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Abstract

Background Re-Irradiation (Re-RT) is an established treatment option for young patients with recurrent glioblastoma (GBM).
Multiple reports show a low risk of side-effects as well as a good efficacy resulting in median survival times ranging from 5
to 18 months. Elderly patients, however, are underrepresented in reports about Re-RT. Even in the elderly, with concomitant
radiochemotherapy and adjuvant chemotherapy, progression-free survival times now are approaching 6 months or even longer.
Methods We report on 25 consecutive patients with at least 65 years of age treated with Re-RT for recurrent GBM. We
analyzed the patient’s files for the treatment regimens, side-effects and survival times. Survival times, as well as hazards,
were calculated by the Kaplan Meier method as well as Cox-regression method, respectively.

Results The median overall survival was 6.9 months, treatment was well tolerated with only minor side effects. Use of sys-
temic treatments as well as the length of the interval between 1st -line radiotherapy and re-irradiation were associated with
a favorable prognosis. The latter remained significant after multivariate analysis.

Conclusion Re-RT of elderly GBM patients should not be withheld based purely on age since the treatment is safe and
results in comparable survival times to younger patients. When counseling elderly patients with recurrent GBM, especially
the length of the interval since 1st line radiotherapy should be considered as a prognostic factor and an additional systemic
treatment option should be considered.
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Introduction

Almost all patients with glioblastoma (GBM) relapse at
some time point of their disease. Therefore, there is an
urgent need for efficient salvage treatments. Although pro-
spective trials comparing different treatment modalities
in recurrent GBM are sparse, there are currently mainly
three modalities available in this clinical situation. These
modalities are a 2nd surgery, systemic treatments, and re-
irradiation (Re-RT) [1]. Furthermore, many centers use a
combination of two or all of these modalities.

Re-RT is generally initiated in patients with inoperable
recurrent disease in cases where the interval from the
end of 1st line radiotherapy (RT) to Re-RT is longer than
6 months. A plethora of different fractionation schemes
and target volume concepts have been published so far,
with currently no preference for any of them over another.
As heterogeneous as these concepts are, as large is the
spectrum of re-irradiation results, which ranges in median
survival times between 5 and 18 months [2]. The hetero-
geneity of these results is—at least partly—due to the het-
erogeneity of risk factors between the investigated cohorts.
Several risk scores do exist, which allow a prognostication
in individual cases: Most of them use the clinical factors
age, the grading at the primary site as well as the length
of the interval between the 1st and the 2nd course of RT—
among others—for prognostication of the survival after
Re-RT [3, 4].

As in younger patients, RT is a cornerstone of the 1st
line treatment of elderly GBM patients, too. It provides
better results than best supportive care alone [5]. Further-
more, it is effective in all patients, independent from the
MGMT methylation status [6]. After hypofractionated
RT schemes have proven to be non-inferior to normof-
ractionated regimens as stand-alone treatments [7-9], the
superiority of a temozolomide-based radiochemotherapy
(RCHT) has been shown by Perry et al., only recently [10].
Noteworthy, the progression-free survival (PFS) was sig-
nificantly increased in the RCHT-arm, with approximately
one-third of the patients with an interval of more than 6
months since the end of 1st-line treatment as compared to
around 10% in the arm treated with RT only [10]. These
patients qualify for Re-RT—at least based on a time-inter-
val-criterion between first and second RT. Despite that,
only very few patients underwent Re-RT after participat-
ing in the Perry-Trial [10]. This might be due to missing
data on Re-RT in elderly patients, or other medical reasons
since the clinical decline in the aged population may be
more substantial than in younger patients with recurrent
GBM.

To our knowledge, there is no evidence for the feasibil-
ity of Re-RT in elderly patients, as the median ages in the
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published Re-RT are around 51.5 years [2]. However, the
ageing population is growing, and thus treatment decisions
in cases of GBM-recurrence with patients having excellent
overall performance status are increasing. Therefore, we
analyzed the data of elderly patients treated between 2010
and 2016 with a second course of RT at our department.

