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Therapeutic options for the treatment of malignant brain
tumors have been limited, in part, because of the presence
of the blood-brain barrier. For this reason, the Sixth
Annual Meeting of the Blood-Brain Barrier Disruption
Consortium, the focus of which was the “Importance of
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Dose Intensity in Neuro-Oncology Clinical Trials,” was
convened in April 2000, at Government Camp, Mount
Hood, Oregon. This meeting, which was supported by
the National Cancer Institute, the National Institute of
Neurological Disorders and Stroke, and the National
Institute of Deafness and Other Communication
Disorders, brought together clinicians and basic scientists
from across the U.S. to discuss the role of dose intensity
and enhanced chemotherapy delivery in the treatment
of malignant brain tumors and to design multicenter
clinical trials. Optimizing chemotherapy delivery to the
CNS is crucial, particularly in view of recent progress
identifying certain brain tumors as chemosensitive. The
discovery that specific constellations of genetic alterations
can predict which tumors are chemoresponsive, and
can therefore more accurately predict prognosis, has
important implications for delivery of intensive, effective
chemotherapy regimens with acceptable toxicities. This
report summarizes the discussions, future directions,
and key questions regarding dose-intensive treatment of
primary CNS lymphoma, CNS relapse of systemic non-
Hodgkin’s lymphoma, anaplastic oligodendroglioma,



high-grade glioma, and metastatic cancer of the brain. The
promising role of cytoenhancers and chemo-protectants as
part of dose-intensive regimens for chemosensitive brain
tumors and development of improved gene therapies for
malignant gliomas are discussed. Neuro-Oncology 3, 46—
54, 2001 (Posted to Neuro-Oncology [serial online], Doc.
00-039, November 3, 2000. URL <neuro-oncology.mc.
duke.edu>)

droglioma are chemosensitive brain tumors. The

design of multicenter clinical trials to evaluate the
role of chemotherapy dose intensity in these tumors has
renewed importance. Recent advances in molecular char-
acterization can now predict chemoresponsiveness, which
when coupled with the steep dose-response curve that
is characteristic of many cytotoxic drugs has important
implications. Few clinical trials have addressed, in either
a prospective or randomized fashion, whether increasing
the chemotherapy dose by =3-fold (Doroshow, 1999) will
translate into improved responses and survival.

In contrast to the definition of dose intensity discussed
by Hryniuk and Pater (1987), the April 2000 meeting
defined dose intensity more broadly to include treat-
ments using high-dose chemotherapy with or without
stem cell support, chemotherapy delivered in conjunction
with osmotic opening of the blood-brain barrier, and
chemoprotection to minimize chemotherapy toxicity to
normal tissue. To maximize patient accrual and to deter-
mine whether safety and efficacy profiles of dose-inten-
sive strategies are reproducible, it is critical that trials be
held across multiple centers.

Primary CNS lymphoma and anaplastic oligoden-

Dose Intensity in Neuro-Oncology

Various strategies have been explored in an attempt to
improve efficacy and to overcome problems of poor drug
delivery and drug resistance in malignant brain tumors.
Dose intensity defined as high-dose chemotherapy with
autologous stem cell rescue is one such strategy that has
been used in adult patients with malignant brain tumors
(Abrey et al., 1999; Fine and Antman, 1992). Abrey et
al. (1999) reported results for 45 patients (26 patients
had malignant glioma) treated with either a carmus-
tine-based, carboplatin-based, or thiotepa regimen in
conjunction with autologous stem cell rescue. Prolonged
disease-free interval was achieved for individual patients;
however, there was substantial mortality.

