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Abstract Purpose To evaluate outcome after fractionated

stereotactic radiotherapy (FSRT) and concomitant daily

temozolomide (TMZ) in patients with recurrent gliomas.

Materials and Methods Twenty-five patients with recurrent

or progressive gliomas were treated with FSRT in combi-

nation with TMZ at the Department of Radiation

Oncology, University of Heidelberg. Histologic classifica-

tion at primary diagnosis included low-grade astrocytoma

in 7 patients (28%), grade III gliomas in 10 patients (40%)

and glioblastoma in 8 patients (32%). All patients had

undergone at least one neurosurgical resection, which was

complete in 5 patients (20%), subtotal in 13 patients (52%)

and a biopsy only in 7 patients (28%). Nineteen patients

(76%) had undergone neurosurgical resection for tumor

recurrence. All patients had received radiation therapy with

a median dose of 60 Gy. The median time interval between

primary RT and re-irradiation was 36 months. Using

FSRT, we applied a median total dose of 36 Gy in a

median fractionation of 5 9 2 Gy/week. Chemotherapy

with TMZ was applied in a median dose of 50 mg/m2.

Results Median overall survival was 59 months. Median

survival from re-irradiation was 8 months. Actuarial sur-

vival rates at 6 and 12 months were 81% and 25%. Median

PFS was 5 months; actuarial PFS rates at 6 and 12 months

were 48% and 16%. Treatment could be completed in all

patients as scheduled without interruptions [3 days. No

severe treatment-related side effects could be observed.

Conclusion Re-irradiation and TMZ is safe and effective in

a subgroup of patients with recurrent gliomas. Further

evaluation of radiochemotherapy regimens for recurrent or

progressive gliomas is warranted.
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Recurrence � Radiotherapy

Introduction

Salvage treatment options for patients with recurrent glio-

mas are often restricted. Due to the infiltrative nature of the

disease, neurosurgical resection is frequently limited due to

a high risk for surgery-related side effects (1, 2). A number

of chemotherapeutic substances are prescribed for tumor

recurrence, however, most show only modest benefit. A

review analysis performed by Wong et al. determined a

median progression-free survival time (PFS) of 10 weeks,

with 21% of the patients progression-free at 6 months

(PFS-6), these data were obtained from eight consecutive

phase II trials including 225 patients with recurrent glio-

mas. The implementation of temozolomide (TMZ), an

orally applicable alkylating substance, has improved out-

come for patients with recurrent gliomas. PFS-6 after

treatment of recurrent gliomas with TMZ alone was 46%

(3). Only recently, alternative dosing schedules of TMZ

leading to more prolonged exposure were shown to be

safe and very effective. Wick et al. reported a PFS-6 of

43.8%, with a 1-year survival rate from progression of

23% (4).

In the past, a second course of radiation therapy (RT)

was considered to be only of modest benefit while being

associated with a high risk of treatment-related side effects

using conventional RT techniques (5). However, the advent

of stereotactic RT such as Stereotactic Radiosurgery (SRS)
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and Fractionated Stereotactic Radiotherapy (FSRT) have

enabled the delivery of high local doses while sparing

surrounding normal tissue. For recurrent gliomas, good

efficacy and safety could be demonstrated for both tech-

niques (6, 7).

For primary glioblastoma, standard-of-care after pri-

mary diagnosis currently is radiochemotherapy (RCHT)

with TMZ (8, 9). In the past, only few studies have eval-

uated RCHT for tumor recurrence (10–13). Therefore,

transfer of the concomitant TMZ-concept into the situation

of tumor recurrence seems to be a promising strategy.

Thus, in the present manuscript, we report outcome of re-

irradiation as RCHT using FSRT with TMZ in 25 patients

with recurrent gliomas.

Materials and methods

Twenty-five patients with recurrent or progressive gliomas

were treated with FSRT at the Department of Radiation

Oncology, University of Heidelberg.

Histologic classification at primary diagnosis included

low-grade astrocytoma in 7 patients (28%) grade III glio-

mas in 10 patients (40%) and glioblastoma in 8 patients

(32%). All patients had undergone at least one neurosur-

gical resection, which was complete in 5 patients (20%),

subtotal in 13 patients (52%) and a biopsy only in 7

patients (28%). Nineteen patients (76%) had undergone a

neurosurgical resection for tumor recurrence. Pathologic

classification was glioblastoma in all 19 patients after

neurosurgical re-resection, of which 5 patients had been

diagnosed with glioblastoma at primary diagnosis, 4 with

anaplastic oligodendroglioma, and 5 each with anaplastic

astrocytoma and WHO Grade II astrocytoma. Detailed

patients’ characteristics are provided in Table 1.

