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ABSTRACT

The 2-year survival rate of patients with glioblastoma
accrued to research studies increased from 10% to
nearly 40% from 2000 to 2010. These improvements be-
gan with the demonstration of a survival benefit when
daily temozolomide was administered with 6 weeks of
standard radiation and for 6 months thereafter. This
treatment regimen is often associated with significant
lymphopenia, thrombocytopenia, and progressive
blood–brain barrier dysfunction that can result in clin-
ical and radiologic deterioration without true tumor
progression (“pseudoprogression”). With new evidence
that combining this cytotoxic agent with radiation im-
proves survival in this malignancy, many investigators
have modified the regimen to further improve patient

outcomes. These largely uncontrolled studies highlight
controversies regarding the optimal therapy of this dis-
ease. This review focuses on the following selected con-
troversies: (a) What is the appropriate temozolomide
dose, schedule, and duration in the postradiation pe-
riod? (b) How should other U.S. Food and Drug Admin-
istration–approved therapies (such as carmustine
wafers and bevacizumab) be incorporated into this
treatment regimen? (c) Should the results in glioblas-
toma be extrapolated to patients aged >70 and to patients
with lower grade gliomas? and (d) How should novel ther-
apeutic approaches be added to radiation and temozolo-
mide in clinical trials for patients with newly diagnosed
glioblastoma? The Oncologist 2011;16:351–358

INTRODUCTION

High-grade gliomas represent the largest fraction of the es-
timated 17,000 newly diagnosed primary brain tumors in
the U.S. Until recently, decades of clinical trials designed to
discover effective adjuvant chemotherapy regimens were
disappointing. A meta-analysis of data from 12 randomized
trials (with a total of 3,004 patients) demonstrated that ad-
juvant nitrosoureas generated slightly longer median sur-
vival times with considerable myelosuppression and no

difference in the long-term survival rate [1]. It is with this
background that the introduction of temozolomide (TMZ),
an oral alkylating agent, opened a new era in the treatment
and investigation of these tumors [2, 3].

THE STATE OF THE ART

The current treatment of patients with newly diagnosed gli-
oblastoma (GBM) is based on the results of the large Euro-
pean Organization for Research and Treatment of Cancer
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(EORTC)/National Cancer Institute of Canada (NCIC)
phase III multicenter study published in 2005 [2]. Five hun-
dred seventy-three patients from 85 centers who had un-
dergone surgery were randomized to receive either
radiotherapy (RT) alone (60 Gy in 30 2-Gy daily fractions
over 6 weeks) or the same RT plus daily low-dose TMZ at
75 mg/m2. This was followed by a treatment break of 4
weeks after which TMZ was administered at a dose of 150–
200 mg/m2 per day for five consecutive days each month
for a total of 6 months (Fig. 1). That study documented a
longer median survival time, 14.6 months, versus 12.1
months, when TMZ was added to RT. In addition, there was
a higher 2-year survival rate—26.5% in the combination
therapy group, versus 10.4% in patients only receiving RT.
A recently published analysis of long-term results demon-
strated that the survival advantage conferred by TMZ per-
sisted at 3 years (4.4% versus 16%), 4 years (3% versus
12.1%), and 5 years (1.9% versus 9.8%) [3]. A subgroup
analysis of these data was performed examining the extent
of the initial resection, age, recursive partitioning analysis
class, and O6-methylguanine methyltransferase (MGMT)
promoter methylation status. Survival in all subgroups was
longer in the combination therapy arm than in the RT mono-
therapy arm (Table 1) [3]. These randomized prospective
data are the first to demonstrate a significant and meaning-
ful survival benefit when a chemotherapeutic agent is given
in combination with RT in this disease. As a result, chemo-
radiation with TMZ followed by six cycles of TMZ as in the
EORTC/NCIC trial, constitutes the current standard of care
for the adjuvant treatment of GBM.

There are toxicities associated with this treatment regi-
men. Myelosuppression, in particular significant throm-
bocytopenia, observed in approximately 12%–20% of
patients, can substantially limit the amount of TMZ that can
be administered [2, 4]. Especially in the initial phase of
therapy when TMZ is being given daily in combination
with RT, platelet counts frequently continue to fall for
weeks after the drug is discontinued. As a result, most cli-

nicians hold further doses of TMZ when a platelet count
�100,000/�L is detected on a weekly blood count. Recent
data also suggest that the combination of RT, TMZ, and
dexamethasone has a profound effect on total lymphocyte
and CD4 counts, which requires prolonged Pneumocystis
jiroveci prophylaxis [5]. In addition, severe treatment-
related immunosuppression may be associated with early
tumor recurrence.

