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Abstract Re-irradiation has been shown to be a mean-

ingful option for recurrent high-grade glioma (HGG)

patients. Furthermore, bevacizumab exerts certain activity in

combination with chemotherapy/as monotherapy and was

safely tested in combination with radiotherapy in several

previous studies. To our knowledge, this is the largest cohort

of patients treated with both re-irradiation and bevacizumab

to date. After receiving standard radiotherapy (with or

without TMZ) patients with recurrent HGG were treated

with bevacizumab (10 mg/kg intravenously at d1 and d15)

during re-irradiation. Median prescribed radiation dose

during re-treatment was 36 Gy, conventionally fractionated.

Datasets of 71 re-irradiated patients were retrospectively

analyzed. Patients either received bevacizumab (N = 57) or

not (N = 14; other substances (N = 4) and sole radiation

(N = 10)). In patients receiving bevacizumab, both post-

recurrence survival (PRS) (median 8.6 vs. 5.7 months;

p = 0.003, log-rank test) and post-recurrence progression-

free survival (PR-PFS, 5.6 vs. 2.5 months; p = 0.005, log-

rank test; PFS-6 42.1 % for the bevacizumab group) were

significantly increased which was confirmed by multivariate

analysis. KPS, re-surgery, MGMT methylation status, sex,

WHO grade, tumor volume and age were no significant

predictors for neither PR-PFS nor PRS (univariate analysis).

Re-irradiation with bevacizumab remains a feasible and

highly effective treatment schedule. Studies on further sal-

vage strategies and timing of sequential treatment options

versus observation are warranted.
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Introduction

In patients with high-grade glioma (HGG) a high rate of

local failures has been observed after multimodal therapy
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[1]. The addition of temozolomide (TMZ) increased local

control and survival whereas the 2-year survival rate

remained 27.2 % [2].

In selected patients, a second course of radiotherapy

(RT) seems to be a reasonable treatment option [3–5].

Contrarily, conventional cytotoxic approaches were found

to be not adequately effective [6] so that molecularly tar-

geted drugs either alone or in combination with cytotoxic

agents are currently undergoing clinical testing.

Various groups have investigated the use of bev-

acizumab—a humanised monoclonal antibody against

VEGF-A with an already established role in metastatic

colon, breast, and lung cancer [7]—for patients with

recurrent HGG [8] and several trials have documented its

efficacy [9–13] which may be due to the presence of pro-

nounced hypoxia as well as high levels of tumor driven

angiogenesis in HGG [14].

In glioma patients it has been proven beneficial by

improving clinical symptoms reducing the extent of tumor

edema. Glioma cell regression can occur independently

from vascular regression, suggesting that high doses of

bevacizumab have indirect anticancer cell properties

in vivo [15]. VEGF-A has also been postulated to be

involved in glioma tumor cell migration [16]. Bev-

acizumab was also tested in combination with radiotherapy

and TMZ as up-front treatment of malignant glioma [17–

19]. A recent prospective phase III trial (AVAglio) was

designed to prove the efficacy of TMZ based radioche-

motherapy with bevacizumab as first-line therapy [20].

Since the efficacy of radiation-based re-treatment is

limited, it is reasonable to test in how far the addition of a

radiation response modulator would impact on the efficacy

of re-treatment. In this regard, one group tested the

sequential use of radiosurgery and bevacizumab with

favorable outcome [21]. Alternatively, Gutin et al. [22]

determined the safety and activity of RT and concomitant

bevacizumab—for the GBM cohort, PFS-6 was 65 %. In a

previous retrospective study on 30 patients, 20 being

treated with bevacizumab and 10 without bevacizumab we

could show that PFS-6 within the bevacizumab-treated

cohort was 72 % and survival was significantly enhanced

[23].

