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Preface

Pancreatic cancer is one of the most fatal human malignancies with extremely poor
prognosis making it the fourth leading cause of cancer-related deaths in the United
States. The molecular mechanisms of pancreatic carcinogenesis are not well
understood. The major focus of these two books is towards the understanding of the
basic biology of pancreatic carcinogenesis, identification of newer molecular targets
and the development of adjuvant and neoadjuvant therapies.

Book 1 on pancreatic cancer provides the reader with an overall understanding of the
biology of pancreatic cancer, hereditary, complex signaling pathways and alternative
therapies. The book explains nutrigenomics and epigenetics mechanisms such as
DNA methylation, which may explain the etiology or progression of pancreatic cancer.
Apart from epigenetics, book summarizes the molecular control of oncogenic
pathways such as K-Ras and KLF4. Since pancreatic cancer metastasizes to vital organs
resulting in poor prognosis, special emphasis is given to the mechanism of tumor cell
invasion and metastasis. Role of nitric oxide and Syk kinase in tumor metastasis is
discussed in detail. Prevention strategies for pancreatic cancer are also described. The
molecular mechanisms of the anti-cancer effects of curcumin, benzyl isothiocyante and
vitamin D are discussed in detail. Furthermore, this book covers the basic mechanisms
of resistance of pancreatic cancer to chemotherapy drugs such as gemcitabine and 5-
flourouracil. The involvement of various survival pathways in chemo-drug resistance
is discussed in depth. Major emphasis is given to the identification of newer
therapeutic targets such as mesothalin, glycosylphosphatidylinositol, cell cycle
regulatory proteins, glycans, galectins, p53, toll-like receptors, Grb7 and telomerase in
pancreatic cancer for drug development.

Book 2 covers pancreatic cancer risk factors, treatment and clinical procedures. It
provides an outline of pancreatic cancer genetic risk factors, signaling mechanisms,
biomarkers and disorders and systems biology for the better understanding of disease.
As pancreatic cancer suffers from lack of early diagnosis or prognosis markers, this
book encompasses stem cell and genetic makers to identify the disease in early stages.
The book uncovers the rationale and effectiveness of monotherapy and combination
therapy in combating the devastating disease. As immunotherapy is emerging as an
attractive approach to cease pancreatic cancer progression, the present book covers
various aspects of immunotherapy including innate, adaptive, active, passive and



Preface

bacterial approaches. The book also focuses on the disease management and clinical
procedures. Book explains the role of pre-existing conditions such as diabetes and
smoking in pancreatic cancer. Management of anesthesia during surgery and pain
after surgery has been discussed. Book also takes the reader through the role of
endoscopy and fine needle guided biopsies in diagnosing and observing the disease
progression. As pancreatic cancer is recognized as a major risk factor for vein
thromboembolism, this book reviews the basics of coagulation disorders and
implication of expandable metallic stents in the management of portal vein stenosis of
recurrent and resected pancreatic cancer. Emphasis is given to neuronal invasion of
pancreatic tumors along with management of pancreatic neuroendocrine tumors.

We hope that this book will be helpful to the researchers, scientists and patients
providing invaluable information of the basic, translational and clinical aspects of
pancreatic cancer.

Sanjay K. Srivastava, Ph.D.

Department of Biomedical Sciences

Texas Tech University Health Sciences Center
Amarillo, Texas

USA
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University of Haifa,

3The Ruth and Bruce Rapoport Faculty of Medicine,
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Israel

1. Introduction

Globally, pancreatic cancer is considered a rare cause of cancer. More than 250,000 new
cases, equivalent to 2.5% of all forms of cancer, were diagnosed in 2008 worldwide (Ferlay et
al., 2008, 2010). Pancreatic adenocarcinoma currently represents the fourth most common
cancer causing death in the United States and in most developed countries (Jemal et al.,
2009, 2011). Despite advances in medical science, the overall prognosis of pancreatic cancer
remains poor and five years survival is only 4% (Jemal et al., 2006). Those diagnosed early,
with tumor limited to the pancreas, display a 25-30% five years survival following surgery
(Ryu et al., 2010).

It has been suggested that it takes at least 10 years from tumor initiation to the development
of the parental clone and another five years to the development of metastatic subclones,
with patients dying within two years thereafter, on average (Costello & Neoptolemos, 2011).
Given the limited treatment options there has been considerable focus on clinical and
molecular harbingers of early disease. A mechanism for early detection and for early
intervention remains to be elaborated. Current research is focused on the discovery and the
development of diagnostic bio markers that can unveil pancreatic cancer in its early stages.
Deciphering and understanding the genetics of sporadic and hereditary pancreatic cancer
remains a fundamental milestone.

Based on family aggregation and family history of pancreatic disease, it is estimated that
around 10% of cases diagnosed with pancreatic cancer host a hereditary germ line mutation
(Lynch et al., 1996; Hruban et al., 1998). Furthermore, it has been observed that pancreatic
cancer occurs in excess of expected frequencies, in several familial cancer syndromes, which
are associated with specific germ-line mutations. The best characterized include hereditary
breast-ovarian cancer syndrome ascribed to mutations in BRCA1/2 genes, especially
BRCA?2; familial pancreatic and breast cancer syndrome due to mutations in PALB2 gene;
familial isolated pancreatic cancer caused by mutations in PALLD encoding palladin; and
familial multiple mole melanoma with pancreatic cancer (FAMMM-PC) attributed to
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mutations in CDKN2A. Other hereditary cancer syndromes demonstrating increased
hereditary risk for pancreatic cancer, yet with less significance, include hereditary non-
polyposis colorectal syndrome - Lynch syndrome and Li-Fraumeni syndrome which is
caused by mutations in p53 gene.

The identification of individuals at risk for pancreatic cancer would aid in targeting those
who might benefit most from cancer surveillance strategies and early detection (Brentnall et
al., 1999). This chapter describes the cutting edge data related to the genetics of sporadic and
hereditary pancreatic cancer subdivided according to 'genes' function.

2. Oncogenes
2.1 KRAS gene (MIM 190070)

Recent studies have shown that the KRAS oncogene on chromosome 12p is activated by
point mutations in approximately 90% of pancreatic cancers tumors, and these mutations
involve codon 12 most commonly, and codons 13 and 61 thereafter (Caldas & Kern, 1995).
The RAS protein produced by wild-type KRAS binds GTPase-activating protein and
regulates cell-cycle progression. Mutations in KRAS constitute the earliest genetic
abnormalities underlying the development of pancreatic neoplasms (Maitra et al., 2006;
Feldmann et al., 2007). KRAS may thus be a promising bio marker for early detection of
curable non-invasive pancreatic neoplasia (Maitra et al., 2006).

2.2 BRAF gene (MIM 164757)

The BRAF gene maps to chromosome 7q and takes part in the RAF-MAP signaling
pathway, critical in mediating cancer causing signals in the RAS corridor (Calhoun et al,,
2003). BRAF mutations have been described in about 15% of all human cancers, including
pancreatic cancer (Davies et al., 2002). The BRAF gene is activated by oncogenic RAS,
leading to cooperative mutual effects in cells responding to growth factor signals. BRAF and
KRAS appear to be alternately mutated in pancreatic cancers; thus, pancreatic cancers with
KRAS gene mutations do not harbor BRAF gene mutations and vice versa (Maitra et al.,
2006).

2.3 PALLD gene (MIM 608092)

Palladin RNA is over-expressed in tissues from both precancerous dysplasia and pancreatic
adenocarcinoma in familial and sporadic pancreatic disease. The mutated gene is
assumingly, best detected in very early precancerous dysplastic tissue, heralding neoplastic
transformation before the overarching of genetic instability, underlying cancer, has
occurred. Palladin is a component of actin-containing microfilaments that control cell shape,
adhesion and contraction and is associated with myocardial infarction and pancreatic
cancer. Palladin is most probably a proto-oncogene (Pogue-Geile et al., 2006).

2.3.1 Familial pancreatic cancer associated PALLD gene (MIM 164757)

Few families with isolated pancreatic cancer of early onset and high penetrance have been
identified (Lynch et al., 1990; Brentnall et al., 1999; Banke et al., 2000; Hruban et al., 2001;
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Meckler et al., 2001). Genomewide linkage screen of a family, noted as 'family X', has shown
significant linkage to chromosome 4q32-34 (Eberle et al., 2002). Pogue-Geile et al. (2006) later
found a mutation, inducing a proline (hydrophobic) to serine (hydrophilic) amino acid
change (P239S), in a highly conserved region of the gene encoding palladin (PALLD),
segregating in all affected family members and absent in unaffected family members.
Zogopoulous et al. (2007) identified this same mutation (P239S) in one of 84 (1.2%) patients
with familial and early-onset pancreatic cancer and in one of 555 controls (0.002%). No
evidence for palladin mutations in 48 individuals with familial pancreatic cancer was
recorded by Klein et al. (2009). Further investigation is warranted in order to confirm the
pathogenecity of mutations in PALLD.

2.4 Other oncogenes

AKT2 (MIM 164731) - It has been suggested that the AKT2 oncogene, on chromosome 19q,
contributes to the malignant phenotype of a subset of human ductal pancreatic cancers.
Cheng et al, (1996) demonstrated that the AKT2 oncogene is over expressed in
approximately 10-15% of pancreatic carcinomas. AKT2 encodes a protein belonging to a
subfamily of serine/threonine kinases.

AIB1 (MIM 601937) - AIB1 gene, on chromosome 20q, is amplified in as many as 60% of
pancreatic cancers (Anzick et al., 1997; Calhoun et al., 2003; Aguirre et al., 2004). Altered
AIB1 expression may contribute to the development of steroid-dependent cancers. It has
also been reported that amplification of a localized region on the long arm of chromosome 8
is commonly seen in pancreatic cancers, and this amplification corresponds to the oncogenic
transcription factor CMYC (MIM 190080) (Aguirre et al., 2004).

In addition to these genes, numbers of amplicons, amplified from DNA fragments, have
been identified in pancreatic cancers by using gene chip technologies (Aguirre et al., 2004).
Employing array comparative genomic hybridization (CGH) technology, a high resolution
analysis of genome-wide copy number aberrations, permits to identify over expression of
DNA fragments in tumor transformed pancreatic cells. Understanding the mechanisms
underlying the development of pancreatic cancer may aid target early detection, gene-
specific therapies and thereby improve prognosis.