This regimen is also associated with treatment-related
injury to the blood–brain barrier. This is evident on mag-
netic resonance imaging (MRI) and computed tomography
scans as greater contrast enhancement, edema, and mass ef-
fect. In addition, it is frequently associated with clinical de-
terioration and a need for higher glucocorticoid doses to
control peritumoral edema. These findings, commonly re-
ferred to as “pseudoprogression,” have been seen in 20%–
30% of patients [6]. They are frequently noted on
neuroimaging studies performed 1 month following com-
pletion of RT and concurrent TMZ and may last for many
months thereafter. These early clinical and radiologic out-
comes are not usually sufficient to discontinue TMZ be-
cause this is the only treatment documented to prolong
survival in patients with GBM. Unfortunately, other radio-
logic studies, such as positron emission tomography or nu-
clear magnetic resonance spectroscopy, have not been
useful in this setting. As a result, in selected cases, tissue
may be required to distinguish treatment-related effects
from progressive neoplasm if clinically indicated.

Despite the observed improvement in survival, the
prognosis for patients with these tumors is still grim, and
virtually all patients die as a result of their disease. It is
therefore imperative to explore novel treatment options for
these patients. Some of the more important questions that
have been posed in recent years include: (a) What is the ap-
propriate TMZ dose, schedule, and duration in the post-RT
period? (b) How should other U.S. Food and Drug Admin-
istration (FDA)-approved therapies (such as carmustine
wafers and bevacizumab) be incorporated into this treat-
ment regimen? (c) Should the results in GBM be extrapo-
lated to patients aged �70 years and patients with lower
grade gliomas? and (d) How should novel therapeutic ap-
proaches be added to RT and TMZ in clinical trials for pa-
tients with newly diagnosed GBM?

DOSE, SCHEDULE, AND DURATION OF TMZ IN THE

POST-RT PERIOD

TMZ Dose and Schedule
There is little controversy about dosing 75 mg/m2 per day of
TMZ during the time of RT. Survival data supporting this
dose and schedule exist and the associated myelosuppres-

Figure 1. Current standard treatment schema (based on the
European Organization for Research and Treatment of Cancer/
National Cancer Institute of Canada design).

Abbreviations: RT, radiotherapy; TMZ, temozolomide.
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sion will likely not permit further dose intensity in this
portion of the treatment regimen. There is, however, uncer-
tainty about the optimal timing of TMZ prior to RT. Current

practice is to administer the TMZ 1 hour before RT. Micro-
dialysis data suggest that TMZ achieves a maximum con-
centration in the brain much later than this, suggesting that

Table 1. 5-year follow-up data from the EORTC/NCIC study
n of deaths/
patients

Hazard ratio
(95% CI)

Median (95% CI),
mos 2 yrs (%) 3 yrs (%) 4 yrs (%) 5 yrs (%)

Overall

Radiotherapy 278/286 1.0 12.1 (11.2–13.0) 10.9 (7.6–14.8) 4.4 (2.4–7.2) 3.0 (1.4–5.7) 1.9 (0.6–4.4)

Combined 254/287 0.6 (0.5–0.7) 14.6 (13.2–16.8) 27.2 (22.2–32.5) 16.0 (12.0–20.6) 12.1 (8.5–16.4) 9.8 (6.4–14.0)

Complete resection

Radiotherapy 109/113 1.0 14.2 (12.1–16.1) 15.0 (9.2–22.2) 5.3 (2.2–10.5) 4.4 (1.7–9.4) 2.9 (0.7–8.0)

Combined 96/113 0.8 (0.4–0.8) 18.8 (16.4–22.9) 38.4 (29.4–47.3) 21.4 (14.3–29.6) 15.9 (9.6–23.7) 9.9 (4.7–17.5)

Partial resection

Radiotherapy 126/128 1.0 11.7 (9.7–13.1) 9.4 (5.1–15.2) 3.7 (1.3–8.2) 2.5 (0.6–7.0) 1.2 (0.1–5.6)

Combined 113/126 0.6 (0.5–0.8) 13.5 (11.9–16.4) 23.7 (16.7–31.4) 14.3 (8.8–21.2) 11.3 (6.3–17.8) 11.3 (6.3–17.8)

