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Abstract

Transitional cell carcinoma (TCC), which is the pathological diagnosis for the majority of bladder
cancers, is a solid tumor entity that is responsive to immunotherapy as evidenced by a substantial
cure rate documented with the use of intravesical bacillus Calmette-Guérin (BCG) therapy in
selected patients with high-grade superficial disease. The nonspecific immune modulation that
occurs as a result of BCG therapy is not well understood; however, the success of BCG therapy
provides a basis for the exploration of mechanisms related to immune responses and the
development of novel immunotherapeutic agents for the treatment of high-risk disease. In this
review, we discuss the complexity of the immune system and therapies that are considered capable
of manipulating it to potentially benefit patients with bladder cancer.

Immunotherapy has been an appealing concept for the treatment of cancer for more than a
century. The exquisite specificity with which we can direct the human immune system
against infectious organisms is the same result we wish to obtain when targeting cancer.
Recognizing the strength of the immune response against infectious organisms and the fact
that certain patients with cancer experience tumor regression when they contract acute
bacterial infections, Dr William Coley, in the 1890s, injected live bacteria into a patient with
advanced cancer. Subsequently, Dr Coley went on to develop a safer, more effective mixture
of bacteria for the treatment of cancer.! Later preclinical studies demonstrated tumor
regression when mice were injected with bacillus Calmette-Guérin (BCG) prior to
transplantation of tumor cells compared with mice that did not receive BCG treatment.?
These preliminary observations formed the conceptual foundation used to develop the first
standard clinical practice using nonspecific immunotherapy: intravesical administration of
BCG for the treatment of bladder cancer. Although the precise mechanism of action of BCG
therapy is not fully understood, the success of intravesical BCG in the treatment of
superficial bladder cancer has opened the door for further investigations of other
immunotherapeutic agents in the treatment of high-risk bladder cancer.
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Innate and Adaptive Immunity

The immune system is finely orchestrated by a myriad of cell types and mediators that are
required to be tolerant of self but responsive to alterations perceived as non-self. The first
line of defense against non-self is a nonspecific response by cells such as macrophages,
neutrophils, dendritic cells (DCs), and natural killer (NK) cells, which are part of the innate
immune system. The innate immune response is then followed by coordination of antigen-
specific recognition via lymphocytes, which are part of the adaptive immune system and that
provide long-term memory. These two distinct compartments, innate and adaptive,
communicate via sophisticated networks that allow for an activated immune response when
an appropriate “danger” signal is perceived and regulation of the response so as to prevent
continuous proliferation of immune cells. This complex system has evolved to
simultaneously provide tolerance to self, eliminate pathogens, and control an activated
immune response in order to prevent self-damage. In order to harness the power of this
biological machinery for the treatment of cancer, it is necessary to understand some of the
basic principles that govern this system. Rational design of immunotherapeutic agents is an
ongoing process that targets some of these principles for the generation of tumor-specific
immune responses.

The primary mechanism for an immediate response to infection or cellular injury is via
innate immunity. The innate immune system uses germline-encoded or pathogen recognition
receptors (PRRs) to identify pathogen-associated molecular patterns (PAMPS) on microbes.3
Receptor signaling leads to production of cytokines, proteases, reactive oxygen species, and
other inflammatory mediators in order to recruit leukocytes to the area of injury. This
inflammatory response, when limited and controlled, provides for host responses, including
endothelial and fibroblast responses, to initiate a first-line defense against injury and repair
of damage. In situations of chronic inflammation, due to disruptions of innate and/or
adaptive immune cells, tissue destruction, and eventual DNA damage, may lead to disease
states, including cancer.

