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Over the past three decades, we have made great strides
in the treatment of most, but not all, brain tumors. Dra-
matic advances have occurred in diagnostic imaging,
neurosurgery, neuroanesthesia, radiotherapy, and
chemotherapy for CNS tumors. Unfortunately, our
progress has not yet met our expectations. Because of the
in�ltrative nature of most primary brain tumors, neuro-
surgery can never be expected to be curative for the
majority of gliomas. Because in�ltrative tumors interdig-
itate with normal brain cells and are not highly sensitive
to irradiation, one cannot expect radiotherapy to be
curative without serious damage to normal brain cells.
The hope for a cure, then, rests with chemotherapy.
Those who administer chemotherapy to patients with
CNS tumors fully expect that, in time, long-term survival
and, ultimately, the cure will become an everyday reality.
To achieve that reality, however, new treatment concepts
and drugs are needed. Neuro-Oncology 1, 69–80, 1999
(Posted to Neuro-Oncology [serial online], Doc. 98-08,
January 19, 1999. URL <neuro-oncology.mc.duke.edu>)

What do we consider as cancer chemotherapy
today? Our dictionaries de�ne “drug” as a
substance used as a medicine. “Medicine” is

de�ned as a substance or preparation used in treating
disease. We can all agree that phenytoin and penicillin
are drugs by those de�nitions. As we approach the 21st
century, however, our perception of what an anticancer
drug is will probably change. When we talk about anti-
cancer chemotherapy, we think mostly of cytotoxic
drugs such as carmustine, lomustine, and procarbazine.
During the past 10 years, our colleagues in the oncol-
ogy community coined a new term for the interferons
and neutrophil-activating proteins, calling them “bio-
logical response modi�ers.” In fact, the interferons are
substances used to treat disease and, as such, should
rightfully be called drugs. Will substances that interfere
with angiogenesis or tumor invasion be considered
drugs? Will naming depend on whether the body nor-
mally produces these proteins or they are created by the
pharmaceutical industry? Will introduction of gene
products using adenoviral vectors continue to be called
“gene therapy” if liposomal vehicles used to deliver
gene products are referred to as drugs? For the sake of
simplifying this review, I use the term “chemotherapy”
to encompass cytotoxic drugs and direct-acting biolog-
ical response modi�ers, as well as any substance that
can be administered by mouth, injection, or direct con-
tact and exerts an effect on the biological behavior of
cancer cells (tumor growth) in the host.

The Cytotoxic Era: Systemic Drugs

The era of cytotoxic chemotherapy for brain tumors
began in the mid-1960s with the organization of the
Brain Tumor Study Group and their initial trials of
surgery, irradiation, and carmustine. They demon-
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strated a modest improvement in survival for GBM3

patients who were treated with carmustine in combina-
tion with radiation and surgery compared with those
treated only with radiation and surgery. This led, in the
early 1970s, to Food and Drug Administration
approval of carmustine and lomustine for the treatment
of brain tumors. Over the next 25 years, neurosur-
geons, neurologists, adult and pediatric medical oncol-
ogists, and radiation oncologists in the United States,
Europe, and Japan conducted clinical trials of cytotoxic
drugs alone and in combination for the treatment of
gliomas and medulloblastomas.

During this era, advances were made in the treat-
ment of low-grade astrocytoma, AA, oligoden-
droglioma, AO, and medulloblastoma. For GBM, how-
ever, little appreciable gain in survival has been
achieved since the early 1970s. Most of us who con-
sider ourselves neuro-oncologists attribute much of the
improvement in survival to chemotherapy; however,
improvements in neuroimaging, neurosurgery, and
radiotherapy have also contributed to the increases in
survival for children and adults with primary CNS
tumors. On the basis of a career in neuro-oncology that
spans more than 30 years, I hold the bias that some
forms of chemotherapy add more than others to
patients’ relapse-free survival, overall survival, and
quality of life.

Adjuvant Pre-irradiation Chemotherapy for 
High-grade Gliomas

Pre-irradiation chemotherapy has been reported in the
neuro-oncology literature for nearly 15 years. A recent
study of 37 adults with high-grade gliomas suggested
that survival for GBM patients might not be decreased
if radiotherapy is delayed 8 weeks (Kirby et al., 1996).
This finding supports the feasibility of evaluating
chemotherapy regimens before radiotherapy in patients
with GBM. A study from Italy of patients with AG
treated with 4–5 cycles of carmustine followed by radi-
ation and then postirradiation procarbazine, lomustine,
and vincristine found a median survival of 3.2 years
(Silvani et al., 1995), a result that is actually better than
those reported for studies of post-radiotherapy carmus-
tine (Levin et al., 1990).

Grossman et al. (1997) reported a phase II study of
52 adults who were treated with 72-hour continuous
infusions of carmustine and cisplatin every 3–4 weeks
for 3 cycles, which were followed by conventional
external beam irradiation. The reported median sur-
vival of 13 months, given the distribution of GBM to
AA (from 88 to 12%), indicates that this treatment reg-
imen is no more active than many others used to date
to treat high-grade gliomas (Levin et al., 1997).

The situation can be a bit more complex in children
than in adults because of the higher incidence of neu-
raxis dissemination in children. In adults, the incidence
of neuraxis dissemination is typically less than 5%
(Choucair et al., 1986); in children, it can be more than
25% (Heideman et al., 1997). In a study by Heideman
et al. (1997), 41 children with newly diagnosed supra-
tentorial malignant gliomas (13 AA, 25 GBM, and 3
AO) were treated with pre-irradiation chemotherapy

between 1984 and 1994. The investigators found that
children who had gross total resection survived longer
than those who underwent subtotal resection or biopsy
(P=0.004), but the survival bene�t from neoadjuvant
chemotherapy studies was not signi�cantly different
from that from adjuvant chemotherapy studies.

