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High-grade gliomas (HGGs) include World Health
Organization (WHO) grade 3 anaplastic astrocy-
toma and grade 4 (glioblastoma multiforme
(GBM). Although HGG rarely results in distant
metastasis, the condition’s seemingly relentless
local microproliferation renders its cure impossible
(at least in the current technology). Even with the
latest imaging and surgical technologies, the exact
demarcation of the tumor and its proliferation
cannot be determined. This makes the localization
of the target an unachievable task. Another unique
nature of brain tumor is that the brain is an unfor-
giving organ that contains many vital structures
that many a time HGG involves. The outcome for
HGG remains grim despite advancing multimodal-
ity treatments, including surgery, chemotherapy,
and radiotherapy.

The exact mechanism of radiotherapy is still
uncertain. However, the majority supports the notion
that double-stranded breaks of the nuclear DNA are
the most important cellular effect of radiation. This
breakage causes an irreversible loss of reproductive
integrity of the cell and eventual cell death. Radio-
therapy also uses ionizing radiation to interact with
water molecules within the cell, which releases free
radicals, whereby causing additional DNA damage.

Soon after the discovery of x-rays by Roentgen
in 1895, there were reports that patients with
cancers were being successfully treated with
radiotherapy.®

Frankel and German* published one of the
earliest reports on radiotherapy for glioblastoma
in 1958. The investigators reviewed 219 cases of
GBM. Forty-seven patients received radiation
doses varying between 2700 and 5900 rads
(cGy), and 21 of these patients completed radio-
therapy within 60 days after operation. When
compared with 62 patients who underwent
surgery alone and were alive 60 days after opera-
tion, the investigators found that there was a signif-
icantly greater percentage of survivors in the
irradiated group during the first 12 months. This
difference disappeared after the first year. The
investigators concluded that routine postoperative
radiation effectively prolonged the palliative
effects of surgery and proposed a more general
usage of radiotherapy. In terms of surgery, they
found that a more radical removal offered the
best prognosis with regard to operative mortality
and survival time.

Radiotherapy is now routinely used as part of
the treatment regimen for HGG. Its efficacy and
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accuracy is continuing to be studied. Problems
such as target accuracy and treatment-related
complications remain the major evaluation issues.
However, with advancing imaging and treatment
delivery methods, conclusions and treatment
protocols are improving safety and efficacy.

This article reviews the history as well as the
recent advances in radiation treatments of HGG.

DEFINITION OF THE EXTENT OF RADIATION

lonizing radiations are electromagnetic species
that are capable of producing ions as they pass
through matter. Photon, out of many types of radi-
ation, is most commonly used for patient treat-
ment. Photons may come in the form of x-rays or
gamma rays. These rays are widely available in
the hospital setting, produced by affordable linear
accelerators (LINACs) or cobalt units. lonizing
heavy particles are also used for radiotherapy.
They are generated by larger and expensive cyclo-
trons and are therefore less available than photons
in health care. The most commonly used heavy
particle is the proton; however, there is also a large
experience with alpha particles generated from
helium. More recently, the interest on carbon-
generated beam is increasing. The advantage of
these expensive particle beams is that they can
be sharply stopped as they cross the tumor, there-
fore depositing the maximum ionizing radiation
energy in the tumor itself, without exit dose to
normal tissue, as occurring with photons.

ESTABLISHMENT OF RADIATION AS PART OF
THE MULTIMODALITY TREATMENT OF HGGs

Although radiation therapy has been used in treat-
ing primary brain tumors since the early 1900s,
there was no scientific evidence that it was effica-
cious and safe. In 1979, Walker and colleagues®
published their report on the analysis of dose-
effect relationship for malignant gliomas based on
the experience of the Brain Tumor Study Group.
They compared the median survival in patients
who did not undergo radiotherapy (18 weeks) with
that in those who were irradiated using radiation
doses of 45 Gy or less (13.5 weeks), 50 Gy (28
weeks), and 60 Gy (42 weeks). The investigators
found an increase of 1.3 times in median life span
associated with the higher dose between 5000-
and 6000-rads (cGy) groups. They concluded that
radiotherapy had a significant influence on the
survival of patients with malignant glioma, and
a clear-cut dose-effect relationship was found. At
around the same time, the Scandinavian Glioblas-
toma Study Group also published the results of
a multicenter randomized trial on adjuvant

