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Abstract

Purpose: Re-irradiation has been shown to be a valid option with proven efficacy for recurrent high-grade glioma
patients. Overall, up to now it is unclear which patients might be optimal candidates for a second course of irradiation.
A recently reported prognostic score developed by Combs et al. may guide treatment decisions and thus, our
mono-institutional cohort served as validation set to test its relevance for clinical practice.

Patients and methods: The prognostic score is built upon histology, age (< 50 vs. ≥ 50 years) and the time
between initial radiotherapy and re-irradiation (≤ 12 vs. > 12 months). This score was initially introduced to distinguish
patients with excellent (0 points), good (1 point), moderate (2 points) and poor (3–4 points) post-recurrence survival
(PRS) after re-irradiation. Median prescribed radiation dose during re-treatment of recurrent malignant glioma was 36 Gy
in 2 Gy single fractions. A substantial part of the patients was additionally treated with bevacizumab (10 mg/kg
intravenously at d1 and d15 during re-irradiation).

Results: 88 patients (initially 61 WHO IV, 20 WHO III, 7 WHO II) re-irradiated in a single institution were retrospectively
analyzed. Median follow-up was 30 months and median PRS of the entire patient cohort 7 months. Seventy-one
patients (80.7%) received bevacizumab. PRS was significantly increased in patients receiving bevacizumab (8 vs.
6 months, p = 0.027, log-rank test). KPS, age, MGMT methylation status, sex, WHO grade and the Heidelberg score
showed no statistically significant influence on neither PR-PFS nor PRS.

Conclusion: In our cohort which was mainly treated with bevacizumab the usefulness of the Heidelberg score
could not be confirmed probably due to treatment heterogeneity; it can be speculated that larger multicentric
data collections are needed to derive a more reliable score.
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Introduction
In patients with high-grade glioma (HGG) a substantial
rate of local failures has been observed after multimodal
therapy [1]. The addition of temozolomide (TMZ) in-
creased local control and survival, whereas the 2-year
survival rate remained 27.2% [2].
In selected patients, a second course of radiotherapy

(RT) was shown to be a reasonable treatment option
[3-5]. One highly important question is which patients
should be candidates for a second course of irradiation
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as not all patients seem to profit from such a second
course. Concerning e. g. re-surgery, such a score was
derived by Park and colleagues including KPS, tumor
volume and the MSM score, which could be validated
in an independent patient dataset and was therefore
even predictive for patients undergoing re-surgery [6].
Thus, Combs and colleagues developed a prognostic score
in order to estimate the survival benefit of patients who
are planned to be irradiated [7], whereas no validation was
performed by this group.
Therefore, we aimed at a validation in our independent

patient cohort. One major difference between the initial
and our cohort was the additional application of bevaci-
zumab in a substantial part of the cases.
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Various groups have already investigated the use of
bevacizumab – a humanised monoclonal antibody against
VEGF-A with an already established role in metastatic
colon, breast, and lung cancer [8] – for patients with
recurrent HGG [9] and several trials have documented
its efficacy [10-14], which may be due to the presence
of pronounced hypoxia as well as high levels of tumor
driven angiogenesis in HGG [15,16].
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, Gutin and co-
workers determined the safety and activity of RT and
concomitant bevacizumab – for the GBM cohort, PFS-
6 was 65% [17]. In a previous retrospective study on 30
patients, 20 being treated with bevacizumab we could
show that PFS-6 within the bevacizumab-treated cohort
was 72% and survival was significantly enhanced [18].
After the publication of latter initial results we extended
the use in clinical practice. Thus, the value of this
approach was determined retrospectively by comparing
the outcomes of patients having received a bevacizumab
based re-irradiation treatment with those being re-treated
without bevacizumab with a higher case number and sub-
stantially longer follow-up [19]. The advantage of adding
bevacizumab was still present in this updated analysis.
The aim of this study is to present the results after retro-

spective determination of the Heidelberg score compared
to outcome data and to test its prognostic significance.
Patients 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. Patients that received
alternative treatment modalities, e. g. complete resection by
re-surgery, interstitial brachytherapy or systemic chemo-
therapy were excluded from the analysis.
Treatment schedule and follow-up
Before treatment, a gadolinium-enhanced brain MRI with
gradient echo sequence and perfusion and/or a [18 F]FET-
PET were performed. 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 three months) by brain MRI [20] and/or FET-PET.
Adjuvant chemotherapy was prescribed on an individual
base as no standard has been defined yet but was not set
as mandatory.

