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Pancreatic cancer continues to be one of the most difficult malignancies to treat. It is ranked
tenth in cancer incidence but is the fourth leading cause of cancer mortality [1]. At present,
surgery for resectable tumor and gemcitabine-based chemotherapy for advanced disease are
the main forms of treatment; yet disturbingly, its 5-year survival rate of 5% has not
improved over the last 30 years. Clearly, there is an urgent need for new therapeutic
strategies. Years of intensive research have made pancreatic cancer one of the most
described diseases in terms of its molecular biology and pathogenesis, and with that, many
therapeutic targets have been identified [2]. One example is the activation of the EGF-
receptor (EGFR) signaling pathway. Erlotinib, an EGFR tyrosine kinase inhibitor, was the
first targeted therapy to be approved by the US FDA in 2005 for pancreatic cancer
treatment. Although it has shown a statistically significant benefit in combination with
gemcitabine in a Phase III trial of advanced pancreatic cancer, improvement in survival was
small (median survival of 6.24 vs 5.91 months with gemcitabine alone) and appears to favor
a subgroup of patients, such as males and those who developed a more severe skin rash [3].
However, cetuximab, a monoclonal antibody that also inhibits EGFR, was ineffective
against advanced pancreatic cancer [4]. In fact, a number of other targeted agents have been
tested in Phase III trials, including those against VEGF (bevacizumab), gastrin (G17DT),
gastrin receptor (gastrazole), Ras farnesyltransferase (tipifarnib) and matrix
metalloproteinases (marimastat and tanomastat), but have all failed to make any measurable
impact on patient survival [2]. More recently, a Phase III trial of immunotherapy using the
GV1001 telomerase peptide vaccine (telomerase is expressed in the majority of pancreatic
cancers and contributes to cell immortalization) was stopped prematurely as results showed
no survival benefit in combination with gemcitabine in advanced pancreatic cancer patients
[5].

Data from these molecularly targeted approaches suggest that there are still gaps in our
knowledge of pancreatic carcinogenesis and the drugs used; for example, the Hedgehog
signaling pathway, which is implicated in pancreatic tumori genesis, could have affected the
delivery of drugs to cancer cells owing to poor vascularization [6]. Bortezomib, a
proteosome inhibitor that prevents the degradation of IκB and is licensed for the treatment
of refractory multiple myeloma, failed to show any benefit in a Phase II pancreatic cancer
trial [7], and this could be related to the paradoxical activation of other anti apoptotic and
mitogenic pathways by this agent [8]. Celecoxib, a COX2 inhibitor currently in Phase III
trial, has antitumoral activity that does not correlate with its inhibition of COX2, suggesting
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the involvement of alternative mechanisms [9]. Recent genomic analyses by Jones et al.
revealed that an average of 63 genetic alterations affect a core set of 12 signaling pathways
and processes that are genetically altered in 67–100% of cases of pancreatic cancer [10]. As
such, targeted agents should also focus on the blockade of multiple pathways, or inhibition
of a signaling pathway at multiple levels. Equally critical is a more stringent set of criteria
by which agents are moved into Phase III clinical trials and appropriate patient selection
(e.g., disease stage or by predictive biomarkers).

While much work is ongoing for the development of more effective molecularly targeted
agents, many groups have focused their attention on gene-therapy approaches [11]. This
involves the introduction of exogenous nucleic acid to express, restore or inhibit a gene of
interest. They can be delivered by viral (e.g., adenovirus and retrovirus) and nonviral (e.g.,
naked DNA, liposome and polymer) delivery systems. Viral vectors remain the most
effective vehicle and have therefore been widely studied. The conventional approach is the
delivery of genes that have antitumoral activity, such as tumor suppressor, proapoptotic,
antiangiogenic and immunostimulatory genes. The first government-approved cancer gene-
therapy agent was Gendicine® (SiBiono GeneTech, Shenzen, China) in China in 2004. It is
a replication-defective adeno virus 5 (Ad5) that delivers the tumor suppressor gene TP53 to
head-and-neck squamous cell carcinoma. However, in the USA, a similar virus called
Advexin®, developed by Introgen Therapeutics (TX, USA), did not show convincing
outcomes and was subsequently rejected by the FDA. This virus has not been tested
clinically in pancreatic cancer. A recent development by Epeius Biotechnologies (CA, USA)
is Rexin-G®, a retroviral vector carrying the dominant negative mutant of the oncogenic
protein cyclin G1. Administered intravenously, it targets collagen-exposed areas, such as the
tumor environment, and has shown promising results in Phase I/II trials of gemcitabine-
resistant pancreatic cancer [12]. Further studies are planned.

