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Abstract: Various human malignancies are immunogenic and recent cancer vaccine trials
have demonstrated potential survival benefit. Breast cancer is immunogenic and there are
several tumor associated antigens for which breast cancer vaccines have been developed. Breast
cancer vaccines are designed to stimulate the immune response at various steps in the native
antigen processing pathway for immunosurveillance. Human epidermal growth factor receptor 2 (HER-2/neu), mucin 1 (MUC-1), and human telomerase reverse transcriptase (hTERT)
are some of the most studied antigens actively being targeted for vaccination in breast cancer
patients. These vaccines are designed to elicit cytotoxic and/or helper T cell responses. Over the
last several years, there has been reported progress in human clinical trials for these antigens.
Cancer vaccines have repeatedly been shown to be safe with production of minimal toxicity.
Recent clinical advances in the development of cancer vaccines demonstrate the potential clinical
benefit that cancer vaccines hold.
Keywords: breast, cancer, vaccine, HER-2/neu, MUC-1, hTERT

A 31-year-old patient with round celled sarcoma of the neck had 5 operations within
3 years. At the last operation it was impossible to remove the entire tumor. Two weeks
after the operation, a severe erysipelas infection occurred, during which time “the
sarcoma entirely disappeared”.1 Seven years later, the patient remained disease free.
This case study, published in 1893, is one of the first reports linking immunity with
cancer regression. Over the subsequent 100 years we have gained insight into the
immune system and its interaction with tumor associated antigens (TAAs). It was
postulated in the late 1950s that tumor growth is immunologically controlled and the
theory of immunosurveillance was proposed in 1967.2,3 Subsequent studies indicated
adaptive immunity is the primary mediator of tumor regression and control.4 The
immune system has the ability to recognize TAAs that are presented by the tumor itself
or, more likely, by antigen presenting cells (APCs) via cross priming. APCs, such as
macrophages and in particular dendritic cells (DCs), are essential for priming naïve
T cells and activating the immune response.5 Antigen is processed into peptides and
then presented by the major histocompatibility complex (MHC) and displayed at the
cell surface for recognition by T lymphocytes.
Vaccines have been developed to stimulate the immune response at different steps
in this pathway. Peptide based vaccines are designed to bind MHC molecules directly,
and thus there may be no need for further endogenous processing after uptake. Conversely, protein-based vaccines are designed for uptake into APCs and require native
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processing into peptides. Deoxyribonucleic acid (DNA)
vaccines are designed to “infect” APCs to produce protein
which is then processed as above. Finally, DC vaccines are
designed to provide the most effective APC possible for
presenting antigen to T cells. After reviewing recent clinical
advances in the development of cancer vaccines as a whole,
we review a select repertoire of breast cancer antigens before
discussing specific breast cancer vaccine trials as examples
to the progress being made in the development of targeting
these antigens.

