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It has long been assumed that the immune system plays a role in tumor eradication,
however, scant clinical evidence exists to support that hypothesis. In recent years, as the
immune system and its specific effector cells are better defined, convincing data supporting
immune surveillance is emerging. Several studies have shown that an “immune signature”
in the tumor microenvironment is associated with a superior outcome in a variety of cancer
types. Moreover, studies have suggested that T cells found in high density within the tumor
parenchyma are also correlated with a survival benefit. The type of adaptive immune
response implicated in improved cancer outcomes is a type 1 response. That is, adaptive
immunity associated with T cells that secrete pro-inflammatory cytokines, such as IFN-y,
which can not only support a proliferative antigen specific T cell response but also enhance
“cross priming” by activating antigen presenting cells local to the tumor site. There are many
methods available that will allow the development of clinical reagents designed to stimulate
Th1 immunity; either by in vitro or in vivo manipulation. Clinical trials of a variety of
immunotherapeutic strategies indicate that the generation of tumor antigen specific Th1 may
be beneficial in inhibiting the growth of common solid tumors.
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Introduction

T regulatory cells (Treg) or IL-10 producing Th2 cells, to those that
can create an environment which will support tissue destruction via
Thl (IFN-y secreting) and Th-17 (IL-17 secreting) effectors.

Advances in molecular immunology have greatly improved our
understanding of the function of the immune system, particularly in
regards to immune-cancer interactions. We now see cancer as a
chronic inflammatory disease where immune cells may actually
function to enhance rather than inhibit tumor growth (1). If one
could reverse the chronic inflammatory state of cancer and, instead,
create the type of inflammation that causes tissue rejection, perhaps
tumors could be eradicated by immune effector cells. One immune
system cell responsible for creating such inflammation is the CD4* T
helper (Th) cell. Th have several phenotypes ranging from those
subtypes which can depress the immune response, such as FOXP3*

Several groups are working to exploit the potential therapeutic
power of tumor antigen specific Thl immunity. Early clinical trials
demonstrate that generation of tumor antigen specific Th1 may be of
benefit in cancer patients.
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Therapeutic Vaccines for the
Treatment of Cancer

Cancer vaccines have been evaluated as potential therapeutic
agents for dozens of years. Most often vaccines are tested in the
setting of advanced stage disease with the stated goal to induce a
tumor regression. Unfortunately, cancer vaccines have not been
effective as a treatment for established disease. In a review of over
500 patients with metastatic melanoma who were immunized with a
variety of vaccines directed against putative tumor antigens, less
than 10% of patients demonstrated a clinical response (2).

Cancer vaccines may be better suited for testing in the adjuvant
setting, where disease is at its lowest burden. For this reason, cancer
vaccines are often evaluated after patients have achieved a maximal
response with standard therapy in an attempt to use an im-
munoconsolidation approach to prevent disease relapse. However,
in 2009, the results of two Phase III studies of cancer vaccines were
reported that appeared to show survival benefit in advanced stage
cancer patients. The first is a prostate cancer vaccine. The vaccine,
Sipuleucel-T (Dendreon Corporation) was evaluated in 341 cancer
patients as compared to 171 patients given placebo. The survival in
the vaccinated patients was a median of 25.8 months compared to a
21.7 month survival in controls (p=0.032) (3). A second Phase III
trial evaluated an idiotype-KLH vaccine, BiovaxID (Biovest
International) given to patients with follicular cell lymphoma. At a
median follow-up of 56 months the vaccinated patients
demonstrated a 44 month survival compared to 31 months in
controls (p=0.047) (4). These data lend credence to the concept of
immunizing cancer patients to modulate disease.

Breast cancer as a good model for vaccination. First, the tumor is
immunogenic and many tumor antigens have been identified that
are expressed in breast cancer. Secondly, breast cancer is amenable
to standard therapies such as surgery and chemotherapy. For this
reason the patients can be treated to a very minimal residual disease
state where the amount of tumor burden is potentially readily
eradicated by antigen competent T cells. Finally, breast cancer is
slow growing and often the doubling rate can be expressed in terms
of years rather than weeks. The slow growth of the disease allows
for the ability to expand T cells over time with repeated booster
immunizations potentially achieving therapeutically effective levels
before the disease begins to become bulky or metastasize.

