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CHAPTERR 5. 

Brachytherapy;; results of two different therapy strategies 
forr patients with primary glioblastoma multiforme 

RWW Koot, M. Maarouf, MCCM Hulshof, J Voges, H Treuer, C Koedooder, V Sturm, 
DAA Bosch. 

Cancerr 88: 2796-2802; 2000 

Abstract t 
Objective:Objective: We describe and compare two different strategies of brachytherapy for the 
treatmentt of patients with primary glioblastoma multiforme (GBM). 
PatientsPatients and methods.The study consisted of 84 patients. 45 patients were implanted 
withh permanent or temporary low-activity 125I seeds in Cologne and 21 patients were 
implantedd with temporary 192Ir wires in Amsterdam. Both groups received external 
beamm radiation therapy (EBRT): the I25I group received 10 - 30 Gy with the implant in 
situu and the Ir group received 60 Gy before implantation. In Cologne, implantation 
wass carried out after a diagnostic stereotactic biopsy whereas in Amsterdam 
implantationn took place after cytoreductive diagnostic surgery. In addition, 18 patients 
inn Amsterdam served as a control group. This group only received EBRT after 
cytoreductivee surgery. 
Results.lnResults.ln both groups mean age was between 50 and 55, 80 % of the patients were 
moree than 45 years old. The mean implantation volume encompassed by the 
referencedd isodose was 23 cm3 for 125I and 48 cm3 for 192Ir. Initial dose-rates were 2.5 
-- 2.9 cGy/hr for permanent 125I, 4.6 cGy/hr for temporary 125I and 44 -100 cGy/hr 
(meann 61 cGy) for 192Ir. A total dose of 50 - 60, 60 - 80 and 40 Gy respectively was 
givenn at the outer margins of the tumor. 
Mediann survival was approximately 16 months for both the l25I group and the 192Ir 
group.. This was 6 months more than median survival in the control group. Re-operati-
onss were done in 4 (9%) patients of the 125I group versus 7 (35%) patients of the I92Ir 
group.. No complications or late reactions were reported in the l25I group, whereas 1 
hemorrhagee and 3 delayed strokes were observed in the 192Ir group. 
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ConclusionConclusion The equal median survival times in these two brachytherapy groups with 
suchh different dose-rate radiation schedules support the hypothesis that dose-rate does 
nott play a major role in the survival of primary GBM. 

Introduction n 
Brachytherapyy for malignant brain tumors has been practiced since the early 1980s. 
Thiss therapy was developed as an additional internal boost of radiation in order to 
improvee local tumor control in malignant astrocytoma. First, only patients with 
tumorss that recurred after previous EBRT were treated with brachytherapy (1-7) 
Subsequently,, brachytherapy applied as a boost to EBRT became part of the initial 
treatmentt of patients with malignant astrocytoma in some centers (3-7-11) The 
Colognee group started in 1982 with a treatment schedule combining brachytherapy at 
loww dose-rates with EBRT (12). Non-randomized studies have reported improvement 
inn survival, but it remained unclear whether this was an objective result, or whether it 
wass due to a selection of patients with more favorable prognostic features1 (13-17). 
Thuss far, two randomized studies on brachytherapy as a boost to EBRT in the initial 
treatmentt of patients with malignant astrocytoma have been published. In the first 
study,, carried out by the Brain Tumor Cooperative Group, median survival increased 
significantlyy by 3.5 months (18). In the second study, carried out by the Toronto 
group,, survival did not increase significantly (19). Moreover, this latter group stresses 
thee fact that brachytherapy is an invasive procedure which can be associated with 
considerablee morbidity. There were differences between these studies with respect to 
EBRT,, stereotactic implantation technique, dose-rate and total dose. 
Too investigate the influence of different treatment strategies of brachytherapy on 
survival,, we compared a German group of patients with a Dutch group of patients. 
Bothh groups received brachytherapy as a boost to EBRT in the treatment of primary 
glioblastomaa multiforme (GBM), but very different treatment strategies were 
followed. . 
Onn the basis of these results we will try to outline the role of brachytherapy for 
malignantt astrocytoma in the near future. 
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Patientss and Methods 
Patients Patients 
Thee study consisted of 84 patients with GBM according to Daumas-Duport (20), 
(astrocytomaa grade 4 according to the WHO classification). Patients were 
consecutivelyy enrolled and treated at the department of Stereotactic and Functional 
Neurosurgeryy of the University of Cologne, Germany, or at the department of 
Neurosurgeryy of the Academic Medical Center in Amsterdam, The Netherlands. Only 
patientss with a supratentorial, well-demarcated tumor with a maximum diameter of 5 
cmm were eligible for brachytherapy. All patients signed an informed consent. In 
Amsterdam,, patients were excluded when they were younger than 30 years (increased 
survivall  for young patients), when they had a Karnofsky Performance Score (KPS) of 
lesss than 70, or when the tumor was located in the midline. In Cologne, patients were 
excludedd only if they had a KPS of less than 50. Patient and implant characteristics 
aree summarized in table 1. 