Cancer vaccine progress
Vaccines for protection against infectious agents have proven
one of medicine’s most successful interventions. However,
almost no vaccines are utilized to treat ongoing infections.
Similarly, cancer vaccines have had little success in eradicating rapidly growing tumors. Recent clinical trials have
demonstrated that choosing the proper setting for cancer
vaccines plays a large role in determining these vaccines’
clinical success.
Prostate cancer is the most common (excluding nonmelanoma skin) cancer in American men. The natural
progression of prostate cancer means lengthy clinical trials
must be performed to study vaccines in early stage disease.
For this reason, trials are often performed in the metastatic
setting. Recently, sipuleucel-T (Provenge®, Dendreon) an
autologous cellular immunotherapy product that stimulates
an immune response against prostate cancer, has been shown
to impart potential clinical benefit.6 Sipuleucel-T is made
by first removing autologous peripheral blood mononuclear
cells, including APCs, from the patient via leukapheresis. These cells are then co-cultured with a recombinant
fusion protein containing prostatic acid phosphatase linked
to g ranulocyte-macrophage colony stimulating factor
(GM-CSF), an immune stimulatory molecule.7 The resultant
activated APCs are then infused into the patient to stimulate
a prostate specific T cell response. A randomized phase III
trial was performed in men with metastatic, androgen independent prostatic adenocarcinoma with overall survival (OS)
as the primary end point and time to progression (TTP) as the
secondary end point.8 Five hundred and twelve patients were
randomized 2:1 to receive either 3 infusions of vaccine every
2 weeks or a placebo. As expected from previous studies6,7 an
OS benefit was suggested. The median survival benefit was
4.1 months (P = 0.032) and the hazard ratio (HR) was 0.775
(95% confidence interval [CI]: 0.614–0.979). This benefit was
seen, or a trend for benefit was seen, in all patients regardless
of bisphosphonate use, Gleason score, number of metasta-
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ses and age. This vaccine has now shown an OS benefit of
4 months (3.3–4.5) in 3 randomized phase III studies.6–8 At 3
years approximately 10% more patients are alive in the group
who received vaccine compared to those who did not. This is
the first active immunotherapy to demonstrate improvement
in OS for advanced prostate cancer.
Follicular lymphoma is the second most common lymphoma in the United States and is treatable but incurable with
standard cytotoxic chemotherapy and/or monoclonal antibody
based therapy. The disease is associated with 5- and 10-year
survivals ranging from 91% and 71% for low risk disease to
52% and 36% for high risk disease.9 Follicular lymphoma is
marked by a clonal population of lymph node cells, which
express patient specific surface immunoglobulins. Idiotype
determinants (Id) are the portion of an immunoglobulin
molecule that confers the molecule’s unique character, most
often including its antigen-binding site. Anti-idiotype vaccines can be constructed for each patient’s specific idiotype.
One such vaccine consists of antibody to tumor via patient
specific immunoglobulin bound to keyhole limpet hemocyanin (KLH) as a carrier molecule and immune stimulant
(BiovaxID®, Biovest International), and is given with GMCSF concurrently. The BV301 phase III clinical trial of this
approach was presented at the American Society of Clinical
Oncology (ASCO) 2009 plenary session.10 The trial’s primary
objective was to determine if Id-KLH/GM-CSF prolonged
disease free survival (DFS) after patients obtained a complete
response (CR) with chemotherapy. Two hundred and thirtyfour untreated stage IIx, III and IV patients were enrolled,
and 177 achieved a CR or CR unconfirmed (CRu) and were
then randomized 2:1 to Id-KLH/GM-CSF or control (KLH/
GM-CSF) vaccination. There was a 6- to 12-month period
between completing chemotherapy and administration of the
first vaccine, in order to permit time for vaccine construction
and immunologic recovery after chemotherapy. Prespecified efficacy analysis consisted of intention to treat (ITT)
and a modified-ITT (mITT) analysis based on patients who
remained in CR and received vaccine or control vaccine. The
mITT, ie, analysis of patients who remained in CR, demonstrated at a median follow-up of 56.6 months a median DFS
of 44.2 vs 30.6 months. The Cox proportional hazard was
0.62 (0.39–0.99) with a significant P value of 0.047.
An additional trial, presented at ASCO 2009, evaluated
patients with metastatic melanoma. Metastatic melanoma is
an incurable disease for the vast majority of patients. The
only systemic treatment with a potential cure is high-dose
bolus recombinant interleukin-2 (IL-2), and a complete and
durable response is achieved in less than 10% of patients.11
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A phase II study of peptide vaccination and high-dose
IL-2 demonstrated an increase in response rate to 42%
compared to the 17% response rate seen in prior studies
of high-dose IL-2 alone.12 Subsequently, 185 patients with
locally advanced stage III or IV cutaneous melanoma were
randomized in a phase III study to high-dose IL-2 with or
without a peptide vaccine targeting the gp100 protein.13
The vaccine consisted of a human leukocyte antigen type
2 (HLA-A2) synthetic peptide (gp100:209-17[210M])
and incomplete Freund’s adjuvant (IFA). The primary
objective was clinical response and the secondary objectives were toxicity, DFS/progression free survival (PFS),
immunologic response and quality of life. At the time of
analysis, the centrally assessed response rate was 18.6%
vs 6.5% (P = 0.022) in favor of those who received vaccination. The complete response rate was 14% vs 2.2%
for vaccination plus IL-2 compared to IL-2 alone. PFS
and OS improved as well: PFS significantly increased to
2.9 months vs 1.6 months (P = 0.010), and OS increased,
albeit not significantly, to 17.6 months vs 12.8 months
(P = 0.096). Furthermore, vaccination added minimally
to toxicity during the first 2 cycles of therapy. Patients
who were vaccinated received more IL-2 therapy than
those who did not, and thus the increase in laboratory
abnormalities and neurologic toxicities seen in the vaccination group is attributed to the greater number of cycles
of IL-2 treatment.
The studies described above are encouraging in that
each vaccine targeted only a single tumor specific antigen,
yet those patients who were vaccinated appeared to derive
benefit. Moreover, in the case of prostate cancer and melanoma, patients were immunized in the face of advanced
stage disease and still demonstrated clinical response. The
success of these studies underscores several important
aspects of vaccine clinical trial design. First, the primary
endpoint of the study must be clearly defined, whether OS,
DFS, or TTP. Secondly, integration of a vaccine in upfront
therapy may require initial consideration of relapse prior
to vaccination, if there is to be a delay between completion of therapy and initiation of vaccine administration.
Prespecified ITT and mITT, which prospectively allow
for disease progression prior to vaccination, as seen in
the BV301 trial, may be an important step in realizing the
clinical benefit for a subset of patients. Lastly, vaccines,
when integrated into standard regimens, such as IL‑2,
may have significant synergy. Clearly there is evidence
that the integration of vaccination with chemotherapy
may be beneficial.14
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Breast cancer antigens
Breast cancer has been shown to be immunogenic. 15
A National Cancer Institute (NCI) workshop ranked 100
vaccine antigens based on various components including
immunogenicity, specificity, oncogenicity, expression level,
stem cell expression, number of epitopes, cellular location
of expression and number of patients with antigen positive
cancers. Eleven of the top 25 ranked antigens have substantial
expression in some breast cancers (Table 1).16 The promise of
cancer vaccines lies in the exquisitely targeted nature, minimal known toxicity and potential for lasting immunologic
memory, which can possibly eradicate cancer at a distant time
from vaccination. Notwithstanding these potential benefits,
there are no commercial breast cancer vaccines approved in
the United States, despite the more than sixty companies and
untold number of academic labs involved in breast cancer
vaccine development. Human epidermal growth factor receptor 2 (HER-2/neu), mucin 1 (MUC-1), and human telomerase
reverse transcriptase (hTERT) are some of the most studied
antigens actively being targeted for vaccination in breast cancer patients and there are recent clinical trials demonstrating
encouraging progress over the last several years.
The HER-2/neu protein is a member of the epidermal
growth factor receptor family.17,18 During adult life, the
HER-2/neu protein is weakly detectable in the epithelial cells
of most normal tissue, but is expressed significantly during
human fetal development.19 Alterations in the structure, copy
number, or expression of epidermal growth factor receptor
genes play a role in the pathogenesis in a variety of human
malignancies, including breast cancer.20 Over expression
by immunohistocytochemistry (IHC) and/or amplification
of the gene by fluorescent in situ hybridization (FISH) has
been identified in many cancers such as breast, ovarian,
Table 1 Eleven of the top 25 ranked antigens
Breast cancer vaccine top 11 ranked antigens
CEA
EphA2
HER2/neu
MAGE-A3
MUC-1
NY-ESO-1
p53
p53 mutated
survivin
hTERT
WT1
Abbreviations: CEA, carcinoembryonic antigen; EphA2, Ephrin type-A receptor
2; HER2/neu, human epidermal growth factor receptor 2; MUC-1, mucin 1; p53,
protein 53; hTERT, human telomerase reverse transcriptase; MAGE-A3, melanomaassociated antigen 3; WT1, Wilm’s Tumor 1.

submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

27

Dovepress

Breast Cancer: Targets and Therapy downloaded from https://www.dovepress.com/ by 3.237.20.246 on 18-Apr-2021
For personal use only.

Coveler et al

and gastric. In breast cancer, HER-2/neu amplification was
associated with a worse prognosis prior to the development of
HER-2/neu directed therapy with trastuzumab. The HER-2/
neu oncogenic protein is also a tumor antigen.21 HER-2/neu
has been found to be an excellent target for immunotherapy,
including monoclonal antibody therapy which has demonstrated clinical benefit in both the adjuvant and metastatic
setting.22–24
MUC-1 (episialin, epithelial membrane antigen, CA15-3
antigen) is a highly O-glycosylated mucin-like transmembrane glycoprotein encoded on chromosome 1.25 In most
normal glandular epithelia cells, MUC-1 is expressed on the
apical surface.26 Over expression of an under glycosylated
form of MUC-1 occurs in nearly all breast carcinomas.
In a recent study, abnormal MUC-1 expression was seen
in approximately 93% of 237 cases.27 The prognostic significance of MUC-1 overexpression is unclear, with studies
reporting better, no bearing, and worse prognosis in overexpressing patients. Using a new monoclonal antibody directed
at the protein backbone, and thus not dependent on glycosylation, different membrane staining patterns were evaluated.
MUC-1 staining patterns were correlated with relapse free
survival (RFS) and OS and demonstrated that apical and
diffuse cytoplasmic patterns predicted better RFS and OS,
while entire membrane, focal cytoplasmic and inside-out
patterns had no significant correlation with RFS and OS.
Though not reliably prognostic, the abnormal expression of
MUC-1 in 93% of breast cancers yields an almost universal
target for immunotherapy in breast cancer patients. Importantly, a patient with an anti-MUC-1 immune response to her
malignancy at diagnosis, whether this response is a cellular
response or antibody-mediated, may live longer than a patient
without an immune response to her cancer.28,29
Telomerase is a ribonucleoprotein complex that maintains chromosomal integrity by protecting telomeric DNA
for continuous cell proliferation. The complex contains
telomerase reverse transcriptase (TERT) and a ribonucleic
acid (RNA) template.30 hTERT is a large protein of 1132
amino acid residues that has broad expression in greater
than 85% of all human cancers, with little or no expression
in normal somatic cells.31 Peptides of hTERT degradation are
presented on the tumor cell surface as antigens by the MHC
class I and II pathways.30 Patients in remission from their
malignancy often have high levels of CD8+ reactive T cells
towards hTERT peptide I540, whereas patients with active
disease often have lower levels of reactive T cells.32 Given
that hTERT is differentially expressed in cancer with little
to no expression in somatic cells, that its inhibition in vitro
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leads to growth arrest, and that it appears to play an important
role in carcinogenesis, this antigen is a potential therapeutic
target for several malignancies, including breast cancer.
Although many more proteins have been shown to be
immunogenic in breast cancer, HER-2/neu, MUC-1, and
hTERT are actively being studied as vaccine immunogens
in human clinical trials. Moreover, a variety of vaccine
constructs have been created to target these antigens, thus
providing examples of the different approaches available for
immunizing against breast cancer.

Breast cancer vaccines
in clinical trials
The adaptive immune response to breast cancer antigens
can be biased towards CD4+ or CD8+ T cell responses.
By choosing peptides that bind different MHC molecules,
which come in two classes and bind different-size peptides,
an immune response directed towards class I CD8+ T cell
responses or class II CD4+ T cell responses can be preferentially generated. In an attempt to generate both a class I and
class II response, autologous dendritic cell-protein based- and
DNA-based vaccines are also being studied (Table 2). In all
of the studies reviewed below, the vaccines were found to be
safe, with patients experiencing minimal toxicity attributed
to vaccination.

