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Introduction

Glioblastoma (GBL) is the most common primary brain tumor 
in adults. It still has a dismal prognosis even after introduction 
of adjuvant radiotherapy (RT) combining with an alkylating 
agent of temozolomide (TMZ) as the standard treatment 
since 2005 [1]. The majority of the tumor recurs in or near 
the initial tumor bed. Such pattern of recurrence is basically 
the same between pre-TMZ and post-TMZ eras [2-4]. This 
pattern of recurrence is conspicuous in the tumor with O(6)-
methylguanine-DNA methyltransferase (MGMT) promotor 

unmethylation showing strong refractoriness to standard 
radiochemotherapy [4,5]. 

Thus, using re-irradiation (re-RT) is a quite reasonable 
strategy if apprehensive adverse effect such as radionecrosis 
is below acceptable range. This review focuses on treatment 
outcomes of external beam re-RT using high precision 
conformal techniques for locally recurrent GBL in terms of 
survival, side effects, potential value of a set of prognostic or 
risk factors, and new strategies for better outcomes based on 
new findings made in recent 10 to 15 years.
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Despite recent innovation in treatment techniques and subsequently improved outcomes, the majority of glioblastoma (GBL) have 
relapses, especially in locoregional areas. Local re-irradiation (re-RT) has been established as a feasible option for recurrent GBL of all 
ages with safety, tolerability, and effectiveness both in survival and quality of life regardless of fractionation schedule. To keep adverse 
effects under acceptable range, cumulative dose limit in equivalent dose at 2 Gy fractions by the linear-quadratic model at α/β = 2 for 
normal brain tissue (EQD2) with narrow margin should be observed and single/hypofractionated re-RT should be undertaken very 
carefully to recurrent tumor with large volume or adjacent to the brainstem. Promising outcome of re-operation (re-Op) plus re-RT (re-
Op/RT) need to be validated and result from re-RT with temozolomide/bevacizumab (TMZ/BV) or new strategy is expected. Development 
of new-concept prognostic scoring or risk group is required to select patients properly and make use of predictive biomarkers such as 
O(6)-methylguanine-DNA methyltransferase (MGMT) promotor methylation that influence outcomes of re-RT, re-Op/RT, or re-RT with 
TMZ/BV.
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Re-RT Alone

Re-RT has been used as a salvage therapy for GBL recurred 
locally or progressed from low-grade gliomas in eloquent 
or non-eloquent area. Usually, re-RT is applied to selected 
patients in a nonrandomized and uncontrolled manner using 
a single-fraction stereotactic radiosurgery (SRS), fractionated 
stereotactic radiotherapy (FSRT), three-dimensional conformal 
RT (3D-CRT), intensity-modulated radiotherapy (IMRT), or 
volumetric modulated arc therapy (VMAT) technique. Outcomes 
have been reported from retrospective analysis.

Role of re-RT for progressed GBL can be reflected in an 
analysis of patients enrolled in the RTOG 0525 trial. After 
progression, the median overall survival (OS) after re-RT was 
better compared to supportive care only (8.2–12.2 months vs. 
4.8 months) [6]. 

The overall feature of re-RT for recurrent GBL could be 
figured out from a recent review of 50 non-comparative 
studies including 2,095 recurrent GBL patients [7]. Pooled 
data of re-RT provided encouraging survival with low toxicity: 
6-month OS, 73%; 12-month OS, 36%; 6-month progression-
free survival (PFS), 43%; 12-month PFS, 17%; grade 3+ side 
effect, 7%. As for external beam re-RT with conventional 
fractionation, survival or toxicity rate did not differ by total 
dose (≥36 Gy vs. <36 Gy). Improvement in 6-month PFS with 
SRS and short-fractionation (≤5) can be interpreted by its 
typical targeting of small volume.  

