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ABSTRACT

Pancreatic ductal adenocarcinoma (PDAC) is a solid tumor mass that grows and metastasizes rapidly. There are no definitive
methods for early detection and most patients are diagnosed at a late stage. Those diagnosed at an early stage are eligible for tumor
resection. However, many of these patients are soon burdened with tumor recurrence. The tumor grows back aggressively and
with resistance to the original chemotherapy. Gemcitabine has been the treatment of choice, but provides only minimal survival
prolongation. Researchers are trying to improve the current standard of care by finding different methods to improve treatment
efficacy and reduce side effects. This review emphasizes recent data on targeting the tumor using antifibrotic, nanotargeted, and
dendritic cell therapies. Antifibrotic therapy aims to reduce tumor fibrosis, which prevents adequate chemotherapy penetration.
Nanotargeted therapy offers precise targeting of cancer cells and chemotherapy delivery. Dendritic cell vaccines stimulate the
body’s immune system to target PDAC cells. These three treatment methods or a combination of them might improve the lifespan
and quality of life for PDAC patients.
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1. INTRODUCTION

Pancreatic cancer is a unique cancer that is extremely diffi-
cult to treat and just as difficult to diagnose at a treatable state.
Pancreatic cancer is almost always diagnosed as pancreatic
ductal adenocarcinoma (PDAC) and makes up roughly 90
percent of all pancreatic cancer cases.[1] Despite monumen-
tal advances in oncology therapy in the past few decades,
PDAC still has a 5-year survival rate of only 5 percent. For
the year 2015 in the US, the estimated number of new cases
of pancreatic cancer was 48,960 and number of deaths due
to pancreatic cancer was 40,560.[2] These numbers have
been increasing in western countries. The disease is equally

prevalent in men and women.[3] A minority of patients are
diagnosed at a resectable point. However, mainly due to
adverse events and tumor recurrence, their 5-year survival is
still less than 20 percent.[4]

1.1 Established risk factors and high risk of recurrence

Little is known about pancreatic cancer risk factors and
their actual significance toward developing pancreatic can-
cer. However certain studies have demonstrated a potential
link between incidences of pancreatic cancer and smoking
cigarettes,[5] consuming fats from animal meat,[6] hyperc-
holesterolemia, and alcohol consumption.[7] Evidence is still
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lacking, but the suggestions made in these articles provide a
potential base for new studies.

In terms of potential causative oncogenic mutations, K-Ras
mutations are associated with an increased risk of pancreatic
lesions, a precursor to pancreatic cancer. For example, in-
traductal papillary mucinous neoplasms (IPMN) are being
recognized as an important precursor.[8] K-Ras activation
from inflammation in mouse models has been shown to cause
pancreatic lesions.[9] A separate study showed that mice
with inducible K-Ras mutations initiated carcinogenesis by
inhibiting the repair of the pancreas.[10] This same study
showed that inactivation of K-Ras led to tumor regression.
Codon 12 is the most frequently affected K-Ras substituent.
One study that tested for codon 12 mutations using human
pancreatic cancer cells showed that codon 12 mutations oc-
curred in 72.2 percent of samples tested.[11] K-Ras activation
can lead to subsequent somatic mutations of tumor suppres-
sor genes p16, p53, and DPC4.[12]

Roughly 15 percent of patients with PDAC are lucky enough
to be eligible for potentially curative resection.[4] However,
most patients will develop cancer recurrence and die from
metastatic disease. In a retrospective analysis performed
by Van den Broeck et al., 110 patients who received PDAC
resection were followed.[13] The overall survival (OS) was
a median of 18.7 months. Every patient in this study had
a recurrence. Most patients (75%) had recurrence in the
peritoneal cavity, although only 17% of the recurrences were
in the pancreatic bed, suggesting that metastases occurred
frequently despite an adequate local resection.

Many attempts have been made to improve imaging tech-
niques and thereby diagnose patients at an earlier phase. Lit-
tle improvement has been seen in this field and MRI and CT
imaging remain the best available options. Contrast dye is
often needed for these imaging procedures but has potential
side effects of allergy hypersensitivity and nephrotoxicity.
A safer and more effective contrast could reduce adverse
effects and improve outcomes in patients during initial diag-
nosis, as well as monitor for recurrence. While not covered
in this review, McCarroll et al. extensively evaluates how
nanoformulations can improve contrast agents and in turn
outcomes.[14]

1.2 Pathophysiology of the tumor

PDAC is a solid tumor that is unique for its intricate stroma
that makes up most of its mass. The stroma is composed
of myofibroblasts, endothelial cells, pericytes, and immune
cells along with its extracellular matrix (ECM).[15] It is a
highly fibrotic tumor, and this fibrotic environment allows
the tumor to grow rapidly and be relatively impermeable

to systemic chemotherapy. The unique nature of the tumor
presents clinicians with difficult obstacles to overcome. With
early signs often being back pain or gastrointestinal discom-
fort, early diagnosis is more difficult than many other cancers.
In turn, the majority of patients are diagnosed at a late stage.

