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Opinion Statement

The treatment of malignant gliomas has undergone a significant intensification during the
past decade, and the interdisciplinary treatment team has learned that all treatment
opportunities, including surgery and radiotherapy (RT), also have a central role in
recurrent gliomas. Throughout the decades, re-irradiation (re-RT) has achieved a promi-
nent place in the treatment of recurrent gliomas. A solid body of evidence supports the
safety and efficacy of re-RT, especially when modern techniques are used, and justifies the
early use of this regimen, especially in the case when macroscopic disease is present.
Additionally, a second adjuvant re-RT to the resection cavity is currently being investi-
gated by several investigators and seems to offer promising results. Although advanced RT
technologies, such as stereotactic radiosurgery (SRS), fractionated stereotactic radiother-
apy (FSRT), intensity-modulated radiotherapy (IMRT), and image-guided radiotherapy
(IGRT) have become available in many centers, re-RT should continue to be kept in
experienced hands so that they can select the optimal regimen, the ideal treatment
volume, and the appropriate techniques from their tool-boxes. Concomitant or adjuvant
use of systemic treatment options should also strongly be taken into consideration,
especially because temozolomide (TMZ), cyclohexyl-nitroso-urea (CCNU), and
bevacizumab have shown a good safety profile; they should be considered, if available.
Nonetheless, the selection of patients for re-RT remains crucial. Single factors, such as
patient age or the progression-free interval (PFI), fall too short. Therefore, powerful
prognostic scores have been generated and validated, and these scores should be used

for patient selection and counseling.

Introduction

The primary treatment of malignant gliomas has un-
dergone a profound evolution during the past
20 years. The introduction of fluorescence-guided sur-
gery and sophisticated imaging techniques before,
during, and after surgery improved the efficacy and
safety of the treatment of patients with glioma [1-3].
Adjuvant RT to the resection cavity has become a stan-
dard of care [4], and RT is frequently combined with
concomitant or adjuvant systemic agents, most fre-
quently with temozolomide (TMZ) or multi-agent reg-
imens such as PCV (procarbazine, CCNU, and vincris-
tine) [5-8]. The introduction of these multimodal
regimens resulted in the prolongation of overall sur-
vival (OS) times, which currently range between 9.3
and 14.6 months in glioblastoma (GBM) and between
40 months and more than 7 years in anaplastic glio-
mas [5-8]. Additionally, the progression-free survival
(PFS) is now within a range of 5.3 months in elderly
patients with non-hypermethylated O-6-
methylguanine-DNA methyltransferase (MGMT)
promotor GBM and 42.8 months in patients with

anaplastic astrocytoma (AA) who are being treated
with RT and up to 12 cycles of TMZ [5, 7].

The length of the PFS has implications for the op-
tions that the neuro-\oncologist can offer their patients
in the case of recurrent disease. In many centers, a sec-
ond surgery is offered to patients who have recurrent
gliomas, especially when the patients are in good phys-
ical health and present with low-volume recurrences in
non-eloquent brain regions (Fig. 1) [9]. When the extent
of resection reaches an almost gross total resection
(GTR), then a second surgery results in an improved
survival time [10, 11]. There is also an advantage of
performing debulking surgery in cases of repeated sur-
geries for later occurring recurrences [12], and debulking
surgery itself is a positive prognostic factor in the context
of further salvage therapies, including re-RT [13-15].

When a second surgery is not deemed to be feasible
or when residual disease in situ cannot be extracted
during a second surgery, then re-RT is frequently consid-
ered. An important prerequisite for re-RT is an adequate
normal tissue tolerance for RT, and the limitations of
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Fig. 1. Proposed flowchart for consideration of re-irradiation, second surgery, or systemic treatment or Tumor Treating Fields

(TTFields*) in the treatment of recurrent malignant gliomas

this tolerance are the major limitation of re-RT. Usually,
doses around 60 Gy in 1.8-2.0 Gy per fraction are ap-
plied to a volume of approximately 2 cm around the
resection cavity as well as tumor remnants in primary
RT. This dose is assumed to be safe, yet radiation necro-
sis can occur in some patients. A risk of approximately
5% for this complication is extrapolated for a total dose
of 72 Gy [16]. Because most recurrences occur in the
direct vicinity of the initial tumor site [17-19], the avail-
able dose for re-RT seems to be limited. This necessitates
a concept of recovery of radiation tolerance. Preclinical
models estimate a recovery of approximately 50% after
1 to 2 years [20], and the application of these models
seems to hold in clinical practice [21, 22]. Hence, re-RT