irradiation for operated HGGs,® disclosing that
45-Gy whole-brain irradiation increased median
survival from 5.2 to 10.0 months. To investigate
the relationship between radiation dosage and
survival, Salazar and colleagues’ compared
groups of postoperative patients with GBM who
were given radiation doses of 50, 60, and 75 Gy.
The investigators found patients’ survival to be
30, 42, and 56 weeks among the groups given 50,
60, and 75 Gy, respectively. The increase in median
survival was only significant between the extremes
and not between the intermediate dose, leading to
the conclusion that higher radiation doses (75 Gy)
did not significantly alter overall survival and could
increase risk of radiation necrosis. Still in the 1990s,
arandomized trial by the Medical Research Council
also demonstrated an improvement in median
survival from 9 to12 months when 60 Gy was
compared with 45 Gy.® Both this and the Brain
Tumor Cooperative Group trials led to the conclu-
sion that 60 Gy is the ideal dose for adjuvant post-
operative radiotherapy for HGGs.

In a systematic review of radiotherapy for newly
diagnosed malignant glioma, 6 randomized trials
detected a significant survival benefit favoring
postoperative radiotherapy compared with no
radiotherapy.® Another randomized trial detected
a small improvement in survival with 60 Gy in 30
fractions over 45 Gy in 20 fractions. It was con-
cluded that postoperative external beam radio-
therapy (EBRT) is recommended as standard
therapy for patients with malignant glioma. The
high dose volume should incorporate the en-
hancing tumor plus a limited margin (eg, 2 cm) for
planning target volume (PTV), and the total dose
delivered should be in the range of 50 to 60 Gy in
fraction sizes of 1.8 to 2.0 Gy.

In 2005, a joint European Organization for
Research and Treatment of Cancer (EORTC)
and National Cancer Institute of Canada (NCIC)
randomized trial found that concomitant and adju-
vant temozolomide significantly increased the
median survival of patients with GBM from 12.1 to
14.6 months and more than doubled the 2-year
survival (26.5% vs 10.4%).'° The current standard
treatment after resection or biopsy of GBM is frac-
tionated focal radiotherapy (60 Gy, 30-33 fractions
of 1.8-2 Gy, or equivalent doses per fractionations)
with concomitant chemotherapy with temozolo-
mide (dose of 75 mg/m?) daily (7 days per week) fol-
lowed by 5-day cycles every 4 weeks to complete.
The result of the 5-year analysis of this trial was
published in 2009."" The investigators found that
benefits of adjuvant temozolomide with radio-
therapy lasted throughout 5 years of follow-up in
all clinical prognostic subgroups, including patients
aged 60 to 70 years.



Other chemotherapeutic agents have also been
tried along with radiation for the treatment of
HGGs. In a retrospective study examining the
effect of reirradiation with bevacizumab for recur-
rent HGGs, patients who were previously treated
with standard radiotherapy received bevacizumab
(10 mg/kg intravenous) on day 1 and day 15 during
administration of 36 Gy in 18 fractions.'? It was
noted that the overall survival was significantly
better in patients receiving bevacizumab than in
those receiving no additional substance or temo-
zolomide. The conclusion was that reirradiation
with bevacizumab is feasible and effective for
recurrent HGGs.

IMPORTANCE OF SURGERY FOR RADIATION
TREATMENT

Surgery is usually performed for either tissue diag-
nosis or tumor debulking purposes. In a review of
the literature of both HGGs and low-grade
gliomas, Sanai and Berger'® showed that more
extensive tumor resection is associated with
longer life expectancy. Increasing the extent of
resection was also found to be associated with
improved survival independent of age, degree of
disability and WHO grade, or subsequent treat-
ment modalities used in both primary and repeat
resection of malignant gliomas.'* However, for
tumors that are located in eloquent areas of the
brain or for patients with poor premorbid status,
a biopsy of the tumor may be more appropriate.