The dense tumor mass components are activated by pan-
creatic stellate cells (PSCs). PSCs secrete a vast amount
of profibrotic factors, which work to increase tumor fibro-
sis.[16] PSCs have been proven to increase vascular endothe-
lial growth factor (VEGF), a factor that increases tumor
angiogenesis. However, fibrosis occurs at a much faster rate
than angiogenesis. This creates a hypoxic environment in
the tumor. This lack of blood supply is another hurdle to
overcome when trying to deliver chemotherapy to the tu-
mor. Hypoxia was also found to significantly increase ECM
proteins such as periostin, type-I and III collagen, and fi-
bronectin.[16, 17] This process will accelerate fibrosis even
more.

1.3 Current approved agents and their expected out-
comes

Systemic chemotherapeutic agents for PDAC have been stud-
ied extensively. Effectively delivering chemotherapy to this
dense, hypoxic tumor has proved difficult due to poor tumor
penetration. Gemcitabine, a nucleoside inhibitor, is currently
the gold standard treatment, but it increases overall survival
by less than two months in patients with unresectable PDAC.
The addition of erlotinib, an epidermal growth factor in-
hibitor, has been shown to increase OS to a median of 6.24
months vs. 5.91 months (P = .038).[18] FOLFIRINOX, a
regimen consisting of oxaliplatin, irinotecan, fluorouracil,
and leucovorin has shown the best results in terms of OS
(11.1 months vs. 6.8 months gemcitabine group, P < .001)
in metastatic pancreatic cancer. However, due to a higher
incidence of adverse events, FOLFIRINOX is only recom-
mended for patients with good performance status.[19] Analy-
sis of results from the PRODIGE 4/ACCORD 11 randomized
trial showed a significant improvement in quality of life when
compared with gemcitabine in patients with metastatic pan-
creatic cancer. This same study showed a significant increase
in time to definitive deterioration.[20]

Nab-paclitaxel plus gemcitabine was studied in a phase III
trial named MPACT to determine if the combination would
improve outcomes for metastatic pancreatic cancer when
compared to the gold standard gemcitabine.[21] The MPACT
trial was a randomized, open label study of 861 patients at
151 sites across the world. The nab-paclitaxel arm resulted
in a significantly longer median OS (8.7 vs. 6.6 months, P
< .001) when compared to gemcitabine alone. In an update
report on the longer term OS, 4 percent of patients in the
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nab-paclitaxel arm were identified as long term survivors (>
3 years), compared to no patients in the gemcitabine control
group. The patients in the nab-paclitaxel group did expe-
rience an increased prevalence of any-grade neutropenia,
leukopenia, fatigue, peripheral neuropathy, and diarrhea. No
significant increase was seen in any-grade anemia or throm-
bocytopenia.[22]

A 2013 phase III study by Ueno et al. studied a newer oral
fluoropyrimidine derivative called S-1.[23] This study showed
S-1 to be non-inferior to gemcitabine. The study also tried to

establish superiority of gemcitabine and S-1 to gemcitabine
alone but failed to do so with statistical significance. S-1
is not yet approved in the United States, but if approved it
would provide an oral alternative to gemcitabine.

Nab-paclitaxel was the first nanotechnology-modified sys-
temic chemotherapy studied in PDAC;[24] results are dis-
cussed in more detail later in this review. A summary of
chemotherapeutic agents and their respective results are listed
in Table 1.

Table 1. A summary of phase III trials comparing the current standard of care, gemcitabine, to other regimens
 

 

Phase III studied regimen  
vs. gemcitabine (gem) alone 

Median overall survival (months) 
Experimental Control P Reference 

gem + erlotinib 6.24 5.91 .038 [93]  
FOLFIRINOX  11.1 6.8 < .001 [19]  
gem + nab-paclitaxel 8.7 6.6 < .001 [22]  
gem + capecitabine 7.1 6.2 .08 [94]  
gem + cetuximab 6.3 5.9 .23 [95]  
gem + bevacizumab + erlotinib 
vs. gem + erlotinib 

7.1 6.0 .2087 [96]  

gem + cisplatin 8.3 7.2 .38 [97]  
gem + S-1 10.1 8.8 .15 [23]  
1S-1 9.7 8.8 < .001 non-inferiority [23]  

Note. 1S-1 vs. gemcitabine was only tested on a non-inferiority basis. 

1.4 Synergy and targeted therapy

Synergy involves the use of two chemotherapeutic agents,
where the auxiliary agent’s purpose is to improve the re-
sponse to the primary agent, and remains an interesting
proposition in PDAC treatment. With outcomes being so
poor in PDAC, all avenues are being investigated. An
example of synergy is a study by Wong et al. that co-
targeted EGFR and PI3K using erlotinib and BYL (PI3K
alpha inhibitor) in pancreatic cancer cell lineages resistant
to EGFR.[25] The authors hypothesized that by inhibiting
PI3K, an enzyme responsible for cell proliferation, growth,
and survival, resistance to erlotinib could be reduced. The
authors concluded that patients with resistance to EGFR had
higher levels of PI3K-akt. Multiple targets were tested for
sensitivity, but the combination of erlotinib and BYL was
capable of overcoming EGFR resistance.

VEGF is another intriguing target. The monoclonal antibody
bevacizumab is a VEGF inhibitor. In addition to promot-
ing tumor growth, VEGF is a potent pro-angiogenic growth
factor. In a phase II trial, Martin et al. tested bevacizumab,
gemcitabine, and fluorouracil (5-FU) infusion in patients
with advanced stage pancreatic cancer.[26] The results were
a median OS of 7.4 months. Unfortunately, there was no

gemcitabine control group in this study to show clinical sig-
nificance. However, the regimen was well tolerated by the
study population. The authors concluded that bevacizumab
showed an improvement likely due to the synergy associated
with using adjuvant 5-FU therapy.