3. Tumor suppressor genes

In pancreatic invasive adenocarcinoma, CDKN2A/INK4A, TP53, and DPC4/SMAD4/
MADH4 are commonly inactivated.

3.1 CDKN2A/INK4A gene (MIM 600160)

The CDKN2A gene on chromosome 9p21 encodes proteins that control two critical cell cycle
regulatory pathways, the p53 (TP53) pathway and the retinoblastoma (RB1) pathway.
Through the use of shared coding regions and alternative reading frames, the CDKN2A
gene produces 2 major proteins: p16(INK4), which is a cyclin-dependent kinase inhibitor
checkpoint, and p14(ARF), which binds the p53-stabilizing protein MDM2 (Robertson and
Jones, 1999). P16 inhibits cyclin D1 by binding to the cyclin-dependent kinases Cdk4 and
Cdké6 thereby causing G1-S cell-cycle arrest (Schutte et al., 1997). Loss of pl6 function,
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consequent to several different mechanisms, including homozygous deletion, intragenic
mutation and epigenetic silencing by gene promoter methylation, is seen in approximately
90% of pancreatic cancers (Caldas et al., 1994; Schutte et al., 1997; Ueki et al., 2000). As a
bystander effect, homozygous deletions of the CDKN2A /INK4A gene can also delete both
copies of the methylthio-adenosine phosphorylase (MTAP) gene, whose product is essential
for the salvage pathway of purine synthesis. In about a third of pancreatic cancers co-
deletion of the MTAP and CDKN2A /INK4A genes is observed (Hustinx et al., 2005).

This observation has a potential therapeutic significance, since chemotherapeutic regimes
selectively targeted to cells demonstrating loss of Mtap function are currently available.

3.1.1 Familial Atypical Multiple Mole Melanoma - Pancreatic Cancer (FAMMM-PC)
syndrome (MIM 606719)

The association between mutations in pl6 (CDKN2A) and familial pancreatic cancer was
previously noted by Caldas et al. (1994) and others (Liu et al., 1995, Whelan et al., 1995;
Schutte et al., 1997). Further evidence for a plausible role of CDKN2A in pancreatic cancer
was provided by Whelan et al. (1995) who described a kindred at risk for pancreatic cancers,
melanomas, and additional types of tumors, co-segregating with a CDKN2A mutation.
CDKN2A mutations were detected individuals with pancreatic cancer from melanoma
families (Goldstein et al., 1995). Later, Lynch et al., 2002, coined the term hereditary
FAMMM-PC syndrome to describe families with both melanoma and pancreatic cancers.
Although rare, the life time risk of CDKN2A carriers, to develop pancreatic cancer and
melanoma was calculated to be 58% and 39%, respectively (McWilliams et al.,, 2010).
Basically, CDKN2A is a small gene, containing 3 coding exons. However, lack of founder
mutations impedes the screening of families at risk in the clinical setting.

3.2 TP53 gene (MIM 191170)

The TP53 gene on chromosome 17p undergoes bi-allelic inactivation in approximately 50-
75% of pancreatic cancers, almost always subject to the combination of an intragenic
mutation and the loss of the second wild-type allele (Redston et al., 1994). The transcription
factor p53 responds to diverse cellular stresses formulated to regulate target genes
participating in G1-S cell cycle checkpoint, maintenance of G2-M arrest, cell cycle arrest,
apoptosis, senescence and DNA repair (Redston et al., 1994). There is emerging evidence to
suggest that loss of p53 function may contribute to the genomic instability observed in
pancreatic cancers (Hingorani et al., 2005); and that TP53 gene mutations constitute late
events in pancreatic cancer progression (Maitra et al., 2003).

3.2.1 Li- Fraumeni syndrome (MIM 151623)

Li-Fraumeni syndrome is a rare, clinically and genetically heterogeneous, inherited cancer
syndrome caused by germline mutations in TP53. Li-Fraumeni syndrome is characterized by
autosomal dominant inheritance and early onset of tumors, rather multiple tumors in one
individual and multiple affected family members. In contrast to other inherited cancer
syndromes, which are predominantly characterized by site-specific cancers, Li-Fraumeni
syndrome presents with a variety of tumor types. The most common types are soft tissue
sarcomas and osteosarcomas, breast cancer, brain tumors, leukemia, and adrenocortical



The Genetics of Pancreatic Cancer 5

carcinoma (Li et al., 1988). Several families with Li-Fraumeni syndrome presenting with
pancreatic cancer were occasionally described (Lynch et al., 1985; Casey et al., 1993).

3.3 Deleted in pancreatic carcinoma 4 (DPC4) gene (MIM 600993)

About 90% of human somatic pancreatic carcinomas show allelic loss at 18q. Hahn et al.
(1996) reported the identification of a putative tumor suppressor gene, namely, Deleted in
Pancreatic Carcinoma 4 or DPC4 (also known as SMAD4/MADH4) on chromosome
18q21.1. Loss of Dpcd protein function interferes with intracellular signaling cascades
leading to decreased growth inhibition and uncontrolled proliferation. SMAD4 plays a
pivotal role in signal transduction of the transforming growth factor beta superfamily
cytokines by mediating transcriptional activation of target genes. Immunohistochemical
labeling for Dpc4 protein expression mirrors DPC4/SMAD4/MADH4 gene status with rare
exceptions, and like TP53, loss of Dpc4 expression is a late genetic event in pancreatic
carcinoma and is observed in about 30% of progression lesions (Feldmann et al., 2007).

Genome-wide association studies (GWAS) have provided evidence that a person's risk of
developing pancreatic cancer is influenced by multiple common disease alleles with small
effects (Low et al., 2010; Petersen et al., 2010). Further research is required to evaluate the
epidemiological input of these markers to the development of pancreatic cancer and their
availability for early detection (Costello & Neoptolemos, 2011). Other tumor-suppressor
genes are targeted at low frequency in pancreatic cancer. These genes provide a significant
insight unto the molecular mechanism that underlines pancreatic cancers, and may serve as
therapeutic targets in the early stages of pancreatic cancer.

4. Genome-maintenance genes

Several gene ensembles, that play a role in caring for genome stability, were found to be
mutated in pancreatic cancer, more so, in familial rather than sporadic cancer, including
familial pancreatic cancer. BRCA?2 is with no doubt the prominent gene in this category.

4.1 BRCA1/2 genes (MIM 113705/600185)

BRCA1 - The gene product of BRCA1, functions in a number of cellular pathways that
maintain genomic stability, including DNA damage-induced cell cycle checkpoint activation
and arrest, DNA damage repair, protein ubiquitination, chromatin remodeling, as well as
transcriptional regulation and apoptosis (see for example review by Wu et al., 2010). BRCA1
forms several distinct complexes through association with different adaptor proteins, and
each complex assemble in a mutually exclusive manner (Wang et al., 2009).

BRCA2 - BRCA2 plays a key role in recombinational DNA repair, maintenance of genomic
integrity and resistance to agents that damage DNA or collapse replication forks. The role of
BRCA2 is best understood during DNA double-strand break repair (see for example
Schlacher et al., 2011) as it co-localizes with PALB2 gene in nuclear foci, thereby promoting
its stability in nuclear structures and enabling its recombinational repair and checkpoint
functions (Xia et al., 2006).

Both BRCA1 and BRCA2 have transcriptional activation and seem to be mutually
interrelated.
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Traditionally BRCA1 and BRCA2 were classified as tumor suppressor genes. Nowadays,
BRCA1 and BRCA2 are rather cataloged as 'caretaker' genes that act, amongst other, as
nucleotide-excision-repair (NER) genes (Kinzler and Vogelstein, 1997). While, inactivated
'gatekeepers', namely, tumor suppressor genes, promote tumor initiation directly, the
inactivation of caretaker genes leads to genetic instability resulting in increased mutations in
other genes, including gatekeepers. Once a tumor is initiated by inactivation of a caretaker
gene, it may progress rapidly due to an accelerated rate of mutations in other genes that
directly control cell birth or death. Consistent with this hypothesis, mutations in BRCA1 and
BRCA?2 are rarely found in sporadic cancers, and the risk of cancer arising in people with
BRCA somatic mutations is relatively low.

4.1.1 Hereditary breast-ovarian cancer syndrome

Since the late nineties of the 20th century, excess of pancreatic cancer cases was documented
in families with hereditary breast-ovarian cancer syndrome, traditionally linked to
BRCA1/2 genes. Several studies have shown high BRCA2 mutation carrier frequencies in
pancreatic cancer patients, reaching 10-20%, more so in Jewish Ashkenazi compared to non-
Jewish pancreatic cancer patients (Teng et al., 1996; Ozcelik et al., 1997; Slater et al., 2010),
with greater penetrance for males over females (Risch et al., 2001; Murphy et al., 2002;
McWilliams et al., 2005; Dagan, 2008; Dagan et al., 2010; Ferrone et al., 2009). BRCA1
mutations are less often associated with pancreatic cancer compared to BRCA2 mutations
(Al-Sukhni et al.,, 2008; Dagan et al., 2010). Mutations within the OCCR-ovarian cancer-
cluster region of the BRCA2 gene in exon 11 frequently cause either/or pancreatic cancer,
ovarian cancer and other type of cancers (Risch et al., 2001; Thompson et al., 2001).

The distinction between gatekeepers and caretakers genes has important practical and
theoretical ramifications. Tumors that have defective caretaker genes are expected to
respond favorably to therapeutic agents that induce the type of genomic damage that is
normally detected or repaired by the particular caretaker gene involved.

Poly (ADP-ribose) polymerase (PARP) inhibitors have raised recent excitement as to their
deleterious effect on BRCA1 or BRCA?2 associated ovarian, breast or pancreatic cancer cells.
If either PARP or BRCA function remains intact, a cell will continue to survive. Thus,
inhibiting PARP should not affect the non-cancerous cells that contain one functional copy
of BRCA. Loss of both functions, however, is incompatible with life (Bryant et al., 2005;
Helleday et al., 2005; Drew et al., 2011). With this in mind, this class of agents has the
potential to potentiate cytotoxic therapy without increased side effects. Acting as sole
agents, they are able to exterminate cancer cells with DNA repair defects. The genomic
instability of tumor cells allows PARP inhibitors to selectively target tumor cells rather than
normal cells. PARP proteins inhibitors have gained supremacy as ideal anticancer agents
(Weil & Chen, 2011) and may promise better prognosis in pancreatic, ovarian and breast
cancer due to hereditary mutations in BRCA1/2.

