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Abstract
Background: This study evaluated the outcomes of reirradiation combined with bevacizumab (Bev) for
patients with recurrent high-grade gliomas that progressed after treatment with Bev.

Methods: Between January 2015 and September 2019, 14 patients who experienced progression after
Bev treatment were treated with reirradiation consisting of 25 Gy in �ve fractions combined with Bev
(ReRT/Bev). The isocitrate dehydrogenase (IDH) 1/2 mutation status was analysed by pyrosequencing.

Results: The diagnoses of 14 patients at the time of reirradiation included six cases of glioblastoma
(GBM) with IDH-wildtype, four cases of GBM with IDH-mutant, one case of anaplastic astrocytoma (AA)
with IDH-wildtype, one case of AA with IDH-mutant, and one case of GBM not otherwise speci�ed (NOS),
and one case of radiologically diagnosed brainstem glioma. The median overall survival (OS) and
progression-free survival (PFS) times with ReRT/Bev were 6.1 months and 3.8 months, respectively. The
6-month OS and PFS rates were 54.5% and 15.7%, respectively. The median OS and PFS did not differ
signi�cantly between patients with IDH-wildtype (N=7) and IDH-mutant (N=5) (OS: 7.3 [wildtype] vs 6.0
[mutant] months, p = 0.64; PFS: 3.8 [wildtype] vs 3.7 [mutant] months, p = 0.56). The median OS and PFS
did not differ signi�cantly between patients with a diagnosis of GBM (N=6) and those with a diagnosis of
non-GBM (N=7) (OS: 9.3 [GBM] vs 6.0 [non-GBM] months, p = 0.19; PFS: 4.0 [GBM] vs 3.8 [non-GBM]
months, p = 0.31). Four patients (28.6%) achieved a complete or partial radiological response and three
patients (21.4%) experienced improvement after ReRT/Bev. Tumor recurrences were observed in 12
patients, including 3 (21.4%) in-�eld recurrence; 5 (35.7%) marginal recurrence, 3 (21.4%) out-�eld
recurrence, and 1 (7.1%) had in-�eld and out-�eld recurrence. Grade 3/4 toxicities included leukopenia in
four patients (28.6%), hypertension in three (21.4%), proteinuria in one (7.1%), and gastrointestinal
haemorrhage in one (7.1%) with ReRT/Bev.

Conclusions: ReRT/Bev for patients with high-grade glioma who experienced progression after Bev was
effective and involved acceptable toxicities.

Introduction
Recurrent high-grade gliomas have a poor prognosis and limited treatment options, including re-resection,
systemic therapy, and reirradiation [1, 2]. Bevacizumab (Bev), an antiangiogenic monoclonal antibody
that binds to vascular endothelial growth factor (VEGF), is one of the most commonly used treatment
options for patients with recurrent high-grade gliomas. Several studies demonstrated favorable 6-month
progression-free survival rates of 20.9–42.6% and median survival times of 7.1 to 12 months with Bev for
recurrent glioblastomas (GBM) [3]. However, it has been reported that GBM that progressed after Bev
tended to be refractory to further treatment, resulting in limited treatment options and a poor prognosis
[4–6]. A review of 16 phase II trials that investigated the e�cacy of Bev with or without additional
chemotherapy after the failure of the initial Bev treatment showed a median survival time of 3.8 months
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and no discernible activity with continued Bev for this patient population [7]. It is critical to establish the
optimal treatment option for patients with disease progression after Bev treatment.