Immunotherapeutic is another field gaining momentum, es-
pecially the subclass of dendritic cell vaccines. The modifi-
cation of human blood to target specific factors in the tumor
has been successful in other types of cancer. An optimal
treatment hypothesis for PDAC would be a host-mediated
immune reaction to the tumor, resulting in tumor cell lysis
and T-cell memory. Dendritic cell therapies are covered later
in this review.

The emergence of nanotechnology offers many options to
improve current regimens and target aspects of the tumor
that are impossible to treat with conventional chemother-
apy. A main purpose of nanotechnology in medicine is to
optimize drug delivery. As a result, increased drug efficacy
and decreased systemic side effects are possible and seen
often. Biomarkers that are based on the tumor’s mechanism
of growth could become viable targets in nanotherapy and
they continue to be explored. Unfortunately, it is difficult to
translate promising results in the lab setting to the clinical
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setting. IGF-1R is a hormone that is thought to regulate cell
proliferation, survival, angiogenesis, and invasion.[27] Seem-
ingly a viable target for nanotherapy, establishing a clinical
response has proved difficult. An example of this was seen in
a 2014 study by Philip et al.[28] This study compared a dual
blockade of erlotinib on EGFR and cixutumumab on IGF-1R
vs. erlotinib in 116 patients. Both arms were in combination
with gemcitabine. The treatment group was not superior to
the control arm with any significance.

This review article will focus on emerging antifibrotic, nano-
targeted, and dendritic cell therapies.

2. THE POTENTIAL FOR ANTIFIBROTICS
The unique stroma in PDAC has proved challenging for re-
searchers. A potential target lies within PSCs, which once ac-
tivated, will produce factors composing the ECM. PSCs trans-
form into a myofibroblastic state once activated and secrete
excessive amounts of collagen I, III, fibronectin, and matrix
degrading enzymes such as matrix metalloproteinase.[17] Pro-
angiogenic molecules such as periostin and VEGF are also
secreted.[16, 17] A focus on nanotargeting of stellate cells has

amplified in recent years.

Various techniques trying to soften the stroma offer promise.
Angiotensin receptor II blockers (ARBs) have recently been
used to reverse the fibrotic nature of the stroma. A study
by Masamune et al. showed that in mice olmesartan dosed
at 10 mg/kg daily reduced collagen deposition and alpha-
smooth muscle actin, which is a precursor for the activation
of PSCs. The authors concluded that olmesartan inhibited
growth of the pancreatic tumor size by inhibiting the activity
of PSCs57.[29] While a novel idea, it seems that administer-
ing a very high dose of olmesartan daily would likely cause
severe hypotension in patients who are normotensive. A
study by Phillips et al. done in mice showed an increase in tu-
mor uptake of chemotherapeutics and an improved response
to chemotherapy using a novel sulfated non-anticoagulant,
low molecular weight heparin (S-NACH). S-NACH plus
paclitaxel showed increased tumor growth suppression and
survival when compared to paclitaxel alone.[30] In the same
study similar results were seen when comparing S-NACH
and doxorubicin.

Table 2. Possible antifibrotic therapies and their corresponding mechanism or action
 

 

Drug name Mechanism of action Reference 

Olmesartan 
Reduce collagen deposition and reduce activation of alpha-smooth muscle 
actin 

[29] 

Non-anticoagulant low molecular 
weight heparin (S-NACH) 

Mechanism unknown, but has shown improved chemo uptake into the 
tumor 

[30] 

Pirfenidone 
Reduces fibroblast production, alpha-smooth muscle actin, pro-collagen 
mRNA, and proteins; not yet studied in pancreatic cancer 

[32] 

PEGPH20 
Depletes hyaluronan, an extracellular matrix tumor component; results in 
normalized interstitial fluid pressure and improved drug delivery 

[33, 34] 

 

Another novel idea for reducing PDAC fibrosis could in-
volve experimental treatment with a new antifibrotic agent
called pirfenidone. While the agent has only been FDA-
approved to treat idiopathic pulmonary fibrosis, the mech-
anism of action should translate successfully in the treat-
ment of PDAC.[31] The drug works by reducing fibroblast
proliferation, TGF-beta induced alpha-smooth muscle actin,
pro-collagen mRNA, and protein.[32] The use of pirfenidone
could theoretically reduce the fibrosis associated with PDAC
as well as improve chemotherapy penetration.

Studies have also been performed trying to target hyaluro-
nan, another ECM component that is thought to be the cause
of increased interstitial fluid pressure (IFP) and a reduced
vascular function inside the fibrotic mass. The end result of
increased hyaluronan expression is thought to be a decreased
delivery of chemotherapy throughout the tumor. PEGPH20

is a pegylated formulation of human recombinant PH20
hyaluronidase, an enzyme that breaks down hyaluronan in
the body.[33] A study by Provenzano et al. assessed the
possibilities for using enzymes to target the stroma with
hopes to increase efficacy of chemotherapy.[34] The authors
used PEGPH20 to deplete hyaluronan in mice PDAC cells.
Despite depletion of hyaluronan in the pancreas and other
organs, no decline in function was seen in mice models. The
authors note an immediate decrease in IFP, with values ap-
proaching the normal range after only 24 hours. A study by
Jacobetz et al. investigated a similar topic and concluded that
PEGPH20 significantly reduced the amount of hyaluronan,
promoting the expansion of blood vessels. The authors found
that when combined with gemcitabine, PEGPH20 inhibited
tumor growth and prolonged survival vs. gemcitabine alone
in mice models.[33] A summary of antifibrotic therapies and
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their respective mechanisms of action are listed in Table 2.

