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RENAL CANCER

Immune and Genetic Therapies for Advanced
Renal Cell Carcinoma
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Although we have witnessed advances in many aspects of cancer research and
therapy in recent years, the ability to cure the majority of patients with
advanced renal cell carcinoma (RCC) remains elusive. At the same time, it has
become increasingly apparent that a better understanding of the genetic 
alterations and immune dysregulations in RCC will play a key role in finding
a treatment. Therefore, clinical trials directed at specific genetic alterations and
studies exploiting components of the immune system are being conducted.
These studies provide new hope for an improved outlook for patients presenting
with advanced RCC. The future prospects of RCC therapy will be, without
doubt, built on the foundation of current investigative efforts in gene and
immune therapy. This article reviews the current role of immunotherapy and
gene therapy in the management of metastatic RCC. Finally, current clinical
trials focusing on gene and immune therapies are listed. 
[Rev Urol. 2000;2(1):54-59]
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Conventionally, no curative treatment other than surgery exists for renal
cell carcinoma (RCC), since RCC is resistant to radiation and chemother-
apy. Patients with metastatic RCC have a poor prognosis, with an average

survival of only 6 to 12 months from the time of diagnosis1 and with an objec-
tive response rate of only 6% with conventional chemotherapy.2 Therefore, the
search for effective, novel therapy for patients with advanced RCC is ongoing.
RCC has been shown to have immunogenic potential; thus, immunotherapy may
be attractive for the treatment of RCC. The initial agents used to augment
immune resistance to the tumor were recombinant interleukin-2 (rIL-2) and
interferon-� (IFN-�). With the advent of recombinant DNA technology, the abil-
ity to produce large quantities of IL-2 has resulted in its widespread use. In a
relatively short period, IL-2 has become an FDA-approved treatment for
metastatic RCC.

Clinical Aspects of Molecular-Based Therapies
After a decade of experience, it became obvious that IL-2– and interferon-based
therapies generate similar overall response rates (in the range of 15% to 20%3)
but that, with IL-2 monotherapy, an increased frequency of complete responses
and enhanced response duration were noted. It also became apparent that
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patient performance status is a strong
predictor for response to IL-2 therapy
and survival. When combination ther-
apies and various dose regimens were
compared, the response rate was 17%
with high-dose rIL-2 alone, 11% with
high-dose rIL-2/rIFN-�, 17% with
outpatient subcutaneous rIL-2/rIFN-�,
and 16% with outpatient rIL-2/rIFN-�
plus 5-FU/rIFN-�.4 However, the high-
dose rIL-2 regimen produced a 7%
complete response rate, compared
with 0%, 4%, and 4%, respectively,
with each of the other regimens men-
tioned above. Median response dura-
tion was also much longer with high-
dose intravenous rIL-2 alone (53
months), compared with 7 months, 12
months, and 9 months, respectively,
with each of the other regimens.
However, for rIL-2 therapy, subcuta-
neous low-dose administration gener-
ally resulted in much lower toxicity
than high-dose intravenous adminis-
tration.

Epidemiologic Aspects of
Molecular-Based Therapies
The incidence of RCC continues to
rise.5 Yet, regardless of the specific
immunotherapy regimen used, pa-
tients included in immunotherapy
clinical trials have had an improved
prognosis, compared with those in
clinical protocols in which no im-
munotherapy was given.6 This was
reflected in the finding that survival
was increased in patients participating
in immunotherapy clinical trials, com-
pared with those treated with conven-
tional chemotherapy (for immuno-
therapy, median survival times for
favorable-, intermediate-, and poor-
risk patients were 26 months, 12
months, and 6 months, respectively).
When these outcomes were compared
with equivalent historical series in
which regimens with chemotherapy
alone were used, the difference in
median survival between the most
favorable groups of patients with
metastases and the most grave ones

did not exceed 7 months1; however,
with immunotherapy, a 20-month dif-
ference in median survival is reported.

Classification and 
Definition of Terms
There has been a constant increase in
molecular-based therapeutic strategies
offered in various clinical trials as well
as an explosion of different terms and
nomenclature. We have formulated a
simplified classification method to
categorize these therapies (Table 1).

