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At the conclusion of this activity, 
participants should be able to:

• Understand use of temozolomide 
in management of newly 
diagnosed glioblastoma.

• Describe the applicability of 
molecular studies in glioblastoma 
case management.

• Evaluate investigational 
treatments for glioblastoma and 
the clinical trials examining their 
effi cacy and safety.
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Glioblastoma is a rare and deadly disease that until recently 

had few effective therapeutic options. Concomitant with 

therapeutic improvements, comprehension of the complexity 

of this multi-faceted disease is increasing. Researchers are 

slowly fi nding numerous mechanisms at the molecular level 

that seem to be involved in glioblastoma’s progression and 

resistance to treatment. The National Comprehensive Cancer 

Network recommends that the best management for patients 

with cancer is participation in clinical trials. This is particularly 

apparent with glioblastoma. However, the rarity of the disease 

has placed constraints on performing large clinical trials. 

Some of these constraints were overcome when the Radiation 

Therapy Oncology Group (RTOG) successfully designed and 

performed an international phase 3 clinical trial, RTOG 0525, 

which examined more than 800 patients with newly diagnosed 

glioblastoma. 

This monograph will review the results of the RTOG 0525 

trial, in which a dose-intense schedule of temozolomide was 

compared to standard dose. Other treatment modalities that 

are currently being investigated, such as targeted agents and 

immunotherapy, are also discussed in this monograph. Expert 

commentary on these studies is provided in interviews with 

leading clinicians. Through analysis of clinical trials that are 

underway, this monograph will allow insight into the future for 

glioblastoma therapy.
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Overview
Glioblastoma is a rare but devastating disease. A variety of treatment modalities are being examined 
to improve survival in patients with this diffi cult cancer. Clinicians who treat glioblastoma must be 
aware of emerging data on these investigational therapies. 

Glioblastomas are notoriously diffi cult to manage, 
requiring coordinated efforts that frequently pro-
duce suboptimal results. In addition to treatment 

limitations, biological factors contribute to the challenge 
of developing effective treatment for glioblastomas. Stud-
ies suggest that this tumor, similar to other cancers, does 
not follow the traditional oncologic format of a repopulat-
ing tumor clonogen that undergoes accelerated repopula-
tion after treatment.1 Instead, researchers believe that this 
cancer is driven by a subpopulation of cancer stem cells 
that is uniquely resistant to radiation and chemotherapy, 
and is capable of regrowing after these treatments. 

Although treatment advances have been made, a sig-
nifi cant majority of patients with glioblastoma succumb 
to the disease. Historically, conventional treatment for 
glioblastoma included surgical resection followed by 
radiation therapy. The value of this combined approach 
was supported by clinical trial data showing that the ad-
dition of radiotherapy prolonged survival to 9 months 
compared with 3 months with no treatment.2,3 However, 
both radiotherapy and surgery have limitations. 

Radiotherapy
When undergoing radiotherapy, radiation injury can 

occur to normal brain tissue if the dosage exceeds treat-
ment threshold dose. Newer techniques allow minimiza-
tion of the dose delivered to normal brain tissue, focus-
ing on enhancing the radiation dose to the tumor itself. 

Developing methods to further improve targeted delivery 
of radiation is another research opportunity.

Surgery
Advancements in surgical techniques have reduced 

postoperative complications. However, complete surgical 
resection of the tumor is diffi cult due to infi ltration of tu-
mor cells into the normal brain parenchyma in essentially 
all patients. Extent of resection has been associated with 
survival. For example, data from a retrospective analysis 
of 416 consecutive patients with glioblastoma revealed a 
survival advantage with resection of 98% or more of the 
tumor volume compared with patients with resections of 
less than 98% (median survival 13 months vs. 8.8 months; 
P � .0001).4 The current recommendations, therefore, are 
to achieve as extensive a resection as possible, while pre-
serving neurologic function. The search for new surgical 
modalities that allow more accurate identifi cation of the 
tumor at the time of surgery and more complete resection 
is also an ongoing area of research. For example, studies 
have shown that a signifi cantly larger number of complete 
resections (defi ned as absence of contrast-enhancing tu-
mor on early postoperative MRI) could be achieved us-
ing fl uorescence-guided resections with 5-aminolevulinic 
acid (ALA)-induced tumor fl uorescence compared with 
conventional microsurgery (65% vs. 36%, P < .001).5 

The primary prognostic tools during the era of treat-
ment with surgery followed by radiotherapy were the 

Glioblastoma: Current Status 
of Treatment
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extent of surgical resection and use of adjuvant radiation. 
In the early 1990s, data from more than 1,500 patients 
in the Radiation Therapy Oncology Group (RTOG) ra-
diation clinical trials were used to develop six recursive 
partitioning analysis (RPA) classes, which had been 
shown to have prognostic signifi cance.6 Prognostic fac-
tors included age, histology, mental status, Karnofsky 
performance status (KPS), symptom duration, extent of 
surgery, neurological class, and radiation therapy dose. 
RPA class has become a standard stratifi cation variable 
in glioblastoma randomized controlled trials, providing 
important baseline balance among treatment groups.

Chemotherapy
Research efforts to develop effective chemotherapy 

were largely unsuccessful until recently.3 Agents were not 
active in the disease, or those that showed activity were 
prevented from having adequate penetration into and 
around the tumor by the blood-brain barrier. Although the 
blood-brain barrier may be compromised in the immedi-
ate vicinity of the tumor where microscopic penetration of 
the disease into normal brain parenchyma occurs, the in-
tact blood-brain barrier allows a signifi cant compartment 
of the tumor to go unchallenged by chemotherapy. 

Current Standard of Care for Newly 
Diagnosed Glioblastoma 

In 2005, researchers reported results from the land-
mark study of the oral alkylating agent temozolomide, 
performed by the European Organisation for Research 
and Treatment of Cancer (EORTC) Brain Tumor and 
Radiotherapy Groups and the National Cancer Insti-
tute of Canada (NCIC) Clinical Trials Group. In that 
study, 573 patients with newly diagnosed glioblastoma 
were randomly assigned to receive radiotherapy with or 
without continuous daily temozolomide (75 mg/m2 of 
body surface area) throughout radiotherapy followed by 
6 cycles of adjuvant temozolomide (150 to 200 mg/m2 
for 5 days of each 28-day cycle).7 At a median follow-
up of 28 months, the median survival was 14.6 months 
with radiotherapy plus temozolomide and 12.1 months 
with radiotherapy alone. The unadjusted hazard ratio 
(HR) for death in patients receiving radiotherapy plus 
temozolomide was 0.63 (95% confi dence interval [CI], 
0.52-0.75; P � .001). Five-year follow-up data supported 
the signifi cant survival advantage conferred by the ad-
dition of temozolomide to radiotherapy, with an overall 

survival of 9.8% in patients treated with temozolomide 
compared with 1.9% in patients treated with radiotherapy 
alone (P � .0001).8   

These survival data resulted in the adoption of this 
regimen as the glioblastoma standard of care.9 In Eu-
rope and Canada this adjuvant therapy continues to be 
provided for 6 cycles, while many centers in the United 
States continue treatment for 12 cycles. This advance-
ment marked the entry of a chemotherapeutic agent into 
routine glioblastoma management. 

Safety profi le of temozolomide
Temozolomide is a well-tolerated medication. In the 

initial study of the temozolomide regimen, toxic effects 
were reported as the reason for discontinuation of therapy 
in 5% and 8% of patients during concomitant temozolo-
mide/radiotherapy and adjuvant therapy periods, respec-
tively.7 The most common side effects from temozolomide 
are fatigue and constipation. Rarely, myelotoxicity or a re-
duction in blood counts can occur. 

