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KEY POINTS

� Glioblastoma multiforme has a proclivity for widespread invasion and destruction of healthy paren-
chyma, displaying a poor outcome despite aggressive conventional treatment.

� Immunotherapy offers the potential to selectively target tumor cells, thereby decreasing collateral
damage to normal brain.

� Passive immunotherapy includes administration of monoclonal antibodies and the adoptive transfer
of lymphocyte-activated killer cells or cytotoxic T lymphocytes.

� Although many clinical trials have demonstrated promising results, further prospective randomized
studies will be necessary to validate the effects of various passive immunotherapeutic approaches.
Malignant gliomas are the most common primary
intracranial tumor, with a proclivity for widespread
invasion and rampant destruction of healthy paren-
chyma. This infiltrative process affords high-grade
gliomas protection from traditional therapies and
subjects the adjacent normal tissue to potential
damage from nonspecific treatment modalities.1,2

Immunotherapies involving antibodies or sensitized
effector cells can offer selective targeting of protein-
carbohydrate complexeson tumorcell surfaces that
distinguish neoplastic from noncancerous cells.1,3

Consequently, the treatment of malignant gliomas
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may be enhanced not only by increased specificity
for tumor tissue but also from decreased toxicity
to the host’s healthy cells.1 This review focuses on
published findings from the use of passive immuno-
therapy for the treatment of high-grade gliomas,
particularly glioblastoma multiforme (GBM).
PASSIVE IMMUNOTHERAPY

Passive immunotherapy can be broadly catego-
rized into 2 treatment approaches: one that relies
on the administration of antibodies that may
an American Brain Tumor Association Medical Student
th author) was supported in part by NIH R01CA121258,
r) was partially supported by an Eli and Edythe Broad
h UCLA Scholars in Translational Medicine Program
Endowment Award.
s Angeles, 695 Charles East Young Drive South, Gonda
rehensive Cancer Center, University of California Los
CA 90095-1781, USA
rgery, UCLA Jonsson Comprehensive Cancer Center,
l of Medicine at UCLA, 695 Charles East Young Drive

rights reserved. ne
ur
os
ur
ge
ry
.th

ec
li
ni
cs
.c
om

mailto:iyang@mednet.ucla.edu
http://dx.doi.org/10.1016/j.nec.2012.04.008
http://neurosurgery.theclinics.com


Nagasawa et al482
further be coupled to a toxic counterpart molecule
or one involving the adoptive transfer of an acti-
vated immune cell effector component to act
against a neoplasm in the host. For cellular the-
rapy, the most common types have included
the adoptive transfer of nonspecifically activated
lymphocyte-activated killer (LAK) cells or specifi-
cally sensitized cytotoxic T lymphocytes (CTLs).4,5

In adoptive immunotherapy (AIT), patients’ native
immune cells are extracted and then activated
ex vivo to increase antitumor activity. These cells
are then reinfused back into the patients either
intravenously or directly placed into the tumor
resection cavity. Another technique of passive
immunotherapy involves monoclonal antibodies
(mAbs). Antibody-mediated immunotherapy uses
mAbs to induce lymphocyte recruitment and
complement system activation, thereby resulting
in tumor cytotoxicity. In addition, radiolabeled
antibodies may deliver localized radiation to the
target-specific neoplastic tissue, with subsequent
induction of cell death.
AIT: LAK CELLS

LAK cells are nonspecific effector cells that are
derived from peripheral blood mononuclear cells
(PBMC) and activated ex vivo with high-concentra-
tion interleukin 2 (IL-2) (T-cell growth factor) to
induce antitumor properties.6–10 IL-2 is an endoge-
nously produced cytokine that aids in the host’s
natural immune system and is available in recombi-
nant form to facilitate LAK cell generation.8–17 The
LAK cell’s cytolytic properties against numerous
tumor types have been demonstrated in various
models, with the enhanced capability of destroying
natural killer (NK) cell–resistant malignant gliomas
and sparing of normal parenchyma.8,18–26 Further-
more, it has been suggested that the use of IL-2/
LAK cell immunotherapy may possess preventative
properties against metastasis and recurrence of
disease because intraventricular administration
can induce a systemic response.8 Yet, given the
high toxicity of intravenous IL-2, local administra-
tion of this cytokine has been adopted for an
increased therapeutic response and decreased
morbidity.8,27–29 In addition, LAK cells are unable
to migrate to tumor sites, necessitating local thera-
peutic administration at the surgical resection
cavity.30 However, LAK AIT has remained limited,
in part, by the need for leukapheresis to obtain
significantly therapeutic numbers of LAK cells,
a costly process that may inhibit its use for many
patients with GBM.
Nevertheless, 12 trials8,25,26,29,31–38 including