Methods
Eligibility

Patients with initially histologically proven and treated
GBM, who underwent Re-RT for recurrent GBM were
eligible for this analysis. At the time point of Re-RT, all
patients were at least 65 years old. We included cases of
Re-RT between 2010 and 2016, performed at the Depart-
ment for Radiation Oncology at the Klinikum rechts der Isar
of the Technical University of Munich. This retrospective
analysis was approved by the local ethical committee of the
Technical University of Munich (Project Number 408/14).

25 patients met all inclusion criteria. Details on the
patients’ characteristics can be found in Table 1. Briefly, the
median age of the predominantly male cohort (16 males vs.
9 females) was 69.6 years (range 65—79 years). The patients
were in a generally good condition (median ECOG 1, range
0-2) and were initially diagnosed for GBM; in two cases, an
oligodendroglial component was present, too. IDH1 muta-
tions were assessed in 10 patients at primary diagnosis, and
mutations were found in 2 cases. MGMT promoter methyla-
tion of the primary GBM was investigated in 14 cases and
was found to be hypermethylated in 5 of these patients.

A majority of the included cases underwent 2nd surgery
before Re-RT, with 7 subtotal resections (STR), 1 near total
resection (NTR) and 4 gross total resections (GTR). Addi-
tionally, 2 patients received Gliadel wafers during 2nd sur-
gery. Besides, 5 patients underwent 2nd line chemotherapy
(ChT) before Re-RT. Diagnosis of recurrent GBM was
confirmed either by MRI, amino acid-PET (9 cases) and/or
histology (7 cases).

Re-RT was performed 13.5 months after the 1st course of
RT (median; range 5.9 to 228.9 months).

Radiotherapy

We performed Re-RT under stereotactic guidance in differ-
ent dosing and target volume regimens. The target volume
definition was performed with iPlan RT (v 4.1.1, BrainLab
AG, Munich, Germany). The gross tumor volume (GTV)
was defined as the enhancing masses on 1 mm sliced, iso-
metric, T1 weighted MRIs and on 1 mm sliced contrast-
enhanced computed tomography (CT) scans. In 9 cases,
additional FET-PET images were available, too. In these
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Table 1 Patient characteristics

Median (range) Comment
Age (years) 69.6 (65-79)
Sex 9F, 16 M
ECOG before Re-RT (range) 1(0-2)
1st-line treatment
RChT (Stupp) 23 2 patients without adjuvant ChT
RT 2
Initial histology
Glioblastom 25 1x Gliosarkoma
2x with oligodendroglial components
IDH 2/8/15 Mutated/wildtype/unknown
MGMT 5/9/11 Methylated/non-methylated/unknown
Salvage-treatment before Re-RT
2nd-Line-ChT 6 2x 2nd surgery with Gliadel
1x PCV
3x Temozolomide 7/14 days
1x Temozolomide 5/28 days
2nd surgery 13 7x STR, 1x NTR, 4x GTR
Interval RT to Re-RT (months, range) 13.5 (5.9-228.9)
Interval 2nd surgery to Re-RT (days, range) 51 (15-747)

cases, the hot-spots were defined visually and included
in the GTV. Dependent on the dosing regimen described
below as well as in Table 2, a margin from O to 15 mm,
corrected for anatomic barriers, was added to generate the
clinical target volume (CTV). Generally, the higher the dose
per fraction was, the smaller we chose the CTV-margin.
Daily stereotactic guidance was used in all cases and per-
formed with the frameless ExacTrac system (BrainLab AG,
Munich, Germany). All patients were treated with 6 MV
photons of a medical linear accelerator (LINAC) equipped
with a micro-multi-leaf collimator (micro-MLC; Trilogy,
Varian Medical Systems, Palo Alto, USA). Treatment plan-
ning was performed either with the iPlan System (v 4.1.1
BrainLab AG, Munich, Germany) or with Eclipse (version
13, Varian Medical Systems, Palo Alto, USA). Dependent