PRRs include toll-like receptors (TLRs), which are widely expressed on innate immune cells
and consist of 13 receptors known to date. Although all TLRs are structurally similar and
recognize conserved molecular patterns on microbes, it has been demonstrated that signaling
via specific TLRs can induce distinct responses. For example, viral and intracellular
bacterial DNA will induce signaling via TLR9, which leads to interferon (IFN)-a
production, favoring a Thl profile, as well as enhanced cytotoxic T-lymphocyte (CTL)
responses. Conversely, stimulation of TLR2 by acylated outer membrane lipoproteins of
gram-positive bacteria can result in interleukin (IL)-10 production, which favors a bias
towards a Th2 profile or regulatory T-cell responses.®

While bacterial cells express TLR ligands, it should be noted that tumor cells do not.
Therefore, appropriate adjuvants, which provide TLR signaling via the innate immune
system, can be used with immunotherapeutic agents to enhance immune responses. Potent
stimulators of the innate immune system may provide an effective immune response against
tumor cells. This mechanism may be the most likely way in which intravesical BCG exerts
its influence in the treatment of superficial bladder cancer.
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Although the exact mechanism of action of intravesical BCG in the treatment of bladder
cancer is poorly understood, recent evidence continues to corroborate an immunological
mechanism. BCG plays a significant role in the maturation of DCs by signaling through
different TLRs, as indicated by its upregulation of the DC maturation marker CD83 and
secretion of inflammatory cytokines such as IL-12, IFN-y, and tumor necrosis factor (TNF)-
a. A variety of cytokines has been detected in the urine of patients treated with intravesical
BCG, and BCG causes an influx of granulocytes and mono-nuclear cells into the bladder
wall.”~14 Although the significance of these infiltrating cells remains controversial, we
recently studied intratumoral lymphocytes in urothelial carcinoma and determined that the
presence of CD8" T cells correlated with better disease outcome in patients with more
advanced disease.1> Improved clinical outcomes have been noted in association with the
presence of intratumoral T cells in ovarian,® esophageal,1’ and colorectal carcinomas.18 It
is possible that activation of the innate immune system by intravesical BCG leads to
stimulation of an antigen-specific adaptive response, associated with T-cell infiltration, that
allows for eradication of tumor cells. The identification of the tumor antigen(s) that these T
cells recognize may provide a potential vaccine target for the development of specific
immunotherapy for bladder cancer.

Activation of the innate immune system is crucial for establishing an effective adaptive
immune response. Activated antigen-presenting cells (APCs) from the innate immune
system, such as DCs, migrate to lymphoid organs, such as lymph nodes, and present
antigens to adaptive immune cells, such as T cells. Similarly, inflammatory cytokines
produced by innate immune cells recruit adaptive immune cells, including B and T cells,
thereby propagating a more specific immune response.

Adaptive immune cells, such as B and T cells, in contrast to innate immune cells, express
somatically generated antigen-specific receptors, which are formed as a result of random
gene rearrangements to allow for a diverse repertoire. These somatically rearranged
receptors allow for specific recognition of a vast array of antigens. B-cell recognition of
intact antigen via immunoglobulin receptor leads to proliferation of the B cell and secretion
of neutralizing antibodies against the antigen. The clonal expansion of an antigen-specific B
cell subsides after elimination of the antigen, and a resultant pool of memory B cells will
exist to provide for a rapid antibody response against subsequent exposure to the antigen.
Similarly, T cells recognize antigens via a specific T-cell receptor (TCR). However, unlike B
cells, T cells require processed antigen to be presented in the context of the major
histocompatibility complex (MHC).

Classical MHC molecules comprise class | and class Il proteins, which enable each
individual’s immune system to distinguish self from non-self. TCRs of CD8* T cells
(cytotoxic T cells) recognize antigen in the context of class | MHC, and TCRs of CD4* T
cells (helper T cells) recognize antigen in the context of class II MHC. The initiation of self-
tolerance occurs early in development as a process of positive and negative selection when T
cells interact with thymic APCs that express self-MHC molecules bearing self-antigens. The
avidity between TCRs and MHC plus self-peptides determines the fate of T cells, such that
high- and low-avidity interactions lead to negative selection of T cells, while intermediate-
avidity binding allows for positive selection. Therefore, circulating T cells in cancer patients
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are already selected for their ability to ignore self-antigens, which are the majority of tumor
antigens. However, in certain patients, there are tumor-infiltrating lymphocytes that tend to
correlate with improved outcomes, thus indicating the possibility of manipulating the
immune system to favor tumor-reactive T cells. Furthermore, apart from TCR engagement
of MHC plus antigen (signal 1), additional signals and costimulatory molecules (signal 2)
are necessary to attenuate the T-cell response and create an activated T cell. Upon T-cell
activation, there are also “co-inhibitory” signals generated to regulate the T-cell response and
limit T-cell proliferation. The interplay of these signals provides opportunities to target T-
cell pathways in an effort to induce anti-tumor immunity.

