
ORIGINAL ARTICLE

https://doi.org/10.1007/s00066-020-01585-0
Strahlenther Onkol (2020) 196:457–464

Re-irradiation for recurrent glioblastoma multiforme: a critical
comparison of different concepts

A. Baehr1 · D. Trog1 · M. Oertel1 · S. Welsch1 · K. Kröger1 · O. Grauer2 · U. Haverkamp1 · H. T. Eich1

Received: 24 June 2019 / Accepted: 16 January 2020 / Published online: 3 February 2020
© Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract
Purpose Purpose of this study was to investigate outcome and toxicity of re-irradiation for recurrent primary glioblastoma
(rGBM). We evaluated a group of patients with rGBM and identical primary treatment comprising adjuvant radiotherapy
(30× 2Gy) with concurrent temozolomide (TMZ).
Methods In this retrospective study of 46 patients, all received adjuvant or definitive normofractionated radiotherapy to
a pretreated area, some with concurrent chemotherapy. Impact of different clinical, histological, or epidemiological factors
on survival and radiation toxicity was reviewed.
Results Of 46 patients, 40 completed the intended therapy. Overall survival (OS) was 20 months (range 6–72 months).
Overall survival and progression-free survival after re-irradiation (OS2 and PFS2) were 9.5 and 3.4 months (range 2–40
and 0.7–44months). Simultaneous systemic therapy improved PFS2 and OS2 (4.3 vs. 2.0, p< 0.001 and 12 vs. 4months,
p= 0.13, respectively). Therapy with TMZ or bevacizumab improved PFS2 vs. nitrosureas (6.6 vs. 2.9, p= 0.03 and 5.1
vs. 2.9 months, p= 0.035, respectively). TMZ also improved PFS2 and OS2 vs. all other systemic therapies (6.6 vs. 4,
p< 0.001 and 17 vs. 10months, p= 0.1). In a subgroup analysis for patients with methylation of the MGMT promoter,
doses of >36Gy as well as TMZ vs. no systemic therapy improved PFS2 (p= 0.045 and p= 0.03, respectively). 27.5% of
all patients had no acute toxicity. Three patients with acute and four patients with late grade 3 toxicities were reported.
Conclusion Normofractionated radiotherapy is a feasible option for rGBM with a good toxicity profile. Simultaneously
applied systemic therapy was associated with improved outcome. For MGMT promoter-methylated histology, higher
radiation doses improved survival.
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Introduction

Glioblastoma multiforme (GBM) accounts for 15.8% of all
primary intracerebral tumors and despite many improve-
ments in therapy, the 5-year overall survival (OS) is only
5% [1].

State of the art is multimodal treatment consisting of
surgical resection, radiotherapy using modern local radia-
tion techniques, and chemotherapy. The standard radiation
dose is 60Gy in fractions of 2Gy. However, higher dosage
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or accelerated radiation protocols have shown no improve-
ment in OS or progression-free survival (PFS) [2, 3]. The
combination of 60Gy radiation with simultaneously applied
temozolomide (TMZ) is regarded as standard therapy for
patients up to 70 years of age and has shown benefit for
even older patients [4–6].

Despite these aggressive treatment protocols, tumor re-
currence is very high and prognosis is poor, with a median
OS of 12–15months [7].

In case of recurrence, repeated surgical resection is fea-
sible, as long as the patient’s performance status is appro-
priate [8]. Even though most tumors recur within the pri-
mary tumor field, a second course of radiotherapy is pos-
sible, e.g., with 18× 2Gy [9]. Target volume is assessed
by MRI and, if possible, amino acid PET imaging. Ad-
ditional chemotherapy prolongs PFS and OS [10]. Agents
containing nitrourea (e.g., lomustine) showed limited ef-
fects [11]. Because a combined therapy using radiation and
TMZ is widely accepted as first-line treatment, the benefit
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of another cycle of TMZ after tumor recurrence is a point
of discussion [12]. In this scenario, the methylation of the
MGMT promoter seems to play an important role as a prog-
nostic factor [13]. Other prognostic factors mentioned in the
literature include age, performance status, tumor size, ex-
tent of initial surgery, and surgery in the recurrent situation
[14]. Regarding radiation therapy of tumor recurrence, there
are few data concerning the optimal radiation dose, frac-
tion size, or application of simultaneous chemotherapy. At
the moment, treatment protocols rely mainly on data from
retrospective studies. Limitations in most of these studies
were the differences in tumor histology and the heteroge-
neous application of primary and secondary therapies. To
this end, we evaluated a group of patients with recurrent
primary GBM and identical primary treatment (adjuvant
radiochemotherapy comprising 30× 2Gy with concurrent
TMZ).