1. Stereotactic radiosurgery
A total of five articles on SRS with 12–18 Gy for recurrent GBL 
have reported the median PFS of 5.8 months (range, 4.6 to 
7 months) and OS of 10 months (range, 8.4 to 10.2 months) 
with radionecrosis incidence of 24.4% (range, 0% to 31.3%) 
by radiological image or 3.8% by histology (Table 1). Thus, 
survival gain can be achieved with SRS for recurrent GBL of 
small volume with a moderate risk of radionecrosis [8-12]. 
Younger age and smaller tumor volume were predictive of 
better outcome whereas tumor dose, the interval from initial 
diagnosis, or the need for re-Op was not [8]. SRS as a re-RT 
modality gave a significantly prolonged survival compared to 
historical control group. Planning target volume (PTV) was also 
marginally influential to OS [11]. 

2. Fractionated RT
Conventional or hypo-fractionated re-RT was chosen for 
recurrent GBL with rather large tumor volume to lessen 
the probability of severe side effects such as radionecrosis. Ta
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Important radiation parameters and outcomes of fractionated 
re-RT from 10 independent studies published in recent two 
decades (1999 to 2018) [12-21] are shown in Table 2. The re-
RT was delivered at a median time interval of 11.6 months 
(range, 3.5 to 19 months) with dose of 24 to 36 Gy with a daily 
fractional size of 1.8 to 6 Gy. The median cumulative dose, sum 
of the initial RT dose and re-RT dose, expressed in EQD2 was 
97.5 Gy (range, 86.1 to 127 Gy). The median PTV margin from 
gross tumor volume (GTV) defined by magnetic resonance (MR) 
enhancement or fluid-attenuated inversion recovery (FLAIR) 
high signal intensity was 3 mm (range, 0 to 9 mm).

The median PFS and OS from re-RT were 5.4 months (range, 
4.6 to 7.9 months) and 9.7 months (range, 7.5 to 11 months), 
respectively. The survival gain was almost the same as that 
from a single fraction SRS aforementioned. Of 6 studies 
reporting side effects, only one study experienced grade 2 
radionecrosis in 11% (3/28) of re-RT cases. All were easily 
controlled with steroid [20]. It is noteworthy that pseudo- 
progression after re-RT occurred in 66% of patients who 
already had pseudoprogression with previous RT and in 9.7% 
of patients without such a reaction [19]. Better survival was 
noted with Karnofsky performance status (KPS) >70% [17,20], 
age <50 years [18], interval >12 months between the first RT 
and re-RT [19], radiation dose >30–35 Gy [13,14], and target 
volume <20–30 mL [13,20] by multivariate analysis. Thus, 
fractionated re-RT was safe. It could give moderate survival 
prolongation to selected patients of recurrent GBL. 

As for determination of the optimal PTV margin, several 
findings should be taken into consideration. First, after 
gross tumor resection of recurrent GBL, 70% of subsequent 
recurrence occurred adjacent to the surgical cavity [22]. The 
median distance from the cavity to the most distant edge of 
the contrast enhancing lesion was 20 mm with evidence for 
recurrent tumor within a margin of 5–10 mm in all cases with 
local recurrences. From the above, a proposal was made to take 
5–10 mm margin from the surgical cavity and every enhancing 
lesion for clinical target volume (CTV) and spherical margin of 
1–3 mm from CTV for the determination of PTV. Second, for 
accurate determination of GTV for re-RT, fusion of MRI and 
amino acid positron emission tomography (PET)/single photon 
emission computed tomography (SPECT) are recommended to 
spare normal tissue maximally, to reduce geographical miss, 
and to rule out radionecrosis [23,24].  

Even with high precision VMAT directed to PTV defined by 
2 mm margin under MRI-PET guidance, hypofractionated re-
RT to the larger volume of tumor should be discouraged. A 
phase I trial of 31 patients with recurrent high grade glioma 

(GBL in 81%) reported a very limited efficacy, showing median 
PFS and OS of 2.8 and 7.0 months, respectively, with a high 
rate of serious adverse events, including radionecrosis and 
irreversible white matter changes in 43% of patients who were 
progression-free at 10 weeks after re-RT (EQD2 of 48.1–58.3 
Gy) schedule of 35 Gy/10 fractions (fx), 42 Gy/10 fx, 29.5 Gy/5 
fx, or 35 Gy/10 fx (that is, with 3.5–5.9 Gy per fraction to larger 
tumor volumes of 100–300 cm3) [25]. 

