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Pancreatic cancer (PC) is the 5th leading cause of cancer
related death in the developed world with more than 260,000
deaths annually worldwide and with a dismal 5-year survival.
Surgery is the only potential hope of cure for PC, but,
unfortunately, only 20% PC patients is resectable at the time
of diagnosis.

Therapeutic research efforts have mainly focused on
improvements in radio/ chemo treatments and to date, there
are only a few chemotherapeutic agents that have shown to
be effective against PC, including gemcitabine with or
without abraxane as well as a combination of 5-FU,
leucovorin, oxaliplatin and irinotecan (the so-called
FOLFIRINOX regimen). The survival of patients treated with
these regimens is marginal and hence we are in urgent need
of novel therapeutic approaches to treat pancreatic cancer.
The success of immunotherapeutic strategies in other cancers
and various evidences that pancreatic adenocarcinoma elicits
antitumor immune responses, suggest that immunotherapies
can be a promising alternative treatment modality for this
deadly disease.

PC immunotherapy treatments include passive
immunotherapeutic approaches, such as the use of effector
cells generated in vitro, and active immunotherapeutic
strategies, which goal is to stimulate an antitumor response in
vivo, by means of vaccination.

In this review, we describe the immune suppressive
mechanisms of pancreatic cancer and discuss recent
preclinical and clinical efforts toward PC immunotherapy,
including passive approaches, such as the use of antibodies
and active strategies (vaccination), with a special mention of
most recent treatment with CRS-207 and GVAX.

Introduction

Pancreatic cancer (PC) is the 5th leading cause of cancer
related death in the developed world with more than 260,000

deaths annually worldwide1 and with a dismal 5-year survival
(5%). Surgery is the only potential hope of cure for PC patients.
Advantageous tumor characteristics and complete tumor resec-
tion are the factors most relevant for a positive prognosis, so
detection of pre-malignant or early invasive lesions, combined
with safe and oncologically adequate surgery, is an important
goal but, unfortunately, only 20% PC patients is resectable at the
time of diagnosis.

The PC lethality is due to its aggressive nature and its tendency
to remain asymptomatic until the tumor is fairly advanced, limit-
ing the likelihood of early diagnosis. At the time of initial presenta-
tion, most pancreatic cancers are locally advanced or metastatic
and need multimodal therapy.2 The prognosis for these patients is
poor, with overall survival being measured in months.

Therapeutic research efforts have mainly focused on improve-
ments in radio/ chemo treatments and to date, there are only a few
chemotherapeutic agents that have shown to be effective against
PC, including gemcitabine with or without abraxane3 as well as a
combination of 5-FU, leucovorin, oxaliplatin and irinotecan (the
so-called FOLFIRINOX regimen).4,5 The survival of patients
treated with these regimens is marginal and hence we are in urgent
need of novel therapeutic approaches to treat pancreatic cancer.

Both innate and specific immune response are active against
human cancers6 and several studies have shown the significant
impact of the immune system on cancer progression. The effective
anticancer function of the immune system requires cytotoxic CD8
T cells (CTL), T helper-1 (Th1) cells, mature dendritic cells
(DCs), activated pro-inflammatory macrophages (M1) and NK
(Natural Killer) cells. However, cancer cells induce local and sys-
temic immune dysfunction thus avoiding detection by the immune
system.7 The modulating mechanisms used by the cancer cells are
essentially 3: contact dependent factors (expression of immune sys-
tem checkpoint ligands such as PD-L1), secretion of soluble immu-
nosuppressive factors (such as IL-,10 TGF-b and VEGF) and
interference with MHC class I peptide presentation (through
down-regulation ofMHC class I expression or disabling of the anti-
gen degradation or antigen insertion into theMHC class I grove).

The success of immunotherapeutic strategies in other cancers
and various evidences that pancreatic adenocarcinoma evokes
antitumor immune responses,8,9 allow us to assert that
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immunotherapies can be a promising alternative treatment
modality for this deadly disease. PC patients generate B and T
cells specific to antigens expressed on pancreatic tumor cells, such
as Wilms’ tumor gene 1 (WT1) (75%),10 mucin 1 (MUC1)
(over 85%),11 human telomerase reverse transcriptase (hTERT)
(88%),12 mutated K-RAS (73%),13 survivin (77%),14 carci-
noembryonic antigen (CEA) (over 90%),15 HER-2/neu
(61.2%),16 p53 (67%),17 and a-enolase.18 Furthermore, the
analysis of immune infiltrates in human tumors has demon-
strated a positive correlation between prognosis and the presence
of humoral response to pancreatic antigens (MUC-1 and meso-
thelin)19 or of tumor-infiltrating T cells.20

To date, PC immunotherapy treatments include passive
immunotherapeutic approaches, such as the use of antibodies or
effector cells generated in vitro, and active immunotherapeutic
strategies, which goal is to stimulate an antitumor response in
vivo, by means of vaccination. But for the effectiveness of immu-
notherapeutic treatments is essential to overcome 2 big obstacles:
i) finding specific markers for pancreatic cancer cells and ii) miti-
gate the immune suppressive effects of tumor cells.

In this review, we describe the immune suppressive mecha-
nisms of pancreatic cancer and discuss recent preclinical and clin-
ical efforts toward PC immunotherapy, including passive
approaches, such as the use of antibodies and active strategies
(vaccination), with a special mention of most recent treatment
with CRS-207 and GVAX (Fig. 1).

Immune Cells With Pro-cancer Activity

Different type of innate and specific immune response can
support pancreatic cancer development, promoting an immuno-
suppressive and anti-inflammatory environment (Fig. 2).

