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Abstract
Malignant glioma is a deadly disease for which there have been few therapeutic advances over the
past century. Although previous treatments were largely unsuccessful, glioma may be an ideal
target for immune-based therapy. Recently, translational research led to several clinical trials
based on tumor immunotherapy to treat patients with malignant glioma. Here we review 17 recent
glioma immunotherapy clinical trials, published over the past 3 years. Various approaches were
used, including passive transfer of naked and radiolabeled antibodies, tumor antigen-specific
peptide immunization, and the use of patient tumor cells with or without dendritic cells as
vaccines. We compare and discuss the current state of the art of clinical immunotherapy treatment,
as well as its limited successes, pitfalls, and future potential.
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Introduction
Each year, more than 12,000 new cases of malignant glioma (MG) are diagnosed in the
Unites States alone. Gliomas are the most common primary brain tumor and are classified in
four types: ependymomas, oligodendrogliomas, mixed gliomas, and astrocytomas.
Astrocytomas are defined further as grades I through IV, becoming progressively more
malignant. Stage IV glioma, glioblastoma multiforme (GBM), is the most malignant and,
unfortunately, also the most common type of glial tumor. More common than Hodgkin's
disease, multiple myeloma, and testicular cancer, GBM is responsible for more deaths each
year than malignant melanoma [1]. Because tumors derive from normal cells, they may be
difficult to target without incurring substantial collateral damage, which in the brain, may be
debilitating or even deadly. Even with the best available treatment, life expectancy for
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patients with GBM is less than 15 months from diagnosis [2]. GBM brain tumors invariably
recur, and are invariably fatal.

In this review, we identify 17 reports of glioma immunotherapy clinical trials published
between late 2007 and 2009. For the purpose of this review, we include only trials that
actively involved immune targeting of the tumor or used the patients’ own immune system;
therefore, we do not include any of the several publications on vascular endothelial growth
factor (VEGF)-specific monoclonal antibodies (mAbs).

Standard of Care
Over the years, continued improvement in standard-of-care treatment has increased life
expectancy for patients with GBM; however, even with the best available treatment, it
remains less than 15 months. Currently, the standard of care includes surgical resection
followed by radiation therapy (RT) and chemotherapy with temozolomide (TMZ) for newly
diagnosed patients, with the addition of anti-VEGF mAbs for patients with recurrent disease.

Before the advent of what has become today's standard therapy, the average life expectancy
for a patient diagnosed with GBM was even more dismal. One of the early advances in
GBM patient treatment was published in 1980 by Walker et al. [3], who demonstrated in a
randomized clinical trial that patients with newly diagnosed MG treated with RT, or RT
combined with BCNU (carmustine), survived longer than similar patients not receiving RT.
In 1995, Brem et al. [4] reported a survival benefit with BCNU over placebo in patients with
recurrent MG. Then in 2003, Westphal et al. [5] published a phase 3 trial of newly
diagnosed MG patients treated with either BCNU or placebo and concluded that BCNU also
conferred a survival advantage to newly diagnosed patients. Stupp et al. [2] published a
phase 3 clinical trial in 2005, in collaboration with 85 institutions in 15 countries, evaluating
a total of 573 patients with newly diagnosed GBM. Patients were randomly assigned to
receive the conventional treatment of resection and RT or resection, RT, and the addition of
TMZ chemotherapy using a 5-day schedule. Patients from all institutions involved in the
study demonstrated markedly similar survival rates. Patients who received resection and RT
alone survived a median of 12.1 months, whereas those who received resection, RT, and
TMZ survived a median of 14.6 months, setting the “gold standard” by which expected
survival in newly diagnosed GBM patients is estimated today. In 2006, Stummer et al. [6]
demonstrated that increasing total tumor resection in MG patients improved survival
compared with those left with residual disease. Most recently, in 2009, Friedman et al. [7]
published results from a clinical trial in which patients with recurrent GBM were treated
with the anti-VEGF mAb bevacizumab, increasing survival from approximately 6 months to
9.2 months. However, although 14.6 months for patients with newly diagnosed GBM and
9.2 months for those with recurrent GBM may be an improvement over previous life
expectancy, there is still a dire need for further improvement.

