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Abstract

Purpose This review compares reirradiation (reRT), systemic therapy and combination therapy (reRT & systemic therapy)
with regards to overall survival (OS), progression-free survival (PFS), adverse effects (AEs) and quality of life (QoL) in
patients with recurrent high-grade glioma (rHGG).

Methods A search was performed on PubMed, Scopus, Embase and CENTRAL. Studies reporting OS, PFS, AEs and/
or QoL and encompassing the following groups were included; reirradiation vs systemic therapy, combination therapy vs
systemic therapy, combination therapy vs reRT, and bevacizumab-based combination therapy vs reRT with/without non-
bevacizumab-based systemic therapy. Meta-analyses were performed utilising a random effects model. Certainty of evidence
was assessed using GRADE.

Results Thirty-one studies (three randomised, twenty-eight non-randomised) comprising 2084 participants were included.
In the combination therapy vs systemic therapy group, combination therapy improved PFS (HR 0.57 (95% CI 0.41-0.79);
low certainty) and OS (HR 0.73 (95% CI 0.56-0.95); low certainty) and there was no difference in grade 3 + AEs (RR 1.03
(95% C1 0.57-1.86); very low certainty). In the combination therapy vs reRT group, combination therapy improved PFS (HR
0.52 (95% CI 0.38-0.72); low certainty) and OS (HR 0.69 (95% CI 0.52-0.93); low certainty). In the bevacizumab-based
combination therapy vs reRT with/without non-bevacizumab-based systemic therapy group, adding bevacizumab improved
PFS (HR 0.46 (95% CI 0.27-0.77); low certainty) and OS (HR 0.42 (95% CI 0.24-0.72; low certainty) and reduced radi-
onecrosis (RR 0.17 (95% CI 0.06-0.48); low certainty).

Conclusions Combination therapy may improve OS and PFS with acceptable toxicities in patients with rHGG compared
to reRT or systemic therapy alone. Particularly, combining bevacizumab with reRT prophylactically reduces radionecrosis.
Registration: CRD42022291741.
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Introduction

High-grade gliomas (HGG) consist of glioblastoma multi-
forme (GBM) and anaplastic gliomas (anaplastic astrocy-
toma and anaplastic oligodendroglioma) [1]. Most HGGs
are managed with a multimodal approach, incorporating
maximal safe surgical resection, postoperative radiother-
apy and temozolomide [2]. Despite this, HGGs have a
poor prognosis with a median overall survival (OS) of 15
months and nearly all patients experiencing tumour recur-
rence [3]. Treatment options for recurrent HGG (rHGG)
are limited and include reoperation, reirradiation (reRT),
second-line chemotherapy, or a combination of these [4].

Notably, 90% of recurrences occur within 2 cm of the
original tumour site, suggesting the need for improved
local control [5]. To control local progression, surgical
resection is one treatment option, with a median reported
OS of 9.7 months. However, only 20-30% of patients with
recurrent or progressive disease have resectable lesions,
and reoperation is often limited by performance status and
diffuse, infiltrative disease involving eloquent areas [4].

ReRT is another localised treatment option for recurrent
or progressive disease. It generally benefits patients with a
good performance status (KPS > 60), localised/unifocal dis-
ease, and a time interval between initial radiation and reRT
of at least 6 months [6, 7]. Retrospective data suggests that
reRT is safe and provides improved local control [8], with a
median reported OS of 7.5-16 months [6] and an OS-12 rate
of 36% in recurrent GBM (rGBM) [9]. ReRT is controversial
given the tendency for in/near-field recurrences, and hence
the increased risk for radiation necrosis (RN) from cumu-
lative dose. The reported incidence of RN following reRT
is 0-31.3% [10]. Risk factors associated with RN include
fractionation schedule, dose (cumulative EQD?2), treatment
volume, time interval between initial radiation and reRT, and
concomitant systemic therapy. Three external beam radio-
therapy techniques are used based on fractionation schedule;
stereotactic radiosurgery (SRS), hypofractionated stereotac-
tic radiotherapy (HFSRT), and conventionally fractionated
radiotherapy (conventional RT) [7].

Second-line chemotherapy is commonly required for
durable tumour control. Literature reports a median OS
of 6-9 months in patients with rGBM treated with salvage
chemotherapy. No single agent or combination of systemic
therapies has demonstrated superiority to the others [11-13].
Bevacizumab has demonstrated efficacy in delaying tumour
progression, albeit without an OS improvement, and hence
has been approved by the FDA for treatment of rtGBM [14].
Nevertheless, most patients with rHGG progress on bevaci-
zumab after a median time of 3—-5 months [15].

