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Hypofractionation n 

CHAPTERR 4. 

Hypofractionationn in glioblastoma multiforme 

MCCMM Hulshof, EC Schimmel, DA Bosch, D Gonzalez Gonzalez. 

Radiotherapyy and Oncology 48: 135-142; 2000 

Abstract t 
PurposePurpose To compare conventional fractionation with hypofractionation in patients 
withh a glioblastoma multiforme. Endpoints of the analysis are overall survival and 
palliativee effect. 
MaterialsMaterials and Methods From 1988 to 1998, 155 patients with pathologically 
confirmedd glioblastoma multiforme were prospectively analyzed. Patients without 
irradiationn and patients receiving an interstitial boost were excluded from this 
analysis.. Three different radiation schemes were used in subsequent periods; 33 x 2 
Gy,, 8 x 5 Gy and 4 x 7 Gy. In the last 5 years a scheme of 4 x 7 Gy conformal 
irradiationn was given to poor prognosis patients. The more favorable group 
receivedd the conventionally fractionated scheme up to 66 Gy. 
ResultsResults Median survival was 7 months, 5.6 months and 6.6 months for the 33 x 2 
Gy,, 8 x 5 Gy and 4 x 7 Gy respectively. In general, patients in the 
hypofractionationn group had far worse prognostic factors compared to patients 
treatedd with the conventional scheme. The period of neurological improvement or 
stabilizationn was similar between the 4 x 7 and 33 x 2 Gy group. 
ConclusionConclusion An extreme hypofractionation scheme of 4 x 7 Gy conformal 
irradiationn in poor prognostic glioblastoma patients is well tolerated, convenient for 
thee patient and provides equal palliation without negative effects on survival 
comparedd to conventional fractionation. 

Introduction n 
Mediann survival for patients with a glioblastoma multiforme (gbm) after surgery 
andd radiotherapy varies between 6 and 9 months. On the basis of pre-treatment 
factorss prognostic subgroups can be identified [3]. Favorable prognostic factors are 
loww age (< 50 years), good performance, normal mental status, totally resected 
tumorss and no dexamethason dependency. Median survival in this favorable group 
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variess between 11 and 26 months depending on further patient selection and 
treatmentt factors [3,4,8,13]. Unfortunately only 15% of all gbm patients are 
classifiedd in this favorable group. Prognosis in the vast majority of gbm patients 
variess between 4 and 12 months after conventionally fractionated radiotherapy (60 
Gy).. In this group radiotherapy is generally considered as palliative and a 6 weeks 
periodd of daily irradiation is often seen as too long in relation to the expected short 
survivall  time. Therefore several studies advocated short courses of radiation as 
treatmentt of choice for poor prognosis gbm patients [1,8,12,14]. Fraction dose of 
thesee hypofractionation schemes varied between 3 and 5 Gy, with overall treatment 
timess of 2 to 5,5 weeks. The purpose of our study was to determine if further 
shorteningg of overall treatment time is feasible and will result in equal palliation 
andd survival compared to conventional schemes. 

Materiall and Methods 
Betweenn 1988 and 1998, 198 patients with histological proven primary 
glioblastomaa multiforme were referred to the radiotherapy department. Patients 
withh an anaplastic astrocytoma (WHO) or grade III astrocytoma (Daumas-Duport), 
ass well as recurrent tumors were not entered in this study. All patients were 
prospectivelyy registered until death or until 1 September 1998. None of the patients 
receivedd chemotherapy. Pre-radiotherapy variables recorded included age, 
neurologicall  performance scale (NPS, table 1) (11), corticosteroid dependency, 
tumorr size (maximum diameter), -number, -infiltration and -localization and 
extendd of surgery as stated by the neurosurgeon. During the radiotherapy period, 4 
weekss after and subsequently at each 3 month, NPS and changes in neurological 
functioningg or mental status were prospectively recorded. When the patient 
declinedd without any treatment options, follow-up visits were not routinely 
continuedd and terminal care was mostly performed in consult with the family 
doctor.. A deterioration between first visit and start of irradiation was defined as 
anyy progressive clinical deterioration or increase of dexamethason treatment. The 
pre-treatmentt characteristics are given in table 2. 

