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Despite advances in surgical-, radiation-, and
chemotherapy-based strategies, malignant
gliomas continue to be associated with a poor
prognosis. Immunostimulants offer a novel treat-
ment approach. This article reviews immunostimu-
lant treatment approaches and understanding for
malignant glioma and relevant clinical trials. Early
attempts at glioma therapy based on immunosti-
mulants failed to demonstrate effectiveness.
Current immunostimulant therapies have shifted
to a more multifaceted approach combining two
or more different immunotherapeutic strategies.
As understanding of the immune system’s role in
brain cancer increases, continued efforts will
move toward potentially more effective therapies.

Glioblastoma mutiforme (GBM) is challenging to
treat and associated with a high degree of
morbidity and mortality. Standard treatment
consists of cytoreductive surgery followed by radi-
ation therapy in combination with temozolomide
chemotherapy followed by adjuvant temozolo-
mide, which leads to a median survival of 14.6
months.” Based on several meta-analyses, other
types of adjuvant chemotherapy, mainly nitrosour-
eas, seem to add some survival benefit, but the
gain is modest.?® Continuous efforts are ongoing
to develop more novel, effective agents or combi-
nations of agents that may improve overall survival
or prolong time to progression.

Immunotherapy, and in particular immunostimu-
lants (also known as biologic modifiers), are an
example of an area of research into novel therapy
for use in high- and low-grade gliomas. Immuno-
therapy, or treatment that uses the body’s immune
system to combat tumors is attractive for cancer
therapy for several reasons, including the convic-
tion that it would be less toxic than the traditional

cytotoxic therapies and may lead to sustained
responses through immunologic memory. Never-
theless, various advances and promising preclin-
ical results seen in both in vitro and animal
models have not yet translated into positive human
clinical trials for glioma, although these studies
provide more insight and guidance for future
studies. Consequently, a considerable interest in
immunotherapy persists, and combined with
accumulating evidence of the immune system’s
role (or suppression) in the genesis of cancer,
immunotherapy studies in glioma are ongoing
and are increasingly frequent.* This article high-
lights the use of immunostimulants in glioma.
Other articles in this issue provide a further review
of other forms of active immunotherapy and
passive immunotherapy.

THE IMMUNE SYSTEM'’S ROLE IN CANCER
GENESIS

The genesis of cancer and the genesis of immuno-
suppression are related.>® It is thought that under
ideal circumstances, immune surveillance iden-
tifies neoplastic cells and subsequently destroys
them. Tumor cells, however, manage to avoid
detection by the immune system, and the cancer
cells that avoid surveillance are able to proliferate
and acquire additional immunoevasive mecha-
nisms. As such, by the time the tumor is clinically
apparent, it is adept at avoiding the immune
system in various ways.” For example, glioma
patients have been found to have decreased
T-cell responsiveness, T-cell receptor-mediated
signaling, and antibody production. These immu-
nosuppressive effects are mediated by tumor
cells in numerous ways, including cytokine
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dysregulation. For instance, tumor-expressed
cytokines like transforming growth factor beta
(TGF-B), prostaglandin E2 (PGE2), and interleukin
(IL)-10 suppress immune responses, and these
cytokines are often overexpressed in glioma.
Other immunosuppressive measures consist of
down-regulating major histocompatability
complex (MHC) molecules, thereby decreasing
the body’s ability to see or recognize and destroy
tumor. Immunostimulants as a cancer treatment
are appealing, because boosting impaired tumor
responses can in theory eradicate tumor by over-
coming tumor-associated immunosuppression.
The complexity of this process continues to be
worked out, and a broader understanding of the
immunosuppressive environment of the tumor,
the low avidity of T-cells for tumor antigen ex-
pressed on tumor, and the poor immune response
will lead to more effective therapies.

IMMUNOSTIMULANTS

Immunostimulants are generally cytokines or che-
mokines. Not all immunostimulants or biologic
modifiers, however, fall into this class of mole-
cules. In fact, the first immunotherapy studies in
glioma involved active immunization with agents
such as bacilli Calmette-Guerin (BCG) and Imu-
vert, which is derived from Serratia marcescens
bacterium.®® These studies did not yield positive
clinical results for patients with gliomas, but they
did serve as the foundation for future studies
both in glioma and other cancers. Cytokines
have been used in most further immunostimulant
studies. Different T-helper cells (Th) secrete cyto-
kines, the characteristics of which vary with the
nature of immune response.'® Cytokines tradition-
ally are divided into three classes:

The Th1 cytokine class, such as interferon
(IFN)-v, interleukin (IL)-2), and IL-12,
promotes cell-mediated immune responses
and are capable of exerting antitumor
responses.