3. NANOTECHNOLOGY AND NANOTARGET-
ING

3.1 Current methods in nanotechnology for targeting
and delivery

Nanotechnology is defined by the National Nanotechnology
Initiative as “science, engineering, and technology conducted
at the nanoscale, which is about 1 to 100 nanometers”.[35]

The target ligand, the target location, drug characteristics and
pharmacokinetics, and even the type of tumor can all factor
into which nanotechnology platform will be used for drug de-
livery. This improvement in targeting and controlled release
of the drug normally results in better efficacy and improved
tolerability. Potential nanotechnology platforms for drug
delivery include liposomes, dendrimers, gold nanoshells,
polymer-based nanoparticles and micelles, and metallic and
magnetic nanoparticles.[36, 37] Liposomes are lipid-based
vesicles that can carry hydrophilic molecules in their aque-
ous compartment or they can carry hydrophobic molecules
in their lipid bilayer.[38] Dendrimers have repeating branches
stemming from a central core. The branches can present
both drug and a targeting agent. The hydrophobic core can
encapsulate nonpolar molecules in a series of interactions.[39]

Gold nanoparticles are capable of delivering proteins, DNA,
or RNA; drugs can also easily be attached.[39] Polymer-based
nanoparticles and micelles can both encapsulate or covalently
bind drug. Encapsulation usually is reserved for hydrophobic
drugs. Hydrophilic drugs are usually covalently bound.[37]

Magnetic nanoparticles can be modified to target a tumor
site just by changing the biocompatible coating. The reactive
outer coating can be loaded with therapeutic agents.[40, 41]

Many nanoparticles can be formulated in a two-stage deliv-
ery system. This allows for good penetration into the tumor
and rapid release once inside the tumor. Two-stage nanopar-
ticles utilize the enhanced permeability and retention effect
(EPR). A study by Danhier et al. used paclitaxel-loaded
micelles to enhance transvascular permeability and retention
of nanomedicine in tumors in mice. The study hypothesized
that changing the micro-environment of a solid tumor by en-
hancing blood flow would improve EPR. Paclitaxel was used
due to its broad spectrum of activity, which most importantly
with regard to EPR can inhibit angiogenesis.[42] The ad-
ministration of paclitaxel-loaded micelles normalized tumor
vasculature and decreased IFP.[42] These findings are impor-
tant because an increased EPR would result in an improved
response with future doses of nanotherapy.

Multi-stage delivery is also an option when trying to reduce
binding to non-cancerous cells or penetrate only a portion

of the tumor as is sometimes seen with two-stage delivery
nanoparticles. The release of loaded drug is not as rapid once
entering the tumor. Stylianopoulos et al. discussed whether
a multi-stage delivery system with slower drug release would
be more effective at targeting the entire tumor; also the op-
timal size and pharmacokinetics were assessed.[43] In solid
tumors even nanoparticles 100 nanometers in size may be too
big. While nanotechnology offers an opportunity to improve
chemotherapy, the authors discovered that in solid tumors
100 nanometer nanoparticles were less compartmentalized
inside the tumor than normal chemotherapy. This improved
penetration in normal chemotherapy was due to the drugs’
small size. The authors concluded that the ideal parameters
for a nanoparticle would be 20 nanometers in size for the
primary portion. This size allows for excellent penetration
into the tumor, and with vessel wall pore size normally not
exceeding 12 nm, the risk for extravasation to healthy tissue
is low. Mildly timed release kinetics were also suggested
to find a balance between effective concentrations and pene-
trating the tumor in its entirety.[43] This is a novel idea—to
this point methods have been mainly focused on altering the
fibrotic structure to help internalization of chemotherapy.

3.2 Using nanotechnology to improve current systemic
chemotherapy treatments

There is an abundance of techniques being examined to im-
prove PDAC patient outcomes. Trying to improve a sys-
temic regimen with nab-paclitaxel is one method used. Nab-
paclitaxel is a 130 nanometer particle that consists of albumin
and paclitaxel bound noncovalently for enhanced accumu-
lation of paclitaxel into the tumor via albumin-mediated
enhanced permeation and retention. This formulation is mar-
keted as Abraxane R© and has significantly reduced infusion
sight reactions when compared with paclitaxel. The nanofor-
mulation can be reconstituted with saline, whereas paclitaxel
used to be reconstituted with Cremophor R©EL, which is a
castor oil-based solvent and invokes a high risk for hypersen-
sitivity reactions. Fortunately, with nab-paclitaxel there is
no need to pre-medicate. Nab-paclitaxel has shown promise
when combined with gemcitabine, providing a 2 month in-
crease in median OS (8.5 vs. 6.7 months with gemcitabine
monotherapy). Nab-paclitaxel in combination with gemc-
itabine also showed a significant reduction in neutropenia
and fatigue when compared to the FOLFIRINOX regimen,
but an increase in peripheral neuropathy was seen.[24]

