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Summary: Treatment of malignant gliomas represents one
of the most formidable challenges in oncology. Despite
treatment with surgery, radiation therapy, and chemother-
apy, the prognosis remains poor, particularly for glioblas-
toma, which has a median survival of 12 to 15 months. An
important impediment to finding effective treatments for
malignant gliomas is the presence of the blood brain barrier,
which serves to prevent delivery of potentially active ther-
apeutic compounds. Multiple efforts are focused on devel-
oping strategies to effectively deliver active drugs to brain

tumor cells. Blood brain barrier disruption and convection-
enhanced delivery have emerged as leading investigational
delivery techniques for the treatment of malignant brain tu-
mors. Clinical trials using these methods have been completed,
with mixed results, and several more are being initiated. In this
review, we describe the clinically available methods used to
circumvent the blood brain barrier and summarize the results to
date of ongoing and completed clinical trials. Key Words:
Convection-enhanced delivery, blood brain barrier disruption,
brain neoplasm, drug delivery system.

INTRODUCTION

Malignant glioma is the most common type of primary
brain tumors in adults. According to the Central Brain
Tumor Registry of the United States, it is estimated that
there are approximately 20,000 new cases each year.1

Treatment of malignant gliomas represents one of the
most formidable challenges in oncology. Despite surgi-
cal and medical advancements, the 5-year survival rate
for glioblastoma multiforme (GBM) in the United States
has remained at a dismal 3.4% for the past 3 decades.2

After recurrence, rapid tumor progression results in a
median progression free survival and overall survival of
9 weeks and 25 weeks, respectively.3 The invasiveness
of these tumors eliminates the possibility of curative
surgical resection. Even at initial presentation, infiltra-
tion by tumor cells extends at least 2 cm away from the
radiographic contrast-enhancing mass.4 An important
impediment to the successful treatment of malignant gli-
omas is the presence of the blood brain barrier (BBB)
and the partially functional blood tumor barrier, which
serve to prevent effective delivery of active therapeutic
compounds. There is vast interest in and consequently

multiple research efforts being focused on the design of
new approaches that will improve drug delivery to brain
tumor cells without producing dose-limiting systemic or
neurological toxicity. This review will summarize some
of the methods that have been developed for overcoming,
or bypassing, the BBB with focus on direct-drug delivery
and convection-enhanced delivery (CED).

BARRIER DISRUPTION STRATEGIES FOR
ENHANCING DRUG DELIVERY

Although advances in neuropharmacology have led to
the use of chemical modification techniques to make
drugs more likely to reach the brain parenchyma in the
setting of an intact BBB, to date, the bulk of clinical
investigation has focused on methods to either disrupt or
circumvent the BBB. A variety of techniques that tran-
siently disrupt the BBB have been investigated by cre-
ating a paracellular route of transport through the endo-
thelium. These approaches have included opening tight
junctions between endothelial cells and creating a tran-
scellular pathway through the endothelium. Several en-
dogenous compounds including neurotransmitters, hor-
mones, and inflammatory mediators can readily open the
tight junctions of the BBB.5 Disruption of the BBB has
also been seen in physiological states, such as hyperten-
sion, hypoxia, or ischemia. Hypertonic substances in-
cluding mannitol and biologically active agents, such as
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bradykinin and angiotensin peptides have also shown to
disrupt the BBB.

Osmotic BBB disruption
Transient osmotic disruption of the BBB, and blood-

CSF and blood-tumor barriers can be achieved through-
out a vascular circulation by intra-arterial (IA) infusion
of a hyperosmotic agent, which is usually mannitol.6 By
injecting hypertonic solution, rapid diffusion of fluid out
of the cells occurs, causing shrinkage of endothelial cells
and subsequent opening of the tight junctions of the BBB
for several hours.7 This infusion of hypertonic solution is
usually followed by administration of IA chemotherapy.
Animal studies suggest that this method is able to in-
crease concentrations of chemotherapeutic agents in the
brain parenchyma up to 90-fold.8 Methotrexate delivery
to CNS is enhanced four- to seven-fold when adminis-
tered IA after osmotic BBB disruption compared with IA
administration without blood brain barrier disruption
(BBBD).9 The ability of BBBD to improve therapeutic
efficacy of chemotherapy has been variable in humans.
In chemoresponsive tumors, BBBD chemotherapy com-
pared favorably with conventional chemotherapy.10–12

