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excessive edema or raised intracranial pressure.

delivery.

toxicity without an improvement in tumor control or survival.

particularly for patients with 1p/19q codeleted tumors.

e Several factors are considered in the decision to proceed with radiotherapy after a diagnosis of low-grade glioma:
patient-specific factors (age =40, performance status, persistent postoperative symptoms) and tumor-specific factors
(tumor volume, extent of resection, molecular and genetic features including 1p/19q status and IDH mutation).

e Postoperative radiotherapy may benefit symptomatic patients, including patients with focal neurological deficits,

e Current standard of care radiotherapy would include the use of MRI to define the target volume (T2 or FLAIR
abnormality with a margin) and organs at risk with 3D-conformal or intensity modulated radiotherapy planning and

e Asrecurrences are largely local and in-field following surgery and radiation, efforts have explored dose-escalation,
altered fractionation and particle therapy radiation treatments but these have been associated with increased

e Adding chemotherapy to radiotherapy for patients with low-grade glioma has resulted in improvements in survival,

Radiotherapy has been a longstanding treatment option for low-grade glioma.
Improvements in tumor control and radiation-related toxicity may be attributed to
advances in neuroimaging as well as radiotherapy planning and delivery. The discovery of
various molecular prognostic factors have aided in patient selection for radiotherapy. These
prognostic and predictive factors may also play a key role in determining which patients are
likely to benefit most from combined systemic therapy and radiation.

With advances in surgical techniques, improvements in neuroimaging and growing knowledge
about molecular and genetic predictive and prognostic biomarkers, the management of adult patients
with low-grade glioma following surgical resection is evolving. Historically, the primary postop-
erative treatment of low-grade gliomas has been radiotherapy. Of note, historical trials especially
in grade II tumors often combined oligodendroglial and astrocytic tumors, and subset analyses
distinguishing outcomes of specific tumor histologies (e.g., oligodendroglioma, astrocytoma) were
completed post hoc.

Role of radiotherapy
Following biopsy or surgical resection that histologically confirms a diagnosis of grade 2 or 3 glioma,
immediate postoperative radiotherapy is considered. Several factors may influence the decision to
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proceed with radiotherapy at initial presentation,
including patient-specific and tumor-specific
factors. The patient factors include the initial
clinical presentation, the postoperative course
and persistence of symptoms following surgi-
cal resection, as well as patient age and overall
patient performance status. The tumor-specific
factors include tumor grade (grade 2 vs grade 3),
tumor volume, evidence of mass effect, extent of
resection and more recently, consideration of the
molecular and genetic features of the tumor that
may predict their natural history and response
to treatments.

¢ Radiotherapy versus observation

The role of immediate postoperative radio-
therapy was challenged in a large Phase III
randomized study, EORTC 22845, which
randomized patients with low-grade glioma to
early postoperative radiotherapy versus observa-
tion until progression. In this study, 311 adult
patients with supratentorial low-grade gliomas
(WHO grade 1-2 51% astrocytoma, 14% oli-
godendroglioma, 13% mixed oligoastrocytoma)
were randomized to immediate postoperative
radiotherapy (n = 154) or observation (n = 157)
following surgery (42% GTR, 19% STR, 35%
biopsy) [1]. Radiation aimed to cover the pre-
operative, rather than postoperative, tumor
volume to a total dose of 54 Gy over 30 daily
weekday treatments. Patients in the observation
arm were considered for treatment at progres-
sion with the majority of patients treated with
radiotherapy (65%) and the remaining patients
treated with chemotherapy (16%), or no treat-
ment (12%). Progression-free survival (PFS)
was significantly better with early radiotherapy
compared with observation with a median
PES of 5.3 years versus 3.4 years, translating
to a 5-year PES of 55 versus 35%, respectively
(p < 0.0001). However, this did not translate to
an improvement in overall survival (OS) with
a median survival of 7.2 years for the obser-
vation arm and 7.4 years for the radiotherapy
arm. Although quality of life measurements
were not specifically analyzed as they were not
collected for all patients, improved tumor con-
trol was associated with better seizure control at
1 year (41% seizures with observation vs 25%
seizures with radiotherapy). Therefore, this
study suggested that postoperative radiotherapy
may benefit symptomatic patients, including
patients with focal neurological deficits, exces-
sive edema or raised intracranial pressure. But
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without evidence for improvement in survival,
it would be reasonable to withhold radiotherapy
until progression in young patients who present
with minimal symptoms.