Radiotherapy
By analogy with Combs et al. [21] 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 reprodu-
cibility patients were immobilized with a thermoplastic
mask system. Treatment planning was performed using
the Oncentra® treatment planning system (OTP Master-
Plan®, Nucletron, Solingen, Germany).

Toxicity evaluation
Adverse events and toxicity were determined retro-
spectively using the National Cancer Institute’s Com-
mon Toxicity Criteria, version 4.0 as reported before
[18,22]. Concerning adverse events of radiotherapy,
focus was set on radiation necrosis as well as general-
ized leukoencephalopathy.

Statistics
Outcome measures of this retrospective analysis were
overall survival for the entire cohort from initial treat-
ment, 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. Survival analyses
were based on Kaplan-Meier estimates, univariate model-
ling was based on the logrank-test. For all patients, PRS
was measured from the first day of re-irradiation until
death or last follow-up and progression-free survival until
progressive disease or death (otherwise censored). The
Heidelberg score was determined as described elsewhere
[7]. A two-tailed p-value ≤ 0.05 was considered significant.

Results
Patient characteristics
Using the department’s database, 88 patients with recur-
rent HGG treated at our department from 5/2004 to 9/
2013 were identified and retrospectively analyzed. All
patient characteristics are shown in Table 1.
8.0% of patients had a WHO grade II glioma at initial

diagnosis, progressing to a secondary HGG at relapse, me-
dian age was 51 years (range, 18–73 years, 44.3% <50 years)
and median KPS was 80 (range, 40–100). 77.3% 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 78 out of 88 patients; retrospective evaluation of



Table 1 Patient characteristics, N = 88

Characteristic Patients

Sex

• Male 57 (64.8%)

• Female 31 (35.2%)

Median Age [y] 51.0 (18 – 73)

• < 50 39 (44.3%)

• ≥ 50 49 (55.7%)

Median KPS 80 (40 – 100)

• KPS < 70 18 (20.5%)

• KPS ≥ 70 65 (73.9%)

• Unknown 5 (5.7%)

Median dose of primary radiotherapy 60 Gy

Median dose of re-irradiation 36 Gy

Time interval ≤ 12 months 29 (33%)

Time interval > 12 months 59 (67%)

Bevacizumab during re-irradiation

• Yes 71 (80.7%)

• No 17 (19.3%)

MGMT methylation status

• Methylated 42 (47.7%)

• not methylated 36 (40.9%)

• unknown 10 (11.4%)

Initial WHO grade

• II 7 (8.0%)

• III 20 (22.7%)

• IV 61 (69.3%)

WHO grade at relapse

• III 23 (26.1%)

• IV 65 (73.9%)

Concomitant TMZ treatment during first RT

• Yes 68 (77.3%)

• No 20 (22.7%)

Chemotherapy

• No adjuvant chemotherapy 36 (40.9%)

• Adjuvant therapy 45 (51.1%)

• Unknown 7 (8.0%)
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MGMT-promoter methylation status was not a focus of
the present manuscript.
Seventy-one patients received bevacizumab in addition

to re-irradiation, 17 patients were re-irradiated without
bevacizumab. Median follow-up for all patients from
the start of re-irradiation was 30 months (95% CI, 12.6-
47.3 months) and in 33% of all cases the interval be-
tween the end of primary irradiation and re-irradiation
was ≤ 12 months.
Survival data
Considering the course after re-irradiation, median
post-recurrence progression-free survival (PR-PFS) was
4 months (95% CI, 3–5 months) and median PRS
7 months, (95% CI, 5 – 8 months) for the entire patient
population.
Re-irradiation with bevacizumab was generally well tol-

erated (three grade 2 toxicities (3%), one grade 3 (1%), two
grade 4 toxicities (2%) and one grade 5 toxicity (1%)).
When comparing both therapeutic subgroups (bevaci-

zumab vs. no bevacizumab during re-irradiation), no
statistically significant differences could be observed con-
cerning WHO grade, age category, sex, KPS or adjuvant
chemotherapy – so no bias was present towards one of
the subgroups.
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 3 months in the group treated

with radiotherapy alone compared to 5 months with
re-irradiation plus bevacizumab (p = 0.396). PFS-6 was
29.9% for re-irradiation and bevacizumab compared to
re-irradiation alone with 25.1% (Figure 1). Median PRS
after re-irradiation alone was 6 months, whereas median
PRS after re-irradiation with additional bevacizumab
increased to 8 months. This result was statistically sig-
nificant (p = 0.027, Figure 1).