In primary central nervous system lymphoma phase II
studies, a significant difference was found (compared to
historical controls) when comparing patients treated with
chemotherapy, in the setting of BBBD, with or without
prior whole-brain radiotherapy.13 A concern associated
with the use of BBBD is the potential for neurotoxicity
from the high concentrations of chemotherapy delivered
to the normal brain. Chemotherapeutics, such as doxo-
rubicin, cisplatin, and taxanes cause neurotoxicity with
BBBD, even though they are systemically well tolerat-
ed.14 The efficacy of BBBD-mediated chemotherapy for
malignant gliomas is still being explored.

Biochemical BBBD
This is a less invasive and possibly a more reliable

technique for disruption of the BBB because it primarily
affects the tumor vasculature. Mediators of inflammatory
response, including leukotrienes, histamine and vasoac-
tive peptides, have been found to cause transient vascular
leakage and increased permeability of blood vessels.15

Bradykinin, a peripheral vasodilator, increases the tight
junction permeability by activating B2 receptors of the en-
dothelial cells.16 Previous studies have shown that the bra-
dykinin agonist, RMP-7, can safely permeabilize the
BBB. Animal models were used to compare the effects
of RMP-7 within tumor, brain tissue proximal to tumor,
and brain tissue distal from tumor. In one study, the
effect of RMP-7 on enhancing BBB permeation was
examined in combination with three compounds of dif-
ferent physical characteristics (i.e., carboplatin, dextran,
and N,N’-bis(2-chloroethyl)-N-nitroso-urea [BCNU]).
RMP-7 increased permeability of the vascular barriers to
the hydrophilic compounds carboplatin and dextran. A

greater impact of RMP-7 was observed in regions of the
blood tumor barrier compared to nontumor BBB. RMP-7
had no obvious impact on permeabilizing the BBB for
the lipophilic drug BCNU. In a multinational clinical
trial, intra-arterial RMP-7 was evaluated in combination
with the anticancer agent carboplatin for the treatment of
malignant brain tumors.17 Due to high levels of toxicity,
however, this clinical trial was discontinued.

Ultrasound-mediated BBBD
BBBD disruption over a large volume, as seen with

osmotic and biochemical disruption, may prove a disad-
vantage for many applications, because some therapeutic
agents may have undesired side effects as a result of their
widespread distribution within the CNS. To prevent
these side effects, a localized and reversible image-
guided disruption of the BBB could provide anatomi-
cally or functionally targeted drug delivery while pre-
serving an intact BBB to protect the nontargeted regions.
A new approach to focal CNS delivery is BBB disruption
by MRI-guided, focused ultrasound.18 Ultrasound-medi-
ated BBB disruption has been shown to produce consis-
tent vascular leak without tissue damage. This result was
achieved by localizing cavitation-generated mechanical
stresses to blood vessel walls by intravenous injection of
preformed gas bubbles just before pulsed ultrasound
treatment.19 The focal opening of the BBB was revers-
ible and completely healed within 24 hours. A rat brain
study showed that the locations of the brain that were
exposed to ultrasound showed significantly higher con-
centrations of liposomal doxorubicin, and showed that
clinically relevant levels were reached.20 Of note, the
attenuation of the ultrasound by the cranium requires the
creation of a bone window to deliver this treatment.
However, recent studies have shown that focal, transcra-
nial ultrasound treatment of brain tissue may be accom-
plished using a large surface area-phased array.21