Th2 class cytokines such as IL-4 stimulate
humeral responses or may be immunosup-
pressive like IL-10.

Cytokines in the Th3 class including the trans-
forming growth factor (TGF) family are by
and large immunosuppressive.'!12

Immunostimulants may be delivered to patients
intravenously or intratumorally to potentiate
immune surveillance and cell-mediated antitumor
responses. These responses can be divided into
one of three categories of response:

1. Exert direct toxic effects on the tumor

2. Enhance tumor immunogenicity alone or in the
setting of other therapies, immune-based or not

3. Support depressed antitumor cell-mediated
immune responses

Initial studies attempted systemic, intratumoral,
or intrathecal delivery, but resulted in significant
toxicity. Endeavors to reduce toxicity led to engi-
neering cells, using gene transfer techniques, to
secrete cytokines directly. These cells then can
be transplanted into central nervous system
(CNS) tumors and achieve production of cytokine
without the need for systemic administration.”
More recent strategies use intratumoral delivery
of engineered cytokine gene-bearing attenuated
viral vectors, which have the advantage of deliv-
ering high viral titers into tumor with subsequent
infection and cytokine secretion by tumor cells;
this manner of viral vector delivery also obviates
the concern of immune rejection of transplanted
cytokine secreting cells. More recent attention
has focused on cell-based cytokine delivery via
neural stem cells (NSCs). NSCs are capable of
intracranial migration and are tropic for migrating
glioma, which invades brain parenchyma beyond
the main tumor mass. Cytokine-secreting NSCs
are therefore capable of tracking and delivering
cytokines to areas of tumor beyond the surgical
resection cavity, the radiation field, and perhaps
beyond the distance that traditional chemotherapy
can penetrate. This neural stem cell system is
particularly attractive for glioma, which is a highly
invasive and disseminated tumor, a characteristic
that has limited treatment success to date.

CYTOKINES

Cytokine therapy for cancer has received consid-
erable attention. The initial use of cytokines used
systemic recombinant therapy with the intent of
delivering a high, potent dose to stimulate tumor-
icidal responses. This strategy worked in mouse
models but was limited in people because of
toxicity and short half-lives.’™®'* In regard to
primary brain tumors, the use of cytokine therapy
must afford for the blood-brain barrier and the
privileged state of the CNS. Given these chal-
lenges, some studies have focused on local
delivery or intratumoral delivery of cytokines, but
these studies also often resulted in significant
toxicity.

Particular to glioma, attention has focused on
the promotion of T-cell activity by using IL-2, IL-4,
IL-12, IFN-a, and IFN-v."%723 |[FN-v also may inhibit
tumor induced neovascularization.?* Cytokines
like tumor necrosis factor (TNF)-a. have been
used to induce up-regulation of cell surface



MHC, thereby increasing visibility of tumor to the
immune system. TNF-a associated chemokine,
TRAIL (TNF-related apoptosis inducing ligand)
also has been used to induce tumor cell death by
triggering apoptotic cascades within cancer cells
only.25727 Further discussion of the most common
cytokines used in glioma studies to date follows.

IL-2

IL-2 was among the first cytokines to be studied in
glioma. IL-2 is an important T-cell growth factor
involved in the proliferation of CD8+ T-cells and
blockade of the immunosuppressive effects of
transforming growth factor (TGF)-B.28-3° High
systemic doses are required to achieve effective
levels in the brain for therapy against brain
tumors.3! Early, small clinical trials using IL-2 for
patients with glioma, generally in combination
with lymphokine-activated killer cells (LAK), did
not have positive results.®?-33 These trials involved
systemic, intrathecal, and intratumoral administra-
tion of IL-2 but resulted in significant toxicity,
including cerebral edema, which was caused by
IL-2 increasing vascular permeability. Other trials
used IL-2 with IFN-o but had similar negative
results and toxicity.34