Methods

46 patients treated in our institution for recurrent primary
glioblastoma (rGBM) between 2013 and 2016 were in-
cluded in the study. They had all completed adjuvant radia-
tion therapy composed of 60Gy in 2Gy daily fractions with
concurrent TMZ therapy and at least one subsequent adju-
vant TMZ cycle for primary disease. All patients showed
uni- or multifocal disease recurrence, including the primary
high-dose irradiation field. All patients had primary GBM.

Of 46 patients, 40 (87%) completed the planned radiation
therapy. Only these patients have been included into further
analyses (Table 1). 24 of 40 patients received re-surgery
and 30 of 40 received simultaneous systemic therapy.

The impact of age, gender, planning target volume
(PTV), time to the onset of the second radiation therapy,
MGMT promoter and IDH mutation status, Eastern Coop-
erative Oncology Group performance index (ECOG), extent
of surgery, radiation dose, and type of chemotherapy were
evaluated. All cases were discussed in an interdisciplinary
tumor board and all patients gave informed consent.

Radiation planning was based on CT and MRI scans,
defining the gross tumor volume (GTV) as the contrast-en-
hancing lesion in the T1-weighted MRI sequence, the clin-
ical target volume (CTV) as GTV plus a 0.5–1cm margin,
and PTV as CTV plus a 1–2mm margin. Treatment plan-
ning was performed with respect to prior received doses to
organs at risk. Individual face masks were used to ensure
accurate treatment.

Fractionated radiotherapy was delivered in 5 fractions
weekly once a day. Fraction size was 1.8–2Gy using to-
motherapy or a linear accelerator with IMRT. The median
of the applied dose was 36Gy (range 9–50.4Gy) for all
patients and 39.6Gy (30–50.4Gy) for the patients who

Table 1 Characteristics of patients included in the further analyses
of this study. Of 46 patients who met the inclusion criteria, 6 did not
complete the planned radiation therapy (13%) and were not included
into the analyses

Sex (number of patients, n)

Male 22 (55%)

Female 18 (45%)

Age at primary diagnosis (years)

Median 56.5

Range 33–78

Age at recurrence (years)

Median 57.5

Range 34–79

ECOG at recurrence (n)

0 2 (5%)

1 24 (60%)

2 6 (15%)

3 8 (20%)

4 0

Time since first radiotherapy (months)

Median 10

Range 3–54

Surgical intervention at recurrence (n)

None or biopsy only 16 (40%)

Debulking 9 (22.5%)

Gross resection 12 (30%)

No information 3 (7.5%)

MGMT promoter methylation (primary diagnosis, n)

Unmethylated 24 (60%)

Methylated 14 (35%)

No information 2 (5%)

IDH mutation (primary diagnosis, n)

Wildtype 22 (55%)

Mutant 3 (7.5%)

No information 15 (37.5%)

Radiotherapy dose (max. dose at recurrence; Gy)

Median 39.6

Range 30–50.4

PTV volume (cm3)

Median 120.5

Range 25–580

completed their radiation therapy. A total dosage of 36
or 39.6Gy was most common. Maximum dosage in pri-
mary irradiated areas was 39.6Gy. Median PTV volume
was 120.5cm3 (range 25–580cm3). Some patients received
concomitant systemic therapy. The characteristics of all pa-
tients who completed the planned radiation therapy can be
found in Table 1.