Several retrospective studies report the safety and
efficacy of combining reRT with bevacizumab [16]. In a
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network meta-analysis of treatment options for progressive
or tGBM, McBain et al. found limited evidence suggesting
reRT with or without bevacizumab may improve survival
in select individuals [17]. Bevacizumab is further postu-
lated to reduce radioresistance and to lower the incidence
of RN [18]. Temozolomide has also been studied in com-
bination with reRT in rHGG due to its radio-sensitizing
effect [19]. However, its value in this setting is uncertain
given its widespread use in initial treatment and possible
subsequent resistance [20].

Combination therapy with localised treatment and sys-
temic therapy allows for the simultaneous targeting of mac-
roscopic, microscopic, and diffuse disease, and hence may
result in improvements in OS and progression-free survival
(PES). However, as the treatment of tHGG is of pallia-
tive intent, cumulative treatment-related toxicities must be
balanced with the potential impact of disease progression
on quality of life (QoL). This review aims to compare the
impact of reRT, systemic therapy and combination therapy
(reRT & systemic therapy) with regards to OS, PFS, adverse
effects (AEs), and quality of life (QoL) in patients with
rHGG.

Methods

This review was conducted in accordance with PRISMA
guidelines.

Search strategy

A search was performed on PubMed, Scopus, Embase and
CENTRAL on 18 March 2022. A repeat search was con-
ducted on 1 February 2023. The search was limited to stud-
ies published from 2010, with no limits on language.

The following Boolean search was utilised;

(“radiation” OR “radiotherapy” OR “radio-therapy” OR
“radio therapy” OR “irradiation” OR “reirradiation” OR
“re-irradiation” OR “re irradiation” OR “RT” OR “stereo-
tactic” OR “radiosurgery” OR “radio-surgery” OR “radio
surgery”) AND (“glioblastoma” OR “GBM” OR “high
grade glioma” OR “high grade gliomas” OR “high-grade
glioma” OR “high-grade gliomas” OR “malignant glioma”
OR “malignant gliomas”) AND (“recurrent” OR “recur-
rence” OR “progressive”).

Eligibility criteria

Studies reporting OS, PFS, AEs and/or QoL in patients
with tHGG, and encompassing the following groups were
included; reirradiation vs systemic therapy, combination
therapy vs systemic therapy, combination therapy vs reir-
radiation, and bevacizumab-based combination therapy vs
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reirradiation + non-bevacizumab-based systemic therapy.
Studies were included only if patients received external
beam radiotherapy.

Studies were excluded if they were single-arm studies,
reviews, case reports, conference abstracts, animal studies
or in-vitro studies, or if they did not strictly encompass the
comparative treatment groups or report any outcomes of
interest. Studies incorporating patients receiving brachy-
therapy and patients with low grade gliomas or other non-
glial CNS tumours were also excluded.

The first author (R.M) independently conducted title/
abstract screening. Both first and second authors (R.M and
D.X) performed full text screening individually. Disagree-
ments were resolved by consensus. The reference lists of
included manuscripts were examined to identify additional
articles.

Data collection

Data was extracted on study characteristics, demographics,
tumour characteristics, intervention characteristics, and out-
come measures of interest (OS, PFS, AEs (RN (any grade),
CTCAE Grade 3 + toxicities, treatment-related deaths),
QoL) by the first author (R.M) and cross-checked by the
second author (D.X). To maintain consistent definitions, OS
and PFS were only collected for studies which measured
these outcomes from recurrence or retreatment.

Quality assessment

Risk of bias (RoB) was independently assessed by first and
second authors (R.M & D.X) using the Cochrane RoB 2 tool
[21] for randomised control trials (RCTs) and the ROBINS-I
tool [22] for non-randomised studies. Differences between
authors were resolved with discussion on completion. Pub-
lication bias was assessed through the visual inspection of
funnel plots generated using the RevMan 5.4 software.