Summary. Although great interest in pre-irradiation
chemotherapy has surfaced in the past decade, virtually
no evidence exists that, with the cytotoxic regimens
evaluated to date, neoadjuvant chemotherapy produces
longer survival than adjuvant chemotherapy for chil-
dren or adults with supratentorial malignant gliomas.
Because neoadjuvant chemotherapy does not appear to
reduce ef�cacy, some investigators evaluate new thera-
pies in this interval before irradiation. The dif�culty
with this approach is that if response is the endpoint,
investigators must deal with postsurgical radiographic
artifacts that can contaminate MRI response criteria. If
durability of response is the endpoint, then treatment
must proceed a suf�ciently long time and irradiation
must be withheld (for some time at least). If the pre-
irradiation chemotherapy is outstanding, this study
design presents no problem; if not, waiting may require
a second operation before irradiation if rapid tumor
growth occurs in the interim. With these limitations in
mind and because the eradication of radiotherapy is a
legitimate goal of chemotherapy, this approach makes
sense for future generations of anticancer therapies.

Adjuvant Chemotherapy During Radiotherapy for 
High-grade Gliomas

The term “chemoradiation” refers to the use of drugs to
enhance tumor cell kill during radiotherapy and thereby
increasing patient survival. Chemoradiation has been
widely evaluated for cancers throughout the body. His-
torically, approaches have ranged from the use of
agents to circumvent the problem of hypoxia in the
tumor environment to the use of cytotoxic drugs that
potentiate radiation-induced DNA damage and reduce
the likelihood of DNA repair. To date, neither approach
has led to signi�cant survival gains for patients with
CNS tumors, even when accelerated hyperfractionation
has been used to shorten radiotherapy, allowing for the
administration of higher drug doses.

In 1983, my colleagues and I conducted a phase II
study to evaluate the long-term ef�cacy and safety of
radiotherapy combined with intravenous BrdU for
patients with GBM and AG (Levin et al., 1995b;
Phillips et al., 1991). Patients received a BrdU infusion
of 0.8 g · m–2 · 24 h–1 for 4 days during each of the 6
weeks of radiotherapy (60 Gy); this was followed by
chemotherapy with PCV for 1 year or until progression.
Median survival for the 160 evaluable patients with
GBM was 55.7 weeks (Phillips et al., 1991). A multi-
variate analysis indicated that age, Karnofsky perfor-
mance status, and BrdU dose were signi�cant predictors
of time to failure; age and Karnofsky performance sta-
tus were signi�cant predictors for survival. The 116
evaluable patients with AG did better, that is, the esti-
mated 4-year survival rate was 46%. For patients with
low-grade in�ltrative astrocytoma (n=22), the esti-
mated 6-year survival rate was 79%. Whole-brain irra-

V.A. Levin: Ten years of chemotherapy for gliomas



diation was given to the �rst 23% of patients and lim-
ited-�eld irradiation was given to the remaining 77%;
patients receiving limited-�eld irradiation had a better
survival rate (P=0.07). As a result of this study, Prados
and colleagues conducted a randomized study of con-
current BrdU and radiotherapy versus no BrdU during
radiotherapy; both groups received postirradiation
chemotherapy with PCV. The study is closed and a �nal
report will appear in 1999 (M.D. Prados, personal com-
munication, 1998).

While awaiting the results of the randomized study,
however, Prados et al. (1998a) compared data from the
NCOG studies of BrdU chemoradiation with that from
the historical RTOG studies of GBM and AA. Data
from 89% (296 of 334) of patients treated with BrdU
in NCOG Study 6G-82-1 and 85% (1478 of 1743) of
patients treated without BrdU in three RTOG studies
were analyzed. The median survival of patients with
GBM was 9.8 months in the RTOG studies and 13.0
months in the NCOG trial (P<0.0001). For patients
with AA, the median survival was 35.1 months in the
RTOG studies and 42.8 months in the NCOG trial
(P=0.126). A proportional hazards regression model,
which included treatment type, pathologic classi�ca-
tion, Karnofsky performance status, age, and extent of
surgery, demonstrated that treatment with BrdU was
included in the best model for only patients with GBM
(risk ratio 0.83).

To maximize the drug dose during irradiation and
enhance the chemoradiation effect, my group con-
ducted a phase II single-arm study of accelerated frac-
tionated radiotherapy combined with intravenous car-
boplatin for patients with previously untreated GBM
(Levin et al., 1995a). Eighty-three adults received
1.9–2.0 Gy radiation 3 times a day with 2-h infusions
of 33 mg/m2 carboplatin before each radiation dose for
2 5-day cycles separated by 2 weeks; following radio-
therapy, patients received PCV for 1 year or until tumor
progression. Seventy-four patients (89%) received one
or more courses of PCV; their median survival was 55
weeks. A multivariate analysis showed that age
(P=0.013) and extent of initial surgery (P=0.003)
together were predictive of a better survival; no other
variables provided additional statistical signi�cance.
Only 8.4% of patients had clinically documented ther-
apy-associated CNS side effects (radiation necrosis).
Survival in this study is similar to that currently attain-
able with other chemoradiation approaches. We have
recently completed, but not yet reported, a single-arm
phase II study of 250 patients with GBM using the same
radiotherapy schedule with high-dose BrdU (8.4 g · m–2 ·
24 h–1 3 4 days) for each of the 2 weeks.

In a recent small study from Europe, Brandes et al.
(1998) treated 56 patients with GBM with conventional
limited-field radiotherapy (60 Gy) and concurrent
chemotherapy consisting of 3 days of carboplatin and 9
days of teniposide during 6 weeks of radiotherapy.
After irradiation, patients were given carmustine every
8 weeks for 3 cycles. The median survival time was 12.5
months, which is comparable to results reported for
radiotherapy alone followed by chemotherapy with
nitrosoureas. Note that four patients (7.1%) had radia-

tion necrosis at 2, 2, 7, and 9 months from the end of
radiotherapy.

Summary. Unfortunately, none of the chemoradia-
tion trials to date have unequivocally demonstrated a
therapeutic gain for patients with supratentorial malig-
nant gliomas. The bene�ts of halopyrimidines (BrdU,
IrdU) for GBM are small at best. In addition, irradia-
tion of the CNS produces evidence of damage seen on
MRI in 10–35% of patients, depending on radiation
dose and fraction size (Corn et al., 1994; Nishimura et
al., 1992; Van Tassel et al., 1995). There is also concern
that chemoradiation increases neurologic side effects.
The minority view suggests that brain irradiation to 50
or 64 Gy (Hammack et al., 1995) and hyperfractiona-
tion to 80 Gy (Jason et al., 1997) does not produce neu-
rocognitive impairment. The majority view suggests
that brain irradiation produces high levels of impair-
ment in memory, executive function, sustained atten-
tion, motor processing, and information processing
(Scheibel et al., 1996). While logic supports the expec-
tation that adding chemotherapy to radiotherapy may
actually increase toxicity, few studies actually address
this concern (Postma et al., 1998). Nonetheless, given
present knowledge and experience, pursuing chemora-
diation is a counterintuitive strategy.