3. Toxicity and quality of life
From an analysis of more than 25 articles published in the 
period between 1993 and 2011, radiation necrosis occurred 
at cumulative EQD2 (α/β = 3) >100 Gy by conventionally 
fractionated RT (CFRT), >105 Gy by FSRT, and 135 Gy by SRS.
However, its incidence did not increase by FSRT or SRS using 
higher dose to rather small target volume with shorter time 
interval between initial RT and re-RT from 30 months to 10 
months [26].  

With conventional fractionated re-RT and median 
cumulative EQD2 of 99.3 Gy, symptomatic persistent brainstem 
or optic nerve/chiasm injury was not observed at median 
cumulative brainstem dose of 76.9 Gy (5.0–108.3 Gy) and 
optic apparatus dose of 56.0 Gy (4.5–90.9 Gy) [27]. Late CNS 
toxicity, radiation necrosis, and short-term steroid requirement 
were not significantly affected by re-RT volume, maximum 
brainstem/optic structure dose, or time interval of re-RT. The 
dose profile to critical structures can be compared with the 
RTOG 1205 criteria. re-RT dose limit to the brainstem was <30 
Gy (EQD2 of 41.2 Gy) and that to the optic chiasm was <25 Gy 
(EQD2 of 34.4 Gy) with fractionation schedule of 35 Gy/10 fx 
[28]. 

Important issue of quality of life (QoL) should be taken into 
consideration in decision-making of re-RT. Every effort should 
be made for re-RT fields to spare or avoid the hippocampus 
and other critical areas. Analysis of pooled data of more than 
300 GBL patients from 12 relevant articles published between 
1999 and 2006 demonstrated that re-RT yielded clinical 
improvement in 24%–45% of patients and reduction in steroid 
dependency in 20%–60% of patients. However, KPS <70 was 
of higher risk of early progression and thus of lesser benefit 
from re-RT [29].

A prospective study also showed that QoL scores measured 
by the EORTC Questionnaire could be kept stable in 2/3 of 
patients with recurrent high-grade glioma for a median time 
of 9 months after FSRT (35 Gy/7 fx) [30]. It also should be 
reminded that the risk of neurocognitive decline is associated 
with high total dose, large fraction size, and large brain 
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volumes—an example of dose-volume effect [31].  
A dose fractionation-volume guideline was proposed to 

keep the risk of severe side effects ≤3.5% after literature 
review: EQD2 <65 Gy with SRS (12–15 Gy) for GTV <12.5 mL, 
EQD2 <50 Gy with HFRT (25 Gy/5 fx) for GTV <35 mL, and 
EQD2 <36 Gy with CFRT for GTV <50 mL [32]. The suggested 
EQD2 limit for CFRT is quite low compared to EQD2 range 
(30–72 Gy) as shown in Table 2.  

Regarding various fractionation schedules of re-RT, it 
was revealed that OS after salvage SRS or hypofractionated 
RT (HFRT) was marginally (p = 0.06) better than that after 
conventionally fractionated re-RT presumably from small 
target volume [33]. Another study has suggested similar 
survival after re-RT when using standard RT compared with 
stereotactic techniques [28]. Another retrospective analysis 
of re-RT for recurrent malignant glioma has suggested that 
the median OS of 9.7 months does not differ among CFRT, 
HFRT, and SRS [34]. Similar trend can be found in earlier data 
showing that FSRT (37.5 Gy/15 fx) has similar median OS but 
significantly lower risk of radionecrosis compared to SRS (17 
Gy) despite poorer prognostic factors in recurrent high-grade 
glioma (GBL in 59%) [35].

Although standards of salvage therapy are not yet 
defined for recurrent GBL mainly due to paucity of high-
level prospective or randomized controlled studies, re-RT of 
various technique is an established salvage option for selected 
patients. However, it should be kept in mind that re-RT without 
histologic confirmation always has problem of radiographic 
misguidance by change from previous RT or anti-angiogenic 
agents such as bevacizumab [36]. 

