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ABSTRACT

Pancreatic cancer continues to be the fourth
leading cause of death despite advancements in
surgical and adjuvant therapeutic approaches.
In the present review, the current cytotoxic
therapeutic approaches and advanced targeted
therapies are objectively discussed with

consideration to the current literature.
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INTRODUCTION

Pancreatic cancer has an incidence of
10/100,000 in the general population and is
the fourth leading cause of cancer-related
death in males and fifth leading cause in
females [1, 2]. The long-term survival rate is
very low, being 14% in stage 1 disease and 1%
in stage 4 disease [2]. As the majority of
patients are diagnosed with either locally or
systemically advanced disease stage, surgery
alone will not be curative and multimodality
therapy will be [3]. The
resectability of pancreatic cancer is around
15-25% of the cases undergoing laparotomy

necessary

[4]. However, with a good preoperative work-
up and accurate patient selection it can
increase to 75% [4, 5]. Long-term survival
following curative surgery approaches 25%,
even in experienced centers [3]. These figures
emphasize the importance of adjuvant
therapy in providing better patient survival
[6]. In the present study, we attempted to
summarize current conventional and
targeted adjuvant treatment protocols for

pancreatic cancer.
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METHODS

The MeSH terms including “cytotoxic therapy
and pancreatic cancer” and “targeted therapy
and pancreatic cancer” were used for PubMed
searches between 1985 and 2014. Suitability as a
reference was decided after reading the abstract.
For regularly wused therapies, such as
conventional cytotoxic therapy, randomized
controlled trials or high-impact reviews were
selected. For experimental therapies, such as
gene therapy, phase 1 and 2 clinical trials were
selected. The search for conventional cytotoxic
therapy yielded 814 articles of which 23 were
chosen as references. Searching for targeted
therapy yielded 1,368 articles of which 59
were selected for this review.

CONVENTIONAL CYTOTOXIC
THERAPY

To summarize the topic properly, it would be
practical to evaluate pancreatic cancer in three
including pancreatic
cancer, locally advanced pancreatic cancer
(LAPC),
Scenarios involving resectable and metastatic

subclasses resectable

and metastatic pancreatic cancer.

(inoperable) pancreatic cancer can easily be
defined for in the first scenario there is no
extra-pancreatic involvement of the tumor, no
major vascular involvement, and RO resection
can be obtained by pancreaticoduodenectomy.
On the other hand, metastatic disease shows
distant organ metastasis regardless of the
condition of the primary tumor and, therefore,
no definitive cure can be obtained for these
patients. LAPC is usually defined as a tumor
having a broad retroperitoneal margin and
either requires major vascular resection to
obtain negative margins or is considered

unresectable intraoperatively. Nevertheless,

surgery is far from providing a cure for LAPCs.
The reason for this classification is based on the
fact that different modalities gain importance at
different stages of the disease.

The mainstay therapeutic approach in
resectable disease is definitely surgery, which
provides the highest chance of a successful cure
[6]. The exact role for adjuvant therapy in
resectable pancreatic cancer is not clear. In
fact, there are various alternatives to adjuvant
therapy for resectable pancreatic cancer. The
Gastrointestinal Study Group (GITSG) indicated
a beneficial effect of bolus 5-fluorouracil (5-FU)
with radiotherapy in terms of survival [7].
Furthermore, the Radiation Therapy Oncology
Group (RTOG) 9704, stated the beneficial effect
of adding gemcitabine to infusion S5-FU
combined with radiotherapy [8]. The Charité
Onkologie Clinical-001 (CONKO-001) study
randomized patients to either postoperative
gemcitabine or observation and at the end of
the study they reported a survival benefit of the
adjuvant chemotherapeutic approach [9]. On
the other hand, the European Organization of
Research and Treatment of Cancer (EORTC)
trial did not show any beneficial survival effects
for  patients  treated  with  adjuvant
chemoradiation [10]. In addition, the ESPAC-3
trial compared gemcitabine and 5-FU in an
found that both
therapeutic approaches provided a survival
benefit but that the gemcitabine arm showed
effects [11]. The Japanese
Adjuvant Study Group of Pancreatic Cancer