Being able to predict the small number of patients 
who may have myelotoxicity is an important objective 
because although myelotoxicity is rare, when it does oc-
cur, it can be clinically signifi cant and cause treatment 
delays. In addition to clinical factors such as age and sex, 
molecular screening of single nucleotide polymorphisms 
(SNPs) and O6-methylguanine-DNA methyltransferase 
(MGMT) enzyme activity in peripheral blood mononu-
clear cells is being explored as a possible method to de-
termine patients at risk for myelotoxicity, and for whom 
therapy should be altered. 
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Notwithstanding the undeniable progress made in 
recent years in the treatment of glioblastoma, de-
veloping improved treatment regimens that will 

further increase patient survival is an ongoing challenge. 
Building on previous results, the Radiation Therapy On-
cology Group (RTOG) conducted a major randomized 
controlled trial of management strategies in newly diag-
nosed glioblastoma to determine the effect of dose-dense 
postradiation temozolomide.1 The primary objective of 
this study, RTOG 0525, was to determine if dose-inten-
sifying the postradiation temozolomide component of a 
chemoradiation regimen (extending treatment from 5 days 
to 21 days during each 28-day cycle) improved overall 
survival (OS). Secondary objectives included assessment 
of 1) the effect of the dose-intense temozolomide on pro-
gression-free survival (PFS); 2) the effect of dose-intense 
temozolomide on both OS and PFS in patient subgroups 
based on O6-methylguanine-DNA methyltransferase 
(MGMT) methylation status; 3) toxicity profi les; and 
4)  symptom burden, neurocognitive function, and health-
related quality of life.2,3 

Results of this trial were 
presented at the American 
Society of Clinical Oncol-
ogy (ASCO) 2011 Annual 
Meeting in Chicago, IL.

This RTOG study was 
an open-label, collaborative 
trial between the RTOG, 
the European Organisation for Research and Treatment 
of Cancer (EORTC), and the North Central Cancer Treat-
ment Group (NCCTG).1,3 

Sample size determination was based on achiev-
ing an improvement in median OS from 14 months to 
17.6 months, equivalent to a hazard ratio of 0.87. A to-
tal of 750 randomized patients were required to achieve 
80% power of detecting the expected difference in OS 
with 4 interim and 1 fi nal analyses, with a one-sided 
type 1 error of 2.5%.3

Participants were required to have a centrally con-
fi rmed diagnosis of glioblastoma or gliosarcoma based 
on World Health Organization (WHO) grade IV criteria 
with no other recent malignancy and adequate hema-
tologic, renal, and hepatic function.3 They also were to 
consent to submission of their tissue. The tumor was re-
quired to have a supratentorial component.3 Participants 

were required to be neurologically stable with adequate 
tissue for prospective MGMT analysis. Eligibility crite-
ria also included age � 18 years, Karnofsky performance 
status (KPS) � 60%, tissue block with � 1 cm2 tumor, 
and recursive partitioning analysis (RPA) class III, IV, or 
V (class VI was excluded). 1,3

Considering possible exclusions, an accrual goal of 
1,153 patients was established. Between January 2006 
and June 2008, 1,173 patients were accrued and assessed 
for eligibility. Of these, 1,125 were suitable for random-
ization (Figure, page 6). Inadequate tissue and early dis-
ease progression were the most frequent reasons for non-
randomization. Eight hundred thirty-three patients were 
randomized from the total 1,173 accrued.1 There were no 
signifi cant demographic or clinical differences between 
the 2 groups at baseline (Table 1, page 7).

Both groups received the standard concomitant radiother-
apy and temozolomide for 6 weeks prior to randomization. 
Patients randomized to the standard-dose group (n  =  411), 
received 150 mg/m2 to 200 mg/m2 temozolomide on days 

1 through 5 of a 28-day cycle. 
Group 2, the dose-intense 
group (n = 422), received 
75 mg/m2 to 100 mg/m2

temozolomide on days 1 
through 21 of a 28-day cycle. 
Patients in both groups were 
given 6 to a maximum of 
12 cycles of adjuvant radio-

therapy.1,3 Patients were stratifi ed according to 3 factors: 
1) RPA class (III, IV, or V); 2) MGMT methylation (methyl-
ated, unmethylated, or not determined); and 3) radiation type 
(European vs. United States).3 

Results of this trial were presented at the 2011 ASCO  
Annual Meeting by Mark R. Gilbert, MD, of the MD An-
derson Cancer Center in Houston, TX (Table 2, page 8).1,3 

There was no statistically signifi cant difference between 
the 2 treatment arms in terms of median OS (16.6 months 
vs. 14.9 months; P = .63) median PFS (5.5 months vs. 
6.7 months; P = .06), or methylation status.1 However, 
MGMT methylation was associated with improved OS 
(21.2 months vs. 14 months; P � .0001), PFS (8.7 months 
vs. 5.7 months; P � .0001) and response (P = .012). Cox 
modeling showed that MGMT status and RPA class were 
signifi cant predictors of OS while the treatment arm and 
radiation technique (EORTC vs. RTOG) were not.1

RTOG 0525: Examining the Effects of 
Dose Intensifi cation on Survival

Despite the undeniable progress made 
recently in the treatment of glioblastoma, 
developing improved treatment regimens 
that will further increase patient survival is 
an ongoing challenge.
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Both treatment arms were well-tolerated, and the ma-
jority of patients either completed therapy or stopped 
because of progressive disease, not because of treatment-
related toxicity. However, during the postradiation phase, 
there was a statistically signifi cant increase in grade 3, 
grade 4, and grade 5 toxicity in the dose-intense treat-
ment group compared with the group on standard treat-
ment (194 vs. 120; P � .0001).3 Most of the difference 
was due to lymphopenia (107 vs. 51) and fatigue 
(33 vs. 12; Table 3, page 8). Despite the incidence of 
lymphopenia, there was not an increase in opportunistic 
infections in the dose-intense group compared with the 
standard-dose group. 

Molecular Markers Substudy
In a substudy of RTOG 0525, a set of molecular markers 

in glioblastoma was evaluated.4 The rationale for the study 
was that there are variations in outcomes among patients with 
newly diagnosed glioblastoma that are not well-explained, 
and although survival markers for glioblastoma exist, they 
currently do not have a major impact on clinical practice. In 
this study, molecular biomarkers were combined into a sin-
gle panel, and it was assessed whether the combination had 

a greater impact compared with single-marker analysis. Re-
sults of this substudy were also presented at the 2011 ASCO 
Annual Meeting by Kenneth D. Aldape, MD, of the MD An-
derson Cancer Center in Houston, TX.4

Four types of biomarkers were assessed in this study, 
namely the isocitrate dehydrogenase 1 (IDH1) muta-
tion, the CpG island methylator phenotype, MGMT 
methylation, and a new version of an mRNA predictor 
that was developed for this study. This biomarker panel 
was tested on a training set of retrospectively collected 
samples at the MD Anderson Cancer Center. A statisti-
cal model was developed and then applied to samples 
from the RTOG 0525 trial.4

The mRNA panel was validated on a prior 9-gene 
set,5 verifying that this panel is, in fact, prognostic. Af-
ter the development of this 9-gene set, additional micro-
array data became available from the Cancer Genome 
Atlas as well as other sources. With this additional data, 
a list of 384 survival genes was identifi ed. Real-time 
PCR assays for these genes were performed on archival 
formalin-fi xed paraffi n-embedded glioblastoma sam-
ples. This led researchers to pare down to a 19-gene list 
(Table 4, page 9), 16 of which were overexpressed in 

Figure. RTOG 0525: Enrollment and Randomization

Assessed for eligibility
(n = 1,173)

Suitable for 
randomization

(n = 1,125)

Randomized
(n = 833)

Arm 2: Dose-intense
(n = 422)

Arm 1: Standard dose
(n = 411)

Not randomized
(n = 292)
Insufficient tissue: 144
Tumor progression: 48
Patient refusal: 19
Death: 18
Physician preference: 15
Toxicity: 10
Other: 38

Cases excluded
(n = 48)
No tissue (n = 30)
Not GBM (n = 6)
Scan issue (n = 3)
Multifocal (n = 3)
IMRT used (n = 2)
Ineligible lab results (n = 2)
Error with tissue (n = 2)

Enrolling 1,173 patients, RTOG 0525 was one of the largest brain tumor clinical trials.
Key: GBM — glioblastoma; IMRT — intensity-modulated radiation therapy

Source: Gilbert MR, et al. Presented at: American Society of Clinical Oncology 2011 Annual Meeting; Chicago, IL; Abstract 2006.
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unfavorable survivors, and 3 were 
expressed in favorable survivors. 
Seven genes from the previous 
9-gene list were included; 5 were 
overexpressed in unfavorable sur-
vivors, 2 were overexpressed in 
favorable survivors. 