Patients had follow-up visits 6–8 weeks after completion
of radiotherapy and then every 3–5 months at our institu-
tion. Follow-up MRI scans were conducted at outpatient
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Table 1 (Continued)

Location (n), if more than one lobe is affected, the lobe with the
largest volume is indicated

Frontal 10 (25%)

Temporal 13 (32.5%)

Parietal 17 (42.5%)

Systemic therapy (n)

None 9 (22.5%)

Temozolomide 6 (15%)

Bevacizumab 5 (12.5%)

Nitrosoureas 14 (35%)

Other 5 (12.5%)

No information 1 (2.5%)

Censored cases (n)

Progression free at end of analysis 1 (2.5%)

Alive at end of analysis 13 (32.5%)

n number of patients, ECOG Eastern Cooperative Oncology Group
performance index

clinics. Late toxicities were defined as side effects occur-
ring more than 90 days after the end of radiotherapy.

Progression-free survival (PFS) was defined as the time
of first radiation until radiological or histological proof of
recurrence. PFS2 was defined as survival after the second
radiation treatment to clinical or radiological proof of pro-
gression or patient’s death or was censored at the end of
follow-up.

Overall survival (OS) was defined as the time from the
first radiation treatment to death or the end of follow-up.
Overall survival 2 (OS2) was defined as the time of re-
irradiation after objective GBM recurrence to death or was
censored at the end of follow-up.

Statistical analysis was performed using IBM SPSS25
statistics (SPSS Inc., Chicago, IL, USA). Correlations be-
tween categorical data were tested using chi2 tests. Survival
data was analyzed using the Kaplan–Meier method and the
log-rank test. Differences were considered statistically sig-
nificant at a p-value <0.05. Independent variables were first
analyzed with univariate analysis. Variables shown by uni-
variate analysis to be associated with better local control or
survival were further evaluated via multivariate analysis.

Results

40 patients (18 female, 22 male) completed radiotherapy for
rGBM and met the inclusion criteria. Median age for the
first diagnosis was 56 years (range 33–78 years). Median
age at recurrence was 57 years (34–79 years). 26 patients
were 51 years or older (65%). 26 patients showed an ECOG
performance status of 0–1 (65%).

Median time since first radiotherapy was 10months
(3–54months), median radiation dose was 39.6Gy (30–

50.4Gy). 6 patients (15%) were retreated after less than
6 months, of whom 4 had histologically proven progress
and 2 had radiological as well as clinical progress. For this
particular group, the median PTV volume was smaller than
for the whole cohort (76cm3 vs. 120.5cm3).

Median follow-up was 8months (1–39months). 6 pa-
tients (15%) had a follow-up time of 3 months or less,
of whom all died during that period. Median OS2 was
9.5months (2–40months), median PFS2 was 3.4months
(0.7–44months). Median OS since first radiation for GBM
(OS) was 20months (12–72months).

Impact of epidemiological factors, MGMTpromoter
methylation, and IDHmutation status

Patients with a methylated MGMT promoter (n= 14,
35%) had a significantly longer PFS (12.4 vs. 9.8months,
p= 0.01) and time to second radiation (12.5 vs. 9months
p= 0.03). A longer PFS2 (3.5 vs. 3months, p= 0.9) as
well as OS (43.5 vs. 19.2months, p= 0.07) and OS2 (19
vs. 9months, p= 0.2) were estimated, but failed to show
significance.

IDH mutation status was available for 25 patients
(62.5%) of whom 22 (55%) had no mutation (wildtype)
and 3 (7.5%) showed an IDH mutation. The patients with
IDH mutation showed a better but not significantly im-
proved PFS2 (5.2 vs. 2.9months, p= 0.2), PFS (15.5. vs.
8.4months, p= 0.3), OS2 (16 vs. 10months, p= 0.4), and
OS (67.7 vs. 20.8months, p= 0.3).

Patients �50 years (n= 14, 35%) showed slightly longer
PFS (9.6 vs. 9.1months, p= 0.5) as well as longer OS and
OS2 (25.6 vs. 20.8months, p= 0.5, and 12 vs. 10months,
p= 0.5, respectively).

