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Cancer vaccines: a novel strategy 
to sensitize malignant glioma 
to chemotherapy
‘…the direct combination of immunotherapy with 
chemotherapy might open a new avenue in cancer 
treatment and show … how cancer immunotherapy 
can be effectively used in patients with solid tumors.’

Gentao Liu and John S Yu†

†Author for correspondence
Maxine Dunitz Neurosurgical 
Institute, Cedars-Sinai Medical Center, 
CA 90048, USA; Division of 
Hematology/Oncology, Cedars-Sinai 
Medical Center/David Geffen School of 
Medicine at UCLA, CA 90048, USA
Tel.: +1 310 423 0845
Fax: +1 310 423 0810
yuj@cshs.org

Expert Rev. Neurotherapeutics 7(10), 1235–1237 (2007)

Drug resistance represents a major cause of
chemotherapy failure in patients with cancer,
including malignant glioma. Accumulating
evidence indicates that immunotherapy may
represent an effective approach to overcome
the problem.

Drug resistance, intrinsic or acquired, is a
problem for all chemotherapeutic agents. As the
mechanisms responsible for drug resistance
become clearer, several strategies have been
tested or proposed to overcome drug resistance
and improve clinical outcome. Much of the
past three decades has been spent on develop-
ing new cytotoxic
drugs and exploring
combination chem-
otherapy regimens
that would improve
clinical outcome.

Unfortunately,
in most cases, at
least partial cross-resistance exists among the
currently available cytotoxic drugs. Although
gene therapy and chemosignal therapy in com-
bination with chemotherapy are found to be
very promising treatments to modulate
response to chemotherapy, the genetic hetero-
geneity of glioma cells and the multifactorial
nature of drug resistance significantly limit the
efficacy of these strategies.

An ideal strategy would be one whereby mul-
tiple pathways of drug resistance are targeted by
immunotherapy [1].

Immunization with cancer vaccines in par-
ticular offers advantages that other cancer ther-
apy strategies do not. First, it is highly specific
for cancer cells and, therefore, low toxicity
should be expected. Second, it recognizes and
eliminates cancer cells regardless of their phase
in the cell cycle. Third, tumors that developed
drug resistance would still be a suitable target
for immunotherapy. Fourth, vaccination offers
the unique potential for a durable antitumor
effect owing to the phenomenon of immuno-
logic memory, potentially obviating the need
for prolonged, repetitive cycles of therapy.

Fifth, immuno-
therapy offers the
possibility of pre-
ventative immuni-
zation of high-risk
patients [2].

The challenge in
developing thera-

peutic cancer vaccines to induce tumor specific
T-cell responses has been in identifying and
successfully presenting immunogenically rele-
vant tumor antigens to T cells in vivo. The anti-
genic peptides of these gene products, which
can be recognized by cytotoxic T lymphocytes
(CTLs) in an MHC class I restricted manner,
have also been identified, and some of them
have been used in peptide-based cancer vaccines
in clinical trials for cancer patients. Recently,
TRP-2, HER-2, gp100 and MAGE-1 were
identified as immunotherapeutic targets in
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glioma. Most importantly, a number of tumor-associated anti-
gens, such as TRP-2, MEGE-1, HER-2, EGFR, MRP-3, Epha2,
thymidylate synthase and the inhibitor of apoptosis protein (sur-
vivin), are not only T-cell targets, but also functionally mediate
drug resistance. Some tumor antigens, although neither exclusive
for nor specific to brain tumors, have been associated with the
formation of a chemoresistant phenotype. Tumor-associated
antigens can mediate resistance to chemotherapeutic agents in
glioma. These tumor antigens may serve as a powerful link
between chemotherapy and immunotherapy. Specific targeting
of these tumor antigens by a cancer vaccine provides a novel
strategy to overcome drug resistance of tumor cells [1].

Dendritic cells (DCs) are the most potent antigen-presenting
cells of the immune system and have been shown to stimulate
antibody and cell-mediated immune responses against tumor-
associated antigens. Ex vivo-generated and tumor antigen-loaded
DCs have been successfully introduced in clinical vaccination
protocols, which have proven to be feasible and effective in some
glioma patients. We have shown that DC vaccination induces a
cytotoxic T-cell response to autologous tumor and specific
tumor-associated antigens in a subset of patients with glioblast-
oma [3,4]. DC vaccination also induces cytotoxic memory T cells
to localize in intracranial tumor in a subset of patients [3,4].
Recently, Liau and colleagues reported that DC vaccination in
glioblastoma patients induces systemic and intracranial T-cell
responses modulated by the local CNS tumor microenvironment
[5]. In another study, tumor cells were
derived from post-vaccination resections
from two patients who developed CTLs to
TRP-2. These specimens demonstrated
significantly lower TRP-2 expression and
higher drug sensitivity to carboplatin and
temozolomide than those autologous cell lines derived from pre-
vaccination resections in two patients who demonstrated CTL
response to TRP-2 [6]. Therefore, it is reasonable to speculate that
other drug resistance-related proteins, such as EGFR, MDR-1,
MRP-3, HER-2 and survivin, might also decrease after vaccina-
tion. Another mechanism may contribute to the sensitization of
tumor cells to chemotherapy derived from the loss of chromo-
somal arms 1p and 19q after vaccination. Current studies dem-
onstrated the potential of current DC active immunotherapy to
elicit fundamental physiological changes in glioblastoma tumors,
thereby improving sensitivity to chemotherapy. Dramatic clinical
responsiveness of glioblastoma multiforme to chemotherapy
after vaccination was observed in our clinical trials. Clinical out-
comes (survival and progression times) were analyzed retro-
spectively in 25 vaccinated (13 with and 12 without subsequent
chemotherapy) and 13 nonvaccinated de novo glioblastoma
patients receiving chemotherapy. Patients receiving post-vaccine
chemotherapy had longer survival times and exhibited signifi-
cantly longer times to tumor recurrence after chemotherapy rela-
tive to their own previous recurrence times, as well as to patients
receiving vaccine or chemotherapy alone. Most importantly, two
of these patients underwent treatment with temozolomide after
recurrence and responded dramatically [7]. Based on the evidence