Tumor Immunotherapy
The goal of cancer immunotherapy is to take the patient's own immune system and redirect
it to recognize and destroy tumors with a high degree of specificity. The unique specificity
and potency of the immune response, directed against tumor targets, has the potential to
prolong the quality and duration of life or, potentially, even to cure patients with cancer. In
general, tumor immunotherapy uses specific antigenic proteins and peptides displayed by
tumor cells as targets. Antitumor antibodies may be used either naked or as a platform to
deliver radioisotopes and toxins to tumors, whereas adaptive immunity can be manipulated
to generate effector T lymphocytes from the patient's immune system to seek out and
destroy tumor cells. For a more comprehensive review of the evolution of glioma tumor
immunotherapy, please refer to the recent review by Mitchell et al. [8].
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The field of tumor immunotherapy is well established in treating certain types of cancer,
with successes in melanoma, renal cell cancer, and hematologic malignancies [9]. Over the
past decade or so, extensive work has been done in an attempt to generate an endogenous T
cell-mediated antitumor response by “vaccinating” cancer patients with tumor antigen
peptides, with generally disappointing results (2–3% response rate) [10]. More recently,
however, there has been a resurgence in the use of T lymphocytes as effectors against
tumors, generating them either endogenously by delivering adjuvants or dendritic cells
(DCs) or exogenously through ex vivo manipulation and adoptive transfer back to the
patient [11, 12•, 13].

In comparing immunotherapy of glioma with that used for other types of cancer, there are
several differences and challenges to overcome. In using immune therapy to target glioma,
one caveat is the “immune privilege” provided by the blood–brain barrier. Serving the
purpose of keeping potentially dangerous substances out of the brain, the blood–brain barrier
also may hinder the ability of immune-based therapies to cross over into the brain. There
also is concern regarding induction of potential autoimmunity as peripheral autoimmunity in
tumor immunotherapy trials for melanoma was recently reported [12•]. In the brain, this
could be similar to the debilitating experimental autoimmune encephalomyelitis seen in
murine models. Although tissues outside the central nervous system (CNS) may undergo
collateral damage without causing death, in the brain this toxicity would potentially be fatal.
To avoid CNS toxicity, selected antigenic targets must be present only on tumors, and these
targets must be recognized with exquisite specificity by the immune system.

Nonetheless, several groups have been moving forward in clinical glioma immunotherapy
research, and this review presents results from 17 recently published trials (Table 1). In
comparing each of these findings to the benchmarks provided earlier, it becomes apparent
that with a few promising exceptions (each with only a few patients), most recent clinical
interventions have had minimal impact, demonstrating the need for continued improvement.

Antibody-Specific Tumor Immunotherapy
Unlabeled Antibodies—One way to target tumor antigens in vivo is to use mAbs. mAbs
can be generated against almost any antigen and can bind that antigen with high specificity
and affinity. They have been used successfully in immunotherapy treatments for patients
with cancers such as lymphoma (rituximab) and breast cancer (trastuzumab), as reviewed by
Harris [14].

In one recent glioma immunotherapy trial by Neyns et al. [15], the authors evaluated the
effects of delivering the mAb recognizing the epidermal growth factor receptor (EGFR),
often overexpressed in GBM. Anti-EGFR mAb was administered to patients with recurrent
grade IV GBM or grade III MG. Three patients exhibited grade 3 skin rash, and there was
some radiographic evidence of objective response; however, patient outcomes did not differ
from those expected from standard treatment (Table 1).

Radiolabeled Antibodies—To increase the impact of antitumor mAbs, they can be used
as a delivery system, bringing a dose of toxin or radiation directly to tumor cells. In the past
year, two groups published results from clinical trials using intratumoral (IT) or intracavitary
(IC) delivery of radiolabeled antibodies to treat patients with recurrent grade III/IV MG/
GBM. One study, published by Casaco et al. [16], used the anti-EGFR mAb coupled to the
beta and gamma radio-particle emitter 188Re. Overall survival was comparable with that
predicted by conventional (non-TMZ-inclusive) treatments; however, severe adverse events
(AEs) were reported. With increasing dosage, two of four patients experienced severe
neurologic symptoms and developed hemorrhagic brain necrosis, halting the trial.
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A separate radiolabeled mAb trial conducted at Duke University used 211At, an alpha-
emitting radionuclide, coupled to the tumor-associated chimeric antitenascin mAb (ch81C6)
[17•]. Unlike gamma-emitters, alpha-emitters confer high-intensity radiation over only very
short (1–2 mm) distances. The authors treated patients after maximal surgical resection, to
target any remaining residual disease. Among 14 patients with recurrent GBM treated, the
authors observed an overall survival of 12 months, a potential increase over the 9 to 10
months observed previously in patients with recurrent GBM treated with conventional
therapy plus TMZ or anti-VEGF mAb [18, 19]. Additionally, there were no adverse effects
above grade II attributed to the treatment. Although these results show promise, further
study in a larger randomized trial is needed.