Tablee 1: Patients and implant characteristics 

Colognee Amsterdam BT Amsterdam nBT 
Noo of patients 
Noo of matched patients 
Meann age (years) 
Patientss > 45 years 
m:f f 
KPSS > 70 (pt) 
Tumorr -midline (pt) 

-non-midlinee (pt) 
Localization-parietall  (pt) 

-frontal l 
-temporal l 
-occipital l 

Diagnosiss made by 
Implantationn after diagnosis 
Source e 
Implants s 
Meann initial dose rate (cGy/hr) 
Totall  dose (Gy) 
Meann implant activity (mCi) 
Volumee mean (cm3) 

>155 cm3 (pt) 
Meann no of seeds 
Meann no of catheters 
EBRTT (Gy) 

45 5 
18 8 
51 1 
84% % 
1,6:1 1 
344 (76%) 
23 3 
22 2 

10 0 
8 8 
4 4 
0 0 
biopsy y 
0-144 days 
.255 j 

permm (12) and temp (33) 
2.77 (2.5-2.9)/4.6* 
50-60/60-80* * 
15.4(4.6-40.1) ) 
23 3 
60% % 
3(1-7) ) 
1(1-3) ) 

simultaneous,, 10-30 

21 1 
21 1 
54 4 
80% % 
1,9:1 1 
211 (all) 

--
21 1 

11 1 
5 5 
3 3 
2 2 
Cytoreduction n 
8-100 weeks 
192Ir r 

tempp only (21) 
61(44-100) ) 
40 0 
50.00 (25.2 - 90.0) 
48 8 
95% % 
n.a a 
7 (4 -9) ) 
before,, 60 

18 8 
18 8 
53 3 
67% % 
1:1 1 
188 (all) 

--
18 8 

9 9 
5 5 
3 3 
1 1 
Cytoreduction n 
n.a a 
n.a a 
n.a a 
n.a a 
n.a a 
n.a a 
433 x 

78%% * 
n.a a 
n.a a 
60 0 

BT:: Brachytherapy; nBT: no Brachytherapy; EBRT: external beam radiation therapy; KPS: Karnofsky 
Performancee Score; perm: permanent; temp: temporary; pt: patient; n.a. not applicable.*  permanent vs 
temporary;; (..): range x: tumor volume after EBRT: Matched patients: age>30 years, KPS > 70, non-mid 
linee tumor. For details: see text. 
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Inn Cologne, 45 patients underwent brachytherapy with 125I seeds between 1988 and 
19955 and were analyzed retrospectively until 31-12-1997. The histopathological 
diagnosiss was made by means of a stereotactic biopsy. During the same operation 
(tissuee diagnosis by squash examination), or at the latest 14 days later, ,25I seeds were 
implanted.. Between 1988 and 1990 all implants were permanent, in 1990 they were 
bothh permanent and temporary. From 1991 all implants were temporary (90 days). All 
patientss underwent EBRT with 10-30 Gy (mean 22 Gy) with the implant in situ. 
Inn Amsterdam, 21 patients underwent brachytherapy with 192Ir wires between 1993 
andd 1997 and were analyzed prospectively until 31-12-97. The histopathological 
diagnosiss was made by means of cytoreductive surgery. Subsequently, all patients 
underwentt EBRT with 60 Gy in 6 weeks. 192Ir wires were implanted after EBRT 
(aboutt 10 weeks after surgery). All implants were temporary. 
Inn Amsterdam, a control group of 18 GBM patients, only receiving EBRT after 
cytoreductivecytoreductive surgery, was also analyzed retrospectively until 31-12-1997. This group 
consistedd of patients who fulfilled the brachytherapy criteria but who were treated 
beforee the study started (1993) or who refused brachytherapy. 