Adjuvant Postirradiation Chemotherapy for 
High-grade Gliomas

Adjuvant postirradiation chemotherapy for GBM has
evolved little over the past decade; however, there is
greater support for combination chemotherapy after
radiotherapy for AGs. With several different regimens,
the median survival for patients with AG is 3–5 years,
and as many as 40% of patients are alive at 8–10 years
(Levin et al., 1995b; Prados et al., 1998a, 1998b).
Unfortunately, a review of phase III and smaller phase
II trials of postirradiation chemotherapy indicates that
we are at a plateau with respect to patient survival for
both GBM and AA.

In both children and adults, the 8-drugs-in-1-day
combination did not prove to be better than less toxic
and simpler therapies (Finlay et al., 1995). In a ran-
domized trial of postirradiation chemotherapy in 192
children between 1.5 and 21 years of age with high-
grade astrocytomas, the 8-drugs-in-1-day chemo-
therapy regimen was not superior to lomustine, vin-
cristine, and prednisone.

Knerich et al. (1990) reported on a large randomized
trial with chemotherapy, which was begun at the same
time as radiotherapy and continued after radiotherapy
was completed. A total of 173 patients with malignant
glioma were randomly assigned to receive lomustine
alone, lomustine plus teniposide, or lomustine, tenipo-
side, and 5-�uorouracil. Statistical analysis of 150 evalu-
able patients showed a better quality of life and survival
for patients treated with the 3-drug combination than
for those treated with the 2-drug or single-drug therapy
(median survival for the 3 groups was 18.2 months, 14.7
months, and 13.8 months, respectively; P<0.01), but
also a higher incidence of CNS side effects.

Data from NCOG protocol 6G61, which closed in
February 1983, were reanalyzed in December 1988
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(Levin et al., 1990). Patients in the trial were randomly
assigned to receive 60 Gy external beam irradiation
with oral hydroxyurea, followed by either carmustine
or PCV. The PCV combination produced longer sur-
vival and TTP than carmustine for both GBM and AG,
although the difference was statistically signi�cant only
for the patients with AG. In patients with AG, TTP and
median survival was twice as long after PCV treatment
(146 vs. 82 weeks).

In search of new chemotypes, the National Cancer
Institute made available diaziquone and carmustine. In
the �rst study, diaziquone was evaluated against car-
mustine in a randomized study of 251 patients with AG
who had been treated with surgery and radiotherapy
(Schold et al., 1993). There was no signi�cant differ-
ence in either TTP or survival between the two treat-
ment arms. The investigators found that older patients
(>45 years old) with glioblastoma or gliosarcoma had a
median survival of 37 weeks after randomization, and
younger patients (<45 years old) with AG (mostly AA)
had a median survival of 147 weeks. For patients with
AG, there was no signi�cant difference in ef�cacy
between diaziquone and carmustine, although diaz-
iquone was somewhat better tolerated. Patients ran-
domly assigned to diaziquone who had signi�cant
hematologic toxicity that required dose reduction after
the �rst treatment cycle, however, had signi�cantly
longer TTP and survival than did those who did not
require dose reduction (P=0.011 and 0.016, respec-
tively). Patients requiring dose reduction had greater
myelotoxicity, which may also imply that these patients
had a genetic abnormality (advantage) that also
enhanced the antitumor ef�cacy of diaziquone. It is
conceivable that these patients may have had a longer
plasma half-life (higher area under the curve) or possi-
bly a reduced capacity to repair diaziquone-induced
DNA damage.

In another study, the Brain Tumor Study Group ran-
domly assigned 152 adults with primary brain tumors
to receive PCNU every 8 weeks or diaziquone once a
week for 4 weeks every 6 to 8 weeks (Malkin et al.,
1994). Median survival times were 11.0 months for the
PCNU group and 8.4 months for the diaziquone group.
Life-table analysis estimates for 2-year survival rates
were 34% for patients treated with PCNU and 11% for
diaziquone.

Recently, Prados et al. (1998b) reported a treatment
for malignant gliomas consisting of radiotherapy con-
comitant with hydroxyurea followed by chemotherapy
with carmustine and 6-thioguanine. Their study
included 135 patients with GBM and 110 patients with
AG (103 with AA, 7 with high-grade OA). For patients
with GBM, the median survival was 56 weeks (95% CI
49, 69). For the AG group, the median survival was not
reached (95% lower con�dence bound, 284 weeks),
with a median follow-up for surviving patients of 298
weeks. A proportional hazards model showed that a
higher Karnofsky performance score and a lower age
predicted longer survival (P<0.01 and P<0.001, respec-
tively) in patients with GBM, and that a younger age
predicted longer survival (P=0.05) for patients with
AG. The survival of patients with AG in this study is

comparable to the survival of similar patients in recent
studies using halogenated pyrimidines during radiother-
apy and PCV as adjuvant chemotherapy.

A number of smaller postirradiation chemotherapy
studies were also conducted, but none had suf�cient
statistical power or promising results to encourage fur-
ther study. Hellman et al. (1998) reported a median sur-
vival of 14 months in a phase II trial with chemo-
therapy with a combination of etoposide, vincristine,
and procarbazine in 27 patients having GBM and 6
having AA. In a phase II study, Boiardi et al. (1992) ran-
domly assigned 84 patients with GBM to carmustine
alone, carboplatin and etoposide, carboplatin and car-
mustine, or carboplatin, carmustine, and etoposide, and
found that survival did not differ among the four ther-
apies. In another phase II study, 38 patients with World
Health Organization grade III and IV gliomas were
treated after surgery and radiotherapy with a combina-
tion of carboplatin and oral tamoxifen at doses ranging
from 40 to 120 mg/day (Mastronardi et al., 1998).
Median survival was 13 months. Given a mixture of
histologic types in this study, this result does not suggest
unusual antitumor activity of the combination. In
another phase II study, 17 patients with GBM, 14
patients with AA, and 2 patients with AO were treated
after surgical resection with alternating intravenous
carmustine and cisplatin both during and after radio-
therapy (Yung et al., 1992). Although 52% (17 of 33)
patients were alive at 18 months (6 GBM, 9 AA, 2 AO),
the results did not support a larger study.