All patients had received radiation therapy at some time

after primary diagnosis with a median dose of 60 Gy (range

54–63 Gy). The median time interval between primary RT

and re-irradiation was 36 months (range 5–180 months). Six

patients had received RCHT with TMZ after primary diag-

nosis for glioblastoma; in 2 patients, TMZ had been

prescribed for tumor recurrence. One patient had received

carmustine (BCNU) prior to re-irradiation. All patients

demonstrated contrast-enhancing lesions on the T1-weigh-

ted MRIs as a correlation for tumor recurrence and/or

secondary malignisation.

For treatment planning, an individual fixation head

mask made of Scotch cast (3 M, St. Paul, MN, USA) was

manufactured, enabling precise patient positioning for

treatment planning as well as realignment for each frac-

tion. The fixation system allowing 1–2 mm repositioning

accuracy was implemented as published previously (14,

15). Three-dimensional treatment planning was based on

contrast-enhanced CT- and MR-images performed in mask

fixation with the stereotactic localization system attached

to a stereotactic base frame. After stereotactic image

fusion, the treatment volume was delineated on each

3 mm slice of the three-dimensional data cube. Treatment

planning was performed using the three dimensional

treatment planning system Voxelplan (dkfz Heidelberg,

Germany) using the beam’s eye view technique for field

optimization. We defined the area of contrast-enhance-

ment on MRI as the gross tumor volume (GTV), and

added a safety margin of 0.5–1 cm as the planning target

volume (PTV). The median PTV size was 50 ml (range

16–149 ml).

The dose for re-irradiation was prescribed with respect

to the previous treatment portals, previous RT dose, size

and location of the lesion, with special respect to organs at

risk such as optic nerves, chiasm and brain stem. For dose

delivery, 3–4 irregular non-coplanar fields formed with a

Table 1 Patients’ characteristics of 25 patients treated for recurrent

gliomas using FSRT and concomitant TMZ

Characteristic

Age-years

Median 39

Range 6–61

Age—no. (%)

\40 17 (68)

C40 8 (32)

Sex—no. (%)

Female 14 (56)

Male 11 (44)

Karnofsky performance score

C70 23 (92)

\70 2 (8)

Initial histology—no. (%)

Glioblastoma 8 (32)

Oligoastocytoma WHO Grade III 1 (4)

Oligodendroglioma WHO Grade III 3 (12)

Astrocytoma WHO Grade III 6 (24)

Oligoastocytoma WHO Grade II 1 (4)

Astrocytoma WHO Grade II 6 (24)

Second histology—no. (%)

Glioblastoma 19 (100)

Extent of surgery—no. (%)

Complete resection 5 (20)

Subtotal resection 13 (52)

Biopsy 7 (28)

Time from RT to RE–RT—months

median 36

Range 5–180
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midsize multi-leaf collimator with a leaf thickness of 5 mm

at isocenter were chosen; we applied a median total dose of

36 Gy (range 25–45 Gy) in a median fractionation of

5 9 2 Gy/week with a 6 MV linear accelerator (Primus,

Siemens, Erlangen, Germany). The defined PTV was

encompassed by the 90% isodose line.

Chemotherapy with TMZ was applied in a median dose

of 50 mg/m2 on each day of irradiation. It was adminis-

tered orally early in the morning at approximately the same

time of each day. Prophylaxis against Pneumocystis carinii

was not prescribed. For antiemesis, metoclopramide, aliz-

aprid or ondansetron medication was given.

Seventeen patients were treated with adjuvant cycles of

TMZ.

All patients were seen for a first follow-up visit 6 weeks

after completion of FSRT, thereafter in three-months

intervals or as needed clinically. All visits included a thor-

ough clinical-neurological assessment as well as contrast-

enhanced MR-imaging. Additional diagnostic procedures,

including positron-emission tomography (PET), single

photon emission computed tomography imaging as well as

MRI spectroscopy were scheduled as required. The median

follow-up time was 8 months (range 2–14 months).

For tumor progression, chemotherapy was applied in 4

patients with nimustine (n = 3) and PCV (procarbacine,

carmustine, vincristine; n = 1).

Primary endpoint of this analysis was survival. Overall

survival (OS) was calculated from primary diagnosis of the

tumor, survival (S-RT) from re-irradiation was determined

from the initiation of RT. Progression-free survival (PFS)

was calculated from the initiation of RT for recurrence until

tumor progression or death (by any cause), whichever

happened first. OS, S-RT and PFS were determined using

the Kaplan–Meier-method (16, 17). Influence of prognostic

factors on outcome was evaluated using the univariate Cox

proportional regression model. Statistical analyses were

performed using the software Statistica (StatSoft, Hamburg,

Germany).