on the location of the recurrent GBM, either 3D conformal
treatment plans with coplanar and non-coplanar beams or
intensity modulated radiotherapy (IMRT) plans, partially as
volumetric intensity modulated arc therapy-plans (VMAT)
were generated. The dose was prescribed to an individual
reference point, mostly within the isocenter, and to sur-
round the PTV with the 95% isodose curve. For the IMRT
and VMAT plans, the dose was prescribed to D50% with a
D,,i, not lower than 95% of the prescribed dose. Lower than
prescribed doses were accepted in individual cases in the
direct vicinity of organs at risk (OAR), such as the chiasm,
the brainstem or the optic nerves to reduce the risk of side-
effects. Concomitant chemotherapy was accepted only in
patients treated with lower doses per fraction and given in
4 cases.

Table 2 Target volume concepts

used Standard fractionation ~ Mild hypofractionation ~ Hypofractionation
Dose per fraction (Gy) 1.8-2.67 3.0-4.0 5.0-6.0
Total dose (Gy) 27.0-46.0 28.0-39.0 30
EQD2 (a/3 10) 26.5-46 327423 37.5-40
EQD2 (a/3 3) 26.3-46 39.2-46.8 48-54
Prescription D50 or 95% isodose* 95% isodose* 95% isodose*

Targetvolume definition

GTV (ml)
PTV (ml)
Number of patients

treated with concomitant RChT

GTV +5-15 mm=CT
V+1-3 mm=PTV

GTV +0-5 mm=PTV

20.8 (0.3-67) 29.7 (1.9-49.3) 15.4 (0.8-56.7)
97.0 (3.5-172.4) 83 (15.6-126.8) 36.1 (7.6-94.7)
9 5 11

4 0 0

*100% at the isocenter, 95% isodose line surrounding 99.5% of the PTV
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Follow up

All patients underwent a tight follow up (FU) after Re-RT
with including clinical workup, physical examination as well
as imaging series. Patients had their first follow up visit 4-6
weeks after Re-RT and were seen in 3-months intervals after
that. Usually, follow-up imaging included T1 weighted MRIs
as well as T2 FLAIR-Images. Experienced neuroradiologists
determined the imaging-based progression-free survival
according to the RANO HGG criteria [11]. When progres-
sion or necrosis was suspected, a FET-PET was obtained.
Noteworthy, neither use perfusion-imaging, nor dynamic
PET-imaging was used as a standard protocol.

Endpoints and statistics

We retrospectively surveyed the clinical files as well as all
available imaging data sets of all selected patients. The pri-
mary objective of this analysis was overall survival (OS);
secondary objectives were Progression-free survival (PFS)
and safety.

Furthermore, we surveyed the files for the treatments that
were used before and after Re-RT, to allow a more precise
description of our cohort.

We performed all statistical analyses in IBM SPSS v. 14.
We analyzed all survival endpoints by the Kaplan Meyer-
Method. The median overall survival (mOS) was calculated
from the first day of re-treatment to the date of death or, if
censored, to the last follow up of the patients. PFS was cal-
culated from the first day of Re-RT to the first occurrence
of recurrent disease, suspected clinical progression or death,
whatever occurred first.

Subgroup analysis included comparisons between
patients with good versus poor performance status, stand-
ard- versus hypofractionated regimens, younger versus older
than the median age of the cohort and longer versus shorter
interval between 1st and 2nd course of RT. COX regression
was used for univariate as well as multivariate analysis. Fac-
tors with significance in univariate analysis were included
into a multivariate analysis.