Salvage reirradiation is a treatment option for recurrent high-grade gliomas [2]. Recently, reirradiation has
become increasingly available due to advances in technology and imaging. Several studies showed that
reirradiation for recurrent high-grade gliomas is well-tolerated and feasible, resulting in a median survival
time of approximately 9.7 to 12.2 months after reirradiation [8–10]. Moreover, an investigation of the
combination of reirradiation and Bev (ReRT/Bev) indicated favorable outcomes [11–13]. Shapiro et al.
treated 24 patients with recurrent high-grade gliomas using fractionated stereotactic radiotherapy (FSRT)
consisting of 30 Gy in �ve fractions combined with Bev and reported a median survival time of 12.2
months and an objective response rate of 54.1% [13]. However, there is no clear evidence of the optimal
timing or survival bene�ts of reirradiation [14, 15]. We hypothesised that ReRT/Bev for patients with high-
grade gliomas that progressed after Bev may result in improved patient outcomes. There have been few
reports regarding ReRT/Bev for patients with high-grade gliomas that progressed after Bev [6, 7, 11, 16–
19]; therefore, we evaluated the potential e�cacy and safety of our therapeutic approach.

In this study, we retrospectively analysed the treatment outcomes of patients with high-grade glioma that
progressed after Bev and were treated with ReRT/Bev (25 Gy in �ve fractions).

Patients And Methods

Patient characteristics
Thirty-four patients were diagnosed with recurrent high-grade gliomas and underwent reirradiation at our
center between January 2015 and September 2019. Among these patients, 20 were excluded from this
study for various reasons (ReRT/Bev without preceding Bev for 9 patients; ReRT/Bev for new enhancing
lesions out of the initial radiation �eld for 6 patients; reirradiation regimen not 25 Gy in �ve fractions for 2
patients; loss to follow-up for 2 patients; and reirradiation alone for 1 patient). The remaining 14 patients
with glioma progression after Bev who were administered ReRT/Bev (hypofractionated reirradiation
consisting of 25 Gy in �ve fractions) were included in the study. All patients were diagnosed by
neuropathologists at our hospital according to the revised 4th edition of the World Health Organization
classi�cation scheme [20].

Clinical and radiological information of the patients were reviewed. Data regarding the clinical history,
pathological diagnosis at initial presentation and at the time of reirradiation, Karnofsky performance
status (KPS) at 3 months before and 6 months after the time of reirradiation, number of recurrences at
the time of reirradiation, date of Bev initiation, date of reirradiation initiation, date of completion of initial
radiotherapy, date of tumor recurrence, date of death or last hospital visit, reirradiation modality, and
clinical and planned target volumes were collected.

Treatment
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When tumor recurrence was observed with Bev administration, patients received ReRT/Bev. The dose of
Bev was 10 mg/kg every 2 weeks or 15 mg/kg every 3 to 4 weeks. Blood tests and urinalyses were
performed before each Bev administration. Bev was continued until disease progression after ReRT/Bev
administration.

All patients received hypofractionated radiotherapy consisting of 25 Gy at the isocenter in 5-Gy daily
fractions for the planning target volume (D95%) using an intensity-modulated or stereotactic radiotherapy
technique or at the isocenter using a three-dimensional conformal radiotherapy technique with four or
more portals, including non-coplanar beams. Target volumes were determined based on computed
tomography (CT) and magnetic resonance imaging (MRI) at the time of tumor progression with Bev. The
gross tumor volume was de�ned as the contrast-enhanced lesion on contrast-enhanced T1-weighted
images. The clinical target volume was de�ned as the gross tumor volume and area of hyperintensity on
T2-weighted images or �uid-attenuated inversion recovery images. The planning target volume was
de�ned as the clinical target volume plus a 0.5-cm margin. Irradiation �elds were modi�ed, if necessary,
through the dose-volume histogram evaluation of the organs at risk, such as the brainstem, optic nerve,
optic chiasm, retina, and lens. The lens was shielded by multileaf collimators when possible through the
eye view of the beam.