Summary. Postirradiation chemotherapy is the area
of greatest need and hope for the future. It is disap-
pointing that progress over the past decade has not
been greater. Although postirradiation chemotherapy
for GBM bene�ts few patients, those with AA (as well
as AO and OA) bene�t more from some drug combina-
tions than others. Unfortunately, we have not yet pro-
gressed from nitrosourea combinations to more effec-
tive combinations.

Overcoming Resistance to Nitrosoureas

The problem of resistance to chemotherapy has been
hotly pursued in the cancer biology literature and in
clinical trials over the past decade. The premise of this
work posits that current cytotoxic anticancer drugs
would be more effective if we understood how to
reduce or prevent enzymatic cellular mechanisms that
inactivate the drugs at the tumor cell without inactivat-
ing anticancer drugs in dose-limiting normal cells.
While this objective was readily achieved in cultured
cells and some animal models, it has been an elusive
objective in cancer patients. Following the administra-
tion of a nitrosourea, a monofunctional adduct
attached to guanine can be removed by the enzyme
AGAT. In high-grade gliomas, one mechanism of resis-
tance to nitrosoureas is a high AGAT level. For
instance, 30% of high-grade glioma patients have low
levels of AGAT mRNA, and these patients have higher
partial response rates to carmustine than those with
high AGAT levels (Mineura et al., 1994). In a retro-
spective study of 167 patients treated with carmustine,
survival was inversely related to AGAT levels (Mason et
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al., 1997). Unfortunately, the use of commercially avail-
able drugs such as procarbazine and dacarbazine,
which can block AGAT activity and thus enhance
nitrosourea activity, have failed to produce signi�cant
improvement in outcome for patients with high-grade
gliomas (Ikeda et al., 1996; Kyritsis et al., 1996; Levin
and Prados, 1992). A better inhibitor of AGAT, O6-
benzylguanine, is under investigation in combination
with nitrosoureas for high-grade gliomas. To date, cell
culture and animal studies indicate that blocking tumor
AGAT with O6-benzylguanine can increase nitrosourea
cytotoxicity (Dolan et al., 1991, 1994; Schold et al.,
1996). Unfortunately, this treatment also results in an
increase in systemic toxic effects in rodents unless the
O6-benzylguanine is given by the intra-arterial route to
increase levels of the drug in tumors and reduce sys-
temic organ exposure (Kurpad et al., 1997).

Summary. Strategies to date that were designed to
overcome resistance to alkylating agents such as the
nitrosoureas have met with little success. Most efforts
have focused on pretreatment with procarbazine and
dacarbazine. While there is an expectation that O6-ben-
zylguanine will be signi�cantly more effective in block-
ing AGAT, it is problematic whether O6-benzylguanine
enhancement of nitrosourea antitumor ef�cacy will
incrementally improve survival for patients with glial
tumors without increasing the systemic toxicity of
nitrosoureas.

Intra-arterial Chemotherapy

For the past 20 years, intra-arterial chemotherapy has
been pursued with the goal of improving drug delivery
to brain tumors. Unfortunately, despite many theoretical
advantages, these studies have produced no conclusive
evidence of benefit. Most studies have used a
nitrosourea, a platinoid, or both (Chauveinc et al.,
1996; Iwadate et al., 1995). An example of a recent trial
is a small study of 38 patients treated with nimustine
and cisplatin in which a response rate of 59% (19 of 32)
was observed (Iwadate et al., 1995). Local recurrence
was observed in 53% of patients and recurrence more
than 3 cm from the original tumor margin was observed
in 39%. The median survival time was 59 weeks for
patients without distant recurrence and 42 weeks for
patients with distant recurrence (not statistically signi�-
cant). In the few randomized studies of intra-arterial ver-
sus intravenous chemotherapy, clear bene�t of intra-
arterial therapy was not shown and neurologic and optic
system side effects tended to detract from patient qual-
ity of life (Hiesiger et al., 1995).

To overcome CNS toxicity, Dropcho et al. (1998)
evaluated selective intra-arterial cisplatin infused into
either the cervical internal carotid artery (15 patients)
or 1-2 major cerebral arteries (26 patients). The median
TTP among the 13 (32%) patients with tumor response
or stable disease was 24 weeks. The response rate did
not signi�cantly differ between the two groups and,
although selective intracerebral artery cisplatin infusion
reduced the risk of optic system side effects, it did not
produce a better tumor response rate, but was associ-
ated with a higher risk of seizures and neurologic side
effects than was internal carotid artery infusion.

Summary. Many different approaches to intra-arter-
ial infusion and catheter placement have been tried over
the years. Intra-arterial therapy is ineffective with the
agents available, however, and its cost-bene�t ratio is
not good enough to justify its continued pursuit with
today’s cytotoxic drugs.

High-dose chemotherapy

The use of high-dose chemotherapy followed by bone
marrow or stem cell transplantation to increase chemo-
therapy dose toleration, and thereby improve survival,
in brain tumor patients remains controversial. This
strategy has been pursued in children and young adults
far more vigorously than in older adults, but still with
variable results (Dunkel et al., 1996; Fernandez-
Hidalgo et al., 1996). While response to treatment has
been observed and treatment morbidity has declined
with experience, true therapeutic advantage has not
been proven (Finlay, 1996; Finlay et al., 1990, 1996).

Summary. Ideally, it would be valuable to conduct
randomized trials of high-dose versus conventional
dose chemotherapy in glioma patients. Unfortunately,
many problems are inherent in controlled clinical trials
of these treatments: (1) in the younger age group, there
are limited numbers of patients; (2) parents who want
to do everything for their children will be unwilling to
forgo the promise (and the hype) of transplantation to
let their children be part of a randomized study; (3)
insurance coverage of these expensive procedures will
be hard to arrange in a randomized study; and (4)
agreement on appropriate drugs to be used may be
problematic. When reviewing published studies, recall
that treatment with radiation and chemotherapy invari-
ably produces better survival in patients between 12
and 45 years of age than in patients of other ages, a
phenomenon that confounds results reported in the lit-
erature. Typical drugs used have been carmustine,
thiotepa, cisplatin, and etoposide. None of these drugs
have antitumor activity at conventional doses, and, in
fact, thiotepa is nearly without activity against gliomas
at lower doses than those used for transplantation.