Synthesis methods

Only studies of low to moderate RoB were included in
the meta-analyses, while studies of serious or critical
RoB were excluded. Meta-analyses were performed for
outcome measures of interest utilising the RevMan 5.4
software. Meta-analyses could not be conducted for QoL
due to insufficient reporting. The logHR and SE(logHR)
for OS and PFS, and logRR and SE(logRR) for AEs
were extracted or estimated if not reported [23]. Data
was pooled by each comparative treatment group using
the generic inverse variance method, and the DerSimion-
ian and Laird random effects model was utilised given
expected heterogeneity. A forest plot was generated for
each outcome measure within each comparative treatment

group. Statistical significance was defined as p < 0.05 and
95% confidence intervals were reported. A subset analysis
was performed for only RCTs if > 2 studies were available.
Further subset analysis was also performed for GBM-only
studies.

GRADE approach

The overall certainty of evidence was assessed for each out-
come using the Grading, Recommendations, Assessment,
Development and Evaluation (GRADE) approach [24].

Results
Study selection

As demonstrated in Supplementary Material; Fig. 1, 12,244
studies were identified in the initial search, with 7338
studies remaining after removing duplicates. 7279 studies
were excluded on title and abstract screening resulting in
59 articles for full-text screen. Of these articles, 28 were
included; 9 were excluded as they were non-comparative, 19
were excluded as they did not strictly encompass the com-
parative treatment groups, 2 were excluded as they included
patients treated with brachytherapy, and 1 was excluded as it
included patients with low grade gliomas or other non-glial
CNS tumours. 3 additional articles [25-27] were included
after an updated search was conducted on 1 February 2023,
resulting in a total of 31 articles. No additional articles
were included on examination of reference lists of included
studies.

Study and treatment characteristics

Study and treatment characteristics are summarised in
Tables 1 and 2. Thirty-one studies (three RCTs, one
matched-case control study, twenty-seven cohort studies)
comprising 2084 participants were included. Participants
incorporated 1076 males, 739 females, and 269 individuals
of unspecified sex. 1593 participants had WHO Grade IV
tumours, 210 had WHO Grade III tumours, and 281 had
non-specified HGGs. 4 studies [28-31] comprised the reirra-
diation vs systemic therapy group, 7 studies [26, 27, 31-35]
encompassed the combination therapy vs systemic therapy
group, 17 studies [31, 36-51] comprised the combination
therapy vs reirradiation group, and 8 studies [18, 25, 49-54]
encompassed the bevacizumab-based combination therapy
vs reirradiation with/without non-bevacizumab-based sys-
temic therapy group.
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x s Risk of bias
g 28
e 52
g 2 3 g The RoB assessment is demonstrated in the Supplemen-
: B g ‘5 tary Material; Figs. 2, 3, 4, 5. The 3 RCTs [27, 33, 37]
g g g~ g §<< were of low RoB. Of the 28 non-randomised studies, 19
= i & E 2| & ) were of moderate RoB [18, 25, 28, 29, 31, 32, 34, 35, 38,
§ g g E 2 % & Sé % 40, 43, 45, 48-54], and 9 were of serious RoB (and hence
E £% g 'é' §§ E gg excluded from meta-analyses) [26, 30, 36, 39, 41, 42, 44,
L gREEE| 2% 46, 47].
o 3
O
G
g Eﬁ = Treatment outcomes & meta-analyses: rHGG
(=
g = & g §
N - EZ Reirradiation vs systemic therapy
g3
é E > In the reRT group, the median PFS ranged from 3.6 to
% E = T 2 7.7 months, while the median OS ranged from 4.3 to
wn I o ] . .
E S 9.5 months. In the systemic therapy group, the median
< g PFS ranged from 2.3 to 4.3 months, while the median OS
B a é jé ranged from 5.3 to 7.3 months. No grade 3-5 toxicities were
> & R reported in this group (Table 2).
2 g ey b= % There was no difference in PFS (2 studies [28, 31], 185
<
s g participants; HR 0.87 (95% CI10.61-1.22), p=0.41,12=0%;
%})E very low certainty) and OS (3 studies [28, 29, 31], 237 par-
= = < ticipants; HR 0.94 (95%CI 0.67-1.31), p=0.70, 12=0%;
Nel Ia} = N . . .
g & Y z g very low certainty) (Fig. 1). A meta-analysis could not be
; £ conducted for AEs due to insufficient reporting.
Q=S
GRS
= 2 S8
= = A g g Combination therapy vs systemic therapy
=]
z N g
NI o s
osg | ey E E o E g = In the combination therapy group, the median PFS ranged
S =2 = S 1 1
SE|%EFEER ¢ 'g g from 5.1 to 12 months, while the median OS ranged from
‘i < 7.2 to 16 months. In the systemic therapy group, the median
g - P g% PFS ranged from 1.8 to 4.8 months, while the median OS
3 8 8 2 2 ranged from 4.8 to 9.7 months. In the combination therapy
§ § group rates of grade 3 + AEs ranged from 2.1 to 33.3% while
ﬁ“ % ﬁ % £ i;f in the systemic therapy group rates ranged from 0 to 23.8%.
8 gg} 0 gg 3 % R 1 treatment-related death was reported with combination
® E202 E2g2 S0 5 therapy (Table 2).
e | 2a%8  Za%d | So0% Combination therapy i d PFS (5 studies [27
8 2 % Sg 2 py improve studies ,
:’% g 31-34], 402 participants; HR 0.57 (95% CI 0.41-0.79),
75| E g 5 g % ; = p=0.0008, 12 =55%; low certainty) and OS (6 studies [27,
ZE8|8” S ERE) 31-35], 537 participants; HR 0.73 (95% CI 0.56-0.95),
5 = o § arfi p=0.02, 12=35%; low certainty), and there was no differ-
E, 2|5 2 [,2 —§ § ence in grade 3 + toxicities (4 studies [27, 33-35], 398 par-
T " *5E ticipants; RR 1.03 (95% CI 0.57-1.86), p=0.92, 12=21%;
3 % c:’a_ g 8 5 very low certainty) (Fig. 2).
Els |28 e £ £ E Subset analyses of studies comparing combination ther-
R % & % & é 2 < apy with bevacizumab-based systemic therapy to bevaci-
~ = 2 E = zumab-based systemic therapy alone are demonstrated in
v 5 i et Suppl Material; Fig. 6. Subset analyses of onl
2z z 23 % upplementary Material; Fig. 6. Subset analyses of only
L £ = SE N RCTs are demonstrated in Supplementary Material; Fig. 7.
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Study or Subgroup