4.2 Partner and localizer of BRCA2 (PALB2) gene (MIM 610355)

PALB2 maps to chromosome 16p12 (Xia et al., 2006; Reid et al., 2007; Xia et al., 2007).
Differential extraction showed that BRCA2 and PALB2 colocalize in S-phase foci and are
associated with stable nuclear structures. As PALB2 is critical for the function of BRCA2 as
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regards DNA repair, it should be considered, in principle, as a caretaker gene. Like BRCA2,
PALB2 participates in DNA damage response and both genes collectively cooperate
allowing BRCAZ2 to escape the effects of proteasome-mediated degradation (Reid et al., 2007;
Xia et al., 2007).

4.2.1 Familial pancreatic cancer associated PALB2

Germline mutations in PALB2 have been identified in approximately 1-2% of familial breast
cancer and 3-4% of familial pancreatic cancer cases (Slater et al., 2010; Casadei et al., 2011;
Hofstatter et al., 2011). Three pancreatic cancer patients out of 96, with a positive family
history of pancreatic cancer were found to harbor a PALB2 germline deletion of 4 basepairs,
that was absent in 1084 control samples (Jones et al.,, 2009; Rahman et al., 2007). PALB2
appears to be the second most commonly mutated gene implicated in hereditary pancreatic
cancer after BRCA2 (Jones et al., 2009).

4.3 Hereditary non-polyposis colon syndrome — HNPCC (MIM 120435)

Pancreatic cancer was infrequently described in families with hereditary non-polyposis
colon cancer (Lynch et al., 1985; Miyaki et al., 1997). HNPCC subdivided into Lynch I,
primarily affecting the colon, Lynch II mainly targeting extra colonic organs including the
pancreas and Muir-Torre syndrome. HNPCC is a genetically heterogeneous disease, with
most mutations detected in MSH2 and MLH1 genes.

MSH2 (MIM 609309) - The microsatellite DNA instability that is associated with alteration in
the MSH2 gene in hereditary nonpolyposis colon cancer and several forms of sporadic
cancer is thought to arise from defective repair of DNA replication errors. MSH2 has a direct
role in mutation avoidance and microsatellite stability in human cells (Fishel et al., 1994).

MLH1 (MIM 609310) - Similarly to MSH2, MLH1 gene encodes a protein involved in the
identification and repair of DNA mismatch errors. The identification of germline mutations
in MLH1 and MSH2 was rapidly followed by the discovery of other human genes that
encode proteins involved in the mismatch repair (MMR) complex (see review by Lynch et
al., 2009).

5. Synopsis

Pancreatic cancer is of the most lethal of all human malignancies caused by inherited and
acquired (somatic) mutations. The poor prognosis of pancreatic cancer (Jemal et al., 2006)
warrants early detection of asymptomatic individuals, at high risk, using imaging methods
and molecular analyses and thereby providing them with a chance for better survival
(Goggins et al., 2000). Understanding the complex genetic mechanisms underlying the
development of pancreatic cancer, as depicted in this chapter, may conduit medical science
in the path that will ultimately lead to early detection, tailored treatment and consequently
better prognosis for this incurable disease.

Although, novel mechanisms, sprout on the horizon, could be exploited for early detection,
as depicted by the KRAS detection technology, it seems that most pancreatic neoplasms in
the general population will remain undetectable before invasive cancer develops. However,
the recognition of early genetic somatic changes can advocate for presymptomatic chemo or
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surgical prevention schemes that may alleviate those with pre cancerous neoplasms before
an invasive cancer had a chance to develop. This farfetched undertaking is already
underway.

Although, pancreatic cancer is basically sporadic, about 10% of the patients harbor a
germline mutation. It seems that BRCA2 is the major susceptibility gene contributing to
hereditary pancreatic cancer, especially in populations segregating founder mutations,
namely, Ashkenazi Jews, Icelandic (Thorlacius et al., 1996; Dagan, 2008; Dagan et al., 2010)
and others. Beyond this, pancreatic cancer patients and family members at risk should
follow the standard recommendations, as regards genetic counseling and diagnosis that
befits hereditary breast-ovarian cancer. Thus, the follow-up surveillance schemes for
BRCA1/2 mutation carriers have to focus, in addition to the standard recommendations, on
early detection of pancreatic cancer.

Deciphering the precise functional role of genes, involved in the development of pancreatic
cancer, may open new and exciting targets for chemotherapy. The recognition that
BRCA1/2 and PARP proteins combine forces in maintaining genomic stability and DNA
damage repair, as well as transcriptional regulation and apoptosis, has prompted the clinical
development of PARP inhibitors. It has been recently shown that PARP inhibitors are
selectively toxic to human cancer cell lines with BRCA1/2 mutations. Furthermore, these
agents may have a therapeutic potential in tumors with defects in homologous recombinant
DNA repair (HRR) system (Drew et al., 2010). Clinical trials of PARP inhibitors, especially
with olaparib, in BRCA1/2 mutated cancer patients confirm their potential therapeutic
effect. Further studies are required to address the many questions regarding safety and
efficacy in the clinical setting (Fong et al., 2009).

6. References

Aguirre AJ, Brennan C, Bailey G Sinha R, Feng B, Leo C, Zhang Y, Zhang J, Gans ]JD,
Bardeesy N, Cauwels C, Cordon-Cardo C, Redston MS, DePinho RA, Chin L (2004)
High-resolution characterization of the pancreatic adenocarcinoma genome. Proc
Natl Acad Sci USA. 101:9067-9072.

Al-Sukhni W, Rothenmund H, Eppel Borgida A, Zogopoulos G, O'Shea A-M, Pollett A,
Gallinger S (2009) Germline BRCA1 mutations predispose to pancreatic
adenocarcinoma. Hum Genet. 124:271-278.

Anzick SL, Kononen ], Walker RL, Azorsa DO, Tanner MM, Guan X-Y, Sauter G,
Kallioniemi O-P, Trent JM, Meltzer PS (1997) AIB1, a steroid receptor coactivator
amplified in breast and ovarian cancer. Science 277:965-968.

Banke MG, Mulvihill JJ, Aston CE (2000) Inheritance of pancreatic cancer in pancreatic
cancer-prone families. Med Clin North Am. 84:677-690, x-xi.

Bryant HE, Schultz N, Thomas HD, Parker KM, Flower D, Lopez E, Kyle S, Meuth M, Curtin
NJ, Helleday T (2005) Specific killing of BRCA2-deficient tumours with inhibitors
of poly(ADP-ribose) polymerase. Nature 434:913-917.

Brentnall TA, Bronner MP, Byrd DR, Haggitt RC, Kimmey MB (1999) Early diagnosis and
treatment of pancreatic dysplasia in patients with a family history of pancreatic
cancer. Ann Intern Med. 131:247-255.



The Genetics of Pancreatic Cancer 9

Caldas C, Hahn SA, da Costa LT, Redston MS, Schutte M, Seymour AB, Weinstein CL,
Hruban RH, Yeo CJ, Kern SE (1994) Frequent somatic mutations and homozygous
deletions of the p16 (MTS1) gene in pancreatic adenocarcinoma. Nat Genet. 8:27-32.

Caldas C, Kern SE (1995). K-ras mutation and pancreatic adenocarcinoma. Int ] Pancreatol.
18:1-6.

Casadei S, Norquist BM, Walsh T, Stray SM, Mandell JB, Lee MK, Stamatoyannopoulos JA,
King MC (2011) Contribution to Familial Breast Cancer of Inherited Mutations in
the BRCA2-interacting Protein PALB2. Cancer Res. 71:2222-2229.

Calhoun ES, Jones JB, Ashfaq R Adsay V, Baker SJ, Valentine V, Hempen PM, Hilgers W,
Yeo CJ, Hruban RH, Kern SE (2003) BRAF and FBXW7 (CDC4, FBW7, AGO,
SEL10) mutations in distinct subsets of pancreatic cancer: potential therapeutic
targets. Am J Pathol. 163:1255-1260.

Casey G, Yamanaka Y, Freiss H, Kobrin MS, Lopez ME, Buchler M, Beger HG, Korc M
(1993) p53 mutations are common in pancreatic cancer and are absent in chronic
pancreatitis. Cancer Lett. 69:151-160.

Cheng JQ, Ruggeri B, Klein WM, Sonoda G, Altomare DA, Watson DK, Testa JR (1996)
Amplification of AKT2 in human pancreatic cells and inhibition of AKT2
expression and tumorigenicity by antisense RNA. Proc Natl Acad Sci U S A.
93:3636-3641.

Costello E, Neoptolemos JP (2011) New insights for early intervention and detection. Nat
Rev Gastroenterol Hepatol. 8:71-73.

Dagan E (2008) Predominant Ashkenazi BRCA1/2 mutations in families with pancreatic
cancer. Genet Test. 12:267-271.

Dagan E, Epelbaum R, Gershoni-Baruch R (2010) BRCA1/2 mutations in pancreatic cancer
patients and their clinical characteristics. Am Soc Human Genet. 60th Annual
Meeting. WA DC. Poster presentation No. 595.

Davies H, Bignell GR, Cox C, Stephens P, Edkins S, Clegg S, Teague ], Woffendin H, Garnett
MJ, Bottomley W, Davis N, Dicks E, Ewing R, Floyd Y, Gray K, Hall S, Hawes R,
Hughes ], Kosmidou V, Menzies A, Mould C, Parker A, Stevens C, Watt S, Hooper
S, Wilson R, Jayatilake H, Gusterson BA, Cooper C, Shipley ], Hargrave D,
Pritchard-Jones K, Maitland N, Chenevix-Trench G, Riggins GJ, Bigner DD,
Palmieri G, Cossu A, Flanagan A, Nicholson A, Ho JW, Leung SY, Yuen ST, Weber
BL, Seigler HF, Darrow TL, Paterson H, Marais R, Marshall C], Wooster R, Stratton
MR, Futreal PA (2002) Mutations of the BRAF gene in human cancer. Nature
417:949-954.