After the publication of latter initial results we extended

the use in clinical practice. During the first period, safety

and feasibility were the most relevant issues—going for-

ward with this treatment option, efficacy became a more

relevant topic. Thus, the value of this approach was

determined retrospectively by comparing the outcomes of

patients having received a bevacizumab based re-irradia-

tion treatment with those being re-treated without bev-

acizumab with a higher case number and substantially

longer follow-up.

Materials and methods

Patient selection

Only patients with histologically and/or FET-PET/MRI

proven recurrence and macroscopic tumor (maximum

diameter 5 cm with few exceptions, multifocality per se

was no contraindication) were admitted to re-irradiation,

the interval between first radiotherapy and re-irradiation

had to be 6 months at minimum. Another precondition was

the absence of meaningful alternative treatment options, e.

g. complete resection by re-surgery, interstitial brachy-

therapy or systemic chemotherapy. In our hands, TMZ in

combination with radiation in re-treatment settings has

only been employed whenever initial TMZ use was limited.

Historically, few patients did not receive any additional

systemic therapy concurrently with the re-irradiation

course.

Treatment schedule and follow-up

Before treatment, a gadolinium-enhanced brain MRI with

gradient echo sequence and perfusion and/or a [18F]FET-

PET. Patients treated with bevacizumab received 10 mg/kg

at days 1 and 15 during radiotherapy. If applied in patients

who had no previous progression after TMZ pre-treatment

a dosage of 75 mg/m2 daily was chosen.

Treatment outcome was evaluated on a regular basis

(every 3 months) by brain MRI [24] and/or FET-PET.

All MRI datasets were independently assessed by two

experienced neuroradiologists (LE, JL) with regard to

progressive disease (PD) or potential pseudoprogression

according to the radiographic aspects of imaging criteria in

the AVAglio protocol [25].

Adjuvant chemotherapy was prescribed on an individual

base as no standard has been defined yet but was not

defined as mandatory.

Radiotherapy

By analogy with Combs et al. [26]. patients received a total

dose of 36 Gy in 18 fractions (2 Gy single doses)

employing 3D conformal radiotherapy or IMRT if adjacent

critical structures were present. Planning target volume

(PTV) was defined as gross tumor volume (GTV) plus

10 mm margin at maximum. GTV included the contrast

enhancing lesion in T1w ? Gd MRI. To ensure repro-

ducibility patients were immobilized with a thermoplastic

mask system. Treatment planning was performed using the

Oncentra� treatment planning system (OTP MasterPlan�,

Nucletron, Solingen, Germany).
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Toxicity evaluation

Adverse events and toxicity were determined retrospectively

using the National Cancer Institute’s Common Toxicity

Criteria, version 4.0 as reported before [23, 27]. Concerning

adverse events of radiotherapy, focus was set on radiation

necrosis as well as generalized leukoencephalopathy.

Statistics

Outcome measures of this retrospective analysis were

overall survival for the total cohort from initial treatment,

safety of bevacizumab given in combination with RT for

recurrent HGG as well as post-recurrence and progression-

free survival (PRS & PR-PFS) in patients treated with or

without bevacizumab. Comparisons between groups were

carried out using Fisher’s exact test or the Mann–Whitney

U test. Survival analyses were based on Kaplan–Meier

estimates, uni- and multivariate modelling was performed

using a Cox proportional hazards analysis. For all patients,

overall survival was measured from initial diagnosis, PRS

from the first day of re-irradiation until death or last follow-

up and progression-free survival until progressive disease

or death (otherwise censored). A two-tailed p B 0.05 was

considered significant.

Results

Patient characteristics

Using the department’s database, 71 patients with recurrent

HGG treated at our department from 5/2004 to 3/2012 were

identified and retrospectively analyzed. All patient char-

acteristics are shown in Table 1.

8.5 % of patients had a WHO grade II glioma at initial

diagnosis, progressing to a secondary HGG at relapse,

median age was 53 years (range 18–68 years) and median

KPS was 80 (range 40–100). Thirty-four patients had a

histologically proven relapse.