Univariate analysis & prognostic score
In order to define prognostic and/or predictive factors
for PRS and PR-PFS univariate testing was performed
and results are shown in Table 2.
Age, KPS, MGMT methylation status, initial WHO

grade, sex and the time interval between the end of percu-
taneous primary irradiation and re-irradiation were found
to be non-significant variables within the univariate ana-
lysis for both PRS and PR-PFS (p-values see Table 2).
Bevacizumab was the only variable with statistically

significant impact on survival according to univariate test-
ing (p = 0.027). Concerning PR-PFS, no significant impact
of bevacizumab could be derived (p = 0.396). Another
factor with a trend towards improved PR-PFS was adju-
vant/salvage chemotherapy (p = 0.054), for PRS this result
was less pronounced (p = 0.108), see Table 2 and Figure 1.
Median PRS was 9 (with) vs. 6 months (without chemo-
therapy), median PR-PFS was 5 (with) vs. 3 months.
For the Heidelberg score, there was no significant in-

fluence on either PRS or PR-PFS (p = 0.664, see Table 3).
As shown, the survival is relatively homogeneous among
the different subgroups (PRS: median 7 (excellent) vs. 7
(good) vs. 9 (moderate) vs. 7 (poor) months). According to
the subgroups stratified by bevacizumab a similar result is
observed, whereas the case number for patients without
bevacizumab is quite small and therefore categories such as



Re-RT

Re-RT + bevacizumab

p=0.027

No ChTx

ChTx post re-RT
ChTx post re-RT

No ChTxp=0.108 p=0.054

Re-RT + bevacizumab

Re-RT
p=0.396

Figure 1 Kaplan-Meier curves for subgroups stratified by chemotherapy and application of concomitant bevacizumab, according to
PRS and PR-PFS.

Table 2 Univariate analysis (log-rank test/Cox regression),
influence on post-recurrence survival (PRS) and post-
recurrence progression-free survival (PR-PFS)

Variable Univariate p-value PRS/PR-PFS

Age (< 50 y, ≥ 50 y) ns (p = 0.717)/ns (p = 0.854)

KPS (< 70, ≥ 70) ns (p = 0.156)/ns (p = 0.095)

MGMT (meth/not meth) ns (p = 0.897)/ns (p = 0.711)

Initial WHO grade (II/III/IV) ns (p = 0.996)/ns (p = 0.922)

Bevacizumab (no/yes) p = 0.027/ns (p = 0.396)

Adjuvant/Salvage chemotherapy
(no/yes)

ns (p = 0.108)/ns (p = 0.054)

Sex (male/female) ns (p = 0.410)/ns (p = 0.304)

Time interval (≤ 12 y, > 12 y) ns (p = 0.672)/ns (p = 0.349)

N = 88, ns – not significant, meth – MGMT methylated.
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“excellent” and “moderate” are missing. If the score values
are considered, again no significant results can be observed.

Discussion
For certain subgroups of recurrent high-grade glioma
patients re-irradiation may be a strategy to prolong
Table 3 Outcome data concerning PRS stratified by the
Heidelberg score; subgroups with and without bevacizumab
are shown

Heidelberg
score/group

Entire cohort,
PRS [months]

Bevacizumab,
PRS [months]

No bevacizumab,
PRS [months]

Excellent 7 7 –

Good 7 8 2

Moderate 9 9 –

Poor 7 8 6

P-value ns (p = 0.664) ns (p = 508) ns (p = 0.316)

A “poor” score consists of patients with score values of 3 or 4.
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survival with acceptable toxicity. The aim of this study
was to analyze whether the score derived by the
Heidelberg group [7] could be validated in our own
mono-institutional patient cohort. We failed to validate
the Heidelberg score in our mono-institutional patient
cohort. Several reasons could be responsible for this
finding.
One specific difference between both groups represents

the application of bevacizumab in the majority of cases. In
this regard, the outcome of our patient cohort compares
nicely with data from other groups presented by Gutin
and colleagues [17] or those of Hundsberger et al. [23].
Furthermore, the survival rate of the combined treatment
is promising and PFS-6 compares favorably with data
found in the literature mostly ranging from 30-50%
[3,4,24]. The combined treatment approach was relatively
well tolerated. Overall toxicity in our study was not higher
than in the use of bevacizumab alone or in combination
with other agents in patients with HGG [10,25].
As shown, the stratification by bevacizumab failed to de-

tect subgroups where the score had prognostic meaning.
Another difference compared to the score derived by