211 patients (170 GBM) have been reported using
LAK cell AIT for the treatment of recurrent high-
grade gliomas. Although historically disappointing,
more recent findings have demonstrated improve-
ment in median survival for patients with GBM
compared with control groups.25

In most studies, patients were included at the
time of relapse and received 1 to 15 injections,
containing 106 to 1010 injected LAK cells. Adverse
effects included neurologic toxicity, cerebral ede-
ma, aseptic meningitis, and hypereosinophlia.7,39

However, the local presence of eosinophils has
been positively correlated with long-term survival
and may be an indicator of treatment response.8

Efficacy was typically reported based on radio-
logical criteria, demonstrating 5 complete res-
ponses (CR), 13 partial responses (PR), and 6
stable diseases (SD) in a total of 118 patients.36

Of the data exclusive to 88GBMpatients, the inves-
tigators reported 3 CR (3.4%), 8 PR (11.0%), and 6
SD (6.8%). However, these figures do not include
the beneficial results observed in the two most
recent studies that included 73 patients with
GBM.25,31 In the most promising of studies, Dillman
and colleagues25 reported results of their phase II
clinical trial demonstrating a 20.5-month median
survival and 75% 1-year survival rate in 40 patients
with GBM treated with intralesional autologous LAK
cells; this has been the only report thus far investi-
gating patients with newly diagnosed GBM treated
with LAK cells. In addition, patients who received
higher doses of CD31/CD161/CD561 (T-NK) cells
were found to have an increased survival advan-
tage compared with those with lower T-NK cell
counts that presumably resulted from steroid use
during the month before leukapheresis. Given these
findings, the investigators conducted a 2-arm,
randomized phase II trial using either intralesional
LAK cells or carmustine (Gliadel) wafers, follow-
ing standard treatment with surgical resection
and radio- and chemotherapy with temozolomide.
Results of this study are currently pending
publication.
Additionally, 3 other trials have also demon-

strated improved median survival for patients with
GBM compared with control groups. In a study
preceding this last one, Dillman and colleagues31

reported findings of 31 patients with recurrent
GBM tumors, surviving a median time of 17.5
months from the date of the original diagnosis,
compared with 13.6 months for a control group.
Hayes and colleagues33 reported results of 19 total
patients with recurrent malignant gliomas, demon-
strating a median survival for 15 cases of GBM of
53 weeks after reoperation versus 25.5 weeks for
patients treated with conventional therapy alone.
In a subsequent report, Hayes and colleagues8 pre-
sented results of 15 patients with recurrent GBM
(28 total cases of recurrent malignant gliomas)
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improving median survival with similar findings as
reported in their previous study.

However, findings from various other clinical trials
using LAK cell immunotherapy have not indicated
successful in vivo antitumor efficacy. In a study with
10 patients with recurrent malignant primary brain
tumors (4 GBM), Sankhla and colleagues32 reported
no improvement in overall survival compared with
patients receiving standard treatments, although
partial and transient clinical responses were seen in
2 patients with grade II to III astrocytomas. Similarly,
Jeffes and colleagues36 failed to identify any signifi-
cant relationship between clinical improvement and
radiological response in 19 patients with recurrent
gliomas, 14 of which had GBM. Merchant and
colleagues. reported findings of 13 patients with
recurrent GBM resulting in a median survival of less
than 6 months and a 16% 60-day postoperative
mortality.25,38 Barba and colleagues37 discussed
findings for 9 patients in which 5 experienced signifi-
cant toxicity and more than half were deceased
within 4 months, with a 33% 60-day postoperative
mortality. Similarly, Lillehei and colleagues29 evalu-
ated 11 patients with recurrent high-grade gliomas
(9 GBM) and reported a median survival of less
than 5 months following LAK cell therapy. Morbidity
related to vascular leak syndrome caused by high-
dose IL-2 was of considerable concern.