Patients with a time to second radiation over 12months
(n= 15, 37.5%) showed a significantly longer OS (43.5 vs.
16.8months, p= 0.03) as well as a longer PFS2 (4.8 vs.
2.9months, p= 0.25) and OS2 (16 vs. 7months, p= 0.19).

ECOG status of less than 2at the beginning of second
radiotherapy showed a trend towards better OS2 (16 vs.
7months, p= 0.06) and PFS2 (4 vs. 2.7months, p= 0.065).

Impact of surgical intervention

Information about surgical intervention was available for
37 patients, of whom 12 (30%) had undergone gross tumor
resection and 9 (22.5%) at least tumor debulking. PFS2 and
OS2 after gross resection vs. debulking was 3.3months vs.
4.8months (p= 0.19) and 15 vs. 10months (p= 0.4), respec-
tively. Patients without surgery or biopsy only showed a me-
dian PFS2 of 2.6months and median OS2 of 9months. No
significant differences concerning PFS2 and OS2 in com-
parison to tumor debulking (2.6 vs. 4.8months, p= 0.9 and
9 vs. 10months, p= 0.8, respectively) were seen. A trend
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Fig. 1 Radiation planning
with 95% isodoses for primary
(30× 2Gy, a) and recurrent dis-
ease (20× 2Gy, b) of a patient
with GBM involving the right
parietal and occipital lobe. c,
d show the sum plan in axial
and sagittal imaging, illustrating
doses of 50Gy or higher. The
orange structure indicates the
PTV, the purple structure the
brainstem. GBM glioblastoma,
PTV planning target volume

towards worse PFS2 and slightly worse OS2 vs. gross re-
section was observed (2.6 vs. 3.3 months p= 0.06 and 9 vs.
15months, p= 0.8, respectively).

Impact of chemotherapy

28 patients showed progression during primary TMZ ther-
apy (70%). The median OS for these was 20.8 vs. 21months
for patients with progressive disease not during primary
TMZ therapy (p= 0.35). OS2 was 10 vs. 9months (p= 0.6)
and PFS2 3.5 vs. 2.8months (p= 0.8).

30 of 40 patients (75%) received systemic therapy simul-
taneously with radiation. Nitrosoureas were most common
(n= 14, 35%), 6 patients received TMZ (15%), 5 patients
received bevacizumab (12.5%), and 5 patients were treated
with other substances or combination therapies (12.5%).
Of the 6 patients receiving TMZ, 3 showed a methylated
MGMT promoter.

PFS2 and OS2 were improved in all patients receiv-
ing a systemic therapy vs. no systemic therapy (4.3 vs.
2.0months, p< 0.001 and 12 vs. 4months, p= 0.13, respec-
tively). TMZ improved OS2 and PFS2 vs. bevacizumab (17
vs. 12months, p= 0.2 and 6.6 vs. 5.1months, p= 0.6, re-
spectively). TMZ improved PFS2 and OS2 vs. nitrosoureas
(6.6 vs. 2.9months, p= 0.03 and 17 vs. 8months, p= 0.07,
respectively). Bevacizumab improved PFS2 and OS2 vs.

nitrosoureas (5.1 vs. 2.9 months, p= 0.035 and 15 vs.
7months, p= 0.4, respectively).

TMZ also improved PFS2 and OS2 vs. all other systemic
therapies (6.6 vs. 4months, p< 0.001 and 17 vs. 10months,
p= 0.1, respectively; Fig. 2).

Impact of radiation dose on survival parameters

Univariate regression analyses showed no significant im-
pact of radiation dose on OS2 (p= 0.7) or PFS2 (p= 0.6).
Median radiation dose was 39.6Gy and doses of 36Gy
(n= 11, 27.5%) and 39.6Gy (n= 14, 35%) were most com-
mon. Two groups were retrospectively analyzed, one with
radiation doses up to 36Gy and one with higher doses. Pa-
tients who received doses �36Gy (n= 18, 45%) showed
a median PFS2 of 2.6months and OS2 of 10months vs. 3.9
(p= 0.13) and 10months, respectively, in the group receiv-
ing higher doses. No correlation between PTV volume and
survival was seen.