Combs et al. was the inclusion of larger tumors (up to
5 – 6 cm diameter) and multifocal disease but as shown
before there was no prognostic value for larger tumors [26].
Our patient cohort seems to be 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
bevacizumab 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.
Concerning heterogeneity, further aspects have to be

mentioned - our cohort is substantially different to the
initial cohort examined by the Heidelberg group con-
cerning previous and maintenance therapies - namely
the use of brachytherapy, re-surgery and certain chemo-
therapy combinations, which makes it even more difficult
to derive a prognostic meaning from the time interval
between both RT sessions.
Similarly to our findings, Scholtyssek and colleagues also

failed to validate the Heidelberg score in their dataset [27].
Their cohort included 64 patients, no initial WHO grade
II patients were present and the time interval between
primary and re-irradiation had no significant impact on
outcome.
Altogether, summarizing both these studies, even within

the univariate analysis the factors included in the Heidelberg
score were not (this work) or just in part (Scholtyssek
et al.) statistically significant; therefore, the inability of
validating the Heidelberg score is most likely due to the
heterogeneity of the different treatment cohorts.
In conclusion, further studies and consortial data collec-
tions such as the Radplanbio database are needed to find
prognostic markers in order to identify those patients who
would profit most from re-irradiation and to allow for a
final judgment of the Heidelberg score [28-30].

Consent
This retrospective study was exempt from requiring ethics
approval. Bavarian state law (Bayrisches Krankenhausgesetz/
Bavarian Hospital Law §27 Absatz 4 Datenschutz (Data-
protection)) allows the use of patient data for research,
provided that any person’s related data are kept anonym-
ous. German radiation protection laws request a regular
analysis of outcomes in the sense of quality control
and assurance, thus in the case of purely retrospective
studies no additional ethical approval is needed under
German law.

Competing interests
The authors declare that conflicts of interest do not exist.

Authors’ contributions
MN & SEC planned, coordinated and performed the study. MF collected and
MN analyzed the data. MN, UG, SEC & CB prepared the manuscript. All authors
read and approved the final manuscript.

Authors’ information
All authors except SEC are members of the CCC Neuro-Oncology, University
of Munich.

Author details
1Department of Radiation Oncology, University of Munich, Marchioninistr. 15,
81377 Munich, Germany. 2Department of Radiation Oncology, University of
Heidelberg, Im Neuenheimer Feld 672, 69120 Heidelberg, Germany.
3Department of Radiation Oncology, Klinikum rechts der Isar der TU
München, Ismaninger Str. 22, 81675 Munich, Germany.

Received: 17 March 2014 Accepted: 30 March 2014
Published: 3 June 2014

References
1. Niyazi M, Schnell O, Suchorska B, Schwarz SB, Ganswindt U, Geisler J,

Bartenstein P, Kreth FW, Tonn JC, Eigenbrod S, Belka C, la Fougère C:
FET-PET assessed recurrence pattern after radio-chemotherapy in newly
diagnosed patients with glioblastoma is influenced by MGMT methylation
status. Radiother Oncol 2012, 104(1):78–82.

2. Stupp R, Hegi ME, Mason WP, van den Bent MJ, Taphoorn MJ, Janzer RC,
Ludwin SK, Allgeier A, Fisher B, Belanger K, Hau P, Brandes AA, Gijtenbeek J,
Marosi C, Vecht CJ, Mokhtari K, Wesseling P, Villa S, Eisenhauer E, Gorlia T,
Weller M, Lacombe D, Cairncross JG, Mirimanoff RO: Effects of radiotherapy
with concomitant and adjuvant temozolomide versus radiotherapy
alone on survival in glioblastoma in a randomised phase III study: 5-year
analysis of the EORTC-NCIC trial. Lancet Oncol 2009, 10(5):459–466.

3. Henke G, Paulsen F, Steinbach JP, Ganswindt U, Isijanov H, Kortmann RD,
Bamberg M, Belka C: Hypofractionated reirradiation for recurrent
malignant glioma. Strahlenther Onkol 2009, 185(2):113–119.

