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Interest for cancer vaccination started more than 30 years
ago after the demonstration that both in animal models and
later on in patients it is possible to generate anti-tumor
immune responses. The clinical application of this knowledge,
however, was disappointing.

In this review we summarize results on peptides epitopes
recognized by T cells that have been studied thanks to their
easy synthesis and the lack of significant side effects when
administered in-vivo. To improve the clinical efficacy,
peptides were modified in their aminoacid sequence to
augment their immunogenicity. Peptides vaccines were
recently shown to induce a high frequency of immune
response in patients that were accompanied by clinical
efficacy. These data are discussed at the light of recent
progression of immunotherapy caused by the addition of
check-point antibodies thus providing a general picture of
the potential therapeutic efficacy of the peptide-based
vaccines and their combination with other biological agents.

Background and Introduction

Immunotherapy of cancer has represented an active area of
anti-cancer therapeutic investigation during the last 2–3 decades
world-wide. This interest was generated early in the fifties
through the sixties of the last century by the fathers of tumor
immunology (i.e., Richmond Prehn, Philadelphia; George Klein,
Stockholm; Lloyd J. Old/Edward Boyse, New York; Robert
Baldwin, Nottingham). These investigators demonstrated in dif-
ferent animal models of tumors induced by a variety of carcino-
gens (e.g., chemicals, UV, viruses) that both unique tumor-
associated antigens (TAAs) and shared self TAAs can coexist in
the same tumor. Particularly the unique, mutation-derived TAAs
were found to express a strong immunogenicity that can generate
transplantation immunity leading to rejection of a challenge of
the same tumor cells that will otherwise take and kill 100%
mice.1,2

These studies unequivocally demonstrated that experimental
tumors can be recognized and rejected by the immune system
though mechanisms explaining such features were not worked
out at that time. In the subsequent 30 y or so numerous attempts
were done to translate in the clinical arena such a concept with-
out much success until recently (see below).

The Issue of TAAs to Be Used in Clinical Trials
(Shared vs. Mutated)

The main explanation for this limited clinical outcome, in our
opinion, lies in the type of TAAs that were targeted in these early
clinical trials. In fact, the immunization of cancer patients with
the aim of generating tumor cytotoxic immune responses started
with the use of whole irradiated autologous tumor cells, then
transduced with different cytokine genes (reviewed in3 with the
hope that such cells could express immunogenic TAAs recog-
nized by the immune system as determined by in vitro assays
with autologous T cells.

The self TAAs
The clinical outcome of these trials, however, while proving

the concept that under certain conditions tumor-derived peptides
can elicit a tumor-restricted T cell response4 remained limited
(10–20% response rate).

A clear progress in the field was the finding that TAAs of mel-
anoma patients could be molecularly identified as normal protein
involved in melanin production and melanocyte differentia-
tion.5,6 Many similar self TAAs were described in different
human tumors7 and several of them were shown to be immuno-
genic thanks to the lack of complete tolerance of the body to
these normal proteins. The next step in the study of human
TAAs was the identification of the aminoacid sequences (9–13 aa
long peptides) that were recognized by T cell receptor in the con-
text of MHC molecules (epitope).

This evidence was also obtained by biochemical techniques
that allowed the separation of the peptide/epitope from the
MHC/peptide complex directly eluting them from tumor
cells.8,9 Thus these peptides were studied as potential immuno-
gens in animal models and in cancer patients, particularly in
those bearing metastatic melanoma.

Based on the identification of these shared peptides recognized
by T cells in the context of HLA class I- and/or HLA-Class II sev-
eral clinical studies were performed showing that tumor-specific
T cell response can be activated even in the majority of patients
without, however, a parallel induction of clinical response.10-12

However, antigen peptides remained a focus of many investi-
gations aimed at improving their immunogenicity and clinical
efficacy. This occurred even because, peptide-based vaccines have
distinct practical advantages and known manageable disadvan-
tages in comparison with other vaccine formulation (e.g., tumor
cells, viral vectors, DNA/RNA), and that are summarized as
follows.
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Advantages: (1) Known aminoacid sequence and length that
allows the prediction of molecular interactions with the given
MHC allele; (2) unlimited availability owing to their easy synthe-
sis; (3) possibility to assess the T cell response ex-vivo against a
known, target peptide/antigen.

Disadvantages: (1) high cost, due to the requirement of syn-
thesizing the peptides under GMP conditions; (2) peptide stabil-
ity may last for only 2–3 y and this may requires a re-synthesis
and/or re-testing of peptides; (3) immunogenicity is variable
according to each peptides since some of them may even induce
immunosuppression.