Because gemcitabine is the current gold standard in PDAC
treatment, the use of nanotechnology to improve gemcitabine
therapy is no surprise. Patra et al. showed that gemcitabine-
loaded gold nanoparticles targeted with cetuximab showed
improved in vitro efficacy vs. gemcitabine in PANC-1 cancer
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cells.[44] Another study by Li et al. showed that gemcitabine-
loaded albumin nanospheres were effective inhibitors of
PANC-1 cells both in vivo and in vitro.[45] A more recent
2015 in vitro study by Jaidev et al. assessed gemcitabine
loaded in biodegradable poly (lactide-co-glycolide) (PLGA)
nanospheres for treatment of pancreatic cancer.[46] PLGA
is an FDA-approved polymer used to control drug delivery
to the target site.[47] Jaidev et al. observed a significant re-
duction in IC50 of 45 percent for MiaPACa-2 and ASPC-1
pancreatic cancer cells in vitro. The authors postulated that a
potential reduction in adverse events along with increased ef-
ficacy warrants in vivo studies of PLGA nanospheres loaded
with gemcitabine.[46]

Advancements in nanotechnology have expanded the scope
of nanotargeting. An emerging target in oncology is SPARC
(secreted protein acidic and rich in cysteine). It is a calcium
binding glycoprotein that is secreted into the ECM[48, 49] and
has been shown to have an effect on many cancer growth pro-
cesses from proliferation to angiogenesis. Increased levels
of SPARC have been linked with a poorer prognosis in the
majority of cancers. However, data involving the effects of
SPARC on PDAC are controversial. The majority of PDAC
cell lineages show no potential for SPARC expression.[48, 50]

However, two of the more prominent PDAC cell lineages,
PANC-1 and MiaPaCa-2, both appear to exhibit moderate to
high levels of SPARC expression.[51] Despite being linked
with a poorer prognosis in most types of cancer, SPARC’s
high affinity for albumin has resulted in an intriguing corre-
lation;[52] treatment of PDAC with nab-paclitaxel provides
for better penetration due to SPARC’s affinity for albumin.
In addition, nab-paclitaxel appears to deplete the stroma, al-
lowing for an increased response rate to systemic drugs such
as gemcitabine. More in-depth information about SPARC in
pancreatic cancer is available in a review by Vaz et al.[48]

3.3 Taking a multi-modal approach with nanotechnol-
ogy

Combination therapy is often attempted to improve patient
outcomes. While some attempts have been discussed above,
this section will focus on the use of nanotechnology in com-
bination with therapies attacking the stroma and its compo-
nents. A study by Meng et al. tested a two-wave approach
using nanotherapy to increase the efficacy of gemcitabine.[53]

Initially the gemcitabine was encapsulated in a pegylated
drug-carrying liposome to improve delivery. However, the
stroma interfered with the delivery of drug, so a pre-infusion
nanocarrier was created to reduce the pericyte coverage of
the vasculature by interfering with the pericyte recruiting
TGF-beta pathway. The authors were able to prove that in a
xenograft model the tumor could be shrunk and the stromal

resistance to the gemcitabine-loaded nanocarrier could be
overcome.[53]

Hypoxia-inducible factor 1 alpha (HIF1alpha) is a transcrip-
tion factor vital to PDAC tumor cell survival.[54] The hypoxic
conditions of the dense stroma have been described previ-
ously. HIF1alpha is a subunit of the HIF heterodimer, which
is activated in hypoxic conditions and is recognized as a vital
transcription factor for tumor progression.[55] In a cohort of
81 PDAC patients, those with medium to high expression of
HIF1alpha proteins had a significantly worse OS compared to
those patients with negative or low HIF1alpha protein expres-
sion.[56] A 2015 study by Zhao et al. tested whether or not
HIF1alpha siRNA and gemcitabine lipid-polymer nanoparti-
cles would show an improvement over current gemcitabine
therapy. In vivo testing of human xenograft transplants into
mice confirmed that gemcitabine was capable of inhibiting
tumor growth. After HIF1alpha knockdown via HIF1alpha
siRNA, the cytotoxicity of gemcitabine was significantly
enhanced in tumor cells.[57]

A study performed by de la Fuente et al. examined whether a
nano-enabled interfering RNA could act as a chemother-
apy booster.[58] Interfering RNA or RNAi has the abil-
ity to switch off certain genes at a post-transcriptional
level[59] and both p53 and p73 are thought to provide synergy
with chemotherapeutic agents.[60] The de la Fuente et al.
evaluated RNAi acting on p73 to promote sensitization to
chemotherapy. They concluded that dendrimers were suc-
cessful in transfecting pancreatic cancer cells for the RNAi
agents used in the study. When a combination of p73 RNAi
and gemcitabine was administered in animals, the treatment
group saw 17 days without any tumor growth. Tumor growth
over a 4-week period was also significantly reduced com-
pared to those untreated. The treatment was also deemed
very well tolerated and no difference in weight loss was seen.
The authors also noted the therapy was highly efficacious,
and the downregulation of p73 suppressors (or upregulation
of p73) led to tumor-specific sensitization with gemcitabine.
Thus, further human-based studies are warranted.