Cytokine-Based Immunotherapy
In the immune system, cytokines are signals that induce different functions in tumor target
cells and in effector T lymphocytes. Some cytokines, including the interferons (IFNs),
promote immunity and tumor destruction, whereas others, such as tumor growth factor
(TGF)-β, inhibit immune function and promote tumor growth. Both cytokine actions have
been targeted for tumor immunotherapy. Cytokines may be administered to patients in
several different ways. In three recently published clinical trials, IFNs were administered to
patients with recurrent glioma [20–22]. One IFN trial examined the effects of
subcutaneously (SC) introducing either long-acting (L) IFN-α coupled with polyethylene
glycol (PEG; n=29) or a shorter-acting version (S) without PEG (n=34) [21]. L or S IFN-α,
along with TMZ, was given to patients with recurrent GBM; some patients experienced
grade 3 or 4 fatigue, but there was no improvement in survival. In a separate trial, IFN-α-2B
was given SC along with BCNU to nine patients with recurrent GBM, two of whom
experienced grade 3 fatigue [22]. Neither of these trials demonstrated any improvement in
patient outcome compared with conventional therapies.

One trial used adenovirus-mediated IFN-α gene therapy delivered directly IT [20]; however,
this trial was suspended early because of a case of grade 4 hemorrhagic brain necrosis; thus,
no follow-up results are available.

In a different cytokine modulation approach, AP12009 peptide inhibitors were delivered to
patients IT in attempts to neutralize the immune-suppressive effects of TGF-β [23].
However, the overall results were not substantially different from standard therapy
outcomes.

Influencing the Immune System: Adjuvants, Antigens, and Tumor Vaccines
The immune system has several requirements that must be met before it can induce an
adaptive antitumor cellular immune response. First, immune-surveillant DCs in the tissues
must encounter the tumor and take up tumor-associated antigens. Although DCs process the
antigen intracellularly, only upon activation by danger signals can they prime a T-cell
response. DCs must present tumor-derived peptides in the context of major
histocompatibility (MHC) molecules on the cell surface, then migrate into the lymphoid
organs, where they encounter naïve or memory CD4 and CD8 T cells. Upon interacting with
the appropriate T cell in the presence of the appropriate costimulatory molecules, DCs prime
T cells to become effectors. The effector T cells then circulate through the body, whereupon
they can encounter and destroy the tumor.

Adjuvants—Different aspects of immune priming are being explored for tumor
immunotherapy. Butowski et al. [24, 25] recently reported on two separate clinical trials
using polyinosinic–polycytidylic acid with polylysine and carboxymethylcellu-lose, an
immune adjuvant given to patients intramuscularly. The first trial treated patients with
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recurrent grade III MG; one patient had a radiographic response, although there was also a
case of grade 3 fatigue [25]. The second trial added standard RT to the treatment for patients
with newly diagnosed GBM, although this trial had no notable responses or AEs above
grade 2 [24]. The patient outcomes of both studies were similar to those observed with the
standard treatment of resection, RT, and TMZ [2].

Cancer Vaccines—Eight recent reports, including our own, were published on cancer
vaccine treatments consisting of different combinations of DCs, adjuvants, autologous
tumors, and/or peptides administered to patients with grade III or IV glioma in efforts to
prime an endogenous antitumor immune response [26–31, 32•, 33•].

Tumor-based vaccines: Ishikawa et al. [27] treated patients with newly diagnosed GBM, as
well as those with recurrent GBM, with intradermal (ID) injections of formalin-fixed
autologous tumor; however, no improvement over standard therapies was observed. Okada
et al. [28] published the results of two trials, both using irradiated patient tumors in
combination with autologous fibroblasts transfected to produce interleukin-4, delivered ID
with the intent to polarize endogenous DCs to a type 1 antitumor phenotype. The first trial
treated patients with recurrent disease (grade III/IV), and the authors observed some
radiographic response, as well as T-lymphocyte infiltration into tumor. The second trial used
the same treatment with the addition of DCs pulsed with tumor lysate to treat patients with
newly diagnosed GBM. No objective responses were observed, and neither trial improved
survival compared with that reported for standard therapy.

