquiod AJg /91 INGDJ  [eUY||3SBUd  YBINQUIPaIA‘010T
ERIIE)
-9 azis
-Jay sbuipuy Aay UOIJUSAIDIU| juswiean A3g ojdwes sisoubelq adAy Apmis Apms

SIUDAD DSIDAPR BuldNpal pue 3jl| 4o Alljenb buiroidul uo A3g JO 1039 3y € d|qeL



Fu et al. BMC Cancer (2023) 23:544 Page 16 of 23

>
<. ¢ T |% lesions in T1 and diffusion-weighted restriction (dou-
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LR R = ble-positive) benefited more than others from BEV
< treatment [34, 45]. A retrospective study demonstrated
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= % g that rGBM with a large tumor burden might be ben-
2 s |2 efitted most favorably from BEV-containing regimens
2 o |3 [15].
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% == g Laboratory examinations
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Tj =220 0.011 G/L) predicted prolonged OS [46].
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2 5 =3 between BEV efficacy and age groups. Two retrospec-
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Table 4 Responses to BEV in different rtGBM subpopulations

Page 17 of 23

Study Study Diagnosis Sample BEV treatment Intervention Key findings Ref-
type size (%) er-
ence
MGMT methylation status
2014, Sof-  Phasell  rGBM 54 BEV combined BEV + Fotemustine MGMT promoter methylation was signifi- ~ [82]
fietti et al. trial (100%)  therapy cantly associated with the improved PFS
via univariate analysis.
2014, Taal Phase Il rGBM 132 BEV-containing BEV vs. Lomustine vs. PFS and overall survival were longer in [13]
etal. trial (86.3%)  regimens BEV + Lomustine patients with MGMT promoter methyl-
and non-BEV ated tumors.
regimens
2017, Phase Il rGBM 30 BEV combined BEV+Temozolomide No difference in the quality of life was [38]
Badruddoja trial (100%)  therapy observed between the unmethylated
etal. MGMT and methylated MGMT groups.
2017 Phase Il rGBM (first 129 BEV monother- Bev+ONA vs. Bev+PLA  BEV plus ONA was recommended for [40]
Cloughesy trial recurrence; BEV  (100%)  apy and com- rGBM with unmethylated MGMT while
etal. naive) bined therapy BEV monotherapy was recommended for
rGBM with methylated MGMT.
2020, Seys-  Retro- rGBM (first 564 BEV mono- BEV+Alkylating agents  The difference of post recurrence survival — [41]
tahl etal. spective  recurrence) (100%)  therapy and BEV was not significant between rGBM condi-
study plus alkylating tions with different MGMT statuses.
agents
2021, Car- Retro- rGBM (EGFR 14 BEV combination BEV+ Osimertinib PFS benefits from BEV combined therapy  [20]
donaetal. spective amplification (100%) were observed in MGMT methylated
study and EGFRVIII rGBM.
mutation)
IDH mutation status
2011, Lv Retro- rGBM M BEV mono- BEV-containing regimen  BEV-containing regimen improved OS [43]
etal. spective (17.5%)  therapy and vs. non-BEV regimen and PFS of IDH mutated rGBM.
study BEV combined
therapy
2014, Taal Phase Il rGBM 127 BEV-containing BEV vs. Lomustine vs. PFS and overall survival were both higher  [13]
etal. trial (83.0%) regimens BEV + Lomustine in IDH mutant tumors.
and non-BEV
regimens
2021, Dono  Retro- rGBM (first 43 BEV combined BEV (administered in IDH-WT rGBMs harboring PTEN mutation  [42]
etal. spective  recurrence) (100%)  therapy 81.4% patients) + SRS had a prolonged PFS and OS with BEV
study combined therapy.
EGFR alteration status
2020,Rear-  Phasell  rGBM (express- 73 BEV monother-  BEV+Rindopepimut EGFR vlll-positive rtGBM had a longer [72]
donetal. trial ing EGFR vlll) (100%)  apy and com- vs. BEV 6-month PFS, mOS, and 24-month OS
bined therapy after rindopepimut plus BEV treatment.
Age groups
2009, Retro- rGBM 123 BEV combined BEV containing regimen  BEV treatment reflected a significant [99]
Nghiemphu  spective (100%)  therapy vs. non-BEV regimen increase in PFS and OS, compared with
etal. study the control group
2021, Retro- rGBM 47 BEV BEV Significant improvement based on the [48]
Barrascout  spective (100%)  monotherapy KPS scale was observed in non-elderly
etal. study patients.
Laboratory examinations
2016,Ber-  Retro- rGBM 265 BEV-containing ~ BEV-containing regimen  Only patients with a high neutrophil
taut et al. spective (100%) regimen count (>6 G/L) benefited from the BEV- [100]
study containing regimens.
2019 Quil-  Prospec-  rGBM 29 BEV BEV Low neutrophil counts (<3.9 G/L) and [46]
lien et al. tive study (100%) monotherapy high Treg counts (above 0.011 G/L) had
prolonged OS.
Radiological characteristics
2014, Bahr ~ Prospec-  rGBM 74 BEV BEV Double-positive (hyperintense lesions [45]
etal. tive study (100%)  monotherapy inT1 and diffusion-weighted restriction)