Methods for delivery of drugs directly to
the brain parenchyma
Conventional methods for the treatment of brain tu-

mors usually involve delivery of drugs via the systemic
circulation. High systemic drug levels are often required
to achieve adequate drug concentrations at the site of the
brain tumor, which usually requires increasing the dose,
frequency, or duration of drug administration with con-
sequent systemic toxicity. Strategies to enhance drug
delivery to brain tumor cells by methods that do not rely
on the circulatory system have been investigated. These
physical-based techniques circumvent the BBB com-
pletely to improve brain drug delivery and hence obviate
the need for drug manipulation by chemical-based tech-
niques.
Interstitial drug delivery has been most appealing for

the treatment of primary brain tumors, because it pro-
vides the most direct method of overcoming the barriers
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to tumor drug delivery. By administering therapeutic
agents directly to the brain interstitium, and more spe-
cifically to tumor parenchyma, one can overcome the
elevated interstitial pressure produced by brain tumors.
Interstitial pressure gradients and drug concentration gra-
dients favor drug redistribution from the center to the
periphery of the tumor by a combination of convection
and diffusion. Approaches to local drug delivery include
the use of implantable controlled release polymer sys-
tems, various catheter devices for intracavitary drug de-
livery, and convection-enhanced delivery.

Implanted polymers
The use of implanted, biodegradable polymers in the

treatment of brain tumors has been utilized in a number
of clinical trials. The underlying concept is to provide
continuous drug delivery to the tumor using a drug-
impregnated wafer that has a controlled, sustained re-
lease rate. Brem et al.22 studied the treatment of gliomas
using carmustine-loaded biodegradable polymers as a
drug-delivery wafer. This matrix releases the drug by a
combination of diffusion and hydrolytic polymer degra-
dation. In their initial randomized, clinical trial, they
were able to show an increase in mean survival time for
patients with recurrent gliomas. This result led to the first
Food and Drug Administration-approved polymer wafer,
Gliadel (Eisai, Woodcliff Lake, NJ). A subsequent, ran-
domized trial in patients with newly diagnosed malignant
gliomas led to expanded indication from the Food and
Drug Administration to include patients with either
newly diagnosed or recurrent glioma who are undergoing
a gross total tumor resection.23 Although these studies pro-
vided sufficient evidence of efficacy to gain Food and
Drug Administration-approval, the magnitude of benefit
was modest, short-lasting, and the risk of toxicity was not
trivial. Additional preclinical trials have taken place uti-
lizing polymers impregnated with chemotherapeutics such
as paclitaxel, adriamycin, 5-fluorouracil, mitomycin, ni-
mustin hydrochloride, and mitoxantrone.24–28 At the
time this article was written, these combinations had
not been commercially developed. The disadvantages
of these local delivery strategies include the increased
risk of local neurotoxicity with higher polymer/drug
concentrations, poor wound healing, and limited drug
penetration beyond the resection cavity, which fails to
provide therapeutic drug concentrations to tumor cells
that are centimeters away.

Intra-cavitary delivery systems
The use of an intraventricular or intracavitary system,

such as an Ommaya reservoir, allows for delivery of
intermittent bolus injections of anticancer drugs directly
to a tumor cyst or cavity. Other systems are capable of
delivering drugs at a constant infusion over a prolonged
period of time at a desired rate to the site of the intra-
cranial tumor by the outlet catheter. Drugs such as ni-

trosourea and methotrexate have been used in various
clinical trials with good results. Infection, catheter ob-
struction, and inadequate drug distribution limits the suc-
cess of these delivery methods.

