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Abstract
Although immunotherapy has long held out promise as
a specific, potent approach to cancer therapy, clinical
applications have been unrewarding to date. However,
advances in gene transfer technology and basic immu-
nology have opened new avenues to stimulate antitu-
mor immune responses including immunogene therapy.
Many different approaches to immunogene therapy
have been identified. These include transferring genes
encoding proinflammatory proteins to tumor cells, sup-
pressing immunosuppressive gene expression, and
transferring proinflammatory genes and/or tumor anti-
gen genes to professional antigen-presenting cells. In
some cases, genes are transferred to tumor or antigen-
presenting cells in situ. In others, gene transfer is per-
formed ex vivo as part of preparing an anticancer vac-
cine. We discuss the underlying approach, relative suc-
cess, and clinical application of various cancer immuno-
gene therapy strategies, paying particular attention to
immunogene therapy vaccines. Large numbers of pre-
clinical studies have been reported, but only scattered
clinical trial results have appeared in the literature. Al-
though very successful preclinically, the ideal cancer
immunogene therapy approach remains to be deter-
mined and will likely vary with tumor type. Clinical
impact may be improved in the future as treatment pro-
tocols are refined.

Copyright © 2003 National Science Council, ROC and S. Karger AG, Basel

Introduction

Although significant advances have been made for
some subtypes, many cancers remain resistant to conven-
tional therapy. Immunotherapy, stimulating the immune
system to attack tumor cells, has long been investigated as
an alternative to conventional therapy. It is attractive as
the specificity of the immune system gives it the potential
to target tumor cells while leaving normal cells unharmed.
However, many early attempts to apply immunotherapy
to the immune system were unrewarding or showed only
modest benefits. Most of these early studies relied on vac-
cination with preparations derived from either autologous
or allogeneic tumor cells, sometimes supplemented by
nonspecific immunoadjuvants such as BCG [31, 42, 43].
While these approaches represented the state of the art
when they were employed, there has been an explosion of
knowledge concerning both molecular biology and basic
immunology since then. This has led to a renaissance in
cancer immunotherapy. In this review, we discuss one
aspect of this renaissance: immunogene therapy.

Cancer immunogene therapy can be defined as geneti-
cally manipulating human cells in order to stimulate anti-
tumor immunity. Many methods are available for genetic
manipulation, including viral-vector-mediated gene
transfer (e.g. retrovirus, adenovirus, adenoassociated vi-
rus, Canary-Pox-based virus), nonviral-vector-mediated
gene transfer (e.g. naked DNA, liposomes, biolistics, poly-
mer gene delivery systems, protein gene delivery systems),
and antisense oligonucleotide strategies. These have been
reviewed elsewhere [53, 62, 83]. Cancer immunogene
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therapy can involve transferring proinflammatory genes,
inhibiting immunosuppressive gene expression, or trans-
ferring tumor antigen genes to antigen-presenting cells
[47, 48, 59, 77]. Genetic manipulation may occur either in
situ or ex vivo. These strategies can be either preventative
or therapeutic [39]. Immunogene therapy strategies are
summarized in figure 1.

Preclinical Studies

Transferring proinflammatory genes to tumor cells to
try and create a microenvironment conducive to stimulat-
ing antitumor immune responses is, by far, the most com-
mon cancer immunogene therapy strategy. One of the ear-
liest approaches studied was transferring class I major his-
tocompatibility complex (MHC) genes to tumors known
to be class I MHC deficient, such as melanomas [21, 45].
Even though these MHC genes were allogeneic, this may
have stimulated antitumor immunity against cells ex-
pressing tumor-associated antigens in the context of their
own MHC molecules [45]. Much subsequent work has
focussed on transferring genes encoding proinflammatory
cytokines. One of the earliest cytokine genes to show
promise in this regard was interleukin-2 (IL-2) [20, 24,
58]. In many ways, these early IL-2 immunogene therapy
studies came about as a means to maintain the benefits
but avoid the side effects associated with systemic IL-2
therapy in cancer patients [57, 60].

These early efforts were refined over time. In a seminal
work, Dranoff et al. [17] found that vaccinating with irra-
diated tumor cells transduced with granulocyte-macro-
phage colony-stimulating factor (GM-CSF) induced spe-
cific and long-lasting antitumor immunity and in a num-
ber of animal cancer models the effects of GM-CSF
effects were more potent than those of several other cyto-
kines. It has been postulated that these effects may be due
to the ability of GM-CSF to induce Th1 immune re-
sponses and stimulate dendritic cells [29, 38]. Subsequent
to the pioneering work of Dranoff et al., other groups have
demonstrated efficacy for GM-CSF immunogene therapy
in many animal and human tumor preclinical models [38,
51, 54, 61, 81]. Other cytokine genes have also yielded
impressive preclinical results. IL-12 immunogene therapy
has been particularly effective in animal tumor models
[72, 82]. This is thought to be due to the potent ability of
IL-2 to stimulate Th1 responses [23, 63].