Myeloid derived suppressor cells (MDSCs) are immature
myeloid cells that suppress both innate and adaptive immu-
nity with various mechanisms such as the sequestration of
cysteine (essential for T cell activation) or expression of high
levels of arginase (with depletion of L-arginine, necessary for
protein synthesis by T cells).21 Other MDSCs’s strategies
include TGF-b secretion increased production of reactive oxy-
gen species and impairment of T cell homing to lymph
nodes. These factors promote the development of regulatory
T cells (Tregs) and inhibit the function of effector T cells
and NK cells. In PC patients increased levels of circulating
MDSC is an independent poor prognostic factor22 and
MDSCs levels correlate with levels of the Th2 cytokine IL-13
and Treg cell numbers. Also, in a mouse model the progres-
sion from premalignant lesions to PC is associated with
increased degree of immune suppression of MDSCs.23

The presence of tumor associated macrophages (TAMs) is
associated with worse prognosis in multiple cancers. Macro-
phages, due to stimuli from the tumor microenvironment,
especially IL-10 and TGF-b, switch their differentiation from
M1 (pro-inflammatory) with anticancer role) to M2 (anti-
inflammatory) with pro-tumor properties, such as angiogene-
sis promotion, matrix remodeling and tumor metastasis, as
well as suppression of specific immune response.24,25 TAMs
interact with the immune system by multiple mechanisms
such as through secretion of IL-10 and TGF-b, or by expres-
sion of immune inhibitory ligands such as PD-L1. In pancre-
atic cancer TAMs are significantly increased in tumor tissue26

and the M2 presence is associated with worse prognosis in
PC patients.27

The number of Tregs is very high in the tumor microenviron-
ment. In physiological status, by expression of CTLA-4 and
secretion of IL-10 and TGF-b, among others, Tregs suppress

exaggerated immune responses and have
a key role in the prevention of auto-
immune diseases. In cancer, however,
Tregs produce a local immunosuppressive
environment that favors the tumor
progression.28,29

PC patients have increased numbers of
Tregs both in the circulation30 and at the
tumor site.31 Moreover, the presence of
Tregs at the tumor site correlates with
more advanced presentation of dis-
ease30,32 and a worse survival after resec-
tion,33 while the low Treg percentage of
the circulation one year post resection
correlates with improved survival.33

Dysfunctional Immune Effector
Cells in Cancer

Usually the cancer cells use varied
mechanisms to provoke an altered func-
tion of immune cells directly involved in
the effective anti-cancer response (Fig. 2).

Figure 1. Diagrammatic representation of most immune treatment strategies under investigation in
pancreatic cancer.
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The dendritic cells play a critical role in the anti-tumor
response because are the most professional APCs (antigen-present-
ing cells), having a very efficient machinery to internalize antigens,
degrade them into peptides and present them on both MHC class
I and II molecules to CD4C and CD8C T cells respectively. They
can prime tumor specific effector T cells to start attacking cancer
cells. However, due to the immunosuppressive tumor microenvi-
ronment their maturation and survival in cancer is significantly
impaired. In PC patients while the presence of peripheral or intra-
tumoral DCs is associated with prolonged survival,34 DCs also dis-
play maturation defects,35 suggesting that therapy aimed at
improving DC functionality could be beneficial.

The NK cells represent a first line of defense against pathogens
and tumor cells. The activation of NK cells is regulated by the
integration of signals deriving from activating and inhibitory
receptors expressed on their surface.

Through MHC class I loss, which is a cancer common event,
pancreatic cancer cells become the target of NK cells.36 However,
pancreatic cancer cells can escape control of this system. Indeed,
NK cell activity is diminished in patients with pancreatic can-
cer.37 Also, activating receptors, such as NKG2D, which are nec-
essary for the NK activation, are reduced in NK cells and
reduced levels are associated with advanced PC disease.38 On the
other hand, higher absolute levels of NK cells in the circulation
are associated with enhanced survival,39 indicating that the
immune system, through NK cells, still exerts some control on
cancer growth despite disease progression.

In general both the number and function of CTL and Th cells
is known to be affected in various cancers. In general, the presence
of increased numbers of cytotoxic T cells in the tumor is associated
with a better prognosis, while both CTL and Th cells are function-
ally impaired under the influence of immunosuppressive cytokines,
leading to predominately Th2 (tumor tolerating) rather than Th1
(tumor killing) responses.

In PC patients, effector CTL can be detected as in the circula-
tion as in the bone marrow,40 while the presence of both CD8C

and CD4C T cells in the tumor correlates with better progno-
sis.41 In addition, when pancreatic lesions progress from prema-
lignant to malignant, CTL decrease in number while the
presence of Tregs is increased.32 At the same time, circulating
CTL and Th cells from PC patients have impaired function while
Th2, rather than Th1, responses predominate.42,43

Immunosuppresive Mechanisms of PC Cells

T cells are activated by a complex interaction of ligands and
receptors. Specifically, APCs present antigenic peptides on MHC
molecules to the T cell receptor (TCR). Binding of the MHC
molecule to the TCR is not sufficient to initiate T cell activation,
which requires additional ligand binding to co-stimulatory recep-
tors (CD28, CD40, OX40, and 4–1BB). Activated CD4CT cells
express CD40-ligand, which activates APC via ligation of CD40,
thus forming a stimulatory loop between APC and T cells. On
the contrary, receptors such as CTLA-4 and programmed death
1 (PD-1) expressed on the surface of activated T cells inhibit T
cell activation upon binding to their ligands CD80/CD86 and
PD-L1/PD-L2 respectively. In cancer, this mechanism of
immune co-stimulation and co-inhibition is extremely
important.44

PC cells express a number of ligands that are meant to inacti-
vate cytotoxic T-cells in the local tumor microenvironment. For
example the ligand for PD-1 (PD-L1) is expressed by PC cells
and its expression is associated with reduced cytotoxic T-cell infil-
tration, advanced stage of disease and poor prognosis.45,46

In addition, PC cells express both CD40 and CD40L result-
ing in the secretion of several pro- and anti-inflammatory cyto-
kines in the tumor microenvironment.47 High expression of

Figure 2. Tumor immune microenvironment and cancer progression.
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CD40L on tumor cells has been associated with good prognosis
in pancreatic cancer patients.47 Other immune inhibitory ligands
with a role in pancreatic cancer are B7-H3 and B7-H4, the recep-
tors of which are still unknown. The expression, for example, of
the immune inhibitory ligand B7-H3 has been associated with
improved prognosis in PC patients,48 while blockade of the B7-
H3 ligand interaction leads to tumor shrinkage in animal mod-
els.49 Even the direct expression of FoxP3 by PC cells, mimicking
thus Tregs, has been detected.50

Direct secretion of immunosuppressive factors by PC cells
is another mechanism of escaping the immune system. TGF-
b induces tumors to secrete VEGF and matrix metaloprotein-
2 which are associated with advanced stage of disease and
metastasis.51,50 Tumor derived TGF-b and IL-10 inhibit the
development of Th1 responses, whereas they promote Th2
responses.52 In general, secretion of multiple cytokines by PC
cells contributes to the general immunosuppressive micro-
environment of pancreatic cancer by switching the balance
from a Th1 to a Th2 state.53