4. Re-RT for the elderly 
In elderly (65–79 years) patients with recurrent GBL, median 
PFS and OS after re-Op/RT or re-RT with cumulative EQD2 (α/
β = 3) of 86.3–114 Gy at 13.5 months after initial RT have 
been reported to be 4.3 months and 6.9 months, respectively 
[37]. Re-RT for the elderly was feasible, tolerable, and safe. 
In addition, its results were comparable to those for younger 
patients. Thus, re-RT should not be excluded from salvage 
options for elderly patients with recurrent GBL otherwise 
favorable.

5. Re-RT for children
Almost all children with brainstem tumor or diffuse intrinsic 
pontine glioma experience tumor progression after RT 
and then have a fatal course inevitably. For the first time, 
substantial clinical improvement in symptoms and recovery of 

ambulation in 60%–80% without grade 3 toxicity was reported 
in five children with progressive pontine glioma after palliative 
re-RT [38]. CFRT of 18-20Gy at 8–28 months after initial CFRT 
(54–55.8 Gy) resulted in a median PFS of 5 months. 

Pooled data of conventionally fractionated re-RT with 
median dose of 20 Gy (range, 18 to 36 Gy) in 30 children of 
progressive pontine glioma suggested clinical improvement 
in 60%, median OS of 6 months (range, 2 to 9 months), but 
no documentation of >grade 3 toxicity [39]. In a matched-
cohort analysis of 70 children with diffuse intrinsic pontine 
glioma treated with re-RT (18–30 Gy/10 fx) for at least 3 
months after initial RT, re-RT gave better median OS (13.7 
vs. 10.3 months, p < 0.04) and improvement of performance 
status or neurologic sign in 77% of patients without grade ≥3 
toxicity. On multivariate analysis, longer interval (>6 months) 
to progression and re-RT were prognostic for survival [40]. 
As for the limit of re-RT dose to the brainstem, a dose guide 
with conventional fractionation was proposed according to RT 
interval: 30.6 Gy for 6–12 months, and 36 Gy for >12 months 
[41]. 

A total of eight children with non-brainstem pediatric high-
grade glioma (HGG) were treated with re-RT (30–55.8 Gy) after 
the first RT (54–60 Gy). Clinical or radiologic improvement 
were found in 38% of patients. The median OS was 11 months 
from initial progression and 4.6 months from re-RT [42].

Re-RT is increasingly used in children with recurrent 
ependymoma. Conventional fractionated re-RT in 101 children 
with recurrent ependymoma was well tolerated [43]. It resulted 
in good long-term outcome with median PFS and OS of 27.3 
months and 75.1 months, respectively. After re-Op in 100 
children, re-RT was delivered at 26.8 months (median) after the 
first RT (59.4 Gy). With re-RT dose of 54 Gy to recurred tumor 
bed and of 39.6 Gy (27–44.4 Gy) to the whole craniospinal axis, 
if given, the 10-year cumulative rate of grade ≥3 radionecrosis 
was 7.9% at total dose of 94 to 113 Gy. Another retrospective 
report confirmed the safety and efficacy of full-dose re-RT 
(54 Gy focal and/or craniospinal) with or without re-Op in 18 
cases of recurrent pediatric ependymoma by demonstrating 
superior 3-year OS of 81% compared to 7% in the non-re-RT (p 
< 0.0001) [44].

A retrospective review of 67 children (age <21 years) with 
locally recurrent CNS tumors were re-irradiated with median 
cumulative EQD2 of 94.1 Gy (51.3+42.8) at five facilities in an 
international pediatric research consortium. Median PFS and 
OS after re-RT were 7.9 months and 12.8 months, respectively. 
Radionecrosis was found in one patient. Re-Op was carried 
out in 67% and the median time interval between the first RT 
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and re-RT was 2.0 years (range, 0.3 to 16.5 years). Thus, re-RT 
for the recurrent CNS tumors in children could be a reasonable 
salvage option with moderate survival and acceptable 
toxicity [45]. However, it should be reminded that significant 
radionecrosis occurred in 25% of children after re-RT using 18 
Gy SRS or HFRT (24 Gy/3 fx) for recurrent ependymomas. Thus, 
SRS technique should be avoided in re-RT due to its potential 
of significant brainstem toxicity or death [46,47]. 