Forr radiotherapy, patients had a simulation procedure including a planning CT scan 
withh i.v. contrast. Change in tumor size after surgery was scored by measuring the 
maximumm contrast enhanced diameter on the pre-operative CT scan and post-
operativee planning CT scan. An increase was defined as an increase on the 
planningg CT scan of more than 0.5 cm in largest diameter compared to the pre-
operativee scan and a decrease as more than 0,5 cm decrease. The MRI data were 
nott taken into analysis since MRI became only available in our institute since 1992 
andd was since then not routinely performed for all gbm patients. Furthermore, a 
comparisonn of tumor size between planning CT-scan and MRI could result in 
misleadingg data. 

Inn order to assure stability during radiation patients were fixed to the treatment 
tablee using a transparent cast. Planning target volume was delineated on the 
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planningg CT scan covering the contrast-enhanced zone plus a margin of 1-1.5 cm. 
Thee rather small margin of 1.5 cm became Standard policy since 1989 when our 
analysiss of wide field irradiation before 1983 and focal irradiation (1.5 cm margin) 
didd not show any difference in recurrence pattern or survival. No whole brain or 
cone-downn fields were used. A multiple field computer planning was made for 
eachh patient. Dose was defined at the isocenter. Individually cerrobend blocks were 
madee for each field and checked during a second simulation session. All patients 
weree treated with a 6 MV linear accelerator. Corticosteroids were not given on a 
prophylacticc base but only when indicated. 

Tablee 1. MRC neurological performance score (NPS)no neurological deficit 
00 some neurological deficit but function adequate for useful work 
11 Neurological deficit causing moderate functional impairment: moderate dysphasia, 

moderatee paresis, some visual disturbance (e.g. field defect) 
22 Neurological deficit causing major functional impairment, e.g. inability to use 

limb/s,, gross speech or visual disturbances 
33 No useful function-inability to make conscious responses 

Fromm 1988 to 1989 all patients received a dose of 66 Gy/2 Gy in 6.6 weeks. A 
phasee II study was started in 1989 for all gbm patients giving four fractions of 5.0 
Gyy in a low dose rate (LDR) of 15 cGy/hr, two times per day with an interval of 8 
hourss and in an overall time of 2 days. Fraction doses of 5 Gy were escalated to 7,5 
Gyy (LDR) in six groups of each 3 to 6 patients. The highest dose scheme has a 
similarr biological dose for normal brain compared to 66 Gy in 6 weeks at a normal 
dosee rate according to the LQ-concept, assuming an oc/fi of 2 Gy and a linear repair 
halff  time of 1.5 hr. This LDR scheme was stopped after 28 patients because of time 
consumingg reasons (one hour per fraction) in combination with a growing waiting 
listt for the accelerators. Awaiting the completion of results of this phase II study, 
duringg the period 1992 to 1993, a focal hypofractionation scheme of 8 x 5 Gy in 
normall  dose rate was used, 3 times per week in an overall time of 17 days, for poor 
prognosiss patients and 66 Gy in 6.6 weeks for more favorable patients. The scheme 
off  8 x 5 Gy was adopted since it was felt by most clinicians to be safer because of 
thee much longer overall time in comparison to the 4 x 7 Gy in 2 days. Both 
schemess were considered equivalent from a biological point of view according to 
thee L/Q concept (oc/fJ of 2). Since 1993, acute and late toxicity were not longer 
consideredd to be a clinical problem and a scheme of 4 x 7, normal dose rate, in 8 -
111 days was adopted as the standard for poor prognosis patients. This scheme is 
biologicallyy comparable with 4 x 7.5 Gy LDR. The conventional scheme remained 
thee treatment of choice for favorable patients. Patients were classified as favorable 
whenn they fulfilled the following criteria: NPS 0-2, age less than 60 years, no 
mentall  disturbances, solitary tumor less than 6 cm and no clinical deterioration in 