Convection-enhanced delivery
Amore recently described approach for achieving both

local and regional drug delivery was proposed by Bobo
et al.29 in 1994. Convection-enhanced delivery (CED) of
substances within the human brain is becoming a more
frequent experimental treatment option in the manage-
ment of brain tumors, and more recently in phase 1 trials
for gene therapy in Parkinson’s disease.30 This approach
involves the continuous injection under positive pressure
of a solute containing a therapeutic agent. CED relies on
pressure-driven bulk flow of infusate as a means to de-
liver therapeutic agents to the CNS. The bulk flow mech-
anism is created by a small pressure gradient from a
pump that pushes solute through a catheter targeted
within the CNS. There are several advantages of CED as
compared to traditional delivery methods: 1) CED by-
passes the BBB and can be used to infuse therapeutic
agents with large or small molecular weights, and 2) it
provides targeted delivery into the region of structure
into which the catheter is placed. The ability to target
delivery may serve to limit the potential for toxicity as
systemic toxicity and widespread neurotoxicity can be
avoided. Histological studies have shown that inflamma-
tion adjacent to the catheter tract and at the catheter tip is
typically limited to within a 50 �m radius.31 Further-
more, CED within the defined infusion measurements
does not produce cerebral edema or measurable increases
in intracranial pressure.32

For CED, one or more catheters are generally ster-
eotactically implanted through a burr hole into or adja-
cent to either the enhancing portion of a tumor and/or the
nonenhancing infiltrative surrounding tissue. A pressure-
driven flow of the drug is achieved via an infusion pump,
and the agent is directly infused into the target tissue at
a predetermined concentration, rate, and duration. The
volume of distribution achieved using CED into brain
tumors differs markedly from the normal brain. This
difference may be due to a number of factors including
increased interstitial fluid pressure within and adjacent to
brain tumors as compared to normal brain and an altered
BBB. The increased interstitial fluid pressure observed in
brain tumor creates a pressure gradient that can poten-
tially drive infusate out of high-pressure areas within the
tumor into relatively low-pressure areas in surrounding
normal tissues. This pressure gradient and the marked
heterogeneity of drug distribution within the tumor itself
are potential limiting factors in drug delivery by this
method.33
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Factors affecting drug distribution in CED
Several key factors exist that affect the distribution of

solutes delivered using CED. These include infusion
rate, cannula size, infusion volume, interstitial fluid pres-
sure, particle characteristics, and tumor tissue structure.
The poroelastic medium of the brain allows for bulk fluid
flow of both small and large molecular weight agents
through the interstitium. Interstitial pathways allow for
convective transport of agents with various molecular
weights and sizes. The bulk flow of fluid within the brain
is dispersed along several paths. Over longer time peri-
ods, drug diffusion, loss within the capillaries, and drug
metabolism determine the distribution of drug. Other
factors that influence drug distribution are related to
catheter-induced tissue damage and reflux of solute ad-
jacent to the catheter, “intrinsic” backflow of solute, and
air bubbles — all of which can provide unpredictable and
undesirable paths for fluid flow. The problem of back-
flow may be significant in cortical infusions where egress
of the agent, along the cannula insertion track can occur,
leading to subsequent widespread distribution of the
agent within the subarachnoid space and thereby limiting
drug delivery to the target tissues and increasing the
potential for widespread neurotoxicity.

Novel catheters for CED
The size and shape of the delivery catheters have also

contributed to some of the shortcomings of CED. Mul-
tiport catheters have been developed to improve infusate
distribution, but data from gel models have shown that
only the proximal ports deliver infusate, rendering the
remaining ports useless for delivery.34 A hollow fiber
catheter with multiple fenestrations to increase the sur-
face area of brain tissue into which a drug can be infused
was reported by Oh et al.35 Compared with standard,
single-port, clinical catheters, the hollow fiber catheter
appeared to have the advantage of increasing the distri-
bution of drug therapy and reducing backflow in that
report. Studies in agarose gels show that smaller cannu-
las perform better than larger ones by decreasing back-
flow and convecting fluid at a greater rate. More sophis-
ticated catheters designed to provide more efficient
distributions are currently under development and their
use in clinical trials are underway. Real-time visualiza-
tion of the CED process in vivo is also possible using a
variety of imaging agents, including those that can be
visualized with computed tomography or MRI. Use of
these tracers will provide an added level of assurance of
therapeutic drug distribution and allow alterations to the
infusion plan if there is reflux or aberrant delivery.