What type of immune response is needed to potentially eradicate
micrometastatic disease? Recent evidence would suggest that an
adaptive T cell response with T cells capable of penetrating tumor
stroma and capable of generating significant inflammation would be
necessary for an anti-tumor effect.
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Th1 Immunity and Cancer

There is increasing evidence that Thl adaptive immunity is
required for cancer inhibition. Several studies evaluating gene
expression profiles in a variety of primary human tumors have
demonstrated an “immune response” signature that is associated
with improved outcome. Galon and colleagues identified a 7 gene
classifier that predicted disease recurrence in colon cancer.
Upregulation of genes associated with Thl adaptive immunity
predicted a better outcome (5). Data generated by the same group
suggested that a high density of tumor infiltrating memory T cells
was also associated with a survival benefit. Although these studies
were performed evaluating primary tumors from colon cancer
patients, upregulation of interferon related genes and tumor
infiltrating T cells have been shown to be associated with a clinical
benefit in patients with lung cancer, breast cancer, and ovarian
cancer, just to name a few disease states (6-8).

CD4' Th cells can be a source of IFN-y which results in activation
of immune cells in the tumor microenvironment. Indeed, there has
been increasing understanding of the role of CD4" Th cells in
orchestrating the tumor specific immune response. Tumor antigen-
specific CD4* Thl cells can home to tumor and secrete in-
flammatory cytokines, modulating the microenvironment to
enhance the function of antigen presenting cells (APC) (9). The
generation of tumor-specific immunity occurs indirectly via “cross
priming”, thus, APC activation is critical for the generation of an
effective response. Increased processing of endogenous tumor cells
results in “epitope spreading:” the development of immunity to
multiple immunogenic proteins expressed in the tumor which could
counter the development of antigen negative variants (10). Finally,
by providing a robust CD4" Thl T cell response, tumor antigen-
specific CD8" T cells will be elicited endogenously and the immune
response generated will be long lived. It has been shown
immunizing cancer patients with vaccine constructs designed to
stimulate only CD8" T cells will generate short lived immune
responses (11).

Generating Th1 Immunity

An initial step in contemplating strategies to elicit Th1 immunity is
to define appropriate epitopes derived from tumor antigens to target,
i.e. class II peptides. We evaluated a number of putative class II
peptides derived from the HER-2/neu oncogenic protein for
immunogenicity both in vitro as well as in a large Phase I clinical
trial (12). These peptides were chosen, constructed, and tested based
on a single peptide prediction algorithm, T-sites (13). After the
peptides evaluated demonstrated both in vitro and in vivo
immunogenicity, we performed in vitro HLA-DR competitive
binding studies to determine the affinity of the peptides in binding
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class IT across multiple DR alleles (14). These studies demonstrated
that those peptides that bound with high affinity across multiple class
1T alleles were most likely to be native epitopes of HER-2/neu, that is,
those that elicited peptide specific T cells that could recognize native
protein presented endogenously by autologous APC. These data
suggest high affinity binding peptides, promiscuous across multiple
HLA-DR types, were most likely to be the tumor antigen associated
epitopes that would be clinically useful.

Over the last several years numerous epitope prediction
algorithms have been developed and made widely available on the
internet (15). The availability of such programs has now made it
possible to assess predicted binding affinity of peptides derived from
proteins against multiple class II alleles across multiple algorithms.
It had been shown that peptides predicted to be high binders of class
I, in more than 1 algorithm, were likely to be true class I epitopes, so
we hypothesized that this observation might be the same for class I
alleles as well (15,16). Using the self tumor antigen IGFBP-2 as a
model and assessing predicted binding affinity, we have been able to
create immunologic “heat maps” of class II binding “hot spots”
based on affinity and promiscuity. Peptides derived from “hot spots”
have been shown to elicit both peptide and protein specific T cells in
vitro (15). In silico modeling of binding affinity has allowed rapid
identification of peptides that would be suitable to use in vaccines
directed against preventing cancer relapse.

Once class II epitopes have been identified which are suitable for
vaccine formulations, the next step is to present the peptides in such
a way that Th1 are preferentially elicited. One method would be to
elicit antigen presentation via dendritic cells (DC) that were of a
DC1 phenotype. Although DC are only rarely found circulating in
the peripheral blood, the cells are found in large numbers in the skin
as Langerhans cells or dermal dendritic cells. Several adjuvants have
been shown to induce type 1 responses when given intradermally or
transcutaneously including GM-CSF and toll like receptor agonists
(17,18). The type of vaccine adjuvant used to initiate the immune
response can skew a T cell phenotype to Th1 or Th2 (19).