59 9 



Chapterr 4 

thee period between surgery and start of radiotherapy. All patients not scored as 
favorablee received the hypofractionation scheme. A selection within this favorable 
groupp with a NPS < 1 and a well defined tumor not exceeding 4.5 cm which was 
technicallyy implantable, were treated with an interstitial iridium-192 boost of 40 
Gyy after an external dose of 60 Gy in 6 weeks. For patients with a NPS of 4 in 
combinationn with an absence of a strong treatment wish, no treatment was advised. 
However,, if they could not (or their family) accept the no-treatment advice, the 
hypofractionationn scheme was offered and they are included in this study. Both the 
brachytherapyy group (22 patients, median survival 17 months) and the no-treatment 
groupp (21 patients, median survival 1.8 months) were not included in this study 
leavingg 155 patients for analysis. Median survival for patients in phase II LDR 
studyy (n=28) was 7 months. Since these survival data were not different from those 
off  the hypofractionation schemes with a normal dose rate, they were grouped 
togetherr for final analysis. Patients with a fraction dose of 6.5 to 7.5 Gy in the 
phasee II study were entered in the 4 x 7 group (n=14), and those with a fraction 
dosee of 5 to 6 Gy in the 8 x 5 Gy group (n=14). For final analysis 48 patients were 
inn the group of 4 x 7 Gy, 41 patients in the 8 x 5 Gy group and 66 patients in the 
conventionall  group. Since policy has changed during the period before 1993, 13% 
off  the patients in the 4 x 7 Gy group were considered as favorable, mainly from the 
periodd of the LDR study, and 22% of the 8 x 5 Gy group. In the conventional group 
27%% had unfavorable factors, mainly from the period 1988-1989 (see also table 3). 
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Tablee 2. Pre-treatment characteristics in 155 patients 
Characteristic c Numberr of patients 

Age e 

NPS S 

Number r 

Usee of steroids 

Extendd of resection 

Tumorr size 
(pre-RT) ) 

Deteriorationn before RT 

<40 0 
40-50 0 
51-60 0 
61-70 0 
>70 0 
0-1 1 
2 2 
3-4 4 

Solitary y 
Multiple e 

Omg g 
1-55 mg 
5-100 mg 
>100 mg 

Total/nearlyy total 
Partial l 
Biopsy y 
<4cm m 
4-55 cm 
5-66 cm 
>66 cm 

Yes s 
No o 

13 3 
26 6 
45 5 
53 3 
18 8 
59 9 
40 0 
56 6 

143 3 
12 2 

34 4 
29 9 
35 5 
56 6 

28 8 
99 9 
28 8 
47 7 
32 2 
37 7 
37 7 

52 2 
103 3 

Thee palliative effect was determined using the neurological performance scale 
(tablee 1). The NPS (after steroids), including any changes in neurological 
functioning,, was assessed at each visit, starting at the first appointment on the 
departmentt of radiotherapy, at 1 months after completion of radiotherapy and every 
1-33 months thereafter. CT-scans were performed at three months after radiotherapy 
orr in case of clinical signs of a recurrence. During the terminal phase or other 
reasonss for inability to visit the policlinic, the NPS was scored via contact with the 
familyy doctor by telephone. No patients were lost to follow-up. Patients received 
dexamethasonn when clinically indicated. The duration of palliative effect was 
definedd by the period between surgery and any non-reversible clinical deterioration 
orr a decrease in NPS of 1 point. 
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Tablee 3. Distribution of prognostic factors by fractionation 
Fractionationn (n) 

4 x77 Gy (48) 

88 x 5 Gy (41) 

333 x 2 Gy (66) 

Mean n 
age e 

60 0 

60 0 

54 4 

Vlean n 

Ï.5 5 

12 12 

1.5 5 

NPSS % 
Tumors s 
>> 4 cm 
80% % 

78% % 

60% % 

% % 
Biopsy y 
only y 
27% % 

15% % 

13% % 

% % 
Deterioratio o 
beforee RT 
47% % 

34% % 

21% % 

Steroidd dependency 
(>> 5 mgr) 

77% % 

73% % 

36% % 

Survivall  was calculated from the date of surgery and survival curves were 
estimatedd by the Kaplan-Meier method. SPSS software was used for statistical 
analysiss of the data. The log-rank test was used to compare survival curves 
univariately.. In the multivariate analyses (Cox-regression) the following prognostic 
factorss were entered: Age, tumor size pre-RT, number of tumors (solitary or 
multiple),, change of tumor size in the period between surgery and start RT 
(decrease,, stable or increase), deterioration pre-RT (yes or no), nps (0-1, 2 and 3-
4),, extend of resection (total-nearly total, partial and biopsy), use of dexamethason 
(00 mg, 1-5 mg, 5-10 mg and > 10 mg) and fraction size (2 Gy, 5 Gy and 7 Gy). 

