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Abstract Pancreatic ductal adenocarcinoma (PDA) is a chal-
lenging disease, as overall survival has not improved over the
last several decades. The disease is characterized by late diag-
nosis, difficult major surgery in resectable patients, and a bi-
ologically chemoresistant tumor. Intense research in the field
is ongoing to develop biomarkers for early detection and prog-
nostication. Surgery is presently the crux of the management
of PDA and has been standardized over the years with high-
volume centers reporting <5 % operative mortality. The biggest
problem is to overcome the inherent chemoresistance of the
tumor that is densely fibrotic and hypoxic and has a tendency
to invade surrounding neuronal plexuses. This review attempts
to summarize in brief the reasons why PDA is difficult to treat,
and provides a glimpse of the ongoing research in the field.

close to 40–50 % [3, 4]. Unfortunately, nearly 80–85 % of
patients present with unresectable and advanced cancer with a
dismal median survival of <6 months [1, 2]. Even the best
possible treatments prolong life by only ∼8–16 weeks [5].

To understand the reason behind this aggressive nature of
PDA, first of all, a deep insight is imperative into the unfavor-
able dynamic molecular changes that occur during pancreatic
carcinogenesis and metastasis.

Pancreatic Carcinogenesis

It is known that the vast majority of pancreatic cancers devel-
op from microscopic precursors called pancreatic
intraepithelial neoplasia (PanIN) that originate in small termi-
nal (<5 mm) pancreatic ducts. These are further classified as
PanIN-1, PanIN-2, and PanIN-3 on basis of increasing atypia;
the associated genetic changes have been extensively studied
[6]. The other precancerous lesions include intraductal papil-
lary mucinous neoplasms (IPMNs) and mucinous cystic neo-
plasms (MCNs) that are often asymptomatic and discovered
incidentally [7]. However, the genetic progression model of
these cystic neoplasms is less well known.

It is yet unclear if the poor survival of pancreatic cancer
patients is due to early dissemination or to a delay in diagno-
sis. Two interesting studies bring forth both the theories. On
one end of the spectrum is the study by Yaschida et al. [8]
wherein they reported their results of rapid autopsies and se-
quencing the genomes of seven patients with end-stage pan-
creatic cancer to evaluate the clonal relationships among pri-
mary and metastatic cancers. They identified two categories of
mutations. The commonest were the ones present in all sam-
ples from a given patient (Bfounder^ mutations), indicating
that the majority of somatically acquired mutations were pres-
ent in pancreatic cancers and occurred before the development
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Introduction

Pancreatic ductal adenocarcinoma (PDA) is a dreaded disease
with a very poor 5-year survival rate of <5 % [1, 2]. Despite
giant strides made in the surgical management of pancreatic
cancer, the disease continues to be a harbinger of death. The
operative mortality has dropped drastically to less than 5 % in
high-volume centers, but the operative morbidity still remains
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of metastatic lesions. The other category mutations were the
Bprogressor^mutations that were present in one or more of the
metastases examined, including the index metastasis, but not
the parental clone. They found by Sanger sequencing that all
mutations in the metastatic lesions were clonal, i.e., present in
the great majority if not all neoplastic cells of the metastasis.
Thus, these mutations were present in the cell that clonally
expanded to become the metastasis. Further, clonal popula-
tions that give rise to distant metastases are represented within
the primary carcinoma [8].

Using the mathematical model, they were further able to
estimate that an average of 17 years elapses between the ini-
tiation of tumorigenesis until birth of the cell giving rise to
metastasis, suggesting that a large window of opportunity for
diagnosis exists while the disease is still localized (Fig. 1) [8].