Biopsy only

Radiotherapy 43/45 1.0 7.8 (6.4–10.6) 4.6 (0.8–13.7) 4.6 (0.8–13.7) 0 0

Combined 45/48 0.7 (0.5–1.1) 9.4 (7.5–13.6) 10.4 (3.8–20.9) 7.8 (2.3–17.9) 5.2 (1.0–14.8) 5.2 (1.0–14.8)

Age �50 yrs

Radiotherapy 83/88 1.0 13.6 (11.6–15.6) 14.8 (8.3–23.0) 6.5 (2.5–13.1) 4.9 (1.5–11.3) 4.9 (1.5–11.3)

Combined 79/95 0.6 (0.4–0.8) 17.4 (15.3–21.5) 34.7 (25.3–44.3) 25.4 (17.0–34.7) 20.1 (12.4–29.1) 17.0 (9.8–25.9)

Age �50 yrs

Radiotherapy 195/198 1.0 11.9 (10.6–12.6) 9.1 (5.6–13.7) 3.4 (1.4–6.7) 2.3 (0.8–5.2) 0.7 (0.1–3.5)

Combined 175/192 0.7 (0.5–0.8) 13.6 (11.8–15.1) 23.5 (17.7–29.7) 11.4 (7.3–16.5) 8.2 (4.7–12.9) 6.4 (3.2–11.0)

Age 50–60 years

Radiotherapy 109/111 1.0 12.0 (10.0–14.2) 11.8 (6.6–18.6) 4.2 (1.5–9.4) 2.1 (0.4–6.6) 1.1 (0.1–5.1)

Combined 101/109 0.7 (0.5–0.9) 14.6 (13.6–17.9) 24.8 (17.1–33.2) 11.0 (6.0–17.7) 8.0 (3.8–14.2) 6.4 (2.6–12.6)

Age �60 yrs

Radiotherapy 86/87 1.0 11.8 (10.4–12.7) 5.7 (2.1–12.0) 2.3 (0.4–7.2) 2.3 (0.4–7.3) 0

Combined 74/83 0.7 (0.5–0.97) 10.9 (8.9–14.9) 21.8 (13.5–31.2) 12.3 (6.1–20.8) 8.8 (3.6–16.9) 6.6 (2.1–14.7)

RPA class III

Radiotherapy 36/39 1.0 14.8 (11.1–17.0) 20.5 (9.6–34.2) 10.3 (3.3–22.0) 6.8 (1.5–18.3) 6.8 (1.4–18.3)

Combined 31/42 0.5 (0.3–0.9) 18.7 (16.4–36.0) 40.5 (25.7–54.7) 31.5 (17.8–46.2) 28.0 (14.8–42.9) 28.0 (14.8–43.0)

RPA class IV

Radiotherapy 146/150 1.0 13.3 (12.2–15.0) 11.3 (6.9–17.0) 4.1 (1.6–8.4) 3.3 (1.2–7.4) 1.6 (0.2–6.5)

Combined 136/152 0.6 (0.5–0.8) 16.3 (14.1–18.4) 29.1 (22.1–36.5) 15.8 (10.5–22.0) 11.3 (6.8–17.1) 8.9 (4.7–14.7)

RPA class V

Radiotherapy 96/97 1.0 9.1 (7.9–11.8) 6.3 (2.6–12.3) 2.1 (0.4–6.6) 1.0 (0.1–5.1) 0

Combined 87/93 0.7 (0.5–0.9) 10.7 (9.0–12.6) 18.2 (11.1–26.6) 9.9 (4.8–17.3) 6.8 (2.6–13.9) 3.4 (0.7–9.9)

MGMT
unmethylated

Radiotherapy 54/54 1.0 11.8 (10.0–14.4) 1.8 (0.1–8.6) 0 0 0

Combined 54/60 0.6 (0.4–0.8) 12.6 (11.6–14.4) 14.8 (7.2–25.0) 11.1 (4.7–20.7) 11.1 (4.7–20.7) 8.3 (2.7–18.0)

MGMT methylateda

Radiotherapy 43/46 0.5 (0.3–0.7) 15.3 (13.0–20.9) 23.9 (12.9–36.9) 7.8 (2.2–18.3) 7.8 (2.2–18.3) 5.2 (1.0–15.0)