Immunotherapy. It has been hy-
pothesized that tumor cells escape sur-
veillance and destruction by the
immune system through down-regu-
lation of cell-surface antigens, such as
the major histocompatibility complex7

and other mechanisms causing local
inhibition of the immune-competent
cells infiltrating the tumor. This led to

the development of therapeutic strate-
gies aimed at augmenting antitumor
reactivity by either direct systemic ad-
ministration of cytokines (such as IL-
2, interferon, IL-4, granulocyte-mac-
rophage colony-stimulating factor
[GM-CSF], and IL-12) or by adoptive
(passive) immunotherapy, in which
immune lymphoid cells are exposed
ex-vivo to cytokines and then rein-
fused into the patient. A more recent
approach is the use of dendritic cells
(DC) that present tumor antigens to T
cells alone, as a form of DC vaccine, or
in combination with a cytokine, such
as IL-2. A clinical trial using a DC vac-
cine pulsed with autologous tumor
lysate is currently ongoing at the
University of California, Los Angeles
(Figure).

Immune-Based Gene Therapy (Can-
cer Vaccines). In this approach, tumor

Table 1
Classification of Molecular-Based Therapies for RCC

Immunotherapy
Cytokine administration (IL-2, interferon, IL-4, GM-CSF, IL-12)
Adoptive immunotherapy: Ex-vivo activation of immune cells using 
recombinant cytokines. Autologous cells are then reinfused into the patient.
Dendritic cell therapy (alone or in combination with cytokines)

Immune-based gene therapy (cancer vaccines)
Tumor cells transfected with cytokine genes or growth factor genes; tumor cells
will produce the gene product (IL-2, GM-CSF, IL-12) to induce immune activa-
tion with lower toxicity than with direct injection of cytokines.
Viruses (adenoviruses, retroviruses, pox, and vaccinia) that carry the gene of
interest
Direct introduction of naked DNA/genes

Cytoreductive therapies
Suicide gene (eg, thymidine kinase gene therapy followed by ganciclovir 
administration)
Drug activation of suicide genes
Oncolytic viruses (eg, adenovirus that replicates only in p53-deficient cells)
Toxic gene therapy (eg, diphtheria toxin that induces necrosis and apoptosis)

Corrective gene therapy
Correction of defective tumor suppressor genes by insertion of wild-type genes
(eg, p53 gene, VHL gene, p16, p27)
Growth factor modulation using antisense mRNA techniques (eg, antisense bcl-2
and antisense TGF-ß)

IL, interleukin; GM-CSF, granulocyte-macrophage colony-stimulating factor; VHL, von Hippel-Lindau;
TGF, transforming growth factor.
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cells are transfected with cytokine
genes or growth factor genes to in-
duce expression of cell-surface pro-
teins, such as HLA class I and class II,
that then augment their immuno-
genicity, resulting in an enhanced
immune response against the tumor.
This approach carries significant ad-
vantage in that it is associated with
lower toxicity than is systemic admin-
istration of cytokines. Alternatively,
the immune activator gene can be
delivered via a vector, such as a virus
or a liposome (lipid form), or by direct
injection of a naked DNA/gene.8

Cytoreductive Therapies. Using this
strategy, a gene (suicide gene) is intro-
duced into the tumor. In most cases,
the gene encodes for an enzyme capa-
ble of converting an otherwise benign
medication into a highly cytotoxic
one. Administrating the benign med-
ication will result in a high concentra-
tion of the cytotoxic agent in the
tumor without causing significant sys-
temic toxicity. Herpes-simplex thymi-
dine kinase gene (HSV-tk) is the most
commonly used system. HSV-tk phos-
phorylates ganciclovir to ganciclovir
monophosphate, which is converted to
ganciclovir triphosphate by cellular
kinases. The resulting triphosphate
acts as a false base, inhibiting DNA
polymerase and DNA synthesis, lead-
ing to cell death. Other examples of
cytoreductive strategies use virus sys-
tems that are capable of replicating

and lysing only p53 deficient cells or
diphtheria toxin gene, whose product
induces necrosis and apoptosis.