Peptide vaccines: class I
The HER-2/neu E75 vaccine is a peptide vaccine consisting of amino acids 369–377. It has been most thoroughly
studied as a single peptide vaccine combined with various
adjuvants to stimulate class I cytotoxic CD8 T cell responses,
and it demonstrates both HLA-A2 and later discovered A3
specificity.33 Recently published are the combined data from
Table 2 Dendritic cell-protein based- and DNA-based vaccines
Classes of breast cancer vaccines
Antigen vaccines
Peptide
   Class Ia
   Class IIa
Proteina
Tumor cell vaccines
Autologous
Allogenic
Dendritic cell vaccines
Peptide pulseda
Tumor cell fused
Vector-based
DNAa
a
Examples of these vaccines are in the text.
Abbreviation: DNA, deoxyribonucleic acid.
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2 clinical studies of the E75 vaccine given to node positive
and node negative breast cancer patients.34 Patients were vaccinated after undergoing the appropriate standard therapies
of surgery, chemotherapy and radiation therapy as applicable.
Hormonal therapy as appropriate was administered to patients
on trial. The vast majority of patients, approximately 95%,
did not receive adjuvant trastuzumab, as this was not the
standard of care at the time of enrollment. Patients were
HLA typed and those that were HLA-A2+, approximately
50% of the population, received the vaccine, while HLAA2- patients were prospectively observed. The node positive
patients received 4- to 6-monthly injections of 100, 500 or
1,000 µg of E75 in a typical dose escalation fashion with 3
to 6 patients per group. The node negative patients were not
required to have HER-2/neu expressing tumors in an attempt
to study the feasibility of vaccination in antigen-naïve hosts.
These patients received 3- to 6-monthly vaccines consisting
of either 500 or 1,000 µg of peptide with 125 or 250 µg of
GM-CSF. Investigators enrolled 95 and 91 patients in the
node positive and node negative study, respectively. In
the node positive study, 49 patients tested HLA-A2 or A3
positive and were subsequently vaccinated. In the node
negative study, 52 patients were vaccinated. Overall the
patients were well balanced, but notably more patients
were hormone receptor negative in the vaccinated group.
Primary analysis was performed at an 18-month median
follow-up after 171 patients had been enrolled. The recurrence rate in the vaccinated group was 5.6%, compared
with 14.2% in the observation group (P = 0.04). Cytotoxic
T lymphocyte (CTL) dimer assay was performed and
demonstrated a pattern of increased CD8+ E75-specific
CTL during vaccination, peaking and then receding to
plateau.33 In long term follow-up, immunity appeared to
wane over 5 years of extended follow-up. Investigators
extended their analysis and, with a median follow-up of 26
months, found the recurrence rates were 8.3% and 14.8%
respectively; however, the results were no longer significant
(P = 0.15). Moreover, there was no significant difference
in survival between vaccinated and unvaccinated patients.
It is unknown whether the loss of immunity over time was
associated with relapse.
An evaluation of the impact of HER-2/neu expression
levels on the response to the E75 vaccines demonstrated
low-expressor patients, defined as IHC 1+, 2+, or FISH ,
2.0, had significantly higher maximum immune responses
compared with overexpressors, IHC 3+ or FISH $ 2.0.35
Vaccinated patients in this study had fewer recurrences
compared with control patients, with a trend toward decreased
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mortality. This data has resulted in an ongoing phase III
trial to evaluate the E75 vaccine further. One question
is whether any clinical difference seen is secondary to
an inherent difference in outcomes related to HLA-A2
status. Furthermore, HER-2/neu vaccines will now need
to be administered with trastuzumab in most cases.
There are several proposed mechanisms for trastuzumab
benefit: HER-2/neu receptor internalization and degradation, inhibition of HER-2/neu signaling via its signaling
cascade, inhibition of DNA repair and immune effects
via stimulation of natural killer cells and antibody dependent cellular cytotoxicity (ADCC); all of which require
overexpression. 36 Evaluation of patients who received
the E75 vaccine at baseline indicated that some HER-2/
neu negative patients had pre-existent immunity to this
antigen. This observation may imply that some HER-2/
neu negative patients potentially had, at a time point prior
to presentation, a HER-2/neu positive malignancy that a
successful immune response prevented; this is a process
called immunoediting.37 Immunoediting may slow tumor
growth initially, but in the long run, a more aggressive
phenotype may escape the immune response. The use of
a vaccine in HER-2/neu negative patients, or in patients
with HER-2/neu overexpressing premalignant conditions,
eg, DCIS, may benefit from targeted immunoediting with
vaccination in an attempt to prevent the aggressive HER-2/
neu positive invasive malignant phenotype.38 In this way a
HER-2/neu negative patient may benefit from HER-2/neu
immunity, and thus HER-2/neu immunotherapy.
A phase I study of hTERT peptide vaccination was performed in HLA-A2+ patients with metastatic breast cancer
who were refractory to one conventional therapy. The patients
were given 4 vaccines, 1 every other week, as induction and
then received monthly vaccination until unacceptable toxicity or clinically significant disease progression occurred.32
Patients were randomized to hTERT or cytomegalovirus
(CMV) peptide admixed with IFA and granulocyte colonystimulating factor (G-CSF). Nineteen patients with metastatic
breast cancer were enrolled and the vaccine was found to
be safe at all dose levels. As a marker of potential vaccine
activity, tumor infiltration of CD8+ T cells was evaluated
in 6 patients before and after vaccination. At baseline, no
infiltration of hTERT specific CD8+ T cells was found.
However, following vaccination, hTERT specific CD8+
T cells were observed in 50% of these patients’ tumors.
Despite demonstrated tumor infiltration by CD8+ T cells,
no objective clinical response as measured by Response
Evaluation Criteria in Solid Tumors39 (RECIST) was seen.
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To assess the association between the induction of hTERT
I540 specific immunity and OS, a landmark survival analysis
was performed. Median OS from vaccination four was
greater in high-responders compared to non/low responders
(32.2 months vs 17.5 months, P = 0.03). The hypothesis that
vaccine induced tumor infiltrating lymphocytes (TIL) may
improve survival, as seen with native TIL in ovarian cancer
patients, is supported by this finding.28 This study underscores
the importance of assessing whether vaccine induced T cells
are capable of homing to the site of tumor and infiltrating the
tumor stroma. This migratory ability is necessary to induce
tumor destruction. While this study established the presence
of TIL immediately following vaccination, it did not evaluate
long-term persistence of the cytotoxic T cell response. One
of the pitfalls of vaccines designed only to induce CD8+
T cells is the lack of persistence of those cells in vivo, as
described above. Without CD4+ T cell help, antigen specific
CD8+ T cells are only transitory. This observation has led to
the generation of Class II peptide based vaccines, which are
capable of inducing both memory as well as CD8 antigen
specific T cells.