Combined 37/46 0.3 (0.2–0.4) 23.4 (18.6–32.8) 48.9 (33.7–62.4) 27.6 (15.4–41.4) 22.1 (11.0–35.7) 13.8 (4.5–28.2)

Data are percentage survival (95% CI) unless otherwise stated.
aHazard ratio relative to radiotherapy unmethylated.
Abbreviations: CI, confidence interval; EORTC/NCIC, European Organization for Research and Treatment of
Cancer/National Cancer Institute of Canada; MGMT, O6-methylguanine methyltransferase; RPA, recursive partitioning
analysis.
Reprinted with permission from Stupp R, Hegi ME, Mason WP et al. Effects of radiotherapy with concomitant and adjuvant
temozolomide versus radiotherapy alone on survival in glioblastoma in a randomised phase III study: 5-year analysis of the
EORTC-NCIC trial. Lancet Oncol 2009;10:459–466, copyright Elsevier 2009.
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results might be improved by providing TMZ hours before
RT is administered [7]. Further studies to optimize the best
possible timing are needed.

Significant controversy exists regarding TMZ doses and
schedules in the period following chemoradiation. Data
from single-arm studies suggest that alternative TMZ dose
schedules that provide a longer exposure and a higher cu-
mulative dose might be more efficacious. This approach is
designed to increase the depletion of MGMT, which could
render cells more susceptible to the cytotoxic effect of TMZ
[8]. The proposed regimens are a protracted low-dose
schedule of TMZ (75 mg/m2 for 21 days of each 28-day cy-
cle), daily administration of TMZ at a lower dose (e.g., 50
mg/m2, “metronomic” schedule), and a so-called “dose-
dense” regimen, with high-dose TMZ at 150 mg/m2, 1 week
on/1 week off.

The more dose-intense TMZ schedule of 75 mg/m2

daily for 3 weeks followed by 1 week off was tested in an
Italian phase II trial on 33 chemotherapy-naïve patients
with recurrent or progressive GBM that showed a 6-month
progression-free survival rate of 30%. That study also dem-
onstrated a high rate of lymphopenia and associated infec-
tions. The MGMT promoter methylation status was not
associated with a difference in survival [9]. Profound lym-
phopenia was also reported in another trial looking at this
treatment schedule, with a dose of 100 mg/m2, in the setting
of recurrent disease [10]. A phase II trial of 90 patients with
recurrent gliomas using the dose-dense schedule was feasi-
ble and safe and showed similar activity in patients with and
without MGMT gene promoter methylation [11]. One ran-
domized phase II trial compared chemoradiation followed
by either a dose-dense (150 mg/m2, 1 week on/1 week off)
or metronomic (50 mg/m2 daily) 6-month course of TMZ
[12]. The toxicity in both arms appeared to be reasonably
similar and the 1-year survival rate appeared favorable in
the dose-dense treatment arm.

To date, there has been one randomized trial in chemo-
therapy-naïve patients with recurrent high-grade gliomas
that directly compared a 5-day/month regimen (200 mg/m2

for 5 days every 28 days) with a metronomic schedule with
TMZ (100 mg/m2 daily for 21 days). Patients were random-
ized to receive either chemotherapy with procarbazine, lo-
mustine, and vincristine (PCV) or TMZ; patients who
received TMZ were randomized to either the 5-day or the
21-day schedule. Among the patients who received TMZ
(223 patients in both arms combined), the data showed the
superiority of the 5-day schedule with regard to overall pro-
gression-free survival and median survival times (p � .023
and p � .056, respectively), and a quality of life assessment
also favored the 5-day over the 21-day schedule of TMZ
(p � .005) [13]. Additional information on how more in-

tense treatment schedules compare with the current stan-
dard of care (150–200 mg/m2 on days 1–5 of each cycle)
will be definitively provided by an ongoing trial by the Ra-
diation Treatment Oncology Group (RTOG0525). This is a
randomized comparison between the metronomic regimen
of adjuvant TMZ (given on days 1–21 of each 28-day cycle)
and conventional dosing (days 1–5 of each adjuvant cycle)
in newly diagnosed GBM patients. Recruitment is complete
and the analysis is currently pending.