Results
Survival

The median OS of the entire cohort was 6.9 months; 6
patients survived more than 10 months and 2 patients more
than 2 years (Fig. 1). The median progression-free survival
was 4.3 months (Fig. 2). On univariate analysis, patients
with an interval of more than 12 months from 1st to the 2nd
course of RT (mOS 8.8 vs. 4.1 months, hazard ratio (HR)
3.313, 95% confidence interval (CI) 1.273-8.622, p=0.014,
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Fig.1 Overall survival. The mOS of the entire cohort was 6.9
months. The overall survival time was calculated from the day of the
1st fraction to the date of death, or the date of the last follow up (cen-
sored)
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Fig.2 Progression-free survival. The Kaplan Meier method was used
to calculate the PFS. The duration from the day of the 1st fraction to
the date of the first evidence of progression or the date of death was
counted. The median PFS was 4.3 months

Fig. 3a) had a significantly better OS. There was a trend
towards improved OS in patients receiving CHT during
or after Re-RT (mOS 4.3 vs. 10.6 months, HR 2.333, CI
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0.993-5.482, p=0.052, Fig. 3b). Neither the ECOG nor the
age or the fractionation regimen had a significant influence
on OS (Fig. 3c, d). In multivariate analysis, only the length
of the interval from 1st to the 2nd course of RT remained
significant (p=0.014).

Response

The response to RT at 6 weeks after RT was evaluable in
17 from 25 patients. For the remaining 8 patients, no imag-
ing data were available for the relevant time point. Assum-
ing that all patients who died until 10 weeks after Re-RT
died from progressive disease, 4 additional patients can be
included in the analysis. In conclusion, the rates for stable
disease (SD), progressive disease (PD) and PD versus pseu-
doprogression than were 48%, 33%, and 19%, respectively.

At 4.5 months, 1 patient with pseudoprogression was
in partial remission (PR), 1 was lost of follow up, and two
patients had PD. In total, 12 patients were available for
response assessment by imaging criteria, and 10 patients
were dead or died within 4 weeks of the scheduled re-stag-
ing; 3 Patients were lost of follow up. Thus, at 4.5 months
9% were in PR, 5% in SD and 9 patients in 86% in PD or
dead.

Systemic treatments

Four patients were treated with concomitant systemic treat-
ment during RT. Two patients participated in the APG-101
trial and were also treated adjuvantly [12]. Of note, we do
not know whether these patients received the APG-101 or
placebo. Further two patients received concomitant Temo-
zolomide (TMZ) which was continued to adjuvant Temozo-
lomide by one patient. One further patient decided to receive
adjuvant temozolomide after mono-Re-RT.

Most of the patients with PD did not receive further treat-
ments. However, 8 patients underwent salvage treatments.
In the half of the cases (4/8), a TMZ re-challenge was pre-
scribed. One of these patients also did receive Bevacizumab
upon further progression. 2 patients received CCNU, one
of them together with Bevacizumab. One patient received
Bevacizumab as last line treatment. Notably, all patients that
received Bevacizumab were treated with hypofractionated
regimens.

Toxicity

The treatment was generally well tolerated. We did not see
any radiation necrosis, and consequently, no surgery for
the treatment of side effects was necessary. There was one
patient with a stroke after RT, yet this was not deemed to be
related to the Re-RT.

Discussion

The present work represents the first report on Re-RT in
a purely elderly cohort [2, 13]. With a median age of 69.6
years, our cohort is about 10 years older than all formerly
reported cohorts on Re-RT. We included all patients with
a recurrent GBM who were older than 65 years at the time
of the treated recurrence, as several trials on elderly GBM
patients chose this age as an inclusion criterion [6, 7, 10].
The treatment of elderly patients with recurrent GBM with
Re-RT resulted in an mOS of 6.9 months with an acceptable
safety profile. Importantly, the survival with Re-RT is within
the range of previously reported series [2, 14]. The response
to the treatment has mainly to be deemed as a deceleration
of a further progression. Only very few patients had a partial
remission. However, also a slowed down progression can be
an important treatment effect for this poor-prognosis group
[13]. Concerning the survival endpoint, the comparable effi-
cacy is an important novelty, as efficient salvage treatments
are frequently withheld from elderly patients. Especially
patients who relapse with a longer interval from Ist line RT,
as well as patients who undergo additional systemic treat-
ments do benefit from Re-RT. Interestingly and consistent
with some other reports, we found a sex-difference favoring
males of females (ratio 1.77 : 1) for the re-treatment [15,
16]. The reason, as well as the robustness for this preference,
is unknown, as there is no known sex-difference in the 1st
diagnosis of GBM and as prospective data from RTOG 0525
did not report a significant sex-difference [15, 17].