Therapeutic agents delivered by CED
Viral vectors. The use of CED for delivering gene

therapy to treat malignant gliomas and neurodegenerative
disorders has been widely investigated in pre-clinical mod-
els and clinical trials. Hadaczek et al.36 examined the dis-

tribution of AAV2-thymidine kinase and AAV2-aromatic
L-amino acid decarboxylase (AAV2-AADC) in monkey
brains after CED and demonstrated that this method is an
efficient method for delivery of the AAV2 vector.
A modified infusion procedure using a novel infusion

device designed for use in humans was evaluated for
delivery of recombinant adeno-associated virus (AAV2).37

AAV2 encoding the human aromatic L-amino acid decar-
boxylase gene (AAV-hAADC-2) was infused in the puta-
men in Parkinson’s disease patients. Aromatic L-amino
acid decarboxylase immunohistochemistry demonstrated
that vector was distributed throughout the putamen, with
no significant difference in volume of immunostaining.
Human clinical trials are currently in the planning stage.

Paclitaxel
The safety and efficacy of intratumoral CED of paclitaxel

in patients harboring recurrent GBMs was examined in a
phase I/II clinical study.38 Effective convection was deter-
mined by the progression of the hyperintense signal within
the tumor on diffusion-weighted images, which corre-
sponded to progressive tumor lysis. Of the 15 patients that
received 20 cycles of intratumoral CED of paclitaxel, five
complete responses and six partial responses were ob-
served, giving a response rate of 73%. CED of paclitaxel
was associated with a high anti-tumor response rate, al-
though it was also associated with a significant incidence of
treatment-associated complications.38

Topotecan
Initial studies of chronic topotecan infusion (a topoisom-

erase I inhibitorz) into rats bearing C6 gliomas showed
more than a five-fold increase in survival times without
significant neurological toxicity.39 Based on these results, a
phase I trial of topotecan delivery to patients with recurrent
GBM was initiated, but outcomes have not yet been re-
ported as of the time of this writing. CED of nanoparticle
liposome containing topotecan has also been studied in
vitro using rat models with experimental brain tumor. CED
using liposomal topotecan resulted in extended tumor res-
idence time as compared to free topotecan, as well as pro-
ducing a significant survival benefit.40

Targeted immunotoxins
Another class of agents that have been investigated for

use in CED is the so-called “targeted immunotoxins.”
Protein toxins produced by bacteria represent novel and
potent cytotoxic agents, which may be coupled to spe-
cific carrier-ligands used for cellular targeting. The car-
rier-ligand provides tumor-selective properties by recog-
nition of a cell-surface receptor on the tumor and
promotes binding of the toxin-carrier complex prior to
entry into the cell. These toxins tend to be far more
potent than traditional chemotherapeutic agents and di-
rect delivery into the brain likely represents the only
means by which they can be administered safely.
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Transferrin/diphtheria toxin
One of the first conjugated toxins consisted of trans-

ferrin conjugated to the diphtheria toxin (TF-CRM107).41

This agent, renamed “TransMid,” was evaluated in phase
I, II and III studies. The phase I and II studies provided
evidence of good tumor responses in patients with ma-
lignant brain tumors without significant neurotoxicity.42

Of the 15 patients with recurrent glioma, 9 patients re-
sponded to therapy with a greater than 50% decrease in
contrast-enhancing tissue with MRI and a median sur-
vival at week 74. A prospective, randomized phase III
study of this toxin was opened to study its efficacy,
delivered via CED into unresectable tumors, and com-
pared to best medical therapy for treatment of recurrent
GBM. Unfortunately, the study was halted before com-
pletion of its accrual due to an intermediate futility anal-
ysis that indicated a less than 20% chance of a positive
outcome for the study.