Duration of Chemotherapy
Another controversy exists regarding the duration of adju-
vant therapy in newly diagnosed patients. Although six cy-
cles of adjuvant TMZ were used in the EORTC/NCIC trial,
there are significant differences in real practice, and some
clinicians recommend longer durations of therapy. To date,
no trial has compared the different durations of therapy in a
randomized fashion. The rationale for maintenance treat-
ment is that residual disease is expected in virtually all pa-
tients, and it is hoped that additional cycles could delay
recurrence. However, ample experience with chemother-
apy in other solid tumors suggests that the maximum ben-
efit in terms of tumor cell kill is achieved with the first two
to four cycles of chemotherapy. In no other solid tumor has
the administration of cytotoxic chemotherapy continued
“until disease progression” been beneficial in improving
overall survival. This is reflected in common clinical prac-
tice and guidelines for a variety of other solid tumors (http://
www.nccn.org). As a result, adjuvant chemotherapy is
usually prescribed for a defined period, usually lasting 4–6
months, to avoid additional toxicity when there are no data
documenting added benefit to continued therapy.

HOW SHOULD OTHER FDA-APPROVED THERAPIES

(SUCH AS CARMUSTINE WAFERS AND

BEVACIZUMAB) BE INCORPORATED INTO THIS

TREATMENT REGIMEN?

Carmustine Wafers
The implantation of carmustine polymer wafers (Gliadel�;
Eisai Inc., Woodcliff Lake, NJ) after surgical resection is an
FDA-approved treatment option that facilitates local deliv-
ery of BCNU [14]. Two hundred forty patients with newly
diagnosed anaplastic astrocytomas and GBMs were ran-
domly assigned to placement of up to eight carmustine or
placebo wafers followed by standard RT with no concurrent
or adjuvant chemotherapy. Patients on the carmustine arm
had a statistically significant longer median survival time,
13.9 months (versus 11.6 months), without a demonstrable
difference in survival at 2 years [15]. More impact was ob-
served in patients with anaplastic astrocytomas than in pa-
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tients with GBMs. Toxicities included an increase in
cerebrospinal fluid leak, intracranial hypertension, and po-
tentially serious cerebral edema [16]. Comparing the out-
comes in patients with GBM in the carmustine wafer and
EORTC/NCIC TMZ trial, both studies showed a benefit in
terms of the median survival duration, but only the EORTC/
NCIC data demonstrated a difference in the survival rate at
2–5 years (Table 1). Based on this, it can be concluded that
carmustine wafers should not be used in lieu of TMZ in
newly diagnosed GBM patients. The question of whether
carmustine wafers can be safely added to standard treat-
ment has been studied. A retrospective study of 33 patients
who received carmustine wafers in addition to standard
chemoradiation suggested that the treatments can be com-
bined safely. The median survival duration of these pa-
tients, who, by definition, all had extensive surgical
debulking, was nearly 21 months [17]. A large prospective
randomized trial is needed to clearly document the added
survival benefit of carmustine wafers to standard therapy in
this patient population.

Bevacizumab
Bevacizumab received provisional accelerated approval by
the FDA in 2009 in the U.S., but not in Europe, for patients
with recurrent GBM based on radiologic and clinical im-
provement without data on survival prolongation [18]. The
effect of this agent on the survival of patients with newly
diagnosed GBM is currently the focus of two large phase III
trials that are accruing patients. The early use of bevaci-
zumab in these patients deserves careful study in light of the
risks for wound healing, bleeding, and blood clots, and re-
cent data suggesting greater invasiveness of GBM when
treated with anti–vascular endothelial growth factor ther-
apy [19, 20]. Furthermore, survival, rather than response or
progression-free survival, is required as the primary end-
point for these studies because the effect of bevacizumab on
blood–brain barrier permeability is dramatic and directly
affects the appearance of MRI scans. Additional concerns
on the upfront use of this agent center on the recurrence of
brain edema once the agent is discontinued and the lack of
responsiveness and poor survival of patients progressing on
bevacizumab.

PATIENT SELECTION

Should the Results in GBM Be Extrapolated to
Patients Aged >70 Years?
High-grade gliomas, in particular GBM, are diseases of the
middle-aged to elderly, with most patients diagnosed in
their seventh decade of life. In the EORTC/NCIC trial, the
age limit was �70 years, with median ages of 57 in the RT

arm and 56 in the RT plus TMZ arm [2]. Nonetheless, look-
ing at the 5-year survival data from that trial, it was found
that, even though the overall survival time in older patients
was worse than in younger subgroups, there was still a sig-
nificant survival benefit in the cohort treated with combi-
nation therapy, compared with RT alone [3]. There are
limited data on the treatment of high-grade gliomas in the
elderly.