T-Cell Activation and Costimulatory Signals

Crucial elements of cellular immune responses are the activation, clonal expansion, and
differentiation of T cells. The signal transduction events during activation of cytotoxic and
helper T cells are generally similar. In addition, activation of either population of T cells is
not an independent process but may be influenced largely by the other. Activation of T cells
can be divided into two phases reflecting different aspects of the response. The first phase
activates naive T cells and differentiates them into functional effector cells; in the second
phase, these effector cells recognize antigen on specific target cells, which results in the
destruction of the target cell.

Activation of naive T cells and their subsequent differentiation into effector cells requires the
primary signal via the TCR and co-receptor, CD4 or CD8, as well as costimulatory signals.
In contrast, antigen-experienced cells are able to respond to TCR-mediated signals with
little, if any, costimulation. These differences are at least in part due to the expression of
distinct isoforms of the CD45 protein, that is, CD45RA and CD45R0.1° These isoforms are
generated by alternative splicing of the mRNA transcript, and the resulting proteins exert a
phosphatase activity that catalyzes dephosphorylation of the protein tyrosine kinases, Lck
and Fyn, that are responsible for subsequent steps of T-cell activation.29 Notably, CD45R0,
expressed on memory T cells, exhibits stronger association with the TCR and its co-
receptors than CD45RA, improving the efficiency of the TCR signaling. The evolution of
naive T cells to memory/effector cells involves multiple proteins, some of which can be used
as markers to identify the different T-cell stages.?!

Additionally, the nature of the antigenic epitope also influences the outcome of TCR-
mediated signaling. Complete peptide agonists stimulate the cell to become activated and
proliferate while partial-agonist peptides may induce a measurable T-cell response, such as
production of IFN-y, with minimal proliferation or no proliferation. Many models of T-cell
activation have been proposed to explain the differential effects of altered peptides. These
models include changes in the kinetics of signal transduction, formation of the immunologic
synapse, induction of a negative signal, and recruitment of TCR or costimulatory molecules.

The best-characterized costimulatory signaling system required for the activation of naive T
cells is based on the interaction of B7 family members with CD28 and CTL-associated
antigen 4 (CTLA-4).22 The CD28 family includes the following five members: CD28,
CTLA-4, inducible T cell co-stimulator (ICOS), programmed death-1 (PD1), and B- and T-
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lymphocyte attenuator (BTLA). The B7 family currently includes seven known members:
B71, B72, ICOS-L, PD-L1, PD-L2, B7H3, and B7x/B7H4. The B7-CD28/CTLA4 pathway
is rather complex because of the dual specificity of B7-1 (CD80) and B7-2 (CD86), located
on T cells, for the stimulatory receptor CD28 and the inhibitory receptor CTLA-4 (CD152),
located on APCs.

Research over the past decade has established that engagement of CD28 by B7-1 and B7-2
provides signal 2, at least for naive T cells, while B7-CTLA-4 interactions inhibit T-cell
responses and regulate peripheral T-cell tolerance. A fundamental issue in the CD28 —
CTLA-4 system is how a process regulated by the integration of positive and negative
signals, generated by receptors that bind the same ligands, can ever be activated when the
affinity of the inhibitory receptor for the ligand greatly exceeds that of the stimulatory
receptor. The answer seems to involve the temporal and spatial separation of expression of
CD28 and CTLA-4. CD28 is constitutively expressed on the surface of T cells, whereas
CTLA-4 expression is rapidly upregulated after T-cell activation.?3 The binding of CTLA-4
to B7 serves to negatively impact CD28 —B7 interactions and thereby regulates T-cell
activation?4 (Fig 1). CTLA-4 appears to determine the “burst size” of responding T-cell
clones. Furthermore, CTLA-4 serves to limit the proliferation of T cells as evidenced by the
fact that CTLA-4 knockout mice develop early and fatal lymphopro-liferation.25-27
However, CTLA-4 —mediated inhibitory signals are not constitutively or uniformly
generated during the process of T-cell activation. While CTLA-4 function is restricted by
spatial and temporal constraints, these constraints are, in turn, regulated by the stimulatory
conditions under which T-cell activation occurs. Thus, the ability of CTLA-4 to restrict the
activation of any one T cell will depend on a variety of variables, including the strength of
the TCR signal and the activation state of the APC.