adjuvant setting and

fewer adverse
reported very successful results with S-1 not
only in adjuvant setting but also in advanced
pancreatic cancer, which was comparable to
gemcitabine [12]. S-1 is an oral
fluoropyrimidine that consists
gimeracil, and oteracil. It is a prodrug form of
5-FU and an alternative to infusional 5-FU

therapy [13, 14]. Nevertheless, it has been

of tegafur,
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confirmed by some trials that adjuvant therapy
provides a benefit in
pancreatic cancer. Most important of all is the
JASPAC-01 trial comparing S-1 and gemcitabine
in the patients with pathological stage II or
lower, or stage III with the resection including

survival resectable

celiac artery, macroscopically resected (RO or
cancer [15]. S-1
superiority to gemcitabine in overall survival
with a hazard ratio of 0.56 (95% CI: 0.42-0.74;
p <0.0001 for superiority) [15]. The findings of
the JASPAC-01 trial suggest that adjuvant
chemotherapy with S-1 is a more effective

R1) pancreatic showed

alternative to gemcitabine in resectable
pancreatic cancer [15, 16].

In the case of LAPC, the clinical scenario
changes dramatically. In fact, LAPC is usually
unresectable and the survival of the patients is
limited to 9-10 months without any treatment
[17]. Therefore, a multidisciplinary approach
and potent treatment modalities are needed
[18]. The currently accepted chemotherapeutic
strategy for LAPC includes either capecitabine
or gemcitabine, optionally combined together
with radiation therapy [14]. There are some
clinical trials regarding alternative treatment
regimens. The Gastrointestinal Tumor Study
Group has
mitomycin, and S5-FU triple therapy (SMF
protocol) to the 5-FU and radiotherapy
followed by the SMF protocol [19]. They

concluded that multimodality combination

compared  streptozotocin,

therapy was superior to the SMF protocol
alone in LAPC in terms of survival [19]. In
addition, the Eastern Cooperative Oncology
Group (ECOG) compared S5-FU  with
concurrent 5-FU  with
maintenance and concluded that there was no

radiotherapy and

difference in terms of survival [20].
Furthermore,
therapy was higher than the single-agent

treatment [20]. Results of the 2000-01 FFCD/

toxicity of the combination

SFRO study revealed that a combination of
radiotherapy together with chemotherapeutics
had poor prognosis when compared to
gemcitabine alone, which was attributed to
the toxicities of the combination therapy [21].
Although the ECOG trial found an enhanced
benefit in the
combining gemcitabine with the radiotherapy,
grade 5
combination therapy [22].

Metastatic pancreatic cancer has an extremely

survival treatment arm

toxicities were higher in the

dismal prognosis. Furthermore, the performance
status of the patients is very poor so that the
tolerability of any multimodality and highly toxic
therapy becomes a big concern. Nevertheless, in
1997, gemcitabine was approved as the first-line
therapy for metastatic pancreatic cancer [23].
Combining gemcitabine with any other cytotoxic
agent did not show any overall survival benefits
[24]. ECOG showed an enhanced overall and
progression-free  survival with the 5-FU,
leucovorin, irinotecan, and oxaliplatin
(FOLFIRINOX) when compared with gemcitabine
alone [25]. Nevertheless, myelosuppression was
observed as a grade 3-4 adverse effect of the
treatment and the toxicity of therapy was highly
emphasized by the authors [25].

In conclusion, the abovementioned trials
emphasize the fact  that, although
combination therapies provide enhanced
survival or better symptom control, the side
effects encountered during the treatment period
limit the applicability of the
regimens. Therefore,
personalized, and targeted therapies are needed.

treatment

more specific,

TARGETED THERAPY
FOR PANCREATIC CANCER

Targeted therapy for cancer depends on the
basic principle that the given treatment inhibits
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certain molecular pathways involving cell molecular mechanisms governing tumor
proliferation, anti-apoptosis, invasion, and growth (uncontrollable cell division and

metastasis that are all vital for tumorigenesis

[26]. There are many strategies utilized in

molecular targeted therapy for cancer. These

can be classified into five groups:

1. small molecule inhibitors, such as the
tyrosine kinase inhibitors (erlotinib, sonic
hedgehog (SHH) inhibitors);

2. monoclonal antibodies, such as cetuximab
and bevacizumab;

3. gene therapy, including pS3, pl6,
retinoblastoma gene, KRAS, bcl-2, etc.;

4. epigenetic control of the target genes (RNA
interference of certain genes such as zinc
transporter and sphingosine kinase 1);

5. oncolytic viruses (viral oncolysis or suicide
gene therapy) [18, 27].