In addition to proinflammatory cytokines, T cell co-
stimulatory molecules (such as B7-1 and B7-2) have been
popular targets in immunogene therapy studies [7, 30, 54,

80]. Additional B7 molecule binding (through CD28) is
necessary to prevent anergy when T cells recognize pep-
tides in the context of MHC molecules [10]. Whether B7-
1 or B7-2 is a better choice to stimulate antitumor immu-
nity remains controversial, and both molecules have
shown benefit in preclinical studies [3, 28].

Immunogene therapy is not limited to proinflammato-
ry gene transfer. Several antisense strategies designed to
inhibit immunosuppressive gene expression in tumor cells
have been studied. Vaccination with tumor cells treated
with antisense genes or oligonucleotides directed against
insulin-like growth factor-1 (IGF-1) and transforming
growth factor-ß (TGF-ß) have resulted in immune-me-
diated tumor regression in a number of animal models [19,
35, 40, 75]. TGF-ß is a known immunosuppressive cyto-
kine [22] and promoting antitumor immunity by blocking
TGF-ß expression makes logical sense. The impact of
IGF-1 on the immune system is more cryptic, but blocking
IGF-1 expression appears to result in increased class I
MHC and B7-1 expression [35, 74]. Interestingly, efforts
are now being made to combine antisense therapies with
proinflammatory gene transfer [15, 40]. This may lead to
even further antitumor immune stimulation.

Clinical Studies

Although immunogene therapy is still in its relative
infancy, some clinical results are now available. The ear-
liest clinical trial results were, not surprisingly, based on
the first strategies examined in preclinical models. For
example, direct intratumoral HLA-B7 (MHC class I) gene
transfer via liposome/plasmid DNA complex injection
has been studied relatively extensively in phase I clinical
trials in metastatic melanoma, colonic adenocarcinoma,
and renal cell carcinoma patients [11, 45, 55, 69]. All of
these trials demonstrated safety and most included at
least some patients that appeared to have clinical re-
sponses to treatment. One study was able to document in
vitro evidence for specific antitumor activity with cyto-
toxic T lymphocyte (CTL) assays in 2 patients (of 5 receiv-
ing treatment) where autologous tumor cell lines could be
established [45]. In one phase II trial, 52 patients with
metastatic melanoma received this treatment [70]. The
injected lesion regressed in 18% and a partial systemic
response was seen in 4%. A further 18% had objectively
stable disease for at least 11 weeks. This study did not
attempt to document antitumor immunity per se and was
not able to identify clinical factors associated with re-
sponse to treatment.
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Several IL-2 immunogene therapy case reports and
clinical trials have been published. In 1995, Sobol et al.
[66] reported a complete response to IL-2 immunogene
therapy in a glioblastoma multiforme patient who had
received concurrent stereotactic radiosurgery. They dem-
onstrated increased antitumor CTL activity in this pa-
tient after vaccination. IL-2 immunogene therapy has led
to similarly measurable antitumor immune responses
(with some clinical response) in melanoma and renal cell
carcinoma patients [9, 78]. In 1999, Sobol et al. [67] fol-
lowed up their initial report with a phase I immunogene
therapy study in colorectal cancer patients using autolo-
gous irradiated tumor cells and fibroblasts engineered to
secrete IL-2. They demonstrated that this treatment was
safe and was associated with an increased frequency of
antitumor cytotoxic T cell precursors in peripheral blood.
One patient (of 10 treated) had objectively stable disease
for 3 months, but all others had progressive disease
despite treatment.

In another trial, Trudel et al. [76] evaluated IL-2
immunogene therapy in 8 multiple myeloma patients.
Autologous plasma cells (i.e. tumor cells) were engineered
to express IL-2 by adenoviral gene transfer. Vaccinations
with these irradiated cells were well tolerated, but did not
result in measurable increases in antitumor immunity or
in clinical responses. The same group has published more
promising results with direct injection of adenoviral en-
coding IL-2 into subcutaneous deposits of metastatic mel-
anoma and breast carcinoma [68]. This protocol was also
well tolerated, but produced local inflammation in 60%,
incomplete local tumor regression in 24%, and evidence
for CD3- and CD8-positive lymphocyte infiltration into
tumors following injection. No partial or complete sys-
temic responses were noted.

