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Abstract Colorectal cancer (CRC) is the third most common
cancer diagnosis and cause of cancer-related death in the
USA. It accounts for more than one million cases diagnosed
each year worldwide. In the past 10 years, new drugs have
been approved, but the survival times are still modest. Alter-
native therapeutic strategies are clearly needed. A large num-
ber of tumor antigens and epitopes recognized by cytotoxic T
lymphocytes (CTLs) have been identified in CRC. Cancer
vaccines, designed to activate immune effectors (T cells and
antibodies), to prevent recurrence, or to treat advanced can-
cers, have demonstrated clinical benefit in melanoma, prostate
cancer, and lymphoma. Immunotherapy that targets tumor-
associated antigens (TAAs) on cancer cells or tumor stroma is
under investigation. This review discusses CRC immune re-
sponsiveness, current status of CRC vaccines, challenges, and
future directions. New therapeutic modalities hold a promise
to improve the patient’s clinical outcome.
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Introduction

Colorectal cancer (CRC) is a common and lethal disease. It is
estimated that 136,830 new CRC patients are diagnosed an-
nually in the USA [1]. Although mortality from this disease
has been progressively declining since 1990 at a rate of about
3 % per year, it still remains to be the third most common
cause of cancer death [2]. Modest results have been reported
with the advent of the new-targeted therapies approved for the
treatment of CRC [3, 4]. Novel targeted strategies are of

crucial need. Of these strategies, immunotherapy has gained
lots of attention specifically after the advances proven in
melanoma and renal cell cancer. CRC cells express antigenic
peptides. In addition, tumor-associated lymphocytes are
thought to play a role in the development of immune activity
against cancer cells. Immune surveillance has been observed
early in the neoplastic process when immune responses lead to
production of tumor-specific antibodies and activation of T
cells in subjects with premalignant colorectal adenomas [5].
Many candidate tumor-associated antigens (TAAs) have been
identified as potential targets for CRC vaccines [6–9]. This
review will discuss the basic principles of CRC immunity,
highlighting the current and future immune targets and peptide
CRC vaccines.

Immunology and Immune Evasion in CRC

The interaction between cancer cells and its microenviron-
ment promotes proliferation and metastasis. CRC grows in
immune-competent hosts by evasion of recognition and elim-
ination by the host’s immune system. CRCs are often infil-
trated by lymphocytes that are themselves activated, leading
to the assumption that the immune response evoked by tumors
is not sufficient to prevent tumor growth. Cancer microenvi-
ronment is complex and capable of inactivating and suppress-
ing the immune response against itself throughmultiple mech-
anisms, such as human leukocyte antigen (HLA) loss,
explaining failure of immune surveillance. Understanding
thesemechanismsmay help in identifying targets that promote
the immune system to recognize cancer and to potentiate the
effect of cytotoxicity against it.