Many investigators, concerned about added toxicity in
the elderly, have studied reducing the intensity of RT or
chemotherapy in this population. A randomized French
trial comparing RT (total dose, 50 Gy) plus supportive care
with supportive care alone in patients aged �70 years
showed a modestly longer survival time with RT without
significant differences in cognitive function or quality of
life [21]. Other groups evaluated whether chemotherapy or
RT might be a superior treatment for these patients, assum-
ing that combination therapy might be too toxic for elderly
patients with these tumors. Two recent European studies,
presented at the 2010 Annual Meeting of the American So-
ciety of Clinical Oncology, that compared RT with single-
agent TMZ showed conflicting results. The Nordic Brain
Tumor Study Group trial looked at outcomes in GBM pa-
tients aged �60 years treated in three different treatment
arms—RT alone at a dose of 60 Gy, RT alone at a dose of 34
Gy, and single-agent TMZ for six cycles [22]. The overall
survival duration was not statistically different when look-
ing at all patients; however TMZ alone appeared to be
superior to RT in patients aged �70 years. The Neuroon-
cology Working Group of the German Cancer Society
looked at GBM patients aged �65 years [23]. Patients were
randomized to either high-dose TMZ (100 mg/m2 per day,
every other week until treatment failure) or RT alone. In
comparison with the Nordic trial, however, this study sug-
gested that daily TMZ, given every other week, was supe-
rior to RT, although TMZ appeared to be more toxic. None
of these three trials, however, included a direct comparison
with combined chemoradiation with TMZ followed by six
cycles of TMZ. Based on the assumption that combination
therapy might be more toxic in elderly patients, the ongoing
EORTC26062/NCIC-CE6 trial is comparing concomitant
short RT (40 Gy over 15 days) and TMZ with short RT
alone, followed by adjuvant TMZ in both treatment arms.
Also in this trial, there is no direct comparison with the
Stupp regimen, and conclusions will need to be drawn from
a historical comparison. Survival appears substantially in-
ferior with single-modality chemotherapy or irradiation to
that seen with combination therapy in elderly patients [3,
24, 25].

One important question is how to best identify patients
who would be expected to tolerate combined therapy and
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whether it would be better to define and use criteria for fit-
ness and frailty than to select therapies just based on chro-
nological age. Although the reported rates of acute
toxicities do not seem much different between younger and
older patients, the elderly may have a higher rate of delayed
cognitive decline [25]. There are data suggesting that
MGMT promoter methylation status in elderly patients has
a similar distribution and prognostic importance to those
seen in younger patients [24, 25]. Although testing the
MGMT promoter methylation status in younger patients
(outside a clinical trial) currently does not influence the de-
cision about which treatment the patient should receive, this
might be a helpful adjunct in elderly, more frail patients in
whom the risks and benefits of adding TMZ need to be
weighed with particular caution.

Based on the currently available data, however, the
Stupp regimen remains the standard of care for all patients
aged �70 years, and probably all patients, regardless of
age, who appear fit enough to undergo this therapy.

Should Data from GBM Patients Be Extrapolated
to Patients with Lower Grade Gliomas?
Another controversy is whether newly diagnosed patients
with anaplastic astrocytomas, anaplastic oligodendroglio-
mas, or anaplastic oligoastrocytomas should be treated with
the same initial regimen as GBM patients. To date, there has
not been any high-level evidence comparing the outcome of
combined chemoradiation with that of TMZ in these pa-
tients. Two previous phase III trials that looked at the role of
PVC chemotherapy in anaplastic oligodendroglial tumors
demonstrated a longer progression-free survival time; how-
ever, there was no difference in overall survival and treat-
ment was associated with significant hematologic toxicity
[26, 27]. These trials did not include a treatment arm with
concomitant RT and TMZ, and the interpretation was com-
plicated by the interim discovery of the favorable implica-
tion of codeletion of 1p and 19q on treatment response and
prognosis. Because the survival rate of patients with ana-
plastic oligodendrogliomas with codeletion of 1p and 19q is
significantly better than the survival rate of patients with
GBM, the potential benefit of combination therapy needs to
be carefully weighed against the risk from potentially added
long-term toxicity. There are currently two ongoing inter-
national trials investigating the role of combined therapy
with TMZ in anaplastic glioma patients. The N0577/
EORTC 26081–22086 trial, including only patients with
anaplastic gliomas with 1p–19q codeletion, is comparing
three different upfront treatment arms: RT alone versus
chemoradiation followed by six to 12 cycles of TMZ (Stupp
regimen) versus chemotherapy alone (12 months of TMZ).
The EORTC26053–22054/RTOG0834 (CATNON) trial is