The MGMT assay was revised for 
this study. Twenty-two methylation-
specifi c PCR assays (MSPs) were 
designed along the CpG island of 
the MGMT regulatory region and 
used to test a set of samples from 
MD Anderson. From this a set 
of MGMT assays that appeared 
prognostic were developed.4

The CpG island methylator 
phenotype (CIMP) is a concor-
dant methylation of a defi ned set 
of CpG sites. This phenotype is 
common in lower-grade gliomas, 
but also occurs in 5% to 10% of 
glioblastomas, and is associated 
with improved prognosis.6 Data 
from the training set suggested 
that tumors could be divided into 
3 groups based on the CIMP phe-
notype: CIMP-negative, CIMP-
intermediate, and CIMP-positive.4 

CIMP-positive tumors are con-
cordant with IDH1 mutations, but 
there are exceptions.6 Therefore, 
both CIMP and IDH1 biomarkers 
were investigated in this study.4 

This panel of biomarkers was 
applied to 254 samples from a 
retrospectively collected archive 
at MD Anderson. Results demon-
strated that patients with the IDH1 
mutation were associated with fa-
vorable prognosis, as previously 
demonstrated. Patients could be divided into 3 groups 
based on CIMP phenotype: CIMP-negative patients 
were associated with poor prognosis, CIMP-positive 
patients with good prognosis, and CIMP-intermediate 
patients with intermediate prognosis. Patients could also 
be divided into 3 survival groups based on MGMT status 
(favorable, intermediate, and unfavorable). With regard 
to the mRNA panel, mRNA scores were consolidated into 
4 survival groups. Good survival discrimination was ob-
served between the 2 groups with favorable patient out-
comes and the 2 groups with unfavorable patient outcomes.4

These 4 biomarkers were combined into a single panel.4 
Each biomarker had 2, 3, or 4 possible outcomes. Thus there 
were 72 possible biomarker combinations that any given 
sample could have. These combinations were consolidated 
into 4 survival groups by recursive partitioning analysis. The 
most favorable survival group had a very positive outcome 
compared with the other 3 less favorable survival groups. 
The 4-biomarker set demonstrated improved survival asso-
ciation as compared with any of the single biomarkers. 

The rules defi ned by the test set were applied to an 
independent validation set, which were samples from 

Table 1. RTOG 0525: Baseline Demographic and 
  Clinical Characteristics

Category
Group 1

(standard dose)
Group 2

(dose-intense)

Age, years
 �50
 �50

 112 (27%)
 299 (73%)

 111 (26%)
 311 (74%)

Gender
 Male
 Female

 239 (58%)
 172 (42%)

 237 (56%)
 185 (44%)

Race
 White
 Non-white
 Unknown

 319 (78%)
 13 (3%)
 79 (19%)

 328 (78%)
 15 (3%)
 79 (19%)

KPS
 60-80
 90-100

 138 (34%)
 273 (66%)

 146 (35%)
 276 (65%)

Surgery
 Biopsy
 Partial resection
 Total resection

 14 (3%)
 167 (41%)
 230 (56%)

 13 (3%)
 188 (45%)
 221 (52%)

Radiation
 RTOG/NCCTG
 EORTC

 337 (82%)
 74 (18%)

 349 (83%)
 73 (17%)

Neurologic Function
 No symptoms
 Minor symptoms
 Moderate symptoms
 Severe symptoms

 140 (34%)
 185 (45%)
 84 (20%)
 2 (1%)

 147 (35%)
 196 (45%)
 75 (18%)
 4 (1%)

MGMT Status
 Methylated
 Unmethylated
 Unknown

 122 (30%)
 254 (62%)
 35 (8%)

 123 (29%)
 263 (62%)
 36 (9%)

RPA Class
 III
 IV
 V

 85 (21%)
 251 (61%)
 75 (18%)

 86 (20%)
 259 (61%)
 77 (19%)

KEY: EORTC — European Organisation for Research and Treatment of Cancer; KPS — Karnofsky performance status; 
MGMT — O-6-methylguanine-DNA methyltransferase; NCCTG — North Central Cancer Treatment Group; RPA — recursive 
partitioning analysis; RTOG — Radiation Therapy Oncology Group

Source: Gilbert MR, et al. Presented at: American Society of Clinical Oncology 2011 Annual Meeting; Chicago, IL; Abstract 2006.
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the 833 patients enrolled in the RTOG 0525 trial. Addi-
tionally, 48 patients who registered for the trial but were 
deemed ineligible due to tumor progression prior to ran-
domization were included in this analysis because their 
survival time was still tracked. All 4 biomarkers were 
obtained in 725 of these 881 patients (82%). This popu-
lation was representative of all 3 collaborative groups 
of RTOG 0525 (RTOG, EORTC, and NCCTG). The 

combined molecular predictor from the training set had 
a favorable survival discrimination compared with any 
single biomarker. This molecular predictor was shown 
to be independent of relevant clinical variables through 
multivariate analysis (Table 5).4 

When the molecular predictor was combined with 
RPA class to generate a molecular-clinical predictor, 
enhanced survival discrimination among subgroups was 

Table 2. Survival on Standard Adjuvant Temozolomide (Group 1) vs. Dose-intense 
  Temozolomide (Group 2)*

Group n
Overall Survival 

(months)
Progression-free Survival 

(months)

All eligible 1,120  16.0  7.5

All randomized
 Group 1
 Group 2

833
411
422

 17.7
 18.9
 16.8

 8.2
 7.5
 8.8

MGMT
 Methylated
 Unmethylated

245
517

 23.2
 16.0

 10.5
 7.8

Methylated
 Group 1
 Group 2

122
123

 23.5
 21.9

 8.8
 11.7

Unmethylated
 Group 1
 Group 2

254
263

 16.6
 15.4

 7.1
 8.2

*Outcomes data from study registration
MGMT — O-6-methylguanine-DNA methyltransferase
Source: Gilbert MR, et al. Presented at: American Society of Clinical Oncology 2011 Annual Meeting; Chicago, IL; Abstract 2006.

Table 3. Treatment-Related Adverse Events: Adjuvant Phase

Category
Grade 2 Grade 3 Grade 4

Group 1 Group 2 Group 1 Group 2 Group 1 Group 2

Anemia* 17 21 4 4 0 0

Leukopenia 52 69 13 33 7 3

Neutropenia 25 31 16 29 8 7

Lymphopenia 52 26 41 76 10 31

Thrombocytopenia 24 26 20 18 13 8

Fatigue 85 109 12 33 0 0

Nausea/vomiting 43 51 5 8 0 0

*1 Grade 5 toxicity in Arm 1
Group 1 — Standard dose; Group 2 — Dose-intense
Source: Gilbert MR, et al. Presented at: American Society of Clinical Oncology 2011 Annual Meeting; Chicago, IL; Abstract 2006.
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observed. When analyzed by treatment arms, the molec-
ular clinical predictor demonstrated good survival dis-
crimination in both groups, with no difference between 
the 2 treatment arms.4 The molecular-clinical predictor 
represents a possible stratifi cation factor for future clini-
cal trials that is analogous to the clinical RPA as currently 
used. This predictor also represents a possible prognostic 
marker that could be considered in the management of 
patients with glioblastoma.4 

Strengths and Limitations of Substudy
The strengths of the molecular biomarkers substudy 

included large sample size (nearly 1,000 samples). More-
over, the use of a training set to develop a model which 
was then applied and validated in clinical trial samples 
is considered statistically robust. Furthermore, these as-
says can be applied to formalin-fi xed paraffi n-embedded 
samples, which means they can be used in many pa-
tients with glioblastoma. Importantly, this study demon-
strated the feasibility of obtaining molecular correlates 
in a cooperative group setting.4 There were also limita-
tions to this study, one being that patients with needle 
biopsies were not included, so it is not known whether 
the molecular-clinical predictor can be applied to these 
patients. Also, these biomarkers require molecular tech-
niques that may be beyond the scope of some pathology 
departments. Finally, although the RTOG 0525 tissue 

was collected prospectively, the markers were obtained 
retrospectively and therefore require validation.4 

Net Clinical Benefi ts Substudy
The RTOG 0525 protocol included an important sub-

study entitled, “Net Clinical Benefi ts.”7 Patients in this 
substudy underwent longitudinal testing of several mo-
dalities including symptom assessment, neurocognitive 
function, and health-related quality of life (HRQOL). 
The study design included validated reliable instruments 
for assessing these 3 components. 