Corrective Gene Therapy. Many dif-
ferent genetic alterations have been
recognized in urologic tumors. Most
of them are distinguished by either the
overexpression of an oncogene or the
inactivation of a tumor-suppressor
gene, such as the p53 gene, by a
mutation. The goal of corrective gene
therapy is to correct a genetic alter-
ation in the cancer cells and to restore
normal growth control. Corrective
gene therapy uses the same vectors as
immunotherapy and cytoreductive
therapy to introduce into the tumor
cells a functioning wild-type suppres-
sor gene.

A different approach is the use of
antisense mRNA technique, in which
small fragments of complementary
DNA are bound to the RNA for onco-
genes such as bcl-2 or immune
inhibitory growth factor genes such as
TGFß, thereby inactivating the onco-
genic or growth factor gene expres-
sion by preventing translation.

RCC Tumorigenesis and
Therapeutic Implications
Chromosome 3 Alterations and the
VHL Gene. From studies of familial
RCC in patients with the von Hippel-
Lindau (VHL) syndrome, the tumori-
genic pathways of RCC are becoming
clearer, enabling investigators to pin-

point targets for future therapies. The
loss of chromosome 3p in many spo-
radic and familial renal cell cancers
has been noted.9 The VHL gene was
identified at the 3p25.5 position (VHL
gene) of chromosome 3.9,10 The wild-
type VHL protein functions as a cell-
cycle regulator, controlling cellular
proliferation by restricting gene tran-
scription, translation, or repair.11 Of all
patients with sporadic RCC, 45% to
60% have a detectable mutation in
one allele of the VHL gene12; loss in
the other allele is seen in up to 98% of
tumors.13,14 In fact, not only are allelic
alterations of genes located on chro-
mosome 3 associated with RCC, but
also gross karyotypic changes of chro-
mosome 3 have been observed, such
as chromosomal 3p loss or mono-
somy.15,16 Moreover, even subtle mole-
cular changes in the form of hyper-
methylation of the DNA in regulatory
areas of the VHL gene are found in up
to 20% of sporadic RCC17,18 and cause
transcriptional arrest. Accumulating
data suggest that other genes located
on the 3p region of chromosome 3
may be defective, too, and also may
play a role, either alone or in concert
with VHL gene alterations, in the
tumorigenesis of cases where a VHL
gene alteration per se is not docu-
mented.19,20 Moreover, aberrations in
chromosomes 5, 7, 14, and Y were also
found to be associated with RCC.
These loci may be able to act indepen-
dently from the VHL locus, resulting
in the development of RCC.21

Corrective Gene Therapy. The VHL
gene serves as a potential target for
corrective gene therapy. Initial studies
have been performed to replace the
defective tumor suppressor product in
an attempt to reverse the cancer phe-
notype. Normal (wild-type) VHL gene
was transfected into RCC cell lines
lacking the normal expression of the
gene. The wild-type VHL gene was
attached to a constitutively activated
cytomegalovirus promoter and put
into a liposome vehicle.22 Transfection

Main Points

• Patient performance status can predict response to interleukin-2 
therapy and survival.

• A potential target for corrective gene therapy is the von Hippel-
Landau (VHL) gene.

• Growth suppression of a renal cell carcinoma (RCC) line has been 
produced by transfection of a wild-type VHL gene.

• Loss of the VHL gene is associated with increased expression of 
immune inhibitory transforming growth factors.

• Efficacy of tumor vaccine-based gene therapy remains to be proved.
• The tumor antigen G250 is a tumor marker for RCC.
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of the wild-type VHL gene resulted in
growth suppression of an RCC cell
line. This study showed that the sup-
pression of cell growth was unique to
RCC cell lines, which implied that the
VHL protein is important in specially
controlling the proliferation of kidney
cells. Thus, gene replacement therapy
using the wild-type VHL gene may
have a role in treating patients with
RCC, although the safety and efficacy
of this treatment is yet to be defined.