Before initial irradiation, 81.7 % of the patients received

total or subtotal resection and 12.7 % upfront to re-irradi-

ation (subtotal only). 78.9 % of patients were treated with

TMZ during adjuvant/primary RT.

Because MGMT promoter methylation status was not

systematically analyzed before 2006, it is only available in

61 out of 71 patients; a retrospective determination was not

possible as no pathologic material was provided by exter-

nal departments.

57 patients (14 WHO grade III, 43 WHO grade IV)

received bevacizumab in addition to re-irradiation, 14

patients (5 WHO grade III, 9 WHO grade IV) were re-

irradiated without bevacizumab.

Median follow-up for all patients from the start of re-

irradiation was 18 months (95 % CI 10–26 months).

Survival and toxicity data

Median overall survival (mOS) of the patient cohort was

32.5 months (95 % CI 26.7–38.3 months). As expected,

patients with lower WHO grade had a longer survival

history, median survival for WHO grade II patients was

Table 1 Patient characteristics, N = 71

Characteristic Patients

Sex

Male 46 (64.8 %)

Female 25 (35.2 %)

Median age (year) 53.0 (18–68)

Median KPS 80 (40–100)

KPS \ 70 16 (22.5 %)

KPS C 70 54 (76.1 %)

Unknown 1 (1.4 %)

Median dose of primary

radiotherapy

60 Gy

Median dose of re-irradiation 36 Gy

Median GTV size (ml) 34.88 (1.95–157.94)

Bevacizumab during re-irradiation

Yes (WHO grade III/IV) 57 (14/43) (80.3 %)

No (WHO grade III/IV) 14 (5/9) (19.7 %)

MGMT methylation status

Methylated 30 (43.7 %)

Not methylated 31 (42.2 %)

Unknown 10 (14.1 %)

Initial WHO grade

II 6 (8.5 %)

III 16 (22.5 %)

IV 49 (69.0 %)

WHO grade at relapse

III 19 (26.8 %)

IV 52 (73.2 %)

Resection before re-irradiation

Yes 9 (12.7 %)

No 62 (87.3 %)

Concomitant TMZ treatment during first RT

Yes 56 (78.9 %)

No 15 (21.1 %)

Adjuvant/salvage chemotherapy

No chemotherapy 38

Bevacizumab ? X 18 (X = nil (7), procarbazine

(3), TMZ (2), irinotecan (6))

TMZ ? X 11 (X = nil (10), sunitinib

(1))

TMZ intensified ? X 4 (X = nil (3), carmustine (1))
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196.1 months (95 % CI 53.3–338.9 months), for grade III

35.0 months (95 % CI 25.7–44.2 months; p = 0.003

compared to WHO grade II) and 27.5 months for grade IV

(95 % CI 23.4–31.6 months; p = 0.16 compared to WHO

grade III).

Considering now the course after re-irradiation, median

post-recurrence progression-free survival (PR-PFS) was

4.9 months (95 % CI 4.0–5.8 months) and median post-

recurrence survival 7.8 months, (95 % CI 6.0–9.5 months)

for the entire patient population.

Re-irradiation with bevacizumab was generally well

tolerated (three grade 2 toxicities, one grade 3, two grade 4

toxicity and one grade 5 toxicity) (Table 2).

Concerning the grade 5 toxicity, this patient suffered a

perforation of the sigmoid colon the day after completed

radiotherapy due to an existing diverticulosis with con-

comitant high-dose intake of steroids. Despite immediate

surgical treatment, the patient died 4 days later.

Furthermore, imaging and histo-pathology revealed at

maximum three cases with changes compatible with radi-

ation necroses (see an example in Fig. 1).

Furthermore, three cases of grade 1 leukoencephalopa-

thy, five cases of grade 2 and one case of grade 3 leuko-

encephalopathy were observed.