One major shortcoming with the use of non-replicating viral vectors is the short-lived
expression of therapeutic transgene. An improvement on this would be the use of
replication-selective oncolytic virus, whereby efficacy is enhanced by virus multiplication,
lysis and spread to adjacent tumor cells. A Phase I trial of the oncolytic herpes simplex
virus-1 encoding the gene for granulocyte-macrophage colony-stimulating factor,
OncoVEXGM-CSF® (BioVex, MA, USA), is currently being tested on patients with
unresectable pancreatic cancer. An oncolytic Ad2/Ad5 hybrid, ONYX-015® (Onyx
Pharmaceuticals, CA, USA), has been tested in two Phase I/II trials where the virus was
injected directly into pancreatic tumors [13,14]. Disappointingly, no virus replication was
detected on fine-needle biopsy of the tumors, unlike other trials for head-and-neck cancer
and liver metastases of colo rectal carcinoma. The reasons for these results are diverse,
determined by the complex interaction between the tumor, the virus (e.g., low expression of
viral attachment receptors on tumor cells and deletion of genes that affected its potency) and
the host immune response (e.g., increased virus clearance and reduced T-cell-mediated
antitumoral activity) [15]. In recent years, a number of studies have been conducted to
optimize this treatment modality, which include increasing viral infectivity and potency
[16,17], the use of different viral species [18-20], arming oncolytic viruses with therapeutic
genes [21,22] and combining viruses with chemotherapy [23-25]. Results have been
promising, but it will be some time before they can be translated into the clinical context.

Another approach that has gained popularity among the scientific community is the use of
NA-directed gene-silencing strategies. They regulate gene expression post-transcriptionally
by binding to specific target mRNA and blocking its translation to protein. This includes the
use of antisense oligonucleotides and siRNAs. Although the antisense inhibitor of oncogenic
HRas, ISIS 2503, had demonstrated activity in Phase II trial of locally advanced and
metastatic pancreatic cancers [26], development of this drug was abandoned following the
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failures of other similar compounds, such as ISIS 3521 and oblimersen, in lung cancer and
melanoma, respectively. The siRNAs are highly specific for their target mRNAs and, via
interaction with the NA-induced silencing complex, cause cleavage of the mRNA or
translational block. In vitro and in vivo results against targets such as KRas (mutated in 95%
of pancreatic cancers) [27], hypoxia-inducible factor-1α (a transcription factor that is
activated in hypoxic tumors) [28], the zinc transporter ZIP4 [29] (expressed in 94% of
pancreatic carcinomas [30]), Notch 1 [31] and signal transducer and activator of
transcription 3 [32] (proteins involved in tumorigenic signaling pathways), are encouraging,
although this technology has yet to be tested in patients with pancreatic cancer. CALAA-01
(Calando Pharmaceuticals, CA, USA), a nanoparticle containing siRNA against the M2
subunit of ribonucleotide reductase, has now entered a Phase I trial for the treatment of solid
tumors.

The discovery of miRNAs in 1993 spawned a number of studies investigating targeting
these molecules in cancer treatment. They are small, endogenous RNA nucleotides that
regulate gene transcription post-transcriptionally in a similar manner to siRNAs, and they
can be either oncogenic or tumor-suppressive, depending on their target mRNAs. An
individual miRNA can inhibit multiple mRNAs, thereby making it an ideal therapeutic
target. A large number of miRNA precursors are aberrantly expressed in pancreatic cancer
[33], and treatment strategies include the reconstitution of tumor-suppressive miRNAs and
the knockdown of oncogenic miRNAs by coding vectors, anti-miRNA oligo nucleo tides or
molecular drugs. Studies of this treatment approach have been limited in pancreatic cancer
but are gradually increasing. Examples of in vitro work include targeting the downregulation
of miR-146a in pancreatic cancer, whereby its reconstitution resulted in reductions of
molecules such as EGFR, NF-κB and IL-1 receptor-associated kinase 1, leading to
inhibition of invasive potential [34]. Restoration of miR-34, normally encoded by a p53-
responsive gene, has also been found to reduce the number of pancreatic cancer stem cells
[35], which are thought to be responsible for disease relapse and resistance to chemotherapy
and radiotherapy.

Despite the setbacks encountered with a number of targeted agents in pancreatic cancer,
steady improvements have been achieved over the years in our understanding of the biology
of pancreatic cancer and the development of novel therapeutic strategies. A number of
genetically targeted agents have shown encouraging results in the laboratory, although a
major obstacle would be the availability of an efficient and sustained delivery system in
humans. In this aspect, the use of mesenchymal stem cells, which are bone marrow-derived
nonhemato poietic precursor cells that are naturally attracted to the tumor site, is still under
investigation but may hold promise in the future treatment of this devastating disease [36].
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