
Tumors of the CNS

Epidemiological Features

Primary tumors of the CNS, from high-grade malignant
gliomas and primitive neuroectodermal tumors to relative-
ly benign meningiomas, neuromas, and adenomas of the
pituitary gland, exhibit a range of behavior. In the most
recent report from the Central Brain Tumor Registry of
the US, researchers estimate that 7.3 new cases of primary
malignant tumors of the CNS are diagnosed per 100,000
person-years.1,18 In 2005, there were 21,690 new cases of
primary brain tumors, with 12,760 deaths recorded in the
annual report of the Central Brain Tumor Registry of the
US (2005–2006).18 Gliomas account for 42% of all prima-
ry CNS tumors and 77% of all malignant primary CNS tu-
mors. Gliomas develop from diverse histological lineages,
including but not restricted to oligodendroglioma, astro-
cytoma, and mixed oligoastrocytoma. Of these, low-grade
and high-grade variants occur, but all have the potential to
become highly malignant neoplasms that are recalcitrant to
treatment, with GBM (World Health Organization Grade

IV astrocytoma) being the most common and aggressive
primary brain tumor in adults (Fig. 1). 

Prognostic Factors

The prognosis for patients with CNS tumors is influ-
enced by the histological features of the neoplasm, the age
of the patient, and the neurological condition or functional
status of the individual. In general, the effect of treatment
on the overall prognosis has been surprisingly limited. Pri-
mary brain tumors, specifically gliomas, are difficult to
treat and are generally considered incurable. Even the
slower-growing tumors have the potential to recur and
progress. Survival time is limited, and neurological mor-
bidity from disease progression is high.2,34,56,90 Investiga-
tors participating in the GO Project reported on a large
cohort (788 patients) with malignant glioma who under-
went biopsy sampling or resection; the median duration of
survival was 48 weeks for the overall population and only
40.9 weeks for patients with GBM.68

Limitations of Current Treatments

Despite the efforts of research scientists and clinical in-
vestigators, progress in the treatment of malignant glioma
has been limited until recent years. In the past, treatment
for malignant gliomas frequently included resection or bi-
opsy procedures followed by radiotherapy. The role of
chemotherapy has been controversial; patients with malig-
nant glioma typically have been treated at major brain tu-
mor centers by medical and neurooncologists with special
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training and interest in cancer of the CNS or as partici-
pants in clinical trials. Even with advances in neuroim-
aging, neurosurgical stereotactic navigation systems, and
improved tumor control with targeted radiotherapy, recur-
rence is still nearly universal and survival duration is lim-
ited by the inevitable relapse and disease progression (Fig.
2). In the GO Project, half of the middle-aged patients
(41–60 years old) with diagnoses of GBM and non-GBM
lesions died within 53 and 85 weeks, respectively, post-
treatment.68

Historically, to achieve successful treatment of other
more common cancers, clinicians had to overcome similar
challenges to those presented by malignant gliomas. For
example, the median survival time for patients with recur-
rent metastatic breast cancer has improved over the past
few decades, from 15 months (1974–1979) to 58 months
(1995–2000).42 It appears that this can be largely attributed
to the advent of multimodal treatment strategies in which
resection, radiotherapy, chemotherapy, and other bioac-
tive agents are used. In the 1950s, surgery was the main-
stay treatment for breast cancer with or without radio-
therapy;52,55,115 by the 1960s, adjuvant chemotherapy was
introduced as single-agent therapy and then in multiagent
combinations.35–37,99 Today, the addition of biological re-
sponse modifiers, immune modulators, and targeted re-
ceptor blockers has resulted in better overall and disease-
free survival rates for patients with breast cancer.8,9,30,44,98,123

The experience with advances in breast cancer treatment
demonstrates that multimodal and multiagent treatment
strategies can substantially improve survival in patients
with cancer. In this review we will discuss recent advanc-

es in multimodal approaches to the management of malig-
nant glioma, with particular emphasis on the current sta-
tus and future potential of the therapies for this disease
that have been most recently approved by the FDA. These
include the BCNU wafer (Gliadel wafer/implant; MGI
Pharma, Bloomington, MN) in 1996 and 2003, and TMZ
(Temodar in the US and Temodal globally; Schering-
Plough Corp., Kenilworth, NJ) in 1997 and 2005.