Response and recurrent pattern evaluation
Patients were evaluated using contrast-enhanced T1-weighted MRI performed 1 month after the
completion of ReRT and every 2 months thereafter or according to clinical symptom development.
Disease progression was evaluated according to the Response Assessment Criteria for High-Grade
Gliomas (RANO) [21]. Brie�y, a complete response was de�ned as the complete disappearance of all
enhancing measurable and non-measurable lesions for at least 4 weeks. A partial response was de�ned
as ≥ 50% decreased lesion size compared to baseline as measured by summing the products of the
perpendicular diameters of all measurable lesions that were sustained for at least 4 weeks and no new
lesions or progression of non-measurable disease observed. Progressive disease was de�ned as ≥ 25%
increased sum of the products of the perpendicular diameters of the enhancing lesions compared with
the smallest tumor measurement, a signi�cant non-enhancing lesion on T2-weighted or �uid-attenuated
inversion recovery images, the appearance of new lesions, de�nite clinical deterioration not attributable to
causes other than the tumor, or death. If there was uncertainty regarding whether there was progression,
then close observation was performed. If follow-up imaging studies showed progressive enlargement,
then tumor recurrence was diagnosed. Stable disease was de�ned as not meeting any of the criteria for
complete response, partial response, and progressive disease [21].

Recurrences were de�ned as in-�eld if the 95% isodose surface contained > 80% of the tumor recurrence
and as marginal if the 95% isodose surface contained 20–80% of the recurrence volume. In all other
cases, recurrences were considered outside the radiation �eld [13].

IDH1/2 mutation analysis
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The IDH1/2 mutation status was determined as previously described [22, 23]. Brie�y, DNA was extracted
from frozen tissue samples or para�n-embedded specimens using the DNeasy Blood & Tissue kit
(Qiagen, Germantown, MD, USA). Polymerase chain reaction (PCR) was performed to amplify a 129-bp
fragment of IDH1 containing codon 132 or a 150-bp fragment of IDH2 containing codon 172. The PCR
products were puri�ed using the QIAquick PCR Puri�cation kit (Qiagen). DNA sequencing of the IDH1/2
gene was performed using the same primers used for PCR [22, 23].

Statistical analysis
The OS time was calculated from the date of reirradiation to the date of death or last follow-up. The PFS
time was calculated from the date of reirradiation to the date of detection of progression or the date of
death or the last follow-up. The time from the �rst administration of Bev to the time of irradiation was
calculated from the date of Bev initiation to the date of reirradiation. The survival time from the �rst
administration of Bev was calculated from the date of Bev initiation to the date of death or last follow-up.
The time from the completion of initial radiotherapy to irradiation was calculated from the date of
completion of the initial radiotherapy to the date of reirradiation. These were calculated using the Kaplan-
Meier method. Analyses were conducted using JMP® 8 (SAS Institute Inc., Cary, NC, USA) and GraphPad
Prism® version 6.0 (GraphPad Software, La Jolla, CA, USA).

Results

Patient characteristics and treatments
Patient characteristics are summarised in Table 1. The 14 patients had a median age of 46 years (range,
22–81 years) and median KPS of 70 (range, 40–80). At the time of reirradiation, 6 patients (42.9%) had
GBM with IDH-WT, 4 patients (28.6%) had GBM with IDH-mutant, 1 patient (7.1%) had anaplastic
astrocytoma (AA) with IDH-WT, 1 patient (7.1%) had AA with IDH-mutant, 1 patient (7.1%) had GBM not
otherwise speci�ed (NOS), and 1 patient had a brainstem glioma based on the radiographical diagnosis.
All patients experienced progression after Bev treatment. The median number of prior recurrences was
three (range, 2–5). The median time from completion of radiotherapy to reirradiation was 24.8 months
(range, 11.0–99.0 months). The median time from the �rst Bev administration to reirradiation was
4.2 months (range, 1.6–15.7 months) (Table 1).

