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Abstract
The prognosis of malignant gliomas has not changed much over the last few decades despite refinements in neurosurgical
techniques, high-precision radiotherapy, and newer chemotherapeutic agents. The median survival of poor prognosis
malignant gliomas (older and/or poor performance status patients) still remains in the range of 6�/9 months following
maximal safe resection and postoperative conventionally fractionated adjuvant radiotherapy with or without chemotherapy.
However, six weeks of daily radiotherapy does seem inappropriate in relation to the short expected survival time in this
subset and there is an increasing emphasis on reducing the overall treatment time and the number of hospital visits by such
patients. This can be achieved either by accelerated radiotherapy or by hypofractionated radiation, both of which are
equivalent to conventional fractionation in terms of palliative effect and survival, as in discussed in this review. Despite
enough evidence, such alteration of fractionation has not gained widespread acceptance by the oncologic fraternity. This
review has been conducted to collate the evidence that could help shift the paradigm from conventional to modified
fractionation in poor prognosis malignant glioma patients.

Introduction

Gliomas are the commonest primary neoplasms

of the central nervous system (CNS), comprising

over 50% of the tumors in adults [1]. In the year 2000,

the estimated number of new cases of primary CNS

neoplasms was 16 500 with an estimated death of

13 000 in the US alone [2]. High-grade tumors

(Kernohan & Sayre [3] Grade III and IV astro-

cytomas), i.e. anaplastic astrocytomas (AA) and glio-

blastoma multiforme (GBM) respectively account for

the majority of astrocytic tumors and are referred to as

malignant gliomas. Less common entities such as

anaplastic oligodendrogliomas, anaplastic oligoastro-

cytomas, gemistocytic tumors, and gliosarcomas are

also often included in the analysis of malignant

gliomas.

The standard treatment for these tumors has been

maximal safe surgical resection followed by post-

operative adjuvant conventionally fractionated ex-

ternal beam radiation [4�/6]. Although a recent

meta-analysis [7] of randomized controlled trials

reported a modest survival advantage with adjuvant

chemotherapy (CTh), a large randomized controlled

trial by the Medical Research Council (MRC)

failed to demonstrate any such survival benefit [8].

The pre-treatment prognostic factors that influ-

ence survival include age, performance status,

extent of surgical resection, histology Gy, and a

decrease in tumor size following radiotherapy (RT).

Based on such clinico-pathologic prognostic factors,

malignant gliomas [9,10] can be broadly classified

into:

1. Favorable prognosis: young patients with good

performance status where the median survival

after optimal debulking and radical radiother-

apy is 12�/24 months.

2. Poor prognosis: the elderly or those with poor

performance status where the median survival

is 6�/9 months despite aggressive surgery and

radiation.

Ever since the advent of fractionated external beam

radiotherapy, the prognosis for malignant gliomas has

not changed substantially. Temozolomide had pre-

viously shown some improvement in progression-free

survival (PFS) and the quality of life (QOL) in patients
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with recurrent GBM [11], but only recently has

demonstrated significant improvement in overall sur-

vival for newly diagnosed malignant gliomas [12,13]

when used in the concurrent and adjuvant setting.

Rationale for modified fractionation

Conventional fractionated radiotherapy (55�/60 Gy

in 30 fractions over 6 weeks), however, still remains

the mainstay of treatment after surgical debulking in

the majority of centers worldwide (Figure 1). Never-

theless this six weeks of daily radiotherapy does seem

inappropriate in relation to the short expected

survival time in the poor prognosis subset. An

acceptable schedule for such patients should be

short, well tolerated and convenient for the patients

as well as the caregivers without compromising on its

efficacy. Although a consensus seems to emerge on

reducing the overall treatment time (OTT) and/or

the number of hospital visits by such patients, there

is no unanimity on how to go about it. There are two

general premises to achieving this. The first suggests

that since cancer involves biological entities that

mutate at very high rates, the treatment should be

instantaneously effective otherwise the dynamics of

evolution will create new forms with relatively

resistant clones. Hence the concept of accelerated

radiotherapy (Figure 1). The basic rationale of

acceleration is that reduction in OTT decreases the

opportunity for tumor cell regeneration during

treatment and therefore increases the probability of

tumor control for a given dose. The second premise

is to use a large dose per fraction for a small number

of fractions to achieve a biologically equivalent dose

(BED) that would achieve similar tumor control

probability. A recent study on GBM cell lines [14]

has suggested that glioblastomas harboring p53

mutations behave more like late responding tissues

and have a low a/b ratio and would therefore be

relatively resistant to conventional fractionation.

According to this a few large dose fractions, i.e.

hypofractionated radiotherapy (Figure 1), would be

more apt for such tumors. Also the use of hypo-

fractionation would entail lesser number of hospital

visits for these patients. Therefore the paradigm

could shift from conventional to altered fractiona-

tion. It is in keeping in view the aforesaid premises

that a review of modified fractionation in poor

prognosis malignant gliomas was carried out.

Methods

Literature search strategy Gy

Published data for this review was identified by

searching MEDLINE, CANCERLIT, EMBASE,

Figure 1. Different fractionation schemes in malignant gliomas.
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and The Cochrane Library (Issue 1, 2003) databases

with no language restrictions. ‘‘Malignant gliomas’’,

OR ‘‘high grade gliomas’’, OR ‘‘glioblastomas’’, was

combined with ‘‘radiotherapy’’, ‘‘dose fractiona-

tion’’, and ‘‘chemotherapy’’ as medical subject head-

ing (MeSH) terms and each of the following phrases

used as text words: ‘‘poor prognosis’’, ‘‘accelerated

radiation’’, ‘‘hypofractionation’’, and ‘‘sensitizers’’.