Results

Overall survival (OS)

Median OS was 59 months (range 15–192 months). Age

(P = 1.0), gender (P = 0.72) as well as extent of neuro-

surgical resection (P = 1.0), were not significantly

associated with OS. Primary histology was no prognostic

factor for OS (P = 0.95). In 19 patients, re-operation was

performed, and in all of these patients the second histology

was glioblastoma. Between these 19 patients and the 6

patients in which no second surgery was performed, overall

survival was not statistically significant (P = 0.73).

Survival from RCHT (S-RT)

Median S-RT was 8 months (range 3–14 months). Actuarial

survival rates at 6 and 12 months were 81% and 25%

(Fig. 1). No significant influence S-RT of age (P = 1.0),

gender (P = 1.0), extent of neurosurgical resection

(P = 0.9) or histologic classification (P = 0.66) was

observed. No difference in S-RT between TMZ-naı̈ve

patients and patients pre-exposed to TMZ was observed

(P = 0.7). There was no statistically significant difference

between patients treated with re-operation (n = 19) and

patients treated with re-irradiation without a second course

of surgery (n = 6; P = 0.72).

Progression-free survival (PFS)

Median PFS was 5 months (range 2–14 months); actuarial

PFS rates at 6 and 12 months were 48% and 16% (Fig. 2). No

significant prognostic factors of PFS including histology

(P = 0.6), age (P = 0.44), gender (P = 0.45) or extent of

neurosurgical resection (P = 0.25) could be calculated. PFS

was not different between TMZ-naı̈ve patients and patients

pre-exposed to TMZ was observed (P = 0.7). 82% of the

recurrences occurred within the high-dose irradiation field or

at the field borders, 18% were outfield recurrences. PFS was

not different in the group of patients treated with a second

course of surgery (n = 19; P = 0.19):

Figure 3 shows radiologic outcome after RCHT with

TMZ as re-irradiation 14 months after treatment.

Toxicity

Treatment could be completed in all patients as scheduled

without interruptions[3 days. Minor side effects included

alopecia, headaches and nausea/vomiting, which could be

Fig. 1 Survival calculated from initiation of FSRT in 25 patients

treated with RCHT using TMZ for recurrent gliomas
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controlled effectively by antiemetic medication. Hemato-

logical side effects were only mild.

No severe treatment-related side effects could be observed.

Discussion

This study demonstrates that RCHT performed as re-irra-

diation with FSRT and concomitant application of TMZ is

safe and seems so be effective in a subgroup of patients

with recurrent gliomas. PFS-6 is 48% and superior to most

data on the treatment of recurrent gliomas found in the

literature. Treatment is well tolerated with low toxicity.

Achievement of local control is crucial to improve

outcome in patients with recurrent gliomas, since the

majority of recurrences occur locally, within the primary

tumor region of in close proximity to the tumor site (18,

19). Therefore, effective local treatment is essential not

only after primary diagnosis, but also for the treatment of

recurrences. However, most patients have already under-

gone at least one neurosurgical resection, and have been

exposed to high doses of RT before presenting with a

recurrence. Therefore, treatment options are limited in

most cases, mostly due to the fear of severe treatment

related side effects.

Besides neurosurgical resection, which should be eval-

uated for each patient, chemotherapy is probably the most

frequent salvage therapy employed for recurrent malignant

gliomas, leading to median survival times of about

20 weeks (20); newer substances, such as the oral alkyl-

ating agent TMZ, have increased outcome in patients with

recurrent gliomas, especially more recently with intensified

dose regimens (3, 4, 21).

A second course of radiation therapy can be considered, at

least in a subgroup of patients. Re-irradiation using con-

ventional external beam techniques was associated with

only modest palliative and survival benefits, and treatment

toxicity outweighed outcome in most studies (5). Using

modern precision RT techniques, such as FSRT or SRS,

prolongation of survival with low toxicity rates can be

achieved (6, 7). Previously, we could show that treatment

outcome and toxicity of FSRT for recurrent gliomas is a

safe and effective treatment alternative (6): Survival for

patients with glioblastoma from re-irradiation was 8 months,

and 12 and 22 months for anaplastic and low-grade gliomas,

respectively.