A key step is the generation of adaptive immunity. Adap-
tive immunity is the generation of diverse T and B cell
repertoires by antigen-specific responses. This involves the
antigen presentation by antigen-presenting cells (APCs) to T
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helper (Th) cells. The activation of the Th cell through pro-
duction of cytokines promotes cellular (cytotoxic T lympho-
cytes) and humoral (B lymphocyte-producing antibodies) im-
mune activation systems. These signals can either be stimula-
tory or inhibitory. These regulatory cells suppress the immu-
nity to maintain tolerance to self and limit the immune damage
to normal tissues. T cells are regulated through different
signals. The major histocompatibility complex (MHC) is
one of the main stimulators for antigen presentation to be
recognized by the T cells. There are two types of MHC.
MHC class I is expressed on all cell types and serves as an
antigen-presentingmolecule for CD8+Tcells, andMHC class
II is present on APCs and tumor cells. The MHC class II is
recognized by CD4+ T cells (T helper 1 response) through a
host APC or when the peptide is endogenously produced in a
tumor cell expressing MHC class II, leading to direct lysis of
the tumor cells and activation of the cytotoxic T cell and
macrophage immune response. Peptide fragments should
complex with the MHC molecules to have a T cell response
to specific epitopes of antigens through polymorphisms of the
MHC molecules. This specific antigen/epitope-MHC
complexing is known as MHC restriction [10, 11]. Other co-
stimulatory signals and adhesion molecules play a role in the
T cell regulatory response, side by side with the T cell co-
inhibitory responses. The CD28/cytotoxic T lymphocyte an-
tigen 4 (CTLA4)/B7-1/B7-2 receptor/ligand grouping, mem-
ber of the immunoglobulin superfamily, plays a role as a
checkpoint to suppress immune activity against the self. Reg-
ulatory T cells (Tregs) play a central role in recognizing self-
cells from tumor cells through the CD4/CD25/FOXP3+ [12••,
13]. The infiltration of these cells in CRC appears to carry a
better prognosis than other tumors with the same infiltration
[14, 15]. The immune escape mechanisms are many; these
involve T lymphocytes, dendritic, macrophage, natural killer
(NK), and myeloid-derived suppressor cells. Cancer cells are
characterized by molecular instability and clonal heterogene-
ity, allowing mutations that help in developing resistance to
immune recognition, leading to proliferation. Resistant tumor
cells escape from the immune system checkpoint, leading to a
phenomenon called immune editing which is the switch of the
antigenic peptides detected by the host immunity to peptides
that are not detected by the immune system, thus, evasion [16,
17]. This is a complex process and involves multiple other
pathways that interact with the stimulation and inhibition of
the immune system. Figure 1 summarizes the pathway by
which a peptide induces an immune response.

Peptide and MHC Complexes

Each MHC allelic variant binds to a specific subset of the
peptides that share conserved amino acid residues, defining
the peptide-binding motif. The MHC-peptide complex is rec-
ognized by the T cell receptor (TCR), a step that is needed to

initiate an immunologic response. Another immunogenicity
pathway is TAAs which are either expressed as differentiation
antigens (found on normal tissue of origin) or as tumor-
restricted antigens. TAAs are unique to cancer cells that in-
duce cytotoxic T cell response. Usually TAAs are complexed
to MHC class I, initiating CD8+ T cell activation. Some TAA
epitopes induce CD4+ T cell activation. All TAAs are targets
to vaccine therapies but are still underdeveloped in terms of
their clinical use. This could be due to the fact that the majority
of TAA epitopes are derived from normal proteins, leading to
immune tolerance, preventing to mount an immune response.
A search for cancer-specific TAAs from histologically differ-
ent tumors that have peptide epitopes recognized by T cells in
the context of less frequent HLA alleles remains crucial.

Cancer Stimulating the Immune System (Th1 to Th2 Shift)

CRC harbors immunogenic proteins. Some TAA- and
MHC-restricted epitopes derived from tumor antigens
can be targeted by T cell-mediated adaptive immune
response [18, 19]. The immune stimulation leads to pro-
duction and proliferation of antigen-specific memory T
cells in the cancer tissue [20], inhibition of primary
tumor growth, and attenuation of the metastatic potential
[21], resulting in better outcomes [22–24]. Cancer cells
inhibit the antigenic immune response system recognition
by shifting from Th1 to Th2, downregulating HLA class
I antigen processing, and inducing defective dendritic
cell function. This leads to T cell loss of signaling
molecules, escaping death receptors, impairing NK activ-
ity, Tregs, and complement decay acceleration [25].
Through an unknown mechanism, CRC cells activate
Th2, suppressing Th1 response. IL-10 overexpression in
CRC [26] is thought to be the underlying mechanism
explaining the inhibition of Th1 cytokine production as
well as antigen presentation to Th1 cells, creating a Th2
to Th1 imbalance. IL-10 is a negative prognostic factor
for treatment response as well as survival [8].