Further preclinical studies concentrated on
different delivery methods. For example, in one
study, allogeneic fibroblasts were engineered to
secrete interleukin IL-2 and subsequently adminis-
tered either subcutaneously or intracerebrally to
mice with intracranial glioma.’® This treatment
led to a significant prolongation of survival in
mice with intracranial glioma treated intracere-
brally relative to the survival of mice with treated
subcutaneously. Other similar studies have shown
a cytotoxic antitumor response that leads to signif-
icant prolongation of survival in mice challenged
with melanoma.®® More recent studies demon-
strated that local IL-2 therapy in the brain not
only generates an immediate local antitumor
immune response, but also establishes long-term
immunologic memory capable of eliminating
subsequent tumor challenges within and outside
of the CNS.%¢ |L-2 also has been combined with
traditional cytotoxic chemotherapy in a study
that showed that the combination of paracrine
immunotherapy, with nonreplicating genetically
engineered tumor cells that produce IL-2, and
local delivery of chemotherapy by biodegradable
polymers prolonged survival in a synergistic
manner in mice challenged intracranially with
murine brain tumor.®” Finally, an injectable poly-
meric system for the long-term localized delivery
of IL-2 has been studied in the rat brain; antitumor
efficacy studies performed in brain tumor models
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in rats appeared promising and indicative of
long-lasting immunity.38

More recent studies in human patients used IL-2
as a transgene and in combination with HSV-tk
transgene; the genes were carried by a retroviral
virus on vector-producing cells. Twelve patients
with recurrent GBM were treated with an intratu-
moral injection of the construct followed by
systemic administration of acyclovir.?® The treat-
ment was tolerated well, and several patients
had radiographic responses. Another clinical trial
in 40 patients with recurrent GBM performed by
Dillman and colleagues*® used IL-2 to generate
autologous LAKs. After generating LAK, these
cells were injected intratumorally. This approach
was tolerated well, and a clinical benefit was
seen, with a median survival of 9 months, and
a 1-year survival rate of 34%. Further studies for
both the aforementioned clinical trials are being
considered.

IL-4

IL-4 overexpression may impair tumorigenicity of
glioma, and several studies have determined
that IL-4 may have a role in tumor treatment.
For example, the ability of IL-4 to mediate an anti-
tumor response to human gliomas was studied in
nude mice using a transfected tumor cell line ex-
pressing IL-4.2" This study showed a significant
inhibition of growth of U87 human glioma cells,
with a prolongation of survival when compared
with control nude mice. Histologic analysis re-
vealed the presence of an eosinophil infiltrate
and tumor necrosis.

Other evidence of the antitumor effect of IL-4
was provided after in vivo gene transfer into
malignant gliomas.'® In this study, GBM cells
and retroviral producer cells, secreting 20 ng
and 50 ng of IL-4 were implanted into rats.’®
Several rats were cured of their tumors and devel-
oped an immunologic memory and thus rejected
a rechallenge with tumor cells. Immunohistology
showed inflammatory infiltrates in IL-4-treated
tumors in which CD8+ T-lymphocytes were
more abundant, although CD4+ T-lymphocytes,
B-lymphocytes, and macrophages were also
present. Another study found that implantation
of gliosarcoma cells expressing IL-4 into rats
induced a specific, protective, immune response
against rechallenge with tumors and suggested
that tumor-specific reactivity among CD4+ T-
cells was critical for developing tumor resis-
tance.*! Other findings support the use of tumor
cell vaccines expressing IL-4.4?> Benedetti and
colleagues*® have described the use of IL-4
secreting neural stem cells for treating mice with
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intracranial gliomas, and results are indicative of
promise, although more work needs to be done.
Overall, these findings suggest that IL-4 gene
transfer is a new, promising approach for treating
malignant gliomas. Interestingly, it also has been
shown that dexamethasone significantly reduced
the antitumor effect of IL-4.4* This result is rele-
vant to patients with brain tumors who often
take steroids for cerebral edema.

IL-12

IL-12 is a cytokine that promotes an antitumor
Th1-type pattern of differentiation in naive T-cells.
Recent studies also have found that IL-12 is
needed to overcome the immunosuppressive
effects of TGF-B. A recent, extensive review of
immunotherapy by IL-12 based cytokine combina-
tions also describes several other potential effects
of IL-12 on the immune system.*®