¢ Radiotherapy versus chemotherapy

There have been several studies demonstrat-
ing the efficacy of PCV (procarbazine, CCNU
and vincristine) and temozolomide in the adju-
vant and salvage setting for grade 2 and 3 glio-
mas [2-4]. Several Phase II studies have shown
that temozolomide monotherapy, in lieu of radi-
otherapy, can result in response rates between
31 and 61%, durable PES and 3-year OS of 57
to 66% [5-7]. This has raised the question of
whether patients with low-grade glioma could
be managed with postoperative chemotherapy
instead of radiotherapy, thereby deferring the
toxicities of radiotherapy.

In order to address this question, the efficacy
of early postoperative radiotherapy was com-
pared against temozolomide in a randomized
Phase III trial, EORTC 22033-26033/CE.5. In
this study, 477 patients with high-risk supraten-
torial low-grade gliomas were randomized to
postoperative radiotherapy (50.4 Gy in 28 frac-
tions delivered within 6 weeks) versus temozolo-
mide (75 mg/m? daily for 21 days every month
[28 days] until progression or a maximum
of 12 cycles). Patients were considered high risk
if they had at least one of the following features:
age 240 years, postoperative radiological progres-
sion, new or worsening neurological symptoms
or intractable seizures that were interfering with
daily activities. In comparison to the EORTC
22845 study, the radiotherapy targeted the post-
operative surgical cavity and FLAIR abnormal-
ity rather than the pre-operative tumor volume.
Although, this study failed to demonstrate a PFS
or OS difference between the two arms for the
overall study population, chromosome 1p sta-
tus was identified as a promising prognostic and
predictive marker. Specifically, patients with 1p
retention had a trend toward inferior PES with
temozolomide and patients with 1p deletion had
more favourable preliminary OS results. These
findings suggest that postoperative temozolo-
mide should be considered for patients with 1p
deletion whereas radiotherapy should be offered
to patients with 1p retention.

The NOA-04 trial randomized 318 patients
with anaplastic glioma to one of three initial
treatment arms: radiotherapy (arm A), PCV
(arm B1) and temozolomide (arm B2). At the
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time of progression, patients who had received
radiation were randomized to either PCV of
temozolomide and patients who had received
chemotherapy were treated with radiotherapy.
The primary end point of time to treatment
failure was not significantly different between
radiotherapy and either chemotherapy (hazard
ratio [HR]: 1.2; 95% CI: 0.8-1.8) [s].

Although there is evidence to support the
use of either PCV or temozolomide follow-
ing surgical resection in selected patients,
current neuro-oncology practices may favor
the use of temozolomide in light of the more
favorable toxicity profile of temozolomide over
PCV 9. In particular, for patients with good
performance status and favorable molecular
profile of 1p 19q codeletion, there is interest
in using chemotherapy to defer the need for
radiotherapy.