Dendritic Cells

Dendritic cells (DCs) play a pivotal role in antigen
recognition and presentation of antigens to other immune
cells. CRC patients have impaired DC activation within
the tumor. CRC patients also have low numbers of pe-
ripheral DC and altered T cell stimulatory capability
[27]. Immune-suppressive factors secreted by cancer cells
like vascular endothelial growth factor (VEGF), IL-10,
transforming growth factor (TGF), and platelet growth
factor (PGF) disable DC differentiation, maturation, mi-
gration, and function, hence interfering with the whole
adaptive immune cascade [28, 29].
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Tregs

Regulatory T cells (CD4+ CD25+ Treg cells), known as
suppressor cells, are T cells that suppress the immune system
activation. Tregs maintain immune homeostasis and tolerance
to host antigens. They are widely present in CRC tissue [30].
Tregs play a role in the suppression of TAA immunity through
IL-10 and TGF-β [31, 32], leading to inhibition of antigen-
specific CD4+ and CD8+ cytokine production. Moreover,
Tregs inhibit NK andDC [33]. Treg depletion has been proven
to enhance antigen-specific immune responses to cancer vac-
cines in CRC [34]. Targeting Tregs in CRC has been an area of
interest to vaccine development.

Peptides and Peptide Vaccines

Antigen Targets in Colon Cancer

Immunotherapy is an active therapeutic approach designed to
trigger immune responses to tumor-specific antigens. Immu-
notherapy strategies include the use of peptides derived from
TAA, whole tumor cells, in vitro-generated DCs, or viral
vector-based cancer vaccines [35••].

A peptide vaccine is based on the identification and syn-
thesis of epitopes that induce TAA-specific antitumor immune

responses. TAAs have been the most popular targets for
vaccine therapy in CRC. CRC express TAAs such as
carcinoembryonic antigen (CEA), mucin 1, epidermal growth
factor receptor (EGFR), squamous cell carcinoma antigen
recognized by T cell 3 (SART3), beta-human chorionic go-
nadotropin (β-hCG), Wilms’ tumor antigen 1 (WT1),
survivin-2B, MAGE3, p53, or KRAS. Multiple small clinical
trials have been performed, analyzing the safety and efficacy
of different peptide vaccines. Frequently reported side effects
are ulceration at the injection site, fever, fatigue, nausea, and
anorexia. Serious adverse reactions are very rare, which make
vaccine immunotherapy in CRC an important therapy to
study.

RAS

A group at the National Institute of Health (NIH) evaluated in
a phase II trial the use of a RAS peptide vaccine in the
adjuvant setting for resected pancreatic cancer and CRC pa-
tients [36]. Patients were vaccinated with 13-mer mutant RAS
peptide, corresponding to the tumor’s detected RAS muta-
tions. The RAS target developed specific immune responses
to the relevant mutant RAS peptide. This is confirmed by
measuring IFN-gamma messenger ribonucleic acid (mRNA)
expression using quantitative real-time PCR. Five of 11 pa-
tients showed a positive immune response. The seven CRC
patients had a mean disease-free survival of 27.2 months and

Fig. 1 Tcells recognize antigens presented to the Tcell receptor (TCR) as
antigen peptides within the major histocompatibility complex of the
antigen-presenting cell (APC) and tumor cells. Tumor cell usually stim-
ulate a MHC class I-CD8+ T cell response. Both the APC and tumor cell
engage a co-stimulatory effect of the Tcell through the CTLA4 and CD28
binding to the APC ligands (CD80 also called B7-H or PD1 and CD86).
Another dependent stimulatory effect is the intercellular adhesion mole-
cule 1 (ICAM1) and leukocyte function-associated antigen (LFA3) on the

APC that bind to the LFA1 and CD2, respectively. The formation of PD1/
PD-L1 or B7-1 receptor/PD-L1 ligand complex transmits an inhibitory
signal which reduces the proliferation of the CD8+ T cells. Engagement
of PD-L1 with its receptor PD1 on T cells delivers a signal that inhibits
TCR-mediated activation of IL-2 production and T cell proliferation.
Regulatory T cells (Tregs) serve as checkpoints and suppress expansion
of T cells directed against self-antigens
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an overall survival (OS) of 41.5 months. No serious acute or
delayed systemic side effects were seen. A phase III study of
Imprime PGG combined with cetuximab in recurrent or pro-
gressive wild-type KRASCRC subjects (PRIMUS) is actively
recruiting (NCT01309126).

