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Abstract Despite the many overall advances in understanding cancer biology and
therapeutic development in the last 50 years, most CNS malignancies are still
clinically difficult, incurable diseases. Current combinations of aggressive
surgical resection, radiation therapy and chemotherapy regimens do not
significantly improve long-term patient survival for these cancers. Cancer
immunotherapy is a potentially promising new therapeutic strategy that
primes a patient’s immune system to attack neoplastic cells. We review the
preclinical and clinical progress in developing vaccination-based therapy for
CNS malignancies to date, including peptide-based vaccinations, dendritic
cell-based vaccinations and other potential modalities. Some of the chal-
lenges for developing an effective vaccination strategy, such as abnormal
immune molecules on glioma cells and abnormal lymphocyte populations
within a glioma, are also discussed.

Although significant progress has been made
over the last 50 years in the treatment of cancer,
these advances have not been reflected across the
entire spectrum of malignancies. For patients
with CNS cancers, the clinical prognosis remains
dismal. The ongoing development of vaccine-
based immunotherapies offers a tantalizing new
hope for more effective, low-toxicity targeted
treatments. A successful vaccine for CNS cancers
has been a ‘holy grail’ in neuro-oncology. Recent
clinical trials involving vaccines targeted against
glioblastoma multiforme (GBM), a CNS cancer
with very poor prognosis, offer promising results.
Other trials have inspired additional hope and
optimism in the field of cancer immunotherapy.
Still, it is important to evaluate the progress of
current vaccine and immunotherapy efforts
through the prism of past successes and failures
of cancer vaccine research and development. This

article seeks to provide an overview of progress in
the development of vaccines for CNS tumours,
and provide a realistic assessment of advances
and remaining challenges in this field. Much of
the work to develop a vaccine has been carried
out in gliomas and glioma models, as discussed
throughout this article. However, as these tech-
niques become validated, it is likely that they will
be translated into therapeutic strategies for other
CNS cancers. A list of pertinent immunological
terms used in this article can be found in table I.[1]

1. Peptide-Based Vaccines

Peptide-based cancer vaccines represent a
major focus of cancer vaccine research that of-
fers exciting clinical possibilities. The underlying
premise of peptide-based cancer vaccines is simi-
lar to other, more conventional, vaccinations.
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These vaccines function by introducing small
peptides (typically 7–14 amino acids in length)
that are immunogenic and expressed by targeted
cancer cells. It is hoped that such peptides are
processed by host antigen presenting cells (APCs),
which travel to the lymph nodes and sensitize cir-
culating T cells, known as cytotoxic T-lymphocyte
(CTL) cells, to the target cancer cells (figure 1).[2]

In the case of CNS cancers, the development
of a peptide-based vaccine requires the successful

isolation of an effective immunogenic peptide
that can be administered to induce an efficient in
vivo patient immune response against the cancer.
Furthermore, this peptide must be universally
expressed by cancer cells, and must be in itself,
crucial for tumour survival. Without these fac-
tors, tumour cells that do not express the vaccine
peptide will be positively selected for. This could
be particularly challenging, given the hetero-
geneous nature of cancers, as well as the inherent
difficulty in isolating and identifying a particular
peptide that demonstrates both specific restric-
tion to cancer cells and efficiently elicits an ap-
propriate antitumour immune response.

1.1 Targeting Epidermal Growth Factor
Receptor vIII

Recently, progress has been reported in the
development of a vaccine that targets glioma,
specifically GBM. The majority of primary GBM
cases harbour mutations in the epidermal growth
factor receptor (EGFR). In particular, a muta-
tion known as EGFRvIII occurs in about one-
half of patients with an EGFR mutation.[3] The
EGFRvIII mutation arises from an in-frame de-
letion/fusion that results in constitutively active
epidermal growth factor signalling. An EGFR-
vIII-specific peptide that spans this deletion/
fusion has shown promise as an immunogenic
antigen.[4] This peptide provides a novel target for
potential vaccine based therapies with a high
degree of specificity to GBM tumour cells. In a
phase I clinical trial,[4] GBM patients were vacci-
nated with the EGFRvIII peptide after surgical
resection. This approach resulted inmedian time to
progression of 46.9 weeks and overall median
survival of 110.8 weeks, yielding similar results to
current chemotherapy with temozolomide or
carmustine wafers. A phase II trial has recently
been suspended[5] and concern remains about the
universality of this approach to effectively treat
GBM tumours because not all GBMs express the
EGFRvIII mutation.[4]