There are fewer clinical trial results for other immuno-
gene therapy strategies. Vaccination with irradiated autol-
ogous GM-CSF-transduced tumor cells was first reported
by Ellem et al. [18] in a patient with metastatic melanoma
in 1997. This patient tolerated treatment well (although
he/she did develop increased cerebral edema around
brain metastases), had strong laboratory evidence of en-
hanced antitumor immunity, and had a partial clinical
response. GM-CSF immunogene therapy phase I clinical
trials have now been reported for renal cell carcinoma,
metastatic melanoma, and prostate carcinoma [14, 56, 64,
65]. These trials have demonstrated safety, with toxicities
being limited to erythema and pruritus at vaccination
sites. Treatment resulted in delayed-type hypersensitivity
conversion to challenge with irradiated, autologous tumor
cells, suggesting that T-cell-mediated immune responses

were generated. Furthermore, a distinct pattern of inflam-
matory cell infiltrates (T cells, dendritic cells, macro-
phages, and eosinophils) was seen at vaccination sites.
Clinical responses have been less conclusive, but one
study (published in abstract form) reported 20% of mela-
noma patients receiving three vaccinations were still alive
at 3–5 years [14].

Clinical trial results for other immunogene therapy
strategies are even less common. A Medline search failed
to document any antisense immunogene therapy clinical
trials to date. Only one IL-12 immunogene therapy clini-
cal trial has been published [71]. In this trial, 6 melanoma
patients received vaccinations of irradiated autologous
tumor cells modified to express IL-12. Minimal toxicity
was seen. Three patients had disease stabilization and one
had regression of some skin lesions. Clear evidence of
increased antitumor immune activity was not seen. Our
own pilot clinical trial of combined B7-2/GM-CSF immu-
nogene therapy for gliomas and melanomas appears to be
the first clinical study available for T cell costimulatory
molecule gene transfer [50]. This trial demonstrated safe-
ty. We demonstrated clear increases in cytotoxic T cell
activity versus autologous tumor after vaccination (at
least for melanomas). Three of 6 treated patients had pro-
longed periods of objectively stable disease.

Problems and Solutions

The first immunogene therapy clinical studies have
made a number of issues apparent. The first is that most
reports have not shown clear clinical improvement. In
interpreting these trials, it must be remembered that
phase I and II trials are restricted to the sickest patients.
These patients have already failed standard therapies. It
may be unrealistic to expect any treatment to have a sig-
nificant impact on the clinical course of end-stage pa-
tients. Therefore, the lack of major clinical responses to
pro-inflammatory gene transfer so far is not surprising.
As long as immunogene therapy trials are limited to end
stage patients, clinical response cannot be used as a
major indicator of a treatment strategies potential bene-
fit [16]. Like other cancer treatments, evaluation of clini-
cal efficacy will have to wait until phase III trials can be
performed with patients at an earlier stage of their dis-
ease.

With this in mind, what criteria can be used to decide
what small phase I/II trials show sufficient promise to
warrant further evaluation with phase III trials? Clearly,
safety is paramount. Strategies resulting in significant
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Fig. 1. Schematic cancer immunogene ther-
apy overview showing possible therapeutic
genes, gene transfer methods, and gene de-
livery (ex vivo, in situ) options.
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treatment-related toxicity are not good candidates for fur-
ther testing, but toxicities have been relatively minor to
date. In this situation, laboratory confirmation of in-
creased antitumor immunity after treatment may be the
most important indicator that a particular proinflamma-
tory gene transfer strategy warrants further clinical test-
ing.

Unfortunately, there is no consensus on what labora-
tory assays represent a true clinical antitumor immune
response [16]. Intuitively, tumor-specific T cell cytotox-
icity seems a clear indicator of antitumor immunity.
However, post-treatment increases in CTL activity ver-
sus autologous tumor have been sporadic in clinical trials
to date [45, 50, 66]. In several studies, CTL assays were
limited due to technical difficulties in culturing suffi-
cient target, stimulator, and effector cells for a given
patient [50, 76]. Other assays have been investigated.
Adoptive T cell transfer studies have suggested that
tumor-induced cytokine production by T cells may be an
effective predictor of effective immune responses [5, 46].
Peptide/MHC tetramers have recently proven sensitive
tools for detecting T-cell-specific responses to specific
antigens [2]. Unfortunately, peptide/MHC tetramers re-
quire knowledge of specific tumor antigens and do not
differentiate activated from anergic T cells [36]. These
limitations may be overcome by focussing instead on T
cell interferon-Á (IFN-Á) production through IFN-Á cap-
ture assays [8]. Incorporating these refined T cell func-
tional assays will no doubt improve the sensitivity of
future immunogene therapy trials to detect increased
antitumor immunity.