Outcomes
The median OS time was 6.1 months (Fig. 1A) and the median PFS time was 3.8 months (Fig. 1B). The 6-
month and 12-month OS rates were 54.5% and 23.4%, respectively. The 6-month PFS rate was 15.7%. The
median OS time for patients with IDH-mutant (N = 5) was 6.0 months, whereas the median OS time for
patients with IDH-WT (N = 7) was 7.3 months; this difference was not statistically signi�cant (p = 0.64)
(Fig. 1C). The median PFS times for patients with IDH-mutant (N = 5) and IDH-WT (N = 7) were 3.7 and 3.8
months, respectively; again, this difference was not statistically signi�cant (p = 0.56) (Fig. 1D). The
median OS times for patients with a diagnosis of GBM (N = 6) and non-GBM (N = 7) at the time of
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reirradiation were 9.3 months and 6.0, respectively (p = 0.19) (Fig. 1E). The median PFS times for patients
with a diagnosis of GBM (N = 6) and non-GBM (N = 7) at the time of reirradiation were 4.0 months and
3.8, respectively (p = 0.31) (Fig. 1F). Tumor recurrence patterns of 12 patients after ReRT/Bev treatment
were evaluated by radiological examinations: 3 (21.4%) had in-�eld recurrence; 5 (35.7%) had marginal
recurrence, 3 (21.4%) had out-�eld recurrence, and 1 (7.1%) had in-�eld and out-�eld recurrence. One
patient (7.1%) had clinical progression without clear radiological tumor recurrence and one patient (7.1%)
did not have recurrence at the time of the last visit (Table 2). The best radiological responses were
complete response for 1 patient (7.1%), partial response for 3 patients (21.4%), stable disease for 7
patients (50%), and progressive disease for three patients (21.4%). A spider plot showed changes in the
KPS at 3 months before and 6 months after the time of ReRT/Bev initiation for 14 patients with recurrent
malignant gliomas (Fig. 2). Three patients (21.4%; red line with triangle, yellow line with inverted triangle,
green line with rhombus in Fig. 2) had improved KPS after ReRT/Bev. Three representative patients with
complete response or partial response are described in Supplementary Fig. 1.

Toxicities
Toxicities are summarised in Table 3. During ReRT/Bev treatment, 4 patients (28.6%) experienced grade
3/4 leukopenia, 3 patients (21.4%) had hypertension, and 1 patient (7.1%) had proteinuria and
gastrointestinal haemorrhage. One patient (7.1%) experienced an intratumoral haemorrhage 1 month
after termination of ReRT/Bev treatment due to tumor progression. No grade 3/4 neutropenia,
thrombocytopenia, or anemia was observed. We did not observe wound dehiscence or radiation necrosis.

Discussion
The prognosis of patients with high-grade gliomas that progressed after Bev is poor and there is no
standard treatment. We studied ReRT/Bev after Bev failure and showed that the median OS and PFS
times were 6.1 and 3.8 months, respectively, and that the 6-month OS and 6-month PFS rates were 54.5%
and 15.7%, respectively. Additionally, we observed a radiological response (complete response and partial
response) in four patients (28.5%) and KPS improvement in three patients (21.4%).

A few studies have investigated the outcomes of ReRT/Bev for patients with high-grade gliomas that
progressed after Bev (Table 4) [6, 7, 11, 16–19]. The median survival times after ReRT/Bev ranged from
3.3 to 14.7 months, and the median PFS times ranged from 2.6 to 6.3 months. Torcuator et al.
retrospectively analysed 23 patients treated with either FSRT or stereotactic radiosurgery (SRS) with Bev
after progression after the initial Bev regimen and compared them with another 23 patients treated with
Bev-based chemotherapy without FSRT or SRS [19]. They reported signi�cantly increased OS and PFS
times for patients who received FSRT or SRS (OS: 7.2 [FSRT] vs 3.3 [SRS] months, p = 0.03; PFS: 2.6
[FSRT] vs 1.7 [SRS] months, p = 0.009) [19]. Bergman et al. conducted a randomised phase II trial
involving patients with high-grade gliomas that progressed after Bev and compared the outcomes of
FSRT comprising 32 Gy in four fractions with Bev-based chemotherapy with those of Bev-based
chemotherapy alone [16]. They observed signi�cantly increased PFS times for patients treated with FSRT
compared to those for patients treated with Bev-based chemotherapy alone (5.1 vs 1.8 months; p < 0.001)
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and an increased trend in OS (7.3 vs 4.8 months; p = 0.11); therefore, they concluded that FSRT with Bev-
based chemotherapy might be a valuable option for extending PFS and improving local control [16]. Our
results indicating that the median OS and PFS were 6.1 and 3.8 months, respectively, are comparable to
those of previous studies. Moreover, the 28.5% radiological response and 21.4% KPS improvement after
ReRT/Bev were clinically meaningful bene�ts for this challenging patient population. Because there is no
effective treatment option for patients with high-grade glioma progression after Bev, our study suggests
that ReRT/Bev might be a promising option for these patients.