Indoleamine 2,3-dioxygenase (IDO) is an enzyme upregu-
lated in PC cells that catabolizes tryptophan into kynurenin. The
kynurenin accumulation in the tumor microenvironment, inhib-
its T cell activation and stimulates Treg differentiation.54 In
other words, the PC expression of IDO attracts Tregs to the
tumor microenvironment55 and inhibitors of IDO are already
under phase I investigation.56

Galectins are soluble immunomodulating glycoproteins that
are involved in T-cell homeostasis, preservation of fetal-maternal
tolerance and suppression of autoimmunity. In cancer, galectins
have been shown to contribute to the immunosuppressive tumor
microenvironment and evasion of immune responses. The best
studied galectins in cancer immunomodulation are Gal-1, Gal-3,
and Gal-9. In particular, Gal-1, is known to promote a Th2 cyto-
kine profile in cancer, induce the IL-10 production in Tregs and
is important in immune cell trafficking and DC physiology.57 In
PC Gal-1 is overexpressed by tumor cells58 and has been identi-
fied as a proteomic biomarker highly correlated with the stage of
disease.59

While Gal-9, partly through its complex interaction with
TIM-3, modulates T cell, NK cell and MDSC activity60 but the
specific role in PC has not yet been investigated. Another impor-
tant immune modulator galectin is Gal-3,61 that is overexpressed
in PC cells, secreted in the serum of PC patients and is associated
with tumor differentiation.62,63 However, not much is known
about the role of Gal-3 as an immune modulator in pancreatic
cancer.

Passive Immunotherapy: the Role of Monoclonal
Antibodies

Antibodies can target antigens differentially expressed in
tumor cells (tumor associated antigens, TAAs) or can be used to
block molecules involved in cancer progression or angiogenesis.
The immunoglobulins can invoke tumor cell death by blocking
ligand-receptor growth and survival pathways. In addition, innate

immune effector mechanisms: antibody-dependent cellular cyto-
toxicity (ADCC), complement-mediated cytotoxicity (CMC),
and antibody-dependent cellular phagocytosis (ADCP) - are
emerging as equally important.64

Although unconjugated antibodies have had efficacy, molecu-
lar genetics and chemical modifications to monoclonal antibodies
(mAbs) have advanced their clinical utility. For example, modifi-
cation of immune effector engagement has improved pharmaco-
kinetic profiles, and conjugating cytotoxic agents to mAbs has
enhanced targeted therapeutic delivery to tumors. The increasing
facility of antibody modifications has made it possible to con-
struct diverse and efficacious mAb-based therapies.

The humoral immune response to mesothelin (detected in
90–100% of pancreatic adenocarcinomas), has been found to be
a favorable prognostic factor for pancreatic cancer.65,66 Different
antibodies to mesothelin have been studied and in particular
SS1P, a murine single-chain Fv, specific for human mesothelin,
which has been fused to PE38, a 38kDa portion of Pseudomonas
exotoxin A (PE-A), that inhibits protein synthesis and results in
apoptosis.67 In Phase I clinical studies SS1P was found to be well
tolerated, with self-limiting pleuritis as the dose-limiting toxicity.
Also, the administration of a version of SS1P with releasable
PEGylation resulted in complete regression of a mesothelin-
expressing human carcinoma in mice with only a single
dose.67,68,69 MORAb-009, a monoclonal antibody against meso-
thelin is being tested in a phase I trial of 11 patients (3 with pan-
creatic cancer).70 One of them who had previously progressed on
gemcitabine showed disease stabilization and a drop in CA19–9
(carbohydrate antigen 19–9). Two fully human, antihuman mes-
othelin antibodies, M912 and HN1, have been developed, which
bind mesothelin-positive cells and result in their lysis via
ADCC.71,72 Similar to SS1P, HN1 has been fused to truncated
PE-A immunotoxin, although its binding site on mesothelin
probably binds a distinct but overlapping epitope to that of
SS1P.72

MUC1 (mucin-1, CD227) is a polymorphic, glycosylated
type I transmembrane protein presents on glandular epithelium
of different tissues (pancreas, breast, lung) and over-expressed
(aberrantly glycosylated) in 90% of pancreatic cancers.73,74 It
inhibits cell-cell and cell-stroma interactions and functions as a
signal transducer in the cancer progression, including tumor
invasion and metastasis.75 Downregulation of MUC1 expression
in human PC cell line S2–013 significantly decreased prolifera-
tion in vitro and in nude mice .76 In a murine model, the use of
MUC1-specific 90Yttrium-labeled moAb PAM4 in combination
with gemcitabine77 increased inhibition of tumor growth and
prolonged animal survival. To date, it is undergoing phase I trial
for stage III or IV PC patients.

In vitro study showed that 213Bi-C595 was specifically cyto-
toxic to MUC1-expressing PC cells in a concentration-dependent
manner compared to controls. 213Bi-C595 is a moAb targeting
the protein core of MUC1, conjugated with the a-particle-emit-
ting 213bismuth.74

PankoMabTM (Glycotope, Germany) is a murine anti-human
MUC-1 antibody that binds to a carbohydrate induced confor-
mational tumor epitope of MUC-1, greatly increasing its tumor
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specificity.78 PankoMab can induce ADCC of MUC-1 positive
cells and can also induce death following internalization by inhi-
bition of RNA polymerase when linked to b-amanitin. The
humanized version of PankoMab has been shown to react to the
tumor expressed MUC-1 in multiple human carcinomas,
although no clinical trials have been published.79

The epidermal growth factor receptor 2 (HER2), is overex-
press in up to 45% of pancreatic cancer. An anti-Her-2/neu anti-
body, known as Herceptin� (Genetech Inc., CA, USA) or
trastuzumab, has been used with some success to treat PC murine
models. Treatments with trastuzumab prolonged survival and
reduced liver metastasis in nude mice orthotopically challenged
with human pancreatic tumor cell lines that expressed Her-2/neu
at low levels. The pancreatic lines were sensitive to ADCC lysis
by trastuzumab in vitro.80 Similar results were found when nude
mice (challenged with Her-2/neu high expressing human PC cell
lines) were treated with both trastuzumab and 5-fluorouracil.81