Overall Survival

Hazard Ratio

Weight 1V, Random, 95% CI

Hazard Ratio
IV, Random, 95% CI

Ciammella 2013
Kim 2015
Van Linde 2017

Total (95% CI)

Re-RT Syst
log[Hazard Ratio] SE Total Total
-0.53 0.44 15 37 15.0%
-0.08 0.29 29 31  34.5%
0.08 0.24 21 104 50.4%
65 172 100.0%

Heterogeneity: Tau? = 0.00; Chi? = 1.48, df = 2 (P = 0.48); I> = 0%

0.59 [0.25, 1.39]
0.92 [0.52, 1.63]
1.08 [0.68, 1.73]

0.94 [0.67, 1.31]

05 1 2

v+

2

Test for overall effect: Z = 0.39 (P = 0.70) o1 0 Re-RT Syst 10
Progression-Free Survival
Re-RT Syst Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Kim 2015 -0.09 0.21 29 31 69.9% 0.91[0.61, 1.38]
Van Linde 2017 -0.27 0.32 21 104 30.1% 0.76 [0.41, 1.43]
Total (95% CI) 50 135 100.0% 0.87 [0.61, 1.22]
Heterogeneity: Tau? = 0.00; Chi? = 0.22, df = 1 (P = 0.64); 1> = 0% 0=1 0#2 OIS ) 2! é 1%0
Test for overall effect: Z = 0.82 (P = 0.41) ’ ’ Re-RT Syst
Fig. 1 Reirradiation vs systemic therapy meta-analysis (rHGG)
Overall Survival
ReRT + Syst Syst Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bergman, 2020 -0.46 0.39 18 17 9.4% 0.63 [0.29, 1.36] —
Bovi, 2020 -0.53 0.25 33 47  17.3% 0.59 [0.36, 0.96] —
Kim 2015 -0.56 0.48 28 31 6.7% 0.57 [0.22, 1.46] —
Schnell, 2016 -0.61 0.3 28 30 13.7% 0.54 [0.30, 0.98] = = |
Schnell, 2016 0.18 0.27 47 30 15.7% 1.20[0.71, 2.03] e
Tsien, 2022 -0.02 0.17 86 84 25.3% 0.98 [0.70, 1.37] -
Yasuda, 2018 -0.66 0.33 29 29  12.0% 0.52[0.27, 0.99] .
Total (95% CI) 269 268 100.0% 0.73 [0.56, 0.95] <o
Heterogeneity: Tau? = 0.04; Chi? = 9.30, df = 6 (P = 0.16); I* = 35% t t t t t t
Test for overall effect: Z = 2.30 (P = 0.02) 0el Oise-RT(lSSyst Syst € ) 10
Progression-Free Survival
ReRT + Syst Syst Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Total Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Bergman, 2020 -1.18 0.4 18 17 12.1% 0.31[0.14, 0.67]
Bovi, 2020 -0.86 0.24 33 47  21.5% 0.42 [0.26, 0.68] I —
Kim 2015 -0.67 0.29 28 31 17.9% 0.51[0.29, 0.90] —_—
Tsien, 2022 -0.31 0.16 86 84 28.4% 0.73 [0.54, 1.00] —
Yasuda, 2018 -0.14 0.26 29 29  20.0% 0.87[0.52, 1.45] —
Total (95% Cl) 194 208 100.0% 0.57 [0.41, 0.79] D =
Heterogeneity: Tau? = 0.07; Chi? = 8.81, df = 4 (P = 0.07); I = 55% t f t t f t
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Combination therapy vs reirradiation