Methods Methods 
Inn Cologne, low activity 125I seeds (Amersham Buchler GmbH&CoKG) were used in 
bothh permanent and temporary implants. In permanent implants, 50 - 60 Gy was 
givenn at a mean initial dose-rate of 2.7 cGy/hr (2.5 - 2.9 cGy/hr, 0.6 - 0.7 Gy/day). In 
temporaryy implants, 60 - 80 Gy was given at a unique initial dose-rate of 4.6 cGy/hr 
(1.11 Gy/day). The biopsy and implantation were performed with the modified 
Riechert-Mundingerr stereotactic frame {Sturm, Pastyr, et al. 1983 ID: 230}. Leibinger 
softwaree (STP release 2.0 and 3.1) was used for treatment planning (VAX 11/700 
computer,, Digital Equip. Corp., Maynard, Massachussets, USA / Workstation VS 
3500,, Digital Equip. Corp., Maynard, Massachusetts, USA). Entry points and targets 
off  the catheters were determined with regard to both individual dose distribution and 
safestt path. 
Surgicall  procedure in Cologne: under general anesthesia, the patient was mounted in 
thee modified Riechert-Mundinger frame and transported to the CT scanner. The 
stereotacticc CT- image data were downloaded on a terminal near the operating room 
andd since 1991 they were fused with stored data of a recent MRI-scan. Stereotactic 3 
dimensionall  (3-D) treatment planning was done in cooperation with a physicist. 
Calculationss and optimization of the isodose curves, according to the 3-D contours of 
thee tumor, and adjusting the activity and stereotactic position of the seeds took 
approximatelyy 1.5 hours. The therapeutic isodose curve was prescribed to the edge of 
thee contrast enhancing area. During the autoclavation of the selected seeds, the aiming 
boww was build up and the burr-holes were made. An outer catheter made of Teflon 
(OD:: 2.0 mm, BEST-Industries, Inc. Springfield, Virginia, USA) was stereotactically 
placedd and loaded with an inner catheter in which the 125I seeds were placed. After 
verificationn by orthogonal X-ray, both catheters were glued in the burr-hole and cut 
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off.. The skin was stitched. Finally, the position of the catheters was checked with 
orthogonall  X-ray tubes. 
Inn Amsterdam, 192Ir wires (0.12-0.23 mCi/mm, Amersham) were implanted 
temporarily.. 40 Gy was given at a mean initial dose-rate of 61 cGy/hr (44-100 cGy/hr, 
10.66 - 24 Gy/day). The Leksell stereotactic frame was used for implantation and 
treatmentt planning was done by combining the Nucletron (Plato) software data with 
thee stereotactic coordinates. All catheters were implanted parallel to each other. 
Surgicall  procedure in Amsterdam: under local anesthesia, the patient was mounted in 
aa Leksell frame and transported to the MRI-scanner or CT-scanner. The stereotactic 
imagee data were downloaded on a terminal near the operating room. By means of 3-D 
visualization,, the optimal angle and coordinates for parallel implantation in the tumor 
weree calculated. According to the configuration of the tumor, a pre-planning was 
madee to determine the number and stereotactic coordinates of the catheters. During 
thesee calculations, which took approximately one hour, the patient was brought under 
generall  anesthesia. Burr-holes (2 mm) were made with a high-speed twist-drill. 
Holloww catheters were introduced parallel to each other at the calculated depth and 
fixedd to the skin. A CT-scan was made to check the position of the catheters and to 
determinee the length of  I92Ir wires, followed by a definitive planning administering 40 
Gyy at 5 mm around the contrast-enhancing zone. The catheters were removed as soon 
ass the total dose of 40 Gy was reached. 

Results s 
Survival Survival 
Inn Cologne, median survival was 13 months. Patients who were younger, who had 
smallerr implanted volumes or who had a higher KPS survived longer. Patients with 
non-midlinee tumors also survived longer than those with midline tumors. 