Established Therapies for Malignant Glioma

Advances in the treatment of malignant gliomas have
lagged behind the strides made in treating extraneural
tumors. Several additions to the armamentarium over
the past several decades have led to improved outcomes;
however, significant changes in the overall treatment
paradigms have remained elusive. Patients who receive
“supportive care” only, usually corticosteroid and anticon-
vulsant drugs, have a median survival duration of approx-
imately 14 weeks or less (Fig. 2). As multimodal treatment
strategies that include surgery, radiotherapy, and chemo-
therapy have been developed and used, the median sur-
vival time has improved, but not to the extent observed in
other cancers, such as breast cancer.2

Surgery and Radiotherapy. Historically, patients treated
with surgery alone have a median survival duration of less
than 6 months.59,80 The addition of postoperative radio-
therapy extended the median survival time to approxi-
mately 9 months.63,124 In several studies, researchers have
investigated various fractionation schedules, but none has
demonstrated a significant benefit compared with stan-
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FIG. 1. Pie chart showing the relative incidence of primary brain gliomas by type. Adapted from CBTRUS: Statistical
Report: Primary Brain Tumors in the United States, 1997–2001, Hinsdale, IL: Central Brain Tumor Registry of the
United States, 2004. No Permission needed. 
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dard dose schedules.63 Efforts to increase radiation doses
to the local tumor region have included new techniques
such as radiosurgery104 and brachytherapy,102 which have
also met with limited success. 

Systemic Chemotherapy. Historically, several factors
have been proposed to explain the limited success of che-
motherapy for malignant glioma, including the following:
1) intrinsic drug resistance; 2) tumor heterogeneity; and 3)
failure to cross the BBB in sufficient amounts to reach and
maintain therapeutic levels of cytotoxicity.7,62,84

Various chemotherapy agents and combinations have
been tested in randomized clinical trials over the past few
decades. Stewart109 combined a total of 3004 patients from
12 studies performed between 1969 and 1991 to perform
a metaanalysis to determine the overall efficacy of several
agents, mostly nitrosoureas: carmustine, lomustine, nim-
ustine, procarbazine, dacarbazine, and others. As a result
of this analysis, found a significant prolongation of sur-
vival with the addition of chemotherapy (p , 0.0001),
representing an increase in the 1-year survival rate from
40 to 46%, with an associated mean increase in survival
of 2 months for those receiving chemotherapy compared
with those treated with radiotherapy alone. Additionally,
clinical trials testing chemotherapy for brain tumors have
consistently confirmed that numerous factors, including
patient age, performance status, and tumor grade, contrib-
ute to survival and likely influence the response to treat-
ment.58,68,94 Recent pivotal work refining the classification
of gliomas based on molecular genetic “signatures” has
better defined the chemosensitive compared with chemo-
resistant subgroups of otherwise histologically identical
tumors. These include 1p19q allelic analysis in oligoden-
droglioma17,57 and the DNA repair enzyme MGMT pro-
moter methylation status in GBM.54

Therapeutic Response to Nitrosoureas. Nitrosoureas such
as BCNU have been widely studied in primary brain
tumors because they have shown activity against gliomas

in preclinical studies94 and have excellent BBB penetra-
tion.71 However, these agents have substantial hemato-
poietic, pulmonary, and renal toxicity, which limits their
therapeutic utility.10 Adjuvant intravenously delivered ni-
trosoureas provided a slight benefit34,108 or no benefit124,125

when compared with radiotherapy alone. Fine, et al.,34 per-
formed a metaanalysis of 16 studies that were conduct-
ed over 15 years and involved more than 2350 patients
with malignant glioma treated with radiotherapy with and
without adjuvant chemotherapy. Nitrosoureas were used in
most of these trials. These investigators estimated that the
addition of chemotherapy following radiotherapy provid-
ed some benefit, prolonging survival from a median of 9.4
months to 12 months. Similar results were observed in a
more recent metaanalysis that included 3004 patients, indi-
cating a survival advantage of 2 months with the addition
of chemotherapy to radiotherapy.109

Combination Chemotherapy With Nitrosoureas. Efforts
to reduce drug resistance and improve efficacy led to com-
bination therapy with PCV. Initially, PCV was shown to
have some activity against anaplastic oligodendroglio-
ma,120 but in a recent Medical Research Council study of
674 patients with malignant glioma, investigators failed to
demonstrate a survival advantage when PCV was added to
radiotherapy compared with radiotherapy alone following
resection.74 Despite the widespread assumption that PCV
is well tolerated, significant myelosuppression and other
adverse events often prevented completion of the full six-
cycle course of recommended treatment.120

Response to Platinum-Based Regimens. Several attempts
to use platinum-based regimens (carboplatin and cispla-
tin) have failed to demonstrate an overall survival advan-
tage over BCNU alone, despite an initial objective radi-
ographically confirmed response.2,29,76 Specifically, the use
of concurrent infused BCNU and cisplatin has not resulted
in demonstrably improved survival over standard sys-
temic BCNU in patients with GBM.45
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FIG. 2. Bar graph showing improvement in survival for malignant glioma. Graph was created from data presented in
Avgeropoulos NG, and Batchelor TT: New treatment strategies for malignant gliomas. Oncologist 4: 209–224, 1999.
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Despite the limited efficacy of chemotherapy in most
patients with malignant glioma, we have inferred from
some studies that the use of chemotherapy in multimodal
regimens may be a contributing factor to long-term sur-
vival. Our review of clinical studies by Chamberlain and
Kormanik19 leads us to suggest that the addition of chemo-
therapy to surgery and radiation improves long-term sur-
vival, particularly for patients with GBM, with a 5-year
survival rate of 18% for patients receiving surgery, radio-
therapy, and chemotherapy compared with 0% for those
receiving surgery and radiotherapy alone. Furthermore,
in an additional population-based study, it was suggested
that the use of aggressive surgery and adjunct chemother-
apy may improve the likelihood of long-term survival in
selected patients with GBM.94 As recently as 2001, con-
ventional management of malignant glioma in some cen-
ters still consisted of surgery and radiotherapy only.74 In
2005, researchers working on the GO Project reported that
the use of chemotherapy in the management of malignant
glioma was infrequent,22 despite the evidence that the ad-
dition of chemotherapy is associated with longer surviv-
al.68