MODERN TECHNIQUES OF RADIATION FOR
HGGs BASED ON MODERN IMAGING

Gliomas have no capsule and infiltrate the
brain, particularly along the white matter tracts
diffusely.’® This makes definition of the tumor
extent extremely difficult with the conventional
radiologic technology. Without a definite margin,
it is virtually impossible to plan a radiation treat-
ment targeting only the tumor and sparing normal
tissue. The current practice is to irradiate the
tumor-involved tissue based on T2-weighted MRI
along with an additional 2-cm margin. This prac-
tice is based on studies showing that most tumors
recur within a 2-cm margin.'®

However, modern MRI sequences promise to
shed light on this difficult issue. Diffusion tensor
imaging (DTI) is a modification of diffusion-
weighted imaging that is sensitive to the preferen-
tial diffusion of brain water along axonal fibers and
hence is useful in demonstrating white matter tract
anatomy and can detect subtle changes in
diseased white matter tracts (Fig. 1). Thus, many
studies have been performed to investigate the
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usefulness of DTl in demonstrating the extent of
HGGs. One of these studies compared DTI with
T2-weighted 3-T MRI. The investigators found
that subtle white matter disruption is identified
using DTI beyond what was seen on T2-weighted
images of patients with HGGs.'” This DTl white
matter disruption was not apparent in metastatic
lesions or low-grade gliomas. Correlative studies
of DTl abnormalities and histologic confirmation
have been conducted to determine the accuracy
of DTl in detecting tumor infiltration by HGG. One
study found a sensitivity of 96% and a specificity
of 85%.18

In an attempt to put DTI planning to test, Jena
and colleagues' compared standard planning
with individualized planning based on DTI findings.
Standard plans were generated using a clinical
target volume (CTV) margin of 2.5-cm added to
the gross tumor volume (GTV) and were compared
with DTl-based plans in which the CTV was gener-
ated by adding a 1-cm margin to the tumor-
involved margin. The investigators found that DTI
could reduce the size of the PTV by a mean of
35% and resulted in an escalated dose (mean,
67 Gy; range, 64-74 Gy), with normal tissue
complication probability (NTCP) matching that of
conventional treatment plans. Findings from
studies that showed most tumors recurred in the
high-dose treatment volume rather than at the
margin seem to suggest that local tumor recur-
rence may not be caused by inadequate treatment
volume or margin but rather insufficient dose to the
central tumor.2° Thus the investigators conclude
that DTI can be used to individualize radiotherapy
target volume with reduction of CTV, yielding
modest dose escalation without increasing the
NTCP.

L-(methyl-11C) methionine-labeled positron
emission tomography (MET-PET) has been shown
to have higher specificity and sensitivity in tumor
delineation than MRI.2! L-(methyl-11C) methionine
(MET) is a natural amino acid avidly taken up by
glioma cells, with only a low uptake in normal brain
tissue. Comparative analysis between computed
tomography (CT), MRI, MET-PET, and stereotactic
biopsies has shown that MET-PET has greater
accuracy in defining the extent of gliomas than
CT and MRI. In a study comparing MET-PET and
MRI for GTV definition for radiotherapy planning
of HGG,?? it was found that the size and location
of residual MET uptake differ considerably from
that found on postoperative MRI. Given the known
high accuracy of MET-PET for detection of tumor
tissue, these findings suggest that MET-PET may
significantly improve the definition of target
volumes in patients with HGGs. It was also
proposed that using MET-PET/MRI fusion imaging
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Fig. 1. Fiber tracking superimposed to gadolinium-enhanced MRI to disclose the relationship of the tumor to the
eloquent cortical and white matter areas. These areas are to be avoided in surgery and in radiosurgery planning.
(A) Visualization of the relationship of the tumor with the cortex (magenta and green), with the projection of the
cortical tracts also in green. It has disclosed 2 angles of visualization. (B) Axial view of the tumor in the right pari-
etal area. (C) Sagittal view of the relationship of the tumor with the motor area. (B) and (C) are gadolinium-

enhanced T1-weighted magnetic resonance images.

and combining the biological characterization of
the tissue with accurate presentation of the
anatomy, a more precise delineation of the target
volume for radiotherapy planning could be
achieved. An important disadvantage of MET
includes the low physical half-life of about 20
minutes, requiring an on-site cyclotron.