P53 Mutation. Abnormal p53 pro-
tein has been implicated in a variety
of tumor systems. The p53 protein
manifests control on cellular prolifer-
ation by blocking the binding of DNA
polymerase to the DNA strand23,24 in

cells with uncorrectable genetic dam-
age. This results in the arrest of cell
proliferation at the G1 checkpoint of
the cell cycle. If the p53 gene product
is absent, cell proliferation will con-
tinue in the face of severe DNA dam-
age, resulting in increased genetic
instability and tumorigenesis. In RCC,
p53 is associated with the aggressive
sarcomatoid variant (79%).25 In vitro
attempts to correct the p53 gene in
RCC cell lines using liposome-p53
gene complexes have resulted in
decreased growth of tumor cells in
culture. Transfection of the p53 gene
into a mouse-xenograft model result-
ed in a decrease in the number of
metastatic lung lesions.26 The use of

the p53 wild-type gene by intratu-
moral injection may prove effective in
the future.27

Immune Therapy. Immune suppres-
sion has been shown to exist in many
tumor systems. The theoretical basis
for the immunologic therapies (name-
ly, immunotherapy and cancer vac-
cine, Table 1) is that improved tumor
killing by immune-competent cells
may be achieved by maneuvers that
augment the immune system. Re-
cently, it was shown that the loss of
the VHL gene is associated with
increased expression of the immune
inhibitory transforming growth fac-
tors TGF-�28 and TGF-ß1. This ties
together the genetic and the immuno-
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Figure. The UCLA dendritic cell vaccine program. (GM-CSF, granulocyte-macrophage colony-stimulating factor; IL, interleukin.)
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logic alterations seen with RCC.
Tumor Vaccine. A novel strategy is

to insert cytokine genes ex vivo
directly into cancer cells, which are
then reinfused into the patient as a
vaccine in which the tumor cells act as
antigen-presenting cells. Animal stud-
ies of this technique have demonstrat-

ed prevention of tumor growth, de-
creased metastatic spread, and pro-
longed immunologic memory, result-
ing in rejection of subsequent tumor
challenges. The local production of
high concentrations of cytokine may
directly alter neoplastic properties
associated with invasion and metasta-

sis. This treatment strategy is the
tumor vaccine addressed in Table 1. At
UCLA, we have transfected the genes
for IL-2 and IFN-� into human renal
cancer cell lines. When these cells are
implanted subcutaneously into nude
mice, cytokine secretion from these
cells prevents tumor growth locally
and is more effective than systemic IL-
2 and IFN-� administration. Another
approach to cancer vaccine therapy is
the direct adoptive transfer of ex vivo
transfected tumor infiltrating lympho-
cytes (TILs) with cytokine genes. The
rationale is that TILs will home back to
tumor deposits with increased speci-
ficity and enhanced cytotoxicity
induced by the high local cytokine
concentration. IL-4, GM-CSF, HLA-
137, and interferon-� gene transfec-
tion are other immune system modu-
lators that may have a role in future
tumor vaccines for RCC,29,30 using dif-
ferent vectors and delivery systems (ie,
a gene gun).31

Recent phase I trials using tumor
vaccines have been tried in humans
with metastatic RCC. Patients were
given irradiated autologous tumor
cells transfected in vitro with a retro-
viral vector carrying the GM-CSF
gene. No significant toxicity was
reported. One of 16 patients had a par-
tial response.30 Additionally, studies
using genetically modified dendritic
cells, and studies using the injection of
cytokine directly into the tumor, have
been performed at UCLA by using the
HLA-B7 and IL-2 gene carried in a
liposomal vector. Besides these pro-
grams, there are at least three other
tumor vaccine programs that have
been initiated using either intratu-
moral HLA-B7 or IL-2 gene transfec-
tion to enhance the immunogenicity
of the tumor. At this time, tumor vac-
cine-based gene therapy appears to be
safe, but its efficacy in metastatic RCC
has yet to be proved.