Symptom assessment used the 28-item MD Anderson 
Symptom Inventory Brain Tumor Module (MDASI-BT), 
which includes 13 core MDASI symptom severity items, 
6 core MDASI symptom interference items, and 9 brain 
tumor-specifi c symptom items (weakness on 1 side of 
the body, diffi culty understanding, diffi culty speaking, 
seizures, diffi culty concentrating, vision, change in ap-
pearance, change in bowel pattern [diarrhea or constipa-
tion], and irritability). An MDASI User’s Guide is avail-
able from the MD Anderson Symptom Research web-
site, which addresses FDA requirements for the use of 
patient-reported outcomes in clinical trials.8

Neurocognitive function was measured by 3 widely used 
objective tests, which have been included in several RTOG 
studies to assess cognitive function. The Trail-making Test 
requires the subject to connect the dots between numbers or 
numbers and letters as quickly as possible, and evaluates 
visual attention and task switching.9 The Controlled Oral 
Word Association Test (COWAT) measures phonemic 
verbal fl uency, where patients make verbal associations 
to 3 specifi ed letters in trials of 1 minute each.10 As its 
name suggests, the Hopkins Verbal Learning Test assesses 
learning and memory, and includes words learned, reten-
tion, and recognition discrimination.11 

Table 5. Multivariate Analysis: Molecular 
  Predictor is Independently 
  Associated with Outcome

Variable HR 95% CI P Value

Training set

MP4 v. MP1 10.4 4.93-22.05 � 0.0001

RPA V v. III 1.21 0.68-2.11 0.6621

Validation set (RTOG 0525)

MP4 v. MP1 3.92 1.75-10.51 0.0004

RPA V v. III 2.22 1.55-3.16 � 0.0001

Source: Aldape KD, et al. Presented at: American Society of Clinical Oncology 2011 Annual 
Meeting; Chicago, IL; Abstract LBA2000. 

Table 4. 19-Gene mRNA List

Overexpressed 
in Unfavorable 

Survivors

Overexpressed in 
Favorable Survivors

• SOD2
• TIMP1
• TNC
• VEGFA
• CHI3L1
• EMP3
• SPP1
• C1S
• ANXA1
• CLIC1
• COL1A2
• GPNMB
• IGFBP2
• ITGB2
• PCOLCE
• PDPN

• KCND2
• OLIG2
• RTN1

Underlined genes indicate those from the 9-gene list that was used to 
validate the mRNA panel in the molecular markers substudy.
Source: Aldape KD, et al. Presented at: American Society of Clinical Oncology 2011 Annual 
Meeting; Chicago, IL; Abstract LBA2000.
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QOL testing was performed with the EORTC QLQ-C30 
and the Brain Cancer Module (BN20). The former is a 
30-item questionnaire, while the latter is 20 questions 
pertaining to HRQOL in patients with brain cancer.12,13

For this study, a subset of patients completed surveys 
at baseline and longitudinally while on treatment.7 Uni-
variate and multivariate modeling was used to determine 
the prognostic value of changes in protocol-defi ned base-
line measurements at cycle 1 for OS and PFS. Differ-
ences in symptomatic worsening between groups were 
compared from baseline to cycle 4 in patients without 
progression. Results of this substudy were presented at 
the 2011 ASCO Annual Meeting by Terri S. Armstrong, 
PhD, ANP-BC, FAANP of the MD Anderson Cancer 
Center in Houston, TX. Neurocognitive function tests 
and the physical functioning QOL scale were associ-
ated with both OS and PFS at baseline. Changes from 
baseline to cycle 1 were associated with OS and PFS for 
all measures. The MDASI-BT and global QOL detected 
symptom differences between the arms from baseline to 
cycle 4, with the dose-intense group experiencing more 
symptoms. The authors of this study concluded that lon-
gitudinal collection of net clinical benefi t data is feasible 
and complementary in cooperative group studies, pro-
viding an added dimension to standard outcome mea-
sure.7 These measures may impact patient stratifi cation, 
help to assess response or progression, and help in risk/
benefi t analyses.7

Implications
Although RTOG 0525 did not demonstrate im-

proved effi cacy for dose-dense temozolomide for 
newly diagnosed glioblastoma regardless of methyla-
tion status, it was monumental in several aspects. This 
trial underscored the feasibility of performing a large-
scale randomized clinical trial in an international col-
laboration.3 Furthermore, the study showed that tumor 
collection and analysis for stratifi cation and additional 
correlative studies is possible.4 Also, the prognostic 
signifi cance of MGMT methylation status in glioblas-
toma was confi rmed.1 Measures of symptom burden, 
neurocognitive function, and HRQOL were success-
fully incorporated into this trial and demonstrated 
between-arm differences and an impact on prognosis.7 
RTOG 0525 provides a platform for future studies, 
integrating tumor and patient factors to optimize in-
dividual treatment. 
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Were you surprised by the 
negative results of RTOG 0525?

David A. Reardon, MD: Yes, I 
was surprised. The study had a sound 
rationale, supported by preclinical 
data. I was not expecting a dramatic 
improvement, but I did think there 
would at least be some modest benefi t. 

Do you think that the 
outcome could be the result 
of the trial design or the 
dosing scheme involved?

Reardon: I believe that the dos-
ing scheme was a reasonable choice. 
Various dosing schedules with temo-
zolomide have been studied and the 
dosing schedule used in RTOG 0525 
(ie, 75 mg/m2 to 100 mg/m2 temozolo-
mide on days 1 through 21 of a 28-day 
cycle) was a reasonable attempt at dose 
intensifi cation. I think that any further 
intensifi cation would lead to issues 
with toxicity and adverse events. 

Is it worthwhile to explore 
other dosing schedules?     

Reardon: I do not feel there is 
justifi cation for exploring alternative 
schedules. I think that this dosing 
schedule was similar enough to the 
degree of intensifi cation associated 
with other dose-dense schedules that 
any other changes would probably 
not result in a difference. I do think 
that altering the dosing schedule so 
that another agent with synergistic 
anti-tumor activity could be adminis-
tered concurrently may lead to a ben-
efi t. For example, there are preclini-
cal data suggesting that irinotecan, 
a topoisomerase inhibitor, will have 
a synergistic anti-tumor effect when 
combined with an alkylator such as 

temozolomide.1 So potentially, if the 
dose of temozolomide was increased 
to result in high levels of alkylated tu-
mor DNA, a synergistic effect is more 
likely to be achieved in combination 
with another agent, as opposed to an 
additive effect that may be observed at 
a lower dose. These types of possibili-
ties are reasonable to pursue if there is 
a biological, preclinical rationale.

Another possibility is high-dose 
therapy and stem cell rescue, where 
higher doses are administered and nor-
mal bone marrow is removed and re-
constituted with harvested autologous 
peripheral blood stem cells. 

Regarding the substudy of 
the biomarker panel, can you 
discuss the potential impact 
of this type of analysis on the 
management of glioblastoma 
and potentially other forms 
of cancer?

Reardon: The approach that was 
taken in this substudy was quite com-
prehensive. I think that a centralized 
facility or laboratory is required to be 
able to execute these types of studies, 
not because they are technically chal-
lenging, but because they should be 
performed consistently. If there were 
100 different laboratories from dif-
ferent parts of the country involved 
in the same study, there would most 
likely be variations in collection and 
analysis methods that could poten-
tially impact the results. Therefore, I 
think the broad applicability of these 
types of studies is somewhat limited 
at this point.

On the other hand, I think that this 
substudy did provide intriguing insight 
into the different outcomes observed 

for patients and why there may be 
such a spectrum of outcomes. MGMT 
methylation status is known to be a 
contributor to these various outcomes, 
but I think there are more contributing 
factors. This substudy was a signifi -
cant step to providing insight into what 
some of these possibilities may be.

Could this type of biomarker 
panel be used to stratify likely 
responders and affect future 
clinical trial design?

Reardon: Absolutely. These re-
sults must fi rst be validated prospec-
tively, not just in RTOG 0525, but also 
in another large prospective data set 
(eg, another randomized study that is 
moving forward). Once they are vali-
dated, it will be important for subse-
quent studies to stratify and equally 
distribute patients based on these 
factors. The clinical version of this, 
which was developed from the recur-
sive partitioning analysis performed 
by the RTOG 20 years ago and then 
more recently confi rmed in the mod-
ern temozolomide era, demonstrated 
the importance of clinical prognostic 
factors (ie, age, degree of resection, 
KPS, etc). As a result, ongoing clini-
cal trials are stratifying enrollment on 
different arms so that they are equally 
weighted by these important clinical 
prognostic factors. The same approach 
should be implemented with regard to 
the molecular prognostic factors, be-
cause if it is not, different treatment 
arms may be weighted differently in 
a favorable subgroup of patients based 
on these markers. This may infl uence 
the outcome and researchers may be 
deceived into thinking a treatment is 
successful or unsuccessful when in 

Applying Lessons from RTOG 0525 
to Clinical Practice and Research
An interview with David A. Reardon, MD
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fact it refl ects an unbalanced constitu-
tion of the treatment groups. 