Intratumoural administration of MR1-1, a
specific immune toxin to a murine homologue
of the EGFRvIII mutation, has also shown pro-
mise.MR1-1 effectively killed EGFRvIII positive

Table I. Selected immunological terms defined[1]

Term Definition

APC Cells that are capable of processing foreign

antigen and complexing them with MHC II

molecules to present to circulating T cells. These

cells are also capable of providing a co-stimulatory

signal necessary to activate T cells. Specialized

APCs include DC, macrophages and B cells;

however, other cells can also serve as APCs

CD4+ T cell These T cells express the CD4 glycoprotein,

which serves as a coreceptor on T cells that are

only capable of binding with MHC II expressing

cells. The majority of CD4+ cells are known as

helper T cells

CD8+ T cell These T cells express the CD8 glycoprotein,

which serves as a coreceptor for T cells that bind

to MHC I expressing cells. The majority of CD8+
T-cells are CTLs

Class I MHC Membrane proteins expressed on virtually all

human cells that present antigen to circulating

CD8+ T cells

Class II MHC Membrane proteins that are expressed solely on

APCs, which present antigen to CD4+ T cells

Cytokine Secreted proteins that modulate immune

response, primarily by acting on lymphocytes and

other immune cells

CTL A T cell that has the capability to lyse target cells

that express antigenic molecules complexed with

MHC

DC Specialized cells that aid in the presentation of

antigen to helper T cells

Immunogenicity The ability of a substance, such as a protein or

peptide, to induce an immune response

Interleukin A subclass of cytokines released primarily by

leukocytes

NK cell Large, cytotoxic lymphocytes that function

primarily to target tumour cells, with limited

participation in antibody-mediated immunity

APC =antigen presenting cell; CTL = cytotoxic T lymphocyte;

DC= dendritic cell; MHC =major histocompatibility complex;

NK= natural killer.
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tumour cells and also induced long-term tumour
immunity in a mouse model. Importantly, long-
term tumour immunity was generated in tumours
where not all cells were EGFRvIII positive,
although the generation of immunity was de-
pendent on the presence of CD4+ and CD8+
T cells.[6] Although additional testing is needed in
other models, vaccination against EGFRvIII
could potentially be of therapeutic value.

1.2 Wilms’ Tumour Peptide

Other tumour-specific antigens have also been
identified, which may prove useful in the devel-
opment of therapeutic vaccines in CNS cancers.
Of particular note is the WT-1 peptide produced
by Wilms’ tumour gene (WT1). This protein was
first identified in renal cancers, but has since been
isolated in a number of haematopoietic cancers
and solid tumours. This gene is frequently over-

expressed, and its protein product has also de-
monstrated immunogenic properties, making it
an attractive target for potential vaccines.

A phase II clinical trial has been performed
using the WT-1 peptide for vaccination of patients
with recurrent GBM.[7] Twenty-one patients with
WT1/HLA-A*2402 (where HLA is human leuko-
cyte antigen) positive recurrent GBM, in whom
standard therapy had failed, were treated with
intradermal injections of WT-1 peptide weekly for
at least 12 weeks. Two patients showed partial
response, ten patients had stable disease and dis-
ease progressed in nine patients. No adverse effects
of vaccination were noted.