Results s 
Mediann survival after 33 x 2 Gy, 8 x 5 Gy and 4 x 7 Gy was respectively 7 months, 
5.66 months and 6.6 months (fig 1). Patients treated with the conventional scheme 
hadd nearly equal median survival compared to the 4 x 7 Gy scheme, despite the far 
worsee prognostic factors in the latter group (table 3). In the conventional 
fractionatedd group, however, there are a few long term survivors as compared to 
thee other two groups, leading to a borderline significant survival benefit compared 
too the 4 x 7 Gy group at univariate analysis (p=0.054) and a significant benefit 
comparedd to the 8 x 5 Gy group (p=0.003). Other significant variables at univariate 
analysiss were change of tumor size after surgery (p=0.0000), NPS (p=0.0000), age 
(p=0.0008),, deterioration between surgery and radiotherapy (p=0.0008), use of 
corticosteroidss (p=0.001), solitary tumors (p=0.0293) and tumor size ((p=0.018). 
Tumorr localization, midline crossing, presence of a mass effect, interval between 
surgeryy and radiotherapy and duration of symptoms were not significant. A 
multivariatee analysis of prognostic factors is shown in table 4. At multivariate 
analysiss age (p=0.000), NPS (p=0.000), unifocality (p=0.004), use of 
corticosteroidss (0.004), extend of resection (p=0.005) and a post-operative decrease 
off  tumor size (p=0.02) remained statistically significant factors (table 4). The 
slightlyy better survival in the conventionally treated group at univariate analysis 
disappearedd after correction for prognostic factors and became a non-significant 
betterr survival for the 4 x 7 Gy group (p=0.147). Clinical deterioration during the 
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waitingg time for radiotherapy and post-operative tumor size were not independent 
discriminatingg factors for survival anymore at multivariate analysis (resp. p=0.5 
andd p=0.45, table 4). In the dose-escalating LDR phase II study there was a 
tendencyy for a positive dose-effect relationship. Median survival after a dose of 20 
too 26 Gy was 6 months compared to 9.3 months for patients with total doses of 28 
too 30 Gy. However, numbers were too small to detect a significant difference. 

Tablee 4. Multivariate analysis of prognostic factors (n=155) 

Variable e Subgroups s Adjustedd hazard ratio 955 % Confidence 
interval l 

0.71-1.94 4 
0.46-1.19 9 

1.03-1.07 7 

1.36-5.06 6 

0.49-1.35 5 
1.32-3.36 6 

1.36-3.91 1 
1.34-4.71 1 

0.26-0.91 1 
0.69-1.59 9 

0.3-1.09 9 
0.81-2.67 7 
0.72-2.37 7 

0.92-1.2 2 

0.76-1.67 7 

P--
value e 
0.147 7 
0.53 3 
0.21 1 

0.000 0 

0.004 4 

0.000 0 
0.431 1 
0.002 2 

0.005 5 
0.002 2 
0.004 4 

0.02 2 
0.8 8 

0.004 4 
0.092 2 
0.2 2 
0.377 7 

0.45 5 

0.5 5 

Fractionation n 

Age e 

Numberr of tumors 

NPS S 

Extendd of resection 

Changee in tumor size 
pre-S/pre-RT T 

55 Gy versus 2 Gy 
77 Gy versus 2 Gy 

Continuouslyy (years) 

Multiplee vs. Solitary 

22 versus 0-1 
3-44 versus 0-1 

Partiall  versus total 
Biopsyy versus total 

Decreasee versus 
increase e 
Stablee versus increase 

1.17 7 
0.74 4 

1.05 5 

2.6 6 

0.82 2 
2.1 1 

2.31 1 
2.51 1 

0.48 8 
1.05 5 

Usee of corticosteroids 
1-55 mg versus 0 mg 0.57 
5-100 mg versus 0 mg 1.47 
>100 mg versus 0 mg 1.3 

Tumorr size pre-RT 

Deteriorationn between 
SS and RT 

Continuouslyy (cm.) 