The Special Case of Chemotherapy for 
Oligodendrogliomas

Of the glial neoplasms, those of oligodendroglial lin-
eage appear easiest to control from a surgical, radio-
therapeutic, and chemotherapeutic standpoint. On
average, patients with low-grade tumors survive 9
years, whereas those with high-grade tumors survive
2.2 years (Berger et al., 1995; Levin et al., 1997). For
the most part, patients reported in those series were
treated with surgery and radiation; few were treated
with chemotherapy as part of the clinical trial.

Interestingly, oligodendroglioma tumor cells can
cohabitate with cells that are phenotypically malignant
astrocytes. Tumors with both kinds of cells are called
oligoastrocytomas and can be low grade or anaplastic.
BrdU-labeling index studies in 47 patients with oligoas-
trocytomas of various degrees of malignancy found
70% of tumors had low-grade astrocytoma compo-
nents, 28% had anaplastic astrocytoma components,
and 74% had oligodendroglioma grade B components
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(Wacker et al., 1994). For a BrdU-labeling index >5%,
median TTP was 4.5 months, but for tumors with a
labeling index <5%, the median TTP was not reached.
Although investigators concluded that survival corre-
lates with the BrdU-labeling index of the oligoden-
droglial component, this conclusion is paradoxical and
not well supported. Most of the tumors consisting of
oligodendroglioma grade B with AA had higher label-
ing indices (>2.5%), and most of the tumors consisting
of oligodendroglioma with low-grade astrocytoma had
lower labeling indices (<1%). In addition, clinical expe-
rience supports the observation that progressive
oligoastrocytomas eventually develop the histological
appearance of GBM or AA; they do not, as a rule,
develop the phenotypically distinct appearance called
oligodendroglioma grade D.

For the most part, oligodendroglioma is managed
with wide surgical resection and radiotherapy for resid-
ual tumor. The case for AO is more problematic. Cairn-
cross et al. (1994) have conducted a series of consecu-
tive phase II studies to examine the rate and duration of
response of AO to PCV. In a study of 24 eligible
patients, they found that 38% had a complete response,
38% had a partial response, and 17% had stable dis-
ease. The median TTP was >25 months for complete
responders, 14 months for partial responders, and 6.8
months for patients with stable disease.

Kyritsis et al. (1993) reviewed a series of 8 patients
with AO initially treated with radiotherapy and adjuvant
chemotherapy and 12 patients with AO treated at the
time of recurrence (includes 3 who failed adjuvant
chemotherapy) with salvage chemotherapy. Of the 8
patients who received adjuvant chemotherapy, all had a
response or stable disease and 7 had a relapse by 10
months. Of the 12 patients treated at recurrence, 3 had a
response and 6 had stable disease; survival times ranged
from 15 to greater than 132 months (Allison et al.,
1997). This small review suggests that, while AO is a rel-
atively chemotherapy-sensitive glioma, adjuvant chemo-
therapy after irradiation may have a minimal advantage
over a wide surgical resection followed by conventional
radiotherapy for the initial treatment of AO.

Allison et al. (1997) reported on a series of 14 patients
with oligodendroglioma, 3 with AO, and 15 with OA (6
with AA features). All had residual tumor on postopera-
tive CT scans. For nonanaplastic lesions, no local failure
was seen at a median of 125 months (range, 28–240
months) in 6 patients who received postoperative radio-
therapy to 60 Gy and chemotherapy with PCV. Nine
patients who had no postoperative chemotherapy experi-
enced local failure (median time to failure, 25 months).
The 6 patients treated with 50 Gy had recurrence at a
median of 36 months and 5 (62%) of 8 patients treated
to 60 Gy remained disease-free at a median of 66 months
(3 had recurrence at 26, 40, and 60 months). Of the 9
patients with anaplastic tumor elements who were
treated with 60 Gy and chemotherapy, 5 (56%) had not
had a recurrence at a median of 48 months.

Over the past several years, some major research has
focused on the question of whether it is better to give a
combination of PCV before radiotherapy or after radio-
therapy at recurrence for AOs. Answering this question

will be important, but of equal, if not greater, importance
will be discovering and developing new chemotherapy
approaches to the treatment of all oligodendroglial
tumors. Because oligodendroglial tumors are uncom-
mon, few studies of chemotherapy treatment for these
tumors have been conducted over the past decade, and
they have included small numbers of patients. Nonethe-
less, these trials can be instructive and will be reviewed.

The London Ontario Group did a retrospective
analysis of 23 patients and found that a combination of
etoposide and cisplatin had some palliative activity in
patients who had tumor progression while on PCV
(Peterson et al., 1996).

Fulton et al. (1996) evaluated oral etoposide 50 mg ·
m–2 · day–1 given until the neutrophil count dropped to
<1000/ m l or the platelet count fell to <75,000/ m l and
resumed once the counts had risen to normal levels.
Fulton et al. (1996) treated 9 patients with AO who had
a median TTP of 17 weeks, which is nearly twice that
observed for patients with AA.

A study of paclitaxel treatment of 20 patients with
recurrent oligodendroglioma found response in 3
patients and stable disease in 7 patients; the median
duration of response and stable disease was 10 months
(range, 5–14) (Chamberlain and Kormanik, 1997).

Trials of adjuvant chemotherapy (mostly with PCV)
in adults have shown that more patients with OA than
patients with AO have 2-year progression-free survival
(80 vs. 56%). When the survival and response to ther-
apy of patients with OA of varying grades of malig-
nancy were reviewed, Levin et al. (1997) found that
patients experienced recurrence at a median of 1.8 years
after initial presentation, and with additional chemo-
therapy and surgery (20%), they survived a median of
an additional 1.6 years. Of note was the fact that 25%
of patients survived 6.9 years.

Kyritsis et al. (1997) found that of 12 patients with
AO who were initially treated with nitrosourea-based
therapy and 6 patients who were treated with various
therapies at recurrence, 5 had a response and 7 had sta-
ble disease with most responses lasting longer than 12
months. Among patients with recurrent disease, 1 had
a response and 5 had stable disease; the median TTP
was 6 months.