Drew Y, Mulligan EA, Vong WT, Thomas HD, Kahn S, Kyle S, Mukhopadhyay A, Los G,
Hostomsky Z, Plummer ER, Edmondson R], Curtin NJ (2011) Therapeutic potential
of poly(ADP-ribose) polymerase inhibitor AG014699 in human cancers with
mutated or methylated BRCA1 or BRCA2. ] Natl Cancer Inst. 103:334-346.

Eberle MA, Pfiitzer R, Pogue-Geile KL, Bronner MP, Crispin D, Kimmey MB, Duerr RH,
Kruglyak L, Whitcomb DC, Brentnall TA (2002) A new susceptibility locus for
autosomal dominant pancreatic cancer maps to chromosome 4q32-34. Am ] Hum
Genet. 70:1044-1048.



10 Pancreatic Cancer — Clinical Management

Feldmann G, Beaty R, Hruban RH, Maitra A (2007). Molecular genetics of pancreatic
intraepithelial neoplasia. ] Hepatobiliary Pancreat Surg. 14:224-32.

Ferlay ], Shin HR, Bray F, Forman D, Mathers C, Parkin DM: GLOBOCAN 2008, Cancer
Incidence and Mortality Worldwide: IARC CancerBase No. 10. Lyon, International
Agency for Research on Cancer, 2010. http:/ /globocan.iarc.fr.

Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM (2010) Estimates of worldwide
burden of cancer in 2008: GLOBOCAN 2008. Int ] Cancer 127:2893-2917.

Ferrone CR, Levine DA, Tang LH, Allen PJ, Jarnagin W, Brennan MF, Offit K, Robson ME
(2009) BRCA germline mutations in Jewish patients with pancreatic
adenocarcinoma. J Clin Oncol. 20:433-438.

Fishel R, Ewel A, Lee S, Lescoe MK, Griffith J (1994) Binding of mismatched microsatellite
DNA sequences by the human MSH2 protein. Science 266:1403-1405.

Fong PC, Boss DS, Yap TA, Tutt A, Wu P, Mergui-Roelvink M, Mortimer P, Swaisland H,
Lau A, O'Connor M], Ashworth A, Carmichael ], Kaye SB, Schellens JHM, de Bono
JS (2009) Inhibition of poly(ADP-ribose) polymerase in tumors from BRCA
mutation carriers. N Engl ] Med. 361:123-134.

Goggins M, Canto M, Hruban R (2000) Can we screen high-risk individuals to detect early
pancreatic carcinoma? ] Surg Oncol. 74:243-248.

Goldstein AM, Fraser MC, Struewing JP, Hussussian CJ], Ranade K, Zametkin DP, Fontaine
LS, Organic SM, Dracopoli NC, Clark WH Jr, Tucker MA (1995) Increased risk of
pancreatic cancer in melanoma-prone kindreds with p16INK4 mutations. N Engl |
Med. 333:970-974.

Hahn SA, Schutte M, Hoque TMS, Moskaluk CA, da Costa LT, Rozenblum E, Weinstein CL,
Fischer A, Yeo CJ, Hruban RH, Kern SE (1996) DPC4, a candidate tumor suppressor
gene at human chromosome 18q21.1. Science 271:350-354.

Helleday T, Bryant HE, Schultz N (2005) Poly(ADP-ribose) polymerase (PARP-1) in
homologous recombination and as a target for cancer therapy. Cell Cycle 4:1176-
1178.

Hingorani SR, Wang L, Multani AS, Combs C, Deramaudt TB, Hruban RH, Rustgi AK,
Chang S, Tuveson DA (2005) Trp53R172H and KrasG12D cooperate to promote
chromosomal instability and widely metastatic pancreatic ductal adenocarcinoma
in mice. Cancer Cell 7:469-483.

Hofstatter EW, Domchek SM, Miron A, Garber ], Wang M, Componeschi K, Boghossian L,
Miron PL, Nathanson KL, Tung N (2011) PALB2 mutations in familial breast and
pancreatic cancer. Fam Cancer 10:225-231.

Hruban RH, Petersen GM, Ha PK, Kern SE (1998) Genetics of pancreatic cancer. From genes
to families. Surg Oncol Clin N Am. 7:1-23.

Hruban RH, Canto MI, Yeo CJ (2001) Prevention of pancreatic cancer and strategies for
management of familial pancreatic cancer. Dig Dis. 19:76-84.

Hustinx SR, Leoni LM, Yeo CJ], Brown PN, Goggins M, Kern SE, Hruban RH, Maitra A
(2005) Concordant loss of MTAP and pl16/CDKN2A expression in pancreatic
intraepithelial neoplasia: evidence of homozygous deletion in a noninvasive
precursor lesion. Mod Pathol. 18:959-63.



The Genetics of Pancreatic Cancer 11

Jemal A, Siegel R, Ward E, Murray T, Xu J, Smigal C, Thun M] (2006) Cancer statistics, 2006.
CA Cancer J Clin. 56:106-130.

Jemal A, Siegel R, Ward E, Hao Y, Xu J, Thun M]J (2009) Cancer statistics, 2009. CA Cancer ]
Clin. 59:225-249.

Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D (2011) Global Cancer Statistics. CA
Cancer ] Clin. 2011;61:69-90

Jones S, Hruban RH, Kamiyama M, Borges M, Zhang X, Parsons DW, Lin JC-H, Palmisano
E, Brune K, Jaffee EM, lacobuzio-Donahue CA, Maitra A, Parmigiani G, Kern SE,
Velculescu VE, Kinzler KW, Vogelstein B, Eshleman JR, Goggins M, Klein AP
(2009) Exomic sequencing identifies PALB2 as a pancreatic cancer susceptibility
gene. Science 324: 217.

Kinzler KW, Vogelstein B (1997) Gatekeepers and caretakers. Nature 386:761-763.

Klein AP, Borges M, Griffith M, Brune K, Hong SM, Omura N, Hruban RH, Goggins M
(2009) Absence of deleterious palladin mutations in patients with familial
pancreatic cancer. Cancer Epidemiol Biomarkers Prev. 18:1328-1330.

Li FP, Fraumeni JR, Jr Mulvihill JJ, Blattner WA, Dreyfus MG, Tucker MA, Miller RW (1988)
A cancer family syndrome in twenty-four kindreds. Cancer Res. 48:5358-5362.

Liu Q, Yan Y-X, McClure M, Nakagawa H, Fujimura F, Rustgi AK (1995) MTS-1 (CDKN2)
tumor suppressor gene deletions are a frequent event in esophagus squamous
cancer and pancreatic adenocarcinoma cell lines. Oncogene 10: 619-622.

Low SK, Kuchiba A, Zembutsu H, Saito A, Takahashi A, Kubo M, Daigo Y, Kamatani N,
Chiku S, Totsuka H, Ohnami S, Hirose H, Shimada K, Okusaka T, Yoshida T,
Nakamura Y, Sakamoto H (2010) Genome-wide association study of pancreatic
cancer in Japanese population. PLoS ONE 5:€11824.

Lynch HT, Voorhees GJ, Lanspa SJ, McGreevy PS, Lynch JF (1985) Pancreatic carcinoma and
hereditary nonpolyposis colorectal cancer: a family study. Brit ] Cancer 52:271-273.

Lynch HT, Fitzsimmons ML, Smyrk TC, Lanspa S], Watson P, McClellan ], Lynch JF (1990)
Familial pancreatic cancer: clinicopathologic study of 18 nuclear families. Am ]
Gastroenterol. 85:54-60.

Lynch HT, Smyrk T, Kern SE, Hruban RH, Lightdale CJ, Lemon SJ], Lynch JF, Fusaro LR,
Fusaro RM, Ghadirian P (1996) Familial pancreatic cancer: a review. Semin Oncol.
23:251-275.

Lynch HT, Brand RE, Hogg D, Deters CA, Fusaro RM, Lynch JF, Liu L, Knezetic ], Lassam
NJ, Goggins M, Kern S (2002) Phenotypic variation in eight extended CDKN2A
germline mutation familial atypical multiple mole melanoma-pancreatic
carcinoma-prone families: the familial atypical mole melanoma-pancreatic
carcinoma syndrome. Cancer 94:84-96.

Lynch HT, Lynch PM, Lanspa SJ], Snyder CL, Lynch JF, Boland CR (2009) Review of the
Lynch syndrome: history, molecular genetics, screening, differential diagnosis, and
medicolegal ramifications. Clin Genet. 76:1-18.

Maitra A, Adsay NV, Argani P, lacobuzio-Donahue C, De Marzo A, Cameron JL, Yeo CJ,
Hruban RH (2003) Multicomponent analysis of the pancreatic adenocarcinoma
progression model using a pancreatic intraepithelial neoplasia tissue microarray.
Mod Pathol. 16:902-912.



12 Pancreatic Cancer — Clinical Management

Maitra A, Kern SE, Hruban RH (2006) Molecular pathogenesis of pancreatic cancer. Best
Pract Res Clin Gastroenterol. 20:211-226.

McWilliams RR, Rabe KG, Olswold C, De Andrade M, Petersen GM (2005) Risk of
malignancy in first-degree relatives of patients with pancreatic carcinoma. Cancer
104:388-394.

McWilliams RR, Wieben ED, Rabe KG, Pedersen KS, Wu Y, Sicotte H, Petersen GM (2010).
Prevalence of CDKN2A mutations in pancreatic cancer patients: implications for
genetic counseling. Eur ] Hum Genet. Dec 8.

Meckler KA, Brentnall TA, Haggitt RC, Crispin D, Byrd DR, Kimmey MB, Bronner MP
(2001) Familial fibrocystic pancreatic atrophy with endocrine cell hyperplasia and
pancreatic carcinoma. Am J Surg Pathol. 25:1047-1053.

Miyaki M, Konishi M, Tanaka K, Kikuchi-Yanoshita R, Muraoka M, Yasuno M, Igari T,
Koike M, Chiba M, Mori T (1997) Germline mutation of MSH6 as the cause of
hereditary nonpolyposis colorectal cancer. Nature Genet. 17:271-272.

Murphy KM, Brune KA, Griffin C, Sollenberger JE, Petersen GM, Bansal R, Hruban RH,
Kern SE (2002) Evaluation of candidate genes MAP2K4, MADH4, ACVRI1B, and
BRCA?2 in familial pancreatic cancer: deleterious BRCA2 mutations in 17%. Cancer
Res. 62: 3789-3793.