New Emphasis on Tumor Control With Local Treatment

In recent years, highly focused radiation and locally ad-
ministered chemotherapy modalities have been developed
to deliver aggressive antitumor treatment directly to the
lesion site while minimizing exposure to adjacent areas of
the brain and reducing systemic toxicity.

Radiosurgery and Brachytherapy. In general, the results
of investigations in which the focal radiation dose is in-
creased by numerous fractionation schedules or focal boost
techniques, even to total doses of 120 Gy, have been dis-
appointing.24,63,64,78,95,104,118 The ongoing failure of dose esca-
lation to affect survival in this disease has been a sobering
disappointment. The most popular methods of adding radi-
ation doses are stereotactic radiosurgery and brachythera-
py (with or without hyperthermia) with seed implants or
the implantation of a novel brachytherapy device called the
GliaSite Radiation Therapy System (Cytyc Corp., Marl-
borough, MA).

Radiosurgery. The initial enthusiasm for the use of ste-
reotactically guided radiosurgery to provide a technique
for increasing the focal radiation dose as an adjunct in gli-
oma management appears to have lost momentum after
publication of a large Phase III study conducted by the Ra-
diation Therapy Oncology Group. In this study, patients
with newly diagnosed malignant glioma were randomized
to receive either fractionated radiotherapy plus BCNU or
fractionated radiotherapy plus BCNU plus radiosurgery
(either a linear accelerator–based system or the Gamma
Knife was allowed).104 This study failed to demonstrate a
survival advantage for the patients who received an addi-
tional radiosurgical boost as part of the initial manage-
ment strategy.

Brachytherapy. Two large Phase III trials have been
conducted in which standard radiotherapy alone was com-
pared with standard radiotherapy plus low-activity iodine-
125 seeds, with no significant survival advantage demon-
strated by the addition of brachytherapy.64,95 Smaller Phase
II studies yielded variable results.41,50,67,82,101 The addition

of hyperthermia to brachytherapy demonstrated a statisti-
cally significant survival advantage in two small patient
cohorts, but despite the favorable results, no large-scale,
randomized study has been published to confirm these
findings.103,107 The implantation of permanent iodine-125
seeds has also become popular and is favored by some ra-
diation oncologists. Permanent, low-activity seeds appear
to be favored in these trials because of the lower rate of ra-
diation necrosis41,50,67,82 compared with that resulting from
implantation of temporary, high-activity seeds.6,102,126 A
novel approach to brachytherapy is the GliaSite Radiation
Therapy System, a balloon catheter system implanted in
the surgical cavity that includes a reservoir to hold an
aqueous solution of organically bound iodine-125 (Io-
trex [sodium 3-(125I)-iodo-4-hydroxybenzenesulfonate]) to
deliver low-dose radiation through a subcutaneous port.114

Although this approach has been shown to be feasible and
safe in patients with recurrent malignant glioma, it has yet
to achieve widespread use because of the lack of large-
scale, randomized clinical data; the inconvenience to the
patient, who needs to be isolated during treatment; and the
necessity of a second surgery to remove the delivery sys-
tem once treatment is completed. 

The first efficacy study was recently published in which
GliaSite brachytherapy was assessed in 24 patients with
recurrent GBM.20 The median survival duration following
GliaSite treatment was 9.1 months, and appeared compa-
rable to historical data. Patients with a Karnofsky Perfor-
mance Scale score of at least 70 survived longer than
those with a score less than 70 (9.3 compared with 3.1
months; p , 0.003). GliaSite is a very attractive device for
patients with small, superficial lesions that are considered
resectable, but large, randomized trials will be needed to
test any meaningful efficacy. We hope that the results will
not prove as disappointing in analysis as have those in pre-
vious radiosurgery104 and brachytherapy trials.95

Recent Advances

New FDA-Approved Treatments for Malignant Glioma

Although only incremental success has been observed
for use of radiation therapy and chemotherapy in malig-
nant glioma in the past 20 years, two agents introduced
since 1996 have demonstrated clinical benefit in extend-
ing survival in patients with malignant glioma. Recent-
ly, the FDA approved these treatments for brain tumors;
novel local therapeutic methods (Gliadel wafer) and sys-
temic chemotherapy (TMZ) were included. These ther-
apies have set new benchmarks for success in treating
malignant gliomas. Despite the popularity of PCV and the
preference of many clinicians for this form of multiagent
chemotherapy, the gold standard in measuring efficacy of
any new adjuvant treatment has been radiotherapy alone
or radiotherapy plus intravenously delivered BCNU. 