6. Prognostic score or risk group with MGMT methylation 
status 
The necessity of a certain reference of frame to select optimal 
patients for re-RT for recurrent GBL or high-grade glioma 
in clinics and predict its outcomes was answered by the 
development of several prognostic or risk groups (Table 3). 
However, the majority of proposals except one lack tumor 
genetic parameters such as MGMT methylation status or 
isocitrate dehydrogenase (IDH) mutation known to have great 
prognostic power. 

Although the volume of recurrent glioma, time since 
previous RT, previous dose to organs at risk, and KPS were 
rated as extremely or very relevant to offering re-RT by 
the majority of responders (>69%) in a survey conducted 
with 13 radiation oncologists having brain tumor specialty, 
MGMT methylation status was not yet included in the survey 
questions [48].  

Prognostic factors have been developed from data of 333 
adult patients with recurrent glioma who were enrolled for 9 
chemotherapy trials of phase I/II or one brachytherapy using 
liquid 125I radioisotope in an inflatable balloon catheter [49]. 
Entry age >60 years, KPS <80%, corticosteroid use, and initial 
histology of GBL were found to be prognostic factors for 
survival in recurrent glioma patients.

A four-categorical Combs’ Prognostic Score index (excellent, 
good, moderate, poor) was firstly generated at Heidelberg in 
2013 to distinguish survival after re-RT based on the following 
three prognostic factors: histology, age (<50 years), and time 
interval (≤12 months) derived from 233 patients with recurrent 
grade II, III, IV glioma [18]. GBL itself belongs to the moderate 
or poor index group by this score system. The weak point of 
this index is that it does not include MGMT methylation status.

The Heidelberg or Combs prognostic model was externally 
validated to be rel iable as an original scheme in an 
independent cohort of 199 patients [50] or as a simplified 
3-class model in a multicentric dataset of 165 recurrent glioma 
patients [51]. Thereafter, a modified Combs prognostic score 
was developed by adding KPS, tumor volume (PTV), and re-Op 
to offer a better way to classify patients [52]. Most recently in 
2018, the original and modified Combs prognostic scores were 
validated in a pooled data of 552 recurrent high-grade glioma 
patients re-irradiated from 1997 to 2016 [21]. The median OS 
by original scores were 12.0, 11.3, 9.7, 7.5, and 6.6 months. By 

Table 3.  Prognostic score or risk groups in recurrent high grade glioma after re-irradiation

Risk group Factor  Variable Value Remark

  Original Combs [18]  Histology  Grade II, III, IV  0, 1, 2  Score group 0, 1, 2, 3, 4 or
 Excellent (score 0), Good (score 1),
 Moderate (score 2), Poor (score 3-4)

 Age (yr)  <50, ≥50  0, 1

 Interval (mo)  ≤12, >12  1, 0

  Modified Combs [52]  Histology  Grade II, III, IV  0, 1, 2  New scoring group: scoring value 
                    a = 0-1  
                    b = 2-3
                    c = 4-5 
                    d = 6-7  

 Age (yr)  <50,  ≥50  0, 1
 Interval (mo)  ≤12, >12  1, 0
 Re-operation  Yes, No  0, 1
 KPS (%)  <80, ≥80  1, 0
 PTV (mL)   ≤47, >47  0, 1

  Niyazi [55]  Histology  Grade II/III, IV  0, 1 RRRS = 0.013Age + 0.25Grade – 0.9KPS 
Good (low risk): RRRS ≤ -0.2 
Intermediate: RRRS > -0.2 and RRRS < 0.5
Poor (high risk) : RRRS ≥ 0.5

 Age (yr)  All  Age

 KPS (%)  <70, ≥70  0, 1

  Chun [57]  Histology  Grade III, IV  0, 1 After re-operation 
Low risk (0-1): re-RT benefit (-)
High risk (2-3): re-RT benefit (+)

 Age (yr)  ≤50, >50  0, 1

 MGMT methylation  Yes, No  0, 1

KPS, Karnofsky performance status; PTV, planning target volume; RRRS, re-RT risk score; MGMT, O-6-methylguanine-DNA methyltrans-
ferase.
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modified scores, they were 16.8, 9.4, 9.4, and 6.1 months. Two 
independent studies, however, failed to validate the Combs 
prognostic score in single-institutional datasets of 88 and 
64 patients with recurrent glioma. The cause of inability was 
explained by heterogeneity of different treatment cohorts—
combined chemotherapy [53,54]. 