Peptide vaccines: class II
Our group has evaluated HER-2/neu vaccines containing
longer peptide mixtures toward the intracellular domain
(ICD) and extracellular domain (ECD) of HER-2/neu.
The vaccines are HLA unrestricted, and therefore, could
potentially benefit any patient regardless of HLA type. The
vaccines are designed to elicit a predominant CD4+ class
II antigen specific response. CD4+ T cells activate and
expand CTL from naïve T cell pools. In addition, CD4+ T
helper cells are required for reactivation of memory CTL.40
These vaccines contain potential helper epitopes, which are
predicted by computer modeling and empiric testing to be
immunogenic.41,42 In early studies, patients with stage III or
IV HER-2+ breast, ovarian or non-small-cell lung cancer
were eligible for study if they had received prior treatment
so their disease was not detectable or was stable on hormonal
therapy.41 The vaccination series consisted of 6 monthly
intradermal injections of peptide with GM-CSF as adjuvant.
Sixty-four patients were enrolled on study, and 38 completed
all 6 vaccines. Of the 38 patients, 31 had breast cancer, 5 had
ovarian cancer and 2 had lung cancer. 92% of patients who
completed all 6 vaccinations developed T-cell immunity.
The probability of detecting an immune response by the
third vaccination was 82%, thus demonstrating an immune
response can be generated with a limited number of vaccines.43 Epitope spreading, whereby the patient develops an
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immune response to peptides other than those administered
during vaccination, is one of the hallmarks of endogenous
immunity.44 The majority of patients (84%) who completed
all six immunizations developed epitope spreading, and
this was associated with the development of a HER-2/neu
protein-specific immune response. In a long term follow-up
study, 52 patients (37 stage IV, 15 stage III) were identified
and 21/52 patients (12 stage IV, 9 stage III) were determined
to be living. The median follow-up time for the 21 study
patients still alive was 112 (range, 104 months–126 months).
Blood samples were collected in 10/21 subjects, and 6/8
evaluable patients (75%) had persistent T cell immunity to
immunizing HER-2/neu peptides; in addition, 7/8 patients
(88%) had T cell immunity specific for HER-2/neu protein
and peptides not contained in their immunizing mixture, ie,
epitope spreading. In a 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
OS. Median OS for subjects (n = 33) who developed epitope
spreading was 84 months vs 25 months for 16 subjects who
did not develop epitope spreading.45
The identification of HER-2/neu as a potential tumor
antigen marked the beginning of efforts to develop targeted HER-2/neu immunotherapy, including vaccines and
monoclonal antibody therapy.20,44 With the approval of
trastuzumab and the discovery of cardiac toxicity secondary
to an unknown mechanism, assessing the safety of HER-2/
neu vaccination given concurrently with trastuzumab was an
important next step in safety analysis. Our group conducted
a phase I/II study of HER-2/neu class II peptides with GMCSF given as 6 monthly administrations to patients with
stage IV HER-2/neu positive breast cancer while receiving
trastuzumab. Additional toxicities were minimal, with the
majority of toxicities characterized as grade 1 or 2 (99%).
Most importantly, HER-2/neu vaccination with concurrent
trastuzumab did not result in additional cardiac toxicity.
Three (15%) patients had a decrease in left ventricular ejection fraction (LVEF) to less than normal, but none developed
symptomatic left ventricular dysfunction. Vaccination was
found to augment or induce new HER-2/neu immunity in
90% of patients. In addition, not only was intramolecular
epitope spreading seen, but intermolecular spreading to
other antigens such as IGFBP-2, p53 and topoisomeraseII-alpha was seen as well. This study was not designed to
address a clinical endpoint, but PFS and OS were assessed to
gather additional data on the potential therapeutic efficacy.
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Whereas the median PFS for patients receiving trastuzumab
alone in this setting ranges from 7 months to 12 months,
in this study population it was 17.7 months. The median OS
has not yet been reached. The combination therapy of HER2/
neu specific vaccination with trastuzumab needs to be, and
will be, further studied.46
HER-2/neu vaccines designed to stimulate class II
responses have been shown to be safe and potentially effective. If cancer vaccines are to play a role in the treatment
of patients, they will be used in an adjuvant or adjuvantlike setting. Integration of a HER-2/neu specific vaccine
into standard of care will mean the co-administration of
vaccine during the use of common adjuvant therapies such
as trastuzumab, bisphosphonates and hormonal therapy.
In a retrospective analysis based on the usage of these
agents, common adjuvant therapies were found to not have
an impact on the patient’s ability to develop an immune
response; nor were they found to have an impact on the
magnitude of immune response specific for HER-2/neu
peptides.47 Vaccines in the adjuvant setting are reasonable, and importantly, remain able to stimulate an immune
response when given with a monoclonal antibody directed
to the same target.
Longer peptide-based vaccines have also been developed
for MUC-1. The first phase I clinical trial of a 105 amino acid
synthetic MUC-1 peptide was performed in the 1990s, and
in this trial, 63 patients with various malignancies (including nine with breast cancer) were vaccinated.48 The primary
goal was to evaluate safety, and the vaccine was found to
have minimal toxicity. The secondary goal was to evaluate
the delayed type hypersensitivity (DTH) response to mucinspecific peptides after vaccination, and only 3 patients of the
63 developed a strong DTH response. In a subsequent study,
16 patients with metastatic breast cancer were immunized
with a 16 amino acid MUC-1 peptide conjugated to KLH
and an adjuvant that consists of an oil droplet emulsion of
monophosphoryl lipid A and mycobacterial cell wall skeleton
(DETOX).49 In this study, low dose cyclophosphamide was
administered before the first and third vaccination. Boosters
were offered to patients after 4 immunotherapy treatments
if there was no disease progression. Despite all patients
developing strong anti-KLH antibodies, only 3 patients
developed anti-MUC-1 antibodies. Eleven patients had
CD8 CTL activity as assessed by chromium release assay
after vaccination, but the study did not assess CTL activity
prior to immunization, so it is unknown how many patients
developed the CTL response from vaccination. This study
suggests that breast cancer antigens may vary greatly in their
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immunogenicity. Novel immunologic adjuvant and vaccine
constructs may be needed to generate a robust immune
response to such antigens.