IL-4 and IL-13 targeted toxins
Clinical studies of CED utilizing interleukin (IL)-

linked cytotoxins have also showed promising results in
early stage clinical trials.43 One such targeted antineo-
plastic that is administered by CED is Cintredekin Be-
sudotox (NeoPharm, Inc., Lake Forest IL). This is a
recombinant protein consisting of a single molecule
composed of two parts: 1) interleukin-13 (IL-13) which
binds to IL-13Ralpha2 receptors on tumor cells, and 2) a
truncated form of the Pseudomonas exotoxin (PE38QQR),
a cytotoxin, which causes destruction of the tumor cell
once the molecule is absorbed. IL13 receptors are present
in substantial numbers on malignant glioma cells, but
only a minimal amount on healthy neurons and astro-
cytes.44,45

The safety and toxicity profile of IL13-PE38QQR was
examined in three multicenter phase I trials with a total
of 53 patients.46 Patients were treated with either 1)
sequential intratumoral administration of the drug with
tumor resection 3 to 21 days later and 24 to 48 hours after
resection by intraparenchymal drug administration, or 2)
a single intraparenchymal administration 24 to 72 hours
after tumor resection. For intratumoral administration,
one or two catheters were used, whereas one to three
catheters were inserted for intraparenchymal use.
Intratumoral administration measurements of IL13-

PE38QQR evaluated infusion durations from 48 to 96
hours and total volume range of 19.2 to 51.8 mL at total
infusion rates of 0.4 to 0.54 mL/h. IL13-PE38QQR con-
centrations ranged from 0.25 to 2 �m/mL. The results of
these studies indicated that the optimal conditions for
infusion of IL13-PE38QQR was to use two to four cath-
eters placed into the peritumoral area during a separate
procedure after a gross total surgical resection of the
enhancing tumor. The optimal safe dose was found to be
0.50 �g/mL.

The Phase III Randomized Evaluation of Convection-
Enhanced Delivery of IL13-PE38QQR with Survival
Endpoint trial, also known as the PRECISE study, ran-
domized patients 2:1 to receive IL13-PE38QQR or Glia-
del. IL13-PE38QQR was administered over 96 hours via
two to four intraparenchymal catheters placed 2 to 7 days
after tumor resection. Gliadel was placed immediately
after tumor resection. The primary endpoint was overall
survival from time of randomization. Median survival
was comparable between the two groups and hence the
study failed to meet its goal of improving survival of
more than 50%.47,48 A phase I study of CED of IL13-
PE38QQR followed by radiation therapy with and with-
out temozolomide in newly diagnosed malignant glioma
revealed a well-tolerated therapy in these patients.49

IL-4
Phase I and II clinical trials have also been conducted

with IL-4(38-37)-PE38KDEL (previously known as
NBI-3001, and now called PRX321, and currently held
by Protox Therapeutics, Vancouver, BC)50,51 This agent
is a chimeric protein composed of circularly permuted
IL-4 and a truncated form of Pseudomonas exotoxin
(PE). The safety and tolerability, and response of intra-
tumoral infusion of IL-4(38-37)-PE-38KDEL into recur-
rent malignant high-grade gliomas has been examined.52

IL-4(38-37)-PE-38KDEL was infused intratumorally
over a 4- to 8-day period into gliomas in nine patients
using one to three stereotactically placed catheters. The
infusion resulted in tumor necrosis in six of the nine
patients, as evidenced by diminished gadolinium en-
hancement on MRI. The safety and toxicity of IL-4(38-37)-
PE-38KDEL was also examined in a multicenter, dose-
escalation phase I/II trial with intratumoral administration
in 31 patients with recurrent malignant glioma, and it was
suggested that compared to historical control there was
an increase in overall median survival.53 Further devel-
opment of this agent is planned.