The Gliadel Wafer. Gliadel is a biodegradable polymer
wafer impregnated with BCNU. The wafer is a 1.4 cm 3
1 mm disc fashioned from polifeprosan 20 (20:80 poly
[bis](p-carboxyphenoxy) propane/sebacic acid) contain-
ing 3.85% (7.7 mg) of BCNU. At the time of resection, up
to eight wafers are implanted into the surgical cavity (Fig.
3). Water in the interstitial fluid causes the polymer slow-
ly to degrade.69 The BCNU is thus released in a controlled
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manner over several days to weeks and diffuses into the
brain parenchyma at a high dose density.27,31,38 Concentra-
tions as high as 1200 times more than those achieved by
intravenous infusion have been observed, with minimal
systemic exposure.40 Gliadel remains the only FDA-ap-
proved local chemotherapeutic agent indicated as a surgi-
cal adjunct for newly diagnosed malignant glioma and re-
current GBM. (See Gliadel prescribing information
[Baltimore, MD: Guilford Pharmaceuticals Inc.; 2003].
Available at http://www.gliadel.com/pdf/PI_03_01_04.
pdf. Accessed 8 September 2004.)

Used in this manner, Gliadel has been one of the few
treatment modalities to demonstrate a statistical benefit in
patients with malignant glioma, both in prolonging sur-
vival and in maintaining neurological function and perfor-
mance status.13,119,127 Originally approved by the FDA in
1996 for use in recurrent GBM, Gliadel was approved in
2003 for initial treatment of all high-grade malignant gli-
oma histological types at first diagnosis. Currently, a num-
ber of ongoing studies are being performed to investigate
the safety and efficacy of combining local therapies, such
as Gliadel, with other systemic agents, biological response
modifiers, immunotherapy, and chemotherapy as part of
multimodal, multiagent strategies.25,66,91,92,130 

Gliadel for Recurrent GBM. Table 1 summarizes key
clinical trials in patients with recurrent brain tumors treat-
ed with Gliadel that led to its FDA approval. In recurrent
malignant glioma, a Phase I/II dose-finding study in which
BCNU wafer monotherapy was used in 21 patients re-
sulted in 86% of them remaining alive for more than 1 year
from initial diagnosis, and 38% lived more than 1 year
from the time of implantation.12 Subsequently, in a large,
double-blind, placebo-controlled, multicenter study con-
ducted at the member institutions of the Polymer Treat-
ment Group, 222 patients with recurrent malignant glio-
ma13 were randomized to receive either Gliadel or placebo
wafers at the time of repeated operation for recurrent or
progressive disease. Numerous previous therapies had
failed in the patients enrolled in this study, and they had un-
dergone up to five previous craniotomies for resection. All
patients had undergone previous radiation therapy with or
without chemotherapy. In this heavily pretreated group,
salvage therapy with Gliadel resulted in an 8-week net in-
crease in median survival duration over that achieved with
placebo for the intent-to-treat population (Fig. 4).13 Among
the 145 patients with GBM, the addition of Gliadel signif-
icantly improved the 6-month survival rate, to 56%, com-
pared with 36% for patients with GBM who received the
placebo wafer (p = 0.02).

Gliadel for Newly Diagnosed High-Grade Malignant Gli-
oma. A series of prospective studies were conducted in
which BCNU polymeric chemotherapy was evaluated.
Initially, a Phase I trial of 22 patients treated with Gliadel
and postoperative radiotherapy indicated a median sur-
vival duration of 10.5 weeks and a 36% 1-year survival
rate, with acceptable toxicity (Table 1).11 Following this,
Valtonen, et al.,119 described the results of a Phase III
randomized placebo-controlled trial of Gliadel used in
conjunction with resection and radiotherapy in newly di-
agnosed malignant glioma. The intent was to enroll 100
patients, but due to unavailability of the Gliadel for a peri-
od of time, the study was closed early to enrollment. The

patients continued to be followed in blinded fashion for 2
years. There were 16 patients in each group, but only 11
with GBM were in the Gliadel group compared with 16 in
the control group. The median survival duration for pa-
tients with GBM in the two groups was 13.3 months for
the Gliadel group compared with 10 months for control,
which despite the limited numbers of patients was statis-
tically significant (p = 0.0008). At 3 years, four patients
with GBM were still living, three of whom were in the
Gliadel treatment group.

More recently, Westphal, et al.,127 completed a larger
randomized placebo-controlled Phase III trial of nearly
identical design to the earlier trial of Valtonen, et al. Two
hundred forty patients with newly diagnosed malignant
glioma were randomized into two groups: in one the treat-
ment consisted of surgery and placement of the Gliadel
wafer, followed by postoperative radiotherapy, and in the
other the treatment included surgery, placement of a place-
bo wafer, and postoperative radiotherapy.