Despite its therapeutic success in multiple
animal cancer models, the utility of systemically
administered recombinant IL-12 has been limited
by its toxicity. This has encouraged the develop-
ment of local IL-12 delivery systems through
gene transfer. Using such techniques and direct
intratumoral administration of IL-12 into mice
with gliomas, researchers demonstrated that
survival was prolonged significantly, and immuno-
histochemistry demonstrated robust CD4+ and
CD8+ T-cell infiltration in these mice compared
with the two control groups.?® Another study
demonstrated that local delivery of IL-12 into the
rat brain by genetically engineered gliosarcoma
cells significantly prolonged survival time in
animals challenged intracranially with a malignant
glioma. Survivors appeared to develop an anti-
tumor immunologic memory, as surviving rats
were immune to rechallenging with a second
injection of tumor cells.*® Other studies have
shown the potent antitumor effects observed for
paracrine gene-delivered administration of IL-12
in multiple tumor cell types and in multiple murine
strains.*” Interestingly, IL-12 secreting neural
stem cells also have been studied preclinically,
and it has been shown that these cells exhibit
tropism for tumor and result in long-term
survival.??

Kikuchi and colleagues conducted a study
with IL-12 that included 15 people varying
gliomas. Treatment consisted of subcutaneous
administration of recombinant IL-12 in combina-
tion with a fusion of autologous dendritic and
glioma cells.*® Augmentation of CD8+ cytolytic
activity on glioma cells was documented after
treatment, and there was a modest radiographic
response.

GRANULOCYTE-MACROPHAGE
COLONY-STIMULATING FACTOR

Granulocyte-macrophage colony-stimulating factor
(GM-CSF) is secreted by macrophages, cells, mast
cells, endothelial cells, and fibroblasts. GM-CSF
stimulates stem cells to produce granulocytes
(neutrophils, eosinophils, and basophils) and mono-
cytes. Monocytes exit the circulation and migrate
into tissue, whereupon they mature into macro-
phages. It is thus part of the immune/inflammatory
cascade, by which activation of a small number of
macrophages can rapidly lead to an increase in
their numbers, a process crucial for fighting
infection.

GM-CSF exerts its antineoplastic effects by
producing a cytotoxic T-cell response. GM-CSF
also induces the recruitment of antigen-presenting
cells and may activate antigen presentation path-
ways for MHC class 1-mediated processes. Most
studies relevant to glioma have used GM-CSF to
derive dendritic cells by exposing monocytes to
GM-CSF.*° GM-CSF also has been shown to stim-
ulate intracranial responses to irradiated tumor cell
vaccines.®%%" Clinical studies with GM-CSF as an
immunotherapy for gliomas are limited, but GM-
CSF may serve as a useful vaccine adjuvant with
limited toxicity in human clinical trials of antiglioma
vaccine therapy.5? In fact, it is being used currently
as an adjuvant in a phase 2 study of CDX-110 in
patients with newly diagnosed GBM. Objectives
of the study are to investigate the anticancer
activity, impact on survival, and safety of CDX-
110 plus GM-CSF when administered concur-
rently with temozolomide and continuing until
disease progression. Of note, CDX-110 is
a vaccine-based therapy that targets the tumor-
specific molecule called EGFRuvIIl, a functional
variant of the epidermal growth factor receptor
(EGFR), a protein that has been validated as
a target for cancer therapy. Unlike EGFR, EGFRuVIII
is not present in normal tissues, suggesting this
target will enable the development of a tumor-
specific therapy for cancer patients. More information
is available at: http://www.celldextherapeutics.
com/wt/page/cdx_110.

TNF-o

TNF-a, also known as cachexin or cachectin, is
a cytokine involved in systemic inflammation,
and it is a member of a group of cytokines that
stimulate the acute phase reaction. The primary
role of TNF-« is in the regulation of immune cells.
TNF-a is also able to induce apoptotic cell death,
to induce inflammation, and to inhibit tumorigen-
esis and viral replication. Dysregulation and, in
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particular, overproduction of TNF, has been impli-
cated in various human diseases, including
cancer. Built on proof of concept from prior
studies, a 2009 study of retroviral vector-mediated
TNF-o. given with IFNs (see section on IFN)
increased tumor antigen expression through the
up-regulation of MHC class 1 and 2 molecules.®3
Tumor regression was seen in animal models,
but the benefit to people remains uncertain. It is
worth mentioning that glioma-bearing mice defi-
cient in TNF-o developed larger tumors and had
reduced survival compared with their wild-type
controls.5