Do you think it is possible to 
take the biomarker panels 
used in this substudy and 
revisit previous negative 
trials to identify subsets of 
patients who might benefi t 
from treatments that had been 
considered unsuccessful?

Reardon: Yes, but it will depend 
on what is available in terms of tumor 
material from those studies. One of 
the key features of RTOG 0525 that I 
think has been underemphasized is the 
comprehensive way that tissue was se-
cured for so many patients. Enrollment 
was contingent on having tumor ma-
terial available for analysis. This was 
a major effort, and many thought that 
it would not be possible. RTOG 0525 
was the fi rst study to demonstrate that 
in a large multinational effort, tumor 
material availability could be mandat-
ed and successfully collected. 

I think that from prior negative 
studies, there would be a subset of pa-
tients who would have adequate mate-
rial available for analysis. As long as 
these patients seem representative of 
the enrolled patient population, it may 
be worthwhile to analyze the tumor 
material and determine whether there 
were important differences in the out-
come based on the marker profi les.

Could this type of analysis be 
eventually translated into clinical 
or hospital practice, or do the 
costs and time involved render 
it to only be a consideration in 
large scale trials? 

Reardon: I think that for the 
time being it is the latter. How-
ever, technology is advancing and 
constantly evolving. For example, 
MGMT methylation analysis is now 
routinely available in commercially 
available assays. The IDH1 muta-
tion analysis that was part of the 
biomarker panel is straightforward 

with widespread applicability. So 
certainly with time, this biomarker 
panel could be readily available. 

What are the next steps needed 
to make greater use of this type 
of analysis?

Reardon: I think that it should be 
validated in another prospective co-
hort of patients and it must be a large 
data set in order to be robust enough 
to confi rm the RTOG 0525 substudy 
results. Some possibilities are RTOG 
0825, the RTOG study that is about to 
launch, or one of the EORTC studies. 

In terms of the Net Clinical 
Benefi ts substudy, how useful 
would this type of patient 
self-reporting and other issues 
be in guiding treatment?   

Reardon: I think that in general 
we all advocate for priority on qual-
ity of life and assessment of it for any 
of the treatments being implemented. 
Glioblastoma is a disease with a life 
expectancy of slightly longer than 
1 year. Therefore, quality of life is 
a critical consideration for these pa-
tients. I believe that the tools for as-
sessing quality of life are improving; 
they are becoming more user-friendly 
and less cumbersome. In this patient 
population, assessing patient-report-
ed outcomes is complicated because 
there are many confounding factors 
independent of the tumor that could 
infl uence these outcomes (eg, sei-
zures, concurrent medications, de-
pression, neuro-psychiatric issues). 

Nonetheless, patient-reported out-
comes are certainly valuable tools 
that are useful for monitoring over-
all outcomes. In a whole cohort of 
patients, confounding factors tend to 
“wash out” with a suffi cient number 
of patients involved, providing a level 
of reassurance about the preservation 
of quality of life. On the other hand, 
utilization of the data on a smaller 
scale can be diffi cult because of the 
number of confounding variables.

Do you think this type of 
patient self-reporting would 
be useful in designing clinical 
trials in the future?

Reardon: Yes. I think that this 
type of data is easy to collect and it is 
worthwhile to do so. Patients should 
not be subjected to treatment that 
results in a deterioration of quality 
of life if the treatment only provides 
4 to 6 weeks of added survival.

Are these results likely to 
have a signifi cant impact in 
managing patients with 
glioblastoma?

Reardon: I think that they will 
raise awareness of the importance of 
integrating this analysis on a regular 
basis as clinical trials go forward. On 
the other hand, there are limitations 
associated with this type of analysis 
and I think having more of this data 
available heightens awareness of that 
aspect. This awareness can motivate 
clinicians and researchers to develop 
more effective tools and strategies to 
improve on the assessment of quality 
of life. 

Do you have any 
recommendations 
for clinicians who are 
considering implementation 
of this type of patient 
reporting in their practice? 

Reardon: I think that there 
are validated useful tools that are 
currently available and I would 
certainly use them. I think that it 
is reasonable to model their imple-
mentation based on how they were 
utilized in RTOG 0525, so that 
there is consistency and results can 
be compared from one study to an-
other. Otherwise it would be diffi -
cult to interpret the data relative to 
other therapies.
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In addition to alterations in the dosing schedule 
for standard therapy, a variety of other treatment 
strategies to improve survival in newly diagnosed 

glioblastoma are being investigated. These strategies 
include the use of monoclonal antibodies, vaccines, im-
munostimulants, and targeted therapies.

Immunotherapy
The cytolytic power of the immune system can be 

harnessed to destroy cells that express “non-self” anti-
gens on their surfaces; this effect is observed in the re-
jection of foreign tissue following organ transplantation. 
The goal of immunotherapy in the treatment of cancer is to 
manipulate the immune system to recognize the “non-self” 
antigens that are expressed in tumor cells.1 There are a vari-
ety of approaches through which this may be accomplished.

Monoclonal antibodies 
Monoclonal antibodies are a form of immunotherapy 

that is being evaluated in the management of various can-
cers. Bevacizumab, a humanized monoclonal antibody that 
targets vascular endothelial growth factor (VEGF), has 
been shown to improve patient outcomes in combination 
with chemotherapy (most commonly irinotecan) in recur-
rent glioblastoma, and positive results in 2 prospective 
phase 2 studies led to accelerated approval by the US Food 
and Drug Administration (FDA) for bevacizumab as a sin-
gle agent in recurrent glioblastoma.2 The effi cacy and safe-
ty of bevacizumab in patients with newly diagnosed glio-
blastoma is currently being investigated. A phase 2 study 
has shown that adding bevacizumab to radiation therapy 
and temozolomide followed by bevacizumab, irinotecan, 
and temozolomide for the treatment of newly diagnosed 
glioblastoma has moderate toxicity and may improve effi -
cacy compared with historical controls.3 In another phase 2 
study, it was demonstrated that patients treated with bevaci-
zumab and temozolomide during and after radiation thera-
py showed improved progression-free survival (PFS) with-
out improved overall survival (OS) compared with the Uni-
versity of California, Los Angeles/Kaiser Permanente Los 
Angeles (KPLA) control group.4 Two recently completed 
phase 3 trials investigated whether adding bevacizumab to 
standard therapy will improve outcomes in patients with 
newly diagnosed glioblastoma.5,6 Results are awaited.

Other antibodies in addition to bevacizumab are be-
ing investigated for the treatment of newly diagnosed 

glioblastoma. Nimotuzumab, an anti-epidermal growth 
factor receptor (EGFR) monoclonal antibody, has been ex-
amined for the treatment of newly diagnosed glioblastoma 
in another phase 3 trial.7 This trial compared nimotuzumab 
in addition to standard radiation and chemotherapy with 
temozolomide (Arm A) to standard radiation and temo-
zolomide (Arm B). Twelve-month PFS was 25.5% in arm 
A vs. 20.3% in arm B (P = .78). OS was 679 days in Arm 
A vs. 596 days in Arm B. For non-methylated O6-methyl-
guanine-DNA methyltransferase (MGMT), the difference 
was most notable: OS was 19.6 months in arm A vs. 15.0 
months in Arm B. Thus no signifi cant differences were ob-
served between treatment arms.