Protein vaccines
Peptide based vaccines have a potential disadvantage in
their necessity of preclinical modeling and prediction as to
the most useful immune response desired.50 Whole protein
vaccines are composed of both MHC class I and class II
epitopes and are not HLA specific. Our group studied a
recombinant HER-2/neu ICD protein based vaccine in a
phase I clinical trial, in which patients were vaccinated
after optimal cytoreductive debulking.51 Twenty-nine subjects were enrolled onto the trial at 3 escalating doses. The
protein based vaccine was well tolerated at all doses. The
majority, 89%, of patients who completed all 6 vaccines
developed HER2/neu specific T cell immunity. Interestingly, the dose of protein in the vaccine did not predict the
percentage of patients who developed immunity, nor did it
predict the magnitude of immunity. However, higher doses
were associated with more rapid development of detectable
immunity. Duration of immunity was not dependent on
dose and persisted equally across the different doses, with
over half of the assessable patients at 1 year demonstrating
continued T cell specific immunity.
A pilot randomized trial of MUC-1 vaccination with
protein subunit vaccines has been performed in patients with
early stage disease.52 The vaccine consisted of glutathioneS-transferase fused to 3 MUC-1 variable number of tandem
repeats (VNTR), which are 20 amino acid peptides from the
ECD of the MUC-1 protein, plus 2 flanking homologous
sequences. Thirty-one patients with stage II breast cancer,
fewer than 4 involved lymph nodes, and no evidence of
disease were enrolled in a pilot randomized, double-blinded
study. Patients received 7 injections of vaccine or placebo at
2-week intervals with boosters at 6 and 9 months. Antibodies were induced in 9 out of 13 participants who received
vaccination. The antibody responses were initially IgM
and then seroconverted to IgG, and persisted for 12 months
to 24 months after immunization. No detectable antibody
responses were observed in the placebo group or the pretreatment samples of immunized patients. MUC-1 VNTR
interferon-gamma (IFN-g) secreting T cells were generated
in 40% of patients immunized with the MUC-1 fusion protein vaccine. In non-immunized patients, no MUC-1 VNTR
specific response was found. With a follow up period ranging
from 60 months to 99 months, there were no recurrences in
the vaccinated group and 4 recurrences in the placebo group.
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Kaplan-Meier survival curves were compared for all patients
enrolled and were found to be significantly different (P =
0.029). This randomized pilot study justified investigation
of MUC-1 immunotherapy in a larger population, and that
trial is currently underway.