The combination of treatments significantly inhibited tumor
growth compared with either treatment alone. When combined
with matuzumab, an anti-EGFR antibody, trastuzumab treat-
ment resulted in inhibited PC growth in a nude mouse .82 Also,
this combined treatment was more effective than treatment with
either antibody alone or combined with gemcitabine.83

Carcinoembryonic antigen (CEA) is frequently overexpressed
in various types of human cancers. Many anti-CEA antibodies
have been used for immunotherapy, such as hMN-14 (labetuzu-
mab), which has been shown to induce ADCC in vitro
with CEAC colon tumor cells and inhibited growth of lung
metastases in nude mice.84 A Phase I/II trial with hMN-14 in PC
patients has been completed, but the results have not been
published.85

EGFR is a transmembrane glycoprotein receptor, over-
expressed in 90% of pancreatic tumors,86 where induces tumor
cell proliferation and neovascularization; also his expression is
associated with worse prognosis.87,88 Blocking EGFR signaling
decreases growth and metastasis of pancreatic tumor in animal
models and enhance the effects of gemcitabine.89,90

Cetuximab (Erbitux or IMC-C225) is a chimeric monoclonal
antibody generated from the fusion of the variable region of the
murine anti-EGFR monoclonal antibody M225 and the human
IgG1 constant region. Promising laboratory results have led cetuxi-
mab to be tested in clinical trials. A phase III randomized study by
the Southwestern Oncology Group (SWOG) tested the efficacy of
cetuximab and gemcitabine combination in patients with advanced
PC. The median survival was 6 months in the gemcitabine arm and
6.5 months in the combination arm for an overall hazard ratio
(HR) of 1.09 (P D 0. Fourteen). The corresponding progression
free survival was 3 months and 3.5 months, respectively. The study
failed to demonstrate a clinically significant advantage of the addi-
tion of cetuximab to gemcitabine.91 In an ongoing phase II trial
with the trimodal therapy of cetuximab, gemcitabine and intensity
modulated radiotherapy (IMRT) for patients with advanced PC,
there was no increase in toxicity profile.92 One-year survival was
57%, while median survival has not been reached.

Matuzumab (EMD72000) is a humanized IgG1 monoclonal
antibody to the human EGFR. Laboratory studies have shown

promising inhibitory effects on tumor growth and angiogenesis,
including L3.6pl in an orthotopic rat model.93 In a phase I study
of combined treatment with matuzumab and gemcitabine, 8 out
of 12 patients with advanced pancreatic adenocarcinoma showed
partial response or stable disease.94

Vascular endothelial growth factor (VEGF) plays a pivotal
role in the control of angiogenesis, tumor growth and metasta-
sis.95 VEGF and its receptors are overexpressed in the PC and
have been demonstrated to be a poor prognostic factor. There is
a suggestion that elevated serum VEGF levels correlate with
tumor stage, disease recurrence and survival.96 Development of
therapeutic strategies directed toward the VEGF mediated signal-
ing axis has been extensively tested in patients with advanced PC.

Bevacizumab (Avastin) is a recombinant humanized anti-
VEGF monoclonal antibody. A pilot study demonstrated that
bevacizumab, when added to gemcitabine in patients with meta-
static PC resulted in a significant improvement in response, sur-
vival, and progression-free survival.97 This was immediately
followed by a phase III trial by CALGB comparing gemcitabine
plus bevacizumab to gemcitabine plus placebo and showed no
benefit for the bevacizumab addition.98 The AviTa phase III
trial that examined treatment with gemcitabine plus erlotinib with
either bevacizumab or placebo, has been closed. Bevacizumab
however, may have a role in palliative treatment of chemotherapy-
resistant PC. In a case report, a patient with stage IV disease ini-
tially unresponsive to gemcitabine, 5-FU, irinotecan and cisplatin
subsequently responded with the addition of bevacizumab.99

Basic Mechanisms for Vaccine-Based
Immunotherapy

Vaccination involves administering tumor antigen/s with the
aim of stimulating tumor-specific immunity. Antigens could be
delivered in the form of DNA or peptides, as well as tumor cells
or antigen-pulsed DCs. To be considered an ideal tumor vaccine
candidate, expression of the antigen must be restricted to the
tumor or only minimally expressed elsewhere in the body. Cancer
cells are derived from their normal counterparts owing to genetic
and epigenetic alterations that de facto underpin their malignant
phenotype and lead to the expression of TAAs, i.e., proteins that
are generally not expressed by non-transformed cells. But unfor-
tunately, at the moment there aren’t antigens expressed only by
PC cells and so the TAAs (Table 1) used as the target of immu-
notherapy treatments are self protein or over-expressed in tumor
cells are present in acetylated form, with the risk of ineffective
treatments (enrollment of immune suppressive cells such as
Tregs) or autoimmune phenomena.

Thus, the goal of anticancer vaccination is to activate and
expand tumor-specific T cells as a means of eliciting novel or
boosting pre-existent anticancer immune responses and, as said
earlier, overcoming all the barriers raised by malignant cells
against immune activation.

Vaccination against tumor antigens is an attractive approach
to adjuvant treatment post-surgery, when tumor induced
immune suppression is minimal.100–102 Also, Additional
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synergistic help is added to elicit a more vigorous and effective
immune response, such as cytokines and immunostimulating
compounds.

Vaccine Therapy Against Pancreatic Cancer

Whole cancer cell-based vaccines
The simplest vaccine approach that has been applied to cancer

is the inoculation of patients with irradiated tumor cells. This
approach remains a potent vehicle for generating antitumor
immunity because tumor cells express all relevant candidate
TAAs, including both known and unidentified. In the clinical
setting, the use of autologous tumor cell depends on the availabil-
ity of an adequate number of them. As only 10–15% of PC
patients diagnosed are eligible for surgical, autologous PC cells
may not be provided in most of the patients. Moreover, even if
the patients are treated by surgical resection, it is difficult to pre-
pare a sufficient number of tumor cells due to the length of cul-
ture time and risk of contamination.103 To elude this problem,
allogeneic tumor cell lines may be used instead of autologous
tumor cells.104 This strategy has many advantages: 1) specific
TAAs do not need to be identified for vaccination, 2) allogeneic
tumor cell lines are well characterized as TAAs source, 3) alloge-
neic tumor cell lines can grow well in vitro, 4) it is not necessary
to determine HLA typing of patients and allogeneic tumor cells,
because autologous DCs can process and present multiple TAAs
from allogeneic tumor cells owing to cross presentation in the
context of appropriate MHC class I and II alleles,105 5) poly-
clonal antigen-specific T cells (CD4C /CD8C) can be generated,
which may protect against tumor escape variants and 6) the
tumor cell vaccine platform can be easily modified. For example,
tumor cells can be transduced to express immunomodulatory
cytokines such as granulocyte macrophage colony-stimulating
factor (GM-CSF), which has shown significant anti-tumor effect
in vivo.106