In the combination therapy group, the median PFS ranged
from 4.3 to 14.9 months, while the median OS ranged from
4.8 to 17.9 months. In the reRT group, the median PFS
ranged from 2 to 6.7 months, while the median OS ranged
from 4 to 14.3 months. In the combination therapy group,
rates of grade 3 + AEs ranged from 0 to 33%, while in the
reRT group rates ranged from 0 to 50.0%. RN rates ranged
from 0 to 9.5%. Two treatment-related deaths were reported
in the combination therapy group (Table 2).

Combination therapy improved PFS (4 studies [31, 37,
40, 49], 236 participants; HR 0.52 (95% CI 0.38-0.72),
p<0.0001, 12=0%; low certainty) and OS (7 studies [31,
37, 38, 40, 43, 49, 50], 471 participants; HR 0.69 (95% CI
0.52-0.93), p=0.02, 12 =18%; low certainty) (Fig. 3).

Bevacizumab-based combination therapy vs reirradiation
with/without non-bevacizumab-based systemic therapy

In the bevacizumab-based combination therapy group,
the median PFS ranged from 5 to 14.9 months, while the
median OS ranged from 7.9 to 17.9 months. In the reRT
without bevacizumab group, the median PFS ranged from
2.1 to 6.7 months, while the median OS ranged from 3.9 to
14.3 months. RN rates in the bevacizumab-based combina-
tion therapy group ranged from 0 to 9%, while the RN rates
in the reRT without bevacizumab group ranged from 13.5
to 66.7%. Rates of grade 3 + AEs ranged from O to 10% in
the bevacizumab-based combination therapy group while
they ranged from 0 to 50% in the reRT without bevacizumab
group. 1 treatment-related death was reported in the bevaci-
zumab-based combination therapy group (Table 2).

Combining reRT with bevacizumab-based systemic ther-
apy improved PFS (2 studies [49, 53], 104 participants; HR
0.46 (95% C10.27-0.77), p=0.003, 12 =0%; low certainty)
and OS (5 studies [25, 49, 50, 52, 53], 256 participants;
HR 0.42 (95% CI 0.24-0.72), p=0.001, 12=38%; low cer-
tainty), while reducing RN (5 studies [18, 50, 51, 53, 54],
353 participants; RR 0.17 (95% CI 0.06-0.48), p=0.0008,
12=25%; low certainty) (Fig. 4).

Subset analysis: rGBM

In the reRT vs systemic therapy group, there was no differ-
ence in PFS (2 studies [28, 31], 185 participants; HR 0.87
(95% CI1 0.61-1.22), p=0.41, 12=0%) and OS (3 studies
[28, 29, 31], 237 participants; HR 0.94 (95% CI1 0.67-1.31),
p=0.70, 12=0%) (Supplementary Material; Fig. 8). In the
combination therapy vs systemic therapy group, combina-
tion therapy improved PFS (2 studies [27, 31], 229 partici-
pants; HR=0.66 (95% CI 0.49-0.91), p=0.01, I2=15%),
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although there was no difference in OS (2 studies [27, 31],
229 participants; HR 0.90 (95% CI 0.62-1.32), p=0.60,
12=11%) (Supplementary Material; Fig. 9). In the combina-
tion therapy vs reRT group, combination therapy improved
PFS (4 studies [31, 37, 40, 49], 229 participants; HR 0.52
(95% CI 0.38-0.72), p<0.0001, I12=0%) and OS (5 stud-
ies [31, 37, 38, 40, 49], 257 participants; HR 0.55 (95% CI
0.39-0.76), p<0.0003, 12=0%) (Supplementary Material;
Fig. 10). Combining reRT with bevacizumab-based systemic
therapy improved PFS (2 studies [49, 53], 104 participants;
HR 0.46 (95% C10.27-0.77), p=0.003, 12=0%) and OS (4
studies [25, 49, 52, 53], 189 participants; HR 0.34 (95% CI
0.21-0.55), p<0.00001, 12=0%) (Supplementary Material;
Fig. 11).