On the other extreme is a study by Rhim et al. [9] in 2012.
They tagged and tracked pancreatic epithelial cells in a mouse
model of pancreatic cancer [9]. They found using lineage-
labeled mouse models that tagged (YFP+) cells traversed the
basement membrane and dissociated from any pancreatic epi-
thelial structure (delamination) even in PanIN-2 and PanIN-3
lesions before invasive behavior could be detected by standard
histology. These cells had acquired mesenchymal characteris-
tics [epithelial-to-mesenchymal transition (EMT)]. Circulating
pancreatic cells (CPCs) were also detected in the blood by flow
cytometry, retainedmesenchymal and stem cell characteristics,
and seeded the liver. Thus, their data support a model for

pancreatic cancer progression in which the seeding of distant
organs occurs before, and in parallel to, tumor formation at the
primary site. Additional experiments will be needed to prove
that cells that enter the circulation prior to the development of
frank malignancy have metastatic potential.

Extensive research thus continues in the laboratory to un-
derstand the biology of PDA, but as clinician, it is also impor-
tant to understand the grim realities of the disease and diffi-
culties in its management.

Late Diagnosis

Pancreatic cancer is a disease of the elderly and is often diag-
nosed at a late stage due to vague presenting symptoms that
are often ignored by the patient and lack of effective early
diagnostic tools (imaging/biomarkers). The presenting symp-
toms of this disease can be very subtle and nonspecific and
may include weight loss, floating foul smelling stools, pain,
dyspepsia, nausea, and depression. Painless progressive jaun-
dice; sudden onset of adult type 2 diabetes in patients 50 years
or older; unusual manifestations, such as abdominal symp-
toms and progressive weight loss in patients with long-
standing diabetes; and in ~10 %, migratory thrombophlebitis
(Trousseau’s syndrome) may be serious indicators of pancre-
atic cancer.

Fig. 1 Schema of the genetic evolution of pancreatic cancer.
Tumorigenesis begins with an initiating mutation in a normal cell that
confers a selective growth advantage. Successive waves of clonal
expansion occur in association with the acquisition of additional
mutations, corresponding to the progression model of pancreatic
intraepithelial neoplasia (PanIN) and time T1. One founder cell within a
PanIN lesion will seed the parental clone and hence initiate an infiltrating

carcinoma (end of T1 and beginning of T2). Eventually, the cell that will
give rise to the index lesion will appear (end of T2 and beginning of T3).
Unfortunately, most patients are not diagnosed until well into time interval T3
when cells of these metastatic subclones have already escaped the pancreas
and started to grow within distant organs. The average time for intervals T1,
T2, and T3 for all seven patients is indicated in the parentheses at the left
(reproduced with permission from [8])

Indian J Surg (September–October 2015) 77(5):350–357 351



The majority of PDA is sporadic (results from somatic
mutations), and only a minority of 5–10 % has a genetic com-
ponent (germline mutations); these may range from high-
penetrance genes (associated with high lifetime risk) to low-
penetrance genes (associated with <1.5-fold increased risk) of
PDA [10]. Genetic syndromes associated with pancreatic can-
cer include Peutz-Jeghers syndrome, familial pancreatitis, fa-
milial atypical multiple mole melanoma (FAMMM) syn-
drome, Lynch syndrome, hereditary breast-ovarian cancer
syndrome, etc. A family history of PDA in first-degree relative
increases the risk by 4.6- to 6.4-fold [11]. It is important to
quantify risk as it enables screening of individuals at risk for
lesions in the pancreas and, in addition, screening for
extrapancreatic malignancies that may be associated with
these genetic syndromes. Interestingly, knowledge regarding
genetic alterations also helps predict treatment response to
therapeutic agents as those with BRCA2 gene inactivation
appear to be sensitive to DNA cross-linking agents [12].

However, still, no screening tool or biomarker exists that
would enable the diagnosis of PDA at an early stage. The only
well-researched biomarker for PDA is serum CA 19-9, a
sialylated Lewis A blood group antigen, is FDA approved,
but has never proved to be an effective screening tool [13].
The major drawbacks include its nonspecific expression in
many benign and malignant diseases, false-negative results
in Lewis-negative genotype (5–10 %), and false-positive re-
sults in the presence of biliary infection (cholangitis) and ob-
structive jaundice (10–60 %) [14, 15]. Serum CA 19-9 levels
have a sensitivity and specificity of 79–81 % and 82–90 %,
respectively, for the diagnosis of pancreatic cancer in symp-
tomatic patients but are not useful as a screening marker be-
cause of its low positive predictive value (0.5–0.9 %) [16].
Another study revealed that elevated levels of CA 19-9 were
often present in PDA relative to other pancreaticobiliary diag-
noses in the analysis of 283 patients. However, 15 % of pa-
tients with PDA had normal CA 19-9 levels [17]. On the
contrary, others have reported that CA 19-9 levels may be
elevated in patients up to 2 years before a diagnosis of pan-
creatic cancer, indicating its importance as a biomarker for
screening individuals at high risk [18].