Two allogeneic whole cell based anticancer vaccines are cur-
rently being investigate for their safety and antineoplastic effects
in PC patients.107,108

Allogeneic GM-CSF-secreting vaccines
The first whole cell-based anticancer vaccine developed for the

PC treatment (pancreatic GVAX) comprised 2 allogeneic human
pancreatic cancer cell lines, both of which were engineered to
express GM-CSF. This vaccine was developed based on preclini-
cal studies demonstrating that the elicitation of effective antitu-
mor immune responses by anticancer vaccines required the
secretion of high levels of GM-CSF at the site of vaccination for
several days.109

GM-CSF-expressing cancer cells indeed prime the immune
system very efficiently as they boost the capacity of DCs to pres-
ent TAAs, which in this setting are several. Jaffee and colleagues
have conducted multiple Phase I/II clinical trials to test the safety
and efficacy of irradiated, allogeneic GM-CSF-secreting pancre-
atic cancer cell lines in patients with resected PCs or metastatic
PC.107,108

In the context of 2 completed Phase I/II clinical trials110,111

and one ongoing study,112 resectable PC patients underwent vac-
cination after surgery, before the initiation of adjuvant chemo-
therapy or radiation therapy, and received 4 additional vaccine
doses only once they had completed chemotherapy and radiation
therapy.

Such a sequential design was intended to avoid as much as
possible the immunosuppressive effects of chemoradiation on
vaccine elicited immune responses. In the Phase I study, 3 out of
8 patients who received the highest 2 doses of vaccine still
remains disease free, now for more than 15 y (y).107

In the Phase II study, 60 patients with resected PC were
treated with the vaccine in combination with standard chemora-
diation in a similar schedule as in the Phase I study.110

The median disease-free survival is 17.3 months (mo) with
median overall survival of 24.8 mo. The post-vaccination induc-
tion of mesothelin-specific CD8C T cells in HLA-A1C and
HLA-A2C patients correlates with their disease-free survivals.
Comparing the Kaplan-Meier curved of patients treated with the
vaccine plus adjuvant chemoradiation in this clinical trial and a
historical cohort of PC patients treated at the Johns Hopkins
Hospital with adjuvant chemoradiation alone suggests that the
vaccine may provide clinical benefits over chemoradiation in the
first 2 y after surgery.

However, there was no significant difference in the median
overall survival of the 2 cohorts, suggesting that the immune
responses elicited by the vaccine may have weaned off after stop-
ping vaccination.

In light of these results, 2 new studies are currently being con-
ducted in which PC patients who remain disease-free in response
to the pancreatic GVAX vaccine are treated with boost vaccina-
tions every 6 mo after they have completed the first cycle of
immunization.

The pancreatic GVAX vaccine has also been tested in patients
with metastatic PC.108 Two patient cohorts were enrolled in this
open-label Phase II study: cohort A, including 30 patients who
received a maximum of 6 doses of GVAX at 21-d intervals; and
cohort B, including 20 patients who were treated with intrave-
nous cyclophosphamide at a low dose (250 mg/m2) to inhibit
regulatory T cells (one day prior to the administration of
GVAX). The median survival of cohort A and cohort B was 2.3
and 4.7 mo, respectively. These findings supported the initiation
of additional studies to evaluate the effects of low-dose cyclo-
phosphamide (CY), which was shown to deplete Tregs in preclin-
ical settings, in combination with anticancer vaccines.108

Mesothelin-specific T-cell responses were shown to be of
higher avidity in patients receiving cyclophosphamide/GVAX as
compared with subjects treated with GVAX only, and these
responses correlated with prolonged patient survival. This obser-
vation stimulated the launch of a multi-institutional study that
has recently been completed.113 In this setting, patients were
enrolled with metastatic pancreatic cancer who received or
refused � 1 prior chemotherapy, had ECOG � 1 and adequate
organ function. Patients were randomized 2:1 to receive 2 doses
of CY/GVAX followed by 4 doses of CRS-207 (Arm A) or 6
doses of CY/GVAX (Arm B) every 3 weeks. Clinically stable
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patients were offered an additional 20-week courses. CRS-207 is
a live-attenuated Listeria monocytogenes engineered to express
human mesothelin. CRS-207 stimulates potent innate and adap-
tive immunity and has shown synergy with GVAX in mouse
tumor models. The anecdotal survival benefit was observed in
the CRS-207 phase I study in patients who received prior GVAX.

The primary endpoint was a comparison of OS between treat-
ment arms. Secondary endpoints were to evaluate safety, clinical
and immune responses.

In total, 90 patients were treated (Arm A: 61, Arm B: 29). As
of Jan 2013, 27 patients completed 1 course (A: 24, B: 3) and 17
patients (A: 15, B: 2) initiated a 2nd course. Median age was 63.
Median number of prior regimens was 3. No treatment-related
serious adverse events (SAEs) or unexpected toxicities were
observed. The most frequent Grade (G) 3/4 related toxicities
were fever, lymphopenia, hypophosphatemia, elevated liver
enzymes, and fatigue following CRS-207 in <5 % of subjects.
Of 51 patients evaluated post-treatment, 34% had stable disease
in Arm A vs. Nineteen% in Arm B. OS (overall survival) for all
patients treated was 6 months in Arm A vs. Three.4 months in
Arm B (2-sided, p D 0. 0114).

In conclusion, combined CY/GVAX pancreas and CRS-207
was generally well-tolerated with no treatment-related SAEs or
unexpected G3/4 toxicities. The significant difference in OS
between treatment arms met the criteria for early stopping. This
indicates that the combination immunotherapy may extend OS
for metastatic PC patients with minimal toxicity and should con-
tinue to be developed as an effective therapy. This prime boost
approach therefore constitutes a vaccination platform that war-
rants further investigation.