rGBM patients had longer OS.
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Table 4 (continued)
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Study Study Diagnosis Sample BEV treatment Intervention Key findings Ref-

type size (%) er-
ence

2017, Retro- rGBM 32 BEV monother- BEV vs. BEV+IRI vs. No survival benefits were observed

Burgeretal. spective (100%)  apy and com- BEV+Lomustine between multifocal and resemble solitary  [101]
study bined therapy GBMs.

2019, Retro- rGBM (first 168 BEV monother- BEV vs. Lomustine vs. OS benefits from BEV were only observed  [15]

Nguyen spective  recurrence) (100%)  apy and com- BEV+Lomustine in rtGBM patients with a large tumor

etal. study bined therapy burden.

2020, Pudu- Phasell  rGBM (large 67 BEV BEV vs. Surgery 1. Pretreatment tumor volume was anin-  [93]

valli et al. trial tumor burden)  (79.1%)  monotherapy dependent risk factor for BEV treatment.

2. Large tumors with a low ADCL (lower
apparent diffusion coefficient) benefit-
ted from surgery, compared with BEV
treatment.

Abbreviations: ADCL, apparent diffusion coefficient; BEV, bevacizumab; KPS, Karnofsky; ONA, Onartuzumab; OS; overall survival; PFS, progression-free survival; PLA,

placebo; rGBM, recurrent glioblastoma;

and deterioration-free survival (DFS) than pre-recur-
rence BEV administration (pre-BEV) (mPFS, post-BEV
vs. pre-BEV: 9.9 vs. 7.5 months, p=0.0153; mDFS,
post-BEV vs. pre-BEV: 13.8 vs. 8.5 months, p=0.0046)
[54]. Therefore, the optimal opportunity window of
BEV treatment warrants further validation through
future large-scale clinical trials. Table 5 summarizes
the different findings across studies.

Discussion
BEV has shown improved PFS in clinical studies, but
OS benefits have not been consistently observed.
Despite this, BEV has been proposed as a promising
drug in GBM due to its ability to reduce side effects
from steroid use and radiotherapy. To further maxi-
mize benefits from BEV treatment, investigations
could be summarized in two ways. One was to com-
bine BEV with other treatment modalities to enhance
synergistic anti-tumor effects. The other one was to
identify the BEV-response groups which could gain
more prognostic benefits from the treatment of BEV.
Additionally, we investigated the optimal dosage and
treatment opportunity window to maximize the BEV
treatment benefits. To the best of our knowledge,
BEV-containing multimodality treatment was associ-
ated with clinical benefit and is worthy of administra-
tion. The outcome depends on the unique clinical and
molecular features linked to varied BEV responses.
Despite many efforts in the past, the efficacy of BEV
remains to be optimized and needs further investiga-
tions focusing on the two mechanisms mentioned
above. First, newly emerging therapies for rGBM bring
further opportunities for BEV-containing multimodal-
ity treatment. TTF was the landmark therapy in the
treatment of GBM [55]. Post-hoc analysis of EF-14 in
a phase III trial on newly diagnosed GBM revealed
that the addition of TTF to BEV could further prolong