Current research focuses on proteomic-based,
metabolomic-based, and genomic-based biomarkers such as
proteins, metabolites, microRNAs, and circulating nucleic
acids in the blood, serum, urine, bile, and pancreatic juice.
Using specialized tests such as microarray analyses or focused
multiplex immunoassay, several PDA-associated proteins
have been identified in the serum, including PGK1 (seventh
step of glycolysis) [19, 20], histone H4 (chromatin compo-
nent) [20], c14orf166 (modulates RNA polymerase) [21],
MBL2 (innate immune response) [22], MLCK2 (skeletal
muscle contraction) [22], APOC1 (lipoprotein component)
[23], and APOAII (lipoprotein component) [23]. Several tests
assess for metabolite profile in the urine and serum. OuYang

et al. [24] reported results on metabolomic profiling of the
serum using (1)H nuclear magnetic resonance (NMR). They
found significantly lower levels of 3-hydroxybutyrate, 3-
hydroxyisovalerate, lactate, and trimethylamine-N-oxide and
significantly higher levels of isoleucine, triglyceride, leucine,
and creatinine in the serum from pancreatic cancer patients
versus those of healthy controls [24]. Similarly, NMR spec-
troscopic analysis of urinary metabolites was able to identify a
complex molecular signature of PDA [25]. These preliminary
results suggest that metabolomic approaches may facilitate
discovery of novel pancreatic cancer biomarkers [26]. The
human bile is being examined too for potential biomarkers
for the cancers of the hepatobiliary tract including the pancre-
as as it is a rich source of metabolites linked to the pathways of
tumor cell metabolism of the area [27].

MicroRNAs (miRNAs) are small ribonucleic acids in-
volved in post-transcriptional gene regulation, and several
are aberrantly expressed in pancreatic cancer and are being
analyzed as potential biomarkers for PDA. Schultz et al., in
their study of 409 patients with pancreatic cancer, 25 with
chronic pancreatitis, and 312 healthy controls, were able to
identify two diagnostic panels based on miRNA expression
in the whole blood with the potential to distinguish patients
with pancreatic cancer from healthy controls [28].

Jones et al. [29] published their results of sequencing of the
protein-coding exons from 20,661 genes in 24 patients with
advanced PDA, providing unprecedented insight into the so-
matic mutations in these neoplasms. They revealed that pan-
creatic cancers have about 63 genetic alterations, the majority
being point mutations. Interestingly, 67 to 100% of the tumors
have these alterations around a core set of 12 cellular signaling
pathways and processes, thereby setting a target for future
therapeutic agents and diagnostic biomarkers (by detecting
mutant proteins shed by the cancers) [29].

PDA most commonly carry mutations of Kirsten rat sarco-
ma viral oncogene (KRAS) (90 %), p16/CDKN2A (90 %),
TP53 (75–90 %), and SMAD4/DPC4 (50 %) [30]. The point
mutations in KRAS occur early in pancreatic neoplasia and
commonly target three codons (codons 12, 13, and 61), sug-
gesting the possibility that KRAS mutations could form the
basis for gene-based tests to detect early curable pancreatic
neoplasia. In fact, a study found that mutation levels were
substantially higher in patients with pancreatic cancer (0.05
to 82 % of total KRAS2 molecules) versus those with chronic
pancreatitis (0 to 0.7 %) using a LigAmp quantification
method [31]. The greatest challenge of detection of mutant
KRAS in a sample (e.g., blood) is that the detection assay
should have sufficient sensitivity to detect a very small
number of mutant KRAS copies, in a background of abundant
non-mutated sequence coming from leucocytes.