Given the findings that responders were noted
more so in patients with lower-grade glioma and
that there is now a precedent for treating patients
with GBM earlier, additional prospective random-
ized trials will be necessary to fully elucidate the
therapeutic potential of nonspecifically activated
LAK cells in themanagement of patientswithGBM.
AIT: CTL

Unlike LAK cells, AIT using CTL is advantageous
because of its ability to migrate to target-specific
antigens following administration. Furthermore, a
T-cell subset has the capability to persist as
memory cells, allowing for an extended period of
antitumor response.40 CTLs are most commonly
generated by antigenic stimulation of PBMCs with
autologous inactivated tumor cells (ATC).39,41,42

This strong ex vivo priming of T cells overcomes
the weak in vivo T-cell immune response to endog-
enous tumor-antigen stimulation.43 Furthermore,
CTLs can be expanded ex vivo to increase the
numbers of effector T cells for adoptive transfer,
compared with active immunotherapy relying on
in situ or endogenous immune cell expansion.44

Various other methods of CTL generation have
also been investigated, including the use of autolo-
gous HLA-displaying lymphocytes for allogeneic
CTL stimulation.43 In addition, CTL extraction from
tumor-infiltrating lymphocytes (TIL) following IL-2
amplification, as well as lymphocyte collection
from lymph nodes/PBMCs following stimulation
with granulocyte-macrophage colony-stimulating
factor and irradiated ATCs, have all been examined
as sufficient means of collecting adequate quanti-
ties of T cells.45–50 However, the lymphocytes ob-
tained from these tumor-draining lymph nodes are
pre-effector cells. As such, in vitro activation of
the antitumor functions of these cells, in addition
to the expansion of cells sensitized in situ, is
required before their reinjection.51

To date, 4 phase I trials examining CTLs gener-
ated from PBMCs39,41–43 and 1 pilot study using
TILs45 (Fig. 1) have been reported in the literature,
investigating intracranial administration in a total of
30 patients with high-grade gliomas (19 GBM). A
combined approach using strategies from both
active and passive immunotherapy was examined
in 3 phase I46–48 and 2 pilot studies49,50 in which
CTLs of 62 patients (49 GBM) were extracted
from lymph nodes or PBMCs after intradermal
vaccination and reinjected either intravenously or
by intracarotid infusion. In contrast to passive
immunotherapy, active immunotherapeutic strate-
gies attempt to sensitize the immune system using
tumor-associated antigen vaccinations to activate
endogenous tumor-specific T cells. Of these 10
total CTL immunotherapy clinical trials, patients
received between 1 and 13 injections of CTL cells,
ranging from 3 � 107 to 10 � 1010 cells,7 and there
were no grade III/IV adverse events.

Clinical trials using CTL AIT for the treatment of
high-grade gliomas in a total of 92 patients (68
GBM) have resulted in 3 CR, 27 PR, and 16
SD.49,52 However, of the data exclusively with 52
patients with GBM, the investigators reported 11
PR (21.2%) and 4 SD (7.7%). Although Sloan and
colleagues50 did not distinguish between tumor
grades when reporting immunotherapeutic res-
ponses for their 19 patients (16 GBM), a favorable
total of 1 CR (5.3%), 7 PR (36.8%), and 9 SD
(47.4%) were documented for all of their patients.

Although a few studies demonstrated a survival
benefit, many of these small phase I or I/II trials
were not clinically designed or supported to effec-
tively analyze survival outcomes against a control
group.7 Sloan and colleagues50 reported an im-
proved median survival of 12 months after tumor
recurrence compared with 6 months for their
historical controls. In addition, they demonstrated
a correlation between increased survival with ra-
diological response and a positive delayed-type
hypersensitivity reaction. Likewise, Wood and col-
leagues49 described a positive association bet-
ween the concentration of CD81 T cells in
vaccine injections and clinical response. In their



Fig. 1. A protocol for AIT using tumor-infiltrating lymphocytes in a patient with melanoma. A similar protocol
may be used for patients with GBM, with adoptive transfer of CTLs directly into the tumor resection cavity.
ACT, adoptive cell transfer; ELISA, enzyme-linked immunosorbent assay; IFN, interferon. (From Gattinoni L, Powell
DJ Jr, Rosenberg SA, et al. Adoptive immunotherapy for cancer: building on success. Nat Rev Immunol
2006;6(5):383–93; This figure was reproduced with the kind permission of the Nature Publishing Group.)
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study using autologous TIL, Quattrocchi and
colleagues45 suggested that the immunothera-
peutic benefits of AIT may be patient-dependent
because their case of complete response revealed
a unique population of CD81CD561 cells. Kita-
hara and colleagues41 found 1 of 4 patients with
GBM to display a PR. Kruse and colleagues43