Tablee 2 : Median survival in months (see also Figure 1) 

Colognee Amsterdam BT Amsterdam nBT 
wholee group 
matchedd patients 
<< 45 years 
>455 years 
<< 15cm3 
>155 cm3 
KPSS > 70 
KPSS < 70 
mid-line e 
nonn mid-line 

13 3 
17 7 
48 8 
13 3 
19 9 
10 0 
15 5 
4 4 
11 1 
17 7 

16 6 
16 6 
26 6 
16 6 
8U U 

17 7 
16 6 
n.a a 
n.a a 
16 6 

10 0 
10 0 
30 0 
9 9 
l l x x 

9" " 
10 0 
n.a a 
n.a a 
10 0 

BT:: brachytherapy; nBT: no brachytherapy; EBRT: external beam radiation therapy; KPS: Karnofsky 
Performancee score;": tumor volume after EBRT, °: only 1 patient; n.a; not applicable; matched patients: 
age>300 years, KPS > 70, non midline-tumor. For details: see text*. 
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Patientss who were older than 30, who had a KPS of at least 70, and who had a non-
midlinee tumor and who could therefore be compared with the Amsterdam 
brachytherapyy group, had a median survival of 17 months (fig 1). 
Inn Amsterdam, median survival was 16 months in the brachytherapy group and 10 
monthss in the non brachytherapy group (fig 1). In both groups younger patients 
survivedd longer than older patients. 

Figuree 1 
1,0 0 

,8 8 

,6 6 

,4 4 

Cu u 
m m 
SUU ,2 

rvi i 
val l 

0,0 0 

months s 

Figuree 1: Kaplan Meyer survival curve of matched patients by group. 
BT:: brachytherapy 
noo BT: without brachytherapy 
censored:: lost to follow-up 
Forr details: see text 

AdverseAdverse effects and re-operations. 
Inn Cologne, no adverse effects were observed during or after brachytherapy. 23 
patientss (51%) developed recurrences outside the margins of the isodose distribution. 
Re-operationss because of space-occupying lesions were done in 4 patients (9%). Of 
onlyy 2 patients histological evaluation was done. One showed necrosis and the other 
showedd malignant tumor cells. (Table 3). 

group p 

Amsterdam,, no BT 

Amsterdam,, BT 

I I 
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Inn Amsterdam, removal of the temporary implant caused an arterial hemorrhage in 
onee patient (5%). Three patients (14%) developed sudden palsy 6-12 months after 
brachytherapy,, resembling a vascular accident. Recurrences were seen in 20 patients 
(95%);; all occurred at the original site. Re-operations because of space-occupying 
lesionss were done in 7 patients (33%). Most histopathological specimens contained 
necrosiss as well as malignant tumor cells, (table 3). 

Inn both brachytherapy groups, all implants were positioned accurately and according 
too the data of treatment planning. 

Tablee 3: Adverse effects and re-operations 
Colognee Amsterdam BT 

* -- —  - —  — — ^ — 

Adversee effects 
Operation-related d 
Radiation-induced d 

Re-operations s 
Necrosis s 
Tumor r 
bothh tumor and necrosis 
Nott evaluated 

0 0 
0 0 
44 (9%) 
1 1 
1 1 
0 0 
2 2 

11 (5%, arterial hemorrhage) 
33 (14%, palsy) 
7(333 %) 
2 2 
1 1 
4 4 
0 0 

BT:: brachytherapy. For details: see text 

Discussion n 
Inn this study, we found no significant differences in survival time between the two 
groupss of patients with primary GBM, although they were treated with very different 
brachytherapyy strategies at 2 institutes. Neither were there any significant differences 
whenn these groups were matched for criteria such as age, KPS and tumor localization. 
However,, some of the differences in brachytherapy strategies between the groups 
deservee extra attention. First, simultaneous EBRT and brachytherapy (Cologne) 
reducedd overall treatment time. Although, from an oncological point of view, this 
reductionn seems favorable for the treatment of primary GBM this is not shown by our 
studyy and is in accordance with reports in the literature (21-22). Secondly, 
cytoreductivee surgery (Amsterdam) did not increase survival more than did biopsy 
(Cologne).. Although a controversy exists about the value of cytoreductive surgery 
comparedd to biopsy in high grade gliomas (23-27), there is general agreement that the 
impactt of cytoreductive surgery on survival is very limited in patients over 65 (28). In 
ourr study, although only 10 % of the patients in the Amsterdam group were older than 
65,, the value of cytoreduction on survival could still not be demonstrated. One 
explanationn for this is the much larger treated volume of the tumor in the 
cytoreductivee group (48 vs 23 cm3) at the time of implantation. 
Furthermore,, the isotopes, dose-rate, total dose, and the volume encompassed by the 
referencedd isodose (outer margins of the tumor in Cologne, 0.5 cm beyond the outer 