Literature search

is now deemed to be feasible, especially when the inter-
val from first RT is longer than 6 months. Nonetheless,
the remaining tolerance is assumed to be smaller in re-
RT than in primary RT, which forces compromises to be
made in the final dose and target volume. Therefore, one
option to enhance the efficacy of re-RT is to add systemic
agents, either concomitant or adjuvant to re-RT.

This narrative review of recently published literature
discusses current applications of re-RT in recurrent ma-
lignant glioma, also termed recurrent high-grade glio-
mas (rHGG), with a focus on recurrent glioblastoma
(rGBM). We will focus on issues and tools for appropri-
ate patient selection, target volume concepts, and evi-
dence for re-RT in general.

This review is based on a selective literature search on Medline/Pubmed for
articles published within the past 5 years (01/2014 to 12/2018). Only original
articles that reported on more than 20 adult patients treated with external beam
radiotherapy (EBRT) as re-RT for rHGG including rGBM were eligible. For
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PubMed, the search terms “glioblastoma,” “high-grade glioma,” “recurrence,”
and “re-irradiation” were used. We also included articles from a thorough
manual search. In order to unify the reporting and to enhance comparability
of the data, the median OS is reported for all articles in this review. In some
articles, the median OS was not described within the text; therefore, the mOS
was measured from the published Kaplan Meier survival tools using a semi-
automatic tool (Digitzeit, www.digitzeit.de). A summary of 15 selected publi-
cations from 2014 to 2018 is presented in Table 1.

Patient selection

Re-RT is generally considered appropriate for patients who have a good to fair
Karnofsky performance status (KPS >50-60%) and who present with recur-
rences not earlier than 6 months after first-line radiotherapy with a recurrent
glioma not larger than 6 cm [41, 42]. Patients who have a good performance
status and a limited volume of recurrent disease profit most from re-RT. Several
scores have been generated to estimate the survival times of patients who have
recurrent gliomas after re-irradiation, and do thereby allow valid patient
counseling and shared decision-making. The Combs score was one of the first
scores to be validated. It included the initial histology, age of the patients, and
the time between RT and re-RT as factors for a prognostic score [43, 44]. In a
recently updated version, additional factors including the KPS, the tumor
volume, and the extent of a second surgery were added to the score [35¢].

Another scoring system, the re-irradiation risk score (RRRS), was generated
and validated based on a multi-institutional database of the German cancer
consortium Deutsches Konsortium fiir Translationale Krebsforschung, (DKTK);
it is based on the age, KPS, and WHO grade (GBM vs. non-GBM) [37].
Importantly and in contrast to the Combs-score, the RRRS uses the age as a
continuous variable, which avoids a sharp gradient from which a “high risk” is
postulated [35e, 37, 43]. Hence, elderly patients with rGBM may fall into an
intermediate-risk group and have a good chance of benefiting from re-RT. This
general assumption was recently shown in a small cohort from our institution
[45]. However, effectively used scoring systems should remain simple and easy
to use, which certainly holds true for the initially developed score that improved
over time by our group [22, 41, 42].

We believe that risk scores can be valid tools to estimate the post-progression
survival of glioma patients and can be very helpful for the counseling of our
patients. However, overestimated conclusions leading to a hasty denial of re-RT
based solely on a score or even a single factor should be avoided, and shared
decision-making together with the patient remains crucial. Taken together, an
effective score will serve as a “digital biomarker” in glioma care (Kessel K et al.,
Phys Med Submitted).