1.3 Identifying Novel Antigens

In order for peptide-based vaccines to be
effective, a vast repertoire of tumour-specific
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Fig. 1. (a) Specific peptides known to be associated with CNS cancers are isolated and given to the patient via intradermal injection. This
results in activation of CD4+ and CD8+ T cells in the host immune system. Activated CD8+ cytotoxic T cells then recognize tumour-associated
antigens and attack tumour cells. (b) Cancer cells from a patient are cultured and patient-specific cancer peptides are isolated. These peptides
are capable of provoking an immune response. Immunogenic peptides are then introduced into the patient via intradermal injection, again
activating tumour-specific CD4+ and CD8+ T cells. EGFRvIII =epidermal growth factor receptor mutation.
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antigens must be developed. To achieve that goal,
teams have worked to identify additional anti-
gens that might serve as novel targets for CNS
tumours. In the case of paediatric glioma, three
promising targets were recently identified,
EphA2, interleukin (IL)-13R-a2 and survivin.
These proteins were each differentially expressed
in tumour tissue, although their expression levels
did not correlate with tumour grade.[8] The con-
tinual refinement and development of new tu-
mour antigens is an essential component of the
peptide-based vaccine development process be-
cause of the molecular heterogeneity of tumours.
The inherent molecular heterogeneity of tumours
between patients has been one of the major
challenges that hinder effective implementa-
tion of peptide-based therapeutic strategies. With
the development of a more expansive library of
target antigens, there is hope that individualized,
or personalized, peptide-based vaccines can be
developed. The development of these vaccines
would involve exposing dendritic cells (DCs)
[highly effective APCs] to multiple tumour anti-
gens, to evaluate their immunogenicity on a
patient-by-patient basis ex vivo in an effort to
identify a particular immunogenic cocktail that
will be most effective for the given patient’s tu-
mour.[9] The strategy of designing a personalized
peptide-based vaccine has been applied with
varying success in a number of other cancer
types. Early studies have shown that this techni-
que shows promise in increasing the efficacy of
peptide-based vaccines in the case of malignant
gliomas. In one study, peripheral blood mono-
nuclear cells (PBMCs) were cultured from a pa-
tient with a glioma and exposed to a library of
previously identified glioma antigens. The four
antigens that produced the strongest immune re-
sponse were then isolated and injected, enhancing
the overall immune response of the partici-
pants.[10] While this is not a vaccine, in the sense
that it does not induce active immunity, it does
boost a patient’s pre-existing tumour immunity
and could be used in conjunction with a true
vaccine.

Another set of potentially fruitful targets is
tumour angiogenesis-associated antigens. In a
phase I trial, Okaji et al.[11] vaccinated six patients

with recurrent malignant brain tumours with
human umbilical vein endothelial cells. Magnetic
resonance imaging (MRI) showed partial or
complete resolution of enhancing cancer masses
in three patients. This may represent a promising
technique. However, the observed decreased
contrast enhancement on MRI may be a direct
effect of immune targeting of tumour vascu-
lature, rather than an immune response against
the tumour proper. More research is needed to
determine whether this strategy promotes im-
proved patient survival.

Table II provides an overview of selected
phase I and phase II clinical trials of CNS cancer
vaccines.

2. Dendritic Cell-Based Vaccination

Another strategy used to induce an immune
response to CNS malignancy involves vaccina-
tion with patient DCs that have been treated with
various tumour components. DCs are specialized
APCs. In their immature state, they show high
ability to capture and process antigens of all
types. After antigen capture, they mature, lose
antigen-capturing ability and become excellent
APCs. DCs express high concentrations of major
histocompatibility complex (MHC) class I and II
molecules on their surface, which are necessary
components to effectively present antigen and to
activate both CD8+ and CD4+ T cells.[23]

Several methods have been reported for
priming or charging DCs with tumour antigens,
including pulsing cells with tumour peptides as
discussed in section 1, fusing tumour cells with
DCs and loading DCs with tumour lysate, apop-
totic tumour cells or tumour messenger RNA.[24]