After performing multivariate analyses for independent
factors concerning PFS2, simultaneous therapy with TMZ
vs. other or no therapies remained a significant factor (Ta-
ble 2).
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Fig. 2 Kaplan–Meier curves
showing PFS2 (a) and OS2 (b)
for different systemic therapy
groups. Curves indicate no
systemic therapy (blue), TMZ
(red), bevacizumab (green),
nitrosoureas (orange), and other
substances (yellow); + indicates
a censored case. Log-rank tests
were performed to compare
groups, see text for p-values

Subgroup analysis according to MGMT status

In a subgroup analysis of patients with methylated MGMT
promoter (n= 14, 35%), we found higher PFS2 and OS2 in
the TMZ group vs. no systemic therapy (6.2 vs. 2.7months,
p= 0.03 and 17 vs. 8months, p= 0.2, respectively). OS2
(15months for <36Gy, median survival not reached at end
of analysis in the group >36Gy, p= 0.09) and PFS2 (4
vs. 2.6months, p= 0.045) were improved through doses of
>36Gy, see Fig. 3.

Impact of different factors on toxicity

Table 3 shows the incidence of acute and late toxicities.
Local alopecia (n= 15), fatigue (n= 7), or focal seizures
(n= 4) were the most common acute toxicities. 11 patients
(27.5%) showed no acute toxicity, 18 showed grade 1, 8
showed grade 2, and 3 showed grade 3 acute toxicity (one
with urinary tract infection, two with decrease of general
state).

Information about late side effects was available for
28 patients. 6 showed grade 1, 13 patients showed grade 2,
and 4 patients showed grade 3 toxicities. Persisting fa-
tigue was the most common side effect (n= 11). Other
common late effects were focal seizures grade 1–2 (n= 4)
and ataxia or dysphasia grade 1–2 (n= 6). For 4 patients,
grade 3 adverse events have been reported (one case of
decreased platelet count after adjuvant chemotherapy, one
case of wound infection after post-radiation insertion of
thermotherapy particles, one case of impaired wound heal-
ing after a third tumor resection, and one case of wound
infection of the initial resection cavity).

Of 3 patients with acute toxicities grade 3, 2 had not re-
ceived systemic therapy and all had received less than 36Gy
at the onset of the toxicity. No correlation was seen between
incidence or grading of toxicities and simultaneously given

Table 2 Univariate and multivariate analysis (Cox regression) for
independent factors which showed an impact on PFS2 in the survival
analyses

Univariate analysis: PFS2

Independent factor Hazard
ratio

p-value

No systemic therapy (vs. any systemic
therapy)

9.95 <0.001

Systemic therapy other than TMZ/no
systemic therapy vs. TMZ

2.67 0.042

Nitrosoureas vs. TMZ 5.9 0.008

Nitrosoureas vs. bevacizumab 3.6 0.047

Multivariate analysis
Independent factor

Systemic therapy other than TMZ/no
systemic therapy vs. TMZ

9.6 0.001*

No systemic therapy (vs. any systemic
therapy)

2.4 0.14

Nitrosoureas vs. TMZ 2.9 0.07

Nitrosoureas vs. Bevacizumab 4.3 0.31

PFS2 progression-free survival after re-irradiation, TMZ temozolomide
*statistically significant in multivariate analysis

Table 3 Acute and late toxicities occurring during or after radiation
therapy

Grade of acute toxicities according to CTCAE (number of patients, n)

Information available 40 (100%)

0 11 (27.5%)

1 18 (45%)

2 8 (20%)

3 3 (7.5%)

Grade of late toxicities according to CTCAE (number of patients, n)

Information available 28 (70%)

0 5 (12.5%)

1 6 (15%)

2 13 (32.5%)

3 4 (10%)

CTCAE common toxicity criteria for adverse events
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Fig. 3 PFS2 (a) and OS2 (b)
in patients who received up
to (blue) or more than 36Gy
(red) in the subgroup of patients
with positive MGMT promoter
methylation status; + indicates
a censored case. Log-rank test
was performed to compare
groups, see text for p-values

systemic therapy or radiation dose. Also, no significant im-
pact of patients’ age or ECOG status was estimated. Brain
necrosis was assumed in two cases after radiation. Unfor-
tunately, histology revealed tumor progression instead for
these two patients.