Comparison between re-irradiation

with and without bevacizumab

When comparing both therapeutic subgroups (bevacizumab

vs. no bevacizumab during re-irradiation), no statistically

significant differences could be observed concerning WHO

grade (p = 0.502), MGMT methylation status (p = 0.081),

age (p = 0.131), sex (p = 0.223), tumor volume

(p = 0.930), KPS (p = 0.128), re-surgery (p = 0.068) or

adjuvant/salvage chemotherapy (p = 1.000)—so no rele-

vant bias was present towards one of the subgroups (see

Supplementary Table).

The results of this analysis show an association between

increased PRS and PR-PFS rates and the combined treat-

ment of re-irradiation and bevacizumab.

Median PR-PFS was 2.5 months in the group treated

with radiotherapy alone compared to 5.6 months with re-

irradiation plus bevacizumab (p = 0.005). PFS-6 was

42.1 % for re-irradiation and bevacizumab compared to re-

irradiation alone with 14.3 % (Fig. 2). Median PRS after

re-irradiation alone was 5.7 months, whereas median PRS

after re-irradiation with additional bevacizumab increased

to 8.6 months. This result was statistically significant

(p = 0.003, Fig. 2).

Additionally performed early adjuvant (\8 weeks after

the end of re-irradiation)/salvage systemic chemotherapy

slightly increased median PRS (9.1 months with adjuvant

therapy vs. 7.1 months without/with salvage therapy),

however the difference between both groups was not sig-

nificant (p = 0.274, log-rank test). Considering the sub-

group of patients who received bevacizumab this

difference seemed to be slightly more pronounced—med-

ian PRS 9.8 versus 7.5 months (p = 0.20, log-rank test).

When comparing PR-PFS for patients who did not

receive adjuvant chemotherapy versus patients with adju-

vant chemotherapy, no significant improvement in PR-PFS

could be observed (median PR-PFS 4.2 vs. 4.4 months,

p = 0.19); patients who received salvage chemotherapy

had a trend towards longer PR-PFS before their relapse

(median 7.9 vs. 4.2 months, p = 0.06).

Univariate and multivariate analyses

In order to define prognostic and/or predictive factors for

PRS and PR-PFS univariate and multivariate testing were

performed whereas for the latter significance/trend within

univariate analysis and WHO grade were employed. The

results are shown in Table 3.

Bevacizumab, chemotherapy post re-irradiation (adju-

vant or as salvage treatment) and a total re-irradiation dose

C36 Gy were the variables with statistically significant

impact on survival in univariate testing (p = 0.003,

p = 0.017 and p = 0.022, respectively). Concerning PR-

PFS, only bevacizumab use remained significant

(p = 0.005) whereas there was a trend for chemotherapy

(p = 0.064).

Interestingly, WHO grade at relapse was non-significant

regarding survival in the univariate analysis (p = 0.195),

median PRS in patients with WHO IV was 9.1 months

compared to 7.1 months in patients with WHO III.

Volume of the GTV (median 34.88 ml) showed a trend

towards improved PRS and PR-PFS in case of a smaller

volume (as continuous variable: p = 0.099, HR 0.62);

patients with a volume smaller than the median volume

(categorical variable) had a median PRS of 9.1 months

versus 6.3 months (larger volumes), p = 0.096 whereas

PR-PFS was 5.1 versus 3.8 months, p = 0.152.

Table 2 Safety profile of bevacizumab (N = 57), according to

CTCAE v 4.0

Toxicity No. of patients (%) and grade

Fatigue 1 (1.8) grade 2

CNS hemorrhage 0 (0)

Hypertension 1 (1.8) grade 2

Wound-healing complication 1 (1.8) grade 4

Deep vein thrombosis 1 (1.8) grade 3

Thrombocytopenia 1 (1.8) grade 2, 1 (1.8) grade 4

Colonic perforation 1 (1.8) grade 5
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Age, sex, MGMT methylation status, time interval

between first percutaneous irradiation and re-irradiation as

well as surgery before re-irradiation were found to be non-

significant variables within the univariate analysis (p val-

ues see Table 3).

KPS was not statistically significant neither for PRS

(p = 0.132), nor for PR-PFS (p = 0.104).