DC vaccines: Walker et al. [29], Wheeler et al. [30], De Vleeschouwer et al. [26], and Prins
et al. [32•] all reported on glioma clinical trials using patient tumors alone or DCs pulsed
with irradiated tumor as a vaccine. The trials by Walker [29] and De Vleeschouwer [26],
which included both patients with newly diagnosed and those with recurrent GBM, showed
no improvement in response. Wheeler et al. [30] detected an immune response in peripheral
blood but did not report on patient survival. However, there was one notable severe AE: in
one patient, irradiated GBM injected peripherally to test for delayed-type hypersensitivity
(DTH) skin response resulted in the growth of GBM at the injection site and metastasis to
one nearby lymph node. This DTH testing was immediately discontinued.

Prins et al. [32•] recently published an interesting observation in a GBM patient being
treated with tumor lysate-pulsed DCs. The authors detected an increase in circulating
cytomegalovirus (CMV)-reactive T lymphocytes after vaccination, suggesting that CMV
antigens present in tumor expanded endogenous CMV-reactive T cells. This finding
complements recent published work, including our own, demonstrating high expression of
CMV in glioma tumors [34, 35] and supporting the potential use of CMV antigen as a target
for glioma immunotherapy.

Peptide vaccines with or without DCs: Izumoto et al. [31] published a clinical trial using
the tumor associated WT-1 peptide to vaccinate patients with recurrent GBM, with no
improvement in either WT-1 immunity or patient outcome. Although there has been little
efficacy attributed to clinical trials using peptides alone to therapeutically vaccinate patients
with cancer [10], those mediated by ex vivo DCs have shown more promise. Recently, our
group conducted a clinical trial at Duke University treating newly diagnosed GBM patients
with DCs that had been pulsed with tumor-specific EGFRvIII antigen coupled to KLH
adjuvant [33•]. Only 12 patients were treated in this trial, and no AE above grade 2 was
seen; however, radiographic responses were observed, and patient overall survival was 18
months, a potential increase over the 15-month survival observed with standard therapy [2].
However, this study was performed in a small group of patients, and a larger-scale
randomized trial is needed.
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Adverse Events
In general, AEs in these immunotherapy trials were similar to those expected with the
current standard treatment of resection plus RT and/or chemotherapy, suggesting that
immune therapy itself generally does not result in severe toxicities. Some of the AEs
observed in the trials discussed here included instances of transient hematologic depression,
pulmonary and thromboembolytic events, seizures, headaches, nausea, fatigue, cerebral
hemorrhage, diarrhea, and several reports of bowel perforation. However, only three trials
reported severe AEs that were possibly or likely attributable to the immune therapy. Two of
these included the beta- and gamma-radiation–emitting 188Re-labeled anti-EGFR mAb [16],
and IT delivery of adenoviral-vector IFN-α gene therapy [20]. Each of these treatments
resulted in severe neurologic symptoms and evidence of brain necrosis, halting the studies.
In a third trial, Wheeler et al. [30] reported on the use of DTH testing by injecting irradiated
GBM, which resulted in new GBM growth at the injection site and metastasis to the draining
lymph node.

Outcomes and Immune Monitoring
Potentially confounding factors exist within and among patient populations that affect
survival outcome, such as patient age, Karnofsky performance status, and medical history.
Even when these factors are controlled for, many groups report results differently [36].
Often, groups evaluate the overall survival or the progression-free survival of patients over
time, or they may assess survival as a percentage of patients remaining alive at a given time
point, perhaps at 6 months or 1 or 2 years after treatment. Although these numbers may
suggest a treatment impact, determining true efficacy is not possible in the absence of a
large-scale randomized trial.

For immunotherapy trials, immune function should also be evaluated. Immune monitoring
may be accomplished in many ways, from measuring specific antibodies to detecting the
presence of antigen-reactive T lymphocytes or cytokines. Commonly, immune-related
cytokines are measured in blood or using ex vivo T-cell assays against peptides, tumors, or
by triggering T-cell activation using other means. Some issues regarding comparison of
results arise with the different methods used: enzyme-linked immunosorbent assay (ELISA)
or ELISpot to measure cell cytokine secretions by concentration produced per number of
cells, or by intracellular cytokine capture, staining, and flow cytometry. Although each assay
may be a valid evaluation of immune induction, it makes it challenging to compare among
different groups using different assays. Indeed, some groups do not evaluate patient clinical
outcomes at all, but instead use only a measure of immune monitoring to determine whether
a trial was successful, making evaluation of therapeutic efficacy impossible.