Relevant cross-references from the selected articles

were also considered. Only prospective studies with

more than 20 patients were included. Trials using

purely hyperfractionation without any form of accel-

eration were excluded.

Studies using predominantly accelerated RT

Trials using accelerated RT

All the non-randomized prospective trials [15�/25]

using accelerated RT purely or its variants such as

dose-escalation studies using accelerated RT, con-

comitant boost RT, or accelerated-hyperfractionated

radiation (AHF-RT) are summarized in Table I.

Most of these trials were Phase I or II studies with

relatively small sample size using different dose

schedules (including dose/fraction and number of

fractions/day). The median OTT was 4.5 weeks

(range 1.5�/6 weeks) causing a median acceleration

of 2 weeks.

Randomized trials using accelerated/accelerated

hyperfractionated RT

There are seven prospective randomized controlled

trials [26�/29,31�/33] comparing conventional frac-

tionation with accelerated radiation in malignant

gliomas, with or without sensitizers, albeit with

conflicting results (Table II).

In the first of these by Simpson [26] et al., 134

patients were randomly assigned to three different

radiation schedules. In the initial phase a total dose

of 30 Gy was delivered with 0.48�/1.43 Gy/fraction;

1�/3 fractions per day in 1�/3 weeks. The dose was

increased to 40 Gy in the second phase without

changing the dose per fraction or the number of

fractions, thereby increasing the OTT to 1.5�/4

weeks. In the final phase, the OTT was again

reduced to 1�/3 weeks, delivering 0.63�/1.93 Gy/

fraction, 1�/3 fractions per day to a TTD of 40 Gy.

Thus 91 patients received accelerated RT (3 frac-

tions daily with 0.48�/1.93 Gy fraction) to a dose of

30�/40 Gy in 1�/3 weeks. Conversely, 43 patients

received conventional RT (one fraction daily with

1.43�/1.93 Gy/fraction) to a TTD of 30�/40 Gy in

Table I. Non-randomized trials using accelerated RT in malignant gliomas.

Author

(ref)

No of pts

(n)

TTD

(Gy)

Fx/d

(#)

Dose/fx

(Gy)

OTT

(wk)

MS

(mth)

1-yr

survival Remarks

Trials using purely accelerated RT

Douglas (15) 30 56�/70 Gy 3 # 1 Gy 3.5�/4.5 wk 9 mth NA 10 Gy boost

Keim (16) 38 60 Gy 3 # 1.6 Gy 2.5 wk 9.5 mth NA 2.8 Gy on Sat

1 # 2.8 Gy

Shenouda (17) 42 44 Gy WBRT�/

16 Gy

1 #

2 #

2 Gy

2 Gy

4.5 wk 13 mth 50% 16 Gy as conc

omitant boost

Brada (18) 211 55 Gy 2 # 1.6 Gy 3 wk 10 mth 38% �/

Trials of dose escalation with accelerated RT

Fulton (19) 280 61.4�/80 Gy 3 # 0.9�/1 Gy 4.5�/5.5 wk 10.5 mth NA �/

Gonsalez (20) 15 42 Gy 3 # 2 Gy 9 days

17 48 Gy 3 # 2 Gy 10 days 8.7 mth

combined

NA No diff. at all dose

levels18 54 Gy 3 # 2 Gy 11 days

16 60 Gy 3 # 2 Gy 12 days

Fitzek (21) 23 90 CGE NA NA NA 20 mth NA Better

Trials using AHF-RT

Buatti (22) 70 60 Gy 2 # 1.5 Gy 4 wk 13.8 mth 16% at 2yr Stereotactic/implant

boost

Bese (23) 36 59.85 Gy 3 # 1.05 Gy 3 wk 13 mth �/ 22% at 2�/yr

Lutterbach (24) 149 54 Gy 3 # 1.5 Gy 3 wk 8.8 mth 31% �/

Neider (25) 34 78 Gy 2 # 1.3 Gy 4 wk 7�/10 mth 19�/29% �/

92 60 Gy 2 # 1.5 Gy 4 wk

TTD�/total tumor dose; OTT�/overall treatment time; Fx�/fractions; d�/day; MS�/median survival; AHF-RT�/accelerated

hyperfractionedRT; NA�/not available; CGE�/cobalt gray equivalent.

/g
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3�/4 weeks. The 1-year survival and toxicity was not

significantly different amongst any of the rando-

mized groups. Although the authors concluded that

it is possible to reduce the OTT without significant

complications, it is difficult to draw firm conclusions

from this study. The total dose was suboptimal in

both the arms (30�/40 Gy only) and a subset of the

so-called conventional fractionation group received a

somewhat unconventional dose/fraction (1.43 Gy/

fraction).

In the succeeding years Payne [27] et al. rando-

mized 157 patients of GBM to either conventional

fractionation (n�/79) or AHF-RT (n�/78). All

patients received CCNU (lomustine) along with

radiation. Conventional radiation was delivered to

partial brain to a dose of 50 Gy/25 fractions/5 weeks,

once daily. AHF-RT was delivered using 1 Gy/

fraction, 4 fractions per day at a 3�/3.5 hour

interfraction interval to a TTD of 36�/40 Gy in 2

weeks. The median survival was 10 months vs. 10.6

months for conventional vs. accelerated RT (non-

significant).