In summary, activation of naive T cells occurs when appropriate innate immune cells, such
as DCs, present antigen in the context of MHC to engage a specific TCR, and additional
costimulatory signals are delivered. The efficiency of T-cell activation is due in large part to
the nature of the TCR stimulation, as well as the costimulatory signal. Once activated, T
cells will produce cytokines, as seen with CD4* helper T cells, to assist B-cell production of
antibodies, enhance recruitment of other cell types, and deliver signals for increased
proliferation of cells such as CD8" cytotoxic T cells, which are necessary to kill tumor cells.
Based on these principles, immunotherapy strategies in cancer patients have focused on
delivering appropriate immunologic adjuvants, capable of activating the innate immune
system possibly via TLR signaling, in conjunction with antigens that can bind strongly to
TCR in order activate the adaptive immune system.

Stimulating T Cells for Cancer Immunotherapy

Our current understanding of the immune system points to T cells as critical players in the
elimination of infected and neoplastic cells. As discussed earlier, the trimolecular complex
formed between the MHC, the peptide ligand, and the TCR represents the elementary
structural unit ultimately responsible for cellular immune recognition and activation against
antigenic stimuli.28 Although the engagement of TCRs with MHC/peptide complexes is
essential for immune recognition, initiation and regulation of the immune response also
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requires antigen-independent, receptor—ligand interactions, known as costimulation.29 In
contrast to CD28/B7 engagement, which provides a “positive” signal important for
lymphocyte activation and proliferation, CTLA4/B7 transduces an opposing “negative”
signal, leading to subsequent downregulation of T-cell-mediated immune responses.24
Probably the integration and balance of signals coordinated via these two distinct arms
ultimately dictates the intensity of T-cell activation and clonal expansion and the longevity
of the T-cell-mediated immune reaction. Therefore, enhancing the pool and efficacy of T
cells has been the focus of many vaccination strategies.

Several immunotherapy strategies that have been attempted include delivery of irradiated or
modified tumor cells or cell lysates (cellular vaccines), administration of tumor-associated
antigen vaccines in various forms (peptide, protein, DNA, or DC-pulsed), and isolation of
infiltrating T cells from patient tumors with stimulation of these T cells in vitro followed by
injection back into patients (tumor infiltrating lymphocyte [TIL] vaccines). Our strategy in
bladder cancer has focused on tumor-associated antigen vaccines.

Bladder cancer cells express several cancer-associated antigens, including a variety of
cancer-testis (CT) antigens. CT antigens comprise one of the most specific tumor-antigen
families discovered to date, and have received attention as targets for cancer vaccine
development. In the 1990s, T-cell epitope cloning led to identification of new tumor antigens
known as MAGEA1,30 BAGE,3! and GAGE1.32 The mRNA encoding these gene products
was shown to be present exclusively in normal testis and in some types of cancer. In 1995,
with the introduction of the serologic expression cloning (“SEREX”) approach, many more
antigens were discovered, including SSX-2 and NY-ESO-1.33:34 These antigens share some
common characteristics, such as their expression being limited to gametogenic tissues and
cancers and an increased frequency of expression in advanced tumors. In recognition of this
expression profile, shared by otherwise unrelated genes, the term “CT antigen” was
introduced.

To date, 44 distinct CT gene or antigen families have been identified by techniques such as
SEREX, T-cell epitope cloning, representational difference analysis, and bioinformatics
analysis.3® Of the 44 currently known CT family members, 19 have demonstrated
immunogenicity as measured by antibody or T-cell responses. These antigens are also
expressed in various tumor types, as detected by reverse transcriptase—polymerase chain
reaction (RT-PCR) and immunohistochemical analyses.