MISCELLANEOUS CYTOKINES

Several other cytokines have been used in glioma
studies. For example, recent studies have incorpo-
rated the FIt3L ligand, which can expand dendritic
cells and enhance immunogenicity and can
promote tumor death when given with other immu-
notherapies.®® Further studies on this novel cyto-
kine demonstrate that FIt3L has distinct effects
on dendritic cell development, suggesting an
important role for FIt3L in generating dendritic cells
that have tolerogenic effects on T-cells.%®

IL-21 also has received relatively recent interest.
IL-21 has potent regulatory effects on cells of the
immune system, including natural killer cells and
cytotoxic T-cells that can destroy virally infected
or cancerous cells. Preclinical studies have
focused on gene-modified cell delivery and gener-
ally in tandem with other cytokines.®” Interestingly,
researchers discovered that IL-21 is produced by
Hodgkin’s lymphoma (HL) cells (which was
surprising, because IL-21 was thought until then
to be produced only by T-cells).%® This discovery
may explain a great deal of the behavior of clas-
sical HL, including clusters of other immune cells
gathered around HL cells in cultures. Targeting
IL-21 may be a potential treatment or possibly
a test for the disease.

IFN

INFs are glycoproteins, which are cell-signaling
molecules produced by the cells of the immune
system in response to challenges such as viruses
and tumor cells. IFNs assist the immune response
by inhibiting viral replication within host cells, acti-
vating natural killer cells and macrophages,
increasing antigen presentation to lymphocytes,
and inducing the resistance of host cells to viral
infection.* Early preclinical studies with IFN-o. and
IFN-B showed promise, but these clinical studies
suffered from poor design and lack of strict patient
eligibility and selection.’®%%-%2 |maging analysis
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and tumor grading also made it difficult to appro-
priately assess efficacy.

IFN-«

IFN-o is associated with accumulation of CD4+,
CD8+, and dendritic cells within the established
tumor, demonstrating induction of antitumor
immune responses.®® Preclinical testing has led
to various clinical trials. For example, IFN-a was
tested in a phase 3 clinical trial for patients with
recurrent high-grade gliomas.®* The study included
214 patients with anaplastic astrocytoma, ana-
plastic oligiodendroglioma, GBM, and gliosarco-
ma. The patients initially were treated with
radiation and BCNU (carmustine). Following radio-
therapy, patients without disease progression were
stratified and randomized into two groups: BCNU
and BCNU plus IFN-a. Unfortunately, there was
no difference in response rates between the two
treatment arms in the final evaluation. A recent
phase 1 clinical trial combined IFN-o. with BCNU
wafers in patients with recurrent GBM.%% Patients
were treated with surgical resection and implanta-
tion of BCNU wafers; then a week later, IFN was ini-
tiated three times a week at a dose of 3 mU/m(2),
which was escalated in increments of 3 mU/m(2).
Dose-limiting toxicity in the form of fatigue
occurred at 9 mU/m(2). There were nine evaluable
patients, and two had complete imaging
responses. Further studies are in the planning
stages.

IFN-8

IFN-B exerts its antitumor effect by inhibiting
glioma in the S phase, enhancing natural killer
cell and cytotoxic T-cell activity, and perhaps
synergizing with cytotoxic chemotherapies.™®
IFN-B has been delivered successfully to the
brains of mice using bone marrow cells.?¢ A
small phase 1 study of seven patients in 1989
used recombinant IFN-B in escalating dosages
intravenously three times weekly.?” There was
no evidence of response in any patient, either
on clinical examination or by computerized
tomography (CT), and four patients had imme-
diate progression of disease. Another phase 1
study administered IFN-B intrathecally three
times weekly to 20 patients with recurrent
malignant gliomas. Adverse effects occurred
in only one patient and consisted of nausea,
vomiting, fever, and chills. Problems with the
Ommaya reservoir (obstruction in two patients
and infection in four patients) led to six patients
being terminated from the study. Although this
was primarily a study of toxicity, of 12 evalu-
able patients, 3 had stable disease for 148,
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192, and 539 days, respectively; 9 had progres-
sive disease. Other similar clinical studies have
yielded mixed results.®®° A Japanese coopera-
tive group has just opened a multicenter phase 1
clinical trial, the Integrated Japanese Multicenter
Clinical Trial: A phase | study of interferon-beta
and temozolomide for glioma in combination
with radiotherapy (INTEGRA Study).”® This study
is being conducted for patients with high-grade
glioma to evaluate the safety, feasibility, and
preliminary clinical effectiveness of the combina-
tion of IFN-B and temozolomide. The primary
endpoint is toxicity, and secondary endpoints
are progression-free survival time and overall
survival time. In addition, objective tumor
response will be evaluated in a subpopulation of
patients with the measurable disease. Planned
enrolimentis 10 newly diagnosed and 10 recurrent
patients.