Monoclonal antibodies will be discussed in

detail whereas the other modalities will be

briefly summarized in the “Future Directions”
section.

Molecular Basis of Targeted Therapy
for Pancreatic Cancer

Epidermal growth factor (EGF) is a member of
the erbB receptor family that are actually
receptor tyrosine kinases. The erbB receptor
family contains four closely related receptor
erbB2, erbB3, and erbB4.
Epidermal growth factor receptor (EGFR), also
known as the erbBl, has three distinct
cytoplasmic domains: (1) a juxtamembrane

kinases: erbBl,

domain which is the regulatory region; (2) a
central tyrosine kinase domain which is the
effector region (target for erlotinib); and (3) a
non-catalyzing
Overexpression of this receptor and the
downstream signaling molecules is one of the
earliest genetic aberrations during pancreatic

carboxy-terminal region.

carcinogenesis [28]. EGFR is related with

proliferation), metastasis (loss of cell-to-cell
adhesion), and
transition (EMT) [29]. Thirty to eighty percent
of pancreatic ductal epithelial
overexpress EGFR and it is related with a poor

epithelial-to-mesenchymal
cancers

prognosis [30, 31]. EGFR activation through the
binding of the ligand activates ras- through the
activation of GRB2 and Shc that activates sos-.
Raf and MEK1 dual kinase are on the
downstream of ras-. These complexes activate
(ERK)
family. ERK translocates to the nucleus and
regulates a series of transcription factors which

extracellular signal-regulated kinase

control cell proliferation. Functional
derangement in signaling causes uncontrolled
cell proliferation and contributes to pancreatic
carcinogenesis [32-34]. Co-expression of EGFR
and its ligands in patients with pancreatic
cancer has been correlated with poor
prognosis and advanced-stage disease [35, 36].

The K-ras gene on chromosome 12pl2
encodes the p2l-ras protein, which is a
membrane-bound signal-transducing protein.
K-ras mutation was first described in
pancreatic cancer in 1988 [37]. Since then, it
has been shown by many studies that a point
mutation in the K-ras gene is present in 85-90%
of patients [37, 38]. The mutation is almost
always on codon 12 of the protein where the
glycine normally present in this position is
either changed to valine or aspartate. This
genetic defect in the protein causes the GTP
control over the protein and the mutant protein
stays in the activated form amplifying extrinsic
signals of cell growth and invasion [37-39].
Interestingly, Navas et al. [40] has shown that in
pancreatic carcinoma K-ras-related
tumorigenesis is closely related with EGFR
amplification, which is not observed in colon

or lung cancer. The stable mutation of the K-ras
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gene in the majority of the pancreatic cancers
makes it an attractive target for immunotherapy
and gene therapy [41].

Furthermore, many other genetic alterations
are present in pancreatic cancer involving p53,
c-erbB-2, and deleted in pancreatic cancer locus
4 (DPC4) which are all tumor suppressor genes.
All of them play an important role in the
pancreatic carcinogenesis [42]. pS3 is a tumor
suppressor gene that is involved in cell cycle
regulation, DNA synthesis, DNA
apoptosis, and cell
generally deleted in more than 75% of
patients with cancer [43]. The mutation in p53
is a loss-of-function type mutation. This loss of

repair,
differentiation. It is

function leads loss of G1 arrest in case of DNA
damage. This makes the cell more prone to DNA
damage, and is passed on to daughter cells and
is deleted in most cancer types [43, 44].
Another active area of research for a novel
therapeutic target for pancreatic cancer is the
tumor microenvironment (TME). Components
of the TME include the extracellular matrix
(ECM), angiogenesis, pancreatic stellate cells,
and the tumor-associated immune cells [45].
Pancreatic cancer is rich in stromal component.
ECM is a very important part of TME that
plays a critical role in carcinogenesis and tumor
progression. The components of the ECM are
collagen, proteoglycans, and
hyaluronic acid. One active area of research in
targeting the ECM is the SHH signaling pathway
[45, 46]. The exact mechanism of the SHH
pathway