Integrin αvβ3 is a structural protein of the plasma mem-
brane whose extracellular domain contains receptors for
large molecule (extracellular matrix protein)[61] and small
molecule (thyroid hormone)[62] ligands. The integrin is pri-
marily expressed by tumor cells and dividing endothelial
cells. A thyroid hormone analogue, tetraiodothyroacetic
acid (tetrac), acts at αvβ3 to generate intracellular signals
that disorder expression of genes critical to cancer cell sur-
vival pathways, to angiogenesis, to cell division and re-
pair of double-strand DNA breaks.[62–64] Inside the tumor
cell, unmodified tetrac lacks these properties.[62] Covalently
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bound via a linker to a 120-150 nm nanoparticle, tetrac as
Nano-diamino-tetrac (Nanotetrac) acts exclusively at the
integrin[65] as an anticancer, anti-angiogenic agent. It has
been shown to be effective against human pancreatic can-
cer cell xenografts[66] via induction of apoptosis and anti-
angiogenesis by multiple mechanisms. This nanotechnologic
design strategy has resulted in increased anticancer potency
of Nano-diamino-tetrac vs. tetrac at the integrin by up to
10-fold[62] and to broaden the agent’s anticancer transcrip-
tional activity. For example, Nano-diamino-tetrac (but not
unmodified tetrac) decreases expression of the EGFR gene
and proto-oncogenic, pro-angiogenic miR-21 (SA Mousa,
T Sudha: unpublished observations) and increases expres-
sion of pro-apoptotic BCL2L14.[63, 64] Non-dividing, non-
malignant cells express small quantities of αvβ3, so that
the preclinical studies of this nanoparticulate drug have re-
vealed little toxicity. Clinical trials of the agent in pancreatic
carcinoma are proposed for 2016.

PSCs as targets for therapy are being approached in a vari-

ety of ways. Recent studies have hypothesized how PSCs
become activated. Retinol is stored in the cytoplasm of in-
activated PSCs, and a lack of retinol intake has been linked
with PSCs’ activation, resulting in tumor growth.[17, 41] Some
studies have reported that administration of retinoic acid can
deactivate PSCs.[41, 67, 68] A study by Michael et al. analyzed
the effect of retinoic acid in combination with gemcitabine
in patients with non-resectable pancreatic carcinoma but was
unable to show any statistically significant value. It is known
that the fibrotic stroma of PDAC leads to difficulties in drug
penetration. Lack of penetration of retinoic acid could have
led to its reduced efficacy.[69] This issue was addressed by
Yalçin et al. who examined whether using magnetic nanopar-
ticles loaded with gemcitabine and all-trans retinoic acid
(ATRA) in a PBS buffer would improve outcomes compared
to previous studies. They found that magnetic nanoparti-
cles loaded with 10 µM of gemcitabine and ATRA in buffer
was an efficient way to deliver drug to the tested human
pancreatic cancer cell lines.[41]

Table 3. Immunotherapeutic agents and strategies for management of pancreatic ductal adenocarcinoma
 

 

Selected vaccines   

Product Description  Mechanism of action 

GV1001 
16-amino acid peptide sequence from human 
telomerase (hTERT) 

Induction of anti-hTERT to reduce enzyme 
contribution to cancer cell survival [98] 

Algenpantucel-L 
Whole cell vaccine derived from 2 human pancreatic 
cancer cell lines modified to express 
α(1-3)galactoysyl (αGAL) epitopes 

Induction of tumor cell-mediated acute rejection 
via generation of α(1-3) antibodies [99] 

GVAX 

Whole cell vaccine derived from 2 irradiated 
pancreatic cancer cell lines modified to express 
granulocyte-macrophage colony-stimulating factor 
(GM-CSF) 

Recruitment to tumors of antigen-presenting cells 
of several types to survey tumor proteins [100] 

CRS-207 
Live attenuated Listeria monocytogenes bacteria 
modified to express mesothelin 

Delivery of antigen (mesothelin) to dendritic cells 
to activate CD4+, CD8+ T lymphocytes [101] 

Selected immune checkpoint inhibitors  

Ipilimumab 
Anti-cytotoxic T lymphocyte-associated protein 4 
(CTL4 antibody) 

Inhibition of downregulation by CTL4 of T cell 
responses to tumor cells [102] 

Pembrolizumab, 
nivolumab 

Monoclonal antibody (-ies) to PD-L1 expressed by 
multiple cancers 

Inhibition of downregulation by PD-L1 of 
immune response to tumor cells, e.g., immune 
blockade of suppression by PD-L1 of T cell 
activation and of promotion  by PD-L1 of T cell 
apoptosis [103, 104] 

 