Shin [28] and colleagues in a similar study design

randomized 34 patients to conventional fractiona-

tion to a dose of 50 Gy/25 fractions/5 weeks. Thirty-

five patients were randomized to the AHF-RT arm

which was delivered with 0.89 Gy/fraction, 3 frac-

tions daily to a total dose of 50 Gy in 4 weeks. All the

69 patients received carmustine. The median survi-

val was slightly better in the accelerated arm (13

months) as compared with the conventional arm (9

months), although it did not reach statistical sig-

nificance because of the small numbers.

To confirm the trend seen in their previous trial,

Shin [29] et al. initiated a larger trial of accelerated

RT. A total of 124 patients with malignant glioma

were randomized to either conventional fractionated

RT (40 Gy/20 fractions in 4 weeks to the whole brain

with 2 Gy /fraction, followed by a local tumor boost

of 20 Gy/10 fractions/2 weeks); or accelerated RT

whereby the patients received 0.89 Gy/fraction; 3

fractions/day as whole-brain radiotherapy (WBRT)

to a dose of 50.7 Gy/54 fractions in 3.5 weeks

followed by a local tumor boost of 10 Gy/5 fractions

in 1 week; or to accelerated RT as above plus

misonidazole 1.25 gm/m2 thrice weekly during the

first three weeks of radiotherapy. The median

survival was 27; 39; and 49 weeks and the 1-year

survival probability was 20%; 41%; and 45% re-

spectively for the three randomized arms (which was

statistically significant for accelerated RT vs. con-

ventional fractionation, pB/0.001). The addition of

misonidazole did not alter the survival significantly

as compared with accelerated RT alone. From 1984,

the authors stopped accrual to the conventional and

the AHF-RT plus misonidazole arms, and subse-

quently all eligible patients were being randomized

[30] to AHF-RT as above or high-dose AHF-RT

(71.2 Gy/80 fractions/5.5 weeks using 3 fraction

daily of 0.89 Gy each).

A phase II randomized trial comparing accelerated

radiation with conventional RT was also reported by

Ludgate [31] and colleagues. AHF-RT was delivered

using 0.76 Gy/fraction, 3 fractions per day to a TTD

of 57.6 Gy in 5 weeks (n�/42). Conventional

fractionation was delivered to 34 patients to a dose

Table II. Randomized trials of accelerated RT vs. conventional RT in malignant gliomas.

Author

(ref)

No. of pts

(n)

TTD

(Gy) Fx/day

Dose/Fx

(Gy)

OTT

(week)

MS

(mth)

1-yr

survival Remarks

Simpson (26) CF�/43 30�/40 Gy 1 # 1.43�/1.9 Gy 3�/4 wk 7.2 mth 30% NS

AF�/91 30�/40 Gy 3 # 0.48�/1.9 Gy 1�/4 wk 9.6 mth 30%

Payne (27) CF�/79 50 Gy 1 # 2 Gy 5 wk 10 mth 45% NS

AHF�/78 36�/40 Gy 4 # 1 Gy 2 wk 10.6 mth 44%

Shin (28) CF�/34 50 Gy 1 # 2 Gy 5 wk 9 mth NA NS, but trend �/

AF�/35 50 Gy 3 # 0.89 Gy 4 wks 13 mth NA

Shin (29) CF�/38 58 Gy 1 # 1.8�/2 Gy 6 wk 6.7 mth 20% pB/0.001 for AF

AF�/43 61.4 Gy 3 # 0.89 Gy 4.5 wk 9.7 mth 41%

AF�/M�/43 61.4 Gy 3 # 0.89 Gy 4.5 wk 12.1 mth 45%

Ludgate (31) CF�/34 50 Gy 1 # 2 Gy 5 wk 8 mth 32% NS, but trend�/

AHF�/42 57.6 Gy 3# 0.76 Gy 4 wk 11.5 mth 54%

Horiot (32) CF 60 Gy 1# 2 Gy 6 wk Combined 14% at 2yr NS

AF 60 Gy 3# 2 Gy 4 wk 11 mth

AF�/M (340 pts) 60 Gy 3# 2 Gy 4 wk

Prados (33) CF�/58 59.4 Gy 1 # 1.8 Gy 6.5 wk 37 wk NA NS

CF�/D�/59 59.4 Gy 1 # 1.8 Gy 6.5 wk 44 wk NA

AHF�/57 70.4 Gy 2 # 1.6 Gy 4.5 wk 40 wk NA

AHF�/D�/57 70.4 Gy 2 # 1.6 Gy 4.5 wk 42 wk NA

CF�/conventional fractionation; AF�/accelerated fractionation; AHF�/accelerated hyperfractionated radiation; M�/misonidazole; D�/

Difluromethylornithine; NA�/not available; NS�/non-significant.

/ g
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of 50 Gy/25 fractions/5 weeks. The median survival

was 11.5 months in the accelerated arm and

although numerically superior to the 8 months’

median survival in the conventional arm, did not

reach statistical significance, once again possibly due

to small numbers in each arm.