Notwithstanding the above discussion, it could be
argued that the failure to demonstrate clear clinical and
immunological responses to proinflammatory gene trans-
fer in cancer patients simply reflects an inability of cur-
rent strategies to stimulate strong antitumor immunity. In
a recent insightful review, Parmiani et al. [49] suggested a
number of ways to improve the efficacy of future immu-
nogene therapy trials. In order to achieve a maximal
immune stimulus, a larger amount of tumor antigen must
be provided. Parmiani et al. suggest that this may be best
achieved by using large numbers of tumor cells prese-
lected for high expression of known tumor antigens. Alter-
natively, tumor antigen genes may be transduced/trans-
fected directly. This second strategy has already been
investigated at a preclinical stage with promising results
by Wan et al. [79]. These authors also advocate introduc-
ing genes encoding T cell costimulatory molecules in addi-
tion to proinflammatory cytokines. This strategy has also
been investigated extensively preclinically [3] and our
own study represents the first clinical report combining
cytokine and T cell costimulatory molecule immunogene
therapy [50]. Finally, Parmiani et al. suggest improve-
ment is needed to increase the amount of cytokine
released locally by irradiated cells [1]. They further advo-
cate co-administering adjuvant cytokines (IL-2, IL-12)
systemically in order to expand the T cell pool activated
by vaccines.

Another issue has been made clear by early immuno-
gene therapy clinical trials. While preparing vaccines
from established tumor cell lines in animal tumor models
is relatively straightforward, preparing vaccines from
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operative specimens for a given patient can be difficult.
This reflects difficulties in establishing and genetically
modifying rapidly growing cell cultures from any given
tumor [32, 52]. If immunogene therapy is to become a
viable treatment option for the majority of cancer pa-
tients, these problems need to be circumvented. One
option may be to prepare immunogene therapy vaccines
from allogeneic tumor cell lines. Despite concerns that
resulting allo-MHC responses would interfere with antitu-
mor immunity, promising results have been seen in pre-
clinical models [4, 6, 12, 73]. Indeed, Jaffee et al. [33]
have now reported results from a phase I clinical trial
using allogeneic irradiated GM-CSF-secreting pancreatic
carcinoma cells as a vaccine in 14 patients with pancreatic
carcinoma. This approach appeared safe in these patients.
Furthermore, patients who received the highest dose per
vaccine (1108 cells) showed a trend to increased postvac-
cination delayed tumor hypersensitivity responses against
autologous tumor. This apparent dose response underlies
the importance of using larger cell numbers for each vac-
cine [49], something which is often difficult to achieve
with autologous tumor cells [50, 52]. If effective, using
allogeneic cell lines would greatly simplify vaccine devel-
opment, characterization, and safety testing.

There are other cancer immunogene therapy options
that avoid autologous tumor cell culture in addition to
allogeneic tumor cell vaccines. For example, more easily
cultured fibroblasts can be used as carrier cells for immu-
nostimulatory genes and mixed with fresh autologous
tumor cell suspensions [25, 26]. This has already been
examined in a clinical trial of IL-2 immunogene therapy
in colorectal carcinoma with promising results [67]. Im-

munogene therapy can also be combined with dendritic
cell therapy, another popular immunotherapeutic ap-
proach [27, 37, 41]. Immunomodulatory genes and/or
tumor antigen genes may be transferred to professional
antigen-presenting cells such as dendritic cells, combining
the strengths of two immunotherapeutic approaches and
avoiding the need for autologous tumor cell culture [34,
44, 79]. Finally, focussing on in situ gene transfer methods
may avoid cell culture altogether. This last approach is
attractive and has been used in some clinical trials [68,
70]. However, it is limited both by physical access to
tumors and by low levels of gene transfer achieved in situ
to date [13].

Conclusions

Numerous preclinical studies have made the potential
of cancer immunogene therapy clear. Despite this, early
clinical trials have yet to replicate these impressive pre-
clinical results. This may partly reflect the nature of con-
ducting clinical trials with end-stage patients, uncertainty
concerning T cell functional assays, and pre-clinical re-
liance on murine models that may not adequately reflect
human immune parameters. Avenues exist to improve
the potency of immunogene therapy, but protocols must
be streamlined if this strategy is to become universally
available. Despite these concerns, immunogene therapy
remains a promising modality for cancer treatment. As
early clinical trials lead to refinements, significant immu-
nological and clinical benefits may be seen.
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