Discussion

In cases of rGBM, the optimal treatment approach still re-
mains elusive. In this study, the outcome of a group of
patients receiving the same primary treatment (60Gy in
2Gy doses along with TMZ) with different treatments for
disease recurrence was followed.

Mean OS2 in this study was 9.5months, comparing well
to the literature [15] for fractionated therapies with different
single and total doses (2–5Gy and 20–40Gy, respectively).
Also, the time between first and second radiotherapy is sim-
ilar to other researchers’ descriptions [9].

Our data show a significant impact of MGMT promoter
methylation status and time to second treatment (12months
or less) as well as choice of systemic therapy on survival
parameters. Patients aged <51 years and patients with an
ECOG of less than 2 showed a trend towards better survival.
Tumor size and extent of surgery did not show a significant
impact on outcome. In our cohort, also patients with an
ECOG of 3 were re-irradiated. In these cases, taking into
account the expected impact of therapy on quality of life and
survival benefit according to factors such as age, histology,
etc. is an important task for radiation therapists.

Combs and colleagues published a prognostic score to
predict outcome for recurrent brain tumor patients. In this
score, age, ECOG score, and histology were identified as
the most important prognostic factors. Our findings are con-
cordant with this scoring tool, even though we evaluated
a histologically homogenous group of patients [14].

As published in the DIRECTOR study, the patients in
this study had a difference in OS if wider surgical resection
was used [16].

Additionally, statistical analyses showed a significant im-
pact of radiation dose on survival after diagnosis of recur-
rent disease in MGMT promoter-methylated patients. All
patients receiving doses of more than 36Gy showed a trend
towards better PFS after recurrence. Caution has to be paid,
as treatment dose has to maintain a delicate balance between
efficacy and toxicity.

If re-irradiation is supported by the interdisciplinary
board, all patients should receive at least 30Gy, as many
authors described this dose as safe and lower doses are less
effective [17, 18]. In smaller radiation fields, even stereo-
tactic radiosurgery might be applied and showed similar
survival rates in comparison to fractionated radiotherapy
[15]. Anyhow, putative increased toxicity from single doses
higher than 5Gy and/or total doses higher than 40Gy were
reported [17]. A necrosis rate of brain tissue of about
10% might be expected after BED doses of 90Gy or more
[19], so most physicians are cautious with higher doses
after a first radiotherapy course of 60Gy. Brain necrosis
can occur 6–24months after radiation [20]. In our patient
group, the median survival after the second radiation treat-
ment was 10months, so taking early and late toxicities into
account is inevitable.

Anyhow, the risk for brain necrosis may be overesti-
mated, as even with the time interval between the first and
the second treatment being less than 6months and some pa-
tients receiving more than 90Gy in sum, no brain necroses
were reported in this study. Our findings correspond with
the review of Mayer and colleagues, who did not find an
increasing incidence of necrosis with increasing doses in
small radiation volumes as they are used with modern ra-
diation techniques or with smaller time intervals between
therapies [20].

As 3 patients developed grade 3 symptoms during the
radiation course, coherence between radiation and symp-
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toms cannot be excluded. As no impact of the total radia-
tion dosage or simultaneously applied systemic therapy was
seen, it is unclear whether these symptoms were caused by
radiation or the proceeding disease.

The evidence of our findings concerning late toxicities
might be limited, as several patients conducted their late fol-
low-up MRIs with external practices and reports were not
continuously brought to the radiation oncology follow-ups.
To differentiate between tumor progression and pseudopro-
gression remains a difficult task with usual MRI techniques
[21], as up to 30% of patients show increased gadolin-
ium uptake in the irradiated region, mostly during the first
12 weeks after treatment. To evaluate the response to treat-
ment, the updated response criteria of the Neuro-Oncology
Working Group should be consulted [22].