The largest phase III randomized trial by Horiot

et al. [32] (EORTC 22803) compared conventional

fractionation with accelerated fractionation with or

without misonidazole. Conventional fractionation

was delivered to partial brain to a total dose of 60

Gy/30 fractions over 6 weeks. Accelerated RT was

delivered as split course therapy: 30 Gy/5 fractions/

1week; 3 fractions a day of 2 Gy each at a 4-hour

interfraction interval followed by a 2-week rest and

then another 30 Gy/5 fractions/1 week; 3 fractions

per day for an OTT of 4 weeks. In the third arm

misonidazole was also added to the accelerated RT.

In all, 340 patients were entered into the study. The

median survival was 47 weeks and was remarkably

similar in all three arms. The overall survival (OS) in

the accelerated arm was 14% and 4% at 2 and 3

years respectively.

The most recent of these was a phase III rando-

mized trial [33] of AHF-RT with or without diflur-

omethyornithine (DMFO) vs. conventionally

fractionated RT with or without DMFO for GBM.

Here, 231 adults with a histological diagnosis of

GBM following surgery were randomized to one of

the four treatment arms: Arm A*/AHF-RT alone

using 2 fractions a day of 1.6 Gy each to a TTD of

70.4 Gy in 44 fractions; Arm B*/AHF-RT as above

with DMFO 1.8 gm/m2 orally every 8 hourly; Arm

C*/conventionally fractionated RT 59.4 Gy/33

fractions/6.5 weeks; or Arm D*/conventional RT

as in Arm C plus DMFO as given in Arm B. The

median OS and PFS were 40 & 19 weeks; 42 & 22

weeks; 37 & 16 weeks; and 44 & 19 weeks for Arms

A; B; C; and D respectively, which was not

significantly different in any of the four randomized

arms. On comparing the two arms containing

DMFO, there was no significant difference in the

OS (37 weeks vs. 42 weeks) or PFS. Similarly

comparison of standard conventional fractionation

with the AHF-RT arms showed no difference in the

OS (42 weeks vs. 41 weeks) or the PFS. The authors

concluded that there was no benefit of DMFO as a

radiosensitizer and that standard conventional frac-

tionation remains the treatment of choice for newly

diagnosed patients with GBM.

Randomized trial of hyperfractionated RT vs. accelerated

radiation

Only one randomized controlled trial has compared

hyperfractionated radiotherapy with accelerated ra-

diation. The RTOG 83-02 [34] randomized 786

patients with newly diagnosed malignant gliomas to

receive partial brain irradiation, utilizing either

Hyperfractionation (1.2 Gy twice daily to various

dose levels 64.8 Gy, 72 Gy, 76.8 Gy, or 81.6 Gy) or

AHF (1.6 Gy twice daily to doses of 48 Gy or 54.4

Gy in 2½�/3 weeks. All patients received carmustine.

There was no significant difference between the

treatment arms with regards to the median survival,

which varied between 10.8 and 12.7 months for all

patients. On subset analysis patients of AA did not

benefit from the increase in total dose by hyper-

fractionation (HF), but GBM patients showed sig-

nificantly superior survival (p�/0.04) with the higher

total doses in the HF arm (median survival of 11.6

months) as compared with the lower total doses in

the AHF arm (median survival of 10.2 months),

thereby allowing the authors to conclude that there is

scope for dose escalation in GBM.

Studies using predominantly hypofractionated

RT

Trials using hypofractionated radiotherapy alone

All prospective non-randomized trials [35�/46] using

a high dose/fraction alone in malignant gliomas are

summarized in Table III. The majority of these were

phase I or phase II trials with modest numbers and

varying dose schedules. The median dose per frac-

tion was 3.5 Gy (range 2�/7 Gy/fraction) and the

median number of fractions employed was 10 (range

4�/17 fractions). Amongst these only one trial, by

Maarten [45] et al., prospectively compared hypo-

fractionated radiation with conventional fractiona-

tion and no significant differences were found

between the two in terms of palliative effect as well

as survival. Two other trials [42,46] compared

hypofractionated RT with matched historical con-

trols from previous MRC cohorts treated with

conventional fractionation (60 Gy/30 fractions).

Although the median survival of patients treated

with hypofractionated RT was lesser (by 2.5�/4.5

months) than matched controls, the improvement in

QOL was reasonably comparable.

Randomized trial of hypofractionated RT

There are three prospective randomized trials eval-

uating the role of hypofractionated radiotherapy in

malignant gliomas. In the first of these Glinski [47]

randomized 44 patients with GBM and 64 patients

with AA to receive either conventionally fractionated

radiotherapy or hypofractionated radiotherapy. Con-

ventional radiotherapy was delivered to the whole

brain to a dose of 50 Gy/25 fractions over 5 weeks

followed by a coned down field for a tumor-bed
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boost of 10 Gy in 5 fractions over 1 week for a TTD

of 60 Gy in 30 fractions over 6 weeks. Hypofractio-

nated radiotherapy was delivered in three sessions,

each separated by one month. The first two sessions

consisted of WBRT each to a dose of 20 Gy in 5

fractions over 1 week. This was followed by final

coned-down boost of 10 Gy in 5 fractions over 1

week as in the conventional regimen. In the pre-

liminary report, the 2-year survival for patients with

AA was 22% and 18% for conventional and hypo-

fractionated radiation respectively (statistically not

significant). Patients with GBM, however, did much

better with hypofractionated radiotherapy with a 2-

year survival of 23% vs. 10% in the hypofractiona-

tion vs. conventional radiation arm (statistically

significant, p�/0.05).