Algenpantucel-L
Algenpantucel-L (also known as hyperacute-PC vaccine) con-

sists of 2 irradiated, live, human allogeneic pancreatic cancer cell
lines that express murine a-1,3-galactosyltransferase, which is
responsible for the synthesis of a-galactosylated epitopes on cell
surface proteins. A recent multi-institutional Phase II clinical trial
have investigated Algenpantucel-L in combination with standard
adjuvant chemoradiotherapy for the treatment of resected PC
patients.114 The first cycle of treatment consisted of Algenpantu-
cel-L on days 1 and 8. One week after the second vaccination,
gemcitabine was administered weekly for 3 weeks, on days 1, 8,
and 15, in conjunction with Algenpantucel-L on days 1 and 15
of cycle 2.

Radiotherapy was initiated 1 to 2 weeks after the completion
of cycle 2. Vaccination continued along with radiation therapy
on days 1, 15, 29, and 43. After a median follow-up of 21 mo,
the 12-mo disease-free survival was 62%, and the 12-mo overall
survival was 86%. At the moment, the addition of Algenpantu-
cel-L to standard adjuvant therapy for the treatment of resected
PC patients is being investigated in a Phase III clinical study.

Antigen/peptide specific vaccines
The natural starting point for vaccines against PC was repre-

sented by tumor markers such as carcinoembryonic antigen
(CEA), mucin 1 (MUC1)115 as well as by proteins that play an

early and prominent role in PC initiation or progression, includ-
ing KRAS and telomerase and a-Enolasi (ENO1).116,117

Peptide and protein-based vaccines were the first form of anti-
PC vaccinations investigated, attempting to use immunodomi-
nant tumor epitopes to stimulate antitumor T-cell responses.

Peptide-based cancer vaccines are preparations made from
antigenic epitopes, that represent the minimal immunogenic
region of antigens,118,119 designed to enhance the T cell response,
especially the CD8C. Induction of CTLs needs peptides derived
from TAAs to be presented on the surface of APCs (Antigens
Presenting Cells), such as DCs, in the context of HLA molecules.
The major advantages of peptide vaccines are that they are sim-
ple, stable, safe, economical, and don’t require manipulation of
patient tissues, whose availability may be limited. However, there
are also several obstacles that limit the widespread usefulness of
peptide vaccines and, especially, a limited number of known syn-
thesized short peptides cannot be available in many HLA mole-
cules.120-122

In Table 1 we have reported a list of various pancreatic cancer-
associated antigens, targets for different PC vaccine-based
immunotherapy.

KRAS-targeting vaccines
The gene KRAS, that is mutated in more than 90% of PC

patients, is a good target for the immunotherapeutic treatments.
In addition, the first peptide-based vaccine investigated in
patients targeted KRAS, showing that this immunotherapeutic
approach is safe.123 In a Phase I/II study, the administration of
synthetic KRAS-derived peptides in unresectable PC patients
resulted in an immune response in 2 out of 5 individuals.124 In
another Phase I/II clinical trial, synthetic peptides derived from
mutant KRAS were administered together with GM-CSF in
48 PC patients (10 surgically resected and 38 with advanced dis-
ease) on an outpatient basis.125 Peptide specific immune
responses were induced in 25 of 43 (58%) evaluable patients,
indicating that this protocol is potent enough to elicit immune
responses even in patients with end stage disease. Patients with
advanced PC manifesting an immune response to vaccination
exhibited a prolonged survival as compared with immunological
non-responders (median survival 148 d vs. 61 d; p D 0.0002).

In an independent study, patients with resected pancreatic
cancers harboring KRAS mutations at codon 12 were vaccinated
once monthly for 3 mo with a 21-mer epitope encompassing the
patient specific mutation.126

About 200 mg of the vaccine were injected intradermally on
day 7 of a 10-d course involving intradermal GM-CSF. Of 62
screened patients, 24 were vaccinated. Median recurrence-free
survival time was 8.6 mo and median overall survival time was
20.3 mo. Thus, KRAS-targeting vaccines proved to be well toler-
ated by patients with resectable PC. Although these preparations
demonstrated some immunogenicity, however, their clinical effi-
cacy remains unproven.

Telomerase-targeting vaccines
Telomerase, which is reactivated in more than 85% of PC

cells, has also been used to develop peptide-based vaccines against
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pancreatic cancer. The telomerase-targeting vaccine (GV1001)
consist a 16-aa peptide derived from human TERT that binds to
multiple MHC molecules. In a Phase I/II clinical study, which
GV1001 was well tolerated by PC patients and prolonged sur-
vival,127 4eight patients with non-resectable PC received intra-
dermal injections of GV1001 (at 3 dose levels) in combination
with GM-CSF for 10 weeks. Immune responses were observed in
24 of 38 evaluable patients, with the highest proportion of
immunological responders belonging to the intermediate-dose
group. The median survival of patients receiving intermediate
doses of GV1001 was 8.6 mo, which was significantly longer
than that of subjects in the low and high dose groups. One-year
survival among evaluable patients of the intermediate-dose group
was 25%. Two Phase III studies tested GV1001 in patients with
nonresectable PC, namely, the PrimoVax and TeloVac trials.
The PrimoVax trial examined the efficacy of GV1001 monother-
apy vs. gemcitabine, but was terminated owing to a lack of sur-
vival advantage.128 The TeloVac study investigated the efficacy
of GV1001 in sequential combination with gemcitabine vs. gem-
citabine alone in subjects with locally advanced and metastatic
pancreatic adenocarcinoma.128

It should be noted that the vaccine cycles overlapped with the
gemcitabine cycles in the combinational arm of this study, raising
concerns about the effectiveness of vaccination in the setting of
chemotherapy-induced immunosuppression. The results of the
TeloVac study have recently been reported, demonstrating no
survival benefit for the combination of GV1001 and gemcitabine
as compared with gemcitabine alone.128

Gastrin-based vaccines
Gastrin and cholecystokinin B receptor (CCKBR, best known

as CCK-2) are upregulated and co-expressed in both pancreatic
cell lines and human PC specimens and have been implicated in
autocrine, paracrine, and endocrine growth pathways.129,130 In a
multi-institutional, double-blinded, placebo-controlled clinical
trial, the administration of a gastrin-based vaccine to chemother-
apy-refractory advanced-stage PC patients resulted in a nearly
fold2- increase in median overall survival, as compared with pla-
cebo (151 vs. 82 d, respectively; p D 0.03) (130). Gastrin-based
vaccines appear therefore to be well tolerated by and could repre-
sent a new therapeutic option for pancreatic cancer.