Antigen specific CD4" Th1 are ideally suited for initiating and
sustaining a tumor antigen specific immune response. However,
their ability to locally secrete high levels of type I cytokines in the
tumor bed, thus, potentially reversing local immune suppression,
also results in generating a broader immune response. Activation of
APC in the tumor bed by Th1 enhances cross priming and epitope
spreading. Epitope spreading has been well defined in autoimmune
disease and is a mechanism which may enhance tissue destruction.
The development of epitope spreading after active immunization
with a self antigen cancer vaccine has been associated with
improved survival (20). We evaluated 52 patients immunized on our
initial HER-2/neu Th peptide based vaccine studies for disease
outcome (12). The patients were advanced stage with HER-2/neu
overexpressing cancers (breast, ovarian, and lung cancer). The
median follow-up time was 112 months for surviving patients. In

multivariate analysis, the number of chemotherapy regimens prior to
vaccination (HR=5.7 (CI 95%, 1.5~23; p<0.001)), and the

development of epitope spreading after HER-2/neu vaccination
(HR=0.34 (CI 95%, 0.12~1.0; p=0.05)) were independent
predictors of overall survival. Median overall survival for subjects
(n=33) who developed epitope spreading was 84 months vs. 25
months for 16 subjects who did not develop epitope spreading (21).
Thus, epitope spreading which may be uniquely associated with the
generation of a pro-inflammatory Th response may be a candidate
for an immunologic surrogate of clinical response and should be
further explored as a desired outcome of active immunization.

Th1-based Immunotherapeutics
in Breast Cancer

It is possible to drive Thl polarization of the tumor specific T cell
response for potential clinical benefit. Differentiation into a Thl
phenotype from an undifferentiated state can be achieved by
manipulating the cytokine environment at the initiation of the
immune response via vaccine adjuvants. Alternatively, one can
isolate tumor antigen specific T cells and impact their phenotype by
varying the in vitro conditions used for T cell propagation and
culture (19). Our group has exploited both these methods, in vivo
and in vitro manipulation of Thl tumor specific T cells, for the
immunomodulation of breast cancer.

We have recently completed a clinical trial of immunizing
advanced stage breast cancer patients with Th peptides derived from
the HER-2/neu oncogenic protein. Twenty-two patients with HER-
2/neu overexpressing Stage IV breast cancer were vaccinated with 3
Th peptides admixed in GM-CSF and administered intradermally
(22). Previous studies from our group have demonstrated that GM-
CSF, as a vaccine adjuvant, activates local skin derived APC and
results in elevated levels of circulating IFN-y secreting antigen specific
T cells (17,23). Patients enrolled on this study were vaccinated while
concurrently receiving trastuzumab. Approximately half the patients
began vaccination in a complete remission of their disease while the
other half were immunized in a stable disease state. Data from our
group has suggested that pre-existent immunity to HER-2/neu is only
found in the minority of HER-2/neu positive patients (~10%),
however, these studies were performed prior to the widespread use of
trastuzumab (24). In this current trial we found over 50% of patients
had evidence of a pre-existent immune response to HER-2/neu prior
to starting vaccination. This observation suggests that trastuzumab
may, in itself, stimulate a HER-2/neu specific immune response via
antibody dependent cell mediated cytotoxicity (25). Despite the
presence of pre-existing HER-2/neu specific T cell immunity, over
70% of patients augmented immunity to the HER-2/neu protein
achieving levels of antigen specific IFN-y secreting cells as high as 1
in 250 peripheral blood mononuclear cells (PBMC).