In another trial [48], patients with poor prognosis

high-grade gliomas were randomized postoperatively

to receive either conventionally fractionated radio-

therapy (local field irradiation to a dose of 60 Gy/30

fractions/6 weeks, n�/36) or hypofractionated radio-

therapy (to the whole brain to a dose of 35 Gy/10

fractions/2 weeks, n�/32). The estimated median

survival for all patients was 9.6 months. It was 10.3

months in the 60 Gy arm as compared with 8.7

months in the 35 Gy arm (p�/0.37, non-significant).

No formal QOL comparison was possible as fewer

than 30% of patients could complete the requisite

form on follow-up.

In the most recent trial [49], 100 patients with

GBM aged 60 years or more were randomly assigned

to conventional RT (60 Gy/30 fractions/6 weeks, n�/

51) or short course RT (40 Gy/15 fractions/3 weeks,

n�/49). The median overall survival was 5.1 months

for conventional fractionation vs. 5.6 months for

short course RT (p�/0.57). There were no differ-

ences in the performance scores between the two

groups. However, significantly fewer patients (23%

vs. 49%, p�/0.02) required an increase in the post-

RT steroid dosage in the short course RT arm

prompting the investigators to conclude that an

abbreviated course of RT seems to be a reasonable

option for older patients with GBM. Low comple-

tion rates of detailed health-related questionnaires

precluded any meaningful objective comparison of

QOL, reflecting the challenges of administering such

exhaustive QOL tools in such sick patients.

Discussion

There are conflicting data in the literature regarding

the benefit of accelerated radiation in poor prognosis

malignant gliomas. Most of the non-randomized

studies of accelerated radiotherapy (see Table I)

have shown that survival and functional outcome are

comparable to conventional radiotherapy. The seven

randomized studies (Table II) however are not

consistent with each other, with the four larger trials

[26,27,32,33] reporting no benefit and the two

smaller ones [28,31] showing a trend towards

improved survival with acceleration over conven-

tional fractionation. Only one study, by Shin et al.

[29] reported a survival benefit with accelerated RT.

However, the number of patients in their study was

small (124 patients only) and only the preliminary

results were published. The only trial [34] compar-

Table III. Prospective trials using hypofractionated RT in malignant gliomas.

Author

(ref)

No of pts

(n)

TTD

(Gy) No of fx

Dose/fx

(Gy)

OTT

(wk)

MS

(mth)

1-yr

survival Remarks

Hinkelbein (35) 70 31.5�/38.5 Gy 9�/11 # 3.5 Gy 2 wk 8 mth NA �/

Mercial Vega (36) 92 51 Gy 17 # 3 Gy 5 wk 12.5 mth NA �/

Tamura (37) 24 50 Gy 10 # 5 Gy 5 wk NA 63% Comparable to conv #

26 50 Gy 25 # 2 Gy 5 wk NA 65%

Bauman (38) 29 30 Gy 10 # 3 Gy 2 wk 6 mth NA Inferior to radical RT

Thomas (39) 38 30 Gy 6 # 5 Gy 2 wk 6 mth NA Barthels index main-

tained

Slotman (40) 30 42 Gy 14 # 3 Gy 2 wk 8.5 mth NA �/

Hoegler (41) 25 37.5 Gy 15 # 2.5 Gy 3 wk 8 mth NA �/

Ford (42) 32 36 Gy 12 # 3 Gy 2.5 wk 4 mth NA Similar to controls

Lang (43) 38 42 Gy 12 # 3.5 Gy 2.5 wk 10.5 mth 34% �/

Jeremic (44) 47 45 Gy 15 # 3 Gy 2.5 wk 9 mth 39% �/

Maarten (45) 155 66 Gy 33 # 2 Gy 6.5 wk 7 mth NA No difference in 3 arms

40 Gy 8 # 5 Gy 17 day 5.6 mth

28 Gy 4 # 7 Gy 7�/11 days 6.6 mth

McAleese (46) 921 30 Gy 6 # 5 Gy 2 wk 5 mth 12% Survival disadvantage of

2.5�/4.5 mth with hy-

poRT

922 60 Gy 30 # 2 Gy 6 wk 8 mth 19%

1Includes 38 patients from the series of Thomas. 2All patients were matched controls.
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ing accelerated RT with hyperfractionation was also

negative in the sense that there was no difference

between the treatment arms with regards to the

median survival, although GBM patients did slightly

better with higher dose hyperfractionation. The

North Central Cancer Treatment Group (NCCTG)

have recently closed accrual to their trial (NCCTG

93-72-52), which is a randomized trial of BCNU

alone vs. BCNU/cisplatin and of standard vs.

accelerated RT for grade IV gliomas, and their

results are eagerly awaited.

Despite three decades of experience, accelerated

RT still remains investigational in poor prognosis

malignant gliomas and has not gained widespread

acceptance. The primary reason for this could be

lack of properly designed randomized trials.

Although there are several existing randomized

trials, they have used varied forms of acceleration

with a wide variation in the dose per fraction,

number of fractions per day and the total dose

delivered. Second, the existing trials*/despite mod-

erately large numbers*/ have not been able to prove

any survival benefit, and have included chemother-

apy and sensitizers as a confounding factor. Third,

although the OTT is somewhat reduced (by 2 weeks

on average), this reduction is neither very substantial

nor very appealing from the point of view of the

patients or their caregivers. Finally, multiple daily

fractions would necessitate hospitalization with its

attendant socioeconomic and medical implications.