Limited information is available on chemotherapy in
children with oligodendrogliomas. The Children’s Can-
cer Group protocol 945 included 17 patients aged from
2 to 21 years who were considered to have OA (Hari-
haran et al., 1996). All were treated with nitrosourea-
based chemotherapy. Their 5-year progression-free sur-
vival rate was 64%. In comparison to AO, the number
of patients without tumor progression at 2 years was
higher for oligodendroglioma patients than for AO
patients (80 vs. 56%). Hariharan et al. (1996) suggest
treating children and adults with a PCV combination
until a better therapy proves effective.

Summary. At present, the appropriate use of chemo-
therapy in the treatment of oligodendroglioma is pri-
marily for recurrence. Although chemotherapy treat-
ment for residual and recurrent AO and OA seems logi-
cal, data to date present a mixed picture depending on
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factors such as patient age, diagnostic criteria, extent of
surgery, and type of chemotherapy administered. At
present, therapy based on PCV appears to be the most
effective therapy among those tried. As more effective
and less toxic forms of chemotherapy become available,
most patients with AO or OA would in fact initially be
treated with chemotherapy for long-term tumor control.

The Special Case of Chemotherapy for Low-grade Gliomas

Chemotherapy for low-grade gliomas has received little
attention until this decade. Small studies have been con-
ducted during which chemotherapy was given to avoid
or defer irradiation of the CNS in children. Most of the
studies have used carboplatin and vincristine (Packer et
al., 1997) or nitrosourea combinations (Berger et al.,
1995; Prados et al., 1997) with good results. Packer et
al. (1997) reported on 78 children with a mean age of 3
years and with low-grade gliomas (32 �brillary, 17 pilo-
cytic, 3 mixed, and 26 histologic types undetermined)
and tumors located primarily in the diencephalon
(n=58) and brain stem (n=12). The children were treated
at recurrence or after initial surgery or both with a 10-
week course of 2 cycles of carboplatin weekly for 4
weeks with concurrent weekly vincristine. The investi-
gators found a progression-free survival rate of 68% at
3 years and a projected 5-year overall survival rate of

40% (Packer et al., 1997). Prados et al. (1997) treated
42 children (mean age 5 years) with a combination of 6-
thioguanine, procarbazine, mitolactol (dibromodulci-
tol), lomustine, and vincristine, and found a median 5-
year survival rate of 78%.

Many patients with low-grade gliomas are children
with chiasmal-hypothalamic astrocytomas. Petronio et
al. (1991) reported 19 children (aged from 15 weeks to
15.6 years) with chiasmal/hypothalamic gliomas
treated with chemotherapy after either surgical or radi-
ological diagnosis. Twelve patients were treated imme-
diately after diagnosis because of progressive symp-
toms and 7 received chemotherapy after either radi-
ographic evidence of progression or clinical deteriora-
tion, which included progressive visual loss or intracra-
nial hypertension. Twelve of the 19 tumors were biop-
sied (7 were classi�ed as juvenile pilocytic astrocy-
tomas, 2 as astrocytomas, 2 as AA, and 1 as
subependymal giant-cell astrocytoma). Eighty-three
percent of the children were treated with a combina-
tion of 6-thioguanine, procarbazine, mitolactol, lomus-
tine, and vincristine. Fifteen (83%) of the 18 evaluable
patients initially treated with chemotherapy either
responded or experienced stabilization of their condi-
tion. Median TTP had not been reached at a median
follow-up of 79 weeks (range, 6.6–303 weeks) and no
tumor-related death had occurred.

Gajjar et al. (1993) reported on 13 children with in�l-
trative low-grade gliomas treated with alkylating agent
or platinum-based chemotherapy regimens. In 11
patients, this was the initial postoperative treatment
modality and, in 2 others, treatment for progressive dis-
ease after radiotherapy. Despite good initial responses, 5
of 6 patients who received no further treatment follow-
ing chemotherapy (4 had a response and 1 had stable dis-
ease) developed progressive disease 5–13 months after

completing chemotherapy. The remaining four patients
with objective responses or stable disease responded to
further treatment with radiotherapy or surgery.

Pons et al. (1992) reported on 14 of 20 patients
(aged from 9 months to 20 years) with low-grade astro-
cytoma who completed one 8-week course of vin-
cristine and etoposide. In a dif�cult-to-follow study, 4
patients exhibited partial or minor responses that were
maintained for 10–35 months and 10 had stable disease
for 10–42 months.

Among patients treated according to an NCOG pro-
tocol of BrdU during conventional radiotherapy fol-
lowed by PCV for 1 year or until recurrence, 22 had
low-grade contrast-enhancing (by CT) in�ltrative astro-
cytoma. These patients had a 4-year progression-free
survival rate of 68% and a 6-year overall survival rate
of 79% (Levin et al., 1995b).

Summary. It is clear that in�ltrative low-grade astro-
cytomas and oligodendrogliomas are sensitive to various
chemotherapies. Historically, nitrosourea-based therapies
have dominated in adult and childhood clinical trials,
though platinum and vincristine therapies have been
found useful in childhood low-grade gliomas. Because
these tumors respond to various chemotherapy
approaches, when more effective and less toxic forms of
chemotherapy become available, most patients with low-
grade astrocytoma and oligodendroglioma initially will be
treated for long-term tumor control. With luck, we may
even eliminate treatment with radiotherapy in the future.

Current and New Cytotoxic Drugs for Gliomas

Only two drug chemotypes are approved in the United
States and Canada for the treatment of gliomas: car-
mustine and lomustine. In addition, practice patterns
have led to the following drugs being approved for
third party reimbursement: procarbazine, cisplatin, car-
boplatin, etoposide, and nitrogen mustard. In this sec-
tion, I will discuss some of these drugs, some newer
drugs, and some of the drug combinations evaluated in
phase II studies.

Temozolomide (Temodal) is an oral agent that read-
ily crosses the blood-brain barrier and biotransforms to
monomethyl triazenoimidazole carboxamide, an alky-
lating species that methylates the O6 position of gua-
nine. In the near future, Temodal is expected to gain
Food and Drug Administration approval for the treat-
ment of recurrent GBM and AA. A phase II study of
161 patients with AG at �rst relapse showed a 42%
response rate with 24% of patients experiencing stable
disease; on an intent-to-treat basis, the TTP was 46%
(95% CI 37%, 56%) at 6 months and 25% at 12
months (Levin et al., 1997).