Microsatellite Instability

Microsatellite instability (MSI) constitutes 15 % of all CRC
patients [37]. A Scandinavian study described Tcell reactivity
against several Th cell epitopes, representing a common frame
shift mutation in TGF-βRII in patients with MSI tumors [38].
A specific peptide sequence was recognized by T cells from
two of three CRC patients and from three of three patients
with hereditary non-polyposis colon cancer (HNPCC). The
study identified frameshift peptides derived from TGF-βRII
and BAX that carry several HLA class II-binding specific
motifs, and used these to stimulate T cells from patients and
normal donors. These epitopes are attractive targets for cancer
vaccines, including a prophylactic vaccine for individuals
carrying a genetic predisposition for HNPCC.

Ring Finger Protein 43 and Translocase of the Outer
Mitochondrial Membrane 34 in HLA-A2402

Ring finger protein 43 (RNF43) and the 34-kDa translocase of
the outer mitochondrial membrane 34 (TOMM34) have been
identified as cancer-specific peptides in CRC using genome-
wide expression profile analysis by cDNA microarray tech-
nique. VEGF receptors 1 and 2 are essential targets to tumor
angiogenesis, and peptides derived from these receptors sig-
nificantly induce the effective tumor-specific cytotoxic T lym-
phocyte (CTL) response in vitro and in vivo. A Japanese
group developed a novel peptide vaccine derived from
RNF43 and TOMM34 administered to 21 metastatic CRC
patients in combination with oral tegafur-uracil (a prodrug of
5-FU) and leucovorin for 4 weeks, followed by 1 week of rest
with chemotherapy [39]. In this phase I clinical trial, all
patients were HLA-A2402-positive. The CTL responses
against RNF43 and TOMM34 in peripheral lymphocytes
were assessed. The vaccinations were well tolerated, and
CTL responses were induced against both antigens in 8 pa-
tients and against one antigen in 12 patients; one patient had
no CTL response. The rate of stable disease was 83 %. The
group with CTL responses against both antigens had better
survival, followed by the group showing CTL responses
against one antigen (p=0.0079). The patient with no CTL
response had the worst survival. In an effort to improve
clinical efficacy, the same group formulated a seven-peptide
vaccine which they gave to advanced CRC patients [40]. The
peptides were derived from proteins RNF43, TOMM34,
forkhead box M1 (FOXM1), maternal embryonic leucine
zipper kinase (MELK), Holliday junction-recognizing protein

(HJURP), VEGF receptor (VEGFR)-1 and VEGFR-2. Thirty
patients were enrolled; all were HLA-A2402-positive. Partial
response was achieved in 3 patients, stable disease in 15, and
progression in 12. Patients that exhibited positive CTL re-
sponses to all seven peptides had better survival.

This multiple peptide approach was also used in the devel-
opment of a vaccine consisting of five novel HLA-A2402-
restricted peptides: three peptides derived from oncoantigens,
RNF43, TOMM34, and insulin-like growth factor II mRNA-
binding protein 3 (KOC1), and the remaining two from an-
giogenesis factors, VEGFR-1 and VEGFR-2 [41]. Eighteen
HLA-A2402-positive metastatic CRC patients were enrolled.
Enzyme-linked immunospot (ELISPOT) assay (highly sensi-
tive and accurate detection of rare antigen-specific T cells) for
monitoring cellular immune responses was performed before
and after vaccinations. Dose-dependent induction of peptide-
specific CTL was observed. Complete response is achieved in
one patient and stable disease in six patients for 4 to 7 months.
The OS was 13.5 months. Patients in whom induction of CTL
specific to three or more peptides was detected had an OS of
27.8 months. Patients with poor immune responses had a
significantly lower OS of 3.7 months (p=0.032).

EP2101

EP2101, a vaccine targeting 10 different peptide antigens, is
designed to activate the immune system against tumor cells in
order to delay or prevent the recurrence of cancer. An ongoing
study is recruiting patients to test the safety of the vaccine in
CRC patients. The trial includes biomarker correlative study
intended to measure the level of immune-stimulating capabil-
ity of EP2101 in CRC patients.