In 2018, a new 3-tiered Niyazi score system was developed 
from an arithmetic formula for re-RT risk score (RRRS) using 
three parameters (age, WHO grade, and KPS). It was then 
validated in independent dataset of 212 patients [55]. The 
median OS of prognostic groups in development cohort were 
14.2, 9.1, and 5.3 months. In validation cohort, they were 13.8, 
8.8, and 3.8 months. The Combs score was not successfully 
validated again by the development team. However, their new 
prognostic group has critical drawback of not including MGMT 
methylation status because MGMT data were not available 
for many patients. Nonetheless, the Niyazi score group was 
validated in external cohorts of 121 patients with recurrent 
grade II, III, IV glioma which showed median OS of 14.6, 9.76, 
and 5.32 months for the prognostic group [34]. 

New Krauze scoring system consisted of 10 factors (age, 
KPS, histology, symptom presence, GTV, location of recur, 
tumor multiplicity, organ at risk location and dose, disease free 
interval) was developed to select optimal patients for re-RT 
with acceptable risk from a database of 31 recurrent GBL cases 
with a median PFS of 4 months and OS of 6 months from re-
RT [56]. Failure to apply either Carson or Combs prognostic 
score to their developmental cohorts was attributed to a small 
sample size. In addition to weakness of small number of basic 
cohorts, its practical value is quite questionable because it is 
too complicated for clinical use. In addition, it lacks data of 
molecular biomarkers.  

Influence of MGMT methylation status on survival after re-
RT has been recently appraised. The median OS of recurrent 
GBL after re-RT is affected by MGMT methylation (10.7 vs. 8.5 
months, p = 0.06) [33]. It is noteworthy that a recent study on 
prognostic factors after re-RT firstly puts an emphasis on the 
importance of MGMT methylation status [57]. Three risk factors 
(age >50 years, WHO grade IV, and unmethylated promoter 
of MGMT) were significantly associated with poor OS in 
multivariate analysis. The benefit of re-RT for both OS and PFS 
was established in patients carrying two or more risk factors. 
Thus, the aforementioned risk group should be validated 
in independent cohorts of large numbers of recurrent GBL 
patients to fulfill necessity of clinical guide by incorporating 
tumor genetic parameters which was already taken as a core 
parameter in novel or revised molecular recursive partitioning 

analysis (RPA) models for GBL established in 1993 [58-60].

Re-operation Prior to Re-irradiation 
(Re-Op/RT)

Can we get additional survival gain by combining re-RT after 
re-operation in recurrent GBL? The median OS after re-Op plus 
SRS of 12–16 Gy was prolonged (15 vs. 6 months; p < 0.001) 
in comparison with re-Op alone [61]. It was better in case of 
MGMT methylation (14 vs. 9 months; p = 0.026) than that in 
case of MGMT unmethylation [62]. The median OS with re-Op/
FSRT was superior to re-Op alone (10 vs. 6.8 months), although 
the difference was not significant [63]. 

Among 56 patients with recurrent GBL with time to 
recurrence >6 months, re-Op/RT with 45 Gy/25 fx (EQD2 of 
42.8 Gy) was delivered to PTV having 8 mm margin from GTV 
in 33 patients with cumulative median EQD2 of 99.3 Gy (range, 
85.5 to 106.9 Gy). The median PFS was significantly better (8.9 
vs. 3.3 months; p = 0.031) compared to re-Op alone while the 
OS was only slightly better (20.6 vs. 15 months; p = 0.2) [57]. 
There was no grade ≥3 toxicity. The median OS of 20.0 months 
with re-Op/RT is probably the best result in recurrent GBL. It 
was unique in terms of cohort volume (>30) and existence of 
internal control group, although patients were not randomized. 
In all recurrent high-grade glioma (n = 84), OS was definitely 
affected by age (p = 0.050), WHO grade (p = 0.004), and MGMT 
methylation status (p = 0.005). It was marginally affected by 
re-RT (p = 0.08), but not affected by the extent of re-Op or 
time to recurrence on multivariate analysis. Benefit of re-Op/
RT for PFS and OS compared to re-Op alone was more definite 
in patients with two or more risk factors (age ≥50 years, WHO 
grade IV, unmethylated MGMT promoter) as shown in Table 3. 