The effectiveness of dose intensity in pediatric neuro-
oncology remains a clouded issue. Whether designated
as high-dose chemotherapy, autologous bone marrow
rescue, hematopoietic stem cell rescue, or MCT,> no
absolute data exist that undeniably support the superi-
ority of dose intensity over less aggressive consolidation
regimens. Even in respected pediatric brain tumor tri-
als that support MCT (Finlay et al., 1996; Graham et
al., 1997; Mason et al., 1998), there is a potential bias
toward a more favorable outcome with MCT (for exam-
ple, MCT groups may have had less prior chemotherapy
and more surgery). Randomized trials may be useful to
settle this issue, but recent examples that either sup-
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port (Matthay et al., 1999) or refute (Stadtmauer et al.,
2000) the advantages of MCT demonstrate the need to
accrue hundreds of patients to achieve statistical power.
Despite difficulties with bias and patient numbers, it is
clear that carefully designed, randomized trials must be
conducted to define the role of MCT in pediatric brain
tumor therapy.

Dose intensity alone may be insufficient to treat
cancer successfully. It has been reported (Keshelava et
al., 1998) that for neuroblastoma, acquired resistance
to cytotoxic drugs (ranging from 1 to 719 times higher
than clinically achievable levels) progressively increases
with the intensity of in vivo therapy delivered. Further-
more, this resistance is probably related to an expansion
of tumor cells possessing stable alterations (genetic or
epigenetic) that confer this high degree of resistance. To
effectively treat children who have developed resistant
disease, it may be necessary to use chemoenhancers to
restore sensitivity.

Cytoenhancement and Chemoprotection

One way to augment dose intensity in the CNS is to
increase the effectiveness of standard doses of chemo-
therapy. Glutathione is involved in a number of detoxi-
fication mechanisms—wherein glutathione levels are
decreased by treatment with BSO—that can increase che-
motherapy toxicity and efficacy. In cultured human cells,
BSO increased the activity of melphalan (L-phenylalanine
mustard) (Anderson et al., 1999a), carboplatin, cisplatin
(L.L.M., unpublished data, 2000), and other free-radi-
cal-producing agents. BSO has been shown to enhance
the antineuroblastoma activity of melphalan synergisti-
cally, leading to tumor response in pediatric patients
with recurrent neuroblastoma (Anderson et al., 1999b).
In drug-resistant neuroblastoma cell lines (including
p53/TP53 nonfunctional), the combination of BSO plus
melphalan was highly synergistic and optimally effective
(>2 to 4 logs of cell kill) when melphalan was escalated
to concentrations achievable in the MCT setting (Ander-
son et al., in press, 2000). It was hypothesized that this
combination will most likely be advantageous in patients
with highly resistant disease, and a clinical trial of BSO
plus melphalan in the setting of MCT is in progress
(C.P.A., personal communication, 2000). Based on these
data, future use of BSO to potentiate the efficacy of
melphalan and carboplatin in brain tumor patients was
proposed.

A major complication of chemotherapy is toxicity to
normal tissues (for example, ototoxicity and myelosup-
pression). Stimulating factors are well known for their
critical role as protectants in cancer chemotherapeutics.
In terms of chemical protection, treatment with low
molecular weight sulfur-containing agents that mimic
one or many of the multiple activities of glutathione
may provide chemoprotection against the unwanted
side effects of chemotherapy. The problem is that che-
moprotectants may interact with the efficacy of chemo-
therapy. The protectant must, therefore, be separated
from chemotherapy, either in time or space. In vitro, the
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thio chemoprotectants are effective against carboplatin
and cisplatin if given up to 8 h after chemotherapy. In a
rat model of s.c. tumor, STS decreased carboplatin effi-
cacy if given in an aggressive regimen (2 and 6 h after
chemotherapy), but did not impact efficacy if given 8 h
after chemotherapy, a time interval that is still protective
for ototoxicity in a guinea pig model (Muldoon et al.,
2000). The blood-brain barrier provides a mechanism
to spatially separate the chemoprotectant from che-
motherapy by creating 2 compartments. Carboplatin
is administered with osmotic BBBD, whereas the che-
moprotectant (for example, STS) is administered after
blood-brain barrier permeability has returned to base-
line, thus excluding the chemoprotectant from brain and
intracerebral tumor. Data from a clinical study using
the 2-compartment model to provide STS otoprotection
against carboplatin-induced high frequency hearing loss
demonstrate efficacy. When STS administration was
delayed from 2 h to 4 h after BBBD, the rate of ototoxic-
ity was significantly reduced (P = 0.0006). With delayed
administration of STS, there is potential for chemopro-
tection against cisplatin ototoxicity in the treatment of
non-CNS malignancies.