In the intent-to-treat analysis, the Gliadel group had a
statistically significant survival advantage (13.9 months
compared with 11.6 months [p = 0.03]; see Table 1 and
Fig. 5). Analysis of a variety of neurological performance
measures indicated that the quality of life roughly paral-
leled survival duration. There was an imbalance in the
number of patients with GBM between the two groups
(101 compared with 106); however, evaluation with a Cox
proportional hazards model indicated that the survival ad-
vantage was maintained in the GBM subgroup, with a risk
reduction of 31% (95% CI 3–51%). In addition, more pa-
tients in the control group underwent a second operation,
with a significant effect on overall survival. Censoring the
groups for this second procedure yielded a significant ef-
fect on the analysis and indicated a median survival du-
ration of 14.8 months compared with 11.4 months (p =
0.02). 

A metaanalysis has also been reported, in which the two
randomized studies were combined. Specifically, in the
GBM group a survival benefit was noted (13.1 months for
the Gliadel-treated groups compared with 10.9 months for
placebo; p = 0.03), and in standard multivariate analysis
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FIG. 3. Intraoperative photograph showing Gliadel wafer place-
ment in the tumor resection cavity. Reprinted with permission from
Sampath P, Brem H: Implantable slow-release chemotherapeutic
polymers for the treatment of malignant brain tumors. Cancer
Control 5:130–137, 1998.
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this benefit was associated with a 29% reduction in risk of
death (hazard ratio 0.71, 95% CI 0.54–0.95%; p = 0.02).
In March 2003, the combination of the results of these
studies led to FDA approval of Gliadel in the treatment of
patients with newly diagnosed malignant glioma.

Temozolomide. Historically, because of the marginal
benefit of systemic chemotherapy in treating malignant
glioma, medical oncologists did not commonly encourage
its application except in a clinical trial, unless they were
part of a neurooncology team at a major brain tumor cen-
ter. Recently, however, TMZ has gained well-deserved
popularity because of its indisputable efficacy, ease of oral
administration, and modest side-effect profile. This agent
is being considered as part of multimodal regimens in
structured clinical trials to better define its appropriate use
for anaplastic astrocytoma, oligodendroglioma, lympho-
ma, and brain metastasis. 

Temozolomide (3,4-dihydro-3-methyl-4-oxoimidazo
[5,1-d]-as-tetrazine-8-carboxamide), is an orally adminis-
tered systemic alkylating agent that crosses the BBB. Its
bioavailability is essentially 100%, with peak plasma con-
centrations occurring at 1 hour after dosing. This drug is
spontaneously hydrolyzed at physiological pH to 3-meth-
yl-(triazen-1-yl)imidazole-4-carboxamide, which is further
hydrolyzed to methylhydrazine, the active alkylating spe-
cies.77 The principal cytotoxic mechanism appears to be
methylation of DNA. Although TMZ was originally tested
and approved for a 5-day schedule every 28 days, extend-
ed-dose schedules continue to be studied. An extended
dosing schedule is believed to deplete MGMT, an enzyme
implicated in tumor resistance to alkylating agents.3,15,75,

106,116 Depletion of MGMT is associated with longer medi-
an survival times in patients who are receiving alkylating
agents,32,53,54 although this may be related to a subset of pa-
tients who demonstrate MGMT upregulation. 

Temozolomide has shown single-agent activity against
recurrent gliomas.23,77,111,122,128 Additionally, in combination
with standard fractionation radiation therapy, concurrent
therapy followed by adjuvant TMZ showed effectiveness
against newly diagnosed glioblastoma.110,112

Activity of TMZ for Recurrent Anaplastic Astrocytoma at
First Relapse. A Phase II trial of TMZ was conducted at
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TABLE 1
Literature review of studies of Gliadel wafer or TMZ in patients with recurrent or newly diagnosed brain tumors*

Survival

Authors & Year Study Type Tumor Treatment† Median Increase RR (%)

Brem, et al., 1991 Phase I/II rec BCNU wafers 46.0 wks –– ––
Brem, et al., 199513 Phase III; DBPC rec Gliadel 31.0 wks 8.0 wks 33

placebo 23.0 wks
Brem, et al., 199511 Phase I initial Gliadel + RT 42.0 wks –– ––
Valtonen, et al., 1997 Phase II; DBPC initial Gliadel + RT 58.1 wks 18.2 wks 73

RT + placebo 39.9 wks
Yung, et al., 1999 Phase II; open label rec TMZ 13.6 mos –– ––
Yung, et al., 2000 Phase II; open label rec TMZ 7.3 mos§ NS ––

procarbazine 5.7 mos§
Stupp, et al., 2002 Phase II; open label initial TMZ + RT 16.0 mos –– ––
Westphal, et al., 2003 Phase III; DBPC initial Gliadel + RT 13.9 mos 2.3 mos 28

RT + placebo 11.6 mos
Kleinberg, et al., 2004 retro review initial Gliadel + RT 12.8 mos‡ –– ––
Stupp, et al., 2005 Phase III; randomized initial TMZ + RT 14.6 mos 2.5 mos 38

RT alone 12.1 mos

* DBPC = double-blind placebo-controlled; NS = not significant; rec = recurrent; retro = retrospective; RR = risk reduction; RT =
radiotherapy; –– = not applicable.