Radiotherapy dose & fractionation

As recurrences are largely local and in field fol-
lowing surgery and radiation, there have been
several studies exploring the role of dose-escala-
tion to improve tumor control. Unfortunately,
these studies have failed to demonstrate improve-
ment in outcome with the use of higher doses of
radiotherapy for low-grade gliomas. In Europe,
EORTC 22844, a Phase III randomized study
of 343 patients with supratentorial low-grade gli-
oma (WHO grade 1-2), including a mixture of
astrocytoma (69%), oligodendroglioma (22%)
and mixed oligoastrocytoma (9%) were rand-
omized to two doses of radiotherapy following
surgery (25% gross total resection, 30% subtotal
resection, 45% biopsy) [10]. The two radiation
doses were 45 Gy in 25 fractions delivered within
6 weeks or 59.4 Gy in 33 fractions delivered
within 8 weeks. Radiotherapy techniques were
variable and included simple two-field treat-
ment to multifield treatments encompassing the
enhancing tumor and nonenhancing tumor with
margins. After a median follow-up of 74 months,
no differences in either OS (5-year OS of 58 vs
59%) or PES (5-year PES of 47 vs 50%) were
demonstrated between the low-dose versus high-
dose arms [10]. In this patient population treated
with postoperative radiotherapy, prognostic fac-
tors associated with better OS and PFS on multi-
variable analysis included smaller tumor volume,
gross total resection and neurological status. Age
under 40 years was also associated with better
survival, as shown in other studies regardless of
the management approach.
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The North American NCCTG Phase III
study randomized 203 adult patients with
grade 1-2 astrocytoma, oligodendroglioma and
mixed oligoastrocytomas to standard-dose post-
operative radiotherapy (50.4 Gy in 28 fractions)
or an even higher dose of postoperative radio-
therapy (64.8 Gy in 36 fractions) [11]. The radia-
tion in the high-dose arm incorporated a lower
dose to a larger volume with margin around the
tumor with a conformal boost directed to the
pre-operative tumor to the total dose of 64.8 Gy.
Similar to the European study, there was no dif-
ference in OS or PFS. But dose-escalation up to
64.8 Gy resulted in higher rates of toxicity with
5% of patients in the high-dose arms with grade
3-5 neurotoxicity versus 2.5% in the low-dose
arm at 2 years [11].

Similarly, small studies exploring the role of
altered fractionation schemes have not demon-
strated greater survival outcomes than conven-
tional radiotherapy. There was a Phase II study
investigating the efficacy and toxicity of hyper-
fractionated radiation dose-escalation in 37 adult
patients with incompletely resected supratento-
rial low-grade gliomas. The hyperfractionated
radiation regimen was composed of several
phases with shrinking volumes such that the
tumor plus 2 cm margin was treated with 55 Gy
in 50 fractions delivered in 25 treatment days
over 5 weeks, then the tumor plus 1 cm margin
was treated with an additional 17.6 Gy given in
16 fractions in 8 treatment days over 1.5 weeks
such that the total dose was 72.6 Gy in 66 frac-
tions in 33 treatment days over 6.5 weeks. At
the time of publication, median survival time
and median time to tumor progression had not
yet been reached. However, this treatment was
reasonably tolerated with only grade 1 and 2
toxicities noted, and 7-year PFS and OS were
similar to those resulting from standard treat-
ment, 70 and 69%, respectively [12]. Similarly, a
small series from McGill University reported the
outcomes of 21 patients with well-circumscribed
LGG (<4 cm) treated with 42 Gy in six frac-
tions. These patients had an OS similar to those
expected with standard therapy (10 years: 71%,
15 years: 63%) [13].

Radiotherapy treatment planning,
delivery & techniques

Studies of radiotherapy for low-grade glioma
have used variable target volumes with variable
margins intended to treat microscopic disease
in the peritumoral region. Definition of the

www.futuremedicine.com

REVIEW

327



REVIEW Chung & Laperriere

328

target volume has varied from the pre-operative
tumor volume to the postoperative surgical bed
along with residual tumor, and it is our personal
recommendation that the latter be utilized.
Although low-grade gliomas are not expected
to grow within weeks of surgery, the timing of
image acquisition for radiotherapy planning may
impact the radiotherapy treatment, as there can
be substantial changes in the surgical cavity
during the early postoperative period, and for
this reason we recommend postoperative MRI
images be obtained at the time of treatment
planning.

Patients are typically immobilized in a ther-
moplastic mask, which they wear for the CT
simulation and daily treatments. Postoperative
MRI images, including gadolinium-enhanced
T1 and T2 or FLAIR image sets, are commonly
coregistered to the CT image set to assist in tar-
get delineation. In general the target volume
includes the surgical cavity and any visible resid-
ual tumor, which appears hyperintense on the
FLAIR images along with a margin to encom-
pass the region most likely to contain further
microscopic tumor (Figure 1). Using the available
image sets, organs at risk (OARs) are deline-
ated and dose thresholds are respected during
the planning process. These OARs include but

®

are not limited to the lenses, orbits, optic nerves
and chiasm, brainstem, cochlea, lacrimal glands
and parotid glands.

Most radiotherapy centers currently use
3D-conformal or intensity modulated radio-
therapy (IMRT) techniques for the treatment of
low-grade gliomas (Figure 1). If available, centers
may use cone-beam CT to guide online correc-
tion and ensure that any displacements in patient
positioning are within 2 mm, prior to treatment
delivery. Although practice has evolved in most
centers to exploit the readily available technol-
ogy, there is no prospective data to show that
advanced imaging and treatment techniques
have survival impact.