found that 3 of 3 patients with World Health Orga-
nization grade III recurrent glioma demonstrated
a long-term response, but no response was dis-
played by the 3 patients with GBM treated with in-
tratumoral alloreactive CTL. The 12 patients with
GBM treated by Holladay and colleagues46 showed
no responders; however, there was a significant
relationship between adoptive T-cell immuno-
therapy and delayed recurrence of gliomas. Plautz
and colleagues47 reported on the limited efficacy
of CTL immunotherapy; only 2 of 9 patients with
GBM demonstrated partial tumor regression. In
a subsequent study, they identified only 1 of 6
patients with GBM to display a PR.40 Similarly,
Wood and colleagues49 reported findings in 6
patients with recurrent GBM in which only 1 dis-
played partial transient decreased tumor growth.
Genetic Modulation of Adoptive T Cells

Ngo and colleagues suggested that the inability of
AIT to produce more consistently promising
results may be caused by functionally variable
strengths of transferred cells and the proclivity of
solid tumors to evade the human immune system
by various techniques (Fig. 2).53 Passive down-
regulation of major histocompatibility complex
(MHC) or costimulatory molecules conceal tumors
from T-cell targeting, whereas active expression of



Fig. 2. Variousmechanisms of (A) immune system evasion: (1) HLA down-regulation, (2) costimulation suppression,
(3) homing signal suppression, (4) activation of Treg and Th2 subsets, (5) production of immunosuppressive cyto-
kines, and (6) upregulation of inhibitory ligands; and (B) genetic modulations to counter the gliomamicroenviron-
ment: (1) transgenic TCRs or CARs, (2) intrinsic costimulatory signals, (3) upregulation of homing signals, (4)
production of transgenic cytokines, (5) dominant-negative receptors, and (6) depression of negative inhibition.
CARs, chimeric antigen receptors; TCR, T-cell receptors; Th2, T helper type 2; Treg, T regulatory. (From Ngo MC,
Rooney CM, Howard JM, et al. Ex vivo gene transfer for improved adoptive immunotherapy of cancer. Hum Mol
Genet 2011;20(R1):R93–9. This figure was reproduced with the kind permission of Oxford University Press.)
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inhibitory ligands and secretions allow for tumor
escape from immune surveillance.54 Furthermore,
it may also be necessary to target brain tumor
stem cells that display unique antigens.
Genetically modified CTLs may possess im-
proved antitumor efficacy by their ability to counter
the glioma’s immunosuppressive microenviron-
ment.53 Specifically, augmentation with transgenic
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T-cell receptors (TCRs) or chimeric antigen recep-
tors (CARs) may facilitate increased quantities of
tumor-specific T cells with a decreased reliance
on tumor cell MHC expression. Morgan and col-
leagues55 genetically engineered autologous T cells
with a retroviral vector to display TCRs targeting the
melanoma antigen recognized by T-cells (MART-1)
melanoma antigen. Lymphocyte presence was de-
tected up to a year following infusion, and tumor
regression was documented in 4 of the 31 patients
treated. However, because TCRs are limited in their
function to MHC-matched tumors that have not yet
evolved downregulation of their human leukocyte
antigens (HLA), CARs may offer an alternative solu-
tion. These non–HLA-restricted synthetic receptors
allow for targeted specificity without the disadvan-
tage of dimerization with endogenous TCRs that
may lead to loss of function in transgenic TCRs.
CARs confer the added benefits of antigen recogni-
tion within a spectrum of posttranslational modifi-
cations,56 with an increased binding affinity and
a more stable immunologic synapse than those
created by TCRs.57 A phase I/II clinical trial investi-
gating the effects of cytomegalovirus-specific CTLs
expressing CARs targeting human epidermal
growth factor receptor 2 (HER-2) in patients with
GBM is currently underway, which may have the
potential of destroying HER-2–positive CD1331
glioma cells.58 However, concerns may arise from
the potential binding to low-avidity off-target anti-
gens59 and adverse effects from supraphysiologic
signaling activation induced by on-target cytokine
expression.53 Consequently, various safetymecha-
nisms have been considered. For instance, suicide
genes, such as the herpes simplex viral thymidine
kinase gene or the inducible caspase 9 transgene
(iCaspase9), are being incorporated to provide for
their elimination should serious adverse reactions
occur.60,61