Vaccines in the treatment of glioblastoma
Cancer vaccines are also being investigated in the treat-

ment of glioblastoma. One such vaccine approach being in-
vestigated for the treatment of glioblastoma utilizes dendritic 
cells, which are considered to be the most potent type of anti-
gen-presenting cells.8 In this approach, dendritic cells are co-
cultured with autologous tumor lysate to immunologically 
target endogenous tumor antigens. Initial studies of dendritic 
cell-based vaccine therapy for glioblastoma have shown ac-
ceptable toxicity and safety profi les.9-18 Multi-center random-
ized phase 2 and phase 3 trials investigating this approach to 
glioblastoma are currently underway.19-21

Peptide vaccines are also being investigated for glioblas-
toma. One such example is rindopepimut, a peptide vaccine 
directed against the novel exon 1-8 junction produced by the 
EGFRvIII deletion.22 This EGFR variant is a naturally occur-
ring deletion mutant of the EGF receptor, is a constitutively 
active variant originally identifi ed in a high percentage of 
brain cancer cases, and, importantly, is rarely found in nor-
mal tissue.22 This vaccine has shown high effi cacy in preclin-
ical models,23,24 and recent phase 2 clinical trials in patients 
with newly diagnosed glioblastoma have shown EGFRvIII-
specifi c immune responses and signifi cantly increased time 
to progression and OS in those receiving vaccine therapy, as 
compared with published results for standard of care.22,25 A 
phase 3 trial is currently underway.26

Other peptides are being investigated as cancer vac-
cine candidates as well. For example, in a phase 1 trial, 
personalized vaccination with peptides selected from 14 
kinds of human leukocyte antigen (HLA)–A24-restricted 
peptide candidates based on pre-existing humoral immu-
nity in patients with recurrent or progressive glioblastoma 

Targeted Therapies and 
Immunotherapies in Glioblastoma
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was studied. This trial demonstrated that the vaccine in-
duced dose-dependent immune boosting, was well-toler-
ated, and no serious adverse drug reactions were encoun-
tered.27 Another approach to cancer vaccination is the use 
of autologous whole tumor cells. Vaccination of 19 patients 
with irradiated autologous whole tumor cells by using 
granulocyte-macrophage colony-stimulating factor as an 
adjuvant has been shown to induce a cell-mediated immune 
response, which appeared to be tumor-specifi c.28 Seventeen 
patients developed a delayed-type hypersensitivity (DTH) 
response to vaccination that appeared to be directed against 
the autologous tumor. In 8 patients there was radiological 
evidence of a response and in 5 patients there was evidence 
of clinical improvement. Median survival was 12 months 
(range 6 to 28 months), and both the presence of a DTH 
response and the radiological response correlated with sur-
vival (P � .02 and P � .04, respectively). 

This strategy was also utilized in the development of 
a transforming growth factor (TGF)-β antisense-modifi ed 
tumor cell vaccine. Elevated levels of TGF-β in patients 
with glioblastoma are associated with immunosuppress-
sion.29 Thus reducing levels of TGF-β may improve the 
patient’s immune response to the tumor. A phase 1 clini-
cal trial assessed the safety of a whole-cell vaccine com-
prising autologous tumor cells genetically modifi ed by 
a TGF-β2 antisense vector.30 Results of this clinical trial 
demonstrated that TGF-β2 secretion by the tumor cells 
used to vaccinate patients was inhibited by 53% to 98%. 
The overall median survival was 68 weeks. Median sur-
vival of the responding patients was 78 weeks, compared 
with a historical median survival of 47 weeks for patients 
with glioma who received conventional treatment. The 
treatment was well-tolerated, with only low-grade tran-
sient treatment-related toxicities reported.30

Immunostimulants
Stimulating the immune system is yet another strategy 

being investigated in the treatment of glioblastoma. Polyino-
sinic-polycytidylic acid stabilized with poly-L-lysine and 
carboxymethylcellulose (poly-ICLC) is a synthetic double-
stranded ribonucleic acid (dsRNA) viral mimic or pathogen 
associated molecular pattern (PAMP) that activates multiple 
elements of innate and adaptive immunity.31-33 Results of a 
phase 2 study suggest that when combined with standard ra-
diation and concurrent temozolomide, poly-ICLC may im-
prove survival.31 Common treatment-related adverse events 
included neutropenia, leukopenia, thrombocytopenia, and 
rash. In another phase 2 study, patients were treated with 
radiation therapy in combination with poly-ICLC followed 
by poly-ICLC as a single agent in 31 patients. The com-
bined therapy appeared to be well-tolerated. The estimated 
6-month PFS was 30% and the estimated 1-year PFS was 
5%. Median time to progression was 18 weeks. The 1-year 
survival was 69% and the median survival was 65 weeks. 
This study suggests a survival advantage compared with 
historical studies using radiotherapy without chemotherapy, 
but no survival advantage compared with radiotherapy with 
adjuvant nitrosourea or non-temozolomide chemotherapy.34 

Targeted Therapy
Targeted therapy represents another mode of treatment 

for glioblastoma. There are 30 classes of targeted agents be-
ing studied in the fi eld of oncology. Many of these classes 
have multiple agents within them. Several of these agents 
are being investigated for the treatment of glioblastoma.   

Integrins are a family of transmembrane receptor pro-
teins. Many integrins bind their ligands through a short 
arginine-glycine-aspartate (RGD) amino acid sequence 
that comprises the cell attachment site for many proteins.35 

Table.  Survival Comparison: NABTTCC/UCSF Data

Trial
Patient
Number 

(N)

Survival

Median 
(months)

6-month 12-month 18-month 24-month

Historical NABTTCC 
non-TMZ 217  12.0 78% 49% 22% 8%

EORTC RT+TMZ 287  14.6 86% 61% 39% 27%

NABTTCC 
RT+TMZ 49  16.2 88% 65% 41% 20%

NABTTCC
RT+TMZ+new agent 244  19.6 94% 81% 55% 37%

UCSF
RT+TMZ+new agent 131  19.5 94% 76% NS NS

Key:  NABTTCC — New Approaches to Brain Tumor Therapy CNS Consortium; TMZ — temozolomide; RT — radiotherapy

Sources: Grossman SA, et al. Clin Cancer Res. 2010;16:2443-2449; Butowski N, et al. Neuro Oncol. 2011;13:1331-1338.
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These molecules fulfi ll signaling functions that are essen-
tial for cell migration, proliferation, survival, and adhe-
sion to the extracellular matrix.36 These activities provide 
the basis for their critical role in angiogenesis, and inte-
grins have been referred to as a “functional hub” for this 
process.37 Integrins are expressed in all cell types that are 
involved in angiogenesis, including many tumors.38

The involvement of integrins in several aspects of the sur-
vival and progression of different cancers provides a ratio-
nal basis for developing integrin-targeted therapeutic agents. 
Anti-integrin compounds have been under development for 
several indications, and 4 are currently approved for non-can-
cer indications.39 Three types of anti-integrin compounds are 
being evaluated in preclinical or clinical cancer trials: pepti-
domimetics, antibodies, and small organic molecules. 

Cilengitide is currently the lead prototype in the RGD 
peptidomimetic category of anti-integrin therapies, and 
is under investigation for several cancers, including glio-
blastoma. Overall, studies in a variety of in vivo and in 
vitro models demonstrated that cilengitide:

• Blocks binding of α
V
 integrins to the  extracellular 

matrix40-42

• Is anti-angiogenic40,43-45

• Blocks endothelial cell proliferation40,43,46

• Blocks adhesion, migration, and differentiation41,46,47

• Induces apoptosis41,47,48

• Displays additive activity in combination with a 
wide variety of classical and molecular targeted 
therapeutics49,50

Phase 2 studies have demonstrated that cilengitide has 
only a modest effect in patients with recurrent glioblasto-
ma.51,52 There are 2 large parallel phase 2 trials that have been 
completed in patients with newly diagnosed glioblastoma 
that were designed in response to the differing outcomes in 
patients based on MGMT promoter methylation status. In 
one of these phase 2 studies, CORE (Celingitide, Temozolo-
mide, and Radiation Therapy in Treating Patients with Newly 
Diagnosed Glioblastoma and Unmethylated Gene Promoter 
Status), patients were randomized to one of 3 arms: 1) stan-
dard of care radiation and temozolomide; 2) standard of care 
with cilengitide administered at the typical dose of 2,000 
mg twice a week; or 3) standard of care plus the more dose-
intensive cilengitide schedule of 5 times per week during ra-
diation therapy.53 In the other phase 2 study, CECIL (Effect 
of Radiation Therapy Plus Temozolomide Combined With 
Cilengitide or Cetuximab on the 1-year Overall Survival of 
Patients With Newly Diagnosed MGMT-promoter Unmeth-
ylated Glioblastoma), cilengitide was compared with cetux-
imab, a monoclonal antibody directed against EGFR.54 This 
antibody is currently approved for the treatment of head and 
neck cancer and colorectal cancer. An eligibility criterion for 
both studies is unmethylated MGMT promoter status; that 

is, these tumors are considered to be resistant to the standard 
treatment of radiotherapy and temozolomide. This eligibility 
criterion was based on results from a European phase 1/2a 
trial, which demonstrated that when cilengitide was added to 
standard of care, patients with MGMT promoter methylation 
had signifi cantly longer median PFS and median OS than 
those without.55

There is also a phase 3 study, CENTRIC (Cilengitide, 
Temozolomide, and Radiation Therapy in Treating Patients 
With Newly Diagnosed Glioblastoma and Methylated Gene 
Promoter Status), in which cilengitide 2,000 mg plus stan-
dard treatment was compared to standard treatment alone in 
patients with newly diagnosed glioblastoma who have meth-
ylated MGMT promoter status.56,57 These patients are expect-
ed to be more responsive to standard therapy than patients 
lacking promoter methylation. These cilengitide trials are all 
now closed and results are awaited.  