Taxol (Paclitaxel), a drug highly active against ade-
nocarcinomas, shows modest activity against recurrent
primary CNS tumors with acceptable toxicity (Cham-
berlain and Kormanik, 1995, 1997; Chang et al.,
1996). Complicating the evaluation of this agent in
patients with CNS tumors has been its accelerated
plasma clearance in patients receiving anticonvulsants
(Chang et al., 1996).

Another drug, tamoxifen, is active in the treatment
of breast adenocarcinoma. It is a nonspeci�c protein
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kinase C inhibitor and has been evaluated for the treat-
ment of recurrent high-grade glial neoplasms. The
rationale is that tumor cells, including glioma cells,
have high levels of protein kinase C activity compared
with normal astrocytes. While the use of tamoxifen as a
chemotherapeutic agent for high-grade gliomas is con-
troversial, reports suggest that a subgroup of patients
have a median survival from initiation of tamoxifen
treatment of 69 weeks for AA and 31 weeks for GBM
(Couldwell et al., 1996). Studies are also under way to
evaluate tamoxifen in combination with other anti-
cancer agents. One study evaluated the use of carbo-
platin and tamoxifen after surgery and radiotherapy in
40 patients, but could not demonstrate increased ef�-
cacy compared with a historical series (Mastronardi et
al., 1998).

Etoposide (VP-16) is a topoisomerase II inhibitor
that is restricted in its ability to cross the intact blood-
brain barrier (Levin, 1980; Levin et al., 1976). Because
of the slow doubling of gliomas, etoposide has been
administered most recently as an oral treatment over
21 days or longer. In a study of chronic low-dose treat-
ment of 50 mg/m2, Fulton et al. (1996) found little
activity against malignant astrocytomas in adults,
though more activity was seen in patients with AO. On
the other hand, in 14 children with supratentorial
malignant gliomas, Chamberlain (1997) found that
chronic oral etoposide for 21 days produced partial
responses in 3 patients and stable disease in 4; the
median TTP was 8 months.

Etoposide was combined with carboplatin in a study
of 31 patients with high-grade gliomas (Ameri et al.,
1997). The investigators reported a response rate of
13%, a stable disease rate of 32%, and a median TTP
for this subgroup of 28 weeks. In a comparable study,
Jeremic et al. (1992) treated patients for 3 months
before evaluating for response (when possible), and
reported response rates of 21%, stable disease rates of
32%, and a median TTP of nearly 48 weeks.

The use of etoposide with cisplatin was evaluated in
36 patients with recurrent high-grade astrocytomas
(Buckner et al., 1990). Thirty-one percent of patients
responded (n=6) or had stable disease (n=5); median
TTP for this subgroup was 6 months.

Mitolactol an older alkylating agent, has been eval-
uated in various chemotherapy regimens over the past
decade. It was combined with lomustine and procar-
bazine in a study of 26 patients with recurrent malig-
nant gliomas. The response rate was 55% in AA com-
pared with 12% in GBM (Hildebrand et al., 1998). In
another study, mitolactol was combined with oral 6-
thioguanine, procarbazine, lomustine, 5-�uorouracil,
and hydroxyurea for treatment of recurrent GBM (37
patients) or AG (38 patients) (Levin and Prados, 1992).
There was a nonstatistically signi�cant difference on the
basis of whether patients had recurrence after radio-
therapy alone or radiotherapy and a nitrosourea. For
patients with GBM who had received radiotherapy
alone, the rate of response or stable disease was 61%
and the median TTP was 9.3 months. For patients with
GBM who had received radiotherapy and a
nitrosourea, the rate of response or stable disease was

58% and the median TTP was 5.1 months. Corre-
sponding values for patients with AG who had received
radiotherapy alone or radiotherapy and a nitrosourea
were 92% and 15 months and 38% and 10.6 months.

Another old drug recently restudied is procarbazine.
Thirty-�ve patients in whom treatment with radiation
and a nitrosourea failed were treated with oral procar-
bazine for 4-week periods every 8 weeks (Newton et al.,
1990). The partial response rate of patients was 20%
and the stable disease rate was 31%. These data are sim-
ilar to those reported earlier by Rodriguez et al. (1989).

Single-agent high-dose carboplatin has also been
evaluated against recurrent malignant gliomas. Yung et
al. (1991a) treated 29 evaluable patients with 400–450
mg/m2 every 4 weeks; 48% of patients had response or
stable disease and had a median TTP of 26 weeks. In
another dose-�nding study, 32 patients were treated
with carboplatin every 3 weeks at a dose of 350 mg/m2,
with a dose escalation every 6 weeks until level 4 hema-
tologic toxicity was reached. Of the 28 patients who
could be evaluated for a response, 50% demonstrated a
response or had stabilization of their disease after 2
infusions of carboplatin; the median TTP was 19 weeks
(Warnick et al., 1994).

Single-agent di�uormethylornithine (E�ornithine),
an irreversible ornithine decarboxylase inhibitor, was
evaluated in 36 patients with GBM and 44 patients
with AG (Levin et al., 1992). Partial or minor response
or stable disease was seen in 45% of patients with AG,
and the median TTP was 49 weeks; however, only
17% of patients with GBM had response or stable dis-
ease, and the median TTP had not been reached by a
median follow-up of 32 weeks. The study suggested
that e�ornithine is an effective palliative therapy for
recurrent AG.

Oral tauromustine, 130 mg/m2 every 5 weeks, was
evaluated in a phase II study in 46 patients (Gregor et
al., 1992). All patients were followed until death and
none received second-line chemotherapy. The median
posttreatment survival was 26 weeks for patients with
GBM and 57 weeks for patients with AA. The overall
2-year survival rate was 23% for patients with GBM
and 69% for patients with AA.

Another new drug, crisnatol mesylate was evaluated
in 6 patients with recurrent AA and 20 patients with
GBM (New et al., 1997). The drug was administered as
a 72-hour infusion every 21 days after radiotherapy
and, in some cases, after chemotherapy. Neurologic
side-effects were acute during drug infusion and were
dose-limiting.

Topotecan is a topoisomerase I inhibitor that has
been evaluated recently. A preliminary report of 26
patients treated at recurrence indicated that 12%
responded and 15% had their disease stabilized with
infusions of 21 days every 4 weeks (Kyritsis et al., 1997).