IFN-y

IFN-vy causes increased major histocompatability
complex expression on brain cells, class 1 antigen
on local endothelial and ependymal cells, and
class 2 antigen on microglial, ependymal, and peri-
vascular cells.”" It also recruits lymphocytes and
other inflammatory cells.

IFN-y has demonstrated tumoricidal effects in
various cancers. Preclinical studies show that
IFN-y produces an antiglioma response mediated
predominantly by natural killer/lymphokine-acti-
vated killer cells.”? Studies have made use of in
situ adenoviral-mediated IFN-y gene transfer in
glioma-bearing rodents and have found that
survival was prolonged.”® These effects were
accompanied by significant up-regulation of tumor
MHC-1 and MHC-2 expression. In addition,
therapy down-regulated the expression of endo-
thelial Fas ligand, a cell membrane protein impli-
cated as a contributor to immune privilege in
cancer. Other studies using IFN-y secreting alloge-
neic cells showed that the survival of mice with
glioma injected with the cells was prolonged signif-
icantly relative to the survival of mice receiving
equivalent numbers of glioma cells alone.” A clin-
ical trial in pediatric high-grade glioma patients
treated with IFN-y and low-dose cyclophospha-
mide after radiation has been performed. Forty
patients were enrolled (median age: 8.5 years).
The median overall survival of 1 year was not signif-
icantly different from a historical control group.”

PATHOGEN-ASSOCIATED MOLECULAR
PATTERN AS ADJUVANTS

Early efforts focused on the use of nonspecific
immune stimulators to expand antitumor immune

response. More recently, the focus has been on
immunostimulatory agents that act directly on
antigen-presenting cells and effector cells of the
immune system via pattern recognition receptors
such as toll-like receptor (TLR) agonists.” Another
term for these immunostimulatory agents is path-
ogen-associated molecular patterns, or PAMPs,
which are small molecular motifs conserved within
a class of microbes.”® PAMPs are recognized by
pattern recognition receptors, which after identi-
fying nonself molecules, elicit an innate immune
response and thus protect the host from infection.””
Pattern recognition receptor agonists include lipo-
polysaccharide (LPS), heat shock protein, imiqui-
mod, and CpG oligonucleotides.”® Other PAMPs
include bacterial flagellin, lipoteichoic acid from
gram-positive bacteria, peptidoglycan, and nucleic
acid variants normally associated with viruses, such
as double-stranded RNA (dsRNA) or unmethylated
CpG motifs.”6:77:79,80

TLRs are among the best-described pattern
recognition receptors, and their activation results
in the up-regulation of costimulatory molecules
and cytokine production. Additionally, the anti-
cancer effects of several microbial components,
used as adjuvants for the immunotherapy of
cancers, are thought to be mediated through
TLR signaling. Studies have demonstrated that
TLR stimulation triggers several proteins and
kinases, leading to the induction of proinflamma-
tory mediators but also anti-inflammatory and
antitumor cytokines and enhanced antigen
presentation.”® Other studies show another effect
of TLR stimulation on malignant cells; they can
be proapoptotic or promote survival under
different conditions.8° In essence, data indicate
that activation of innate immune responses via
TLR in the brain and elsewhere in the body is
not homogeneous but rather tailored according
to cell type and environmental signal.®' It is
therefore crucial to design further studies in
glioma and cancer in general assessing the
biology of these receptors in normal and trans-
formed cells. Additionally, although the agonists
listed alone can enhance physiologic antitumor
response, most studies with demonstrated anti-
tumor efficacy use the agonists in combination
with some other form of immunotherapy. Studies
also have used cocktails of PAMPs like LPS and
muramyl dipeptide in combination with TNF-o;
while others used heat shock protein gene
therapy.82-8% |In way of further example, recent
studies have shown that IL-12 and TLR activation
by a cocktail of polyinosinic-polycytidilic acid
stabilized with polylysine and carbox (poly-
ICLC), IL-1, and INF-y is needed to overcome
glioma-induced immunosuppression by TGF-p.8¢