Concerning PRS and PR-PFS, the only factor that turned

out to be a significant variable within the full multivariate

Cox model as well in the univariate analysis was treatment

with bevacizumab (PRS: p = 0.004, hazard ratio (HR)

3.27 (95 % CI 1.45–7.36; PR-PFS: p = 0.002, HR 3.56

(95 % CI 1.62–7.83).

Categorial GTV size turned out to be significant within

multivariate analysis though being univariately not

significant (PRS: p = 0.030, HR 0.49 (95 % CI 0.26–0.93);

PR-PFS: p = 0.048, HR 0.56 (95 % CI 0.32–0.99)).

Applying chemotherapy in general (adjuvant/salvage)

after re-irradiation showed a marginal influence in the

multivariate analysis on PRS (p = 0.065), HR 1.77 (95 %

CI 0.97–3.23) and KPS had significant influence on PR-

PFS (p = 0.049, HR 1.96 (95 % CI 1.00–3.82), the

remaining factors WHO grade at relapse, re-irradiation

dose were non-significant according to PRS and PR-PFS,

see hazard ratios in Table 3.

Subgroup analyses

The results for the entire patient cohort are shown together

in Fig. 2 differentiated by subgroups including WHO grade

Fig. 1 One sample patient with a mass suspicious for radiation necrosis. On the left side MRI before re-irradiation (contrast-enhanced T1, T2

FLAIR) and 4 months after re-irradiation (contrast-enhanced T1, T2)
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at relapse, MGMT methylation status and the use of bev-

acizumab during re-irradiation. When performing a strati-

fied subgroup analysis, especially patients with an MGMT

promoter methylation had advanced PR-PRS and PRS rates

(median PR-PFS 5.6 (bevacizumab) vs. 2.5 months (no

bevacizumab); median PRS 7.8 vs. 2.8 months, p \ 0.001

in both cases), for patients without MGMT methylation the

difference was not significant whereas the case number was

small. PRS was improved by bevacizumab in both WHO

grade III and IV patients and again (p = 0.045,

p = 0.039), the differences were non-significant for PR-

PFS due to a small case number.

Another interesting aspect was stratification upon bev-

acizumab concerning tumor volume—taking the GTV

cutoff of median 34.88 ml there was a strong significant

difference in PRS in the relatively small group of patients

without bevacizumab (7.8 vs. 2.5 months, p = 0.001)

whereas this difference was not significant in patients

treated with bevacizumab (9.6 vs. 7.7 months, p = 0.186).

The same was true for PR-PFS: 3.3 versus 2.5 months (no

bevacizumab, p = 0.027) and 5.6 versus 4.9 months

(bevacizumab, p = 0.205).

Concerning the issue of patients with initial WHO II gli-

oma (low-grade gliomas), an evaluation was performed

where patients who did not have a stage III/IV histology at

initial irradiation were excluded (N = 4). Results were

comparable, especially bevacizumab remained a significant

prognostic variable for improved PR-PFS (median 5.1 vs.

2.8 months, p = 0.011) and PRS (median 8.5 vs. 6.2 months,

p = 0.012).

When focusing on GBM patients who had been treated

according to the EORTC/NCIC regimen during their pri-

mary therapy (N = 45, 38 patients treated with bev-

acizumab additionally to re-irradiation), median PR-PFS

was 5.1 months (bevacizumab) versus 3.4 months (no

bevacizumab), p = 0.06. Median PRS was 9.3 months

(bevacizumab) compared to 6.1 months (no bevacizumab),

p = 0.27, so in principle comparable results were derived

whereas significance was failed due to only seven patients

in the arm without bevacizumab. When comparing the

cohort (N = 30) which was examined in a previous eval-

uation of our group [23], there were no significant differ-

ences in patient characteristics concerning age, sex, tumor

volume, time interval between previous and re-irradiation

or histology but patients had a significantly better KPS

(87.5 vs. 63.3 % C70, p = 0.02) and there was a trend

towards a more frequent use of bevacizumab (87.8 vs.