Ozcelik H, Schmocker B, Di Nicola N, Shi X-H, Langer B, Moore M, Taylor BR, Narod SA,
Darlington G, Andrulis IL, Gallinger S, Redston M (1997) Germline BRCA2
6174delT mutations in Ashkenazi Jewish pancreatic cancer patients. Nature Genet.
16: 17-18.

Petersen GM et al. (2010) A genome-wide association study identifies pancreatic cancer
susceptibility loci on chromosomes 13q22.1, 1q32.1 and 5p15.33. Nature Genet.
42:224-228.

Pogue-Geile KL, Chen R, Bronner MP, Crnogorac-Jurcevic T, Moyes KW, Dowen S, Otey
CA, Crispin DA, George RD, Whitcomb DC, Brentnall TA (2006) Palladin mutation
causes familial pancreatic cancer and suggests a new cancer mechanism. PLoS
Med. 3: e516.

Rahman N, Seal S, Thompson D, Kelly P, Renwick A, Elliott A, Reid S, Spanova K, Barfoot
R, Chagtai T, Jayatilake H, McGuffog L, Hanks S, Evans DG, Eccles D, The Breast
Cancer Susceptibility Collaboration (UK), Easton DF, Stratton MR (2007) PALB2,
which encodes a BRCA2-interacting protein, is a breast cancer susceptibility gene.
Nature Genet. 39: 165-167.

Redston MS, Caldas C, Seymour AB Hruban RH, da Costa L, Yeo CJ, Kern SE (1994) p53
mutations in pancreatic carcinoma and evidence of common involvement of
homocopolymer tracts in DNA microdeletions. Cancer Res. 54:3025-3033.

Reid S, Schindler D, Hanenberg H, Barker K, Hanks S, Kalb R, Neveling K, Kelly P, Seal S,
Freund M, Wurm M, Batish SD, Lach FP, Yetgin S, Neitzel H, Ariffin H,
Tischkowitz M, Mathew CG, Auerbach AD, Rahman N (2007) Biallelic mutations in
PALB2 cause Fanconi anemia subtype FA-N and predispose to childhood cancer.
Nature Genet. 39: 162-164.

Risch HA, McLaughlin JR, Cole DE, Rosen B, Bradley L, Kwan E, Jack E, Vesprini D],
Kuperstein G, Abrahamson JL., Fan I, Wong B, Narod SA (2001) Prevalence and



The Genetics of Pancreatic Cancer 13

penetrance of germline BRCA1 and BRCA2 mutations in a population series of 649
women with ovarian cancer. Am ] Hum Genet. 68:700-710.

Robertson KD, Jones PA (1999) Tissue-specific alternative splicing in the human
INK4a/ ARF cell cycle regulatory locus. Oncogene 18:3810-3820.

Ryu JK, Hong SM, Karikari CA, Hruban RH, Goggins MG, Maitra A (2010) Aberrant
MicroRNA-155 expression is an early event in the multistep progression of
pancreatic adenocarcinoma. Pancreatology 10:66-73.

Schlacher K, Christ N, Siaud N, Egashira A, Wu H, Jasin M (2011) Double-Strand Break
Repair-Independent Role for BRCA2 in Blocking Stalled Replication Fork
Degradation by MRE11. Cell 145:529-542.

Schutte M, Hruban RH, Geradts ], Maynard R, Hilgers W, Rabindran SK, Moskaluk CA,
Hahn SA, Schwarte-Waldhoff I, Schmiegel W, Baylin SB, Kern SE, Herman JG
(1997) Abrogation of theRb/pl6 tumor-suppressive pathway in virtually all
pancreatic carcinomas. Cancer Res. 57:3126-3130.

Slater EP, Langer P, Fendrich V, Habbe N, Chaloupka B, Matthéi E, Sina M, Hahn SA,
Bartsch DK (2010) Prevalence of BRCA2 and CDKN2a mutations in German
familial pancreatic cancer families. Fam Cancer 9:335-343.

Teng DH-F, Bogden R, Mitchell ], Baumgard M, Bell R, Berry S, David T, Ha PC, Kehrer R,
Jammulapati S, Chen Q, Offit K, Skolnick MH, Tavtigian SV, Jhanwar S, Swedlund
B, Wong AKC, Kamb A (1996) Low incidence of BRCA2 mutations in breast
carcinoma and other cancers. Nature Genet. 13: 241-244.

Thompson D, Easton D, Breast Cancer Linkage Consortium (2001) Variation in cancer risks,
by mutation position, in BRCA2 mutation carriers. Am ] Hum Genet. 68:410-419.

Thorlacius S, Olafsdottir G, Tryggvadottir L, Neuhausen S, Jonasson JG, Tavtigian SV,
Tulinius H, Ogmundsdottir HM, Eyfjord JE (1996) A single BRCA2 mutation in
male and female breast cancer families from Iceland with varied cancer
phenotypes. Nature Genet. 13:117-122.

Ueki T, Toyota M, Sohn T, Yeo CJ, Issa JP, Hruban RH, Goggins M (2000) Hypermethylation
of multiple genes in pancreatic adenocarcinoma. Cancer Res. 60:1835-1839.

Wang B, Hurov K, Hofmann K, Elledge S] (2009) NBA1, a new player in the Brcal A
complex, is required for DNA damage resistance and checkpoint control. Genes
Dev. 23:729-739.

Weil MK, Chen AP (2011) PARP inhibitor treatment in ovarian and breast cancer. Curr Probl
Cancer 35:7-50.

Whelan A]J, Bartsch D, Goodfellow PJ (1995) Brief report: a familial syndrome of pancreatic
cancer and melanoma with a mutation in the CDKN2 tumor-suppressor gene. New
Eng ] Med. 333: 975-977.

Wu ], Lu LY, Yu X (2010) The role of BRCA1 in DNA damage response. Protein Cell 1:117-
123.

Xia B, Sheng Q, Nakanishi K, Ohashi A, Wu ], Christ N, Liu X, Jasin M, Couch FJ, Livingston
DM (2006) Control of BRCA2 cellular and clinical functions by a nuclear partner,
PALB2. Molec Cell 22: 719-729.

Xia B, Dorsman JC, Ameziane N, de Vries Y, Rooimans MA, Sheng Q, Pals G, Errami A,
Gluckman E, Llera ], Wang W, Livingston DM, Joenje H, de Winter ] P (2007)



14 Pancreatic Cancer — Clinical Management

Fanconi anemia is associated with a defect in the BRCA2 partner PALB2. Nature
Genet. 39: 159-161.

Zogopoulous G, Rothenmund H, Eppel A, Ash C, Akbari MR, Hedley D, Narod SA,
Gallinger S (2007) The P239S palladin variant does not account for a significant
fraction of hereditary or early onset pancreatic cancer. Hum Genet. 121: 635-637.



2

Systems and Network-Centric Understanding of
Pancreatic Ductal Adenocarcinoma Signalling

Irfana Mugbil, Ramzi M. Mohammad,

Fazlul H. Sarkar and Asfar S. Azmi
Wayne State University,
USA

1. Introduction

Pancreatic ductal adenocarcinoma (PDAC) is a deadly disease that is intractable to currently
available treatment modalities (Vincent et al. 2011). Failure of standard chemo-, radio- and
neoadjuvant single pathway targeted therapies indicate that before newer treatment
regimens are designed, one has to re-visit the basic understanding of the origins and
complexity of PDAC. As such, PDAC is now appreciated to have not only a highly
heterogeneous pathology but is also a disease characterized by dysregulation of multiple
pathways governing fundamental cell processes (Kim and Simeone 2011). Such
complexity has been suggested to be governed by molecular networks that execute
metabolic or cytoskeletal processes, or their regulation by complex signal transduction
originating from diverse genetic mutations (Figure 1). A major challenge, therefore, is to
understand how to develop actionable modulation of this multivariate dysregulation,
with respect to both how it arises from diverse genetic mutations and to how it may be
ameliorated by prospective treatments in PDAC. Lack of understanding in both these
areas is certainly a major underlying reason for failure of most of the available and
clinically used drugs (Stathis and Moore 2010). The pharmaceutical industry handpicked
drugs have been generally based on their specificity towards a particular protein and the
subsequent targeted pathway (K-Ras, PI3K, MEK, EGFR, p53 etc) without considering the
effect of modulating secondary and interacting pathways (Almhanna and Philip 2011;
Philip 2011). However, as results from integrated network modeling and systems biology
studies indicate, targeting one protein is not straightforward as each protein in a cellular
system works in a complex interacting network comprised of a myriad interconnected
pathways (Wist et al. 2009a). Silencing one protein/pathway can have multiple effects on
different secondary pathways leading to secondary effects. For example, activation of
salvage pathways (commonly observed in PDAC) can result in diminished drug response
or in some cases acquired resistance. Therefore, in order to decode this complexity and to
understand both the PDAC disease and identify drug targets, it requires a departure from
a protein-centric to a more advanced network-centric view. This chapter deals with recent
advancements on deciphering PDAC disease networks and drug response networks based
on integrated systems and network biology-driven science. It is believed that such
integrated and holistic approach will help in not only delineating the mechanism of
resistance of this complex disease, it will also aid in the future design of targeted drug
combinations that will improve the dismal cure rate.
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Fig. 1. Genetic alterations in PDAC are categorized into early state (oncogenes, K-Ras,
Her2/Neu); Late Stage (tumor suppressors, p16, Smad4, BRCA2) and chromosomal
instability pathways that accelerate progression from PanIN-1A lesions to metastatic PDAC.

2. Complex PDAC genetic network

PDAC is highly complex malignancy with myriad set of de-regulated mechanisms involved
and affecting the tissue at different stages of the disease. Detailed molecular mechanisms of
initiation, development and progression of PDAC have been thoroughly studied since the
basic principles of the disease were revealed in the 1970s (Pour et al. 2003; Morosco et al.
1981; Morosco and Goeringer 1980). The most acceptable model is the classical one that
describes morphological as well as molecular transformation from precursor lesions into
invasive carcinoma (Hruban et al. 2000a; Hruban et al. 2000b). While the standard
nomenclature and diagnostic criteria for classification of PDAC has primarily been based on
grades of pancreatic intraepithelial neoplasia (PanIN) (Hruban et al. 2001), cumulatively it
has been accepted that PDAC is a genetically and epigenetically complex disease that arises
through a combination of events. It is increasingly being accepted that these complexities
cannot be fully understood by traditional molecular biology techniques and integrated
approaches may play pivotal role in the better understanding of PDAC as are discussed
below.