fibronectin,

contributing to pancreatic

carcinogenesis is  not known.
Nevertheless, ligands for the SHH have been

secreted from the ductal epithelium resulting in

clearly

the downstream signaling molecules to be
activated in the juxta-neoplastic stroma [47].
SHH pathway activation in the stroma leads to
transcription of certain genes, such as PTCH1,
SMO, HIP and GLI1, that leads to accumulation

of components of ECM in the tumor known as
the desmoplastic [45-48].
Desmoplastic reaction causes distortions in the

reaction

normal architecture of the pancreatic tissue that
limits the blood supply and the lymphatic
drainage. This can be a dismal factor in
limiting the efficacy of cytotoxic therapy [49-
51].

HER1/EGFR Tyrosine Kinase Inhibitors

Erlotinib

A key molecular event in pancreatic
carcinogenesis is EGFR overexpression [32].
Erlotinib is a tyrosine kinase inhibitor that
prevents the activation step of EGFR1 (erbB1)
and therefore blocks the activation of the EGFR
pathway (Fig. 1). It was approved by the US
Food and Drug Administration in 2007 for the
treatment of advanced pancreatic cancer [52].
Before the introduction of erlotinib, the major
breakthrough in the treatment of pancreatic
cancer was gemcitabine, which was approved in
1997 [53]. Currently, erlotinib is considered the
first-line therapy in the treatment of advanced
pancreatic cancer as a single agent or in
combination with gemcitabine [52-55].
Randomized controlled trials comparing
erlotinib and gemcitabine to gemcitabine
monotherapy showed significantly longer
overall survival and median survival period
[52-57]. However, the difference in the survival
was only 1month, or slightly longer, and
Although

reported progression-free survival and average

therefore not very prominent.
time to progression are longer, this does not
extrapolate to a more prominent better
prognosis [56, 57]. Serious adverse effects are
very rare with erlotinib therapy. The most
commonly reported side effects are skin rash
and serious grade 3-4 adverse reactions
involving  fatigue,

anorexia, vomiting,
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Fig. 1 The mechanism of action: cetuximab and erlotinib.
EGFR ligands bind to EGFR and induce dimerisation. EGFR
has tyrosine kinase domain which is phosphorylated after
dimerisation and then EGFR is activated. Activated EGFR
stimulates the downstream signal transduction. As a result,

stomatitis, and diarrhea [58].
[59]
complications with erlotinib monotherapy

Stathopoulos

et al reported serious hematologic

involving acute myelogenous leukemia,

chronic myeloid leukemia, and
myelodysplastic syndrome, but the evidence
was not enough to attribute the leukemia
development to erlotinib treatment.
Interestingly, Moore et al. [56] reported the
skin rash to be a positive prognostic marker for
erlotinib therapy. Positive response predictive
markers are reported to be patient age
<65 years, ECOG performance score of 2,
male gender, pain scores <20, presence of
metastatic disease, baseline C-reactive protein
>1.4mg/L, baseline lactate dehydrogenase

more than the upper limit of the normal

proliferation, angiogenesis, and metastasis occur. Cetuximab
isa chimeric monoclonal antibody against EGFR and inhibits
the dimerisation. Erlotinib is a small molecule that inhibits
phosphorylation of tyrosine domains of EGFR. EGFR
Epidermal growth factor receptor, 7K tyrosine kinase

range, and primary tumor located at the tail
of the gland [56, 57]. Furthermore, distribution
and level of EGFR did not predict the response
to the erlotinib therapy [56].

Nevertheless, based on the available data we
can say that, although erlotinib revolutionized
the treatment of pancreatic cancer, it is not
sufficient for a more prominent response. One
explanation for this phenomenon is that all the
data collected for erlotinib have been obtained
from patients with metastatic disease or locally
advanced unresectable disease. There are no clear
data on the effect of erlotinib in localized
resectable disease. Since the contribution of
erlotinib in the treatment of pancreatic cancer
is only marginal, more specific and powerful
therapies targeting this signaling axis are needed.
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Cetuximab