Recent studies have targeted the protection of bone
marrow from chemotherapy toxicity. Intravenous che-
moprotectants have been shown to provide little myelo-
protection (Gurtoo et al., 1983). A new method was
proposed to administer protectants, such as NAC, via
the descending aorta to increase delivery to bone mar-
row. In animal studies, after the infusion of NAC into
the descending aorta, the kidney and the liver clear
intravascular NAC so effectively that only trace amounts
reach the CNS, reducing the possibility of interactions
with CNS tumor. This technique provides bone marrow
protection (granulocytes and platelets) against carbo-
platin- and melphalan-induced myelosuppression, even
in the presence of BSO enhancement (Neuwelt et al.,
2000). It was proposed that after osmotic BBBD, the i.a.
catheter would be positioned in the descending aorta for
infusion of NAC or other chemoprotectant. As of April
2000, a clinical protocol was under development to test
this proposal. The hypothesis is that dose intensity can
be achieved through higher CNS chemotherapy doses if
unwanted systemic side effects can be reduced or pre-
vented with chemoprotection.

PCNSL

PCNSL is a chemosensitive tumor. Protocols to treat
PCNSL, sequencing methotrexate-based chemother-
apy followed by whole-brain irradiation, have dem-
onstrated improved survival compared with initial
radiotherapy alone (DeAngelis et al., 1992; Glass et
al., 1994; Nelson et al., 1992), with S-year survival
rates in 9% to 22% of cases (Abrey et al., 1998; Blay
et al., 1998; O’Neill et al., 1999). However, combined
modality therapy is associated with high rates of neu-
rocognitive toxicity, particularly dementia and ataxia
(Abrey et al., 1998).

In a recent series reporting on 74 patients who had
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PCNSL, with no prior radiation, and who underwent
methotrexate-based i.a. chemotherapy with enhanced
delivery (BBBD), the estimated S-year survival was
42% (McAllister et al., 2000). Eighty-six percent of
patients in complete remission after 1 year of BBBD
chemotherapy demonstrated no cognitive loss. These
74 patients entered treatment at Oregon Health Sci-
ences University between January 1982 and December
1997. In this series, in an attempt to correlate total dose
intensity with clinical outcomes, the total number of i.a.
methotrexate infusions was multiplied by the degree of
BBBD achieved to derive a cumulative quality of disrup-
tion score. Both survival (using proportional hazards)
and complete response rate (using logistic analysis)
were significantly associated with total dose intensity
(D. Kraemer et al., unpublished data, 2000), even after
statistical analysis to correct for survival bias.

To evaluate the role of dose intensity in PCNSL, 2
concurrent phase II protocols developed by the BBBD
Consortium were opened to patient accrual in May
2000. One protocol assesses the efficacy of i.v. metho-
trexate-based chemotherapy, and the second protocol
evaluates the efficacy of i.a. methotrexate-based chemo-
therapy in conjunction with enhanced BBBD delivery.
Radiation will be withheld until disease progression or
recurrence occurs. Outcome measures include overall
survival, progression-free survival, disease-free survival,
cognitive function, and quality of life. Because no long-
term toxicity data of a chemotherapy trial not employ-
ing up-front radiation are available for comparison, late
treatment-related toxicity, as well as quality of life, will
be assessed.

A phase III randomized trial of PCNSL using BBBD
chemotherapy has not yet been possible because it is a
rare disease and because there are a small number of
institutions performing BBBD. Given this situation, a
novel clinical trial design will be used. The patient, in
consultation with the treating physician, will decide
which protocol to enter. If a patient chooses i.v. metho-
trexate-based chemotherapy, the patient will be treated
locally. If i.a. methotrexate-based BBBD chemotherapy
is chosen, treatment will be at the nearest regional BBBD
center.