On the other hand, most of the non-randomized

studies utilizing a high dose per fraction (see Table

III) have also shown that it is comparable to

conventional fractionation in malignant gliomas in

terms of palliative effect and survival. Only one

randomized trial [47] comparing conventional radia-

tion with hypofractionation reported a small but

significant survival benefit in patients with GBM but

not in AA. However, since this was a preliminary

report and there were a limited number of patients in

the study (108 patients only), which was not

restricted to the poor prognosis subset, no definitive

conclusions can be drawn from it. The other

randomized trial [48], although restricted to the

poor prognosis subset, had to be closed early due to

poor accrual and did not demonstrate any survival

benefit with conventional fractionation. The median

survival and 1-year survival in the Cross Cancer

Institute trial [49] was much poorer than even the

less favorable subgroup patients from the RTOG

database. That this patient population was inher-

ently poor in prognostic terms in terms of age,

performance status, and extent of resection may

partly explain this difference. Nonetheless a con-

sensus seems to emerge that such a scheme of

conformal hypofractionated radiotherapy is feasible,

well tolerated and provides equal palliation without

compromising on efficacy. The concern for late

neurological sequelae in this poor prognosis subset

in uncalled for because the expected survival is short.

Also, since the OTT is substantially reduced, an

increase in therapy-free survival is a welcome bonus.

Most importantly, hypofractionated RT would entail

less frequent visits to the hospital, which could be of

immense value in improving the QOL of these

deeply distressed patients and their caregivers. The

results of two recently reported phase II trials of

hypofractionated Intensity Modulated Radiation

Therapy (IMRT) are comparable with conventional

fractionation and should provide further impetus to

this form of treatment [50,51]. Despite the available

evidence in the last three decades hypofractionated

radiotherapy is still not accepted as a standard by the

oncologic fraternity and remains investigational.

Again, the primary reason for this could be a paucity

of properly designed prospective randomized trials in

this subset, because most of these elderly poor

performance status patients are either treated on

physician preferences without much scientific evi-

dence or excluded from trial settings. The second

reason could be that the existing trials have relatively

small numbers, diverse fractionation schedules and

conflicting co-variables such as chemotherapy or

sensitizers.

Poor prognosis malignant glioma still remains one

of the most devastating diseases for the patient and

his/her caregiver and the most challenging for his

treating physician. No successful treatment has

emerged nor is it on the horizon for this largely

incurable malady. Patients continue to suffer from

symptoms that profoundly affect their QOL such as

neurological deficits (hemiplegia, aphasia), cognitive

dysfunction, personality changes, and psychosocial

ostracization. There is an appalling paucity of data

on QOL issues in primary brain cancers, including

poor prognosis malignant gliomas [52]. The issue is

confounded by the methodological limitations of

clinical trial designs, lack of consensus on the

appropriate tools to accurately measure QOL in a

specific patient population, timescale of measure-

ments, and reporting of QOL outcomes [53]. It is

imperative that QOL issues be considered integral to

the management of these cancers and that all future

trials on malignant gliomas include QOL assessment

as an independent outcome measure. QOL assess-

ment is even more relevant when survival is limited

and other issues of the patient’s life are more

important. It is more likely to have implications for

clinical decision-making and impact on the choice of

fractionation for this patient population. Such pa-

tients may gain clinically significant benefit from
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interventions based on robust QOL outcomes alone

without the advantage of a survival benefit.

Conclusion

There exist no class solutions as far as fractionation

in poor prognosis malignant gliomas is concerned.

Although both accelerated RT and hypofractionated

RT compare equally well with conventional fractio-

nation in terms of survival, palliation, quality of life,

and morbidity, a randomized trial comparing both

these forms of altered fractionation may help in the

search for an answer to this elusive question. In the

good prognosis gliomas, a boost to the tumor bed

using interstitial brachytherapy or stereotactic radio-

surgery has been explored as a means of dose

escalation for better local control. Their place in

the poor prognosis subset remains to be defined.

However, hypofractionated stereotactic radiotherapy

or hypofractionated IMRT may be where the answer

lies. Nevertheless, one has to admit that modifying

the fractionation does add some degree of complex-

ity to what essentially remains a palliative treatment

regimen. Its rationale needs to be re-examined from

the perspective of its impact on QOL, patient and

caregiver preferences, local logistics of the treating

institution, and health-economic considerations.

Acknowledgements

The authors would like to thank Dr Rajiv Sarin and

Dr Rakesh Jalali.

References

[1] American Cancer Society. Cancer facts and figures. Atlanta,

GA: American Cancer Society; 1996.

[2] Greenlee RT, Murray T, Bolden S, et al. Cancer statistics.

CA Cancer J Clin 2000;50:7�/33.

[3] Kernohan JW, Sayre GP. Tumors of the central nervous

system, American Registry of Patholo Gy, Washington,

Armed Forces Institute of Patholo Gy, 1952.

[4] Shapiro WR. Therapy of adult malignant brain tumours:

What have the clinical trials taught us? Semin Oncol 1986;

13:38�/45.

[5] Fine HA. The basis for current treatment recommendations

for malignant gliomas. J Neuro Oncol 1994;20:111�/21.

[6] Chamberlain MC, Kormanik PA. Practical guidelines for the

treatment of malignant gliomas. West J Med 1998;168:114�/

20.

[7] Glioma Meta-analysis Trialists Group. Chemotherapy in

adult high grade glioma: A systematic review and meta-

analysis of individual patient data from 12 randomized trials.