that DC vaccination induces specific CTL targeting drug resist-
ance-related tumor-associated antigens and our clinical observa-
tions, we believe that therapeutic vaccination works in synergy
with subsequent chemotherapy to elicit tangible clinical benefits
for glioblastoma patients mediated by sensitizing tumor cells to
therapeutic drugs after CTLs specifically deplete drug-resistant
tumor cells. What is more, very similar results were reported by
several other groups. Gribben and colleagues immunized
17 patients with different types of cancer with antigen cyto-
chrome P450 1B1 (CYP1B1)  [8]. In ten of 11 patients who
failed to develop immunity to CYP1B1, the disease progressed
and did not respond to salvage chemotherapy or radiotherapy.
Conversely, five of six patients who did develop immunity to
CYP1B1, and needed salvage treatment for progressive meta-
static disease, showed a substantial clinical response to chemo-
therapy, which lasted longer than 1 year in most patients. In
another study, Gabrilovich and colleagues treated 29 patients
with extensive stage small-cell lung cancer with a p53-based DC
vaccine [9]. The cancer progressed after vaccination in 23 patients
who were then treated with salvage chemotherapy (paclitaxel or
carboplatin regimens). The clinical response rate was 61.5%, and
11 (38.1%) patients were alive 1 year after vaccination. A direct
positive correlation between immune response to vaccination
and clinical response to chemotherapy was noted.

Furthermore, Arlen and colleagues treated 28 patients who
had metastatic prostate cancer with prostate-specific antigen vac-

cine [10]. Patients were randomized to
receive either vaccine and weekly
docetaxel or vaccine alone. A total of
11 patients on vaccine alone whose dis-
ease progressed crossed over to receive
docetaxel at the time of progression.

Median progression-free survival on docetaxel was 6.1 months
after receiving the vaccine compared with 3.7 months with the
same regimen in a historical control. In a review of five prostate
cancer vaccine trials, National Cancer Institute researchers offer
evidence that patients who receive vaccines may respond better
to subsequent chemotherapy or hormone treatment [11]. These
clinical trials strongly support the concept of utilization of
immunotherapy to sensitize tumor cells in chemotherapy.

Success with DC immunotherapy to sensitize tumor cells to
chemotherapy is dependent upon the induction of robust
immunity against drug resistance-related tumor antigens. A
number of tumor-associated antigens related to drug resistance
have been identified, and several have been used to generate
vaccines used in clinical trials. It is not yet clear, however, which
chemosensitizing antigens will be most effective in inducing
antitumor immunity. Tumor immunity may require vaccination
with multiple target antigens. Furthermore, it may be critical to
target antigens that are essential for cancer cell survival and that
are expressed on most cancer cells. Recently, we and other
groups have identified a small population of cancer stem cells in
adult and pediatric brain tumors [12,13]. Cancer stem cells have
been demonstrated to be resistant to chemotherapy [14] and
radiation therapy [15]. Therefore, functional genomics and
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proteomics will have implications on the field of tumor antigen
discovery owing to the possibility of molecular characterization
of whole transcriptomes and proteomes of cancer stem cells,
thereby also identifying potential new targets on cancer stem cells
for immunotherapy to sensitize chemotherapy.

The fact that these studies were small and were not originally
designed to test this concept and are therefore prone to bias
needs to be emphasized. This novel hypothesis needs to be
tested in randomized controlled clinical trials on the basis of an
intent-to-treat analysis. It would be important to establish the
optimum timing and scheduling of immunotherapy and
chemotherapy, to identify whether this effect is limited to a spe-
cific type of chemotherapy and whether immunotherapy can
also augment the clinical effect of radiotherapy [16].

Although this novel concept is far from being firmly estab-
lished, the data is probably sufficient to generate cautious opti-
mism that the direct combination of immunotherapy with

chemotherapy might open a new avenue in cancer treatment
and show, for the first time, how cancer immunotherapy can be
effectively used in patients with solid tumors. It is possible that,
in the end, paradoxical use of immunotherapy in direct combi-
nation with chemotherapy in patients with cancer might
become a viable option for the treatment of patients with
advanced-stage cancer [16].
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