2.1 Interaction of oncogenes and tumor suppressor genes in PDAC

PDAC origin and progression is broadly classified to be result of three major events (a) early
stage genetic alterations in the proto-oncogenes mainly K-ras and Her-2/Neu; (b) late stage
alterations in tumor suppressor genes such as p53, pl6, Smad4 and BRCA2 and (c)
chromosomal instability / precursor lesion in the normal duct (i.e. formation of PanIN-1a and
PanIN-1B to Pan-IN-2 and Pan-IN3 (summarized in Figure 1).
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These early and late genetic alterations have fundamental roles affecting key guardians of
cellular signaling, which induces instability of entire molecular systems such as cell growth,
division, apoptosis and migration. Mutation in proto-oncogenes gives rise to oncogenes that
are often present in PDAC. These mutations cause the protein products of oncogenes to be
permanently activated, resulting in uncontrolled cell proliferation. Oncogenic mutations
exhibit a dominant characteristic and deficiency of one allele (i.e. heterozygous mutation) is
sufficient for a lethal outcome. There are several key proto-oncogenes involved in PDAC,
including KRAS, Her2/Neu, CTNNB1 (B-catenin), PIK3CA or AKT1. The most common
oncogenic mutation types are point mutations, deletions, gene amplifications, and gene re-
arrangements.

On the other hand, tumor suppressor genes code for proteins that act against cell
proliferation. As a result of late event genetic alterations, their normal function may be
reduced or even completely eliminated. Mutations in tumor suppressor genes have
recessive characteristics and hence, the cell looses its function only when both alleles are
affected. Commonly, described as a double hit model, one allele is initially mutated while
the other is subsequently mutated or lost completely (Serra et al. 1997). In addition, there are
numerous epigenetic controls of tumor suppressors that involve deactivation by
hypermethylation (Herman et al. 1996). In PDAC, the frequently affected tumor suppressors
include the guardian regulator TP53 (Barton et al. 1991), APC (Horii et al. 1992); SMAD4
(Bartsch et al. 1999) and TP16 (Caldas et al. 1994).

2.1.1 Complex de-regulatory signaling mechanisms in PDAC

Intense research over the last three decades have revealed that PDAC has a highly intricate
web of de-regulatory signaling. In pancreatic duct cells, molecular biologist have identified
some of the core signaling pathways that are aberrantly expressed that consequently leads
to development of PDAC. Major cell surface receptor de-regulatory mechanisms include the
¢-MET/HGF (hepatocyte growth factor) signaling pathway which is a key factor in early
progression of PDAC. This pathway is responsible for invasive growth of PDAC through
activation of key oncogenes, angiogenesis and scattering (cell dissociation and metastasis). c-
MET is a proto-oncogene that encodes an HGF receptor that has a primary function in
embryonic development and wound healing (Chmielowiec et al. 2007). Even though c-MET
mRNA is present at very small amounts in normal human exocrine pancreas, it is
upregulated in a majority of PDAC. Interestingly overexpression of c-MET has been
observed in regenerative tissue affected by acute pancreatitis (Otte et al. 2000), and has been
linked to early events in PDAC carcinogenesis. HGF is a primary ligand of c-MET. Upon c-
MET/HGEF interaction, several different signaling pathways are activated, including the Ras,
phosphoinositide 3-kinase (PI3K), JAK signal transducer and activator of transcription
(STAT) and p-catenin (Wnt) pathways.

The second major cell surface signaling found altered in PDAC is the Ras/Raf/MAPK
pathway. The Ras/Raf/mitogen-activated protein kinase (MAPK) pathway is one of the
most elaborately studied signaling pathways in PDAC and other cancers (Molina and Adjei
2006). The role of Ras/Raf/MAPK signaling is critical for many carcinogeneic processes,
including cell growth, division, cell differentiation, invasion and migration, wound healing
repair, and angiogenic processes. The central regulator of this multivariate signal
transduction from extracellular to intracellular environment is the Ras protein, which is
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localized at the inner side of the cellular membrane. Under normal physiological conditions,
the hydrophobic Ras protein is in its inactive GDP-bound form. In the event of an
extracellular signal coming through growth factor receptors, their is removal of GDP from
Ras protein and its subsequent activation upon binding to GTP. Activated Ras complex
triggers kinase activity of Raf kinase, which ultimately results in activation of an MAPK.
MAPK kinase (MAPKK) in turn is an important regulator of DNA transcription and mRNA
translation. Mutations that affect any of the Ras/Raf/MAPK members produce an increase
in tumorigenicity through hyper-activation of DNA machinery and mRNA translation.
Besides Raf and MAPK, there are other downstream effectors of Ras protein, including
PI3K, thus providing crosstalk between multiple pathways.

Aside from Ras pathway, the PTEN/PI3K/AKT signaling axis is found altered in PDAC.
This pathway is fundamentally based on regulated activation of AKT through its
localization at the cell membrane (Carnero et al. 2008). PI3K and PTEN phosphatases are
two important protein families involved in the membrane localization of AKT. PI3K
phosphorylates certain membrane-bound lipids known as phosphoinositides producing
three different phosphatidylinositol 3-phosphate (PIP), phosphatidylinositol (3,4)-
bisphosphate  (PIP2), and phosphatidylinositol (3,4,5)-trisphosphate  (PIPs). The
phosphorylated forms, PIP; and, to a lesser extent, PIP,, attract important protein kinases to
the cell membrane. The most prominent is AKT, a family of serine/threonine protein
kinases that trigger a number of key cellular processes, including glucose metabolism, cell
proliferation, and apoptosis, transcription, and cell migration (Maitra and Hruban 2005).
AKT activity is strongly dependent on its proper localization on the cell membrane. The
positioning of AKT at the membrane is achieved through its strong binding to PIPs. In
pancreatic carcinogenesis, AKT1 acts as an oncogene that upholds cell survival by
overcoming cell cycle arrest, blocking apoptosis, and promoting angiogenesis. PTEN is a
phosphatase that acts in opposition to PI3K. It has tumor suppression ability by
converting PIP3 back to PIP, and to PIP, hence disrupting membrane localization and
reducing activity of AKT. In most cancers, expression levels of PI3Ks and AKT are high,
while PTEN is often deactivated by mutation, or deleted completely. Through its key role
in pancreatic carcinogenesis, PI3K/AKT/PTEN signaling is an important target for
anticancer therapy.

The JAK/STAT signaling pathway also has an important role in regulation of DNA
transcription by inducing chemical signals from cytokine receptors into the cell nucleus. The
signal is phosphorylation dependent prompting activation and dimerization in a family of
STAT proteins. Activated STAT dimers initiate DNA transcription inside the nucleus. It is
known that inhibition of JAK/STAT signaling induces apoptosis in various human cancers,
and is therefore, a primary focus for potential new drug candidates (Buettner et al. 2002). A
recent study has reported reduced growth of pancreatic cancer cells in vitro when exposed to
benzyl isothiocyanate, through suppression of STAT3 signaling and subsequent induction of
apoptosis. This is suggested as a possible explanation of the anti-carcinogenic effect of
cruciferous vegetables (such as broccoli, cauliflower, cabbage or horseradish) that are rich in
isothiocyanates.

TGF-p is a ligand that binds to type II cytokine receptor dimer, which then interacts and
activates type I cytokine receptor dimer, triggering phosphorylation of receptor-regulated
SMADs (R-SMADs), mainly SMAD2 and SMAD3. In the phosphorylated form, the R-
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SMADs form a complex with SMAD4, which localizes it in the nucleus and where it
interacts with other factors to stimulate transcription of genes that are important for cell
cycle arrest and migration. SMADA4 is therefore a key mediator for TGF-p signals. Due to its
frequent absence in proliferating PDAC tissue, it is also known as DPC or “deleted in
pancreatic cancer” (Schutte et al. 1995). Relatively high frequency of SMAD4 mutations and
loss of heterozygosity at the DPC4 locus (18q21.1) strongly suggest that the protein is a
primary tumor suppressor involved in PDAC carcinogenesis process. However, it should be
noted that reinstating SMAD4 expression results in tumor growth suppression only in vivo
and not in vitro. It has also been found that a SMAD4-independent pathways may be
responsible for tumorigenic effect of TGF-f signaling (Levy and Hill 2005).

Wnt signaling is crucial to formation and maintenance of pancreas (Dessimoz and Grapin-
Botton 2006; Dessimoz et al. 2005). During PDAC development, hyper-activation of Wnt
triggers transcription of a number of genes that have a direct impact on cell proliferation,
differentiation and migration (Cano et al. 2008; Rulifson et al. 2007). Activation of Wnt
signaling is through interaction of a family of membrane-bound receptors known as
Frizzleds with Wnt ligands. Once activated, the downstream signals may proceed through
independent pathways. In a canonical pathway, signal transduction is mediated through
stabilization and translocation of 3-catenin from the cytosol into the nucleus followed by its
interaction with T-cell factor that in turn activates transcription of target genes. The
localization of high expression levels of B-catenin in the nucleus has been experimentally
confirmed in various high grade PanIN lesions, as well as in advanced PDAC (Al-Aynati et
al. 2004). In non-canonical, B-catenin-independent pathways, other signaling mediators are
involved, that block the P-catenin assisted transcription. The nuclear localization of p-
catenin and high expression levels of WNT5a, a gene involved in non-canonical Wnt
pathways, suggests involvement of both pathways in PDAC progression.

The cell cycle control genes have profound importance in PDAC and CDKN2A is one of key
factors in its negative control. The CDKN2A has two promoters and alternative splicing sites
that give rise to two alternative protein products: cyclin-dependent kinase inhibitor
p16INK4a and p53-activator p14ARF. Although both proteins are active in negative control
of the cell cycle, only the function of pl16INK4a is frequently lost in PDAC due to point
mutations, deletions or hypermethylation . p16INK4a protein (also known as p16) inhibits
key elements of cell cycle progression at the G1 checkpoint. pl6 inactivation is an early
event in pancreatic carcinogenesis, and low levels of pl6 expression are associated with
larger tumors, risk of early metastases and poor survival. The network interactions of de-
regulatory signaling pathways in PDAC are depicted in Figure 2.