As further evidence to support the usage of
MET-PET in radiotherapy planning for HGG, one
study looked at the usage of MET-PET/CT/MRI
fusion to determine the GTV for stereotactic frac-
tionated radiotherapy for reirradiation of recurrent
HGGs.?®> In this prospective nonrandomized
single-institution trial using stereotactic fraction-
ated radiotherapy (SFRT) reirradiation plus
temozolomide, MET-PET or iodine | 123 a-methyl

tyrosine  single-photon computed emission
tomography (SPECT)/CT/MRI fusion and CT/T1
plus gadolinium-enhanced MRI integrated radia-
tion treatment plans were compared. Six fractions
of 5 Gy were administered in 6 days. Temozolo-
mide, 200 mg/m? body surface per day, was
administered in 1 to 2 cycles before SFRT and 4
to 5 cycles after SFRT. The median survival time
for patients with treatment planning based on
PET(SPECT)/CT/MRI was significantly longer
than those having radiation planning using
anatomic imaging (CT/MRI) alone, 9 months
versus 5 months, respectively. It was concluded
that biological imaging-optimized SFRT plus te-
mozolomide in recurrent HGGs was feasible and
safe and led to a significantly longer survival.



HGGs are generally considered to be radiore-
sistant because of the hypoxic nature of the cells.
Molecular oxygen is known to be a powerful modi-
fier of cell sensitivity to radiation. The biological
effect of ionizing radiation has been reported to
be increased by about 3-fold when irradiation is
performed under well-oxygenated conditions.?*
Hyperbaric oxygenation (HBO) is used to assist in
the repair of radiation-induced damage, because
it is thought that high oxygen tension promotes
neovascularization in tissues of irradiated patients.
A recent phase 2 trial investigating the long-term
results of radiotherapy administered immediately
after HBO with multiagent chemotherapy in adults
with HGGs was published.?® Patients with histo-
logically confirmed malignant gliomas were irradi-
ated daily with 2-Gy fractions for 5 consecutive
days per week up to a total dose of 60 Gy. Each
fraction was administered immediately after
HBO. The chemotherapeutic agents used were
procarbazine, nimustine, and vincristine; these
were given during and after radiotherapy. The
median overall survivals in patients with GBM
and grade 3 glioma were 17.2 and 113.4 months,
respectively. No patient developed neutropenic
fever, intracranial hemorrhage, or serious nonhe-
matologic or late toxicities. It was concluded that
the use of radiotherapy immediately after HBO
with chemotherapy for HGGs was safe, with virtu-
ally no late toxicities, and seemed effective.

High linear energy transfer-charged particle
therapy with carbon ions has been investigated
in the treatment of HGGs because of its better
dose localization in the tumor volume and greater
biological effectiveness. Because carbon ions
have inverted dose profile and high local dose
deposition within the Bragg peak, precise dose
application and sparing of normal tissue are
possible. A phase 1/2 clinical trial for patients
with malignant gliomas treated with combined
radiotherapy, chemotherapy, and carbon ion
radiotherapy was published in 2007.26 Patients
with confirmed HGGs were treated with 50 Gy in
25 fractions for 5 weeks of radiotherapy followed
by carbon ion radiotherapy in 8 fractions for
2weeks. Nimustine hydrochloride at a dose of
100 mg/m? was given with radiotherapy. Carbon
ion dose was increased from 16.8 to 24.8 Gy
equivalent in 10% incremental steps. The median
survival times for grade 3 gliomas and GBM were
35 months and 17 months, respectively. The
median progression-free survival and median
survival time showed 4 and 7 months for the low-
dose group, 7 and 19 months for middle-dose
group, and 14 and 26 months for high-dose group.
It was thus concluded that carbon ion radiation
seems to be effective in the treatment of HGGs
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and that dose escalation of carbon ions has
a statistical significance in the overall survival
and progression-free survival of HGGs. This and
other studies have led to a randomized phase 1/2
trial evaluating the effects of carbon ion radio-
therapy versus fractionated stereotactic radio-
therapy (FSRT) in recurrent or progressive
gliomas.?” In phase 1 of the carbon ion radio-
therapy versus fractionated steretotactic radio-
therapy in patients with recurrent or progressive
gliomas (CINDERELLA) ftrial, the recommended
dose of carbon ion radiotherapy was determined
in a dose escalation scheme. In phase 2, the rec-
ommended dose was evaluated in the experi-
mental arm compared with the standard arm,
FSRT with a total dose of 36 Gy in single doses
of 2 Gy. The primary end point of phase 1 was
toxicity. For the randomized phase 2, the primary
end point was survival after reirradiation at 12
months and the secondary end point was
progression-free survival.