Publication bias

Funnel plots are presented in the Supplementary Material;
Figs. 12, 13, 14, 15. On visual inspection, there is low evi-
dence of bias in most funnel plots. There is some concern
for publication bias for toxicities (RN) in the bevacizumab-
based combination therapy vs reirradiation with/without
non-bevacizumab-based systemic therapy group (Supple-
mentary Material; Fig. 15).

GRADE approach

The certainty of evidence assessment is summarised in Sup-
plementary Material; Table 1.

Discussion

Compared to reRT alone, combination therapy improved OS
and PFS. While there was insufficient information to conduct
a meta-analysis comparing AEs, Kazmi et al. reported no
significant differences in toxicity between reRT alone and
combination therapy (5% vs 9% respectively, p=0.22) [9].
Further RCTs are required to confirm the survival benefit
and safety of combination therapy compared to reRT alone.

Particularly, the addition of bevacizumab to reRT with/
without non-bevacizumab-based systemic therapy improved
OS and PFS and reduced RN. Grade 3 + AEs were also lower
with bevacizumab compared to without (0-10% vs 0-50%,
respectively), largely secondary to decreased rates of Grade
3+ RN. These findings differ from the AVAglio [55] and
RTOG 0825 [56] trials which explored the supplementa-
tion of the Stupp protocol [2] with bevacizumab in primary
GBM. Both RCTs found bevacizumab resulted in a PFS
improvement and a modest increase in grade 3 4+ AEs. How-
ever, as neither trial demonstrated an OS benefit, bevaci-
zumab is not routinely used for primary GBM. Bevacizumab
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is, however, commonly utilised for recurrent GBM in the
absence of proven OS benefits due to reported PFS improve-
ments and steroid sparing effects, both which are postulated
to improve QoL [14]. This review supports further inves-
tigation into the addition of bevacizumab to reRT in the
recurrent HGG context given the demonstrated OS and PFS
improvements and lower rates of grade 3+ AEs secondary
to decreased rates of grade 3 +RN.

The addition of bevacizumab to reRT may also allow for
safe dose escalation and for the treatment of larger volume
disease due to its radioprotective properties. While beva-
cizumab is routinely used for the treatment of RN [57], it
is not regularly used as a prophylactic agent [18]. In 2012,
Sminia and Mayer found that RN occurred with a cumu-
lative EQD2 dose > 100 Gy for conventional RT, > 105 Gy
for HFSRT, and > 135 Gy for SRS. [58] In this review, 17
studies reported RN rates ranging from 0 to 9.5% (Supple-
mentary Material; Table 2). 9 of these 17 studies escalated
their camulative EQD2 (a/b=2) beyond Sminia and Mayer’s
recommendation. Importantly, of these 9 studies, the rate of
RN in the subset of patients that received bevacizumab with
reRT was 0%, while the rate of RN in the subset of patients
that did not receive bevacizumab ranged from 4.3 to 25.0%.
Hence, bevacizumab may allow for safe dose escalation with
acceptable rates of RN. Further studies are required to con-
firm if dose escalation confers improved local control or
survival outcomes. RN is also a concern in the treatment
of large volume disease. In 2021, Minniti et al. recom-
mended SRS or high dose HFSRT (>5 Gy/#) for smaller
volume tumours (<15 cc), high-dose HFSRT (>5 Gy/#)
for 8.5-34 cc tumours, and conventional RT or moderately
HFSRT (1.8-3.5 Gy/#) for larger tumours (33-145 cc) to
appreciate a low risk of RN [7]. In this review, 10 of 17
studies reporting RN rates also reported median PTV (Sup-
plementary Material; Table 2). Of these 10 studies, 8 had
median PTV > 34 cc. Importantly, in these 8 studies, the rate
of RN in the subset of patients that received bevacizumab
with reRT ranged from O to 4.8%, while the rate of RN in the
subset of patients that did not receive bevacizumab ranged
from 0 to 66.7%. Notably, all 8 studies utilised conventional
RT or moderately HF-SRT, as recommended by Minniti
et al. for larger volume tumours. Hence, reRT with concomi-
tant bevacizumab may allow for the safer treatment of larger
volume disease with acceptable rates of RN, particularly if
the appropriate fractionation schedule is utilised.