Several studies have reported both the benefit
and toxicity associated with the use of protons
and carbon ions to treat low-grade gliomas.
Fitzek et al. explored the role of using pro-
ton/photon radiotherapy with dose escalation
to improve outcomes for lower grade gliomas
in a prospective Phase I/II trial. In this study,
20 patients Daumas—Duport grade 2 (n = 7)
and grade 3 (n = 13) gliomas were treated with
postoperative proton/photon radiotherapy to a
total dose of 68.2 cobalt Gy equivalent (CGE,
1 proton Gy 5 1.1 CGE) to gross tumor for
grade 2 lesions and 79.7 CGE for grade 3 lesions

Baseline

. g—

4 months post-RT

Figure 1. Radiotherapy planning and imaging response. (A) Representative image of a
radiotherapy plan delivering 50 Gy in 25 fractions to a large bifrontal oligodendroglioma. Gross
tumor volume is in red, clinical target volume in green and planning target volume in blue.

(B) Representative images of the tumor at the time of radiotherapy and 4 months postradiotherapy.
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Table 1. Recruiting Phase |, Il and lll radiation trials of low-grade and anaplastic gliomas.

REVIEW

Study ID

EORTC-26053,

NCIC-CECT,

RTOG-0834,
EUDRACT-2006-001533-17
MRC-BR14,

NCT00626990
NCCTG-N0577,

NCIC-CEC2,
EORTC-26081-22086,

ECOG-E3FO05,

NCT00978458
NCT01358058
NCT01024907

Study title
Radiation therapy with or without temozolomide in 1
treating patients with anaplastic glioma (1p/19q not
codeleted)

Phase

Radiation therapy or radiation therapy and 1
temozolomide or temozolomide alone in treating

patients with newly diagnosed anaplastic glioma
EUDRACT-2008-007295-14 ,NCT00887146 (1p/19q codeleted)

Radiation therapy with or without temozolomide in I
treating patients with low-grade glioma

Proton radiation therapy for low-grade gliomas I
Proton beam radiation therapy in treating patients with |-I|
low-grade gliomas

Chemo
TMZ

T™MZ, PCV

™Z

N/A
N/A

Year started
2009

2009

2009

201
2013

delivered in 1.8 to 1.92 CGE daily fractions.
Median age at diagnosis was 35.9 years (range
19-49), and tumor histologies included astro-
cytoma (n = 9), oligodendroglioma (n = 1) and
mixed gliomas (n = 10). With median follow-up
of 61 months for patients with grade 2 tumors,
actuarial 5-year survival rate was estimated at
71% as calculated from diagnosis and median
survival has not yet been reached. For grade 3
patients, with median follow-up of 55 months,
the actuarial 5-year survival rate was 23% and
median survival was 29 months. Tumor recur-
rence was the cause of death in three of seven
patients with grade 2 tumors and eight of
13 patients with grade 3 tumors. The incidence
of radionecrosis was remarkably high with evi-
dence of radionecrosis in two of seven patients
with grade 2 tumors and four of 13 patients with
grade 3 tumors of which one patient likely died
from radionecrosis [14]. Therefore the current
data for dose escalation, including studies with
combined proton/photon radiotherapy do report
higher rates of toxicity, including radionecro-
sis, with no evidence of improved outcomes for
patients with grade 2 and 3 gliomas.

A Phase I/II clinical trial has evaluated the
outcomes of carbon ion radiotherapy for grade
2 diffuse astrocytoma. Fourteen patients with
diffuse astrocytoma were treated with two doses
of carbon ion radiotherapy, either a lower dose
of 50.4 GyE or 55.2 GyE delivered in 24 frac-
tions over 6 weeks. There were nine patients
enrolled at the lower dose but seven patients
received the entire dose of 50.4 GyE, while two
patients received a reduced dose of 46.2 GyE in
order to limit dose to the basal ganglia (due to
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deep-seated location and large size). Five patients
were enrolled and received the total higher dose
of 55.2 GyE. As none of the patients developed
grade 3 or higher acute or late reactions, it was
concluded that toxicities were acceptable with
this treatment. The median PFS was 18 months
for the low-dose group, but much higher at
91 months for the high-dose group (p < 0.003)
and the median OS time was 28 months for
the low-dose group and not reached for the
high-dose group after a median follow-up of
62 months (p < 0.0208) (15]. These findings pro-
vide early provocative data to raise the question
of whether high-dose carbon ion radiotherapy
may lead to better PES and OS, although this
experience must be interpreted with caution in
view of the small patient numbers.