ROLE OF STEREOTACTIC RADIOSURGERY
AND STEREOTACTIC RADIOTHERAPY FOR
MANAGEMENT OF HGGs

Stereotactic radiosurgery (SRS) is a technique in
which high doses of radiation can be delivered
accurately in a single session to small intracranial
targets in such a way that the dose falloff outside
the target volume is very sharp (Fig. 2). One of
the first reports on the usage of LINAC-based ra-
diosurgery using noncoplanar arcs for the treat-
ment of brain tumors was published in 1985.28
Of the 6 patients with adequate follow-up, 1 had
a grade lll astrocytoma, but the patient’s condition
worsened within 2 months and required reopera-
tion. Several studies were published on patients
treated with SRS boost in the primary treatment
of HGGs. Median survival of patients quoted
showed no benefit in survival when compared
with results of historical controls. The authors’
data showed no benefit of SRS for primary and
recurrent malignant gliomas.2® Selection bias
with these studies was raised, including small
tumor size, more complete resection, good
response to initial therapy, and premorbid good
performance status. Shrieve and colleagues®°
published the results of a study investigating the
usage of 6-megavolt LINAC radiosurgery as an
adjunctive therapy for patients with confirmed
GBM after EBRT. The investigators reported
a median survival of 19.9 months; patients with
Radiation Therapy Oncology Group (RTOG) class
3 had a significantly longer survival than class 4
and 5, and younger patients with better functional
status fared better. It was concluded that
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95.0 % = 15.00 Gy
P

Fig. 2. Positron emission tomography with fludeoxyglucose F 18 aiding in the planning for radiosurgery. Notice
that intensity modulation was used to increase the dose concentration to the glucose-avid portion of the GBM.
(A) Delineation of the area of GTV. (B) Dose distribution with higher isodose coverage over the specifically chosen

area of the tumor.

radiosurgery boost had a survival advantage in
selected patients. In another retrospective study
that reviewed Gamma Knife radiosurgery (GKR)
as an adjuvant therapy for postoperative patients
with GBM, a group of patients that was treated
with EBRT alone was compared with patients
who were treated with EBRT plus a GKR boost
within 6 weeks after EBRT.3'" Median EBRT dose
was 59.7 Gy and median GKR dose was 17.1
Gy. The median survival of the EBRT-only group
versus the EBRT plus GKR group was 13 months
and 25 months, respectively (P = .034). Thus it
was concluded that GKR boost in conjunction
with surgery and EBRT significantly improved the
overall survival time. Contrary to this finding, Buatti
and colleagues® reported the findings of LINAC
SRS boost for patients with GBM with a tumor
size of up to 4 cm and found that all 11 patients
had disease progression within 1 year and only 3
of the 11 patients were alive at the 13-month
follow-up. The efficacy of SRS boost was chal-
lenged. In 2004, the RTOG group reported the
findings on a multi-institutional randomized
prospective phase 3 trial evaluating SRS boost in
patients treated for GBM (protocol 9305).3% The
use of SRS boost followed immediately by EBRT
(60 Gy) was compared with EBRT (60 Gy) only in
patients with GBM. The dose of radiosurgery
was tumor size dependent and ranged from 15
to 24 Gy. Both groups received carmustine
(BCNU) (80 mg/m?) chemotherapy. Median sur-
vival was 13.5 months for the SRS plus EBRT
group compared with 13.6 months in the EBRT-
only group. The 2- and 3-year survival ranges
also had no significant differences. Therefore,
SRS boost before EBRT and BCNU showed no
improvement in survival. This contradicted several
earlier reports that indicated an improved survival
for SRS-treated patients and could be attributed

to a selection bias. However, there was a differ-
ence in the temporal sequencing of the SRS; this
may have affected the results of the studies.