In addition to selecting the right patients for re-RT, it is also necessary to
choose the right technique for the specific patients. The discussion of all
available techniques is beyond the scope of this article; however, a basic
understanding of differences between the techniques is necessary to identify
potential selection biases that are introduced by the choice of a technique.
High-precision techniques such as stereotactic radiosurgery (SRS) using linear
accelerators or the Gamma Knife (GK) are usually applied to small recurrences
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(<2 cm) because these approaches can deliver very high doses to the tumor
volume while the surrounding tissue is spared due to sharp dose gradients. SRS
is usually delivered in one fraction [14, 28, 29, 34]. Hypofractionated stereo-
tactic radiotherapy (HFSRT) uses the same advantage as SRS, but it is applicable
to larger volumes (2-4 cm), as the healthy tissue can recover partially between
the single doses of a treatment course (the so-called fractionation effect) [25-
27, 31, 34, 36]. Both SRS and HFSRT usually have only very small margins to
treat infiltrative disease because larger margins increase the risk of radiation
necrosis. Fractionated RT, delivered either as 3D-conformal or intensity-
modulated RT (IMRT), also takes advantage of the fractionation effect. This
technique is appropriate for a variety of treatment volumes (up to more than
5 c¢m) and usually includes a margin to account for infiltrative disease [23, 24,
35e, 44, 46-48, 49ee|. The advantages and disadvantages of the different
techniques are well summarized in articles from Combs et al. and Nieder
etal. [41, 50].

Efficacy
- 0000000000000/}

Up until now, there have only been few trials that have randomized patients to
re-RT or a non-re-RT regimen, and there has not been a trial that has directly
compared re-RT to best supportive care (BSC). We summarized the 15 most
important articles from the past 5 years in Table 1.

Prospective data concerning the efficacy of salvage strategies were derived
from RTOG 0525 in a secondary analysis in 2018 [51e]. Shi and colleagues
compared the OS of 637 patients who were previously treated in RTOG 0525
and who experienced progression during follow-up. Only patients who sur-
vived more than one half of a month after progression were included in the
analysis, and the median time to progression before salvage treatment or BSC
ranged between 7.5 and 9.7 months. The median OS for re-RT with chemo-
therapy was 12.2 and 8.2 months for re-RT only. BSC resulted in a median OS
of 4.8 months, and a systemic treatment without re-RT reached a median
survival of 10.5 months. There was no difference in the efficacy of
chemotherapy-only to re-RT. However, only 13.8% of patients received re-RT
with or without chemotherapy, which limits the power of this analysis. None-
theless, the report generated evidence for the efficacy of either of these salvage
regimens and concluded that prospective trials are warranted [51e].

The same question was also analyzed from van Linde et al. in a retrospective,
multicenter analysis of 299 patients. The authors compared different treatment
strategies upon progression, namely re-RT with or without chemotherapy
(ChT), ChT alone, and BSC. The authors showed a significant difference in
the OS of patients managed with BSC (median OS 3 months) compared with
patients who were managed with chemotherapy (ChT), Re-RT, or Re-OP
followed by ChT (median OS 7.3, 9.1, and 11.5 months). Unfortunately, only
relatively few patients (21 from 299) underwent re-RT, and the cohort was
underpowered to discriminate among the active treatment strategies. However,
while the difference among the treatment regimens remained unclear from this
data set, the authors pointed out the general efficacy of re-RT over BSC. As in all
retrospective analyses of re-RT that compare to BSC, this trial suffers from a risk
of selection bias, as patients with large recurrences who had a poor performance
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status and who were taking higher doses of steroids were more likely to receive
BSC [32].

Another important article comparing re-RT to a non-re-RT regimen was
published only recently by Chun and colleagues. The authors compared a
cohort of patients who underwent a second surgery for either rGBM or
rHGG, with those who either received adjuvant re-RT to the resection
cavity or no additional treatment. The re-RT was performed as a fraction-
ated radiotherapy and prescribed to the resection cavity and a safety
margin of 5 mm. The OS reached borderline significance with a median
OS of 12.7 vs. 28.1 months (without vs. with re-RT, p 0.066), and the PFS
was significantly improved by re-RT (3.5 vs. 9 months, p 0.025). This
article is of special interest to the field for two reasons. First, the trial has
a relatively low risk of bias, as all patients underwent surgery and thus
were likely able to undergo re-RT. Furthermore, the Re-RT generated a
favorable outcome despite the fact that the Re-RT-cohort was more heavily
pretreated (33.3% with ChT in the Re-OP-group vs. 66.7% in the re-RT-
group, p 0.002), which would generally be estimated to be a negative
prognostic factor. Secondly, the article argues in favor of a new concept
in neuro-oncology, which is using re-RT as an adjuvant modality after
surgery, even after GTR [40]**. This concept was substantiated by analysis
of the pattern of recurrence and is currently tested in the prospective
GlioCave-trial [52, 53].