Because this is a nonrandomized proposal, the
potential exists for selection biases (such as ability to
travel) or other imbalances (such as baseline charac-
teristics) between the 2 protocols. Therefore, potential
confounding variables will be controlled for within the
analyses. One approach to control for these variables
is to match patients in the i.a. BBBD protocol with one
or more patients in the i.v. protocol. Additional meth-
ods will be undertaken in the analysis of the baseline
characteristics that differ between the 2 groups. These
methods include stratification of patients and use of the
Cox proportional hazards regression model for time-
to-event outcomes. In spite of the challenge of potential
confounding variables, the 2 concurrent protocols
approach appears to be the most appropriate step at
this time for evaluating the role of dose intensity in
attaining a durable response in PCNSL without cogni-
tive loss and in preparing for a conventional phase III



randomized trial once additional centers are prepared
to perform BBBD.

CNS Relapse of Systemic Non-Hodgkin's
Lymphoma

Metastatic involvement of the CNS is frequently diag-
nosed in patients with non-Hodgkin’s lymphomas (Bol-
len et al., 1997; Keldsen et al., 1996; Lossos et al., 1999;
Wolf et al., 1985). Risk factors for CNS involvement
were retrospectively analyzed by univariate and mul-
tivariate analysis in 2 large, recent series (Bollen et al.,
1997; Keldsen et al., 1996). The cumulative risk of
CNS relapse at 4 years was 39% for high-grade, 20%
for intermediate-grade, and 7% for low-grade non-
Hodgkin’s lymphoma (Bollen et al., 1997). CNS relapse
occurred a median of 8.5 to 12 months from initial diag-
nosis (range, 1 month to 8 years). As a rule, CNS relapse
is soon followed by systemic relapse in patients achieving
a previous systemic response.

Conventional therapy for overt meningeal lymphoma
consists of intrathecal or intraventricular chemotherapy
(primarily with methotrexate and/or Ara-C [cytarabine])
plus radiation therapy added to the cranial, craniospinal,
or symptomatic regions of the CNS. This approach is
effective in clearing the cerebrospinal fluid of malignant
cells and in obtaining an initial clinical response in
approximately 80% of patients. However, it is limited
by the short duration of remission due to successive
CNS, bone marrow, and systemic relapses (van Besien
et al., 1998). Review of the survival data of patients
with leptomeningeal lymphomas reveals median survival
ranges between 2 to 6 months, and the 1-year survival is
12% to 23% (Siegal, 1998). Death is often related to the
concomitant relapse of CNS and systemic disease. There-
fore, concurrent CNS and systemic therapy is needed to
treat overt active disease as well as sanctuary sites inside
of and aside from the CNS.

Although logical and potentially advantageous, this
approach has not yet been evaluated systematically
in patients with CNS relapse. Recently, a group of 23
patients with CNS relapse were treated with a protocol
based on systemic high-dose methotrexate as the initial
modality (Lossos et al., 1999). All patients responded
(partial response or complete response), and the addi-
tion of radiotherapy did not increase the overall rate of
complete response. Yet most patients relapsed systemi-
cally, and patients with brain parenchymal involvement
did worse. It is clear that this approach needs to be
combined with more intensive treatment to enhance
drug delivery to the brain parenchyma and to eradicate
systemic disease.

With the above perspective in mind, a protocol
has been developed to treat adult patients with first
CNS relapse of systemic non-Hodgkin’s lymphoma. In
principle, the regimen employs drugs that have shown
effectiveness in the treatment of systemic non-Hodgkin’s
lymphoma and CNS lymphoma. Systemic i.v. high-
dose methotrexate is cycled with conventional doses of
combination chemotherapy consisting of carboplatin,
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cyclophosphamide, and etoposide phosphate delivered
with measures to enhance drug penetration into the
CNS. These measures include osmotic disruption of
the blood-brain barrier induced prior to i.a. infusion
of carboplatin. Weekly intraventricular Ara-C is added
throughout the treatment period. After 4 cycles, patients
who attain a CNS and systemic complete response will
continue to receive systemic high-dose chemotherapy
(1,3-bis[2-chloroethyl]-1-nitrosourea, etoposide, cyto-
sine arabinoside, and melphalan) with peripheral blood
stem cell rescue. This regimen combines intensive efforts
to treat both the CNS and systemic disease.