Other genetic modifications to TCRs have also
been postulated. Receptors specific for tumor-
secreted chemokines may enhance T-cell homing
to optimal tumor-specific sites.53 Furthermore, T
cells may be modified for transgenic expression
of activating cytokines, such as IL-2 and IL-15.
This action frees lymphocyte reliance on endoge-
nous costimulatory factors for the activation and
maintenance of functionality. In preclinical models,
this technique applied in vivo has demonstrated
increased antigen-specific T-cell expansion and
enhanced antitumor activity.62

Dominant-negative receptors63,64 and other ge-
netic modifications53 may also be used to enable
T cells to overcome immunosuppressive factors
present in the tumor microenvironment or immuno-
suppressive drug therapies. Transforming growth
factor b (TGFb) is one of the most potent inhibitory
cytokines and TGFb2 is notably upregulated in
patients with GBM.65,66 In vitro studies and murine
models of TGFb-secreting Epstein-Barr virus–posi-
tive lymphoma have demonstrated T-cell resilience
following the transgenic expression of dominant-
negative TGFb type II receptors.67 A similar ap-
proach to circumvent the immunosuppressive
effects of IL-10 is also being investigated.68

Despite the inconclusive results reported in the
literature, adoptive transfer of CTL immunotherapy
may be a promising treatment of GBM, necessi-
tating further prospective trials to elucidate its
potential effects. Studies that combine active im-
munotherapy with passive immunotherapy are
also showing promise.69 Furthermore, genetic
modifications of CTLs may be a worthwhile ap-
proach to optimize the benefits of this technique
for enhanced patient outcomes.

ANTIBODY-MEDIATED IMMUNOTHERAPY

Another passive immunotherapy strategy involves
the use of monoclonal antibodies, which possess
the capability of targeted tumor-antigen specificity
with high binding affinity.70 mAbs may be used
either alone or coupled to radiation-emitting parti-
cles or toxins.1 Yet, in order for mAbs immuno-
therapy to be effective, it has been suggested
that GBM cells should display an epitope with
a minimum of 105 surface markers per cell and
maintain a low turnover time. Furthermore, the
antigen should be glioma-associated to prevent
damage to healthy brain parenchyma.71

Unlabeled Monoclonal Antibodies

The proposed mechanism of action for unlabeled
mAbs involves the combination of several pro-
cesses (Fig. 3). Although one of the major functions
of this immunotherapeutic technique allows for the
opsonization of glioma cells and induction of
antibody-dependent cellular cytotoxicity (ADCC),
mAb binding may also result in cross-linking or
blocking of membrane receptors, with subsequent
modulation of transmembrane molecular pathway
signaling. Such activity may promote further cas-
cades leading to decreased tumor growth and
cellular apoptosis.72–74 These concepts were sup-
ported by Bleeker and colleagues; they demon-
strated anti–epidermal growth factor receptor
(EGFR) mAb-induced cell death resulting from
a combination of ADCC and a disruption of EGF
signaling.75

In high-grade gliomas, EGFR is estimated to be
overexpressed or mutated in 40% to 50% of all
tumors.1 EGFR activation is thought to induce
cellular proliferation, motility, and increased tumor
cell survival via downstream signaling related