The addition of ChT to re-RT may enhance the efficacy of re-RT [28].
Kim and colleagues analyzed 144 rGBM patients who were treated with
either re-RT using the Gamma Knife (GK), TMZ, or a combination of GK
and TMZ. A fourth group received a second surgery. The target volumes
were, as in many cases with GK radiosurgery, relatively small. The authors
found a significant improvement of the OS induced by a combination of
SRS with TMZ compared with SRS alone or TMZ alone (15.5 vs. 9.2 vs.
5.6 months, p 0.009 and 0.005) [14]. Greenspoon investigated the safety
and efficacy of hypofractionated re-RT with concomitant TMZ in 2014. The
median OS was 9.3 months in this prospective study, and four patients
(12.9%) experienced grade 3 or 4 toxicities [26]. This relatively high
incidence of grades 3 and 4 toxicities was potentially attributed to the
fractionation scheme. Combs reported on 25 patients treated with
standard-fractionated re-RT and concomitant TMZ without severe toxicities
and with a median OS of 9 months [54].

In addition to these normo- or hypofractionated regimens, there are two
articles that used rather unconventional low-dose or low dose-rate fractionation
schemes. Magnuson et al. reported on re-RT in patients with tGBM who
progressed after Bevacizumab (Bev). The group re-irradiated relatively large
recurrences (2.0-8.1 cm diameter) and further included a 2-cm margin about
the GTV. The total dose was 54 Gy in 27 fractions, but each fraction was
subdivided in 10 pulses with 0.2 Gy per pulse. The regimen included Bev-
treatment, which may have contributed to the low toxicity rate reported in the
trial; hence, the regimen was well tolerated with no grades 3-4 toxicities.
However, 40% of patients required an increase in steroid consumption. The
PES was 3.3 months, and the OS 6.9 months [23].

A second alternative fractionation regimen, combined with either TMZ or
with cisplatin/fotemustine, was presented by Balducci et al. in 2014. RT was
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delivered in as low as 0.3 to 0.4 Gy per fraction, given twice daily for 5 to 6 days
and repeated once after 28 to 42 days. As anticipated by the low dose, the
regimen was very well tolerated, with no RT-induced grades 3-4 toxicities, even
though 3 cm around the GTV were included into the PTV, and patients were
eligible as early as 3 months after first-line RT. The dosing regimen is based on
the idea that gliomas may have a hypersensitivity to low-dose RT, but this
regimen requires an evaluation in larger cohorts and with randomization to a
non-RT arm [24].

A non-re-RT regimen that used the experimental drug APG-101 was com-
pared to re-RT by Wick et al. in 2014. The trial compared re-RT with 36 Gy in 18
fractions with or without APG-101 in adult patients who had rGBM and
measurable disease. However, the trial was not designed to be powered for a
comparison of the two arms regarding OS and PFS, and the re-RT arm was only
included to calibrate for the primary endpoint, which was the PFS rate at
6 months. The 6 months PFS rate in the re-RT arm was only 3.8% compared
with 20.7% in the re-RT/APG-101 arm; however, there was an equal median OS
of 11.5 months in both arms [55]. This trial used the outdated MacDonald
criteria for response assessment. Notably, bevacizumab can reduce the amount
of contrast enhancement in gliomas without affecting the real extent of the
disease. This phenomenon is termed pseudo-regression. In contrast, radiation
can induce early changes in the vascular permeability, which lead to contrast
enhancements as early as a few weeks after re-RT, a phenomenon termed
pseudo-progression. Noteworthy, the MacDonald criteria only focus on the
extent of the contrast enhancement, which may lead to an overestimation of
the effect of a drug and an underestimation of the effect of re-RT [56].