Finally, the systemic approach for treatment of CNS
relapse offers the greatest advantage to patients with iso-
lated CNS relapse who survive for prolonged periods or
may even be cured of their disease (Morra et al., 1993;
Siegal et al., 1994; Siegal, 1998). In these patients, the
elimination of radiotherapy from their treatment scheme
may reduce the rate of delayed neuropsychological
deterioration, similar to the experience gained in brain
lymphoma (McAllister et al., 2000).

Anaplastic Oligodendroglioma

Oligodendroglioma study group. Oligodendroglioma is
a chemosensitive brain tumor. Oligodendrogliomas that
are contrast-enhancing and anaplastic usually exhibit
dramatic radiographic responses to cytotoxic treatment.
Although no clinical or pathologic feature confidently
distinguishes a chemosensitive oligodendroglioma from
a resistant one, a specific molecular alteration, allelic loss
of chromosome 1p, is quickly emerging as an important
marker of drug sensitivity and survival in patients with
these tumors (Cairncross et al., 1998). In addition, some
symptomatic, enlarging low-grade oligodendrogliomas,
referred to as aggressive oligodendrogliomas, and some
anaplastic mixed oligoastrocytomas, many of which also
harbor chromosome 1p loss, are similarly chemosensi-
tive.

Oligodendrogliomas respond to a variety of cyto-
toxic drugs, principally alkylating agents. The PCV
combination is the chemotherapy of choice at present,
although the new orally administered DNA methylating
agent, temozolomide, holds considerable promise as an
anti-oligodendroglioma cytotoxic agent (Chinot et al.,
2000). Despite substantial anti-oligodendroglioma activ-
ity, however, not all responses to PCV are long lasting. In
particular, oligodendrogliomas that recur postradiation
are seldom controlled long term by PCV. The median
duration of response to PCV in a patient with a recurrent
anaplastic oligodendroglioma or oligoastrocytoma is 10
to 24 months.

Given their unusual chemosensitivity, and in light of
the steep dose-response curve for many cytotoxic drugs,
the OSG hypothesized that induction chemotherapy fol-
lowed by myeloablative doses of thiotepa, an alkylating
agent with excellent CNS penetration, might result in
long-term control of previously irradiated recurrent oli-
godendrogliomas. To test the feasibility of this approach,
the OSG designed a multicenter pilot study in which
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patients with visible tumors who had major responses to
induction PCV or cisplatin plus etoposide received thio-
tepa 300 mg/m” i.v. 3 times a day followed by marrow
or stem cell reinfusion (Cairncross et al., 2000). Thirty-
eight patients began induction treatment, and 20 (53%)
proceeded to the high-dose phase of the trial. Four
patients (20%) had fatal toxic complications attributable
to thiotepa, and 4 others (20%) had long-term tumor
control. The median event-free survival was 17 months.
After patients who died from toxicity were excluded, the
median time to tumor progression was only 20 months,
a disappointing result. At this juncture, the OSG is no
longer pursuing studies of dose-intensive chemotherapy
for recurrent oligodendrogliomas.

The OSG will continue to explore the role of dose-
intensive chemotherapy for patients with newly diag-
nosed tumors in an upfront multicenter trial of similar
design. One might argue that early aggressive treatment
is illogical given the poor tumor control and serious tox-
icity observed in recurrent cases, but in the initial study,
serious toxicity was neurologic in nature and could be
traced to prior cranial irradiation. The study for newly
diagnosed patients utilizes high-dose chemotherapy but
delays radiation therapy. Patients receive induction
PCV chemotherapy followed by high-dose thiotepa, as
described above. Responders to induction PCV, and
patients with complete surgical resections whose tumors
do not recur during the induction phase, are eligible for
the high-dose phase. Those with partially resected lesions
that do not respond to induction PCV are ineligible to
receive high-dose treatment. Seventy-one patients have
entered the study, 11 are currently receiving PCV, and
33 received transplantations. Data on tumor control are
not yet available, but to date there have been no toxic
deaths.