SRS therapy has also been used as a salvage
treatment in patients with recurrent malignant
gliomas. Patients with a confirmed history of
HGGs and who underwent previous resection or
biopsies followed by fractionated brain irradiation
with recurrence were treated with SRS.3* The
size of recurrence was limited to less than 3 cm,
and LINAC was used in the first few patients, but
most patients received GKR. This study found
a significantly prolonged survival as a salvage
treatment of GBM but not of grade 3 gliomas
when compared with the historical control group:
23 months versus 12 months, P<.0001. It was
thus concluded that SRS was a safe and effective
modality in selected patients with recurrent small-
sized GBM.

GBM has been found to undergo molecular
changes during radiotherapy, leading to acceler-
ated proliferation with diminished effectiveness of
prolonged fractionated irradiation.®® To shorten
the overall treatment time to decrease the oppor-
tunity for accelerated repopulation while delivering
a total dose near or greater than standard treat-
ment courses, accelerated radiotherapy sched-
ules have been developed. This may be achieved
by multiple treatments daily with a lower fraction
size or using concomitant boost with higher doses
on selected days during a treatment course.

FSRT is a method of delivering localized radia-
tion and uses noninvasive immobilization tech-
niques that allow fractionation. The usage of
FSRT for boost delivery on a weekly basis
combines the advantage of delivering a higher
dose to the tumor with the potential benefit of frac-
tionation. A phase 2 multi-institutional trial was
performed to assess the feasibility, toxicity, and



efficacy of dose-intense accelerated radiation
therapy using weekly FSRT boost for patients
with GBM.3® Patients with GBM and postoperative
enhancing tumor plus a tumor cavity diameter less
than 60 mm were included. A standard radiation
dose of 50 Gy was given in daily 2-Gy fractions.
Patients also received 4 FSRT treatments once
weekly during weeks 3 to 6. The dosage of FSRT
was either 5 or 7 Gy per fraction and was given
for a cumulative dose of 70 or 78 Gy in 29 (25 stan-
dard radiation therapy + 4 FSRT) treatments over
6 weeks. After radiation therapy, BCNU at 80
mg/m? was given for 3 days, every 8 weeks, for
6 cycles. Median survival time was 12.5 months.
There was no survival difference compared with
the RTOG historical database. However, patients
who underwent gross total resection had a signifi-
cantly longer median survival time than the histor-
ical controls with gross total resection. It was
concluded that FSRT boost for GBM was feasible
and well tolerated, but there was no significant
survival benefit in using this dose-intense radiation
therapy regimen. It was also found that gross total
resection with minimal disease burden may benefit
from this form of accelerated radiation therapy.

Another study evaluated the effect of FSRT for
recurrent low-grade glioma and HGGs.?” FSRT
was given with a median dose of 36 Gy in median
fractionation of 5 x 2 Gy/wk. The median overall
survival after primary diagnosis was 21 months
for patients with GBM and 50 months for patients
with grade 3 gliomas. Median survival after reradi-
ation was 8 months for GBM and 16 months for
grade 3 gliomas. Progression-free survival after
FSRT was 5 months for GBM and 8 months for
grade 3 gliomas; it was concluded that FSRT
was well tolerated and may be effective with recur-
rent gliomas.

Hypofractionated stereotactic radiotherapy (H-
SRT) is a form of FSRT that is able to deliver treat-
ment over 2 weeks versus 3 to 4 weeks with
standard fractionation. This is particularly impor-
tant when considering the grim prognosis for
patients with HGGs for whom short treatment will
definitely enhance the quality of life. Fogh and
colleagues®® reported the effect of H-SRT for
recurrent HGGs. The aim of this study was to
determine the efficacy and toxicity profile of H-
SRT alone or in addition to repeated craniotomy
or concomitant craniotomy. Patients with recur-
rent HGGs were treated with H-SRT (median
dose, 35 Gy in 3.5-Gy fractions). Significant
improvement in survival from H-SRT was found
with factors such as younger age, smaller GTV,
and shorter time between diagnosis and recur-
rence. No significant benefit of surgical resection
or chemotherapy in this population was found
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when analysis was controlled for other prognostic
factors. The investigators concluded that H-SRT
was well tolerated with minimal adverse effects
and results in favorable survival benefit indepen-
dent of reoperation or concomitant chemotherapy.