4. Vordermark D, Kolbl O, Ruprecht K, Vince GH, Bratengeier K, Flentje M:
Hypofractionated stereotactic re-irradiation: treatment option in
recurrent malignant glioma. BMC Cancer 2005, 5:55.

5. Niyazi M, Siefert A, Schwarz SB, Ganswindt U, Kreth FW, Tonn JC, Belka C:
Therapeutic options for recurrent malignant glioma. Radiother Oncol
2010, 98(1):1–14.

6. Park JK, Hodges T, Arko L, Shen M, Dello Iacono D, McNabb A, Olsen Bailey N,
Kreisl TN, Iwamoto FM, Sul J, Auh S, Park GE, Fine HA, Black PM: Scale to
predict survival after surgery for recurrent glioblastoma multiforme. J Clin
Oncol 2010, 28(24):3838–3843.



Niyazi et al. Radiation Oncology 2014, 9:128 Page 6 of 6
http://www.ro-journal.com/content/9/1/128
7. Combs SE, Edler L, Rausch R, Welzel T, Wick W, Debus J: Generation and
validation of a prognostic score to predict outcome after re-irradiation
of recurrent glioma. Acta Oncol 2013, 52(1):147–152.

8. Jenab-Wolcott J, Giantonio BJ: Bevacizumab: current indications and
future development for management of solid tumors. Expert Opin Biol
Ther 2009, 9(4):507–517.

9. Beal K, Abrey LE, Gutin PH: Antiangiogenic agents in the treatment of
recurrent or newly diagnosed glioblastoma: analysis of single-agent and
combined modality approaches. Radiat Oncol 2011, 6:2.

10. Desjardins A, Vredenburgh JJ, Gururangan S, Peters KB, Friedman AH, Friedman
H, Reardon DA: A phase II study of bevacizumab plus etoposide among
recurrent malignant glioma patients. Neuro-Oncology 2009, 11(5):633.

11. Desjardins A, Reardon DA, Coan A, Marcello J, Herndon JE 2nd, Bailey L,
Peters KB, Friedman HS, Vredenburgh JJ: Bevacizumab and daily
temozolomide for recurrent glioblastoma. Cancer 2011, 118(5):1302–1312.

12. Reardon DA, Desjardins A, Peters K, Gururangan S, Sampson J, Rich JN,
McLendon R, Herndon JE 2nd, Marcello J, Threatt S, Friedman AH,
Vredenburgh JJ, Friedman HS: Phase II study of metronomic
chemotherapy with bevacizumab for recurrent glioblastoma after
progression on bevacizumab therapy. J Neurooncol 2011, 103(2):371–379.

13. Reardon DA, Desjardins A, Peters KB, Gururangan S, Sampson JH, McLendon
RE, Herndon JE 2nd, Bulusu A, Threatt S, Friedman AH, Vredenburgh JJ,
Friedman HS: Phase II study of carboplatin, irinotecan, and bevacizumab
for bevacizumab naive, recurrent glioblastoma. J Neurooncol 2012,
107(1):155–164.

14. Lorgis V, Maura G, Coppa G, Hassani K, Taillandier L, Chauffert B, Apetoh L,
Ladoire S, Ghiringhelli F: Relation between bevacizumab dose intensity
and high-grade glioma survival: a retrospective study in two large
cohorts. J Neurooncol 2012, 107(2):351–358.

15. Jain RK, Di Tomaso E, Duda DG, Loeffler JS, Sorensen AG, Batchelor TT:
Angiogenesis in brain tumours. Nat Rev Neurosci 2007, 8(8):610–622.

16. Kil WJ, Tofilon PJ, Camphausen K: Post-radiation increase in VEGF
enhances glioma cell motility in vitro. Radiat Oncol 2012, 7:25.

17. Gutin PH, Iwamoto FM, Beal K, Mohile NA, Karimi S, Hou BL, Lymberis S,
Yamada Y, Chang J, Abrey LE: Safety and efficacy of bevacizumab with
hypofractionated stereotactic irradiation for recurrent malignant
gliomas. Int J Radiat Oncol Biol Phys 2009, 75(1):156–163.

18. Niyazi M, Ganswindt U, Schwarz SB, Kreth FW, Tonn JC, Geisler J, la Fougere C,
Ertl L, Linn J, Siefert A, Belka C: Irradiation and bevacizumab in high-grade
glioma retreatment settings. Int J Radiat Oncol Biol Phys 2012, 82(1):67–76.