Cetuximab is a chimeric monoclonal antibody
against EGFR that prevents the activation and
downstream signaling of the receptor (Fig. 1)
[60]. Preclinical models utilizing orthotropic
implantation of pancreatic cancer cells yielded
promising results, which was a prominent anti-
tumor response when cetuximab was combined
with conventional gemcitabine-based cancer
therapies [61, 62]. Unfortunately, the clinical
trials did not live up to the expectations raised
by the preclinical data. It was first utilized in a
multicenter phase II trial performed by Xiong
et al. [63] where 41 patients with a locally
advanced, metastatic, or recurrent pancreatic
cancer were treated with cetuximab and
gemcitabine. Overall 1-year survival rate was
31.7% and progression-free survival was 12%.
These data seemed to be favorable when the
results of the study were compared to a previous
phase III trial of gemcitabine monotherapy
which showed 18% overall survival and 9%
progression-free survival [22]. Cascinu et al. [64]
evaluated the efficacy of combining cetuximab
with gemcitabine and cisplatin
gemcitabine plus cisplatin alone. Eighty-four

versus

patients were randomized to the treatment arms
containing cetuximab or non-cetuximab-based
combination therapy. Objective response rates
were 17.7% and 12.2% in the cetuximab and
non-cetuximab treatment arms, respectively.
The study concluded without any significant
response in terms of objective response,
progression-free survival, and overall survival.
The toxicity profiles of both treatment arms
were similar and the study failed to show any
beneficial effect of adding cetuximab to the
combination therapy [64]. Kullmann et al. [65]
evaluated the efficacy of combining triple
agents including cetuximab plus gemcitabine
and oxaliplatin in the treatment of locally
advanced or metastatic pancreatic cancer. The

results of the study were compared to a pooled
analysis performed by Heinmann et al. [66] in
2007. Unfortunately, the objective response
rate, progression-free survival, and the overall
survival were not significantly different from
the gemcitabine plus oxaliplatin trials presented
by Heinmann et al. [66].

While all the studies evaluated above were
phase II trials with a certain level of limitation
in terms of study outcome, a key randomized
phase III study performed by Philip et al. [67]
compared the efficacy of cetuximab plus
gemcitabine to gemcitabine
Unfortunately this study also failed to show a
significant beneficial effect of the combination

alone.

therapy compared to monotherapy alone in
terms of overall survival (6.3 vs. 5.9 months in
the combination vs. monotherapy arms,
respectively), progression-free survival, and the
objective response rates. None of the studies
[60-67] could find a

correlation between the response rates and the

mentioned above
EGEFR expression level. Furthermore, all of them
found that skin rash due to cetuximab therapy
was the most common adverse effect. In
addition, as in erlotinib therapy, development
of the skin rash correlated with the positive
response rates to the therapy.

In conclusion cetuximab, as in erlotinib
therapy, did not keep up with the expectations
raised during the preclinical stage of the drug
development.

Resistance to Treatment Strategies
Targeting EGFR Signaling Axis

Since agents targeting the EGFR signaling axis
did not meet the expectations raised in the
preclinical setting, researchers became more
interested in the potential mechanisms of
resistance. There are many explanations for
this phenomenon but most of them are at the
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theory level. For example, persistent activation
of the tyrosine kinase is the most popular
hypothesis that has not yet been tested.
Goldman et al. [68] found enhanced VEGEF-
mediated
glioblastoma multiforme models and proposed
it to be a bypass pathway for EGF signaling

angiogenic response in the

cascade that produced resistance to EGFR
antagonists.

Another resistance mechanism is a mutation
that can occur in the receptor or the
downstream molecule that renders the
organism unable to bind and respond to
monoclonal antibodies and small molecule
inhibitors [69]. Therefore, a lot still needs to
be done to develop a novel agent that targets

the EGFR pathway.