Fig. 3. Mechanisms of action for unlabeled monoclonal antibodies used in passive immunotherapy for the treat-
ment of GBM. Antigen binding can induce subsequent C1 complement binding, activate antibody-dependent
cellular cytotoxicity, or alter signaling pathways leading to reduced tumor growth or apoptosis. ADCC,
antibody-dependent cellular cytotoxicity. (From Cragg MS, French RR, Glennie MJ. Signaling antibodies in cancer
therapy. Cur Opin Immunol 1999;11(5):541–7; This figure was reproduced with the kind permission of Elsevier.)
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to the PI3K/Akt, Ras/Raf/Mek/ERK, and PLC-
gamma/PKC pathways.76 Cetuximab is a mAb that
hasbeendemonstrated to inhibit theconformational
changes necessary for EGFR to dimerize, thus pre-
venting aberrant ligand-independent activation and
signaling.77 Confirmation of cetuximab’s effects
have been suggested by preclinical studies report-
ing GBM growth inhibition and increased
apoptosis.78,79 In a phase I/II trial with 17 patients
with GBM, anti-EGFR mAb therapy demonstrated
a median follow-up of 13 months. The investigators
reported a 6-month progression-free survival (PFS)
of 81%, whereas 87% of the patients were still alive
at 1 year.1 Neyns and colleagues80 investigated the
effectsof cetuximab in55patients (Fig.4)with recur-
rent GBM (28 with EGFR amplification and 27
without), noting evidence of some radiographic
response (3 PR, 16 SD) but no overall improved
outcome in survival. In a phase II trial combining ce-
tuximab, bevacizumab (vascular endothelial growth
factor [VEGF] inhibitor), and irinotecan (topoisomer-
ase-1 inhibitor) for the treatment of 32 patients with
recurrent GBM, available data for 27 patients
demonstrated 1 CR (3.7%), 8 PR (30.0%), and 5
minor responses (18.5%, defined as 25%–50%
regression and clinical improvement).1

Another promising antigen includes the EGFR
variant III (EGFRvIII) protein.81–84 EGFRvIII is
restricted to only cancer cells and has been ex-
pressed in approximately 40% of all GBM cases.
Furthermore, this EGFR mutation confers
constitutively active signaling, resulting in
increased tumor proliferation, invasion, and
apoptotic resistance.85,86 In animal models of
brain tumors, the administration of anti-EGFRvIII
mAbs have resulted in decreased tumor volume
and increased survival.85,87–90 Similarly, intratu-
moral administration of Y10 (mAb to an EGFRvIII
murine homolog) for the treatment of EGFRvIII-
expressing B16 melanoma increased the median
survival by 286%.91 Despite these promising
preclinical results, there have not yet been any
reports from clinical trials evaluating mAb for
EGFRvIII targeting of GBM.1 However, one phase
I trial of 7 patients with various tumor types,
including one anaplastic astrocytoma, showed
the effects of a chimeric form of mAb 806
(ch806, one of the most tumor-specific EGFRvIII
mAb), to demonstrate excellent target specificity,
no evidence of normal tissue uptake, no significant
toxicity, and stabilization of the patient’s glioma.92

Furthermore, an EGFRvIII-targeted dsFv-PE38K-
DEL single fragment chain Pseudomonas exotoxin
construct (MR1-1) is being used in a clinical trial for
the treatment of patients with GBM.85

Other immunotherapeutic targets include the
VEGF receptor. Literature suggests that glioma an-
giogenesis is the manifestation of definitive genetic
mutations resulting in characteristic microvascular
proliferation seen in GBM histopathology.93,94

VEGF plays a role in endothelial cell survival, pro-
liferation, invasion, and migration, which all



Fig. 4. (A) T1-weighted and (B) T2-weighted axial postcontrast magnetic resonance imaging of a patient with
GBM at baseline and day 23 posttreatment with cetuximab. (From Neyns B, Sadones J, Joosens E, et al. Stratified
phase II trial of cetuximab in patients with recurrent high-grade glioma. Ann Oncol 2009;20(9):1596–603. This
figure was reproduced with the kind permission of Oxford University Press.)
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participate in angiogenesis and tumor progres-
sion.95 GBM have high levels of VEGF compared
with other malignancies; high expression correlates
with poor prognosis.96,97 Accordingly, several
studies have examined the therapeutic value of
antiangiogenic mAbs, particularly bevacizumab,
for GBM treatment.
In 2009, the Food and Drug Administration
(FDA) approved bevacizumab for recurrent GBM
based on its phase II demonstration of high
treatment response rates and promising clinical
improvements.98 The first use of this therapy
was by Dr Stark-Vance who treated 21 patients
with recurrent GBM; this group documented
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a 43% response rate (1 CR, 8 PR).99 Vredenburgh
and colleagues100 reported the administration of
bevacizumab and irinotecan in 32 recurrent
malignant gliomas (23 GBM) resulting in radio-
graphic responses in 14 patients with GBM
(61% of 23), with a 20-week median PFS and
nearly doubled PFS at 6 months compared with
control groups. However, overall survival was
not significantly improved. These findings were
reaffirmed in a retrospective review of 55 patients
(33 GBM) that also included irinotecan.101 How-
ever, Fine and colleagues102 reported results
from a phase II study of 79 patients with recurrent
GBM treated with bevacizumab alone, establish-
ing a 60% response rate, 30% PFS at 6 months,
and a reduction in toxicity. Given the decreased
adverse events and similar therapeutic effects of
bevacizumab alone compared with other studies
that have included the concurrent administra-
tion of irinotecan, the added benefits of this
topoisomerase-1 inhibitor have been a point of
investigation.