Unique TAA-derived peptides
Recent advances in proteomic/genomic technologies (DNA

sequencing) is allowing the identification of peptides deriving
from non-synonymous somatic mutations that represent the truly
tumor specific TAAs (previously defined as unique TAAs) absent
in normal tissues and endowed with a higher immunogenicity as
compared with self peptides.9,13 Random mutagenesis through-
out the genome is the hallmark of neoplastic transformation and
occurs by nucleotide substitutions, deletions, insertions or gross
chromosomal events (amplifications, deletions, inversions, trans-
locations).14,15 Mutations that confer a growth advantage are
retained in the tumor genome by expansion of the clone bearing
the mutation at the expense of other clones.14 This process gener-
ates many tumor-specific proteins bearing aminoacid substitu-
tions, which frequently differ from tumor to tumor, therefore
forming potential neo-antigens for the host’s immune system as
exemplified in melanoma and GBM patients.16,17 There is evi-
dence both in mice and humans that TAAs that result from
mutations in cancer cell genes induce strong and specific anti-
tumor immune responses though this may not occur for some
mutations owing to the rapid elimination of the subpopulation
of tumor cells by the immune system.

Peptide-Based Clinical Trials

It was soon realized, however, that ex-vivo immune response
and clinical response of cancer patients to immunizing self pepti-
des was limited in frequency, strength and/or duration thus mak-
ing these vaccine of limited value in the clinics.11,18,19

Polyspecific multipeptide approach
Since many different peptide/proteins TAAs may be express

by cancer cells, a possible increase of anti-tumor response could
be obtained using a vaccine containing several peptides and tar-
geting them on cancer cells thus increasing the likelihood of
inducing a T cell response able to destroy tumor cells.12, 18, 20–23

Some of these trials were conducted as phase II randomized stud-
ies resulting also in a trend for clinical response.24

The modified peptides
In addition, to overcome such weak tumor immunogenicity,

altered peptide ligands containing single aminoacid substitution
were constructed and used since they can improve

immunogenicity by a higher affinity binding to HLA molecules.
Such a strategy was shown to significantly increase T cell
responses but without resulting in a parallel clinical benefit.25

This clinical inefficiency was attributed to the low frequency of
effective cross-recognition of melanoma cells TAAs. The use of a
modified peptide from CEA interestingly showed a dose-depen-
dent induction of anti-CEA (CAP-1) response with the high
dose of 1mg causing T cell response in 100% of pancreatic cancer
patients.26

The long peptides
An additional modification of peptides was proposed by the

group of Melief (Leiden) after an analysis of the structural modi-
fication and in vitro testing suggesting that such long (>13 aa)
peptides appear to have e better immunogenicity and better effi-
cacy most likely due to a higher affinity with the MHC mole-
cules. This was proved in vivo in patients vaccinated against
HPV peptides.27

The Issue of Adjuvants

Immunological adjuvants are an heterogeneous group of com-
pounds (e.g.Montanide, GM-CSF, AS15/MAGE-A3) that may
increase the immune response of the immunizing antigen by dif-
ferent mechanism sharing, however, the capacity to recruit pro-
inflammatory factors at the vaccination site and that have been
used for a long time to improve the effect of vaccines in infectious
diseases and, more recently in cancer. However, there is a limited
evidence from phase III studies that one adjuvant may be supe-
rior to another in the clinical response to cancer vaccines. Adju-
vants may include non-specific local stimulatory molecule like
Montanide (an incomplete Freunds adjuvant like molecule),or
chemokines that can recruit pro-inflammatory cells that may
help the patient immune system to mount a systemic tumor cyto-
toxic response.28-30

However, in a recent work Kruit and coworkers29 have shown
the superiority in overall survival of AS15 as compared with
AS02B in a randomized multicenter MAGE-A3-based vaccine in
NSCLC patients.

We learned also how tumor cells defend themselves from the
attack by the immune response (immune escape)31 an issue that
needs to be addressed in each type of human tumors to be treated
by immunobiotherapy.

Combination of Peptide Vaccines with Other
Biological Agents

A new and promising area of studies is that of the combina-
tion of peptide vaccines with other biotherapeutics like immuno-
modulating or anti-vascular antibodies,32,33 and even radio/
chemotherapay.34 The best combination appears to be that
involving immunomodulatory agents (e.g., Ipilimumab, anti-
PD-1, etc.)35 which can amplify T cell expansion over time and
increase the duration of the effect of vaccination.32 In fact, the
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only peptide-based successful phase III trial included a combina-
tion of the gp100 peptide and high dose of IL-2 in metastatic
melanoma patients36 that was crucial for the in vivo maintenance
and expansion of T cells induced by the peptide.

These immunotherapeutic combinations are being tested in
several phase I-II trials by different groups of researchers world-
wide in the hope of increasing the clinica efficacy of cancer
vaccination.

Gene signatures for immunotherapy
The availability of gene signatures to identify cancer patients

that can respond to vaccination has been the focus of many
researches during the last few years. Recent work of Wang and
Bertognetti however, has identified a gene signature that may pre-
dict a T cell response to the MAGE.A3 of immunotherapy-
treated patients.37

Conclusions

The peptide-based vaccines have been used in the past with a
limited clinical success. However, during the last few years new
knowledge has been provided on the biological characteristics of

the peptides and their interaction with the immune system to be
used in the clinic. New protocols have allowed to obtain signifi-
cant immune and clinical responses in patients vaccinated with
multiple class I and II peptides particularly by combining the
peptides with a variety of other biological therapeutics in phase II
and III trials (Table 1). This situation is now even more promis-
ing then before and we predict that such new peptide-based trials
will provide other clinical success in a variety of human tumors.
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