Yess versus no 

1.05 5 

1.13 3 
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Thee median period of neurological improvement or stabilization from date of 
surgeryy was 3 months, 2 months and 3 months for respectively the conventional 
group,, the 8 x5 Gy group and the 4 x 7 Gy group. An improvement in neurological 
functioningg within the first three months after start of radiotherapy was seen in 
14%,, 31% and 31% of respectively the conventional group, 8 x 5 Gy and 4 x 7 Gy 
group.. A stabilization as best response occurred in respectively 50%, 34% and 
40%.. The lower rate of improvement and higher rate of stabilization in the 
conventionall  group reflects the higher number of patients with a NPS of 0 in this 
group. . 

Figg 1. Actuarial overall survival by dose per fraction 

1,0, , 

,8 8 

> > 
11 .6 

Is s 
Q) ) > > 

 A 
E E 
u u 

O O 

0.0 0 

00 6 12 18 24 30 36 
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Mediann interval between surgery and start of the radiotherapy was 34 days, mainly 
causedd by the waiting list for radiation treatment at our department. There was no 
statisticall  difference in waiting time between the 2 Gy, 5 Gy and 7 Gy group (resp. 
31.5,, 34.5 and 38 days). Clinical deterioration during this waiting time occurred in 
37%% of the patients. In 47% of the patients there was no change in maximum tumor 
sizee between the pre-operative CT scan and planning CT scan. Only 13% of the 
patientss showed a decrease in maximum tumor size and 40% showed an increase. 
Theree was no difference in acute toxicity between the fractionation groups and no 
differencee in increase of the corticosteroid doses during or in the 4 weeks after 
radiotherapy.. The hypofractionation treatment was mainly outpatient based. Only 
onee patient was admitted to the hospital because of clinical deterioration during 
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radiotherapy.. Local tumor progression was diagnosed 3 weeks later. This patient is 
stilll  alive at 7 years of follow-up after 4 x 7 Gy and clinically stable without 
radiologicall  signs of either tumor recurrence or brain necrosis. She is without 
functionall  neurological deficits and socially undependable but has cognitive 
disorderss at neuropsychological tests. Review of the histology confirmed the 
diagnosiss of a glioblastoma multiforme. Late toxicity may appear 6 months after 
irradiation.. Since median survival in the hypofractionation groups was only about 4 
monthss after the end of radiotherapy with less than 10% surviving one year after 
surgery,, analysis of late toxicity was not assessed. 

Discussion n 
Thee standard radiation scheme for patients with a glioblastoma is 60 Gy in 30 
fraction.. It prolongs survival with a few months compared to surgery alone [9,16] 
butt the median survival after surgery does not exceed 6 to 9 months. The period 
withoutt clinical deterioration is even shorter. For such a limited period of palliation 
ann intensive course of 6 weeks, which is part of the period of patient's best 
functionall  status, may be inappropriate. We tested the effect of a short conformal 
fractionationn scheme of 28 Gy in 4 fractions in an overall time of 10-11 days for 
patientss with mainly poor prognostic factors. This scheme was feasible, well 
toleratedd and seemed to have no detrimental effects on survival or duration of 
palliationn compared to a conventional fractionated course (7 vs. 6.6 months median 
survival,, resp.), despite the considerably worse prognostic factors in the 
hypofractionationn group. Hypofractionated radiotherapy was tested in a few phase 
III  studies, using fraction doses of 3-5 Gy, mainly in a subgroup of poor prognosis 
patientss [1,8,12,14]. They all concluded that survival results were comparable with 
thosee achieved with conventional radiotherapy and that the treatment was feasible 
(tablee 5). 
Scoringg the NPS and neurological changes at each follow-up visit assessed the 
palliativee effect in our study. No difference was found in the duration of 
improvementt or stabilization between the 4 x 7 Gy group and the conventionally 
fractionatedd group. The probability of a functional response to radiotherapy 
(neurologicall  stabilization or improvement) was also equal in both groups. The 
palliativee effect in poor prognosis high grade glioma was tested more extensively 
inn a study by Thomas using the Barthel index before and after a hypofractionation 
schemee of 6 x 5 Gy [13]. At three months post radiotherapy 49% of their patients 
hadd signs of deterioration. Although they did not compare these functional results 
withh other series, their impression was that the palliative effect was similar to 
conventionall  treatment. This is in agreement with our results of a median time to 
clinicall  deterioration of three months post surgery for gbm patients. 
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Tablee 5. Literature data of hypoFractionation results in poor prognostic gbm patients ^ . 
Author/yearr No. of Fractionation Patient selection Median survival 