Currently, the OSG is discussing a second pilot study
for newly diagnosed patients in which the induction
regimen is temozolomide (not PCV) and the high-dose
therapy is either busulfan plus thiotepa or busulfan plus
melphalan plus thiotepa.

BBBD Consortium. The BBBD Consortium proposes
a study for patients with anaplastic oligodendroglioma
in which the induction chemotherapy is temozolomide.
In this trial, which was under development as of April
2000, patients receive 3 cycles of temozolomide and
then are evaluated radiographically. If patients obtain a
complete response, they may continue to receive temo-
zolomide, or they may undergo a dose-intensive regimen
with i.a. carboplatin, i.a. cytoxan, and i.v. etoposide
phosphate given in conjunction with BBBD. Patients with
partial response, stable disease, or progressive disease will
advance to a phase I i.a. melphalan, i.a. carboplatin, and
i.v. etoposide-phosphate trial given in conjunction with
BBBD. The primary goal of this trial is to determine the
maximum tolerated dose of melphalan that can be safely
administered in conjunction with carboplatin. An addi-
tional question that will be addressed is whether NAC,
when administered i.a., can reduce granulocytopenia
and thrombocytopenia, allowing for dose escalation of
melphalan.
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High-Grade Glioma

Modern molecular biology is allowing researchers to
identify molecular characteristics of various cancer types.
Doing so has allowed the pursuit of treatment develop-
ment with single molecular pathways in mind. We have
seen successes with the blocking of the HER2-neu receptor
in breast cancer (Cobleigh et al., 1999) and blocking of the
Ber/Abl receptor in chronic myeloid leukemia (Deininger
et al., 2000). Additionally, studies using targeted delivery
in the treatment of high-grade glioma show promising
results. For example, targeted delivery using monoclonal
antibodies to deliver local radiation (such as antitenascin
antibodies) appears to prolong survival for patients with
glioblastoma multiforme (Bigner et al., 1998).

Malignant gliomas have been notoriously difficult
to treat with the standard tools of surgery, radiation,
and chemotherapy. Intensifying the treatments has, for
the most part, been frustrating. Aggressive resections,
high-dose radiation, and high-dose chemotherapy with
stem cell or bone marrow rescue have not improved
survival for patients and are fraught with serious tox-
icities (Abrey et al., 1999). Yet investigators continue
to investigate these approaches based on individual
patients who have shown dramatic responses through
these intensive therapies.

Our endeavors may be more successful by marry-
ing our clinical observations with molecular character-
ization. Thirty-five percent of anaplastic astrocytomas
respond to temozolomide (Yung et al., 1999), roughly
70% of anaplastic oligodendrogliomas respond to PCV
(Paleologos et al., 1999), and 15% of patients with
glioblastoma multiforme are alive at 18 months with
adjuvant treatment consisting of 1,3-bis(2-chloroethyl)-
1-nitrosourea, whereas none are alive at 18 months
without adjuvant treatment with 1,3-bis(2-chloroethyl)-
1-nitrosourea (DeAngelis et al., 1998; Walker et al.,
1980). Molecular characterization should allow us to
identify the groups demonstrating homogenous favorable
responses. Improved characterization of anaplastic oligo-
dendrogliomas has been achieved by using comparative
genomic hybridization, fluorescence in situ hybridiza-
tions, or other methods. The coincidental loss of 1p and
19q identifies an oligodendroglioma that is likely to show
significant shrinkage with chemotherapy compared with
an anaplastic oligodendroglioma without this molecu-
lar signature that responds infrequently (Cairncross et
al., 1998). Are there markers that predict anaplastic
astrocytoma or glioblastoma multiforme responses to
chemotherapy? Even though we consider these tumors
to have genetic heterogeneity, we are seeing homogenous
responses. Molecular characterization of these tumors
should provide for improved stratification to answer diffi-
cult questions more accurately regarding treatment effects
in malignant gliomas including dose intensification.