Fusion of DCs and tumour cells results in hybrid
cells containing fused cytoplasm with two sepa-
rate, independently active nuclei (figure 2).[25]

This could theoretically result in tumour genes
being transcribed in the tumour nucleus and
presented on the cell surface by the DC compo-
nent. A phase I clinical trial showed no adverse
effects with this approach,[26] and a second trial
with coadministration of IL-12 showed partial
radiographic response in 3 of 12 patients.[18]
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Several other techniques using DCs have also
demonstrated potential efficacy. Loading of DCs
with tumour antigen ex vivo followed by vacci-
nation of the patient with the loaded cells has
also shown potential as a method of overcoming

chemotherapy resistance, a serious problem that
is frequently associated with higher grade glio-
mas and GBM.[27] DCs loaded with tyrosinase-
related protein-2 antigen, which is associated
with tumour cells expressing chemoresistance,

Table II. Selected clinical trials of vaccination for CNS malignancies

Study (year) Trial

phase

Patient population Treatment Results

De Vleeschouwer

et al.[12] (2008)

II 53 patients with recurrent GBM Differing schedules of DC/tumour

lysate vaccine

Trend towards better PFS in

patients with faster vaccination

schedule

Izumoto et al.[7]

(2008)

II 21 patients with WT1 positive

recurrent GBM

WT-1 peptide intradermal

injection for 12 wk or more

2 patients with partial response,

10 with stable disease; median

PFS 20wk

Okada et al.[13]

(2007)

I 5 patients with newly diagnosed

GBM, after GTR and radiation

therapy

2 injections of IL-4 transfected

fibroblasts and type-I DCs pulsed

with autologous tumour lysate

No improvement in PFS.

Treatment well tolerated

Walker et al.[14]

(2008)

I 13 patients with AA or GBM Vaccination with autologous DCs

previously co-cultured with autologous

tumour

No adverse events noted.

PFS not reported

Okaji et al.[11]

(2008)

I 6 patients with recurrent

malignant brain cancer

HUVEC vaccination 3 patients showed partial or

complete decrease of

enhancement on MRI

Ishikawa et al.[15]

(2007)

I 12 patients with GBM, 8

recurrent, 4 residual primary

Intradermal injection of autologous

formalin-fixed tumour tissue

1 complete response, 1 partial

response, 7 progressive disease.

PFS 10.7mo

Yajima et al.[10]

(2005)

I 8 patients with AA, 17 with GBM Vaccination with peptides found to

provoke reaction in patient monocytes

5 partial response, 8 stable

disease, 8 progressive disease;

PFS in GBM subset 622 days

Liau et al.[16]

(2005)

I 7 newly diagnosed GBM,

5 recurrent GBM

Vaccination with autologous DCs,

pulsed with tumour lysate

PFS 15.5mo

Yamanaka

et al.[17] (2005)

I/II 6 patients with AA, 18 with

GBM, all recurrent

Intradermal or intratumoural and

intradermal injection of tumour lysate-

pulsed DCs

PFS of GBM patients 480 days.

Trend toward better survival in

patients with intratumoural

injection

Kikuchi et al.[18]

(2004)

II 15 patients with malignant

glioma

Vaccination with fused autologous DCs

and tumour cells and recombinant

IL-12

4 patients with reduction in size

of tumour on MRI by 50%

Steiner et al.[19]

(2004)

I 23 patients with GBM treated

with GTR and radiation

Autologous tumour cells grown in

culture, infected with NDV, then

irradiated and injected

PFS 40wk

Caruso et al.[20]

(2004)

I 7 paediatric patients with GBM,

AA, medulloblastoma or

ependymoma

Tumour RNA-pulsed autologous DCs 2 patients with stable disease,

1 clinical response

Yu et al.[21]

(2004)

I 14 patients with GBM or AA Tumour lysate-pulsed DCs Significant CD8+ T cells found in

tissue at repeat resection. PFS of

GBM patients 133 wk

Schneider

et al.[22] (2001)

I 11 patients with GBM, post

radiation and GTR

Vaccinated with autologous tumour

cells, infected with NDV

No significant change in survival.