Compared to systemic therapy alone, combination
therapy (particularly with bevacizumab-based systemic
therapy) improved OS and PFS with no difference in
grade 3 + AEs. Two RCTs investigated bevacizumab with/
without reRT in tHGG [27, 33]. Tsien et al. [27] com-
pared bevacizumab with/without HFSRT (35 Gy/10#) in
patients with bevacizumab-naive rtGBM. The study found
that HFSRT improved PFS and 6-month PFS rates, though

no improvements in OS were observed. However, due to
low accrual, the study was amended to extend eligibility
resulting in the inclusion of a large number of patients less
likely to experience a survival benefit from focal HFSRT.
Bergman et al. [33] compared bevacizumab-based sys-
temic therapy with/without intervening HFSRT (32 Gy/4#)
in patients with bevacizumab-resistant rHGG. Patients
assigned to intervening HFSRT reported improved PFS
and a nonsignificant improvement in OS, despite the study
also failing to meet accrual goals to detect an OS differ-
ence. Interestingly, while Bergman et al. targeted FLAIR
abnormalities in their CTV delineation, Tsien et al. did
not. FLAIR abnormalities are non-enhancing regions
that likely contain microscopic disease. Studies targeting
FLAIR abnormalities have demonstrated improved locore-
gional control, suggesting that the deterioration of patients
with rGBM may be due to insufficient reRT dose to these
regions [59]. Further RCTs comparing systemic therapy
with combination therapy, particularly with bevacizumab-
based systemic therapy, are required. Importantly, the limi-
tations of previous RCTs must be addressed; namely the
inadequate accrual of appropriate patients, and the exclu-
sion of FLAIR abnormalities from CTV delineation. Stud-
ies comparing QoL and neurocognitive function are needed
as well.

Subset analyses of rGBM-only studies demonstrated
similar improvements in OS and PFS with combination
therapy across all comparative treatment groups, though
no significant OS benefit was observed compared to sys-
temic therapy alone. These findings are of particular clini-
cal significance as there is no widely accepted standard-
of-care for this patient cohort with the poorest prognosis
[17]. Hence, further RCTs comparing combination therapy
to systemic therapy or reirradiation alone in patients with
rGBM are especially warranted.

This review has some limitations. There were insuf-
ficient studies to conduct a meta-analysis on QoL, and the
impact of resection on survival could not be ascertained.
Studies were also mainly of retrospective cohort method-
ology, hence conferring a greater risk of confounding and
selection bias potentially favouring combination treatment.
Furthermore, most studies incompletely reported molecu-
lar information IDH/MGMT) and were conducted prior
to the changes in WHO glioma classification in 2021. Of
note, grading largely informs the management approach at
initial diagnosis and relapse, and MGMT methylation sta-
tus is a vital prognosticator in an era where most gliomas
are treated with alkylating agents [4]. Further RCTs are
therefore required to address these limitations and con-
firm this review’s findings. Additionally, the diagnosis
of tumour progression/recurrence varied between stud-
ies; radiological diagnosis vs biopsy-proven. Notably, it
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is difficult to differentiate tumour progression with treat-
ment-related changes using conventional MRI [60].

Conclusion

This review found that combination therapy may improve
OS and PFS with acceptable toxicity in select patients
with rHGG compared to reirradiation or systemic therapy
alone. Hence, further RCTs are warranted although the
limitations of previous RCTs must be addressed; namely
the inadequate accrual of appropriate patients to detect
an OS difference, and the exclusion of FLAIR abnormali-
ties from CTV delineation. Additional studies compar-
ing QoL and neurocognitive function are needed as well.
This review also found that the addition of bevacizumab to
reRT reduced RN and may allow for safer dose escalation
and treatment of larger volume disease. Further studies are
required to determine if dose escalation confers improved
local control or survival outcomes.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11060-023-04441-0.
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