The elderly cohort, as defined as patients older than 65
years, is underrepresented in Re-RT-series due to several
factors. First of all, the likelihood of being able to undergo
Re-RT is decreased in older patients [15]. The lower chance
for undergoing Re-RT is due to a generally lower perfor-
mance status with increasing age as well as a higher likeli-
hood to suffer from concomitant diseases. Secondly, a higher
rate of less aggressive first-line treatments with either best
supportive care or mono-therapies is used in elderly patients,
even in the primary treatment setting [15]. As single modal-
ity regimens result in shorter progression-free survivals as
compared to multi-modality regimens [10] and as mono-
therapies have been a standard of care for elderly GBM
patients in the past decade [18], we consequently saw less
aged patients that progress as late as at least six months after
the end of 1st line RT [6, 8, 9]. Therefore, the median age
in former reports about Re-RT was within a range between
20 and 60 years [13]. As already stated in the introduction,
this might change after a broad adoption of the RChT regi-
men published by Perry et al., which showed a PFS that was
approaching the 6-months interval [10, 19, 20].

Patients treated with Re-RT had an mOS of 6.9 months,
calculated from the onset of Re-RT. The survival-time is
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«Fig.3 Cox regression analysis. Results from the univariate Cox-
regression analysis. a The interval from 1st RT to Re-RT. The pub-
lished cut-off of 12 months was used. HR 3.313 (p=0.014). b Chem-
otherapy. A monotherapy was defined as a reference. The HR for ChT
adjuvant or at progression was 2.333 (p=0.052). ¢ Age. The median
age of 69.5 years was used to dichotomize the cohort. HR from being
older than 69.5 years: 0.62 (p=0.268). d ECOG. The HR for ECOG
1 and 2 to ECOG 0 was 0.43 and 0.799, respectively (p=0.208 and
0.623). e Dosing regimen. Standard fractionation was defined as a
reference. HR for mild and strong hypofractionation 1.457 and 1.180
(p=0.437 and 0.784)

within the range of formerly published reports on Re-RT
[2, 13]. There are only very few prospective reports on the
efficacy of Re-RT in GBM [2]. Shi and colleagues recently
published an article on the late results from RTOG 0525
[17]. In this cohort, patients who were treated with BSC
only had an mOS of 4.8 months; this was significantly
lower than the mOS of patients who were treated with
RT only, ChT only or RChT after progression (8.2, 10.5,
11.3 months) [17]. Also in our cohort, the use of a 2nd
line chemotherapy, either as an adjuvant or as a further
salvage strategy, was associated with a strong trend (p
0.052) towards improved survival. It is important to note,
however, that there is an essential difference in the way
how OS was defined in this report, as it was determined
from progression after 1st line treatment and not from the
beginning of Re-RT. Furthermore, the patients in RTOG
0525 were less pre-treated than our cohort. The median
age of the cohort was 50.3 years for patients with RChT,
54.6 years for patients with ChT only, 55.6 years for
patients with RT only and 58.0 years for patients who were
treated with BSC only. When these difference in the pre-
treatment, as well as the differences in OS calculation, are
considered, our results are very comparable to the results
from RTOG 0525.