Bevacizumab

A variety of factors are involved in the regulation
of angiogenesis. Vascular endothelial growth
factor (VEGF) is one of the main growth factors
involved in vessel formation. VEGF, also known
as vascular permeability factor (VPF), was
originally described as an endothelial cell-
specific mitogen [70]. VEGF is produced by
many cell types
macrophages, platelets, keratinocytes, and renal
mesangial cells. The activities of VEGF are not
limited to the vascular system; VEGF plays a role

including tumor cells,

in normal physiological functions such as bone
formation, hematopoiesis, wound healing, and
development [70]. Bevacizumab is humanized
monoclonal anti-VEGF-A antibody. It blocks the
VEGF-A epitope site and blocks ligand receptor
interaction (Fig. 2) [71]. Since the VEGF signaling
pathway provides a bypass for the EGFR
signaling pathway, blocking this pathway may
provide an enhanced treatment alternative. Van
Cutsem et al. [57] challenged this hypothesis in a
phase III trial for advanced pancreatic cancer
involving 607 patients enrolled to bevacizumab

plus erlotinib plus gemcitabine (n=306) and
erlotinib plus gemcitabine only (n = 301) groups.
Unfortunately, the authors found no survival
benefit from bevacizumab treatment [57]. A
recent multicenter phase II trial published by
Ko et al. [72] analyzed the effect of bevacizumab
on combination therapy involving cetuximab or
cetuximab plus gemcitabine. The study was
terminated early due to poor results observed
in the cetuximab plus bevacizumab arm [72]. A
phase III trial by Kindler et al. [73] also found no
survival benefit from combining bevacizumab
and gemcitabine when compared to gemcitabine
alone.

FUTURE DIRECTIONS

Although there have been advances in current
cytotoxic therapy, we have still not reached our
survival goal for pancreatic cancer in terms of
adjuvant therapy. Surgery is still the only
durable option providing the chance of a cure.
However, the lack of neoadjuvant and adjuvant
therapy severely limits the effect of surgery in
prolonging the survival for patents and also
preventing loco-regional recurrences. This is
especially more pronounced in patients that
have locally advanced tumors.

The targeted therapies have yielded only
modest responses until now and there is
clearly a need for more specific and potent
therapies. There is clearly a need for more
specific and patient-oriented approach for the
treatment of pancreatic cancer. There are some
experimental treatment protocols that are being
tested. Some are in the preclinical setting and
some have come to phase I and II clinical
testing. Due to the limitations of the context of
the current review, we will only define the
recent most popular experimental strategies for
the treatment of pancreatic cancer.
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Fig.2 The mechanism of action: bevacizumab. cannot be activated. Consequently, bevacizumab inhibits

Bevacizumab is a humanized recombinant monoclonal
antibody against to VEGF-A. It prevents the binding of
VEGF-A to VEGFR1 and VEGFR2, then the receptors

Cell-Based Vaccination Therapies

There are many strategies utilizing autologous
or orthotropic-activated immune cells for the
treatment of cancers. The basis of cell-based
therapies is to induce an adoptive specific anti-
tumor immune response in cancer patients. The
main effector of this response is the cytotoxic T
cell and the natural killer (NK) cells. The
effector cells can be autologous or allogeneic
in nature [74, 75]. Nevertheless, all of these
therapies are experimental in nature and there
are only a limited number of case reports
regarding their

pancreatic cancer.

utilization in advanced

Qui et al. [76]
recombinant technology to express an al,3
galactosyl epitope in the tumor cells isolated
from the lymph nodes removed from patients.

used

angiogenesis and tumor growth. VEGF Vascular endothelial
growth factor, VEGFR vascular endothelial growth factor
receptor

The idea behind their study was that human
cells did not include the «1,3 galactosyl epitope
and once the engineered cells had expressed the
antigen they were co-incubated with dendritic
cells (DC), isolated from the peripheral blood of
the patients, and cytokine-induced Kkiller cells,
isolated from the bone marrows of the patients.
The study included 14 patients with advanced
pancreatic cancers. After one to five cycles of
DC-CIK this
protocol, six patients had stable disease, two

cell-based vaccination with

had partial response, and six remained as
progressive disease. The authors showed a
with
hypersensitivity reaction and the response rate
of the patients, and concluded that the
survivors showed a significant level of delayed-
type hypersensitivity reaction [76]. Similarly,

positive  correlation delayed-type
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Long et al. [75] reported a case of advanced
pancreatic treated with cytokine-
induced killer cell vaccination. Progression-free