Ephrin Type-A Receptor 2

Ephrin type-A receptor 2 (EphA2) is a member of a large
tyrosine kinase receptor family. Eph receptors play an impor-
tant role in oncogenesis [42] and angiogenesis [43]. It is
overexpressed in CRC [44]. Its utility as a tumor antigen has
been evaluated in a liver metastasis mouse model transfected
with EphA2-positive CRC. A study utilizing EphA2-derived
peptide in combination with amphiphilic nanoparticles in a
murine model resulted in activity against CRC liver
metastases following immunization [42].

SART3

The tumor rejection antigen SART3 possesses two antigenic
epitopes (SART3109−118 and SART3315−323) capable of induc-
ing HLA-A24-restricted and tumor-specific cytotoxic lym-
phocytes. SART3 is expressed in more than 70 % of CRC
patients [43]. SART3 vaccine was administered to 12 ad-
vanced CRC patients in a phase 1 trial [44]. There were
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significant levels of increased cellular immune responses to
HLA-A24+ CRC cells. Of the 11 patients who were eligible
for evaluation, nine had stable disease and two had progres-
sive disease at the first clinical evaluation at 5 weeks. SART3
increased cellular immunity.

p53

The tumor-associated self-antigen p53 is commonly
overexpressed in CRC and can serve as a target for immuno-
therapy. In a phase I/II trial, 10 CRC patients were vaccinated
twice with a set of 10 overlapping p53 synthetic long peptides
(SLPs) [45]. p53-specific T cell responses were induced in
nine of 10 CRC patients as measured by IFN-gamma
ELISPOT. In six of nine patients, p53-specific Tcell reactivity
persisted for at least 6 months. However, multiparameter flow
cytometry revealed that only a minor population of the p53-
specific CD4+ T cells was optimally polarized. The same
group of investigators combined the p53-SLP vaccine togeth-
er with interferon-α [46]. Eleven CRC patients were enrolled
after being treated with the p53-SLP vaccine alone. Toxicity
was limited to swelling at the vaccination site. Compared to
the previous trial, the addition of interferon-α significantly
improved the frequency of p53-specific T cells. Moreover, in
this trial, p53-specific Tcells were detectable in blood samples
of all patients in a direct ex vivo multiparameter flow cyto-
metric assay, opposed to only two of 10 patients vaccinated
with p53-SLP alone. Patients in this trial displayed a broader
p53-specific immunoglobulin-G response, indicating an over-
all better p53-specific Th response.

Survivin

Survivin is present during fetal development, but undetectable
in terminally differentiated normal adult tissues [47]. It is a
member of the inhibitor of apoptosis protein. It is identified as
a CRC peptide. It is expressed on both cancer and endothelial
cells of the tumor vasculature. Spontaneous CTL responses
against different survivin epitopes in cancer patients underline
the relevance of survivin-directed immunological trials [48].
The HLA-A24-restricted antigenic peptide, survivin-2B80-
88, recognized by CD8+ CTL has shown efficacy in CRC
patients [49]. The investigators developed two protocols for
therapy: survivin-2B80-88 plus incomplete Freund’s adjuvant
(IFA) and survivin-2B80-88 plus IFA and interferon-α. The
effect of survivin-2B80-88 plus IFA was not significantly
different from that with survivin-2B80-88 alone, but treatment
with the vaccination protocol of survivin-2B80-88 plus IFA
and interferon-α resulted in clinical improvement and en-
hanced immunological responses. Tetramer analysis demon-
strated that survivin-2B80-88 peptide-specific CTLs were
increased by at least twofold after vaccination with this pro-
tocol in four of eight patients. A peptide vaccine is being

studied with HLA-A1-, HLA-A2-, and HLA-B35-restricted
survivin epitopes in an ongoing trial utilizing Montanide ISA-
51 for patients with stage IV melanoma and advanced pan-
creatic, colon, and cervical carcinoma and actively recruiting
patients to study the safety of this vaccine.