NY-ESO-1 is the most immunogenic of any of the CT antigens; up to 50% of patients with
advanced NY-ESO-1-positive tumors develop spontaneous humoral and cellular immunity
to NY-ESO-1.36:37 Studies of patients with cancer have revealed human lymphocyte antigen
(HLA)-A2-restricted and HLA-A24 —restricted CD8* T-cell responses to the NY-ESO-1
antigen.38:39 Additional studies of patients with melanoma identified N'Y-ESO-1-specific
CD4™* T-cell recognition of the DRB1*0401-restricted epitope and the DRB4*0101-0103—
restricted epitope.40:41

The function of the NY-ESO-1 protein is unknown. The genes encoding NY-ESO-1 and its
homolog, LAGE-1, both have been mapped to chromosome X28.42 LAGE-1 encodes an
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antigen closely related to NY-ESO-1, with 94% nucleotide and 87% amino acid homology.*3
Many types of tumors, most notably advanced tumors, express NY-ESO-1. Our investigation
of NY-ESO-1 and LAGE-1 expression in specimens from 121 patients with transitional cell
carcinoma (TCC) demonstrated that one or both of these antigens were expressed in 39 of 82
(48%) high-grade TCC samples and in three of 22 (14%) low-grade TCC samples.** This
study of TCC led to the discovery of a new NY-ESO-1 epitope in the context of HLA-B35
that is recognized by NY-ESO-1-specific CD8" T cells.** Furthermore, we have recently
identified additional CT antigens that are highly expressed on urothelial carcinomas and may
potentially serve as vaccine targets.*°

Currently, vaccine clinical trials are under way that use the NY-ESO-1 antigen for patients
with bladder cancer. The first trial, currently closed to accrual at Memorial Sloan-Kettering
Cancer Center, was aimed at studying the safety of and immune responses to the NY-ESO-1
protein antigen in patients undergoing vaccination as adjuvant therapy, ie, after radical
cystectomy or nephroureterectomy to remove visible disease. The six patients enrolled in
this trial were given 75 g of NY-ESO-1 recombinant full-length protein weekly for 6
weeks, with BCG for the first 2 weeks and granulocyte-macrophage colony-stimulating
factor (GM-CSF) for the remaining 4 weeks, as immunologic adjuvants. Immune responses
were variable, but all six patients demonstrated an immune response to the NY-ESO-1
antigen. At a median survival time of 16 months, four of the six patients remained disease-
free. Toxic effects and adverse events were minimal and mostly involved injection site
reactions.

The advantage of a full-length antigen vaccine, such as protein or DNA, as compared with a
peptide vaccine, is that full-length antigen provides multiple epitopes that can be recognized
by different TCRs, on both CD4* and CD8* T-cell subsets, for the generation of a stronger
immune response to the tumor antigen. A particle-mediated epidermal delivery (PMED)
system can be used for DNA vaccines. The PMED system accelerates plasmid DNA coated
onto gold particles into the skin. Once in the superficial skin layers, the plasmid is designed
to transiently express the transgene in resident APCs in the epidermis with subsequent
activation and migration of the APCs within the innate immune system. There is increasing
evidence that cutaneous DCs can be directly transfected, activated, and trafficked to the
regional lymph nodes, where they efficiently stimulate proliferation of antigen-specific
CD8" and CD4" T lymphocytes. Previous studies demonstrated that 24 hours after PMED of
a plasmid vector encoding a green fluorescent protein (GFP), gold particle-containing cells
positive for GFP were found in the draining lymph nodes, indicating successful DNA
transfection followed by migration of the antigen-presenting DCs to lymph nodes.*
Conversely, intramuscular (IM) injection of naked DNA, as opposed to delivery by PMED,
leads to antigen uptake by other nonprofessional APCs due to the paucity of resident DCs in
the IM compartment.4” Our clinical vaccine trial with NY-ESO-1 DNA delivered by PMED
relies on vaccine activation of DCs within the innate immune system and subsequent
activation of the adaptive immune system.

Related vaccine clinical trials in bladder cancer that are already completed include a study“8
in which the CT antigen MAGE-3 was used as a peptide vaccine loaded onto autologous
DCs, and another study*® of a recombinant MAGE-3 protein. Both trials demonstrated
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safety of vaccination and provided some evidence of immune and tumor responses.
However, data demonstrating clinical efficacy are still lacking in the field of vaccine
immunotherapy. One reason for this shortcoming is our limited ability to assess reliably
immunotherapy strategies in the tumor microenvironment, which prevent incremental
advances in clinical application. A second reason is the lack of immunologic adjuvants that
can target the innate immune system effectively. A third reason is the prevalence of
regulatory mechanisms that limit immune responses. Our approach to overcoming these
limitations is to perform clinical studies that will be more likely to be informative, with a
focus on the development and application of reproducible assays to demonstrate effects in
the context of new therapies; employing novel combinations of adjuvants in our vaccine
strategies; and developing vaccine strategies in conjunction with therapies aimed at the
inhibitory components of the immune system.