The vaccinated patients” PBMC were also evaluated for
intramolecular epitope spreading by assessing responses directed
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against HER-2/neu peptides not included in the vaccine formula yet
shown to be native epitopes of the protein (14). The majority of
patients demonstrated evidence of new intramolecular epitope
spreading during active immunization. Moreover, peripheral blood
from these patients was interrogated against other common breast
cancer antigens and evidence of induced immunity directed against
these proteins was also identified. Thus, immunization elicited
intermolecular epitope spreading; a broadening of the tumor specific
immune response beyond just the HER-2/neu protein (22).
Concurrent with generating multiple tumor specific T cell populations
secreting type I cytokines, we assessed the impact of immunity on
serum TGF-{. Patients with advanced stage breast cancer have been
shown to have elevated levels of serum TGF-3 which is known to be
an immune suppressive agent. The greater the magnitude of IFN-y
secreting T cells associated with epitope spreading generated with
vaccination, the greater the decrease in the patient’s serum TGF-3
level. Although some cancer vaccines have been associated with the
induction of CD4'CD25'FOXP3* Treg, the median peripheral blood
Treg level decreased during the course of the study (26).

Patients were followed for clinical outcome a median of 36
months after the start of immunization. The median overall survival
has not been reached in the study population and a third of patients
have not yet experienced disease progression. Several immune
parameters were assessed to ascertain whether a survival benefit
could be predicted by a vaccine elicited immune response. Only the
magnitude of the induced IFN-y HER-2/neu specific immune
response and the magnitude of IFN-y secreting cells associated with
intramolecular epitope spreading were correlated with survival.
This study would suggest that the generation of robust levels of Th1l
tumor antigen specific T cells would have a beneficial impact on the
tumor microenvironment, stimulating endogenous immunity, and
potentially resulting in improved clinical outcome.

A more direct evaluation of the clinical efficacy of tumor antigen
specific Thl cells is the direct infusion of these cells into tumor
bearing patients and the observation of tumor regression, i.e.
adoptive T cell therapy. We have completed the first arm of a study
of adoptive T cell therapy of HER-2/neu specific Thl in patients
with refractory metastatic HER-2/neu positive cancers (27).
Previous work by our group has shown that tumor antigen specific T
cells are much more readily expanded from patients who have been
primed with vaccination than from naive donors (28). Indeed, the
maximum level of immunity achieved with active immunization
predicted the ability to propagate tumor specific T cells ex vivo.
Moreover, we identified that expanding HER-2/neu specific T cells
ex vivo with the cytokine combination of IL-2 and IL-12 resulted in
a greater magnitude of IFN-y secreting antigen specific T cells of
higher avidity than those expanded in IL-2 alone (29). Our phase I
dose escalation study involves collecting and expanding HER-2/neu
specific T cells from patients after vaccination, pre-treating patients
with Cytoxan 48 hours prior to T cell infusion, and administering
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increasing doses of HER-2/neu specific T cells weekly for three
doses (27). T cells were readily expanded on the first 5 patients
enrolled on study. The mean fold expansion from baseline was 7.1
(range 0.2~20 fold). In addition, the number of HER-2/neu specific
precursors infused was markedly increased from, in some cases
non-detectable, to levels as high as 1 in 130 CD3" cells. The tumor
specific T cells continued to augment in vivo in 3 of the 5 patients
and could be detected at high levels in vivo as long as 220 days after
infusion. There was a 60% response rate (2 partial responses and
one stabilization of disease) similar to the response rate reported
after adoptive T cell therapy in patients with metastatic melanoma
(30). Of note, T cell receptor (TCR) gene usage analysis
demonstrated the development of multiple clonal populations
evolving over time in some of the patients treated.

We questioned what immunologic parameters predicted those
patients who achieved a clinical response after vaccination
compared with those patients whose disease did not respond. The
magnitude of persistent HER-2/neu specific Thl cells and the
number of clonal TCR populations developing in patients after
infusion were associated with tumor regression or disease
stabilization. These data suggest that tumor specific Thl cells may
be a clinically beneficial method of immunomodulation in patients
with HER-2/neu overexpressing breast cancer.

Conclusions

Breast cancer is an immunogenic tumor and multiple im-
munotherapeutic strategies are being tested as new clinical
modalities which may improve disease outcome. It has been shown
that eliciting an immune response similar to what is observed in
tissue rejection may indicate a beneficial outcome in cancer patients
(5). CD4" Thl cells are uniquely capable of creating such a rejection
signal. In secreting high levels of type 1 cytokines these cells not
only support the expansion of antigen specific cytotoxic T cells but
also have the capability of directly modulating the tumor
microenvironment to generate epitope spreading which would lead
to tissue destruction. Clinical strategies focused on eliciting tumor
antigen specific Thl are showing promise in terms of benefiting
clinical outcomes in patients with cancer.
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