† All treatments with Gliadel include resection. 
‡ For 39 patients with GBM. 
§ Reported in Temodal product information (p = 0.33), and not in the study. 

FIG. 4. Graph showing Kaplan–Meier survival curve of patients
with recurrent GBM treated with Gliadel wafer and radiation ther-
apy after adjustment for prognostic factors. Reprinted from The
Lancet, vol. 345, Brem H, Piantadosi S, Burger PC, et al: Placebo-
controlled trial of safety and efficacy of intraoperative controlled
delivery by biodegradable polymers of chemotherapy for recurrent
gliomas. The Polymer-brain Tumor Treatment Group, 1008–1012,
copyright 1995, with permission from Elsevier.
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first relapse in 162 patients with malignant glioma, after
treatment with radiotherapy and systemic nitrosourea (with
or without procarbazine).129 A histological review con-
firmed a diagnosis of anaplastic astrocytoma or anaplas-
tic oligoastrocytoma in 111 of these patients. The median
overall survival duration was 13.6 months and the median
progression-free survival was 5.4 months; the 12-month
survival rate was 56%. The investigators concluded that
TMZ demonstrated good single-agent activity (Table 1). 

In another Phase II trial, TMZ was compared with a
standard procarbazine regimen at first relapse in 225 pa-
tients with confirmed recurrent GBM.128 The median sur-
vival duration was 7.3 months for patients treated with
TMZ compared with 5.7 months for those treated with
procarbazine (p = not significant, Table 1). (See Temodal:
Summary of product characteristics, 2005. Available at
http://www.emea.eu.int/humandocs/PDFs/EPAR/Temodal/
H-229-PI-en.pdf. Accessed 12 January 2006.)

The 6-month survival rate and median progression-free
survival were different: 60% compared with 44% (p =
0.019) and 12.4 weeks compared with 8.32 weeks (p =
0.0063) in the TMZ and procarbazine groups, respective-
ly. It was also noted that health-related quality of life mea-
sures were maintained in patients who were free of tumor
progression at 6 months. Based on these and other studies,

TMZ was approved in the US in 1999 for patients with re-
current anaplastic astrocytoma who have experienced dis-
ease progression after radiotherapy and initial treatment
with a drug regimen containing a nitrosourea and procar-
bazine. (See Temodar product information, available at
http://www.spfiles.com/pitemodar.pdf. Accessed 11 May
2005).

Use of TMZ in Newly Diagnosed GBM. The agent TMZ
has also shown efficacy in newly diagnosed malignant gli-
oma. In an open-label, Phase II study, 64 patients with
newly diagnosed GBM were treated with concurrent TMZ
and radiotherapy, followed by adjuvant TMZ adminis-
tered for 5 days every 28 days for six cycles.110 The medi-
an survival period for these patients was 16 months, with
1- and 2-year survival rates of 58 and 31%, respective-
ly (Table 1). Based on the favorable findings in this pre-
liminary Phase II study, the European Organisation for
Research and Treatment of Cancer Brain Tumor and Ra-
diotherapy Groups and the National Cancer Institute of
Canada Clinical Trials Group initiated a randomized, mul-
ticenter, Phase III trial to evaluate the benefit of adding
TMZ to radiotherapy compared with radiotherapy alone
for newly diagnosed GBM.112 In this study, 573 patients
were randomized to two treatment groups: 1) fractionated
involved-field radiotherapy (2 Gy once daily, 5 days per
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FIG. 5. Graph showing Kaplan–Meier survival curve of patients with newly diagnosed malignant glioma treated with
radiation therapy and Gliadel wafer or placebo. (Numbers differ from those in the text because this was the intent-to-treat
group, for which data were submitted to the FDA, whereas the text details the metaanalysis performed by Meldorf, Riddle
V, Agarwal S et al: Long-term efficacy of the Gliadel wafer in patients with glioblastoma multiforme. Abstract present-
ed at the Annual Meeting of the American Association of Neurological Surgeons, San Diego, CA, 2003.
(http://www.aans.org/library/article.aspx?ArticleID=17769.) [Accessed January 11, 2006.] Reprinted with permission
from Westphal M, Hilt DC, Bortey E, et al: A phase 3 trial of local chemotherapy with biodegradable carmustine (BCNU)
wafers (Gliadel wafers) in patients with primary malignant glioma. Neuro-oncol 5:79–88, 2003.
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week for 6 weeks; 60 Gy total), or 2) the same radiother-
apy schedule plus concurrent daily TMZ (75 mg/m2/day)
followed by up to six cycles of monthly adjuvant TMZ
(150–200 mg/m2/day for 5 days). The median survival du-
ration was 14.6 months (95% CI 13.2–16.8 months) in pa-
tients who received radiotherapy plus TMZ, compared
with 12.1 months (95% CI 11.2–13 months) in those who
received radiotherapy alone, resulting in an increase in
median survival duration of 2.5 months (Table 1, Fig. 6).
The 2-year survival rate was 26.5% (95% CI 21.2–31.7%)
for TMZ compared with 10.4% for radiotherapy alone
(95% CI 6.8–14.1%). Grade 3 or 4 hematological toxicity
occurred in 16% of patients in the TMZ group during con-
current or adjuvant treatment.112