OLIGODEOXYNUCLEOTIDES

Oligodeoxynucleotides containing CpG motifs
(CpG ODNBs) display a strong immunostimulating
activity and drive the immune response toward the
Th1 phenotype.®” A preclinical study investigated
whether radiotherapy could be used advanta-
geously with intratumoral injections of CpG-
ODN.#8 |n this study, rats with glioma were treated
with various combinations of radiotherapy (RT) and
CpG-28. When both treatments were combined,
complete tumor remission was achieved in two
thirds of the animals; this response was better
than with either treatment alone. A possible trial in
people is in the planning stage. Other preclinical
studies using CpG ODNs in animal models have
yielded similar results.8%°°

A phase 1 trial in people administered CpG-
ODN intratumorally by convection-enhanced
delivery in patients with recurrent GBM.®!
Twenty-four patients entered the trial, and CpG-
ODN was tolerated well at doses up to 20 mg
per injection. Adverse effects possibly or probably
related to the study drug consisted of worsening of
neurologic conditions, fever above 38°C that dis-
appeared within a few days, and reversible grade
3 lymphopenia. Only one patient experienced
a dose-limiting toxicity. Preliminary evidence of
activity was suggested by a minor response
observed in two patients and an overall median
survival of 7.2 months.

POLY-ICLC/HILTONOL

Poly-ICLC, also known as Hiltinol, is a double-
stranded RNA (dsRNA) molecule previously used
as an IFN inducer and immune-modulating agent
at high doses in various clinical trials. These trials
were based on studies that demonstrated that
dsRNA possessed antineoplastic  activity,
including in glioma cell lines, that was thought to
be caused by induction of IFN and an IFN-inde-
pendent immune-enhancing effect that involved
an increased antibody response to antigen and
activation of natural killer cells, T-cells, macro-
phages, and cytokines.®?=°% These original trials
showed various results with significant toxicity;
thus the use of poly-ICLC was discarded when
IFNs became available via recombinant DNA tech-
nology.?®~1%4 As it became apparent that lower
doses of poly-ICLC may elicit different results,
ensuing studies were performed with these lower
doses, resulting in less toxicity and a broader
host defense stimulation, including activation of
T-cells, natural killer cells, and myeloid dendritic
cells via TLR3, as well as induction of a mix of
IFNs and cytokines. The host defense stimulation
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also resulted in a antiviral and antiproliferative
effect mediated by activation of IFN-inducible
dsRNA-dependent enzyme systems that regulate
such cell functions as protein synthesis, prolifera-
tion, and apoptosis.%%105-111

An early glioma clinical trial of various histolo-
gies (newly diagnosed or recurrent GBM or
anaplastic astrocytoma) performed by Salazar
and colleagues'' had patients treated with low-
dose poly-ICLC intramuscularly. Twenty of 38
patients also received concurrent lomustine
(CCNU) at 120 mg/m? once every 6 weeks, while
others received no chemotherapy. Sixty-six
percent of patients receiving poly-ICLC showed
regression or stabilization of enhancing tumor
volume on magnetic resonance imaging (MRI) for
at least 6 months from study entry. Median survival
was 19 months for 18 newly diagnosed GBM
patients receiving poly-ICLC. In effect, this pilot
study demonstrated the safety of long-term, low-
dose intramuscularly administered poly-ICLC in
patients with malignant glioma, but it was too small
and the patients too heterogeneous to provide
reliable evidence of efficacy.

Salazar’s pilot study led to a phase 2 trial with the
objective of determining whether poly-ICLC with
concurrent radiation followed by adjuvant poly-
ICLC could improve the median survival time of
patients with newly diagnosed GBM. This clinical
trial was initiated before temozolomide became
incorporated into the standard of care for patients
with newly diagnosed GBM." Accrual to this study
was discontinued after the results of the phase 3
study defined the standard of care for newly diag-
nosed patients as radiotherapy plus concomitant
and adjuvant temozolomide. The study demon-
strated that poly-ICLC and RT were tolerated well,
and no patients went off-study because of toxicity.
The median survival for this study was 65 weeks.
Compared with a matched historical group, this ap-
peared to be better than radiation therapy alone;
however, there was no statistical difference in
survival compared with a historical group treated
with adjuvant chemotherapy (not including temozo-
lomide). The toxicity experienced by patients in this
trial, however, was less than that of chemotherapy
agents such as nitrosoureas.® Comparing the results
of this trial with those trials involving temozolomide
use in newly diagnosed GBM patients, overall
survival of 65 weeks or 15 months is not different
from that found in the original 2002 Stupp and
colleagues™ '3 study of RT and concurrent temozo-
lomide (TMZ) followed by adjuvant TMZ (16 months).
Overall survival is also similar to that in the landmark
European Organization for Research and Treatment
of Cancer (EORTC) trial (2005) that established
temozolomide as part of the standard of care for
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newly diagnosed GBM (14.6 months)." Based on
these results, combining temozolomide and poly-
ICLC represents an interesting possibility. The
NABTT (New Approaches to Brain Tumor Therapy)
Consortium has an ongoing Phase 2 trial of RT
plus temozolomide followed by adjuvant temozolo-
mide and poly-ICLC in patients with newly diag-
nosed GBM (see http://www.nabtt.org/protocols/
poly.htm), with initial data indicative of increased
efficacy compared with chemoradiation with adju-
vant temozolomide only (ASCO 2009 abstract).