Adoptive Immunotherapy. Histor-
ically, adoptive immunotherapy was
an attempt to induce cellular therapy

Table 2
Current Clinical Trials Using Molecular-Based Therapies for 

Advanced RCC

Basic principle    Principal investigator         Site

HLA-B7 and IL-2 Antonia University of South Florida

Intratumoral injection Belldegrun UCLA
of IL-2 gene 
(Leuvectin, 
phase II)

Liposome HLA-B7/�2 Chang Multicenter
microglobulin

Autologous Dillman Multicenter
tumor cell 
vaccine + 
IFN/GM-CSF 
(phase II)

TIL + INF + IL2 Belldegrun UCLA

Anti-EGF receptor Belldegrun UCLA
antibody

HLA-B7 (Allovectin) Figlin UCLA

HLA-B7/�2 Fox Chiles Research Institute
microglobulin

IL-2 (allogeneic) Gansbacher MSKCC

Multiantigen loaded Gitlitz UCLA
dendritic cell vaccine 
(adoptive 
immunotherapy, 
phase I)

IL-4 Lotze University of Pittsburgh

TNF-� Rosenberg NIH

IL-2 Rosenberg NIH

GM-CSF Simons Johns Hopkins

Adapted with changes from National Cancer Institute Web site: http://cancernet.nci.nih.gov and from
Rodrigez R et al. Urologic applications of gene therapy. Urology. 1999;54:401-406.
IL, interleukin; TIL, tumor infiltrating lymphocyte; IFN, interferon; EGF, epidermal growth factor; TNF,
tumor necrosis factor; GM-CSF, granulocyte-macrophage colony-stimulating factor; UCLA, University of
California, Los Angeles; MSKCC, Memorial Sloan-Kettering Cancer Center.
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by utilizing nonspecific lymphokine-
activated killer (LAK) cells that were
generated from the patient’s peripher-
al blood and incubated with IL-2, in
vitro, before being reinfused into the
patient. A number of clinical trials
demonstrated an average response
rate of 23.5%. A more specific appli-
cation is the combination of TILs,
which are cytotoxic T-lymphocytes,
with immunologic memory to tumoral
antigens. At UCLA, TILs are isolated
from fresh nephrectomy specimens
and are cultured with IL-2 in the pres-
ence of tumor extract. After in-vitro
expansion with IL-2, TILs are rein-
fused back into the patient in the hope
of directly or indirectly mediating
tumor cell destruction without damag-
ing normal cells. On a cellular basis,
TILs are 50 to 100 times more potent
than LAK cells in mediating tumor
regression. Few clinical studies have
been undertaken with TILs. The UCLA
experience includes a response rate of
33% and an average response dura-
tion of 14 months, with a mean sur-
vival of 22 months.32

A tumor marker has been intro-
duced recently for RCC. This new
tumor antigen has been named G250.
The function of this protein is unclear.
High levels of G250 antigen can be
detected in up to 90% of all kidney
cancer cells, with normal renal
parenchyma showing no detectable
G250 antigen.33 This antigen has been
used as a target for monoclonal anti-
body immunohistochemical staining
for diagnostic purposes and has been
used also in radionuclide scans to
localize tumor sites.34,35 Because this
antigen is found in a high proportion
of RCCs, it has the potential to be a
target for TILs. Recent studies demon-
strate that immune activation could be
enhanced by the administration of
antibodies to G250 in a cytokine-stim-
ulated human RCC xenograft model.36

Further studies are currently being
undertaken to elucidate its role as a
potential cancer vaccine. A list of clin-

ical trials using molecular-based ther-
apies is presented (Table 2).

Conclusion
In the past 20 years, there have been
impressive advances in the applica-
tion of immunotherapy to treating
patients with RCC. At UCLA, we have
seen a progressive increase in re-
sponses to treatment as therapy has
evolved—from systemic IFN-� ad-
ministration (16%), to combination
IFN + IL-2 (25%), to the current
method of bulk TILs (33%) and 
CD8-/TILs (40%). Patient characteris-
tics that predict improved responsive-
ness to therapy have been identified,
and treatment protocols that decrease
toxicity have been developed. The
most encouraging results have been
the improved rates of complete clini-
cal response, most of which are dura-
ble and long-lasting.

There is no doubt that current im-
munotherapeutic protocols produce
changes in the natural history of this
disease and cause significant and
lasting remissions in select patients.
Moreover, the role of surgery in the
treatment of advanced RCC is no
longer anecdotal. To utilize the ad-
vantages of TILs technology, ne-
phrectomy is essential for the prepa-
ration of the TILs.                         ■
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