70.0 %, p = 0.08). Nevertheless, PRS and PR-PFS were

not significantly different (PRS: median 8.6 vs. 7.0 months,

p = 0.75; PR-PFS: median 5.7 vs. 4.2 months, p = 0.52).

Discussion

For certain subgroups of recurrent HGG patients re-irra-

diation may be a strategy to prolong survival with

p = 0.195

WHO III WHO IV

WHO III

WHO IV

p = 0.214

MGMT meth

MGMT not meth
p = 0.611

MGMT not meth

MGMT meth

p = 0.327

Re-RT + bevacizumab

Re-RT

p = 0.003

Re-RT + bevacizumab

Re-RT p = 0.005

Fig. 2 Kaplan–Meier PR-PFS and PRS curves for the entire patient cohort depending on different subgroups. From left to right grouped by

WHO grade at relapse, MGMT methylation status and the application of bevacizumab. P values derived from log-rank test
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acceptable toxicity. The aim of this study was to analyze

whether the improvement caused by the use of concomitant

bevacizumab in our previous analysis was still present

within a larger patient cohort and with longer follow-up

keeping in mind that this is the largest cohort to our

knowledge uniformly treated with re-irradiation and bev-

acizumab in one center.

In this regard, the outcome of our trial compares nicely

with data presented by Gutin and colleagues or those of

Hundsberger et al. [28]. The results of Gutin et al. com-

bining bevacizumab with radiation were superior than

those of a matched cohort of patients who received re-

irradiation only which is in line with our results [22]. But in

contrast to Gutin, our updated study was monocentric and

is to date the only one directly comparing survival rates of

re-irradiated patients with or without bevacizumab; thus it

may be regarded being less biased concerning institutional

differences. A further difference was the fact that bev-

acizumab was applied until disease progression which was

not regularly the case in our cohort. The survival rate of the

combined treatment is promising and PFS-6 compares

favorably with data found in the literature [3, 4, 29].

The combined treatment approach was well tolerated.

Overall toxicity in our study was not higher than in the use

of sole re-irradiation and bevacizumab alone or in combi-

nation with other agents in patients with HGG [30, 31].

Since all of the approaches in recurrent HGGs have a

limited activity and are associated with relevant and

sometimes severe toxicity we consider re-irradiation with

bevacizumab to be a very effective and safe approach for

those patients in whom a second course of radiotherapy is

feasible. The survival data obtained for re-irradiation and

bevacizumab are very promising and even in this retro-

spective unselected cohort, a long-term survival plateau of

13.2 %, a median PRS of 8.6 months and a 1y-PRS of

31.1 % could be achieved which is quite favorable com-

pared to historical data of bevacizumab mono [32–34] or

re-irradiation alone [29].

Nevertheless, we have to discuss several shortcomings

and interesting aspects of this analysis.

Firstly, the patient cohort is very heterogeneous with a

potential timing bias as some patients with initially low-

grade tumors have been multimodally treated many years

before re-irradiation—due to the introduction of bev-

acizumab and initial positive results this option became

more frequently used so that results could be obtained for a

more realistic patient cohort without selection bias. This

explains why the historical group of patients who have only

been re-irradiated is comparatively small. Though this

control group was small, the power is adequate and the

type II error negligible.

Secondly, our results from patients with sole re-irradi-

ation are nominally inferior to other series employing ste-

reotactic fractionated radiotherapy or radiosurgery. This

might be due to a slightly more conservative fractionation

caused by in average larger tumors and our in-house policy.

Thirdly, one further shortcoming was the fact that in ten

cases the MGMT promoter methylation status was not

known; in these cases no histopathologic material was

available in our university and external departments did not

provide relevant material. Though being one of the most

important prognostic outcome markers in the primary set-

ting, the influence of the MGMT status in re-treatment

settings has not been validated and not in all cases a new

status was obtained.