Recently, a retrospective analysis of the European Or-
ganisation for Research and Treatment of Cancer–Na-
tional Cancer Institute of Canada trial data was performed
to assess the impact of resection on survival.121 Prior to
treatment with radiotherapy with or without TMZ, 39% of
patients underwent complete resection of tumor tissue,
44% attained a partial resection, and 16% underwent biop-
sy sampling only. The survival benefit with TMZ was evi-
dent in all cohorts but was more pronounced in patients
who underwent complete resection. The median survival
duration in patients in whom a complete resection was
achieved was 18.3 months (95% CI 15.7–22.5 months) in
the radiotherapy plus TMZ group and 14.2 months (95%
CI 12.7–16.2 months) in the group undergoing radiother-
apy alone. The corresponding results in the groups treated

with radiotherapy plus TMZ and radiotherapy alone were
13.5 months (95% CI 11.9–16.3 months) and 11.7 months
(95% CI 9.7–13.1 months), respectively, for patients in
whom partial resection was performed and 9.4 months
(95% CI 7.5–13.2 months) and 7.9 months (95% CI 5.4–
10.6 months), respectively, for patients who underwent bi-
opsy sampling only.

The results reported in the Phase III trial are favorable
when compared with historical data on systemic chemo-
therapy for this disease.112 It should be noted that slides
were not available for confirmation of histological diag-
nosis in 15% of the cases and that 7% of patients had his-
tologically confirmed non-GBM or unconfirmed histo-
logical features, pointing out the importance of tissue
availability for pathological review of CNS disease. The
addition of TMZ resulted in a clinically meaningful and
statistically significant survival benefit for patients with
newly diagnosed malignant glioma, and led to FDA ap-
proval in March 2005 for use as initial therapy in patients
with GBM. Toxicity is mainly hematological, with only a
minority of patients requiring any kind of replacement
transfusion or bone marrow support. Gastrointestinal side
effects are also mild to moderate.77,113,116 To prevent the
possibility of developing the lymphocytopenia and oppor-
tunistic infection associated with TMZ in earlier trials,60,110

the patients randomized to receive this agent were pro-
phylactically given inhaled pentamidine or orally admin-
istered trimethoprim–sulfamethoxazole against Pneumo-
cystis carinii pneumonia.112
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FIG. 6. Graph showing Kaplan–Meier estimates of overall survival in patients with newly diagnosed malignant glioma
treated with radiation plus TMZ or placebo. Reprinted with permission from Stupp R, Mason WP, van den Bent MJ, et
al: Radiotherapy plus concomitant and adjuvant temozolomide for glioblastoma. N Engl J Med 352:987–996, 2005.
Copyright 2005, Massachusetts Medical Society. All rights reserved.
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Advancements in Treatment of Brain Tumors: Multimodal
Therapies

The consensus of the data supports the contention that
no chemotherapy agent alone can effectively treat high-
grade malignant gliomas, nor can surgery or radiation ther-
apy alone. Neither Gliadel nor TMZ represent the “home
run” we hope for in the treatment of this deadly disease.
Gliadel resulted in a median increase in survival of 2 and
2.3 months for recurrent and newly diagnosed GBM, re-
spectively. When given concurrently with radiation, TMZ
resulted in an increased median survival time of only 2.5
months compared with radiation therapy alone. In fact, the
mean increase in survival time is only slightly better than
that achieved in any of the 12 studies summarized in Stew-
art’s metaanalysis of prior investigations.109 The future use
of these agents will likely be as integrated treatment with
target-specific molecules as well as with other antineo-
plastic drugs. Use of TMZ in combination with other anti-
neoplastic agents, including cisplatin,4,97 fotemustine,73 iri-
notecan,46 thalidomide,5,21 retinoic acid,16 tamoxifen,105 and
O6-benzylguanine85 is being tested. Likewise, in several
Phase I/II studies, Gliadel has been combined with PCV,65

TMZ,48,66 irinotecan,91 or carboplatin.72

The combination of TMZ and Gliadel is especially in-
teresting because of the ability of TMZ to deplete the
DNA repair enzyme responsible for BCNU resistance.32

Preclinical studies support the suggestion that MGMT is
part of the resistance mechanism87 and that synergy or ad-
ditive effects of the combination of BCNU and TMZ may
be due in part to the depletion of this repair enzyme.76,83 A
combination study of TMZ and intravenous BCNU for
treatment of advanced solid neoplasms in 63 patients re-
sulted in significant hematological toxicity and limited
the TMZ dose to 110 mg/m2/day.51 Similar results have
been reported in patients with glioma.21,86 Raizer, et al.,
found that the maximum tolerated dose for a 28-day cy-
cle of TMZ was 80 mg/m2/day when used in combination
with intravenous BCNU, and they concluded that long-
term combined systemic therapies may not be feasible be-
cause of exaggerated myelosuppression. 