randomizing patients with anaplastic gliomas without 1p–
19q codeletion to either upfront chemoradiation or RT
alone with or without adjuvant TMZ. Accrual to these stud-
ies began recently. A German trial (NOA-4) is evaluating
sequences of different monotherapies in a four-arm model
with either RT or chemotherapy first (with randomization
of chemotherapy to either PCV or TMZ), followed by the
other treatment modality at the time of progression [28].
Comparison with combined therapy with RT and TMZ,
however, was not part of this study, which limits the con-
clusions from this trial.

In the U.S., patients with anaplastic gliomas are often
treated with the same initial therapy as GBM patients. This
may complicate accrual to these very important clinical
trials.

The same considerations also apply to patients with
grade II gliomas. Randomized controlled trials are needed,
such as the Eastern Cooperative Oncology Group study
E3F05, which aims to compare outcomes of treatment with
RT with or without TMZ in patients with symptomatic or
progressive low-grade gliomas.

HOW SHOULD NOVEL THERAPEUTIC AGENTS BE

ADDED TO RT AND TMZ IN CLINICAL TRIALS FOR

PATIENTS WITH NEWLY DIAGNOSED GBM?
Prior to 2005, novel agents studied in patients with newly
diagnosed GBM were often added to RT or started after the
completion of RT, with overall survival as the primary end-
point. However, with the demonstration of a survival ben-
efit from TMZ administered with and following RT, the
introduction of new agents requires a more complex devel-
opment pathway. Cytotoxic agents could increase the my-
elosuppression associated with TMZ resulting in reductions
in TMZ doses that could compromise survival. As a result,
these agents usually need to be studied in dose-escalation
trials with TMZ before an efficacy study is considered. As a
complicating factor, the standard RT plus TMZ regimen
contains two separate TMZ dosing schedules (Fig. 1). The
daily dose administered with RT is 75 mg/m2 for 42 days,
whereas the adjuvant portion is given at a dose of 150–200
mg/m2 for five consecutive days each month. The novel cy-
totoxic agent will need to be evaluated in each of these set-
tings before it can be added to both segments of therapy in
patients with newly diagnosed GBM. Noncytotoxic agents
without overlapping toxicities with RT and TMZ can be
considered differently. Adding these directly to the stan-
dard RT and TMZ regimen has been safe with selected non-
cytotoxic agents—talampanel [29], cilengitide [30], poly-
ICLC [31], bevacizumab, hydroxychloroquine, erlotinib,
etc. Caution is recommended in comparisons of single-arm
phase II trials of novel agents added to RT and TMZ and the
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published results of the EORTC/NCIC trial. Several of
these new studies show dramatically better median and
2-year survival data, which could be a result of the effects of
the new agents or better results with the standard therapy in
2010 than in 2004, with better salvage therapy, patient se-
lection, and supportive care [29–32]. These survival ques-
tions will be answered shortly by looking at the survival
time of patients on the control arm of several large random-
ized phase III trials in GBM.

CONCLUSIONS

Significant progress has been made in the treatment of high-
grade gliomas over the past 10 years. The current standard
of care for patients with GBM remains concomitant chemo-
radiation with TMZ at 75 mg/m2 followed by 6 months of
adjuvant TMZ at 150–200 mg/m2 on days 1–5 of each 28-
day cycle. Carmustine wafers can be used safely in combi-
nation with standard RT and TMZ in appropriate patients.

Until more data are available, bevacizumab is best used
only as a part of a research study in newly diagnosed pa-
tients with GBM. Patients aged �70 years should probably
be treated in a fashion similar to all other patients and deci-
sions about the treatment regimen should be made based on
the patient’s individual morbidity and frailty rather than
chronological age alone. The role of adding TMZ to RT in
grade III and grade II tumors needs to be determined by ran-
domized phase III trials before being adopted as an interna-
tional standard. Further progress in the treatment of these
malignancies requires carefully designed and conducted
clinical trials.
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