cancer

survival increased together with a better quality
of life for the patient [75]; however, the result of
the study should be evaluated with care asitisa
single case report. Nevertheless, these two
studies emphasize the importance of
innovative therapies in pancreatic cancer.
Another strategy is to use the DC as a part of
the vaccination process. DC are antigen-
presenting cells which are responsible for
production of long-term and sustained specific
anti-tumor immunity. They can be loaded with
specific tumor-associated antigens (TAA) or can
be transfected with tumor-derived mRNAs to
express specific TAA [77]. There are few early
clinical trials utilizing DC-based vaccination
therapy in advanced-stage pancreatic cancer.
Lepisto et al. [78] utilized ex vivo MUC-1-
derived peptide-loaded DC to treat pancreatic
and biliary tract cancers in an adjuvant setting
and, in a 4-year follow-up, 4 of the 12 patients
survived without any evidence of the disease.
Kimura et al. [79] recently published a phase I/11
clinical trial using a DC-based vaccine in
combination with lymphokine-activated killer
cells (LAKC) and standard gemcitabine and or
S-1 chemotherapy in advanced-stage pancreatic
concluded  that
multimodality combination yielded superior

cancer. The  authors
overall survival and that DC vaccination was
effective only when combined with LAKC [79].

The main barrier underlying the utilization
of various immunocytes in adoptive immune
therapy of cancers, and especially pancreatic
cancer, is that there is always an ex vivo
component which is in great need for utilizing
the right TAA to target the immunocytes for the
tumor. In the case of pancreatic cancer, it not
easy to find that specific TAA.
Furthermore, the tumor tissue develops certain

always

ways to circumvent the immune surveillance
and generally the TME is immunosuppressive
[73-76]. Therefore, there is need to develop new
strategies for stimulating the immune system of
the patient against the hosted tumor. For this
reason, whole cancer cell-based vaccines are
which
eliminates the need for developing epitopes

being developed for human use
for specific TAA and ex vivo stimulation of the
immunocytes because it utilizes the irradiated/
homogenized tumor cells itself to stimulate the
host immune system. They can be considered as
autologous vaccines that stimulate lymphocytes
and patients’ sera against the TAA [80, 81]. This
strategy was further improved by engineering
the tumor cells to express certain cytokines such
as granulocyte-macrophage colony-stimulating
factor (GM-CSF), i.e., GVAX as trademark) for
enhanced immune response [80]. Murine o-1,3-
galactosyl a-galactosylated
epitope expression in the human cancer cells
lines (algenpantucel-L), which is foreign to the

transferase for

human immune system and evokes a potent
anti-cancer immune response, might also be
used to improve this strategy [81]. Furthermore,
experimentally oncolytic viruses seem to be
effective tools to evoke a sustained and potent
anti-tumor immune response in individuals
with a very good safety profile due to the
inability to infect normal tissues but
producing a lytic infection in the tumor
tissues. It can also remedy the resistance
mechanisms of the tumor tissue against the
host immune surveillance [82, 83].

In addition to using cell-based vaccines or
oncolytic viruses, there are some experimental
protocols utilizing that target the TME and
modify it to enhance anti-tumor immune
response. These are all yet experimental
approaches; however, animal models have
yielded promising results. The studies mostly

utilized standard cytotoxic chemotherapy to
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circumvent myeloid-derived suppressor cells to
reduce tumor-associated immunosuppression.
Many preclinical studies have utilized
gemcitabine at clinically relevant dose and
have combined it with modified tumor
IFN gamma gene bearing
adenovirus vaccines [84, 85]. These studies
abundant CD8 cytotoxic
lymphocyte-mediated anti-tumor
immune responses that were coupled to
Gr1-14+/CD11b+
suppressor cells [84, 85]. These two studies
mainly emphasize the importance of targeting

the TME.

vaccines or

have shown
specific

reduced myeloid-derived

CONCLUSIONS

The diagnosis and treatment of pancreatic
cancer has improved in the last decade and
there is now more hope for enhancing the
survival of patients. There are more specific
therapies being developed and being tested for
Nevertheless,
limitations to be overcome for the success of

human use. there are still
specific therapies. We believe the answer lies in
the TME and modulation of the host immune
system against tumor cells. More experimental
work and clinical correlations are needed but
the future seems to be the biological therapies
and adaptive immunotherapy adjunct to the
routine targeted and cytotoxic therapies for
pancreatic cancer.

This review is based on previously conducted
studies, and does not involve any new studies of
human or animal subjects performed by any of
the authors.
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