Besides the use of systemic treatments after Re-RT,
which was a significant predictor for a longer survival after
Re-RT, the interval from 1st line treatment to Re-RT was the
most significant factor for the prognosis of our patients. This
interval was a significant factor within a univariate as well
as a multivariate analysis. The weight of the interval-factor
is in line with former reports of Re-RT and was included
in several risk scores for Re-RT, too [3, 4, 21]. Biological
factors, such as MGMT promotor hypermethylation or IDH-
mutation were only partially available for the patients who
underwent surgery at our hospital. Due to legal aspects, a
post-hoc-analysis of specimens which were drawn in other
hospitals was not possible. We therefore decided against
including a statistical analysis of these factors. When molec-
ular factors are not available, however, the interval from 1st
to 2nd RT might serve as a surrogate for the underlying biol-
ogy. Noteworthy, we believe that the effect of other clinical
factors, such as the performance score or the age might also

have an influence, yet the limited number of cases in this
series precludes further conclusions.

We also analyzed the impact of different treatment regi-
mens on the survival times of our patients. There was no
difference in the prognosis of our patients between the used
regimens, which is in line with the results from a recent
meta-analysis from Kazmi et al., which reported regimens
with less or more than f fractions to be equal-efficient regard-
ing 6- and 12 months OS [22]. In our study, a comparison
of different treatment regimens was possible as the Re-RT
policies at our department changed within the investigated
period. Initially, a hypofractionated regimen was preferred.
Since 2014, we prefer a regimen with standard fractionation
as this allows us to treat patients with concomitant temozo-
lomide during Re-RT. Additionally, we believe a standard
fractionation regimen to have a superior toxicity profile [13].
As one could argue that there was no radiation necrosis in
our cohort—independent from the fractionation scheme—it
should be mentioned, that only patients with hypofraction-
ated Re-RT received Bevacizumab during their disease. As
Bevacizumab is known to have an excellent efficacy against
radiation necrosis, this potentially veiled toxicity of the
hypofractionation regimen [23, 24]. Nonetheless, it seems
that regimens with higher doses to smaller volumes versus
lower doses to larger volumes are interchangeable regarding
the efficacy as well as the safety. This conclusion was also
drawn by the first meta-analysis on re-irradiation published
by Kazmi et al. [22]. As a consequence, physicians should
choose the target volume and dosing regimens dependent on
other factors, such as the possibility to undergo concomitant
chemotherapy, the volume of the recurrent GBM, the tech-
nical capabilities or the vicinity to OARs. Concerning the
safety of re-irradiation, several single institutional reports,
reviews as well as the meta-analysis do concisely show that
re-irradiation is a safe treatment option for rtGBM and our
data show that this also seems to hold true for an aged cohort
[2, 13, 16, 22].

The report is limited by the retrospective non-compar-
ative methodology which could result in a selection bias
as well as an underreporting of low-grade toxicities [22].
We aimed to avoid a selection bias by defining clear inclu-
sion criteria and by focusing on a homogenous cohort of
patients. Consequently, we decided to focus on patients, who
presented with a histological proven GBM before 1st line
treatment in order to limit a selection-bias which could be
introduced by including patients with a malignant transfor-
mation from low-grade gliomas. Nonetheless, comparison
to BSC-series remains to be difficult, and conclusions about
survival benefits due to intervention should be drawn with
caution. Furthermore, the decision for a more homogenous
cohort limited the number of patients feasible for this analy-
sis. Lastly, due to the still short survival after re-irradiation,
objective responses at 4.5 months after Re-RT was not
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available for all patients. To give a rough assumption of the
response, we assumed that all patients who died did so with
a progressive disease. As this not necessarily is true, the
response rate might be an underestimation.

Conclusion

This report is the first report of Re-RT of elderly GBM
patients. We could show that Re-RT is feasible with accepta-
ble safety. Re-RT for elderly patients with recurrence results
in survival times that are comparable to younger patients
with recurrent GBM who are treated with Re-RT. Nonethe-
less, prospective comparative trials are needed to clarify the
role of Re-RT in recurrent GBM. In line with previous data,
patients with longer intervals from 1st line treatment and
patients who received systemic treatments additionally to
Re-RT did have a better prognosis; this should be considered
when patients are counseled. Generally, the decision in favor
of or against Re-RT should not be based on age only.
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