MUC1 Glycoprotein

Ever since the first characterization of MUC1 as a tumor
antigen and successful cloning of the muc1 gene, MUC1 has
been a promising candidate for vaccine-based interventions
against human adenocarcinomas [50]. MUC1 glycoprotein
neoplastic cells express high levels of the hypoglycosylated
form of MUC1 and lack luminal expression. Low-level lumi-
nal or apical expression of the glycosylatedMUC1 is found on
normal colonic epithelial cells [51] and accounts for the mu-
cus that is normally present on the lining of the colon. MUC1
is highly expressed in a modified form on adenomatous
polyps and CRC and is thought to be a part of the process of
progression from adenomas to cancer. This abnormal expres-
sion induces humoral and cellular immune responses [52].
Abnormal expression of MUC1 is also found on premalignant
colorectal adenomas where it promotes malignant transforma-
tion by interacting with β-catenin, RAS, and other tumor-
promoting signaling pathways [50]. Many different MUC1
vaccines such as MUC1 peptides with adjuvants, MUC1-
loaded dendritic cells, or MUC1 DNA expressed in viral
vectors have been tested in phase I/II trials in cancer patients
who had failed standard therapy [9]. These therapeutic vac-
cines were well tolerated, but only mildly immunogenic. In
contrast, many of these same vaccines tested in the prophy-
lactic setting in animal models [51] were highly immunogenic
and resulted in immune protection against spontaneous or
xenografted MUC1-positive tumors. MUC1 100-mer peptide
is a vaccine studied in metastatic castrate-resistant prostate
cancer and advanced colonic adenomas at risk for developing
colon cancer. The MUC1-poly-ICLC vaccine is being tested
in persons with a history of advanced adenomatous polyps to
prevent recurrence of polyps. The vaccine goal is to help the
immune system identify changes in MUC1 that accompany
cancer progression and to eliminate the abnormal cells that
make abnormal MUC1 [6].

Anti-Programmed Cell Death Protein 1 Antibody (CT-011)

Programmed cell death protein 1 (PD1) is an inhibitory recep-
tor that belongs to CD28-B7 family. PD1 binds to two ligands
PD-L1 and PD-L2 to downregulate T cell immune responses.
PD1 is expressed on T, B, and NK cells. The overexpression
of PD1 ligand (PD-L1) in tumors is associated with immune
suppression and poor prognosis. A promising avenue of clin-
ical research in CRC is the use of immune checkpoint inhib-
itors. These target molecules serve as brakes that stop the
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immune response. Blocking these inhibitory molecules leads
to enhancement of preexisting anticancer immune responses.
A phase I trial using tremelimumab, an anti-CTLA4, and
MEDI4736, an anti-PD-L1, used in combination for patients
with advanced solid tumors is currently recruiting patients
(NCT01975831).

CEA

DCs are the professional antigen-presenting cells of the im-
mune system. As such, they are currently used in clinical
vaccination protocols in cancer patients. Ability of mature
DCs pulsed with CEA peptide or electroporated with CEA
mRNA to induce CEA-specific T cell responses in patients
with resectable liver metastases from CRC [7, 53, 54]. A CRC
mouse model was used to evaluate CEA as a target for peptide
vaccine and in combination with an antibody targeted to CEA
epitope. Transgenic mice carrying tumors positive for CEA
and HLA-A2 were vaccinated with DCs having the epitope of
CEA. Complete response was reported in 25 % of mice. No
recurrencewas observed for 90 days. This was associatedwith
production of INF-γ by CD4+, thought to improve cancer
MHC class I expression [55].

GA733

Human CRC antigen GA733 is a transmembrane glycoprotein
and functions as a cell-cell adhesion molecule (CO17-1A/
KS1-4/KSA/EpCAM). Its extracellular domain has been a
target in CRC vaccination trials, where recombinant protein
produced tumor-specific humoral and cellular immune
responses [56].

Human Chorionic Gonadotropin

hCG is produced by CRC. hCG is expressed on CRC cells in
up to 52 % of patients, and elevated levels of circulating hCG
have been observed in up to 41 % [57–61]. A COOH terminal
peptide of β-hCG vaccine conjugated to diphtheria toxoid
targeting hCG by enhancing an antibody specific production
was tested in 77 patients with metastatic CRC [62]. Immuni-
zations were well tolerated, and anti-hCG antibodies were
detected in 56 of the 77 patients. OS was 34 weeks. Patients
who developed anti-hCG antibody levels higher than the
median value exhibited better OS (45 weeks) as compared to
OS of patients (24 weeks) who had levels lower than the
median (p=0.0002).