Re-Op/RT (37.5 Gy/15 fx) to CTV with margin of 1.5–2.5 cm 
from enhanced lesion and surgical cavity produced median 
PFS of 13 months and OS of 16 months. It also resulted 
in radionecrosis in 32% of patients with recurrent GBL at 
cumulative EQD2 of 102.2–116.2 Gy [64]. Re-RT (45 Gy/25 fx) 
in either re-Op/RT (75%) or re-RT alone delivered to PTV (GTV 
plus 18–23 mm) showed median PFS of 8 months and OS of 
11 months in 36 patients with recurrent gliomas (GBL in 58%). 
The median cumulative EQD2 was 99.2 Gy in all cohorts except 
that it was 106.2 Gy (92.1–116.4 Gy) in 5 cases (14%) who 
developed radionecrosis [65]. Thus, the chance of radionecrosis 
can be increased after re-Op/RT with a wide PTV margin, high 
cumulative EQD2, or hypofractionation.        

In a cohort of 108 patients with recurrent malignant glioma 
(GBL in 76%) treated with re-Op/RT (median EQD2 of 37.5 
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Gy), the median OS of 12 months was influenced by MGMT 
methylation status, interval after initial RT, KPS, and extent 
of re-Op [66]. A prospective multicenter trial (GlioCAVE-trial/
NOA 17) is currently underway to ascertain the value of early 
adjuvant re-RT after re-operation in recurrent GBL [67]. 

Re-RT with Combined Chemotherapy

The DIRECTOR trial of TMZ rechallenge in progressive GBL 
reported a median time to treatment failure (TTF) of 3.2 versus 
1.8 months and PFS at 6 months (PFS-6) of 39.7% versus 6.9% 
in patients with and without MGMT promoter methylation, 
respectively. Thus, TMZ rechallenge could be an option for 
patients with MGMT promoter-methylation [68].

Bevacizumab (BV) for recurrent GBL has resulted in median 
PFS and OS of 4.38 months and 8.74 months, respectively, in 
a literature review of 42 studies [69]. Results of the BELOB 
trial, however, did not support a role of single-agent BV in 
the treatment of recurrent GBL compared with BV/lomustine 
combination (median PFS of 3 vs. 6 months and OS of 8 
vs. 16 months) [70]. In a meta-analysis conducted in 480 
patients with recurrent GBL, BV/irinotecan group had higher 
PFS-6, objective response, and rate of discontinuation from 
subsequent adverse events. However, this group showed no 
improvement in OS compared with BV alone [71]. 

There is skepticism on the combination of re-RT with 
chemotherapeutic agents, although majority of data were 
from retrospective analysis. A review of nine papers published 
between 2005 and 2014 revealed that concurrent approach 
with TMZ or BV did not seem to improve outcomes of re-RT. In 
fact, it may lead to higher risk of toxicity [32]. A series of single 
institutional studies of recurrent GBL have demonstrated that 
the median OS is improved with SRS plus TMZ (15.5 vs. 9.2 
months) [72] or that the median OS of 9.7 months after FSRT 
(37.5 Gy/15fx) plus TMZ is significantly affected by MGMT 
methylation status (11.3 vs. 7.9 months) on multivariate 
analysis [73]. 

In a study of 118 patients with recurrent malignant glioma 
(GBL in 74%) treated with CFRT (12.6–54 Gy) with daily dose 
of 1.8 Gy plus TMZ at 28 months after initial RT, the median OS 
of 9.6 months was significantly better with dose >41.4 Gy (12.4 
vs. 7.1 months) and gross total resection before re-RT (11.9 vs. 
7.7 months). The radionecrosis chance was <5% [27]. Another 
study has found an improvement of median OS by combining 
re-RT with unspecified chemotherapeutic agents (12.2 vs. 8.2 
month) [6].