In summary, the above comprehensive set of studies accumulated over the years clearly
show that PDAC is a highly complex disease. Traditional molecular biology focuses on
studying these alterations in a single protein-centric manner honing on individual
pathways. There are unanswered questions regarding the interaction between these de-
regulatory signaling mechanisms that may be related to the cause of such dismal outcomes
in PDAC. This is indeed the case as pharmaceutical companies handpick drugs to target
individual protein and not multiple pathways. Even if a drug blocks one signaling molecule
in the tumor, another salvage pathway becomes activated leading to diminished efficacy of
the drugs. Therefore, we are of the view that an integrated holistic approach is needed to to
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first understand the interactions between individual pathways that will aid in the design of
single or combination regimens for the elimination of PDAC.
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Fig. 2. Complex de-regulatory network of PDAC obtained from Ingenuity Pathway Analysis
Database.

3. Systems biology and its use in understanding the complexity of PDAC

Applicability of systems biology is slowly being realized in the clinic (Faratian et al. 2009).
Currently, combining information on patient history with high throughput bioinformatics
such as genotyping, transcriptomics and comparative genomic hybridization, sequencing,
and proteomics, followed by molecular network analysis, one can predict biomarkers and
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targets and that would ultimately benefit in designing personalized medicine (Figure 3
depicting integration of multiple high-throughput technologies for better approach and
treatment to a disease).
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Fig. 3. Systems Biology is a potent tool for designing personalized medicine, predicting
biomarkers and targets and mechanistic understanding of complex diseases.

This type of association study can be applied to both affected and healthy cohorts, or in
relation to particular phenotypes, such as disease susceptibility (for example, diabetes)
(Saxena et al. 2007), or to study individual responses to drugs. As a result, genetic variations
have been identified through comprehensive re-sequencing studies of cancer-related
mutations in colon and breast tumors, leading to the identification of around 80 DNA
alterations in a typical cancer (Wood et al. 2007). This technology has been applied to
understand PDAC genetics, pathway interactions and in identifying PDAC stem cells and
are discussed below.

3.1 Systems understanding of PDAC expression datasets

As a proof of concept, the first study on the use of proteomic profiling was published by
Lohr and group and they showed how integrated technologies could be utilized in
obtaining PDAC biomarkers (Lohr et al. 2006). In this study, it was postulated that this type
of proteomic approach was extremely necessary in the rationale for the design of drugs for
this deadly malignancy. Later, a number of investigations have demonstrated that indeed
this technology can be applied to unwind the complex web of interacting pathways in
PDAC. For example, in an elegant study, Chelala and colleagues provided pancreatic
expression database that was a generic model for organization, integration and mining of
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complex pancreatic cancer datasets (Chelala et al. 2007). The database holds 32 datasets
comprising 7636 gene expression measurements extracted from 20 different published gene
or protein expression studies from various PDAC types, pancreatic precursor lesions
(PanINs) and chronic pancreatitis. The pancreatic data are stored in a data management
system based on the BioMart technology alongside the human genome gene and protein
annotations, sequence, homologue, SNP and antibody data. Interrogation of the database
can be achieved through both a web-based query interface and through web services using
combined criteria from pancreatic (disease stages, regulation, differential expression,
expression, platform technology, publication) and/or public data (antibodies, genomic
region, gene-related accessions, ontology, expression patterns, multi-species comparisons,
protein data, SNPs). This database enables connections between otherwise disparate data
sources and allows relatively simple navigation between all data types and annotations. The
database structure and content provides a powerful and high-speed data-mining tool for
cancer research. It can be used for target discovery i.e. of biomarkers from body fluids,
identification and analysis of genes associated with the progression of cancer, cross-platform
meta-analysis, SNP  selection for  pancreatic cancer association  studies,
cancer gene promoter analysis as well as mining cancer ontology information. The
data model is generic and can be easily extended and applied to other types of cancer and is
available online with no restrictions for the scientific community at
http:/ /www.pancreasexpression.org/. Building on this database, the same group has
updated their PDAC expression studies combining newly discovered and emerging
molecules in 2011 (Cutts et al. 2011). These studies were not possible through traditional
molecular biology approach which has its own limitations. In addition to the 32 datasets
discovery, the group has added newer, more sophisticated query types that serve as a
prototype for possible questions of interest that might be addressed towards greater
understanding of PDAC (Chelala et al. 2009).

3.1.1 Integrated systems biology in identification of PDAC biomarkers

Comprehensive progress has been made on the use of systems biology in identification of
biomarkers for PDAC. In a recent study, PDAC cell line related conditioned media and
pancreatic juice were both mined for identification of putative diagnostic leads (Makawita et
al. 2011). The proteome of the condition media were identified using strong cation exchange
chromatography, followed by LC-MS/MS on an LTQ-Orbitrap mass spectrometer from six
pancreatic cancer cell lines (BxPc3, MIA-PaCa2, PANC1, CAPAN1, CFPAC1 and SU.86.86),
one normal human pancreatic ductal epithelial cell line, HPDE, and two pools of six
pancreatic juice samples from ductal adenocarcinoma patients. These studies identified 1261
and 2171 proteins with two or more peptides, in each of the cell lines, while an average of
521 proteins were identified in the pancreatic juice pools. In total, 3,479 non-redundant
proteins were identified with high confidence, of which ~40% were extracellular or cell
membrane-bound based on genome ontology classifications. Three strategies were
employed for identification of candidate biomarkers (1) examination of differential protein
expression between the cancer and normal cell lines using label-free protein quantification,
(2) integrative analysis, focusing on the overlap of proteins between the multiple biological
fluids, and (3) tissue specificity analysis through mining of publically available databases.
However, further validation of these proteins is warranted, as is the investigation of the
remaining group of candidate biomarkers in PDAC. In another study on PDAC, secreted
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serum biomarker identification the profiling pancreatic cancer-secreted proteome using 15N
amino acids and serum-free media was performed (Xiao et al. 2010). In this study the effect
of oxythiamine chloride on PDAC cell secreteome was studied. The authors further
improved on the existing biomarker discovery technology (i.e. coupling of proteomics and
in vitro labeling of proteins in cells (SILAC) to enhance the efficacy of biomarker discovery.
The authors concluded that labeling protein with 15N amino acids in conjunction with
depleted serum allows the identification of actively secreted proteins from pancreatic cancer
cells, and the rate of production of a secreted protein may be used as an independent
biomarker of the presence of tumor.

3.1.2 Integrated analysis of pathways collectively targeted by co-expressed
microRNAs in PDAC

Apart from investigations on signaling pathway de-regulation, multiple recent studies have
found aberrant expression profiles of small non-coding RNAs (microRNAs) in PDAC. While
several target genes have been experimentally identified for some microRNAs in various
tumors, the global pattern of cellular functions and pathways affected by co-expressed
microRNAs in PDAC remained elusive. Here too systems biology has found application in
identification through computational approach and global analysis of the major biological
processes and signaling pathways that are most likely to be affected collectively by co-
expressed microRNAs in cancer cells. In a recent study, using five datasets of aberrantly
expressed microRNAs in pancreatic and other cancers (breast cancer, colon cancer, lung
cancer and lymphoma) and combinatorial target prediction algorithm miRgate and a two-
step data reduction procedure Gene Ontology categories were determined (Gusev 2008;
Gusev et al. 2007). These studies demonstrated biological functions, disease categories,
toxicological categories and signaling pathways that are: targeted by multiple microRNAs;
statistically significantly enriched with target genes; and known to be affected in PDAC. The
analysis of predicted miRNA targets suggests that co-expressed miRNAs collectively
provide systemic compensatory response to the abnormal phenotypic changes in cancer
cells by targeting a broad range of functional categories and signaling pathways known to
be affected in PDAC. The analysis revealed that E2F1 is a predicted microRNA target as well
as caspase3 that were also validated experimentally as a target of multiple miRNAs in
PDAC. Such a systems biology based approach provides new avenues for biological
interpretation of miRNA profiling data and generation of experimentally testable
hypotheses regarding collective regulatory functions of miRNA in PDAC for the design of
effective therapies.

3.1.3 Proteomic profiling in identification of PDAC stems cells

PDAC tumors are heterogenous in nature and harbor many different types of cells. In recent
years it has been realized that PDAC and other tumors carry a sub-population of cells with
stem cell characteristics that are resistant to chemotherapeutic treatment modalities.
However, this concept is still controversial since these cells have yet to be comprehensively
identified and characterized. PDAC stem cells (CSCs) are such a group of cells that only
constitute 0.2-0.8% of the total tumor cells but have been found to be the origin of
carcinogenesis and metastasis. However, the extremely low availability of pancreatic tissue
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CSCs (around 10 000 cells per xenograft tumor or patient sample) has limited the utilization
of currently available molecular biology techniques. Global proteome profiling of pancreatic
CSCs from xenograft tumors in mice using integrated systems biology is a promising way to
unveil the molecular machinery underlying the signaling pathways in these CSCs. Using a
capillary scale shotgun technique by coupling offline capillary isoelectric focusing (cIEF)
with nano reversed phase liquid chromatography (RPLC) followed by spectral counting
peptide quantification, Lubman and group investigated the proteomic profile of PDAC
stems cells (Dai et al. 2010). In comparison with a non-tumorigenic tumor cell sample,
among 1159 distinct proteins identified with FDR and less than 0.2%, 169 differentially
expressed proteins are identified after multiple testing corrections where 24% of the proteins
are up-regulated in the CSCs group. Ingenuity Pathway analysis of these differential
expression signatures further indicated that a significant involvement of signaling pathways
related to cell proliferation, inflammation, and metastasis were indentified. This was the first
study to represents the proteome profiling study on PDAC stem cells from xenografted
tumors in mice.