PDA can be very aggressive, and some patients (roughly
20 %) may have an early recurrence after resection and may
die of disease within a year [32]. This has implications on the
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management aspect as those with biologically aggressive
PDAs are probably best treated initially with systemic therapy
compared to those with indolent cancers who may benefit
from an aggressive surgical approach. One such study by
Winter et al. [32] found that, on multivariate analysis using a
survival tissue microarray for PDA,MUC1 [odds ratio (OR)=
28.95, 3+ vs. negative expression, p=0.004] and MSLN
(OR=12.47, 3+ vs. negative expression, p=0.01) were highly
predictive of early cancer-specific death. By comparison,
pathologic factors (size, lymph node metastases, resection
margin status, and grade) had ORs below 3 and none reached
statistical significance [32].

Thus, efforts are underway to find better diagnostic, prog-
nostic, and predictive markers that will help to individualize
treatment of PDA based on DNA analysis.

Difficult Surgery

The aim of surgery for carcinoma of the pancreas is local
complete resection (R0) of the carcinoma. However, surgical
resection is a major abdominal undertaking and is beset with
complications.

Arterial Anomalies

The pancreas is situated deep in the retroperitoneum. It is in
intimate contact with major abdominal vessels such as the
superior mesenteric vein (SMV)/portal vein (PV), superior
mesenteric artery (SMA), common hepatic artery (CHA), he-
patic artery (HA), gastroduodenal artery (GDA), celiac axis
(CA), and pancreaticoduodenal arcades. It is well known that
aberrations in the hepatic arterial anatomy are frequent and
normal anatomy is observed in only 55 to 79 % of patients
[33]. The majority of the replaced/accessory arteries originate
from branches of either the CA or the SMA, and they are
likely to have an abnormal course. At times, there is stenosis
of the CA with blood being directed to the liver via the
pancreaticoduodenal arcades and GDA. Ligation of GDA
(which is a routine step during pancreaticoduodenectomy)
hence can have a disastrous impact on the blood supply to
the liver. Most of these arterial anomalies can usually be iden-
tified by routine preoperative high-quality pancreatic protocol
computed tomography scans with or without the aid of post-
processed volume-rendered images [34]. It is vital to identify
these arterial anomalies to prevent their inadvertent damage
during surgery, compromising the vascular supply of the liver
or an oncologically safe resection [35].

Neuronal Invasion

The pancreaticoduodenal arterial arcades, veins, and nerves
are situated on the fusion fascia of Treitz that also covers the

pancreas, extrapancreatic nerve plexuses, SMA, and PV [36].
PDA has a special tendency to invade neuronal plexus, and its
prevalence may reach up to 100 % [37, 38]. It carries a strong
association with local recurrence after curative resection and
poor prognosis [39]. This neuronal invasion occurs mostly by
continuous growth of PDA cells along the nerves towards the
extrapancreatic neural plexus. Interestingly, more than 50 %
of patients may have neuronal invasion in normal pancreatic
areas that are distant from the main tumor, a phenomenon that
is termed Bnex^ and is a harbinger of poor prognosis [40].

Thus, the Japanese literature emphasizes examination by
frozen section of the entire dissected end of the nerve plexus
during surgery and that should be confirmed to be negative for
cancer. If positive for cancer, additional resection of the nerve
plexus should be performed to ensure a R0 resection [36].

Pancreaticoenteric Anastomosis

To maintain pancreatic outflow, pancreaticoenteric anas-
tomosis is created by anastomosing the pancreatic rem-
nant to either the jejunum [pancreaticojejunostomy (PJ)]
or the stomach [pancreaticogastrostomy (PG)]. This is
technically and prognostically the most important part of
pancreaticoduodenectomy as failure of this anastomosis re-
sults in postoperative pancreatic fistula (POPF) that can, at
times, be life-threatening. PJ has often been described as the
BAchilles heel^ of pancreaticoduodenectomy [41]. The PJ
leak rate is so preoccupying that, to minimize leak rates, over
70 technique variations of PJ have been attempted [42]. This
indicates inherent failures of each technique.