The BBBD Consortium proposes a study for patients
with high-grade glioma analogous to the proposal for
treatment of anaplastic oligodendroglioma. After 3 cycles
of temozolomide, patients will be evaluated radiographi-
cally. If a complete response is obtained, patients may
continue treatment with temozolomide or undergo i.a.



carboplatin, i.a. cytoxan, and i.v. etoposide phosphate in
conjunction with BBBD. Patients with partial response,
stable disease or progressive disease after temozolomide
would enter the phase I i.a. melphalan, i.a. carboplatin,
and i.v. etoposide phosphate trial, with administration of
a chemoprotectant to allow for dose escalation of mel-
phalan.

CNS Metastases

Dose-intensive regional chemotherapy for CNS metas-
tases was discussed with several possible approaches.
Results were reported using i.a. carboplatin and i.v.
etoposide (without BBBD) for 22 patients with brain
metastases from solid tumors (primarily lung or breast
cancer) treated at the Ohio State University (H. Newton,
unpublished data, 2000). The potential advantage of this
approach is delivery of chemotherapy to tumor and brain
around tumor in a dose-intensive manner, with simul-
taneous treatment of systemic disease. All patients had
prior whole-brain radiotherapy. Fourteen of 19 evaluable
patients had radiographic responses or stable disease,
with an overall time to progression of 30 weeks. Toxicity
was mainly hematologic with no grades Il and IV neuro-
logical toxicity. Several patients experienced progression
of systemic disease. It was concluded that this regimen
was well tolerated with efficacy for some patients espe-
cially those for whom systemic disease was controlled.
Additionally, Doolittle et al. (2000) summarized data on
13 patients with brain metastases treated between 1994
and 1997 by the BBBD Consortium. All patients achieved
stable disease or better.

Based on these data and the encouraging preclinical
and clinical data using chemoprotectants, a hypothesis
was proposed that patients with CNS metastases who
are treated with increased dose intensity and chemopro-
tectants such as NAC and STS may achieve improved
response rates and overall survival, without additional
neurotoxicity. A proposal for a phase I trial was discussed
in which patients with brain metastases would receive i.a.
melphalan, i.a. carboplatin, and i.v. etoposide phosphate
before radiation (Cormio et al., 1998; Franciosi et al.,
1999) with the addition of i.a. NAC and i.v. STS for those
with grade I hematologic toxicity. This dose-finding study
would potentially lead to Phase II studies in a variety of
tumor types including chemotherapy sensitive tumors,
such as small-cell lung cancer, breast cancer, and germ cell
malignancies. Several key questions were raised during
this discussion: Can whole brain radiotherapy be post-
poned in certain patients with brain metastases? What is
the role of BBBD in patients with brain metastases? Could
such an approach be used prophylactically for patients
with limited stage small-cell lung cancer who achieve
complete response?

Preclinical data using several immunoconjugates in
a rat model were reviewed. The doxorubicin-conju-
gated antibody BR96 (BR96-Dox; Bristol-Myers Squibb,
Princeton, N.].) delivered i.a. with BBBD, increased sur-
vival in a rat model of brain metastases from small-cell
lung cancer. In addition, BBBD delivery of immunocon-
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jugates appears to be more efficacious when given before
radiation rather than concurrent with or after radiother-
apy. Other conjugates for which early preclinical data
were discussed include Herceptin and rituximab. These
encouraging preclinical data will likely lead to clinical
trials of i.a. delivery of these immunoconjugates.

Neuropsychological and Quality-of-Life
Assessment

Important outcome measures in dose-intensive clinical
trials include tumor response, survival, and performance
status. Likewise, the patient experience, including cog-
nitive functioning and quality of life, must be primary
outcome markers. In a review of brain tumor studies
and quality of life, assessment of psychosocial and cogni-
tive functioning was found to be more appropriate than
other functional measures such as the Karnofsky score
(Giovagnoli et al., 1996). Some of the main issues identi-
fied with decreasing quality of life in brain tumor patients
have been memory loss, fatigue, and decreased attention/
concentration (Lovely, 1998). Due to the potential for
neurotoxic effects from brain tumor treatments, cogni-
tive functioning is a critical issue. Detailed neuropsycho-
logical assessment of the effects of cancer treatments on
the brain has been recommended as an important treat-
ment accompaniment (Ahles et al., 1998).