There does not seem to be a necessity to start adjuvant

chemotherapy immediately after re-irradiation—there was

no significant difference in PFS comparing patients with

adjuvant chemotherapy and patients without chemother-

apy—altogether adjuvant chemotherapy did not improve

Table 3 Univariate analysis (log-rank test/Cox regression), influence on post-recurrence survival (PRS) and post-recurrence progression-free

survival (PR-PFS) as well as multivariate Cox proportional hazards analysis (model parameters)

Variable Univariate p value PRS/PR-PFS Multivariate p value PRS/PR-PFS HR–PRS/PR-PFS

Age (\60, C60 years) ns (p = 0.986)/ns (p = 0.381) –/– –/–

KPS (\70, C70) ns (p = 0.132)/ns (p = 0.104) ns (p = 0.124)/p = 0.049 1.73/1.96

surgery (yes/no) ns (p = 0.207)/ns (p = 0.696) –/– –/–

MGMT (meth/not meth) ns (p = 0.327)/ns (p = 0.611) –/– –/–

GTV (\34.88, C34.88 ml) ns (p = 0.096)/ns (p = 0.152) p = 0.030/p = 0.048 0.45/0.56

WHO grade at relapse (III/IV) ns (p = 0.195)/ns (p = 0.214) ns (p = 0.462)/ns (p = 0.219) 1.30/1.515

Bevacizumab (no/yes) p = 0.003/p = 0.005 p = 0.004/p = 0.002 3.27/3.56

Adjuvant/salvage chemotherapy (no/yes) p = 0.017/ns (p = 0.064) ns (p = 0.065)/ns (p = 0.205) 1.77/1.44

Re-irradiation dose (\36, C36 Gy) p = 0.022/ns (p = 0.223) ns (p = 0.273)/ns (p = 0.808) 1.46/0.92

Sex (male/female) ns (p = 0.359)/ns (p = 0.599) –/– –/–

Time interval between first and re-RT ns (p = 0.593)/ns (p = 0.517) –/– –/–

N = 71, ns not significant, meth MGMT methylated, HR hazard ratio
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survival when compared to patients without maintenance

chemotherapy and those who received salvage chemother-

apy (to exclude the bias of salvage patients who lived long

enough in order to receive salvage treatment).

Another interesting aspect was the relevance of tumor

size—depending on the application of bevacizumab, this

well-known prognostic factor lost its significance which

leaves the speculation that potential neurotoxicity is com-

pensated by bevacizumab.

Concerning our fractionation schedule, a more conser-

vative approach was chosen. This is historically related to

the seminal paper by Mayer and Sminia [35] who derived a

cumulative NTD threshold of 100 Gy, but compared to

other fractionation schedules [22, 36] 2/36 Gy is far more

cautious—ex post one has to state that large tumor volumes

were included (up to 158 ml) and margins were not too

tight with up to 10 mm. Hypofractionation could have

yielded a higher rate of radiation necroses than actually

observed in our study and the high rate of marginal/distant

recurrences during hypofractionated re-irradiation [37]

might be a further reason not to shrink the PTV margin. A

simultaneous integrated boost to the GTV would probably

be most appropriate for further investigations.

In how far our approach is superior to other approaches

is currently difficult to assess since randomized trials

comparing different re-treatment options are lacking. At

present, bevacizumab based systemic approaches resulted

in PFS-6 rates from 29 % to 50.3 % [34, 38, 39]. The result

of our series (42.1 %) is in this range.

In conclusion, the results of the randomized controlled

trials on the use of bevacizumab concomitantly to irradi-

ation are expected—treatment will probably become more

diverse; especially in those patients who were treated with

a temozolomide-based radiochemotherapy. Re-irradiation

with bevacizumab may be an effective salvage option—

many interesting questions on further salvage strategies

have to be solved and studies are needed to find prognostic

markers to identify those patients who would profit most

from re-irradiation [40–42] or to optimize target volume

delineation [43].
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