Combined chemotherapy & radiation

Adding chemotherapy to radiotherapy for
patients with low-grade glioma has so far
resulted in modest benefits, observed in prior
trials that largely evaluated nitrosurea-based
chemotherapy [16,17]. However, the combination
of chemotherapy with radiotherapy had failed
to demonstrate significant survival benefit over
radiotherapy alone for grade 2 or 3 glioma in
any prospective randomized trial until recently.

¢ Nitrosurea-based chemotherapy

Based on prior studies showing greater benefit
of adjuvant PCV over BCNU, there have been
several studies exploring the combination of
PCV with radiotherapy. The Medical Research
Council compared radiotherapy to radiother-

apy with PCV in patients with high-grade
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astrocytoma. This trial failed to show a sig-
nificant survival advantage in the PCV arm,
although the trend was toward improved sur-
vival with PCV (hazard ratio 0.86; 95% CI:
0.58-1.30) [18]. However, only 19% of patients
in this study had anaplastic astrocytomas with
the remainder having glioblastoma.

Recent updates of two large randomized tri-
als suggest a survival benefit with the addition
of PCV to radiotherapy particularly for patients
with 1p/19q codeleted anaplastic gliomas con-
taining an oligodendroglial component (either
pure anaplastic oligodendroglioma or mixed
anaplastic glioma). The EORTC study rand-
omized patients to radiotherapy with or without
five adjuvant five cycles of standard-dose PCV
following radiotherapy and showed an increase
in OS to 42.3 months with the addition of PCV
versus 30.6 months with RT alone (HR: 0.75;
95% CI: 0.60—-0.95) [19]. The RTOG 9402 study
randomized patients to dose-intense PCV fol-
lowed by radiotherapy versus radiotherapy alone
and did not result in significantly better OS with
median survival of 4.9 years with PCV versus

4.7 years without PCV (HR: 0.79; 95% CI:

0.60-1.04) [20]. On further subset analyses in
both studies based on 1p/19q codeletion status,
only the codeleted patients had improved OS
with combined PCV and radiation, which was
statistically significant in the RTOG 9402 study
(HR: 0.67; 95% CI: 0.50—0.91) and near signifi-
cant in the EORTC study (HR: 0.56; 95% CI:
0.31-1.03) [19.21].

Similar to the anaplastic glioma studies,
RTOG 9802 randomized patients with grade II
astrocytoma, oligodendroglioma or mixed oli-
goastrocytoma with high-risk features (age 240
or incomplete resection) to radiotherapy (54 Gy
in 30 fractions directed to the tumor volume
defined as FLAIR hyperintensity with a 2 cm)
or radiotherapy followed by six cycles of PCV.
After a median follow-up of 5.9 years, the 5-year
PES was 46% for radiation versus 63% for radia-
tion with PCV (p = 0.005) and the median OS
for the RT arm was 7.5 years but had not been
reached for the combined therapy arm. Therefore,
the addition of PCV to radiation again demon-
strated improvement in PES but has not shown
an improvement in OS at the present time [22]. It
was also noted that the separation of the survival

CATNON STUDY
(EORTC-26053, NCIC-CEC1, RTOG-0834,
EUDRACT-2006-001533-17, MRC-BR14)

Registration and randomization
1p/19q status: not co-deleted

Stratification: Ps, age, 1p LOH, oligodendroglial
elements, MGMT methylation

CODEL STUDY
(NCCTG-N0577, NCIC-CEC2, EORTC-26081-22086,
EUDRACT-2008-007295-14)

Registration and randomization
1p/19q status: co-deleted

%\

RT— PCV RT + TMZ — TMZ TMZ alone
(6 cycles) (6 cycles) (12 cycles)

Figure 2. Current study schemes for CATNON and CODEL studies of radiation and temozolomide

for anaplastic gliomas.
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curves for both PES and OS only presented after
2 years of follow-up suggesting that there is a
delayed benefit with PCV, and a larger OS benefit
is anticipated with longer follow-up. This predic-
tion was supported by a post hoc analysis that sug-
gested that for patients who have survived 2 years
in this study (n = 211), the rate of survival for an
additional 5 years was greater with PCV (74%)
than without PCV (59%) (p = 0.02).