In our analysis, we found no statistically signi�cant differences in OS or PFS according to the IDH
mutation status and diagnosis at the time of reirradiation. No reports have addressed how the IDH
mutation status impacts the outcomes of ReRT/Bev for patients with high-grade glioma progression after
Bev. Our observation indicated that the IDH mutation status does not affect the outcomes of ReRT/Bev.
Shi et al. performed a multivariate analysis of 36 patients with high-grade gliomas that progressed after
Bev and reported that histology results at the time of recurrence of GBM and anaplastic astrocytoma
were not prognostic factors [6]. Their results could support our observation that there were no statistically
signi�cant differences in the OS and PFS for those diagnosed with GBM and non-GBM. Collectively,
ReRT/Bev would be indicated regardless of the IDH mutation status and diagnosis at the time of
rerirradiation. Further studies are needed to �nd predictive factors that more clearly de�ne patients who
could derive potential bene�ts from ReRT/Bev treatment.

The optimal timing of reirradiation is controversial [14–16]. Palmer et al. retrospectively analysed 114
patients who received sequential reirradiation and Bev for disease recurrence or progression and reported
that the median survival times from recurrence were 13.9 months for patients administered reirradiation
�rst and 13.3 months for those administered Bev �rst (p = 0.75), indicating that the sequence of
reirradiation and Bev does not matter [14]. Recent preliminary results of comparing Bev alone and Bev
with reirradiation for patients with Bev-naïve recurrent glioblastomas showed that the addition of
reirradiation improved the PFS time (7.1 months with the combination vs 3.8 months with Bev alone; p = 
0.05) but not the OS time (10.1 months with the combination vs 9.7 months with Bev alone; p = 0.46).
These results suggest that ReRT/Bev prolongs PFS but does not have survival bene�ts compared to Bev
alone for Bev-naïve patients with recurrence [15]. Bergman et al. reported that ReRT/Bev-based
chemotherapy also increased PFS, and that it tended to prolong OS compared to Bev-based
chemotherapy alone for patients with progression after Bev [16]. Although the optimal timing of
reirradiation before and after Bev remains unclear, based on our results and those of Bergman, differing
reirradiation after Bev might be a preferred option to minimise the potential risk of radiation necrosis.
Further studies are needed to clarify the optimal timing of reirradiation that balances the risks and
bene�ts.

The most important limitation of ReRT/Bev is out-�eld tumor recurrence. In this study, we observed out-
�eld recurrence in 21.4% and in-�eld and out-�eld recurrence in 7.1%, whereas in-�eld recurrence and
marginal recurrence occurred in 21.4% and 35.7%, respectively. This frequent out-�eld recurrence might
re�ect the invasive nature of high-grade gliomas that might be enhanced by preceding Bev [24]. Iwamoto
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et al. reported that after Bev failure, 35% of patients had progression of a predominantly non-enhancing
tumor, 16% had progression as a new enhancing lesion outside the initial site, and 46% had progressive
enhancement at the initial site, suggesting that tumor cells might distribute in the non-enhancing area on
MRI and that some out-�eld recurrence could be inevitable in patients with progression with Bev [24]. It is
important to understand the possibility of developing out-�eld recurrence when following-up patients
after ReRT/Bev treatment.