A prospective study evaluating SRS/FSRT plus BV in 

recurrent high-grade glioma (GBL in 47%) has reported 
a median PFS of 3.9 months and OS of 14.4 months with 
minimal toxicity. [74] BV with re-RT resulted in better median 
PFS (5.6–6 vs. 2.5–4 months) and OS (8.6–11 vs. 5.7–8.3 
months) in retrospective studies of recurrent high-grade 
gliomas (GBL in 75%) [75,76]. Another retrospective study 
in 35 patients of recurrent malignant glioma (GBL in 59%) 
demonstrated a median PFS of 6.7 months and OS of 10.5 
months without grade 3 toxicity after concurrent BV plus re-
RT (median EQD2 55.6 Gy to PTV of 5 mm margin from GTV) 
at 21.9 months after initial RT (EQD2 60 Gy) [77]. Interestingly, 
the median OS was significantly better with EQD2 >50 Gy 
or with BV-naïve status compared to BV failure (17.7 vs. 5.4 
months) at the time of re-RT [77]. Outcomes of prospective 
randomized clinical study of RTOG 1205 trial for evaluation of 
BV versus re-RT/BV are expected.

As an up-to-date view over the current status of 
chemotherapy for recurrent GBL, the following statement 
can be referred from thorough literature review: despite a 
plethora of clinical trials in recurrent glioblastoma, there are 
no established standards of care beyond alkylating agent 
(nitrosourea or TMZ) or BV [78].

Novel Re-RT Strategies in Radiation or 
Physical Aspects

Novel re-RT strategy is associated with new kinds of radiation 
or new electronic device of potential combination with re-
RT, including particulate RT with proton or carbon ion beam, 
boron neutron capture therapy (BNCT), and tumor-treating 
alternating electric fields (TTF). 

A proton beam re-RT (50.51 GyE) showed a median OS 
of 10.5 months in 21 recurrent glioma patients with large 
tumor volume and its dependence on previous therapy 
with BV: 12.4 months for BV-naïve and 6.3 months for BV-
refractory patients. Two patient (9.5%) experienced grade 2-3 
radionecrosis and another two had strokes [79]. In the current 
Phase I/II-CINDERELLA-trial of re-RT in patients with recurrent 
glioma, FSRT (36 Gy/18 fx) is compared with carbon ion beam 
delivered by intensity modulated raster scanning [80]. 

In 22 recurrent glioma patients treated with BNCT, the 
median OS was 10.8 months for all and 9.6 months for GBL. 
BNCT showed a survival benefit, especially in the high-risk 
group [81]. TTF aims to interfere with cell division utilizing a 
portable head device delivering low-intensity, intermediate 
frequency electric fields via non-invasive, transducer arrays. 
In a phase III trial, the median OS of 6.6 months with TTF was 
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comparable to a median OS of 6.0 months with best active 
chemotherapy of physician’s choice while the quality of life 
was reported to favor TTF mainly due to a chemotherapy-free 
period was given to patients with short life expectancy [82]. 
Although there was no survival gain with TTF, there can be 
controversial in some aspects. 

In conclusion, re-RT has been established as a feasible 
option for recurrent GBL of all ages with safety, tolerability, 
and effectiveness both in survival and QoL regardless of 
fractionation schedule. To keep adverse effects under 
acceptable range, cumulative dose limit in EQD2 with narrow 
margin should be observed and single/hypofractionated re-
RT should be undertaken very carefully to recurrent tumor 
with large volume or adjacent to the brainstem. Promising 
outcomes of re-Op/RT need to be validated and results from 
re-RT with TMZ/BV or new strategy are needed. Development 
of new-concept prognostic scoring or risk group is required to 
select patients properly and make use of predictive biomarkers 
such as MGMT promotor methylation known to influence 
outcomes of re-RT, re-Op/RT, and re-RT with TMZ/BV.
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