In assessing whether a clinical tumor immunotherapy trial has established the intended
goals, we believe immune function must be established in the context of patient clinical
response. Both of these factors need to be assessed to determine whether the treatment
actually induced the intended immunologic response in patients, and whether that response
was sufficient to impact their clinical disease. Ideally, these elements should be thoroughly
validated in a randomized phase 3 clinical trial.

Future Directions
Although some of the early results in glioma immunotherapy are promising, they are far
from a cure for brain cancer. However, several types of immunotherapy have demonstrated
success in treating patients with cancer, one of which is adoptive cell transfer (ACT).
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Adoptive Cell Transfer
ACT of expanded tumor-infiltrating T cells uses the cellular immune system to target
discrete tumor antigens and has been used successfully to treat patients with advanced
cancer [11]. Unfortunately, ACT therapy has been limited mostly to small numbers of
melanoma patients because of the challenges involved in obtaining and preparing
endogenous tumor-reactive cells from each patient. Although T lymphocytes may be potent
effectors in the antitumor immune response, endogenous circulating T cells generally are of
insufficient affinity and avidity to eliminate tumors in vivo [37, 38]. This limitation recently
was overcome by using high-avidity T-cell receptor (TCR) gene therapy to redirect patient T
cells to tumors. In clinical trials, this method was shown to cause tumor regression in
patients with advanced metastatic melanoma [12•, 13]. However, use of antigen-specific
TCR remains limited by patient MHC restriction and the need to identify immunodominant
tumor-specific epitopes and a corresponding TCR of sufficient avidity and affinity [12•, 13,
37]. ACT could be applied to treating glioma patients, as GBM expresses known specific
tumor-restricted antigens, such as EGFRvIII [39, 40], or viral-derived CMV antigens [35],
which are not found in normal tissues.

Chimeric Antigen Receptors
It is possible to engineer extremely potent T cells ex vivo. It also is possible to synthesize
antibodies against glioma tumors in vitro [41]. With recent technologic advances in genetic
engineering, it is now possible to utilize the exquisite specificity and high affinity of mAbs
for tumor antigens, combined with the potency of effector T cells, by recombining mAbs
and TCRs. This combination creates a chimeric antigen receptor (CAR) [42], which can
redirect T cells to specific tumor targets based on the mAb chosen. Because the CAR targets
antigens using mAbs, it is not restricted to a specific MHC haplotype, as TCR gene therapy
is, and might be used to treat a broader patient population.

Early reports of clinical trials using CAR-expressing T cells demonstrated antigen
specificity [43, 44], and a recent clinical trial treating pediatric neuroblastoma patients with
GD2-specific CAR T cells produced promising results, with reduction of tumor burden in
some patients [43]. We believe this to be a promising immune therapy to pursue in the
treatment of patients with brain tumors.

Conclusions
Over the past year or so, there have been several immunotherapy clinical trials for patients
with MG. Some have treated patients with tumor-specific mAbs, either naked or tied to
radioactive isotopes. Others have delivered immunostimulatory cytokines or have inhibited
immunosuppressive cytokines. Several groups have delivered tumors directly, or pulsed
onto DCs, as vaccines. Immune adjuvants have been incorporated to improve the
endogenous antitumor immune response, and immune cells have been isolated ex vivo and
engineered to be more potent. Although these recent clinical trials in glioma immunotherapy
have had only limited successes, they have established the methodology and safety profiles
required for future clinical success. Several trials, although limited to small numbers, have
provided encouraging reports of individual patients who continue to survive long term after
treatment, in some cases longer than 5 years. These individual successes are what fuel the
future of cancer immunotherapy.

To be effective in the future, clinical tumor immunotherapy treatments likely will need to
incorporate multiple modalities addressing both the innate immune system (DCs) and the
adaptive response (effector T cells and mAbs). Highly avid antitumor T cells will be
required to recognize tumors with high specificity, and they must persist in vivo long
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enough to eliminate all of the tumor. These cells may need to be further activated in vivo,
either with vaccines or cytokine support, because of inherent immune deficits such as
anergy, or to combat the effects of immunosuppressive tumor environments. By
incorporating these combined treatments, it may be possible to eliminate patients’ glioma
tumors. To combine therapies effectively, it will be necessary for clinical researchers to
evaluate results between different trials, which will require a standardized method for
reporting results.

Only recently has the field of biomedical research been able to provide the advanced tools
needed to implement an effective and potentially curative antitumor immune therapy.
Individually, there has been progress on each of the immunologic fronts we discuss here;
indeed, it now may only be a matter of finding the right combination of immune therapies to
successfully treat patients with brain cancer.
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