Dendritic cell vaccines
Peptide and protein vaccines need to be taken up by and
processed by APCs. DCs are the immune system’s most
potent APCs and stimulate T lymphocytes. Autologous
DCs can be modified by either fusing cancer cells, usually
autologous tumor, pulsing them with peptides or transfecting them with human tumor antigen. In addition, DCs
can be modified further by the addition of costimulatory
molecules.
In an attempt to generate both a class I and class II
response autologous dendritic cells have been pulsed
with HER-2/neu and MUC-1 peptides.38 A recent clinical
trial has attempted to generate both a class I and class II
response through DC vaccination. Peripheral blood mononuclear cells (PBMCs) were isolated and cultured with
HER-2/neu peptide (E75) or MUC-1.53 Ten patients were
enrolled; all had breast or ovarian cancer, had been heavily
pretreated and had measurable disease. Prior to collection
of autologous DCs, patients were off systemic treatments
and immunosuppressive drugs, including steroids, for at
least 4 weeks. The vaccine was administered subcutaneously close to the inguinal nodes on days 1, 14 and 28. On
day 35, an evaluation for clinical response was performed,
and booster vaccinations were given every 28 days if
stable disease or tumor regression was seen. The booster
vaccines were stopped when there was evidence of tumor
progression. The DC injections were well tolerated with
minimal to no side effects. Five of 10 patients demonstrated
antigen-specific T-cell responses after 3 vaccinations. Of
the 10 patients enrolled, 1 had regression of her disease,
another patient had stable disease and 1 patient had a short
period of stabilization before development of progressive
disease. The authors are appropriately wary of attributing
the regression to vaccination. Safety, not clinical response,
was the primary endpoint. It is, however, the rare clinical
responses that demonstrate how the immune system can
achieve remission in advanced disease. Also evident in this
vaccination series was epitope spreading, which was seen
in the one patient who demonstrated a clinical response.
Further study in the minimal residual or no evidence of
disease state would potentially be more efficacious for
producing a clinical benefit.
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In another approach, autologous DCs can be modified
by transfecting them with human tumor antigen DNA. A
study of MUC-1 cDNA-transfected DCs was performed
in 10 patients, of which 7 had mucin expressing breast
cancer and most had undergone pretreatment with surgery,
radiation and/or multiple cycles of chemotherapy.54 Patients
received one million transfected DCs subcutaneously 3
times: on days 1, 21 and 42. Two of the 10 patients received
only 2 vaccinations, as they died secondary to the advanced
stage of their disease. A positive DTH reaction was seen in
1 patient before and after vaccination and in 2 additional
patients after vaccination. Four patients showed a 2- to
10-fold increase in the frequency of IFN-g secreting CD8+
T cells after stimulation with the mucin peptide. Vaccination was well tolerated in all patients and did not produce
any side effects. Nine out of 10 patients had progression
of disease within 3 months of beginning vaccination. One
patient remained stable for 3 months after starting vaccination until she was transferred to a different type of therapy.
This trial adequately demonstrated the feasibility and safety
of vaccinating patients with autologous gene-transfected
DCs and confirmed that an immunologic response could be
induced even in patients with advanced disease. The lack
of clinical benefit is not a surprise, and the authors appropriately concluded a future study would be preferentially
used in the setting of minimal residual disease.
In the first hTERT vaccination trial, seven HLA-A2
patients with advanced breast or prostate cancer were treated
with autologous monocyte-derived DCs pulsed ex vivo with
hTERT I540 peptide and KLH.55 Patients underwent leukapheresis and PBMCs were isolated in the usual fashion before
they were cultured and pulsed with peptides. The peptides
included hTERT and other more immunogenic peptides, such
as HIV RT-pol476 and influenza MP58, to boost the immune
response. Eligible patients were administered autologous
DCs every other week for up to 6 vaccinations. For each
vaccination, 3 injections were given: DCs pulsed with I540
hTERT peptide, MP58 influenza peptide and RT-pol476 HIV
peptide were administered with KLH and injected in distinct
locations. Injections alternated, when possible, between upper
and lower extremities. The 7 patients, of whom 2 had breast
cancer, received a total of 34 vaccinations; the vaccination
series was well tolerated. Among 6 evaluable patients, 1
mixed clinical response was observed in 1 of the 2 patients
with metastatic breast cancer, whose disease was confined
to multiple skin nodules on her chest wall. These lesions
had, before vaccination, progressed despite chemotherapy,
radiation therapy, and hormonal therapy. After vaccination,
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partial tumor nodule regression was observed without the
appearance of new nodules or new sites of disease. Bidimensional measurement of the largest lesion demonstrated a 60%
reduction, but overall objective criteria for partial response
were not met. Sequential biopsies of 1 lesion performed
before and after vaccination demonstrated the induction of a
predominant CD8+ lymphoid infiltrate into the tumor.
Construction of dendritic cell vaccines is a labor intensive method and not easily scaled to large production, as it
is intrinsically a patient specific process. At this time, most
breast cancer DC vaccine trials have been performed in
patients with advanced stage disease, and they have shown
that DC vaccines generate immune responses. These vaccines
may have a greater role in earlier stage disease.