Recently, Kazmi et al. published the first meta-analysis of reports about re-
irradiation in rGBM. The analysis included 2095 treated patients in 50 re-
ports. The primary endpoints were PFS and OS-rates at 6 and 12 months. The
authors reported 6- and 12-month OS-rates of 73 and 36% and correspond-
ing PFS rates of 43 and 17%, respectively. Interestingly, the authors reported
significantly higher incidences of grade >3 toxicities in prospective trials
compared with retrospective reports and concluded that re-RT has a reason-
able efficacy with an acceptable safety profile [38ee]. In order to find an
explanation for the heterogeneity in the survival data after re-RT in rGBM,
theauthors further evaluated the influence of the dosing regimen in re-RT. For
this, the EQD2, an equivalence dose for different dosing regimens, was
calculated and included in the analysis. There was no advantage seen for
any of the regimens, and particularly no dose-response relationship beyond
an EQD2 of 36 Gy. However, this finding should be considered with caution,
as the EQD2 was calculated with a focus on tumor-control, and the analysis
did not include the target volume definition of the re-RT. Furthermore, it is
counterintuitive that the dosing regimen did not affect the toxicity rates (9 vs.
8% for<36 Gy and > 36 Gy).

For rHGG, including anaplastic astrocytomas (AA) and anaplastic
oligodendrogliomas (AO), there is currently no meta-analysis available.
However, several larger cohorts have been analyzed. Among these, the
reports from Kessel, Navarria, and Combs are the largest patient cohorts
[35¢, 39, 43]. The median OS times after re-RT of HGG were 11.3, 12.2,
and 17 months. The simultaneously published results for rGBM were
within the range of previously discussed series at 7.9, 8, and 8.5 months,
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which substantiates the conclusion that HGG remains a better prognosis
even after recurrence when compared with rGBM. Noteworthy, none of
these articles reported excessive toxicity.

Target volume definition

As previously discussed, both dose and target volume definition potentially
affect the efficacy and toxicity of re-RT. In the available literature, a plethora of
target volume definitions and dosing concepts have been described [17]; how-
ever, none of these regimens has proven superiority over another. This can
partially be explained by possible difficulties in the target volume definition
after recurrence. Most authors use the area of contrast enhancement on T1-
weighted MRI (GdT1w) as a surrogate for the gross tumor volume (GTV) used
for re-RT [17]. Unfortunately, radiation necrosis, micro-hemorrhages, and post-
ischemic changes can be indistinguishable from “true” rGBM, and some parts of
the rGBM go beyond the borders of the contrast enhancement [57]. To over-
come this limitation, sophisticated MRI techniques and functional imaging
have been included in the planning process, with median survival times of
seven to 12.4 months [25, 58-60]. In order to quantify the overlap of GTVs
based on different imaging modalities, Popp et al. compared the commonly
used GdT1w-based (GTV) to GTVs based on diffusion restriction or amino acid
positron emission tomography (AA-PET). Interestingly, all of these modalities
generated more or less distinct volumes, and especially GTVs based on
diffusion-weighted images (DWI) were largely separate from the GdT1w- and
PET-based GTVs and were not overlapping with areas of later progression [61].
The same group recently started a trial to compare re-RT based on an AA-PET
with re-RT based on GdT1w-GTVs [62].

Another question is whether re-RT is efficient and safe when the entire
recurrent glioma has been removed by surgery. An argument in favor of re-RT
is that after GTR of rtGBM, further recurrences frequently recur in the area of the
resection cavity [17]. Another argument is that early re-RT was an independent
prognostic factor after surgery in several single- and multi-institutional series
[10, 15, 63, 64]. Chun et al. recently presented the first retrospective cohort on
re-treating the resection cavity after near-total or GTR. The group re-irradiated
the resection cavity with a 5-mm margin, with a median dose of 45 Gy (EQD?2).
The response was assessed based on the RANO-HGG-criteria and was signifi-
cantly longer after re-OP followed by re-RT compared with re-OP alone. The OS
showed a strong tendency in favor of the re-RT group, but the difference did not
reach significance (12 vs. 28 months, p 0.066). A randomized trial is currently
open to compare early re-RT with the resection cavity vs. observation [53].

Summary

Re-irradiation has become a cornerstone in the treatment of tHGG and rGBM and
should be considered for all recurrences along with all other treatment modalities.
Available evidence supports the efficacy and safety of re-RT with or without chemo-
therapy. Re-RT should not be seen as a single treatment alternative but as a part of a
multimodal retreatment approach. This approach should consider the most effective
local treatment options, such as surgery and re-RT, which can be complemented by
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systemic treatments, when feasible. Because of the high complexity of decision-
making in this field, a multidisciplinary team approach is highly recommended.
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