On the other hand, a Phase I dose-ranging study demon-
strated the safety of the combination of Gliadel and TMZ
in 10 patients with recurrent supratentorial high-grade gli-
oma. Up to eight wafers were positioned in the surgical
cavity after resection.48 The TMZ (100, 150, or 200 mg/
m2/day) was given orally for 5 days beginning 2 weeks
postsurgery. Treatment was well tolerated with no new or
unexpected toxicities, even at the highest standard dose
of 200 mg/m2/day, demonstrating that TMZ can be admin-
istered safely after placement of Gliadel wafers. Two
patients were alive without disease progression after 12
months of the combined treatment. 

Preliminary data from a Phase II multicenter trial were
obtained in 16 patients with surgically accessible, high-
grade, newly diagnosed malignant glioma.66 Following re-
section and Gliadel wafer placement, patients underwent
radiation therapy plus concurrent TMZ (75 mg/m2, 7 days
per week) followed by a monthly standard schedule of ad-
juvant TMZ (200 mg/m2 daily for 5 days every 28 days, #
18 cycles). After a median follow-up period of 7 months,

the median and progression-free survival times had not
been reached, and the 1-year survival rate was 63%. 

Gliadel and TMZ are also being investigated as part of
other combination chemotherapy regimens or multimo-
dal strategies (Table 2). Gliadel is being evaluated in
combination with irinotecan,25,26,113 carboplatin,72 and oth-
er agents including O6-benzylguanine (an inhibitor of
MGMT).88 In addition, studies have been conducted to in-
vestigate the use of concurrent Gliadel and brachytherapy
with the GliaSite system92,93 or 125I seeds,28,117,130 and the
combination of Gliadel and radiosurgery.99 Other studies
with Gliadel include the evaluation of higher BCNU doses
in the polymers, which may penetrate surrounding brain
tissue for greater distances.79 Gliadel is also being tested in
the surgical management of brain metastases, and pre-
liminary analysis has shown exceptional local tumor con-
trol rates.14,33,43

Conclusions

An improved understanding of the pathogenesis of ma-
lignant glioma and the rationale for development of ther-
apeutic agents will depend on advances in molecular
genetics and the development of therapies targeting crit-
ical steps in signal pathways that have yet to be fully elab-
orated. In the meantime, multidisciplinary, multimodal
anticancer treatments will continue to include surgery, ra-
diotherapy, and combination chemotherapy with the addi-
tion of immunotherapy and biological response modifiers.
Progress continues with novel approaches, including con-
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TABLE 2
Literature review of Phase I/II clinical trials in patients with

malignant glioma in whom Gliadel or TMZ was used
in novel combination therapies*

No. of Patients &
Treatment Authors & Year Histological Finding

Gliadel
carboplatin Limentani, et al., 2005 16 w/ initial MG
TMZ Gururangan, et al., 2001 10 w/ rec MG

LaRocca, et al., 200569 16 w/ initial MG
PCV LaRocca, et al., 200568 9 w/ initial MG
irinotecan Sampath, et al., 200598 10 w/ rec GBM
O6-benzylguanine Rosenblum, et al., 2002 31 w/ rec MG
iodine-125 seeds Darakchiev, et al., 2004 34 w/ rec GBM

Foltz, et al., 2005 10 w/ rec GBM
Zamorano, et al., 2005 6 w/ initial or 

rec GBM
Tozer, et al., 2003 16 w/ rec MG

GliaSite RTS Sampath, et al., 200599 24 w/ rec GBM
radiosurgery Smith, et al., 2004 19 w/ initial GBM

TMZ
cisplatin Balaña, et al., 2004 40 w/ initial GBM

Silvani, et al., 2004 33 w/ rec MG
fotemustine Marzolini, et al., 1998 2 w/ rec MG
carmustine Raizer, et al., 2004 24 w/ initial MG
thalidomide Chang, et al., 2004 67 w/ initial GBM
retinoic acid Butowski, et al., 2005 61 w/ initial GBM
tamoxifen Spence, et al., 2004 16 w/ rec MG
O6-benzylguanine Quinn, et al., 2005 38 w/ rec MG

* MG = malignant glioma; RTS = radiation therapy system.
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vection-enhanced delivery,49,81 gene therapy, dendritic vac-
cination, biological response modifiers,96 and novel forms
of delivery.70
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