Summary. Few new cytotoxic drugs have become
available for the treatment of gliomas during the past
decade. The anticipated approval of Temodal this year
will be the first Food and Drug Administration
approval of a new drug chemotype for recurrent malig-
nant gliomas since the early 1970s. Most energy has
been focused in creative scheduling and combinations
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with other drugs. The results have been variable and
sometimes encouraging. All therapies, nonetheless,
remain palliative and few are likely to lead to random-
ized phase III trials.

Biological Response Modi�ers and 
Signaling-Speci�c Therapies

Alpha and beta interferons are proteins with limited
access to the brain because of the restriction of the
blood-brain barrier. Nonetheless, the interferons have
the capacity to slow the growth of CNS gliomas. The
precise mechanism of these protein drugs is under
study, but it is likely that their major action is to impair
tumor angiogenesis or invasion or both. In a large six-
center phase I/II trial, human recombinant interferon
beta (Betaseron) was evaluated in patients with recur-
rent malignant glioma (Yung et al., 1991b). Betaseron
was given intravenously three times per week, starting
at 90 mIU per dose and escalating by 90 mIU every 2
weeks, to a maximum dose of 540 mIU per treatment.
Neurologic side effects were dose-limiting. Of the 41
patients with GBM and 24 with AA, 15 (23%) had an
objective response and 18 (28%) had stable disease.
The median TTP was 24 weeks for the responders, 10
weeks for the nonresponders, and 23 weeks for the
whole group. In another study, 32 children with brain
stem glioma were treated with recombinant beta inter-
feron and 72 Gy of hyperfractionated radiation. The
median TTP from study entry was 5 months and the
median time to death was 9 months; these results are
comparable to results obtained with irradiation only.

Interferon alpha has been used in combination with
nitrosoureas (Brandes et al., 1997; Buckner et al.,
1995), e�ornithine (Buckner et al., 1998), and oral
tamoxifen (Chang et al., 1998) without clear indication
of either additive or synergistic bene�t. Interferon alpha
with tamoxifen was poorly tolerated because of neuro-
logic side effects and led to early closure of the study
(Chang et al., 1998).

Intratumoral recombinant interferon gamma has
also been evaluated in a setting adjuvant to surgery and
external irradiation in a small study of 21 patients with
GBM patients randomly assigned to receive intratu-
moral interferon (Farkkila et al., 1994). There were no
differences in the survival times (55 vs. 54 weeks).

The retinoids have also been investigated in patients
with malignant glioma because these agents inhibit cel-
lular proliferation and decrease epidermal growth factor
receptor-mediated tyrosine kinase activity in several
glioma cell lines. Thirty-six patients with recurrent
malignant glioma were treated with tretinoin (all-trans-
retinoic acid) at 120–150 mg · m-2 · day-1 for 3 weeks
followed by a 1-week rest (Kaba et al., 1997). One (3%)
of 34 evaluable patients had a minor response and 14
(41%) had stable disease. The median TTP for the
patients with stable disease and the single responder was
17 weeks. Though the 150 mg · m-2 · day-1 was associ-
ated with a high incidence of headache, the 120 mg · 
m-2 · day-1 dose was well tolerated with mild, mainly
dermatologic side effects. Another retinoid, isotretinoin

(13-cis-retinoic acid), was evaluated at a dosage of 50
mg/m2 twice daily for 3 weeks with a 1-week rest
between cycles (Yung et al., 1996). Of the 43 patients
with recurrent glioma treated (15 with GBM, 15 with
AA, and 13 with other malignant gliomas), 10 (23%)
responded and 13 (30%) had stable disease for a median
48 weeks. The median TTP for all patients with GBM
was 19 weeks and for those with AG, 11 weeks.

A preliminary report of an aborted randomized phase
II study of recombinant interferon beta (6 mIU subcuta-
neously 3 times a week) and cis-retinoic acid (50 mg/m2

twice daily for 3 weeks every 4 weeks) versus cis-retinoic
acid alone is disappointing (Yung et al., 1994). After the
�rst 65 patients, the interferon dose was increased to 18
mIU. There were 94 evaluable patients. The rate of
patients with partial response or stable disease was 61%
for AA and 57% for GBM. Response was less common
than stable disease. Twenty-�ve percent (11 of 44) of
patients with AA remained on treatment for 15–49
weeks and 18% (9 of 50) of patients with GBM
remained on treatment for 12–64 weeks. No synergism
between 13-cis-retinoic acid and interferon beta was
shown, and increasing the interferon beta dose 18 mIU
did not affect response rate or duration.

There is great anticipation that drugs that inhibit
tumor angiogenesis will help control the growth and
invasion of gliomas and other cancers. Unfortunately,
pure anti-angiogenesis drugs are unavailable for human
trials. Fine et al. (1997) reported their preliminary �nd-
ings from a phase II trial of oral thalidomide in patients
with recurrent high-grade gliomas. Thalidomide use
(1200 mg/day) was evaluated in patients with recurrent
high-grade astrocytomas and mixed gliomas. Of the 32
patients reported, all were evaluable for side effects and
10 were evaluable for response. Major drug side effects
included somnolence (three patients) and drug rash (two
patients). Minimal radiographic responses were seen in
20% (2 of 10), and one patient remained on thalidomide
for more than 7 months.

Much pharmaceutical industry focus during the past
decade has been on the development of small molecule
inhibitors of speci�c signaling pathways. A product of
that effort is SU101, a potent inhibitor of platelet-derived
growth factor-mediated cell signaling. A recently com-
pleted phase I toxicity and pharmacokinetic study has
de�ned the dose schedule for phase II and III studies
(Malkin et al., 1996). Given the 1-hour plasma half-life
for SU101 and the 400-hour plasma half-life for the
major metabolite SU20, a 24-hour continuous intra-
venous infusion weekly for 4 weeks appears appropriate.
Of the 12 patients treated in the phase I trial, 3 patients
had a minor response.

The Bright Future

Future therapy for our patients with cancer of the CNS is
certain to improve markedly over the next decade.
Through understanding the cancer genome and critical sig-
naling pathways, we will better understand ways to stop
cancer growth. Unfortunately, barring some unforeseen
breakthrough, that knowledge will precede by many years
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