Deeper insight into the role of gross resection and data
on re-irradiation dose concepts are awaited from ongoing
studies, such as the dose escalation study Dose Escala-
tion Trial of Re-irradiation in Good Prognosis Recurrent
Glioblastoma (NCT02709226) or the ongoing GlioCave
study, where observation after resection is compared to re-
section with adjuvant fractionated radiotherapy with 46 or
39Gy [23].

The combination of re-radiation and systemic therapies
was described as safe and effective by several groups [24,
25]. Yet, it is a point of discussion whether it would be ad-
vantageous to apply another cycle of TMZ. In our findings,
patients seemed to profit from systemic therapies, espe-
cially from TMZ, despite receiving it during the primary
disease situation. These data are similar to the findings
of Scholtyssek et al., who found a significant advantage
through concurrent TMZ in contrast to radiation only or ra-
diation and carboplatin/etoposide [26]. Similar findings are
described by Grosu et al. [10], whereas other groups could
not estimate an improvement trough TMZ or through CTX
in general [27].

Combs and colleagues did not find a significant impact
of prior TMZ application on survival parameters in a similar
group of GBM patients, which underlines our suggestion to
consider a second combination of radiation and TMZ for
recurrent disease [24].

The majority of patients in our analysis received ni-
trosoureas in combination with radiation, which is consid-
ered effective and safe [28]. Yet we could not observe a sig-
nificant advantage of this therapy versus radiotherapy alone
or versus combination with other systemic therapies.

Even though the VEGF antagonist bevacizumab showed
no advantage for primary GBM, it is commonly used in
clinical practice for recurrent disease [29]. As several au-
thors described a positive impact on PFS with application
of bevacizumab for recurrent disease, we could show a sig-
nificant improvement PFS2 for this systemic drug vs. use
of nitrosoureas during re-irradiation [30].

In general, it must be kept in mind that most data on con-
current CTX are retrospective. To interpret the findings of
previous publications, it must be considered that the study
populations were often small, with heterogeneous tumor
entities and different therapeutic approaches.

One limitation of this study is the small study population,
which might be caused by the small number of patients
being sent to radiotherapy with this respective diagnosis.
Another weakness is the variety in chemotherapy schemes
used for the described patients and the limited information
about adjuvant chemotherapy dose and number of cycles.
As we saw a strong impact of chemotherapy on survival
parameters, with a significance concerning PFS2, the very
low number of patients, especially in the group receiving
TMZ, must be taken into account.

Checkpoint inhibitors have recently gained attention with
groundbreaking improvements in survival rates for several
tumors, and they are also target of multiple studies on GBM.
As promising as these new drugs are, interactions between
them and radiation need to be investigated carefully, as,
for example, in the study Hypofractionated Stereotactic Ir-
radiation (HFSRT) with Pembrolizumab and Bevacizumab
for Recurrent High-Grade Gliomas (NCT02313272), which
analyses the toxicity of bevacizumab, pembrolizumab, and
re-radiation as a phase I study.

Re-irradiation for recurrent GBM seems safe and effec-
tive. MGMT promoter methylation status, time to re-irradi-
ation, and ECOG status are strong predictors for a patient’s
outcome after therapy. Simultaneously applied chemother-
apy, especially TMZ, seems highly effective in the recurrent
situation with or without proven MGMT methylation.

Our findings suggest that normofractionated radiother-
apy leads to good outcomes for patients with recurrent
GBM after primary therapy with adjuvant radiation and
TMZ. Doses of more than 36Gy should be applied, espe-
cially for MGMT promoter-methylated histology, whereas
the ideal dose is still to be defined.

Future research is expected to reveal new insights into
the effects of higher radiation doses and the interplay be-
tween systemic substances, with special interest in the new
checkpoint inhibitors.
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