Survivin-targeting vaccines
Survivin is a member of the inhibitor of apoptosis family and

is known to exert robust anti-apoptotic effects. Survivin is
expressed to high levels by a majority of human carcinomas,
including pancreas cancer, but not by non-transformed adult tis-
sues.131 A 72-y-old patient suffering from gemcitabine-refractory
PC experienced a complete remission (with a duration of 8 mo)
upon receiving a survivin-targeting that consisted of a modified
HLA-A2C-restricted survivin epitope (residues 96–104) in Mon-
tanide.132 Immunological monitoring revealed a strong vaccine-
induced immunoreactivity against survivin, and when the patient
was weaned from vaccination, he developed recurrent disease. In
another study, a survivin-derived peptide (AYACNTSTL) was
used in combination with IFN-a to vaccinate 6 patients with

advanced PC. More than half of the patients had manifested
immunological responses to vaccination, which were often
accompanied by clinical benefits.133 Nonetheless, this vaccine
was tested in a limited number of individuals and its application
would be limited to HLA-A2C patients.

HSP-peptide complex-based vaccines
HSPs exists ubiquitously across all species and their function

as chaperones can be harnessed to stabilize peptides for ex vivo
and in vivo delivery to APCs. HSP-peptide complexes can be pre-
sented on MHC class I molecules on the cell surface. Tumor-
derived HSP peptide complexes have been shown to induce anti-
tumor immune responses in preclinical studies.134 HSP96-
peptides’s complexes produced from resected tumor tissues were
the first to be employed in anticancer vaccines. In a Phase I clini-
cal trial, 10 resected PC patients who did not receive adjuvant
chemoradiation were vaccinated with autologous HSP96-peptide
complexes weekly, for a total number of 4 vaccination, exhibiting
a median overall survival of 2.2 y.135 Although this pilot study
demonstrated the feasibility of preparing HSP96-peptide com-
plexes from resected tumors, it would be a technical challenge to
produce such an autologous complex for a large number of
patients.

CEA- and MUC1-targeting vaccines
Clinical trials testing recombinant CEA- and MUC1- target-

ing vaccines in PC patients have shown little efficacy.
TRICOM is a poxvirus-based vaccine encoding a combina-

tion 3 distinct T-cell co-stimulatory molecules: B7–1, ICAM1
and CD58 (best known as LFA-3). In a Phase I study, viral vac-
cines targeting CEA and MUC1 were tested in 10 advanced PC
patients.136 The vaccination regimen consisted of a vaccinia virus
expressing CEA and MUC1 (PANVAC-V) coupled to a fowlpox
virus expressing the same antigens and co-stimulatory molecules
(PANVAC-F). Patients were primed with PANVAC-V followed
by 3 booster vaccinations with PANVAC-F.

GM-CSF was used as a local adjuvant after each vaccination
and for 3 consecutive days thereafter. The median overall survival
of vaccinated patients was 6.3 me and a significant increase in
overall survival was noted among those individuals, patients who
developed CEA- and/or MUC-1-specific immune responses as
compared with those who did not (15.1 vs. Three.9 mo, respec-
tively; p D 0.002). In a Phase III, randomized clinical trial
involving 255 patients with metastatic PC, PANVAC-V was
compared with standard gemcitabine-based chemotherapy.
Regrettably, the vaccine failed to ameliorate overall survival in
this setting.137

a-Enolasi and PC vaccination
ENO1 localizes to the cytoplasm, where it functions as a gly-

colytic enzyme, as well as to the plasma membrane, where oper-
ates as a plasminogen receptor and plays an important role in cell
migration.138 ENO1-specific T-cell responses can be detected in
PC patients who bear ENO1-specific autoantibodies, but not in
those who do not.138 Antibodies against ENO1 can be detected
in over 60% of PC patients.139 Upon transfer into
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immunocompromised mice, ENO1-specific T cells inhibit the
growth of xenotransplanted human pancreatic tumors. Despite
the ubiquitous expression of ENO1, normal cells are spared by
ENO1-specific CTLs, presumably because they express low levels
of this enzyme.138 These results have led us to develop a DNA
vaccine targeting ENO1.

There are strains of genetically engineered mice (GEM) that
spontaneously develop PC, which are already being exploited for
the development of novel diagnostic and therapeutic strate-
gies.140 A recent study used 2 of these strains to assess both the
prophylactic and therapeutic potential of a ENO1-targeting
DNA vaccine. Genetically engineered KrasG12DPdx1-Cre (KC)
andKrasG12DTrp53R172HPdx1-Cre (KPC) mice spontaneously
develop lethal pancreatic carcinomas with different kinetics.141

Both KC and KPC mice were vaccinated with a plasmid encod-
ing human ENO1, which displays more than 95% identity (99%
homology) with its mouse ortholog, resulting in the induction of
a specific immune response that significantly prolonged survival:
from 336–474 d for KC mice (representing the longest overall
survival for these animals ever reported), and from 203–245 d
for KPC mice. The ENO1-targeting DNA vaccine activated sev-
eral immune effector mechanisms, including the production of
high levels of anti-ENO1 IgG antibodies, the activation of
ENO1-specific Th1 and Th17 cells, as well as an intense recruit-
ment of CD3C cells to the tumor bed. Notably, anti-ENO1
IgGs were able to bind to murine PC cells and induce their kill-
ing via complement-dependent cytotoxicity, while Th1/Th17
cytokines favored the switching to effector antibody subclasses.
Furthermore the ENO1-targeting DNA vaccine significantly
decreased the abundance of immunosuppressive cells in the
tumor microenvironment, including MDSCs and Tregs. Of
note, when these immunosuppressive cells rebounded to levels
similar to those of control mice, tumor progression was no longer
counteracted and animals died. Still, the therapeutic efficacy of
the ENO1-targeting DNA vaccine appeared to be very promis-
ing, especially when the administration protocol started at 8–9
mo of age.142

Dendritic cell-based vaccines
DCs are the most potent APCs being very efficient at priming

na€ıve T cells to generate memory T cells and B cells that mediate
robust antigen-specific immune responses. Several groups have
attempted to harness these characteristics by isolating DCs, load-
ing them with TAAs as well as with TAA-coding or tumor-
derived mRNA ex vivo, and subsequently re-infusing them in
patients. The safety and efficacy of DC-based vaccines in PC
patients have been tested in 2 clinical trials only.