Although many of the more recent studies have
emphasized investigation with PCV in combina-
tion with RT, a retrospective study reviewing the
outcomes of several prior RTOG trial regimens
demonstrated no difference in survival outcome
between BCNU and PCV in combination with
RT in patients with anaplastic astrocytomas [23].
Therefore, both PCV and BCNU likely have a
favorable impact but one chemotherapy regimen
is not likely superior to the other when used in
combination with radiotherapy.

e Temozolomide

Temozolomide is a well-tolerated chemothera-
peutic regimen with radiosensitizing properties
that has shown significant survival benefit in
a Phase III randomized study of patients with
glioblastoma. In this study, the addition of
temozolomide, concurrently with radiation and
adjuvantly for 6 months, resulted in an improve-
ment in median survival from 12.1 months to
14.6 months (p < 0.0001) and a doubling of
2-year survival from 10 to 26%. Based on these
promising results with glioblastoma and consid-
ering the mild toxicity profile even in combina-
tion with radiotherapy, the potential benefit of
adding temozolomide to radiation for low-grade
glioma is under investigation.

A Phase II study, RTOG 0424, evaluated a
Stupp-like regimen of radiation with concur-
rent and adjuvant temozolomide in 136 patients
with low-grade glioma with at least 3 high-risk
factors. The radiation treatment consisted of
conformal radiotherapy with 54 Gy delivered
in 30 fractions, and Temozolomide 75 mg/m?
was administered daily concurrently with radi-
otherapy over 6 weeks and then continued at
a dose of 150-200 mg/m? on days 1-5, every
28 days, for up to 12 cycles. This study has
reported promising results with a 3-year OS
rate of 73.1%. Although not an ideal con-
trol group, the OS of this study cohort was
reported to be higher than a historical control
group composed of patients enrolled on a prior

EORTC trial [24].
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There are several ongoing Phase III studies
evaluating the role of temozolomide in combi-
nation with radiation. (Table 1) The Intergroup
(ECOG, RTOG, NCCTG and SWOG)
Phase IIT study randomizes patients with grade
IT astrocytoma, oligodendroglioma or mixed
oligoastrocytomas to radiotherapy (50.4 Gy in
28 fractions) or radiotherapy with concurrent
and adjuvant temozolomide. Eligible patients
need to have at least one high-risk feature: head-
ache with mass effect, uncontrolled seizures
despite two anti-epileptic medications, focal
neurological or cognitive deficits, radiological
tumor progression or age >40. For grade III
gliomas, there are two tandem Phase III inter-
national studies attempting to evaluate the role
of temozolomide and radiotherapy as part of
initial therapy. Recognizing the prognostic and
predictive value of 1p/19q status, the two trials
are separated based on 1p/19q codeletion status,
while both studies enroll all histologies includ-
ing oligodendroglioma, astrocytoma or mixed
glioma. Patients who are not codeleted tend to
have a worse prognosis and require adjuvant radi-
otherapy, therefore the ‘CATNON’ study aims
to evaluate the benefit of adding temozolomide
by randomizing patients to radiotherapy with or
without concurrent daily temozolomide followed
by a second randomization to adjuvant temozo-
lomide for a total of 12 cycles. Patients who are
codeleted tend to have a better prognosis and are
more likely to response to temozolomide there-
fore the initial study design randomized patients
to temozolomide, radiotherapy and radiotherapy
in combination with temozolomide. However,
the compelling results of RTOG 9802 show-
ing benefit of combined PCV and radiotherapy,
particularly for patients with 1p/19q codeletion,
have raised discussions around the appropriate
control arm for this study and a major amend-
ment has recently been made to the study design
such that the control arm of radiotherapy alone
is now radiotherapy with PCV (Figure 2).
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