A multitude of adjunct techniques have also been tested to
minimize leak rate such as use of pancreatic duct stents, glue,
octreotide, etc. Despite this, the procedure is associated with
significant morbidity of around 40–50 % [3, 4] and hence
should be preferably carried out in high-volume centers
(>16 cases/year) within the purview of multidisciplinary team
so as to achieve the best outcome [43].

The Tumor Microenvironment
and Chemoresistance

PDA is highly chemoresistant and is a major reason for poor
prognosis [44, 45]. PDA is characterized by extensive
stromal/fibrotic reaction that comprises up to 90 % of the
tumor volume. Further, it is extremely hypovascular and most
of the pancreatic tumor mass consists of activated
(myo)fibroblasts, immune cells, and extracellular matrix com-
ponents, such as collagen, desmin, fibronectin, and hyaluronic
acid [46–48]. An important subtype within the stromal popu-
lation is pancreatic stellate cells (PSCs), which have emerged
as pancreas-specific myofibroblasts. In the normal pancreas,
PSCs are located in the periacinar space and account for about
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4–7% of all pancreatic cells. In the healthy pancreas, PSCs are
quiescent (non-activated) and are characterized by cytoplas-
mic lipid droplets containing vitamin A. Upon activation,
PSCs play a central role in the formation of fibrotic extracel-
lular matrix (desmoplasia) and can also induce axonal
sprouting, increased neurite density, and perikaryonal hyper-
trophy of neurons under in vitro conditions [49, 50]. In addi-
tion to PSCs induced desmoplasia, cancer-associated fibro-
blasts suppress blood vessel formation leading to the sparse
vasculature, making drug delivery through this Bstromal
fortress^ extremely difficult [51].

PDA is, thus, a profoundly hypovascular and hypoxic tu-
mor. Direct measurements of oxygen partial pressure in hu-
man pancreatic tumors using the Eppendorf (Hamburg, Ger-
many) polarographic electrode revealed that pancreatic tu-
mors are significantly hypoxic, though the adjacent normal
pancreas has normal oxygenation [52]. This is also evident
by imaging techniques as a hypoenhancing pancreatic mass
is observed in PDA patients whenever contrast-enhanced
scans are obtained. Poor perfusion and hypoxic microenviron-
ment can have important effects on radiosensitivity and ag-
gressive behavior of the tumor [53].

The advent of various genetically engineered mouse
models (GEMMs) of pancreas cancer has marked a milestone
in understanding the biological implications of the tumor stro-
ma and provides novel opportunities for preclinical testing of

new agents directed against various targets in PDA. For ex-
ample, sonic hedgehog (SHH) pathway plays important roles
during embryonic development and is aberrantly re-expressed
in PDA promoting desmoplasia in pancreatic carcinogenesis.
In the KPC mouse model, pharmacologic inhibition of SHH
by the smoothened inhibitor IPI-926 resulted in stromal de-
pletion, increased microvessel density and patency, and im-
proved delivery of gemcitabine in the intratumoral compart-
ment [54]. Preliminary results available from a phase Ib/II trial
in patients withmetastatic pancreatic cancer using IPI-926 and
gemcitabine reveal that the drug is well tolerated and radio-
graphic partial responses were seen in 31 % of patients [55].

A breakthrough was recently obtained by enhancing chemo-
therapeutic drug delivery into the dense fibrous stroma of PDA
using albumin-bound paclitaxel that is a nanoparticle form of
paclitaxel. A large, open-label, international, randomized phase
III MPACT trial on 861 patients with metastatic pancreatic
cancer and no prior chemotherapy revealed higher overall sur-
vival (OS) (8.7 vs. 6.6 months; P<0.0001; HR=0.72) in patients
randomized to receive gemcitabine plus albumin-bound
paclitaxel versus gemcitabine alone [56]. Updated results of the
MPACT trial confirm that long-term survival is possible with
gemcitabine plus albumin-bound paclitaxel [57].