TP-38
Human malignant gliomas and many malignant tumors

that metastasize to the brain frequently overexpress the
epidermal growth factor receptor (EGFR), usually via
amplification of the EGFR gene on chromosome 7p.54

EGFR has two natural ligands, epidermal growth factor
and tumor growth factor-alpha, which may be used to
specifically target cytotoxic agents to EGFR-expressing
glioma cells. TP-38 is a recombinant chimeric-targeted
toxin composed of the EGFR binding ligand, TGF-alpha,
and a genetically engineered form of the Pseudomonas
exotoxin, termed PE-38. Replacement of the native-bind-
ing domain with tumor growth factor-alpha (producing
the toxin TP-38) selectively targets the toxin to cells
expressing EGFR. Binding specificity was demonstrated
by the ability of nonradiolabeled TP-38 to block binding
of 125I-epidermal growth factor to an EGFR-expressing
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nonsmall cell carcinoma cell line, and TP-38 was capable
of inhibiting protein synthesis in two EGFR-expressing
lung carcinoma cell lines.55

The therapeutic efficacy of TP-38 has been demon-
strated in an athymic murine intracranial tumor model
after implantation of epidermoid carcinoma A431 cell
line into the caudate nuclei. Control mice implanted with
A431 cells mixed with phosphate buffered saline survived
only 19 days, whereas 90 and 100% of mice survived when
treated with TP-38 at 1.5 microg/mL and 5.0 microg/mL,
respectively. In 2001, a phase I/II clinical trial examined the
toxicity and response to CED of TP-38, revealing an ac-
ceptable safety profile of TP-38.55 The overall median sur-
vival after TP-38 therapy was 23 weeks (range, 1.1 to 83.1
weeks). Median survival for patients with residual disease
at the time of TP-38 therapy was 18.7 weeks, whereas those
without radiographic evidence of residual disease demon-
strated a median survival of 32.9 weeks. A subsequent
phase III trial was planned, but it has not been opened at the
time of this writing.

TGF-beta
Antisense Pharma (BioPark, Regensburg, Germany)

has initiated several phase I/II studies with infusion of
TGF-beta, AP 12009, an antisense oligonucleotide that
specifically targets the mRNA encoding transforming
growth factor-beta 2 (TGFbeta 2).56 Overexpression of
TGF-beta2 is a hallmark of various malignant tumors,
including pancreatic carcinoma, malignant glioma, me-
tastasizing melanoma, and metastatic colorectal carci-
noma. This is due to the pivotal role of TGF-beta2, as it
regulates key mechanisms of tumor development,
namely immunosuppression, metastasis, angiogenesis,
and proliferation. The open-label dose-escalation studies
in recurrent or refractory high-grade glioma patients
showed a median survival time after recurrence exceed-
ing the current literature data for chemotherapy. Cur-
rently, a phase I/II study in advanced pancreatic carci-
noma, metastatic melanoma, and metastatic colorectal
carcinoma and a phase IIb study in recurrent or refractory
high-grade glioma are ongoing.

CONCLUSION

Malignant gliomas remain one of the deadliest forms
of brain cancer in humans. Despite the advances in treat-
ment with surgery, radiation, and chemotherapy, the
prognosis is poor and the median survival is less than 2
years. New efficient and safe chemotherapeutics for the
treatment of brain tumors have been developed over the
years, and many are still under investigation. As exciting
as many of these agents are in the laboratory, they face
delivery hurdles imposed by the physical and biological
properties of the normal brain, and the tumor infiltrated
brain, which limit their clinical efficacy against malig-

nant gliomas. Simultaneous development of novel drug-
delivery techniques will be required to realize the full
potential of these new anti-cancer agents.
BBBD and CED-mediated delivery of therapeutic

agents remain promising strategies for treating malignant
gliomas. Although initial clinical trials have failed to
show survival benefit for new agents delivered via this
approach, multiple earlier stage trials have addressed
only a fraction of the myriad of technical and technolog-
ical issues that surround these novel approaches. Devel-
opment of CED has been limited by the fact that both
new technologies and novel therapeutic agents are being
developed simultaneously. New trials are being planned
to investigate agents that can be co-infused with radio-
graphic tracers, as well as to evaluate novel catheters that
avoid problems with backflow and will potentially pro-
vide more reliable drug distribution.
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