On the basis of the work performed by the EORTC and

other groups concurrent radiation and TMZ has become the

standard of care for patients with newly diagnosed GBM (8,

9, 22). Therefore, it seemed promising to evaluate this reg-

imen for patients with recurrent gliomas, since lesions were

either recurrent malignant gliomas or considered as sec-

ondary malignisation in patients initially diagnosed with

low-grade gliomas. Based on the excellent results obtained in

our institution with a dose of 50 mg/m2 TMZ during RCHT

for primary glioblastoma (9), this dosing was considered to

be a safe dose in combination with re-irradiation. While this

study reports the first results on RCHT using TMZ for

recurrent gliomas, other groups have evaluated a number

of substances in combination with RT for this patient

population.

Arcicasa et al. treated 31 patients with external beam

RT in combination with lomustine (CCNU) prescribing a

median RT dose of 34.5 Gy; median survival after

re-irradiation was 13.7 months, with moderate acute tox-

icity (10). Lomustine was applied orally at a dose of

Fig. 2 Progression-free survival calculated from initiation of FSRT

in 25 patients treated with RCHT using TMZ for recurrent gliomas.

PFS-6 was 48%

Fig. 3 Radiographic outcome after FSRT and concomitant TMZ:

MRI for treatment planning in stereotactic setup (a) and follow-up

examination 14 months after re-irradiation (b) in a female patient

diagnosed with WHO grade II astrocytoma at the age of 54. After

stereotactic biopsy at primary diagnosis, postoperative RT was

performed up to a total dose of 60 Gy. Thirteen years after RT,

tumor recurrence developed as seen in A; the patient had developed

progressive focal seizures. We treated her with FSRT to a dose of

36 Gy and concomitant TMZ, followed by adjuvant cycles of TMZ.

Fourteen months after re-irradiation, the patient is clinically as well as

radiologically recurrence-free (b)
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130 mg/m2 at the beginning of RT, then every 6 weeks

until tumor progression. Cisplatin was assessed by Glass

et al. in combination with hypofractionated FSRT in 20

patients with recurrent gliomas. The RT dose applied

ranged between 35 Gy and 42 Gy (12). One of the largest

groups treated with RCHT for recurrent gliomas is pub-

lished by Lederman et al.; 88 patients were treated with

paclitaxel and hypofractionated FSRT with RT doses

between 18 Gy and 36 Gy (13). Median survival after RT

was 7 months. Topotecan in combination with hypofrac-

tionated FSRT was evaluated by Wurm et al.; the Berlin

group reports median survival of 21.3 months for patients

with anaplastic gliomas (n = 5), and 7.9 months for

patients with glioblastoma (n = 20). Topotecan was

applied as continuous infusion at a dose of 1.1 mg/m2/d,

and toxicity was acceptable (11). The present data on

re-irradiation as RCHT with temozolomide are comparable

to the different reports in the literature, however, treatment

results of the different studies show large differences with

respect to OS and PFS. This is most probably due to the

heterogeneous patient population at the time point recur-

rence and different inclusion criteria into the analyses.

Comparing the results from this analysis with outcome

data on FSRT for tumor recurrence, outcome is largely

comparable (6). Patients’ characteristics and treatment data

including median dose and PTV resemble in both analyses.

However, the small patient collective treated with RCHT

represents a more heterogeneous group with respect to

tumor histology and prior treatments. Thus, without ran-

domized controlled trials, it is difficult to conclude if at all

or which chemotherapy offers the most benefit in this

situation.

One argument against TMZ for RCHT might be that

nowadays most patients have been pre-exposed to che-

motherapy with TMZ, either as RCHT after primary

diagnosis, or as first-line chemotherapy for recurrence.

Franceschi et al. have investigated the efficacy of TMZ in

prior TMZ responders and have shown that repeat use of

TMZ is effective: PFS-6 was 36%, and the objective

response or stable disease rate was 43% (23). The notion,

that patients presenting with stable disease for a longer

time after primary TMZ may profit from another prolonged

stabilization after a second course of TMZ, was shown by a

German study on dose intensified TMZ (4). In the present

study, no difference in outcome between TMZ-naı̈ve

patients and patients pre-exposed to TMZ was observed.

Based on the results from the present analysis, RCHT

with TMZ for recurrent gliomas is a safe and effective

treatment alternative. However, it must kept in mind that

the results are based on a small patient collective with a

number of different histologies at primary diagnosis.

Therefore, further evaluation in a larger group of patients

in a prospective trial is needed. Perhaps, application of

novel dosing schedules, such as dose-intensified TMZ, or

novel RT modalities such as carbon ion RT, might further

improve outcome. Future randomized trials are warranted

to further improve outcome in patients with recurrent gli-

omas. Novel pharmaceutical substances and innovative

radiation techniques and qualities such as carbon ion RT

might offer promising alternatives.
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