Cognitive decline and dementia have been unfor-
tunate but prevalent side effects of many brain tumor
treatments in the past and present (Abrey et al., 1998).
A key question must be asked—“Is the extended sur-
vival produced from new therapies meaningful for the
patient?” This question can be answered by incorporat-
ing a comprehensive assessment of cognitive functioning
through standard neuropsychological tests and quality of
life through validated and reliable cancer-specific quality
of life questionnaires. Clinical trials can longitudinally
evaluate the effect of prolonged and intensive treatment
effects on quality of life and cognitive functioning, as the
trial proceeds and after the trial is completed.

The ability to conduct detailed assessment of cogni-
tive functioning in patients undergoing BBBD has been
demonstrated (McAllister et al., 2000). The BBBD
consortium has developed a test battery which can be
administered in 45-60 min, and captures both cognitive
function and quality of life. The information gained
from this battery will provide useful information for the
health care team in evaluating effectiveness of treatment
and side effects, but more importantly, this informa-
tion will provide a sense of comfort and confidence to
patients as they undergo intensive treatment for a poten-
tially disabling and life-threatening illness.

Gene Therapy
Gene-based therapies for malignant gliomas have
attracted considerable attention in the last decade. To

date, 6 phase I trials have been completed and 3 are
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ongoing, enrolling more than 150 patients (Alavi and
Eck, in press, 2000). These trials have employed ret-
rovirus, adenovirus, and more recently herpes simplex
virus vectors. Most of the trials have been designed to
deliver the herpes simplex virus-thymidine kinase gene
(HSVik) in combination with systemically administered
ganciclovir. Although the entry criteria, study design, and
measured endpoints varied considerably among these tri-
als, several common findings emerged. First, all of these
trials have shown that gene therapy is a relatively safe
procedure given the condition of patients with malig-
nant gliomas (Eck et al., 1996; Izquierdo et al., 1996,
1997; Klatzmann et al.,1998; Ram et al., 1997; Shand et
al., 1999; Trask et al., 2000). Second, a few significant
clinical responses have occurred with long-term freedom
from disease in patients with relapsed high-grade gliomas
(Ram et al, 1997; Trask et al, 2000). Although this has
yet to be reproduced in significant numbers and in a sys-
tematic fashion that would allow comparison to conven-
tional therapies, these anecdotal findings do underscore
the potential of this developing treatment modality.

A major problem facing cancer gene therapies is the
delivery of the therapeutic agent uniformly throughout
the tumor. The data available from the brain tumor
clinical trials suggest that distribution of the genetic
vector after local injection is limited and is unlikely to
reach islands of tumor cells that have migrated away
from the central tumor mass. While newer approaches-
such as the use of replicating vectors (herpes simplex
vectors, for example) (Martuza, 2000) or vectors that
produce secreted agents (such as interferon-p) (Eck et
al., in press, 2000). may address this issue, vascular
delivery remains a physiologically attractive option.
Experiments using artificial particles that simulate viral
vectors (for example, iron oxide particles), or the vec-
tors themselves, have demonstrated in rodents that this
approach is technically feasible. With increased clinical
experience using BBBD to deliver chemotherapeutic
agents, the two approaches will likely be combined to
provide a selective vascular administration of a genetic
vector after barrier opening.

Summary

It is expected that rapid strides will continue to be made
in discovering genetic signatures in additional brain
tumor histologic groups, therefore identifying tumors
most responsive to chemotherapy and predicting prog-
nosis. Key questions discussed at the meeting and yet to
be answered include the following: Which dose-intensive
regimens will show greater efficacy, with the least toxic-
ity, in chemosensitive malignant brain tumors? To what
degree will cytoenhancement and chemoprotection per-
mit dose intensification while preserving quality of life?
Can preradiation dose-intensive chemotherapy improve
clinical outcomes that include quality of life? It is hoped
that these important questions will be addressed in the
near future by multicenter clinical trials.
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