19. Flieger M, Ganswindt U, Schwarz SB, Kreth FW, Tonn JC, la Fougere C, Ertl L,
Linn J, Herrlinger U, Belka C, Niyazi M: Re-irradiation and bevacizumab in
recurrent high-grade glioma: an effective treatment option. J Neurooncol
2014, 117(2):337–345. Epub 2014 Feb 7.

20. Gallego Perez-Larraya J, Lahutte M, Petrirena G, Reyes-Botero G, Gonzalez-
Aguilar A, Houillier C, Guillevin R, Sanson M, Hoang-Xuan K, Delattre JY:
Response assessment in recurrent glioblastoma treated with irinotecan-
bevacizumab: comparative analysis of the Macdonald, RECIST, RANO,
and RECIST + F criteria. Neuro Oncol 2012, 14(5):667–673.

21. Combs SE, Bischof M, Welzel T, Hof H, Oertel S, Debus J, Schulz-Ertner D:
Radiochemotherapy with temozolomide as re-irradiation using high
precision fractionated stereotactic radiotherapy (FSRT) in patients with
recurrent gliomas. J Neurooncol 2008, 89(2):205–210.

22. Cohen MH, Shen YL, Keegan P, Pazdur R: FDA drug approval summary:
bevacizumab (Avastin) as treatment of recurrent glioblastoma
multiforme. Oncologist 2009, 14(11):1131–1138.

23. Hundsberger T, Brugge D, Putora PM, Weder P, Weber J, Plasswilm L:
Re-irradiation with and without bevacizumab as salvage therapy
for recurrent or progressive high-grade gliomas. J Neurooncol 2013,
112(1):133–139.

24. Combs SE, Gutwein S, Thilmann C, Huber P, Debus J, Schulz-Ertner D:
Stereotactically guided fractionated re-irradiation in recurrent glioblastoma
multiforme. J Neurooncol 2005, 74(2):167–171.

25. de Groot JF, Yung WK: Bevacizumab and irinotecan in the treatment of
recurrent malignant gliomas. Cancer J 2008, 14(5):279–285.

26. Niyazi M, Karin I, Sohn M, Nachbichler SB, Lang P, Belka C, Ganswindt U:
Analysis of equivalent uniform dose (EUD) and conventional radiation
treatment parameters after primary and re-irradiation of malignant glioma.
Radiat Oncol 2013, 8:287.

27. Scholtyssek F, Zwiener I, Schlamann A, Seidel C, Meixensberger J, Bauer M,
Hoffmann KT, Combs SE, von Bueren AO, Kortmann RD, Müller K:
Reirradiation in progressive high-grade gliomas: outcome, role of
concurrent chemotherapy, prognostic factors and validation of a new
prognostic score with an independent patient cohort. Radiat Oncol 2013,
8(1):161.

28. Niyazi M, Jansen N, Ganswindt U, Schwarz SB, Geisler J, Schnell O, Busing K,
Eigenbrod S, la Fougere C, Belka C: Re-irradiation in recurrent malignant
glioma: prognostic value of [(18)F]FET-PET. J Neurooncol 2012,
110(3):389–395.

29. Niyazi M, Zehentmayr F, Niemoller OM, Eigenbrod S, Kretzschmar H,
Schulze-Osthoff K, Tonn JC, Atkinson M, Mortl S, Belka C: MiRNA expression
patterns predict survival in glioblastoma. Radiat Oncol 2011, 6:153.

30. Combs SE, Rieken S, Wick W, Abdollahi A, von Deimling A, Debus J, Hartmann C:
Prognostic significance of IDH-1 and MGMT in patients with glioblastoma:
one step forward, and one step back? Radiat Oncol 2011, 6:115.

doi:10.1186/1748-717X-9-128
Cite this article as: Niyazi et al.: Validation of the prognostic Heidelberg
re-irradiation score in an independent mono-institutional patient cohort.
Radiation Oncology 2014 9:128.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Purpose
	Patients and methods
	Results
	Conclusion

	Introduction
	Patients and methods
	Patient selection
	Treatment schedule and follow-up
	Radiotherapy
	Toxicity evaluation
	Statistics

	Results
	Patient characteristics
	Survival data
	Univariate analysis & prognostic score

	Discussion
	Consent

	Competing interests
	Authors’ contributions
	Authors’ information
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