In a study of 167 patients with recurrent GBM
assigned to either bevacizumab alone or in combi-
nation with irinotecan, response rates, PFS at 6
months, and median overall survival were 28%
and 38%, 43% and 50%, and 9.2 months and
8.7 months, respectively.103 However, despite
these statistics, the median overall survival did
not demonstrate clinically substantial improve-
ments.104–106 In a randomized trial by de Groot
and colleagues,99 they demonstrated an improve-
ment in both the response rate and PFS with the
addition of irinotecan, yet the median overall
survival for both groups did not differ from histor-
ical controls. In a study evaluating bevacizumab
alone, then in combination with irinotecan, Kreisl
and colleagues107 reported findings for 48 patients
with recurrent GBM. Median PFS was 16 weeks,
PFS at 6 months was 29%, and median overall
survival was 31 weeks. Similar findings were re-
ported in a recent study regarding outcomes in
225 patients with recurrent high-grade glioma
(176 GBM) treated with bevacizumab alone or in
combination with chemotherapy.108 In summary,
many investigations have evaluated the potential
of chemotherapeutic agents in conjunction with
bevacizumab, with most demonstrating clinical
outcomes equivalent to those produced by anti-
VEGF monotherapy.100,103,109–112

Although many previous studies have failed to
identify an improvement in overall survival with
the incorporation of bevacizumab to their treat-
ment regimen, other trials have demonstrated
more success.95,100,103,107,110 Vredenburg and
colleagues96 later evaluated 75 patients with newly
diagnosed GBM in a phase II trial for treatment
with bevacizumab and irinotecan. Despite mo-
derate toxicity in which 19 patients (25%) had to
withdraw from the study early, results were prom-
ising. Compared with historical controls, this
investigation demonstrated an improvement in
median overall survival (21.2 months) and median
PFS (14.2 months). These findings were similar to
those of Lai and colleagues in which their phase
II study of bevacizumab in patients with newly
diagnosed GBM demonstrated an improved
median overall survival of 19.6 months.96,113 The
experience of the University of California, Los An-
geles group with bevacizumab has largely shown
benefit radiographically, thus indicating that it
may replace the need for high-dose steroids. In
addition, a recent study of 14 recurrent high-
grade gliomas (11 GBM) treated with bevacizumab
and irinotecan within the Chinese population
demonstrated an overall response detected within
9 patients with GBM (3 CR, 6PR), a median PFS of
6months, a PFS at 6months of 64%, and amedian
overall survival of 17 months.114

Since its inception, overall radiographic response
and PFS following bevacizumab administration
have achieved improvements up to fourfold greater
than historical controls.103,107,115–117 However,
given the general lack of improvement to median
overall survival, the true benefits of this antiangio-
genic mAb remain controversial. Wong and
colleagues98 conducted a 15-study meta-analysis
of 548 patients with recurrent GBM treated with
bevacizumab. Their efforts demonstrated a 45%
PFS at 6 months, 76% 6-month survival rate, and
a 9.3-month overall survival, with no clear evidence
of a dose-response benefit. Their 84% response
rate included 6% CR, 49% PR, and 29% with SD.
However, it has been suggested that radiological
responses, on which demonstration of antitumor
efficacy has been traditionally based, may repre-
sent the normalization of blood-brain-barrier
function and resultant decreased contrast en-
hancement rather than valid glioma stability or
regression. This concept has been supported by
the findings of Norden and colleagues in which
patients treated with bevacizumab demonstrated
a lack of contrast enhancement, yet still displayed
significant tumor dissemination.101,104 This notion
was the basis for which the European Medicines
Agency denied approval for bevacizumab for
recurrent GBM, stating that radiological response
rates may not be the most appropriate measure
of drug efficacy.118 Furthermore, it has been postu-
lated that the use of anti-VEGF treatment may
induce a more invasive lesion with normal vessel
cooption.96,99 Given the continued controversy
regarding the use of bevacizumab and its thera-
peutic benefits, further investigations will be
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necessary to establish the true value of this
approach, with several phase III trials currently
underway.119 With the recent withdrawal of bevaci-
zumab for breast cancer and the fast-tracked FDA
approval of it for GBM, we may see withdrawal of
this approval soon until better data become avail-
able to demonstrate its effects.
Radiolabeled Monoclonal Antibodies