In addition to integrin inhibitors, a variety of other 
targeted agents are being investigated in the treatment of 
glioblastoma (Table). The New Approaches to Brain Tu-
mor Therapy (NABTT) Consortium accrued 365 patients 
with glioblastoma to 4 single-cohort studies with similar 
eligibility criteria. Patients received radiation therapy (RT) 
+ temozolomide (TMZ) with talampanel (n = 72), poly-
ICLC (n = 97), or cilengitide (n = 112), or RT + TMZ alone 
with monitoring of CD4 counts (n = 84). Overall survival 
of those aged 18 to 70 years with glioblastoma were com-
pared to published data from the European Organisation 
for Research and Treatment of Cancer (EORTC). Results 
demonstrated that newly diagnosed glioblastoma treated 
recently with RT + TMZ and talampanel, poly-ICLC, or 
cilengitide had signifi cantly longer survival than similar 
patients treated with only RT + TMZ accrued internation-
ally from 2000 to 2002. These differences could result from 
the novel agents or changing patterns of care. The authors 
advised that until the reasons for these different survival 
rates are clarifi ed, comparisons of outcomes from phase 2 
studies with published RT + TMZ survival data should be 
interpreted with caution.58 The Radiation Therapy Oncol-
ogy Group (RTOG) recently completed a phase 2 trial of 
conventional chemoradiation and adjuvant temozolomide 
plus cediranib vs. conventional chemoradiation and adju-
vant temozolomide plus placebo in patients with newly di-
agnosed glioblastoma.59 A phase 2 and pharmacogenomics 
study of enzastaurin, a protein kinase C inhibitor, plus temo-
zolomide during and following radiation therapy in patients 
with newly diagnosed glioblastoma multiforme and gliosar-
coma showed that OS (median, 74 weeks) and PFS (median, 
36 weeks) were comparable to those from a prior phase 
2 study using erlotinib and were signifi cantly better than 
those from 2 other previous studies that used thalidomide 
or cis-retinoic acid, all in combination with temozolomide 
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plus RT.60  These studies suggest that the improvement in 
OS is more likely a refl ection of an improvement in stan-
dard of care, recognition of pseudoprogression, and likely 
salvage therapy with bevacizumab. 

In summary, there are a multitude of treatment modali-
ties being investigated in the fi eld of glioblastoma. Results 
of phase 3 clinical trials for various therapies are being 
anxiously awaited. There are also a plethora of investi-
gational agents being studied, such as stem cell-targeted 
therapy, viral gene therapy, and antibody drug conju-
gates. Novel targeted agents such as histone deacetylase 
(HDAC) inhibitors, poly ADP ribose polymerase (PARP) 
inhibitors, VEGF pathway inhibitors, and mammalian 
target of rapamycin (mTOR) inhibitors, are being inves-
tigated as adjunctive treatments. There is hope that these 
targeted agents will improve survival outcomes in patients 
with this devastating disease.  
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Please comment on the safety 
of integrin inhibitors.

Marc C. Chamberlain, MD: 
They have a very low toxicity pro-
fi le. One disadvantage to integrin 
inhibitors, however, is that they are 
intravenous therapies and require an 
injection twice a week, every week.

How would the FDA approval 
of an integrin inhibitor for the 
treatment of glioblastoma 
impact clinical practice?

Chamberlain: Integrin inhibitors 
did not demonstrate an improvement 
in the recurrent setting. The ongoing 
trials are examining their effi cacy 
and safety in the upfront setting. If 
cilengitide were to be approved, it 
would be the fi rst approved treat-
ment for add-on therapy to standard 
of care. I think that, however, FDA 
approval will be challenging.

Are there any preliminary data 
on the safety of the vaccines 
being studied for the treatment 
of glioblastoma?

Chamberlain: I think that most of 
the preliminary data has come from 
ACT I, ACT II, and ACT III, which 
studied the EGFRvIII peptide vaccine. 
Results suggest that the safety profi le 

of the vaccine is similar to cilengitide. 
Aside from injection-site reactions, 
there have been few to no issues with 
regards to toxicity. Furthermore, the 
vaccines are more convenient than 
cilengitide, as they are administered 
once a month. One critical issue with 
the vaccines is their use in patients 
with minimal disease burden. A patient 
with a large tumor should not be treated 
with a vaccine. However, the 2 large 
vaccine trials that are underway were 
lenient with those criteria in order to 
allow for a suffi cient number of pa-
tients. I think that everyone in the fi eld 
of cancer immunology would agree 
that the proper platform for immuno-
therapy is patients with image-verifi ed 
complete resection. ACT IV and the 
clinical trial on DCVax are not really 
capturing those patients.

Of the therapies being studied 
for glioblastoma, which do you 
believe are the most promising?

Chamberlain: I believe the ex-
citement in this fi eld is focused on 
the immunological approach. This is 
a new treatment modality and a new 
mechanism of action that has not 
been well-explored, so there is a fair 
amount of anticipation and hope that 
this approach will be effective.

Are there any updates 
regarding recurrent disease?

Chamberlain: A device called No-
vocure was approved by the FDA ear-
lier this year to treat recurrent glioblas-
toma. This device utilizes an alternating 
electrical fi eld, which penetrates the 
brain and inhibits the growth and pro-
liferation of glioblastoma by interfering 
with tumor cell mitosis at anaphase. 

At this year’s ASCO meeting 
there was much discussion about 
conducting trials in recurrent dis-
ease, because trials studying recur-
rent disease are almost always phase 
2 single-arm studies. The few that 
progressed to phase 3 trials to date 
have all failed. This led to the ques-
tion of whether clinical trials in the 
recurrent setting are being carried 
out in an appropriate manner.

There are 2 new studies in recurrent 
disease that are underway. In the phase 
1/2 study RTOG 0929, a poly ADP ri-
bose polymerase (PARP) inhibitor in 
combination with 2 different temozolo-
mide schedules (days 1-21 of a 28-day 
cycle and days 1-5 of a 28-day cycle) 
is being studied in patients with recur-
rent disease. Also, the Adult Brain Tu-
mor Consortium is conducting a phase 
1 trial with a PARP inhibitor in newly 
diagnosed glioblastoma.

Perspectives on 
Glioblastoma Therapy
An interview with Marc C. Chamberlain, MD
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CME Test

6. The Net Clinical Benefi ts substudy:
A. Found that the standard dose group experienced more 

symptoms from baseline to cycle 4.
B. Did not fi nd an association between neurocognitive 

and physical functioning quality of life at baseline and 
overall survival or progression-free survival.

C. Found an association between neurocognitive 
and physical functioning quality of life changes 
from baseline to cycle 1 and overall survival and 
progression-free survival.

D. Found a difference between treatment groups for 
symptoms, while both groups had similar cognition 
and neurological problems develop between baseline 
and cycle 1.

7. Which of the following statements is true?
A. Nimotuzumab resulted in signifi cant improvements in 

OS and PFS in the phase 3 study.
B. Bevacizumab was shown to improve PFS but not OS in 

a phase 2 study that compared with the KPLA control 
group.

C. Dendritic cell vaccines have been associated with 
toxicity issues.

D. Poly-ICLC has been shown to have a survival advantage 
compared with non-temozolomide chemotherapy.

8. Which of the following treatments stimulates the 
immune system?
A. Poly-ICLC
B. Enzastaurin
C. Integrins
D. TGF-β

9. Cilengitide:
A. Promotes angiogenesis.
B. Blocks endothelial cell proliferation, adhesion, 

migration, and differentiation.
C. Inhibits apoptosis.
D. Was associated with a dramatic improvement in survival 

in patients with recurrent disease.