One proposed mechanism of action (though contradictory)
is that the albumin in albumin-bound paclitaxel (nab-paclitaxel)
may bind to SPARC, an extracellular matrix protein that is

Fig. 2 Diagrammatic representation of tumor microenvironment in PDA
with new therapeutic targets. Ab antibody, CAF cancer-associated
fibroblast, CTGF connective tissue growth factor, ECM extracellular matrix,
GM-CSF granulocyte-macrophage colony-stimulating factor,PDA pancreatic
ductal adenocarcinoma, PSC pancreatic stellate cell, SHH sonic hedgehog,
nab-paclitaxel albumin-bound paclitaxel, ARB angiotensin II type 1 receptor
blocker. Red arrows indicate the site of action. 1. PSC and CAF can be
targeted by inhibition of SHH, CTGF, and ARBs. 2. ECM components lead
to desmoplasia, creating barriers for drug delivery that can be circumvented
by drug alteration and conjugation such as nab-paclitaxel and human

recombinant PEGylated hyaluronidase (PEGPH20). 3. Tumor vessels are
compressed by dense tumor stroma, resulting in a hypoxic environment;
tumor vasculature can be targeted by SHH and gamma-secretase inhibitors.
4. Suppressor immune cells can be targeted by agonist CD40 antibodies or
anti-GM-CSF antibodies. 5. Host immune response can be strengthened by
cancer vaccines such as GVAX pancreas prime and Listeria monocytogenes-
expressing mesothelin (CRS-207) boost vaccines [67]. 6. Selected ongoing
and recently completed clinical trials arementioned byNational Clinical Trial
(NCT) number, and details can be obtained online at http://clinicaltrials.gov/
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upregulated in the stroma of pancreatic tumors, thereby increas-
ing the delivery of paclitaxel to the neoplastic cells [58, 59].
However, a recent analysis in GEMM found that nab-paclitaxel
alters the sensitivity of pancreatic tumors to gemcitabine
through downregulation of cytidine deaminase, leading to
higher concentrations of dFdCTP in tumors [60].

A number of new therapeutic agents targeting various tu-
mor stroma host interactions are currently under active inves-
tigation. Discussing them in detail is out of the scope of this
paper, though few are summarized in Fig. 2.

Novel Imaging Techniques

In addition to standard imaging modalities, several promising
techniques are under development that may improve diagnos-
tic imaging. Advanced imaging such as diffusion-weighted
magnetic resonance imaging (DW-MRI) and dynamic
contrast-enhanced (DCE) MRI takes the advantage of altered
perfusion of pancreatic tumor to provide functional contrast
relative to normal or inflamed pancreatic tissue [61, 62]. Ad-
vanced endoscopic ultrasound techniques such as contrast-
enhanced ultrasound and ultrasound elastography (which
measures tissue perfusion and stiffness, respectively) have
shown promise, although they are highly operator dependent
[63, 64].

New targeted imaging probes are under investigation too.
Plec1-targeting peptides (tPTP) have been successfully ana-
lyzed as a contrast agent for single-photon emission computed
tomography (SPECT) in an orthotopic and liver metastasis
murine model of PDA in vivo. Hence, it may be used to
identify primary andmetastatic PDA by imaging andmay also
detect preinvasive PanIN-3 lesions [65].

A group of researchers recently published a study evaluat-
ing polarization gating spectroscopic measurements using fi-
ber optic probes of early increase in blood supply that detects
variables, such as deoxyhemoglobin concentration (DHb) and
mean blood vessel radius (BVR) in the normally appearing
duodenal mucosa in 14 patients with PDA versus a control
group. Preliminary evidence is very encouraging and suggests
that in vivo measurement of normally appearing duodenal
tissue can differentiate PDA patients from a distance with high
accuracy [66].

It is obvious that pancreatic cancer is a challenge to treat
and is an area of intensive research. It is very likely that, in the
future, tumor DNA of each patient will be thoroughly ana-
lyzed and information thus gained be used for individualized
cancer treatment. Early diagnosis seems to be the most reliable
insurance for long survival in this surreptitious cancer.
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