Reirradiation could have a risk of radiation necrosis. Fetcko et al. reported that 5.9% of patients
developed radiation necrosis and 3.3% had major neurological de�cits after SRS treatment for recurrent
high-grade gliomas [25]. Shanker et al. also reported that the radiation necrosis rates after reirradiation
for recurrent high-grade gliomas were 7.1 % for FSRT, 6.1% for SRS, and 1.1% for conventional
radiotherapy [10]. In our study, we did not observe radiation necrosis in any patient. Previous reports of
ReRT/Bev for patients with high-grade gliomas that progressed after Bev also showed low rates of
radiation necrosis (0–11.1%) (Table 4). One of the reasons for the low rates of radiation necrosis may be
the short survival time after reirradiation, which varies from 3.3 to 14.7 months [6]. Another reason could
be the addition of Bev to reirradiation. Cuneo et al. observed radiation necrosis diagnosed by imaging or
repeat biopsy in 19% of patients who received SRS without Bev and in 5% of those who received SRS with
Bev [11]. This result supports the hypothesis that the use of Bev combined with reirradiation might reduce
the risk of developing radiation necrosis. Our results suggest that ReRT/Bev is feasible and poses a low
risk of radiation necrosis.

Bev-related toxicities are another concern associated with ReRT/Bev treatment. We observed grade 3/4
leukopenia in 28.6% of patients, hypertension in 21.4%, and proteinuria in 7.1% during ReRT/Bev
treatment. Nagane et al. reported that grade 3/4 toxicities of single-agent Bev included hypertension in
9.7%, leukopenia in 3.2%, thromboembolism in 3.2%, and congestive heart failure in 3.2%, but not
proteinuria and haemorrhage, of patients with recurrent malignant gliomas [26]. Although we observed
more frequent leukopenia, hypertension, and proteinuria, all these toxicities were manageable. Based on
our results, ReRT/Bev seems to be well-tolerated. Two of our patients experienced haemorrhagic toxicities
(gastrointestinal haemorrhage and intratumoral haemorrhage). Gastrointestinal haemorrhage occurred
during ReRT/Bev treatment, and we assumed it to be a consequence of Bev administration. Intratumoral
haemorrhage occurred 1 month after termination of ReRT/Bev due to tumor recurrence. Because tumor
progression was rapid in this patient, it was di�cult to conclude that intratumoral haemorrhage was
related to ReRT/Bev treatment. However, we should be aware of the potential risk of these haemorrhagic
complications and carefully observe patients.

Our study had some limitations. First, we did not compare our results with those of the control treatment,
for example, Bev-based chemotherapy. However, this patient cohort has a generally poor prognosis and it
is di�cult to conduct a controlled trial. Second, our cohort was too small to achieve de�nitive
conclusions. The purpose of this study was to provide the preliminary results of ReRT/Bev for patients
with high-grade gliomas that progressed after Bev. Further studies are needed to con�rm the e�cacy and
feasibility of this treatment.
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In conclusion, there is no effective treatment option for patients after Bev failure, however, our study
indicates that ReRT/Bev is a potential option for these patients. The ReRT/Bev approach for patients with
high-grade gliomas that progressed after Bev is feasible and could improve the prognosis because of its
clinically meaningful bene�ts for patients with advanced disease.
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Figures

Figure 1

Kaplan-Meier curves of overall survival (A, C, E) and progression-free survival (B, D, F). (A) The median
survival time was 6.1 months. (B) The median progression-free survival time was 3.8 months. (C) The
median survival times were 6.0 months for patients with IDH-mutant (N=5) and 7.3 months for those with
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IDH-WT (N=7) (p=0.64). (D) The median progression-free survival times were 3.7 months for patients with
IDH-mutant (N=5) and 3.8 months for those with IDH-WT (N=7) (p=0.56). (E) The median survival times
were 9.3 months for patients with a diagnosis of GBM (N=6) and 6.0 months for those with non-GBM
(N=7) (p=0.19). (F) Median progression-free survival times were 4.0 months for patients with a diagnosis
of GBM (N=6) and 3.8 months for those with non-GBM (N=7) (p=0.31).

Figure 2

A spider plot shows changes in KPS at 3 months before and 6 months after the time of ReRT/Bev in 14
patients with recurrent malignant gliomas. Three patients (red line with triangle, yellow line with inverted
triangle, green with rhombus) had improved KPS after ReRT/Bev. The X-axis indicates months and 0
indicates the time of ReRT/Bev. The Y-axis indicates KPS.
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