No significant adverse effects

AA= anaplastic (WHO grade III) astrocytoma; DC= dendritic cell; GBM =glioblastoma multiforme (WHO grade IV astrocytoma); GTR = gross
total resection; HUVEC =human umbilical vein endothelial cells; IL = interleukin; MRI =magnetic resonance imaging; NDV =Newcastle
disease virus; PFS =progression-free survival; WT1 =Wilm’s tumour gene.
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not only led to antibody- and cell-mediated
responses, but also to a re-sensitization of tumour
cells previously resistant to certain classes of
chemotherapeutics, including the standard anti-
GBM drug temozolomide.[28]

A similar approach has been used with
PBMCs, involving co-culture of autologous tu-
mour cells with PBMCs under conditions that
promote immune activation (addition of IL-1,
IL-2, IL-4 and IL-6 to tissue culture media). In-
tratumoural injection of these cells in recurrent
gliomas showed a 50% tumour response rate in
preliminary studies, suggesting that the culture
media and exposure to tumour antigens caused
an immune response ex vivo, which could then be
propagated and expanded in vivo. This also sug-
gests that further research into this technique is
warranted.[29]

3. Viral Vaccination Strategies

In an effort to expand the library of target
antigens available, a novel technique has been
developed in the case of glioma. Intratumoural
vaccination with herpes simplex virus (HSV) has
been demonstrated to generate an immune res-
ponse by CTLs. After intratumoural injection
of HSV into a mouse glioma model, a team of
scientists isolated activated CTLs and performed
gene expression profile analysis in an effort to
find specific tumour antigens that were recog-

nized by activated CTLs.[30] A new glioma-
specific immunogenic antigen was thereby iden-
tified and isolated for study in future therapeutic
strategies.

Using a similar technique, tumour was ob-
tained from 23 patients and infected with New-
castle disease virus ex vivo. The tumour cells were
then irradiated and returned to the patient via
subcutaneous injection on a set schedule. Treated
patients had a longer time to progression and
median survival than those not receiving this
therapy. Observation of resected tissue from pa-
tients with recurrent tumour revealed that many
CD8+ T cells had migrated into the tumour,
suggesting that the vaccine induced an anti-
tumour immune response.[19]

Other groups have also shown that many
herpes-like viruses may be associated with glio-
mas, and GBM in particular. Human cytomega-
lovirus (hCMV) DNA was successfully isolated
from the peripheral blood of 80% of newly diag-
nosed, sampled GBMpatients. In healthy control
subjects, no hCMV DNA was found in periph-
eral blood, including in a majority of controls
who were seropositive for CMV. Furthermore,
among GBM patients, >90% were found to have
detectable hCMV nucleic acids and proteins
within tumours, yet not within surrounding brain
tissue.[31] Furthermore, a recent report makes
note of a patient who received a vaccination with
DCs, pulsed with autologous tumour lysate, who

Tumour
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Dendritic
cells

Cell
fusion

Inoculated
patient

Priming of
host immune

system

Activated
cytotoxic

T lymphocytes

Fig. 2. Fusion of dendritic cells and tumour cells. Patient tumour cells and patient dendritic cells are cultured together in vitro. Their cyto-
plasmic membranes are destabilized to allow the two types of cells to fuse into a hybrid cell. The fused hybrid cells are introduced into the
patient via intradermal injection. Tumour antigens are presented on the hybrid cell surface and stimulate activation of host CD4+ and CD8+
T cells that specifically recognize and are active against tumour cells.
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immediately developed a CMV-specific immune
response.[32] This discovery, although contro-
versial and disputed by some, could provide an
interesting new target for vaccination against
viral antigens associated with gliomas.