75 5 



Chapterr 5 

marginss of the tumor in Amsterdam respectively) differed. For low-grade brain-stem 
gliomas,, l25I is more suitable than l92Ir. Possibly due to high-energy emission and less 
rapidd dose fall-off, Ir may cause side effects in the brain stem (29). Although most 
authorss use l25I for brachytherapy in supratentorial tumors, there are no reports 
indicatingg that radiation with 125I leads to an increase or decrease in survival compared 
withh ' "Ir in patients with high grade gliomas. The much higher dose-rate and the 
referencedd isodose beyond the outer margins of the tumor in Amsterdam, may have 
contributedd to the onset of a sudden palsy in some patients, resembling a vascular 
accident,, 6-12 months after brachytherapy. This hypothesis was supported by 
histopathologicall  investigation of brain tissue obtained by autopsy, showing 
abnormalitiess of the small vessels such as luminal occlusion, loss of endothelial 
structuress and monocellular infiltrates outside the outer margins of the tumor. These 
vascularr abnormalities were probably radiation-induced since they all occurred in the 
highh dose area. On the other hand, these high dose-rates may be responsible for the 
equall  survival times of the patients with large tumors (Amsterdam) and those with 
smallerr tumors (Cologne). 

Apartt from the differences, there were also some similarities between the Cologne 
groupp and the Amsterdam group. First of all, survival in both groups for matched 
patientss was the same (16-17 months) and was strongly influenced by age, KPS and 
tumorr volume, as expected from all other reported data of patients with GBM. 
Survivall  in these 2 groups was roughly 6 months more than that in the control group 
withoutt brachytherapy. Furthermore, selection bias was present in both groups. This 
wass mainly because of the study design, which was not randomized, selecting patients 
accordingg to various inclusion and exclusion criteria. Bias is always present when 
planningg the treatment of patients with GBM in a non-prospective way. The latter 
meanss that the personal or collective experience of a group of neurosurgical 
oncologistss is that a certain treatment is for the benefit of an individual patient, thus 
selectingg patients with more favorable prognostic factors. Therefore, bias may, at least 
inn part, explain the improved survival of brachytherapy patients in non-randomized 
studiess like ours, as compared with the two randomized trials available (18-30), 
althoughh the extent is difficult to assess31. Another factor of bias which may have 
contributedd to improved survival of brachytherapy patients is the high rate of re-
operations.Thee number of re-operations in the group of Amsterdam (33%, 192Ir) is 
similarr to that in most previously reported studies, which used similar dose-rates and 
totall  dose of radiation, but used 125I instead of  192Ir (13-17,30)number of re-operations 
inn the group of Cologne (9%, 125I ) is very low. This may be explained by the 
relativelyy small volumes irradiated (23 cm3) and by the much lower dose-rate, causing 
lesss necrosis and less reactive edema urging re-operations. One may argue that 
treatmentt with brachytherapy by a referenced isodose which does not go beyond the 
outerr margins of the tumor can not sufficiently prevent local recurrences, since it is 
knownn that these recurrences usually develop at or just outside the tumor margins (32-
33).. However, this is not shown in our study. 
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Arteriall  hemorrhage occurred once in the group of Amsterdam after removal of the 
temporaryy implant, which is 5% of the patient group (21 patients), but which is only 
0.77 % of all implanted catheters (142 catheters). This is less than the 1-2% risk of 
arteriall  hemorrhage during a stereotactic biopsy (34). The over-all complication rate 
inn Amsterdam (19%) is similar to that in other series (14,35,36). No hemorrhage was 
seenn in Cologne, most probably due to the more sophisticated 3-D planning system. 

Wee have shown the results of two different strategies of brachytherapy for the 
treatmentt of patients with primary GBM. Despite these differences, survival of 
matchedd patients was equal with both strategies, which is approximately 6 months 
moree than that of the control group. The weakness of our study is that both treated 
groupss cannot be statistically compared because of the very diverse variables and 
methods.. The strength of this study is that it shows that even large differences in 
brachytherapyy strategies show no differences in survival. This makes it likely, that 
furtherr progress in brachytherapy technology will not lead to further improvement in 
survivall  of patients with primary GBM in the near future, until more insight is 
availablee regarding favorable treatment factors. In the meantime we must try to 
minimizee complications and late adverse effects 
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