4. IMMUNOTHERAPY

Exploitation of components of cancer patients’ immune
systems to identify and kill cancer cells is attractive con-
ceptually because of the limited applicability of surgery
and radiation therapy and limited effectiveness of standard
chemotherapy, e.g., gemcitabine or FOLFIRINOX. Immune
system anticancer components include cytotoxic CD8+ T

cells, Tn helper-1 (Th-1) cells, mature dendritic cells, ac-
tivated macrophages and killer T cells.[70] But PDAC typ-
ically is fibrotic, hypovascular, and largely devoid of lym-
phocytes that may be recruited to the immunotherapeutic
process.[71] Despite these handicaps, a number of vaccine-
based strategies-where “vaccine” applies to therapy and not
to prevention, in contrast to usage in infectious diseases-
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and immune checkpoint inhibition or blockade approaches
have been tested in the past 5 or more years (see Table 3).
Where these have appeared to show promise, the success has
been limited to minorities of tumor populations, and specific
biomarkers are currently lacking to identify potentially re-
sponsive tumors. Finally, activation of the immune system
in an effort to stimulate lymphocyte killing of cancer cells
risks inactivation of immune system tolerance of normal,
nonmalignant cells and can cause dysfunction of previously
healthy organs, e.g., antibodies to programmed cell death
ligand-1 (PD-L1) (see Table 3). A number of reviews of
vaccine and immune checkpoint inhibitor immunotherapy
strategies in pancreatic cancer have recently appeared.[71–75]

These reviews include combinatorial therapy with anticancer
vaccine and immune checkpoint blockade—immune check-
point blockade alone appears to be effective against a number
of cancers and includes the required induction of a satisfac-
tory adaptive immune response. PDAC may not exhibit a
satisfactory adaptive immune response to checkpoint block-
ade,[72] but the immune response to checkpoint blockage may
be heightened with the addition of vaccine therapy.

High-grade immune system-dependent systemic toxicity may
occur in a substantial minority of patients who receive im-
mune checkpoint inhibitors.[75] It would obviously be benefi-
cial to limit the action of drugs that affect the immune check-
point to tumor cells. An approach that may do so is Nano-
diamino-tetrac, discussed in Section 3.3. It has been shown
to decrease transcription of the gene for PD-L1.[76] This
non-immunologic strategy for decreasing tumor-relevant im-
mune checkpoint inhibition at PD-L1 offers the prospect of
reduced systemic toxicity.

4.1 Introduction to dendritic cells
The use of dendritic cells (DCs) has recently gathered mo-
mentum in the oncology world. DCs allow for a high level
of specificity when targeting a cancer cell, as long as the
target ligand is specific to that cell. DCs have been used in
cancer immunotherapy as well as in cancer nanotherapy. In
immunotherapy DCs are effective in producing natural killer
and T cells to fight cancer. An added benefit to this approach
is the production of humoral immunity. With the risk of
recurrence so high in PDAC, humoral immunity would be a
huge advancement in PDAC treatment. Dendritic cells are
the most potent antigen-presenting cell, and they are vital in
regulating immune responses to tumors by presenting tumor
antigens to T cells.[77] The use of DCs in oncology would
be classified as biologic therapy, and should be differenti-
ated from nanotherapeutic dendrimers. DCs have been used
to target specific tumor-associated antigens on MHC class
1 molecules. DCs are manipulated with different MHC-1

peptides to induce antigen-specific immunity.[78, 79] Most
DC-based vaccines are produced to target CD8+ cytotoxic
T lymphocytes. CD8+ targeting vaccines have not yet been
able to translate promising lab-based results to clinical tri-
als.[80] Finding the right target is proving to be difficult.

4.2 Production of dendritic cells
Methods for the production of DC vaccine appear to be simi-
lar between studies. DCs are derived from peripheral blood
mononuclear cells (PBMCs) in healthy donors. PBMCs must
be separated from the donor plasma via a centrifuge. Then
the PBMC product is collected and washed in RPMI1640
medium to continue to isolate PBMCs. The PBMCs are
then plated in RPMI1640 for 2 hours at 37◦C with 5 per-
cent CO2. After the initial cultivation, the PBMCs are again
washed in RPMI1640 to remove non-adherent cells. After
this point the vaccine production varied by research group.
However, the adherent PBMCs were usually cultured in the
presence of human recombinant granulocyte-macrophage
colony-stimulating factors (hGM-CSF) and human recombi-
nant interleukin-4 (hIL-4). After roughly 5 days of culture,
an adherent-premature DC sample can be obtained. The DCs
can then be pulsed with the target ligand and activated using
TNF-alpha.[79, 81–84]

4.3 Uses in PDAC therapy and outcomes
Evidence has shown that the Wilms’ tumor gene 1 (WT1)
is overexpressed in pancreatic cancer.[79, 85] In a study by
Koido et al. it was hypothesized that disease stability could
be achieved with the use of multiple WT1-specific MHC
class I/II restricted epitopes.[79] The study reports results
from a phase I clinical trial done in patients with stage IV
PDAC by administering gemcitabine in combination with
DCs pulsed with MHC-I/II restricted WTI epitopes. The
DC vaccines were well tolerated. The vaccines appeared
to provide clinical benefit only to those patients who were
delayed-type hypersensitivity (DTH) positive.[79] DTH is
an inflammatory reaction mainly occurring at the injection
site of cancer vaccines that is mediated by CD4+ effector
memory T-cells.[79, 86] A positive result was a suspected stim-
ulation of long-term memory T-cells, which would be a great
aid in preventing PDAC recurrence.[79] The long-term results
of this study were published by Takakura et al.[82] Of the
7 patients who received DC/WT1-I/II and chemotherapy, 3
were identified as super-responders; patients were classified
as super-responders if they had an OS of > 12 months. All
patients who were classified as DTH-positive were also iden-
tified as super-responders. When the paper was published
one super-responder was still alive (> 760 days) and the other
two super-responders survived 582 and 717 days after first
treatment.[82] Considering that all of the patients had stage
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IV PDAC upon inclusion and the median OS of gemcitabine
is roughly 6 months, these results are extremely promising.