patientss in months 

Thomass 1994 38 6 x 5 Gy/ 2 weeks Age > 70 6 

Slotmann 1996 30 14 x 3 Gy/3 weeks All patients 8.5 

Baumann 1994 29 10x3 Gy/ 2 weeks Age > 65, kps < 50 6 

Kleinbergg 1996 40 17x3 Gy/ 5,5 weeks age, kps, resection 5 

Thiss study 48 4x7Gy/10days Age, nps, deterioration 6.6 

Kps:: Karnofsky performance score 

AA dose-effect relationship was demonstrated in two randomized trials with 
fractionatedd regimes and suboptimal doses are considered to result in sub-optimal 
effectss [2,10,15]. A dose of 28 Gy in 4 fractions seems to be a sub-optimal dose 
whenn assuming a high a/p for tumor (BED = 47.6 if a/p = 10) and therefore can 
nott explain the equal survival results compared to a dose of 66 Gy (BED = 79.2, if 
a/pp = 10). Fractionation in radiotherapy relies on tumors behaving like acute 
respondingg tissues with high a/p ratios and normal tissues being late responding 
tissuess with low oc/p ratios [7]. A recent study on glioblastoma cell lines however 
suggestedd that gbm tumors harboring mutations in the p53 tumor suppressor gene 
mightt behave like late-responding tissues [5], This hypothesis was tested in a 
sequentiall  study showing that tumors with a lack of functional wild-type p53 were 
resistantt to fractionated irradiation [6]. They suggest that a few large fractions may 
bee more appropriate for tumors carrying p53 mutations. A scheme of 28 Gy in 
fractionss of 7 Gy is biologically equivalent to 64 Gy in 2 Gy fractions according to 
thee LQ-model when assuming an a/p of 2 Gy. This biological dose is the clinically 
acceptedd normal brain tolerance but also the top of the demonstrated dose-effect 
relationshipp for high-grade glioma. 
Fromm our study no conclusion can be drawn on late toxicity of this scheme because 
patientss with long-term follow-up are lacking. Since all patients were treated with a 
multiplee conformal field technique the dose outside the clinical target volume does 
nott exceed the 60% isodose. This is equivalent to 26 Gy in 2 Gy fractions 
accordingg to the L/Q-model, which is far below the excepted brain tolerance even 
forr neuropsychological damage. 
Althoughh in 82% of the patients a partial or total tumor resection was performed, 
surprisinglyy in 40% and 47%, respectively, an increase or stabilization of 
maximumm tumor size was observed on the post-operative planning CT-scan. This 
couldd be partly attributed to an overestimation by the neurosurgeon of the amount 
off  debunking, often leading to only a central hypodens area without change of the 
tumorr periphery. The rapid growth pattern of this disease in combination with the 
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ratherr long interval (35 days) between surgery and irradiation can explain the 
increasee of maximum tumor diameter. It is often discussed in our institute whether 
increasee of the release of tumor growth factors after surgical manipulation could be 
aa factor of the apparent fast tumor regrowth after operation. 
Ourr results did not show a survival difference between the patients with poor 
prognosiss in the hypofractionated group and the more favorable prognosis group 
treatedd conventionally. This suggests that the indications for hypofractionation 
couldd be extended to more favorable prognostic groups, which is part of a new 
studyy in our institute. 
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