10. Rindopepimut is a peptide vaccine that:
A. Had no effect on time to progression in phase 2 

studies. 
B. Targets an EGFR variant that is typically expressed in 

both normal tissue and tumor tissue.
C. Has shown high effi cacy in preclinical models.
D. Had no effect on overall survival in phase 2 studies.

1. Which of the following is associated with increased 
survival in patients with glioblastoma?
A. Methylated MGMT promoter compared with unmethylated
B. Unmethylated MGMT promoter compared with methylated
C. Treatment with dose-intense temozolomide compared 

with standard of care
D. Wild-type IDH-1 compared with mutated gene

2. Based on clinical trials to date, which of the following 
would be the most reasonable treatment in a patient 
with newly diagnosed glioblastoma?
A. Concomitant radiotherapy and temozolomide for 

6 weeks followed by temozolomide on days 1 through 
21 of a 28-day cycle, with 6 to 12 cycles

B. Concomitant radiotherapy and temozolomide for 
6 weeks followed by temozolomide on days 1 through 
5 of a 28-day cycle, with 6 to 12 cycles

C. Concomitant radiotherapy and temozolomide for 
6 weeks followed by temozolomide and nimotuzumab 

D. Concomitant radiotherapy and temozolomide for
6 weeks followed by temozolomide and cilengitide

3. Results of RTOG 0525 demonstrated that:
A. Overall survival was similar in both groups.
B. Radiation technique was a signifi cant predictor of 

overall survival.
C. Progression-free survival was signifi cantly longer in the 

dose-intense group.
D. Patients in the dose-intense group were more likely to 

have methylated MGMT. 

4. According to safety analysis in the RTOG 0525 trial:
A. The majority of patients who discontinued therapy did 

so because of treatment-related toxicity. 
B. There was a signifi cant increase in grade 3, 4, and 5 

toxicity in the dose-intense treatment arm.
C. There was a signifi cant increase in opportunistic 

infections in the dose-intense group.
D. The incidence of fatigue was similar between the 

2 groups.

5. The tissue molecular markers substudy performed in 
RTOG 0525:
A. Are not amenable to widespread practice because they 

require frozen tissue.
B. Included p53 mutation status.
C. Correlated marker status to tumor histology.
D. Produced 4 survival groups based on combinations 

of the markers.

18

V11-0219_2_Glioblastoma_HOT_EP_Monograph.indd   18V11-0219_2_Glioblastoma_HOT_EP_Monograph.indd   18 6/28/2012   10:11:20 AM6/28/2012   10:11:20 AM



CME Registration Form

*Time spent on this activity:  Hours    Minutes 
(reading articles and completing the learning assessment and evaluation)
This information MUST be completed in order for the quiz to be scored.

THE MONOGRAPH AND TEST EXPIRE JULY 10, 2013.

PRINT OR TYPE

Last Name First Name Degree

Mailing Address

City State Zip Code

Date of Birth (used for tracking credits ONLY)

Phone Number Fax Number              E-mail

Degree (please select one):           Specialty (please select one):
❏ MD       ❏ PA                            ❏ Primary Care                 ❏ Oncology 
❏ PhD      ❏ NP                            ❏ Hematology         
❏ DO        ❏ Other______            ❏ Other__________________________

EVALUATION (must be completed for your CME Quiz to be scored)
Using the scale below, circle the number that corresponds with your opinion for each item.

  1 = Excellent     2 = Very Good     3 = Good     4 = Fair     5 = Poor     6 = Does Not Apply

1. Rate the clinical usefulness of the publication to your daily practice.         1 2 3 4 5 6

2. Rate the effectiveness of the teaching/learning methods.                          1 2 3 4 5 6

Using the scale below, circle the number that corresponds with your opinion for each item.

1 = Strongly Agree     2 = Agree     3 = No Opinion     4 = Disagree     5 = Strongly Disagree
6 = Does Not Apply      7 = Already Do In Practice

3. The activity was presented objectively and was free of commercial bias. [Please use
    the “additional comments” fi eld below to provide further information.] 1   2   3  4   5

Additional comments regarding bias:  _____________________________________________

 __________________________________________________________________________

4. Based on the information I learned during this activity, I feel more 
    confi dent in treating patients within my practice.                                 1   2   3   4   5   6   7 

5. Knowledge acquired from this activity will be utilized 
    to improve outcomes in my patients.                                                    1   2   3   4   5   6   7   

6. Future activities concerning this subject matter are necessary.             1   2   3   4   5   6

7. I plan to make the following changes to my practice: 

1 = Very         2 = Somewhat         3 = Not very          4 = Do not       5 = I already
committed       committed               committed            expect to change      do this in my 

            practice                    practice

Change my screening/prevention practice 1   2   3   4   5
Change my diagnostic practice 1   2   3   4   5
Examine optimal frontline treatment strategies for patients with 
glioblastoma 1   2   3   4   5

Recognize the most appropriate treatment options for patients with
glioblastoma based on recent research data 1   2   3   4   5

Consider implementing quality of life protocols 1   2   3   4   5

Other - Please explain:
______________________________________________________________________
______________________________________________________________________ 

8. These are the barriers I face in my current practice setting that may impact patient outcomes:

    1 = Strongly agree     2 = Agree     3 = No opinion     4 = Disagree     5 = Strongly disagree

Lack of evidence-based guidelines 1   2   3   4   5
Lack of applicable guidelines for my current practice/patients  1   2   3   4   5
Lack of time  1   2   3   4   5
Organizational/institutional  1   2   3   4   5
Insurance/fi nancial  1   2   3   4   5
Patient adherence/compliance  1   2   3   4   5
Treatment-related adverse events  1   2   3   4   5
Other - Please explain:
______________________________________________________________________
_______________________________________________________________________ 

9. This activity supported achievement of each of the learning objectives.         1   2   3   4   5
Please explain:
______________________________________________________________________
______________________________________________________________________

10. I see this number of patients per month with glioblastoma: 

A. 0-5
B. 5-10
C. 10-15
D. � 15

11. Please list CE/CME topics that would be of value to you. 

______________________________________________________________________
_______________________________________________________________________

CME ACTIVITY REQUEST

 ❏ Yes, I would like the opportunity to earn CME credits through activities sponsored by  
    Vindico Medical Education.

*Required Field

Glioblastoma:
Current Perspectives, Clinical Challenges, and 
Trends in Treatment

1. Review the activity learning objectives stated on the front cover.
2. Read the articles, including the tables and illustrative materials.
3. Proceed to the CME Registration Form. Type or print your name, address, 

and date of birth in the spaces provided. 
4. Answer each test question by circling the letter corresponding to the

correct answer or by entering it in the space provided on the Registration 
Form. Be sure to retain a copy of your answers for your records.

5. Complete the evaluation portion of the CME Registration Form. CME 
Registration Forms will be returned to you if the evaluation is not completed.

6. CME Registration Forms will not be accepted after the expiration date. 
Return the CME Registration Form before the test expires to:

 Vindico Medical Education
 PO Box 36
 Thorofare, NJ 08086-0036
 Or Fax to: 856-384-6680
7. The CME test will also be available online (within 1 month of mailing date) at:

 www.healio.com/hematology-oncology/education-lab 

Questions about CME? Call us at 856-994-9400 ext. 504, Fax: 856-384-6680

OFFICE USE ONLY
Enduring material: Other

July 10, 2012 HOT-J753

POSTTEST

1 2 3 4 5 6 7 8 9 10

CME Instructions

V11-0219_2_Glioblastoma_HOT_EP_Monograph.indd   19V11-0219_2_Glioblastoma_HOT_EP_Monograph.indd   19 6/28/2012   10:11:20 AM6/28/2012   10:11:20 AM



VINDICO
medical education

Glioblastoma
Current Perspectives, Clinical Challenges, 

and Trends in Treatment

6900 Grove Road, Bldg 100, Thorofare, NJ 08086 USA
phone: 856-994-9400 • fax: 856-384-6680 • VindicoMedEd.com

V11-0219_2_Glioblastoma_HOT_EP_Monograph.indd   20V11-0219_2_Glioblastoma_HOT_EP_Monograph.indd   20 6/28/2012   10:11:20 AM6/28/2012   10:11:20 AM



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 80
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 80
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 80
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