Lancet 2002;359:1011�/8.

[8] Medical Research Council Brain Tumour Working Party.

Randomised trial of Procarbazine, Lomustine, and Vincris-

tine in the adjuvant treatment of high grade astrocytomas: A

Medical Research Council trial. J Clin Oncol 2001;19:509�/

18.

[9] Curran Jr WJ, Scott CB, Horton J, et al. Recursive

partitioning analysis of prognostic factors in three Radiation

Therapy Oncolo Gy Group malignant glioma trials. J Natl

Can Inst 1993;85:9704�/10.

[10] Gupta T, Sarin R. Poor prognosis high-grade gliomas:

Evolving an evidence based standard of care. Lancet Oncol

2002;3:557�/64.

[11] Osoba D, Brada M, Yung WKA, et al. Health Related

Quality of Life (HRQOL) in patients treated with temozo-

lomide (TMZ) vs. Procarbazine (PCB) for recurrent GBM. J

Clin Oncol 2000;18:1481�/91.

[12] Brandes AA, Vastola F, Basso U, et al. A prospective study

on glioblastoma in the elderly. Cancer 2003;97:657�/62.

[13] Stupp R, Mason WP, Van Den Bent MJ, et al. Concomitant

and adjuvant temozolamide (TMZ) and radiotherapy (RT)

for newly diagnosed glioblastoma multiforme (GBM). Con-

clusive results of a randomized phase III trial by EORTC

Brain & RT Groups and NCIC Clinical Trials Group

(Abstract 2, ASCO 2004). http://www.asco.org/ac/1, 1003,

12-002636-00 18-0026-00 19-001655, 00.asp

[14] Haas Kogan DA, Young G, Haas M, et al. p53 dependent

G1 arrest and p53 independent apoptosis influence on the

radiobiologic response of the GBM. Int J Radiat Oncol Biol

Phys 1996;36:95�/103.

[15] Douglas BG, Worth AJ. Superfractionation in gliblastoma

multiforme. Results of a phase II study. Int J Radiat Oncol

Biol Phys 1982;8:1787�/94.

[16] Keim H, Polthoff PC, Schmidt K, et al. Survival and Quality

of life after continuous accelerated radiotherapy of glioblas-

toma. Radiother Oncol 1987;9:21�/6.

[17] Shenouda G, Souhami L, Freeman CR, et al. Accelerated

fractionation for high grade cerebral astrocytomas. Prelimin-

ary treatment results. Cancer 1991;67:2247�/52.

[18] Brada M, Sharpe G, Rajan B, et al. Modifying radical

radiotherapy in high grade gliomas: Shortening the treat-

ment time through acceleration. Int J Radiat Oncol Biol Phys

1999;43:287�/92.

[19] Fulton DS, Urtasun DS, Shin KH, et al. Misonidazole

combined with hyperfractionation in the management of

malignant gliomas. Int J Radiat Oncol Biol Phys 1984;10:

1709�/12.

[20] Gonzalez GD, Menten J, Bosch DA, et al. Accelerated

radiotherapy in glioblastoma multiforme: A dose searching

prospective study. Radiother Oncol 1994;32(2):98�/105.

[21] Fitzek MM, Thornton AF, Rabinov JD, et al. Accelerated

fractionated proton/photon irradiation to 90 cobalt gray

equivalent for glioblastoma multiforme: results of a phase

II prospective trial. J Neurosurg 1999;91:251�/60.

[22] Buatti JM, Marcus RB, Mendenhall WM, et al. Accelerated

hyperfractionated radiotherapy for malignant gliomas. Int J

Radiat Oncol Biol Phys 1996;34:785�/92.

[23] Bese NS, Omer U, Turkan S, et al. Continuous hyperfrac-

tionated accelerated radiotherapy in the treatment of high

grade astrocytomas. Radiother Oncol 1998;47:197�/200.

[24] Lutterbach J, Weigel P, Guttenberger R. Accelerated hyper-

fractionated radiotherapy in 149 patients with blioblastoma

multiforme. Radiother Oncol 1999;53:49�/52.

[25] Neider C, Nestle U, Ketter R, et al. Hyperfractionated and

accelerated hyperfractionated radiotherapy for glioblastoma

multiforme. Radiat Oncol Invest 1999;7:36�/41.

[26] Simpson WJ, Platt ME. Fractionation study in the treatment

of glioblastoma multiforme. Int J Radiat Oncol Biol Phys

1976;1:639�/44.

[27] Payne DG, Simpson WJ, Keen C, et al. Malignant astro-

cytoma*/hyperfractionated and standard radiotherapy with

chemotherapy in a randomized prospective clinical trial.

Cancer 1982;50:2301�/6.

112 T. Gupta & K. Dinshaw



[28] Shin K, Muller P, Geegie P, et al. Superfractionation

radiation therapy in the treatment of malignant astrocytoma.

Cancer 1983;52:2040�/3.

[29] Shin KH, Urtasun RC, Fulton D, et al. Multiple daily

fractionated radiation therapy and misonidazole in the

management of malignant astrocytoma. A preliminary re-

port. Cancer 1985;56:758�/60.

[30] Fulton DS, Urtasun RC, Scott-Brown I, et al. Increasing

radiation dose intensity using hyperfractionation in patients

with malignant gliomas. J Neuro-Oncol 1992;14:63�/72.