the median OS by 2 months beyond the period that
patients with rGBM achieved with second-line treat-
ment alone [56]. Studies of higher evidence are war-
ranted to investigate the efficacy of BEV plus TTF
combination therapies. Besides TTF, an increas-
ing number of combination therapies are currently
explored via several clinical trials (e.g., NCT02511405,
VB-111 plus BEV; NCTO01308684, RO5323441 plus
BEV; NCT01349660, BKM120 plus BEV).

Second, biomarker-enrichment strategies are war-
ranted to direct the clinical administration of BEV.
While BEV administration has been shown to improve
OS in the TCGA-proneural newly diagnosed GBM
subtype, characterizing rGBM according to TCGA
transcriptome classification in a realistic manner
requires further exploration. Moreover, high-quality
evidence is lacking regarding the associations between
molecular and clinical features with BEV response.
Therefore, RCTs focusing on specific subpopulations
of rGBM are warranted.

In summary, current RCTs are not sufficient to make
a definitive statement that BEV could improve OS
and QoL in patients with rGBM although some clini-
cal benefits (including PFS, decreased steroid use, and
cognitive ability protection) are observed. Combing
BEV with TTF and administration at first recurrence
may improve prognosis. In the meantime, rGBM with
low ADCL, large tumor burden, or IDH mutation is
more likely to benefit from BEV treatment. Of note,
observational studies have yielded conflicting results
due to heterogeneity. High-quality clinical trials are
needed to gain new insights into BEV treatment, and
breakthroughs may emerge from the use of BEV-con-
taining multimodality treatment on unique subpopula-
tions of rGBM.
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Table 5 The optimal dosage and indication for the BEV treatment
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Study Study type Diagnosis Sample BEV Intervention Key findings Ref-
size administration er-
ence
The optimal dosage of BEV
2011, Retrospec-  rHGG 219 BEV combined 5 mg/kg/week vs. less Low BEV dose intensity was the most [50]
Lorgis tive Study (100%)  therapy than 5 mg/kg/week significant independent prognostic fac-
etal. tor of survival.
2015, Retrospec-  rGBM 181 BEV combined BEV combined therapy Dosing BEV at half the standard dose [51]
Levin tive Study (100%)  therapy (standard dose: 10 mg/kg every 2 weeks)
etal. for progressive/rGBM was not inferior to
standard dosing.
2016, Review rGBM NA BEV mono- 5mg/kg BEVvs. 10 mg/  The meta-analysis found no difference in  [37]
Mallick therapy and kg BEV vs. 15 mg/kg BEV  dose-response of BEV between 5 mg/kg
etal. BEV combined and 10-15 mg/kg.
therapy
2017, Review rGBM (first NA BEV mono- Lower doses BEV vs. Rec-  The outcome of lower doses of BEV [49]
Hunds- recurrence) therapy and ommended doses BEV was equal to or superior to the recom-
berger BEV combined mended dose in retrospective studies of
etal. therapy recurrent malignant gliomas including
GBM.
The optimal opportunity for BEV treatment
2013,Sa- Retrospec-  rGBM and recur- 27 BEV mono- BEV+TMZ vs. TMZ +Pro-  No significant difference in OS was [53]
hebjam  tive Study  rentanaplastic ~ (100%) therapy and carbazine vs. LMS vs. found when comparing the subpopula-
etal. gliomas BEV combined IRI+TMZ 4 Procarbazine  tion who were treated with BEV after the
therapy first relapse and those treated after the
second or later relapse.
2014, Retrospec-  rGBM 468 BEV combined BEV combined therapy Deferred use of bevacizumab was not
Piccioni  tive Study (100%)  therapy associated with diminished efficacy. [102]
etal.
2015, Review rGBM NA BEV mono- NA 1. The optimal duration of bevacizumab  [34]
Matsuo- therapy and therapy was not established.
ka et al. BEV combined 2. BEV continuation led to the develop-
therapy ment of a more aggressive phenotype
while discontinuation resulted in a
rebound effect due to loss of anti-edema
properties.
3. Some data suggested that continua-
tion beyond initial progression modestly
improved survival in patients with recur-
rent glioblastoma.
4. For those patients who progressed
despite a bevacizumab-containing
regimen rarely responded to the second
bevacizumab-containing chemothera-
peutic regimen.
2016, Retrospec-  rGBM (treated 174 BEV mono- BEV+IRI vs. BEV Early use of BEV prolonged OS.
Schaub  tive Study with BEV) (100%)  therapy and [103]
etal. BEV combined
therapy
2016, Retrospec-  Newly diag- 28 BEV-containing  BEV-containing regimen  The rGBM patients who responded [63]
Balana tive Study nosed GBMand  (100%)  regimen previously to BEV and stopped before
etal. rGBM progression, obtained benefit from a