DNA vaccines
In an attempt to increase endogenous processing of target
antigens, DNA vaccines are under study. The goal of a DNA
vaccine is for the DNA plasmid to be taken up by APCs and
translated into protein for endogenous presentation. This
process eliminates the need to predict which peptides are
most immunogenic, and yet still allows the vaccine to be
stable and easily manufactured. A phase I trial of a HER2/neu
specific DNA plasmid based vaccine encoding the HER2
ICD in stage III and IV breast cancer patients is currently
ongoing.56,57 This vaccine is composed of plasmid encoding
the HER-2/neu ICD and GM-CSF as adjuvant. The vaccine
is given intradermally monthly for a total of 3 administrations
and 3 dose levels are being evaluated in this phase I study. To
assess the immune response in a statistically significant way,
22 patients have been enrolled at each dose level instead of
only 3 to 6 as in a typical phase I study. Forty-three subjects
in the first 2 arms have been evaluated for toxicity; at the low
and medium dose level, the vaccine has been found to have
minimal toxicity. The majority, 62%, of patients in the low
dose arm developed T-cell immunity during immunization.
Analysis of the middle dose and enrollment at the high dose
continues. Biopsies of the vaccine site, after completion
of vaccination, demonstrated persistence of plasmid DNA
in 32% of patients in the low dose arm. This persistence
potentially allows a more chronic stimulation of the immune
response after administration of vaccine is complete.
MUC-1 as a TAA is not limited to breast cancer, but
is also overexpressed in gastrointestinal, lung and ovarian cancer. In the search for the most widely applicable,
or universal, vaccine, MUC-1 has been incorporated
into a vaccine consisting of MUC-1, CEA and poxviral
costimulatory molecules. Each peptide by itself has been
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shown to be safe and immunogenic. In a pilot study of
a MUC-1, CEA, poxviral based vaccine the vectors and
proteins were modified to be as immunogenic as possible
and were given with a triad of costimulatory molecules
(TRICOM). 58 The vaccine series consisted of a prime
boost regimen, in which the CEA-MUC-1-TRICOM is
administered as prime vaccination engineered into vaccinia
(PANVAC-V) and as a booster vaccination engineered into
fowlpox (PANVAC-F). G-CSF 100 µg was administered
on the day of vaccination and the subsequent three days.
Twenty-five heavily pretreated patients were enrolled,
all with heavily pretreated, CEA or MUC-1 expressing,
progressive metastatic cancers. The vaccine was found to
be safe and produced no significant systemic toxicities.
Immune responses developed in 9 of 16 patients, and several patients had clinical responses. The trial was conducted
in patients with a variety of malignancies, and further
testing needs to be performed in disease-specific groups,
including breast cancer patients.
DNA vaccines can potentially overcome the limitations
of protein based vaccine stability, and yet yield a significant
amount of protein in vivo to stimulate both CD4+ and CD8+
responses. DNA vaccines are designed to generate protein
in vivo for processing into peptides and subsequent in vivo
presentation. DNA vaccines are also a platform for incorporating future antigens. Furthermore, these vaccines allow
for the integration of costimulatory molecules, antigens
and growth factor to yield potentially more efficacious
vaccines.

Conclusion
Initial cancer vaccine trials and some current clinical trials
remain stymied by the classical notion of a phase I cancer
trial being for patients with only advanced disease. It is
apparent cancer vaccine immunotherapy requires time to
induce an immune response. In addition, vaccine therapy
has the greatest potential in disease where relapse is likely,
but a minimal residual disease state can be achieved prior
to vaccine administration. The immune system has the
potential to slow cancer progression without inducing tumor
regression or impacting response rate during the allotted
time period for assessing response. As proliferation of
substantial numbers of T cells takes time, responses may
be delayed and occur over months, as has been seen with
donor lymphocyte transfusions after failed transplants.59
Modern targeted therapies, such as the tyrosine kinase
inhibitors, have clearly shown TTP and OS can be improved
without a RECIST response.60 Monoclonal antibodies, a
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well established immunotherapeutic modality, require the
use of cytotoxic chemotherapy to achieve maximal tumor
regression. However, once a state of no evidence of disease
or minimal residual disease is achieved, the continuation
of monoclonal antibody therapy, eg, trastuzumab and
rituximab, does yield improvement in DFS.61,62 Cancer
vaccine therapy and breast cancer specific vaccines may
advance more quickly if they are administered to patients in
a similar manner, in the adjuvant setting. Furthermore, if a
cancer vaccine is going to prevent invasive cancer, research
is needed to study premalignant lesions such as DCIS, in
order to discover what could be a potential advance in
cancer treatment/prevention. A subset population of DCIS
demonstrates HER-2/neu overexpression, and HER-2/neu
vaccines are ready to be tried in less invasive stages of
disease.63 Given the overwhelming pattern of minimal toxicity seen in vaccine studies, it is appropriate to move cancer
vaccines into clinical trials in patients with earlier stage
disease. Cancer vaccines are making progress in human
clinical trials, and we are encouraged they will one day be
a standard component of breast cancer treatment.
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