4. Heat-Shock Proteins as a Vaccination
Target

While the identification of a broad spectrum
of tumour antigens is certainly valuable, new
techniques may also provide ways for clinicians
to tailor each vaccine to an individual patient.
Autologous heat-shock protein-peptide com-
plexes offer the potential to allow for unique and
personalized treatment for each patient. Heat-
shock proteins (HSPs) are believed to play an
important role in the chaperoning antigens with-
in cells during the antigen presentation process. It
is theorized that while each patient may have uni-
que tumour antigens, the targeting of autologous
HSPs that are coupled with unique tumour anti-
gens offers a method of targeting cancer cells in a
specific way without the need to identify specific
and differentially expressed tumour antigens.[33,34]

This technique allows clinicians to take into ac-
count the heterogeneity of cancer with regard to
each individual patient, rather than relying on
a library of targets that may not be complete
or which may not contain relevant antigen tar-
gets that are most effective for individual pa-
tients.[35,36] Studies of HSP vaccination in chronic
myeloid leukaemia patients demonstrated some
promise. The administration of HSP 70 was
found to effectively increase the number of active
natural killer (NK) cells by stimulating the ex-
pression of a NK activating ligand on DCs.[37]

This carries important implications because of
the vital role of NK cells in antitumour immune
responses.

5. Hurdles to Effective Vaccination

While there has been much progress made in
terms of vaccines, there are significant drawbacks
and technical hurdles that could still hinder these
therapies. Chief among these are the frequent
lack of MHC molecules on the surface of glioma

cells.[24] Peptide-based vaccines function through
the use of APCs that sensitize and activate a CTL
response by presenting antigen on MHC I. Be-
cause CTLs are MHC I restricted, antigens that
are presented in other ways fail to provoke an
immune response. In glioblastoma, it was docu-
mented that MHC I is absent in approximately
50% of patients.[38] And furthermore, it was ob-
served that HLA-G, an aberrant form of MHC I
that suppresses both NKandCTL activity, may be
over expressed, resulting in compromised immune
activity.[39] Taken together, glioma-mediated im-
munosuppression, due to abnormal MHC I,
prevents CTL or NK cells from effectively tar-
geting cancer cells.[40,41] In addition, data suggest
that a small subset of glioma cancer stem cells
(cells with stem-like properties of self-renewal,
multipotent differentiation and tumour initiation
efficiency) also may not express MHC I.[41] This
could be an important hurdle to overcome in the
development of cancer vaccines because it is
theorized that cancer stem cells may be the cel-
lular origin of recurrent gliomas and have been
implicated in many cancers with a dismal prog-
nosis. In contrast to work with gliomas, studies
with medulloblastoma tumour lines showed that
both CD133+ (a marker of cancer stem cells) and
CD133- cells are susceptible to attack by NK
cells.[42]

Additional work has shown that gliomas
mediate patient immunosuppression that may
hinder the efficacy of an immune response. High
levels of IL-10, as well as tumour growth factor-
b2 signalling in the vicinity of tumours may lead
to a bias in T-cell differentiation towards the
T helper-2 (Th2) cell subtype. In addition to the
observation that quantitative levels of immune
cells observed near tumours are typically de-
pressed, a larger fraction of those cells are reg-
ulatory T cells (Th2 phenotype) known for their
ability to further depress the immune response.[43]

Finally, in testing new cancer therapies, parti-
cularly for glioma, patients eligible for experi-
mental therapies are often the ones with recurrent
or progressive disease. These patients are likely to
have a significant burden of unresectable tumour,
and/or have recurrent tumours composed of cells
resistant to previous therapies. It is possible that
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the observed response to new cancer therapies
(such as vaccines) in this patient population
would not represent the response that one might
see in a newly diagnosed patient.

6. CNS Cancer Vaccines: New Hope

An effective vaccine would be a potent addi-
tion to our current therapeutic arsenal against
CNS cancers. Significant progress has been made
that offers new hope and unprecedented thera-
peutic opportunities. However, it is important to
realize that much additional work lies ahead be-
fore an effective CNS tumour vaccine is validated
for clinical use.
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