T-cell subtypes with inhibitory immune function are currently under investigation as
immunotherapy targets. Regulatory T cells appear to be selected by high-affinity interactions
in the thymus®%:51: however, the mechanisms that differentiate between negative selection of
T cells and development of regulatory T cells remain unclear. There is some evidence that
CD28 and B71/B72 molecules may play a role in the development of regulatory T cells,
since absence of these proteins in certain mice led to an accelerated onset of autoimmunity
in the form of diabetes.>?

Regulatory T cells, which are continuously produced by the thymus and express CD4,
CD25, and glucocorticoid-induced TNF receptor (GITR), and are dependent on the X-linked
forkhead/winged helix transcription factor, FOXP3, are known as naturally occurring
regulatory T cells (Tregs).>3 Our preliminary findings indicate that Tregs seem to be present
in increased numbers in patients with advanced bladder cancer. In addition to Tregs, there
also are 1L-10 —secreting regulatory T cells, known as Tr1 cells, which are derived after
repetitive antigenic stimulation. Tr1 cells also play a critical role in suppressing immune
responses, and their effects seem to be inhibited by anti-IL-10 neutralizing antibody.>* Tregs
and Tr1 cells are capable of affecting effector CD4* and CD8* T cells by suppressing
activation and proliferation. In published preclinical studies, depletion of CD4*CD25* T
cells before tumor challenge elicits effective immune responses to syngeneic tumors in
otherwise nonresponding mice.55-59 In patients, increased regulatory T cells have been
found in melanoma, lymphomas, and in gastric, lung, breast, pancreatic, and ovarian cancer.
60-66 Recently, it was found that IL-2%7 and strong TCR signals®8 release effector T cells
from Treg-mediated suppression. Furthermore, the presence of a TLR9 ligand, known as
CpG, in a suppression assay containing APCs resulted in reduced suppression by Tregs.
These results appear to be due to TLR9-triggered production of IL-6 by the APCs, which
rendered conventional effector T cells insensitive to Treg-mediated suppression.® Another
report demonstrated that ligation of TLR4 or TLR9 on DCs is required for breaking Treg-
mediated suppression of CD8 T cells.”® Therefore, it is possible to overcome the suppressive
mechanisms of regulatory T cells, and these recent advances must be incorporated into
future vaccine strategies in bladder cancer.

Another method of relieving the inhibitory constraints on the immune system involves a
novel anti-CTLA4 antibody. Anti-CTLAA4, which is aimed at overcoming the previously

Semin Oncol. Author manuscript; available in PMC 2018 June 20.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sharma et al.

Page 9

described inhibitory B7-CTLAA4 signal to T cells, has shown promise for the immunologic
treatment of cancer and may prove beneficial in the treatment of bladder cancer. The
antibody, which is a fully human monoclonal antibody (1gG1-kappa) generated in human
IgG; transgenic mice, has been shown to be specific for the CTLAA4 antigen expressed on a
subset of T cells from human and nonhuman primates. Anti-CTLAA4 is thought to act by
interfering with the interaction between CTLA4 and B7 molecules on DCs or professional
APCs, with subsequent blockade of the inhibitory modulation of T cell activation promoted
by the CTLA4-B7 interaction.