Growth Factors and Vaccines

TAA peptides have been administered to cancer patients in
conjunction with granulocyte macrophage colony-stimulating
factor (GM-CSF), which induces the recruitment of DCs at the

site of vaccination and promotes their differentiation, a pro-
cess that favors TAA processing and presentation [63].

Other TAAs

Other clinical trials that are recruiting now are targeting dif-
ferent TAAs. A phase II adjuvant chemotherapy±FANG in
CRC with liver metastases (FANG-CLM) (NCT01505166), a
phase I study of guanylyl cyclase C vaccine in stage I/II colon
cancer (NCT01972737) and a phase I study of vaccine therapy
with or without sirolimus in treating patients with NY-ESO-1
expressing solid tumors (NCT01522820) are actively
recruiting patients to enroll in these trials. Table 1 summarizes
all the ongoing trials involving peptide vaccines in CRC.

Monitoring Response

All responses are based on Response Evaluation Criteria In
Solid Tumors (RECIST) criteria and clinical outcomes. It has
been difficult to establish outcome correlation to cancer vac-
cines through evaluating immunologic responses. The ability
to monitor the induction of vaccine- and tumor-specific im-
mune responses and to correlate the presence and magnitude
of vaccine-induced immune responses to clinical outcomes is
essential to vaccine development. Immune monitoring is im-
portant to check efficacy of the vaccine in generating antigen
cascade responses, to develop potencies to compare different
vaccines, to evaluate vaccine-induced immune responses, and
to possibly select specific populations, by checking bio-
markers that might benefit from specific targeted vaccines
[64]. Assays fail to define surrogate markers that could be
used as predictors of clinical response and thus serve to
advance vaccine development. Many trials have evaluated
cancer immunotherapy through assays designed to detect
cytokines, proliferation of cancer cells, antibodies, and TAAs,
but to date, these assays have failed to have any clinical
outcome correlation [65–68]. Further studies are needed to
evaluate the difficulties establishing correlations between T
cell function and clinical efficacy. Standardizing the efforts
used to monitor responses is essential.

Conclusion

Peptide vaccines are gaining much attention because of the
reported safety data from all the trials. The main side effects
are local swelling at the injection sites and mild fatigue.
Failure mechanisms include the quality of T cell response
and its function (TAA tolerance), heterogeneity of the tumor
cells, escape mechanisms of the cancer cells because of their
genetic instability leading to the loss or reduced expression of
the peptides targeted by the T cells, access to these vaccines,
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and side effects. The main drawbacks to the peptide vaccina-
tion strategy suggested by Koido et al. [69•] are limitations
due to the patient’s HLA type, ineffectiveness of CD8+ CTLs
due to the downregulation of certain antigens andMHC class I
molecules, impaired DC function in patients with advanced
cancer, and tumor microenvironment, where immune suppres-
sive cells such as Tregs exist. Nagorsen and Thiel
performed a systematic review of all CRC vaccines
(not only peptide vaccines) [70]. The responses were
poor with only five patients out of 527 achieving either
a partial or complete response.

Advantages of peptide vaccines lay in the inexpensive
production, ease of administration, specific TAA targets, and
improvement of patients’ immune response. Future directions
in peptide vaccines need to focus on improving immunoge-
nicity, designing specific TAA targeted epitopes, and sensitiz-
ing the immune system to detect these epitopes through
peptide-HLA epitope complexes. In addition, identifying mo-
lecular pathways of epitope expression and their ability to
modulate these processes is critical in designing future vac-
cines. Targeting multiple epitopes with one vaccine and uti-
lizing combination treatments with chemotherapy agents and
growth factors may represent other venues to improve out-
comes. With the advent of genomic sequencing, TAA and
other cancer-specific proteins can be identified and targeted.
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