Radiolabeled monoclonal antibodies confer added
advantage over their unlabeled counterparts by
providing delivered therapeutics. Similar to radio-
therapy, treatment with radiolabeled mAbs uses
radiation to induce cell death, with the enhanced
benefit of an increased target specificity.
Emrich and colleagues120 evaluated the use of

125I-coupled mAbs against human A431 carci-
noma cells, which have been demonstrated to
display high concentrations of EGFR. In their phase
II study of 180 patients of which 118 had a diag-
nosis of GBM, the overall median survival was
13.4 months for the patients with GBM, demon-
strating a significant improvement in outcome.
Furthermore, GBM patients less than 40 years old
with a Karnofsky Performance Score greater than
70 had a median survival of 25.4 months. Casaco
and colleagues121 investigated the role of 188Re
(beta and gamma radionuclide) pairedwith nimotu-
zumab (anti-EGFR mAb) in 11 patients with recur-
rent malignant gliomas, 8 of which were GBM;
there were 2 patients with CR (1 GBM), 1 with PR
(1 GBM), and 2 with SD (1 GBM). However, no im-
provement in overall survival was reported, and 2
of 4 patients experienced severe adverse events,
including hemorrhagic brain necrosis. Yet, in a
recent study representing the largest series evalu-
ating the use of radioimmunotherapy, Li and
colleagues122 reported findings of their phase II
trial investigating 125I-mAb 425 (anti-EGFR) for
the treatment of newly diagnosed GBM in 192
patients. They demonstrated no National Cancer
Institute common toxicities at grades 3/4 and an
overall median survival of 15.7 months. Subgroup
analysis determined that although those treated
with 125I-mAb 425 alone had an overall median
survival of 14.5 months, those treated concur-
rently with temozolomide survived 20.2 months,
indicating there may be no interference in the
therapeutic effects of both agents when given
simultaneously.
Another target of interest involves the extra-

cellular matrix protein, tenascin-C, expressed in
more than 90% of all GBM cases and implicated
in glioma-associated angiogenesis.71,123 Its function
has been implicated in adhesion, migration, and
proliferation, with increased expression being
correlated with higher grades of tumor malig-
nancy.124–127 Riva and colleagues128 reported find-
ings for the treatment of 105 patients (58 GBM) with
131I-labeled antitenascin mAbs (81C6). Their study
identified a statistically significant improvement in
survival (23 months) compared with controls,
whereas others have demonstrated similar
responses with increased stabilization of
disease.128–130 In another investigation of 21
patients with newly diagnosed malignant glioma
(16 GBM) treated with 81C6, median overall survival
was 91 weeks, with 87% of GBM patients alive at 1
year.131,132 On later follow-up, the investigators
found an average time to progression of 18 months
and median overall survival of nearly 2 years.1

In a study by Zalutsky and colleagues,133 18
patients with recurrent high-grade gliomas (14
GBM) were treated with maximal surgical resec-
tion followed by 211At (alpha-particle emitter)
coupled with chimeric antitenascin mAbs. Alpha
particles enable high-intensity radiation over short
distances of 1 to 2 mm, thus targeting tumor cells
at the resected margin. The investigators reported
no grade 3/4 adverse reactions and a favorable
52-week median overall survival compared with
23 to 31 weeks observed for patients receiving
conventional therapies.
Despite these promising results, there are still

many obstacles that must be overcome before
the treatment of GBM using monoclonal anti-
bodies is optimized. One problem involves the
host’s immune system forming endogenous anti-
bodies against the transferred mAbs. Furthermore,
mAbs from passive immunotherapy may react
with antigen-positive normal tissue causing collat-
eral damage to healthy brain parenchyma.
However, approaches that use intratumoral infu-
sion of mAb may be capable of minimizing these
potential complications.71
SUMMARY

The use of passive immunotherapeutic approaches
for the treatment of GBM represents a promising
adjuvant to current management strategies. How-
ever, given inconsistent findings between various
studies, future prospective randomized trials will
be necessary to validate the added benefits that
the administration of LAK cells, CTLs, and mAbs
may confer to this patient population.
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