In the case of neoplastic disease, transient or abrupt disengagement of an ongoing,
therapeutically relevant T-cell response in the face of progressive tumor growth may shift the
balance from induction of tumor immunity to one that favors tumor escape. Therefore, in
this setting, CTLA4 blockade may actually prove beneficial for sustaining the biological
activity of in vivo—primed T cells. The administration of anti-CTLA4 monoclonal antibody
as monotherapy in preclinical models has demonstrated anti-tumor activity in tumor-bearing
hosts, inducing tumor rejection and long-lasting immunity to rechallenge.”>~73 In
combination with appropriate vaccines, anti-CTLA4 therapy has also been shown to be
highly effective against poorly immunogenic tumors.”75 Collectively, preclinical findings
have provided the scientific rationale and framework to initiate clinical testing of anti-
CTLA4 monoclonal antibody— based immunotherapy for patients with advanced cancer.
Initial studies of patients with melanoma or ovarian cancer were recently completed. In three
patients with metastatic melanoma, histopathologic assessment of biopsy samples of lesions
revealed extensive tumor cell death accompanied by leukocytic infiltration; in two patients
with metastatic ovarian carcinoma, reduced or stable expression of CA125, a biochemical
serum marker of disease progression, was observed.”8.7 Toxic effects associated with the
anti-CTLA4 antibody seem to be mostly immune-based and involved skin (eg, rash) and
gastrointestinal events (eg, diarrhea, colitis, and perforation).

We recently proposed two clinical trials with the anti-CTLA4 antibody, Ipilimumab, for
patients with bladder cancer. The first is a presurgical trial aimed at defining immunologic
changes within the tumor microenvironment after treatment. The second trial is aimed at
determining the efficacy of therapy by treating patients who are not eligible for surgery.
Both trials will investigate immunologic responses, such as CD4*, CD8*, and regulatory T-
cell responses, generated systemically and within tumor tissues. These immunologic studies
will be crucial because available biomarkers to indicate efficacy or predict toxicity of anti-
CTLAA4 therapy are currently lacking.

Conclusion

As is true for other types of tumors, intense interest has focused on the development of
targeted and immunologic approaches to the treatment of bladder cancer. Immunotherapy for
bladder cancer is still in its infancy, although intravesical BCG immunotherapy already has
been established in the setting of superficial bladder cancer. Novel immune-based therapies
aimed at treating more advanced disease are clearly warranted. In-depth studies of tumor-
infiltrating lymphocytes and their target antigens will provide important information related
to immunologic mechanisms in the biology of bladder cancer. Translational studies that
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address the challenges of immune-based therapies in combination with each other, such as
anti-CTLA4 antibody plus a particular vaccine, or the combination of immunotherapy with
established therapies, such as chemotherapy and radiation therapy, will be necessary to
further our understanding of how to combine various therapies so as to maximize the clinical
benefit. It also will be necessary to elucidate the roles of the other B7 and CD28 family
members in bladder cancer patients so that these pathways can serve as potential
immunotherapeutic targets. Table 1 highlights some of the common immunotherapy
strategies currently being explored in clinical cancer trials. Of utmost importance is that
carefully designed studies integrating both rational basic science and stringent clinical
protocols in human patients be conducted to further explore effective immunotherapy
programs for bladder cancer.
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Figure 1.
Antigen is presented in the context of major histocompatibility (MHC) molecules to T-cell

receptor (TCR), referred to as signal 1, and costimulatory molecules, such as CD28 and B7,
provide signal 2 to allow for T-cell activation. T-cell responses are then regulated by CTLA4
interaction with B7 so as to maintain homeostasis. Regulatory T cells can also suppress T-
cell activation. In cancer patients, it is possible to interfere with the CTLA4-B7 interactions
with anti-CTLAA4 antibody thereby promoting enhanced T-cell responses.
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Table 1

Avreas Targeted by Immunotherapy in Current Clinical Trials

Target Area

Study Agents

Innate immune system

Immunologic adjuvants, such as:

1
2
3

Presentation of antigen by APCs 1

Specific T-cell responses

Nonspecific immune responses 1

Inhibitory mechanism on T cells 1

Combination strategies

GM-CSF
CpG moiety
BCG

DNA-encoded antigens

DCs matured and pulsed with antigen in vitro before administration to patients

Antigens that are known to be recognized by T cells in vitro

In vitro stimulation of T cells before administration to patients

Intact tumor cells

Tumor cell lysates
Anti-CTLA4 antibody

Vaccine plus immunologic adjuvant
Intact tumor cells transfected with immunologic adjuvant

Anti-CTLAA4 plus vaccine

Page 16

Abbreviations: APCs, antigen-presenting cells; GM-CSF, granulocyte-macrophage colony-stimulating cells; BCG, bacillus Calmette-Guérin; DCs,

dendritic cells.
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