A single arm, non-randomized, open-label study done by
Bapsy et al. tested the use of DC vaccine in various solid
tumor cancers in advanced disease states.[81] APCEDEN is
a formulation of dendritic cells used in this study and is de-
rived from CD14+ monocytes, which is further described in
Romani et al.[87] Bapsy et al. concluded that the APCEDEN
therapy leads to no major toxicity and is safe. Patients who
were classified as responders had a median OS of 397 days
and a significant improvement in quality of life, justifying
the need for advanced development and randomized control
trials.[81]

Another single arm study performed by Shindo et al. tested
DCs transfected with MUC1-mRNA and cytotoxic lympho-
cytes in addition to gemcitabine in 42 patients with unre-
sectable pancreatic cancer.[88] MUC1 is Mucin 1, an antigen
that is overexpressed in all cancer cell lineages of PDAC.[89]

This makes MUC1 an ideal target for DCs because it should
have efficacy against the entire tumor. While no control arm
was included in the Shindo et al., the median time of survival
was 13.9 months, with no severe toxicities associated with the
DC therapy. Equally as impressive, liver metastasis occurred
in only 5 patients among the 35 who didn’t experience metas-
tasis prior to treatment, equating to 14 percent of patients.[88]

Liver metastasis is a common complication with PDAC that
imposes detrimental outcomes. One study showed that liver
metastasis occurred in 73 percent of patients.[90]

The use of DCs in immunotherapy was also studied by
Yin et al.[83] They examined the antitumor effects of
loading DCs with pancreatic cancer stem cells (CSCs) in
vitro. The authors expanded on recent information that
CD44+CD24+ESA+ pancreatic CSCs have been confirmed
to possess an increased tumorigenic potential.[91] The Yin
et al. used human blood samples to isolate DCs and used
TNF-alpha to activate them. When applied to PANC-1 CSCs
the DC CSCs showed a significant killing effect. This study
presented important findings and will likely fuel new in vivo
studies. As researchers in the past have shown, CSCs are
likely one of the causes for resistance to therapy and re-
lapse.[92]

The theory of immunotherapy provides a unique opportunity
to use a patient’s immune system to fight and prevent relapse
of cancer. Due to the complexity of the immune system,
finding the right target might be an issue.

5. CONCLUSION
Recent data in the field of PDAC treatment has shown that
there is great potential for improvement. Considering the low

percentage of PDAC patients who are alive after 5 years, a
major breakthrough cannot come soon enough. Researchers
are heavily invested in different techniques to improve out-
comes, tolerability of treatments, and life expectancy. One
of the topics of this review involved mechanisms for reduc-
ing tumor fibrosis and interstitial tumor pressure. This was
done by targeting various aspects of the stroma like collagen,
fibrin, and hyaluronan. We saw conclusive evidence in the
studies presented that in both mice and human models antifi-
brotics could provide improved drug penetration. In addition,
a new antifibrotic named pirfenidone has recently been re-
leased. We made the suggestion that based on pirfenidone’s
mechanism of action, it could have value for clinicians who
are trying to reduce fibrosis in PDAC.

Nanotechnology offers a multitude of different options for
PDAC researchers. A method covered here is the use of
nanotechnology to improve current chemotherapeutic effi-
cacy. This was seen in the nanoformulation of drugs like
gemcitabine. The objective was to improve tumor destruc-
tion and reduce side effects. The studies assessed show that
nanotechnology can improve the current standard of care.
The technology behind nanotherapy is improving rapidly,
and treatment advancements are likely to be more profound
in this disease state as work continues.

This review also evaluated recent literature in DC im-
munotherapy. Studies included in this review showed the
potential in using a patient’s own immune system to battle
the tumor. Promising results have been reported, with DTH-
positive responders reacting extremely well in the Takakura
study.[82] DC vaccines will likely soon become the choice
adjuvant to gemcitabine in patients with pancreatic cancer
and more specifically PDAC. Due to the complex manufac-
turing process behind biologics, production and patenting of
DCs may be high hurdles to overcome in the future. Larger-
scaled studies comparing the vaccine and gemcitabine to
gemcitabine alone should be performed to allow clinicians
to see the possibilities of DC immunotherapy.

A topic not reviewed here was cost-benefit analysis. With
extensive data involving benefit in humans lacking, it would
be impossible to include cost-benefit information at this time.
As the technology becomes more advanced, the cost of treat-
ment may increase. Biologics tend to be very expensive
due to their difficult manufacturing protocols. Erlotinib, a
tyrosine kinase inhibitor used as an adjunct to gemcitabine
in the treatment of PDAC, was shown to provide a median
OS of roughly 0.3 months longer than gemcitabine alone. As
unfortunate as it may be, patients with such a poor prognosis
will have difficult decisions to make regarding their therapy
because of cost.
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In conclusion, much work is still needed in this field. It is ev-
ident that PDAC is proving to be more stubborn to available
treatments than other types of cancer. Despite the slightly
disappointing advancements relative to other fields in on-
cology, knowledge is growing quickly in this field and new
treatment agents and techniques are emerging. Significant

advancements should be expected in the future.
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