second and even a third re-introduction
of the drug but did not respond as well
to second or third-line treatments with

other drugs.
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Table 5 (continued)
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Study Study type Diagnosis Sample BEV Intervention Key findings Ref-
size administration er-
ence
2017, Retrospec-  rHGG 59 BEV combined Pre-surgery BEV admin- 1. No significant difference in median [52]
Blumen- tive Study (100%)  therapy istration vs. Post-surgery  OS from initial diagnosis was found be-
thal et al. BEV administration tween the pre-surgery and post-surgery
groups.
2. Median OS from recurrent surgery of
pre-surgery BEV treated groups was lon-
ger than that of the post-surgery group.
2019, Retrospec-  rGBM (first 26 BEV combined concomitant FTM/BEV vs.  No significant difference.
Prelaj tive study recurrence) (100%)  therapy sequential FTM/BEV [104]
etal.
2020, Retrospec-  rGBM (first 344 BEV combined Alkylators first and BEV at  OS benefits were observed in alkylators [41]
Seystahl  tive study recurrence) (100%)  therapy any further recurrence vs. first and BEV at any further recurrence.
etal. BEV first and alkylators at

further recurrence

Abbreviations: BEV, bevacizumab; FTM, fotemustine; GBM, glioblastoma; IRI, Irinotecan; LMS, lomustine; OS, overall survival; rtGBM, recurrent glioblastoma; rHGG,

recurrent high-grade glioma; TMZ, temozolomide;

Abbreviations
ADCL Apparent diffusion coefficient

AEs Adverse events

BEV Bevacizumab

BSC Best supportive care

CCcT Case-control trial

DFS Deterioration-free survival

EANO European Association for Neuro-Oncology
FDA U.S. Food and Drug Administration

FSRS Fractionated stereotactic radiosurgery
GBM Glioblastoma

GKSR Gamma Knife stereotactic radiosurgery
HSRS Hypofractionated stereotactic radiosurgery
RI Irinotecan

KPS Karnofsky Performance Status

MGMT  O6-methylguanine-DNA methyltransferase
mOS Median OS

ORR Objective response rates

oS Overall survival

PFS Progression-free survival
QoL Quality of life

RCT Randomized controlled trial
RT Radiotherapy

rGBM Recurrent glioblastoma
rtHGG Recurrent high-grade glioma
SAEs Severe adverse events

SRS Stereotactic radiosurgery
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