The first of these studies is a Phase I/II clinical trial in which
12 PC patients were treated upon tumor resection with DCs
loaded ex vivo with a MUC1-derived peptide.143 These patients
have been followed for >4 y after vaccination, and 4 of them are
alive, all without evidence of recurrence.

In the second study, a DC-based vaccine alone or combined
with LAK cells was administered together with gemcitabine and/
or S-1 to 49 patients with inoperable pancreatic cancer.144 Of
these patients, 2 manifested a complete remission, 5 a partial

remission, and 10 had stable disease. The median survival of
these individuals was 360 days, which appeared to be longer than
what could be achieved with gemcitabine and/or S-1. Thus, the
combination of DC-based immunotherapy and chemotherapy
was well tolerated by advanced PC patients and warrants further
investigation.

Conclusions and Future Perspectives

Pancreatic cancer is a dismal disease that has a high morbidity
and mortality and at present there aren’t effective chemothera-
peutic treatments, especially for patients with advanced and met-
astatic diseases. For all these reasons, it is of prime importance to
investigate new pancreatic cancer treatments. In this review, we
have analyzed the various strategies of the immunotherapeutic
vaccine approach, some of which are still used in animal models,
others are already being exploited in clinical trials. Immunother-
apy is certainly a promising treatment for pancreatic cancer,
because is highly specific for cancer cells and therefore without
the side effects associated with traditional chemotherapy. But,
although clinical trials testing anticancer vaccines in PC patients
have generated promising results, most of these studies have
failed to demonstrate a robust efficacy and a statistically signifi-
cant improvement in patient survival. Moreover, most of these
clinical studies identified a number of critical aspects that must
be carefully considered in the design the next generation of can-
cer vaccines, such as the lack, for the present, of antigens
expressed only by PC cells; in fact the antigens used as the target
of immunotherapic treatments are self-protein or overexpressed
(Table 1) in tumor cells or present in acetylated form, with the
risk of autoimmune phenomena.

Most often, cancer patients have developed a state of immu-
nological tolerance against TAAs that we could be used in immu-
notherapeutic strategies, because TAAs are essentially self
protein, that can be overexpressed in cancer cells. Indeed,
although mutated oncogenes may produce neo-antigens, the
expression of these potentially antigenic epitopes occurs at a spe-
cific stage of tumorigenesis.145 For example, KRAS is mutated in
the early stage of pancreatic oncogenesis, implying that the toler-
ance to mutated KRAS may be established long before invasive
PC develops. KRAS-targeting vaccines may therefore have a
potential for the PC prevention, but not for the treatment of
established pancreatic neoplasms.

Along similar lines, vaccines that target other proteins harbor-
ing tumor-associated mutations would have difficulty in over-
coming the state of immunological tolerance that develops
relative to these proteins in patients with established tumors.
Recent advances in high throughput genome sequencing may
provide the opportunity to develop patient-specific vaccines that
target multiple, as opposed to just one, cancer-associated mutant
proteins.146

Essentially all the clinical trials performed so far to compare
anticancer vaccines with standard chemotherapy failed to demon-
strate the superiority of the former. Apparently, vaccine therapy
would not be able to replace chemotherapy and radiation therapy.
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Moreover, although recent clinical studied have investigated
the sequential administration of anticancer vaccines and chemora-
diation, the immunosuppressive effects of these standard antineo-
plastic regimens may compromise the efficacy of immunotherapy.

Therefore, it will be critical to identify an optimal way to
combine anticancer vaccination with chemotherapy and/or radia-
tion therapy. It will also be interesting to test vaccines as a main-
tenance therapy for patients who are grossly disease-free upon, or
whose disease is at least stabilized, upon chemotherapy and/or
radiation therapy. Prime-boost vaccination strategies, in particu-
lar those that use listerial vaccines for boosting, are a promising
approach for maintenance therapy.

The PC immunotherapy will greatly benefit from the identifi-
cation of PC-specific TAAs. However, as mentioned above, can-
cer cells often exploit immune checkpoints to evade detection by
cytotoxic T cells. Reciprocally, although immune checkpoint
blockers are effective as single agents against specific malignan-
cies,147-149 this is not the case of the PC, which elicits limited
adaptive immune responses owing to a high degree of immuno-
logical tolerance at baseline.150,151 Indeed, the efficiency of
immune checkpoint-targeting agents is dependent on adaptive
immune responses.152 Thus, it is conceivable to combine
immune checkpoint blockers with anticancer vaccines, presum-
ably resulting in the elicitation of robust antigen-specific adaptive
immune responses. This notion is supported by the results of a
recent clinical study investigating the clinical profile of ipilimu-
mab plus GVAX as compared with ipilimumab alone in previ-
ously treated locally advanced or metastatic PC patients.153

A large proportion of the immunological infiltrate of PC
lesions exerts pro-inflammatory functions. However, these proin-
flammatory components are insufficient to elicit adequate antitu-
mor immune responses. Cytokines such as TGF-b or IL-10, are
produced by the pro-inflammatory infiltrate of PC lesions and
can stimulate tumor growth. Once the tumor is established, the
microenvironment is skewed toward a highly immunosuppressive
state characterized by a high frequency of tumor-associated mac-
rophages with an M2 phenotype, increased Th2 immune

responses, and abundant Tregs, which further contribute to
immune evasion.151

In the presence of such an immunosuppressive microenviron-
ment, immune effector cells are unable to mediate cytotoxic
functions even when they have been fully activated in the periph-
ery. Therefore, for anticancer vaccines to elicit therapeutically rel-
evant tumor-specific immune responses, new strategies must be
designed that convert the highly immunosuppressive microenvi-
ronment of pancreatic tumors into an immunostimulatory
one.154,155

In accord with this assumption, very interesting are the results
obtained using of low-dose cyclophosphamide, which was shown
to deplete Tregs in preclinical settings, in combination with anti-
cancer vaccines.108 In particular, the use of CY/GVAX and CRS-
207 have shown anecdotal survival benefit generating promising
hopes for future treatment of PC patients. So, in conclusion we
can say that immunotherapy may be included among the future
treatments for pancreatic cancer, especially for inoperable
patients, but for the effectiveness of this innovative treatment is
essential to overcome some obstacles: (a) finding specific markers
for pancreatic cancer cells, (b) mitigating the immune suppressive
effects of tumor cells, (c) early diagnosis of the tumor so as to act
in a timely manner before the cancer spreads in other locations.
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