The question arises whether poly-ICLC (or other
PAMPs) and temozolomide would augment or inter-
fere with each other’s efficacy. It traditionally has
been thought that chemotherapy may counteract
the cellular processes needed to produce an
immune response; yet, recent data suggest that
chemotherapy may augment immune effects
through preferential elimination of regulatory
components or amplification of antigen exposure
following cytotoxic cell damage. It appears that the
immune system recovering from a cytotoxic insult
may be activated acutely and particularly respon-
sive because of stimulatory cytokines and reduced
regulatory elements.’4"116 Research on this issue
is ongoing but mostly devoted to the combined
use of cytotoxic agents and vaccine therapy rather
than to agents such as poly-ICLC. On the other
hand, it does appear that poly-ICLC or other PAMPs
may improve the efficacy of anti-CNS tumor
peptide-based vaccinations by augmenting the
overall immune response to the vaccine.’"”

There are nearly a dozen ongoing clinical trials
using Hiltonol as the adjuvant for various vaccine
platforms in patients with gliomas and prostate,
breast, ovarian, cervical, colon, liver and pancre-
atic cancers, melanomas, and Ilymphomas.
Another recently completed phase 2 trial in glioma
patients examined whether poly-ICLC could
improve the 6-month progression-free survival in
patients with multiply recurrent anaplastic glioma.
The 6-month progression free survival (PFS) for the
study was 24%, similar to the 6-month PFS of
31% from a study performed by Wong and
colleagues,’'® which pooled the results of eight
consecutive, negative phase 2 trials in patients
with recurrent grade 3 astrocytomas. The authors
raised the point that the use of poly-ICLC at initial
diagnosis or first recurrence for patients with
anaplastic glioma may produce improved results
that more closely resemble the results of the pilot
study of poly-ICLC, in which patients with newly
diagnosed anaplastic astrocytoma (AA) had
a PFS of 77 months. An equally important point
to consider is that the pilot study also allowed
the use of combination CCNU chemotherapy in
10 of 11 newly diagnosed patients with AA.

SUMMARY

Many immunologic approaches have been studied
for treating gliomas. The advent of recombinant
DNA technology led to a nonspecific immune
strategy via administration of cytokines or immune
biologic modifiers. These agents were adminis-
tered systemically with the hope that they would
boost the immune response in patients with brain
tumors. Most systemic treatments have been
met with only modest results and a high degree
of toxicity. Local injection of cytokines also has
led to mixed results and adverse effects. In trying
to more closely mimic their natural activity, cyto-
kines recently have been delivered either by im-
planting genetically transduced cells or by using
in vivo gene transfer techniques. Although effec-
tive in animal models, these strategies either
have not moved into human clinical trials or have
failed to eradicate gliomas. Combining more than
one mode of immunotherapy may provide better
results. For example, peptide vaccinations may
be used in conjunction with a cytokine adjuvant
to produce more widespread immune responses.
Pursuits continue to tease out the optimal mix of
IFNs, cytokines, chemokines, and PAMPs for re-
sponding to particular pathogens, such that one
can begin to harness these systems. Advances
also must be made in understanding how to over-
come the immunologic privilege of the CNS and
the immunosupression of gliomas by combining
immunostimulants with other forms of immuno-
therapy like passive antibody treatment, active
immunotherapy, or adoptive immunotherapy strat-
egies. Several recent reviews have addressed this
topic in the larger context of various types of
immunotherapy.”52.119-124
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