[31] Ludgate C, Douglas B, Dixon P, et al. Superfractionated

radiotherapy in Grade III, IV intracranial gliomas. Int J

Radiat Oncol Biol Phys 1988;15:1091�/5.

[32] Horiot JC, vandenBogaert W, Ang KK, et al. EORTC trials

using radiation therapy with multiple fractions per day

1978�/1987 survey. In: Vaeth J, Meyer J, editors. Frontiers

of radiation therapy oncolo Gy, vol. 22. Basel: Karger; 1988.

p. 149�/61.

[33] Prados MD, Wara WM, Sneed PK, et al. Phase III trial of

accelerated hyperfractionation with or without difluromethy-

lornithine (DFMO) vs. standard fractionated radiotherapy

with or without DFMO for newly diagnosed patients with

glioblastoma multiforme. Int J Radiat Oncol Biol Phys

2001;49:71�/7.

[34] Werner-Wasik M, Scott CB, Nelson DF, et al. Final report of

a phase I/II trial of hyperfractionated and accelerates

hyperfractionated radiation therapy with carmustine for

adults with supratentorial malignant gliomas. RTOG study

83-02. Cancer 1996;77:1535�/43.

[35] Hinkelbein W, Bruggmoser G, Schmidt M, et al. Short term

irradiation of glioblastomas with high dose single fraction

(article in German). Strahlentherapie 1984;160:301�/8.

[36] Mercial Vega VA, Wharom MD, Leibel S, et al. Treatment of

supratentorial high grade glioma with split course high

fractional dose post-operative radiotherapy. Int J Radiat

Oncol Biol Phys 1989;16:1419�/24.

[37] Tamura M, Nakamura M, Kuncimine H, et al. Large dose

fraction radiotherapy in the treatment of glioblastoma. J

Neuro-Oncol 1989;7:113�/9.

[38] Bauman GS, Gasper LE, Fischer BJ, et al. A prospective

study of short course radiotherapy in poor prognosis

glioblastoma multiforme. Int J Radiat Oncol Biol Phys

1994;29:835�/9.

[39] Thomas R, James N, Guerrero D, et al. Hypofractionated

radiotherapy as palliative treatment in poor prognosis

patients with high grade gliomas. Radiother Oncol 1994;

33:113�/6.

[40] Slotman BJ, Kralendonk JH, van alphen HAM, et al.

Hypofractionated radiation therapy in patients with glioblas-

toma multiforme: results of treatment and impact of prog-

nostic factors. Int J Radiat Oncol Biol Phys 1996;34:895�/8.

[41] Hoegler DB, Davey P. A prospective study of short course

radiotherapy in the elderly patients with malignant glioma. J

Neuro-Oncol 1997;33:201�/4.

[42] Ford JM, Stenning SP, Boote DJ, et al. A short fractionation

radiotherapy for poor prognosis patients with high grade

glioma. Clinical Oncol 1997;9:20�/4.

[43] Lang O, Leibermeister E, Liesegang J, et al. Radiotherapy of

glioblastoma multiforme. Feasibility of increased fraction

size and shortened overall time. Strahlenther Onkol 1998;

174:629�/32.

[44] Jeremic B, Shibamoto Y, Grujicic D, et al. Concurrent

accelerated hyperfractionated radiation therapy and carbo-

platin/etoposide in patients with malignant gliomas: Long

term results of a phase II study. J Neuro-Oncol 2001;

51(2):133�/41.

[45] Maarten CCMH, Schimmel EC, Bosch DA, et al. Hypo-

fractionation in glioblastoma multiforme. Radiother Oncol

2000;54:143�/8.

[46] McAleese JJ, Stenning SP, Ashley S, et al. Hypofractionated

RT for poor prognosis malignant glioma: matched pair

survival analysis with MRC controls. Radiother Oncol

2003;67:177�/82.

[47] Glinski B. Postoperative hypofractionated radiotherapy vs.

conventionally fractionated radiotherapy in malignant glio-

mas: A preliminary report on a randomised trial. J Neuro-

Oncol 1993;26:167�/72.

[48] Philips C, Guiney M, Smith J, et al. A randomized trial

comparing 35 Gy in ten fractions with 60 Gy in 30 fractions

of cerebral irradiation for glioblastoma multiforme and older

patients with anaplastic astrosytoma. Radiother Oncol 2003;

68:23�/6.

[49] Roa W, Brashes PMA, Bauman G, et al. Abbreviated course

of radiation therapy in older patients with glioblastoma

multiforme: A prospective randomized clinical trial. J Clin

Oncol 2004;22:1583�/8.

[50] Floyd NS, Woo SY, The BS, et al. Hypofractionated

intensity�/modulated radiation therapy for primary glioblas-

toma multiforme. Int J Radiat Oncol Biol Phys 2004;

58:721�/6.

[51] Sultanem K, Patrocinio H, Lambert C, et al. The use of

hypofractionated intensity-modulated irradiation in the

treatment of glioblastoma multiforme: Preliminary results

of a prospective trial. Int J Radiat Oncol Biol Phys 2004;

58:247�/52.

[52] Efficace F, Bottomley A. Assessing HRQOL: A neglected

issue for high-grade glioma. Lancet Oncol 2003;4:11�/2.

[53] Efficace F, Bottomley A. Health-related quality of life

assessment methodolo Gy and reported outcomes in rando-

mized controlled trials of primary brain cancer patients. Eur

J Cancer 2002;38:1824�/31.

Modified fractionation in malignant gliomas 113