Cho and colleagues® published a study
comparing SRS and FSRT in the treatment of
recurrent HGGs. Of the 71 patients in the pool,
65% received SRS and 35% underwent FSRT.
Median SRS dose was 17 Gy delivered to 50%
isodose surface. In the FSRT group, the median
dose of 37.5 Gy was given in 15 fractions to the
median of 85% isodose surface. Actuarial median
survival time was 11 months for the SRS group
and 12 months for the FSRT group. Patients in
the SRS group was noted to have more favorable
prognostic factors, with a median age of 48 years,
Karnofsky Performance Scale (KPS) of 70, and
tumor volume of 10 mL versus median age of 53
years, KPS of 60, and tumor volume of 25 mL in
the FSRT group. Late complications developed
in 14 patients in the SRS group and 2 patients in
the FSRT group (P<.05). It was deduced that
patients who underwent FSRT had survival
comparable to those with SRS but with poorer
pretreatment prognostic factors and a lower risk
of late complications. Thus, FSRT may be a better
option for patients with larger tumors or tumors in
eloquent structures.

In 2005, a systematic review of the evidence for
the use of SRS or FSRT in patients with malignant
glioma found that there was level 1 to 3 evidence
that the use of SRS boost followed by EBRT and
BCNU did not confer benefit in terms of overall
survival, local tumor control, or quality of life
compared with EBRT and BCNU. The use of
SRS boost was also associated with increased
toxicity. There was insufficient evidence regarding
the benefits/harms of using SRS at the time of
progression or recurrence. There was also insuffi-
cient evidence regarding the benefits/harms in the
use of FSRT for newly diagnosed or progressive/
recurrent malignant glioma.*®

Some studies have found that daily repeated
irradiation of malignant glioma cells with low doses
compared with irradiation with a single biologically
equivalent dose resulted in significantly higher cell
killing. Hyperradiosensitivity defines the phenom-
enon that some human cell lines (including malig-
nant glioma cells) are sensitive to killing by low
radiation doses (<1 Gy).*! Ultrafractionation radia-
tion therapy is a novel regimen consisting of irradi-
ating tumors several times daily, delivering low
doses (<0.75 Gy) at which hyperradiosensitivity
occurs. A phase 2 clinical trial has been performed
to determine the safety, tolerability, and efficacy of
an ultrafractionation regime in patients with newly
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diagnosed and inoperable GBM.*? Three daily
doses of 0.75 Gy were delivered at least 4 hours
apart, 5 days per week over 6 to 7 consecutive
weeks (90 fractions for a total of 67.5 QGy).
Conformal irradiation included the tumor bulk
with a margin of 2.5 cm. The ultrafractionation
radiation regimen was safe and well tolerated
with no acute grade Ill and/or IV central nervous
system toxicity observed. Median progression-
free survival and overall survival from initial diag-
nosis were 5.1 and 9.5 months, respectively.
When compared with EORTC/NCIC trial in both
progression-free survival and overall survival
multivariate analysis, ultrafractionation showed
superiority over radiotherapy alone but not over
radiotherapy and temozolomide. Thus ultrafractio-
nation regimen is safe and may prolong the
survival of patients with GBM.

SUMMARY

There is evidence that dose escalation improves
survival in patients with HGG. However, there is
a turning point where the complications secondary
to radiation necrosis compromise quality of life
and survival of patients with primary or recurrent
HGGs. The results of studies showing increased
survival for patients undergoing radiosurgery
were not confirmed when randomized and multi-
institutional trials were performed. Stereotactic
radiotherapy combined with the appropriate
chemotherapeutic agent may have the merit to
decrease side effects of boost using the stereo-
tactic technique. Although highly popularized,
a focal treatment such as stereotactic radiation
has failed to show remarkable benefit for treat-
ment of HGGs. It is plausible that in very special
circumstances stereotactic radiation will become
the standard of care in patients with HGGs. This
will occur when imaging techniques, mostly
molecular based, provide a better definition of
the target to be irradiated.
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