4. Systems biology can aid understanding of the drug mechanism of action
in PDAC

Although partially successful in PDAC, new adjuvant targeted therapies (k-ras, EGFR,
VEGTF, src etc) have been met with more failure than success. The major reason for the low
response is related to incomplete understanding and validation of the specific molecular
targets at the gene level. The complexities of genetic and epigenetic changes in PDAC,
coupled with redundancies and cross-talk in signaling pathways may explain the failure of
single-pathway targeted therapies. This can be envisioned from the fact that of the 25,000
genes representing the human genome, about 1,800 are involved in the etiology of
numerous diseases including cancer (Wist et al. 2009b). Currently available FDA approved
drugs (~ 1200 in the market) have been designed to target approximately 400 genes
(Drugome). However, targeting this drugome by individually analyzing each gene is an
impossible task because the functional product of each gene or (Proteome) is under multiple
control, including splice variants and post translational modifications, giving rise to >40,000
functionally distinct proteins. In addition, such studies, thus far have been hindered by lack
of suitable rapid technology. Therefore, novel and high-throughput data acquisition
technologies coupled with integrated systems network modeling are urgently required to
identify target genes in a tumor-specific manner. Such technologies are crucial for
identifying and understanding the mechanisms of potential target candidates in complex
diseases like PDAC.

4.1 Systems pharmacology view of drug action

Most of the known targeted drugs currently being used in the clinic were initially designed
to affect a single gene. Unfortunately, contrary to the original idea, even the most specific
drugs eventually target more than one gene (in most cases, >10 secondary targets). The use
of systems pharmacology categorizes these off-targets into two types i) off-targets (resulting
in side effects [often toxic]) and ii) secondary targets resulting in partial synergy] (Figure 4)
(Berger and Iyengar 2009). These secondary targets exist within a complex network which
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can mediate the response to the drugs leading to both therapeutic and adverse effects.
Understanding these beneficial secondary targets specially observed in potent synergistic
combinations will provide fundamental information for the design of the most potent drug
combination for individualized/personalized treatments.

A). Classical B). Network Systems
View of Drug Pharmacological View
Action of Drug Action

Synergistic
Effects

Targets

ide Effects

Fig. 4. Traditional vs Network view of drug mechanism of action. Network view differs in
understanding the mechanism of action of drugs. Classic view pools all secondary effects as
off targets that are considered to cause side effects and toxicity. Network pharmacology
categorizes secondary targets into off targets and interacting secondary targets which can
mediate the response to the drugs to both the therapeutic or adverse effects. Adopted from
Azmi et al., 2011b
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Such an understanding requires mechanistic studies in the laboratory to be coupled with
robust, state of the art computational tools to obtain irrevocably strong proof for the
integration of pathways involved in the observed synergy. One such approach involves the
use of network modeling which provides mathematically and statistically robust
information regarding the involvement of effector genes in the efficacy or synergy between
two drugs. These network models can also predict key secondary targets of such interaction,
thus, also providing information on novel previously unrecognized targets and pathways
which could be useful for future therapeutic interventions in the treatment of different
cancers where, at present, information is gravely lacking, such as in PDAC.

4.1.1 Validation of the systems approach for predicting potent drug combination in
PDAC

Our laboratory has been working on a specific small molecule inhibitor of MDM2 (MI-
219) and indentifying, in greater detail, its mechanism of action in PDAC (Azmi et al.
2010b). MI-219 is currently in Phase I clinical trial (Brown et al. 2009). Our initial studies
were restricted to evaluating its efficacy against wt-p53 tumors. However, we have
recently found that MDM2 inhibitor, when combined with chemotherapy such as
oxaliplatin, synergistically enhanced apoptosis in wt-p53 cancers and most importantly,
50% of tumor bearing mice treated with this combination remained tumor free without
recurrence for 120 days (Azmi et al. 2010a). We used this model to validate a systems
approach in predicting potent drug combinations in PDAC and to obtain critical
information into understanding the mechanism for this synergy. Therefore, our study
included integrated microarray gene expression profiling (IGEMP) and pathway network
modeling (PNM) (Azmi et al. 2011a). The systems analysis data for MI-219-oxaliplatin
combination treated wt-p53 capan-2 cells revealed that indeed synergy is at the gene level.
Principle component analysis showed that one can differentiate the gene signatures
between single treatment versus combination. The emergence of certain unique synergy-
related genes indicated their potential as key players supporting the overall response of
MI-219-oxaliplatin in positively regulating the p53 re-activation (Azmi et al. 2010c; Azmi
et al. 2011b). Presented with this vast amount of information regarding the mechanism
involved in the response to MI-219-oxaliplatin synergy, we believe it validates the
applicability of this technology for use in identifying the relevant pathways involved in
both cure and resistance. Ultimately, results of these studies will significantly aid in the
design of clinically successful drug combinations for PDAC, which will benefit the overall
survival of patients.

4.1.2 Systems identification of biomarker of response with implications for PDAC
therapy

Our intended goal in using IGEMP and PNM analysis was to demonstrate the synergy
between MI-219-oxaliplatin at the gene level and to demonstrate the local network of p53
and crucial neighboring network that augment p53 re-activation mediated events. Systems
network modeling, although a powerful technological tool has not yet been fully explored
for use in PDAC (the most genetically complex cancer). We had previously identified
several genes responsible for cross-talk within the local network of p53 which included NF-
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kB, cadherin anti-tumor module, the tumor suppressor EGR1 and MDM?2 negative regulator
CREBBP. Our more in-depth analysis using these integrated approach, revealed the
prominent role of HNF4A (hepatocyte nuclear factor 4 alpha) that modulates a totally
distinct yet p53-linked set of proteins driving apoptosis (Azmi et al. 2010c). The
identification of HNF4A as a key player was certainly revealing since it has not been well
defined in PDAC cells used in this study (Capan-2 (wt-p53)). However, a search of the
literature indicated that this gene is highly expresses in pancreatic tumors compared to their
normal counterpart. HNF4A is known to interact with the p53 positive regulator CREBBP
(Yoshida et al. 1997) and thus, confirmed its role in augmenting apoptotic effects in this
synergic combination. Therefore, not only does systems biology provide information on the
networks involved in drug efficacy, it can also provide information on biomarkers of
therapeutic response that can be utilized for evaluation of drug response during actual
clinical trials in PDAC patients.

5. Conclusion

PDAC is a complex disease that arises from a complex set of genetic mutations and
pathway alterations. Traditional sciences have not been very successful in clearly
delineating the interaction between these multiple pathways and this could be the
primary reason for the observed failure of chemo- and targeted therapies. All of these
genetic alterations can now be “re-discovered” using next-generation integrated systems
technology. As described above, integrated sciences have revealed that these signaling
pathways cross talk with one another and can regulate cell growth, proliferation, survival,
angiogenesis and metastasis in PDAC. In addition, these high-throughput technologies
can achieve many different goals such as cataloging the driver mutations, exploring
functional role of cancer genes, proteins and interaction networks, identifying
microRNAs, understanding protein~-DNA interactions, and comprehensive analyses of
transcriptomes and interactomes. Furthermore, these technologies can be utilized to
identify, understand and differentiate sub population of CSCs in PDAC heterogeneous
tumor mass. Systems biology has the power to catalog complex events leading to origin,
progression, recurrence and resistance of PDAC and can greatly assist in understanding
how cancer genomes operate as part of the whole biological system. Now, high-quality
clinical treatment and outcomes (death or survival) data from biobanks, and extensive
genetics and genomics data for some PDAC and other tumors, including breast,
colorectal, and lung are available. How all these clinical and genetics data could be
integrated into reverse engineering-based network modeling to approach the extremely
complex genotype-phenotype map of different tumors is currently being explored. These
studies will pave way for the discovery of new molecular innovations, both predictive
markers and therapies, towards personalized treatment of PDAC. Therefore systems
biology can aid in the overall understanding of PDAC.
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1. Introduction

Pancreatic ductal adenocarcinoma( PDAC) cancer is one of the most aggressive human
cancers, and the fifth most frequent cause of cancer-related mortality in Western society.
Pancreatic cancer is well known for high metastatic potential, early local invasion and poor
outcome. The overall 5-year survival rate is less than 5%, respectively 10-30% for RO
resection (Huang et al., 2010). Less than 10% of newly diagnosed pancreatic cancers could be
detected in early-stage (Takayama et al., 2010).

Clinical research in the field of cancer biomarkers is essential in understanding the biology
and the heterogeneity of cancer disease. The factors involved in early PDAC development
remain unknown. The detection of pancreatic cancer at early stages, the prediction of the
potential resectability, or response to therapy are the current major challenges in improving
the clinical outcome of PDAC. Therefore, predictive markers of responsiveness to adjuvant
therapy would allow patients selection to appropriate treatment (Duffy et al., 2007). The aim
of the postoperative surveillance following curative surgery for PDAC is to detect
recurrences or metastases as early as possible.

Currently, there are only few studies that have identified cancer biomarkers with clinical
significance.

Molecular biological factors are important tools for early diagnosis, prognosis, not only for
therapeutic strategy but also for novel and more efficient therapeutic agents” identification.
On the other hand a biomarker must be easily quantified, in order to minimize the
invasiveness of therapeutically interventions. Recent finding in the molecular biology field
of pancreatic cancer have assisted in translational research, giving hope for individualized
therapy and better disease management.
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2. Identification of new potential tumor tissue biomarkers

Much effort goes into finding new accurate prognostic, diagnostic single or combined tumor
biomarkers. Nowadays, the research in this field is focused not only on finding biomarkers
that could discriminate between pathological pancreas conditions (disease related
biomarkers), but also to evaluate the aggressiveness grade of PDAC and to determine the
therapy response (drug related biomarkers).

Presently, screening for pancreatic cancer is based on state-of-the-art imaging or even
invasive diagnostic methods (Balasenthil et al., 2011). Serum and other body fluids, such as
urine, pancreatic juice represents sources available by less invasive methods for biomarkers
screening.

Several techniques like immunohistochemistry, fluorescence and chromogenic in situ
hybridization, expression profiling- performed by microarray or quantitative real-time
reverse transcriptase-polymerase chain reaction (GQRT-PCR), and mutation analysis are used
in identification of new biomarkers. Among these techniques, immunohistochemical tests
remain the most widely used in routine practice and, importantly, in the assessment of
biomarkers in translational research.

In a recent study, Wacher et. al investigated the expression level of an oncofetal protein,
insulin-like growth factor II messenger ribonucleic acid-binding protein 3 (IMP3), which
represent a marker for tumor aggressiveness in many different tumors (Wachter et al., 2011;
Ozdemir et al., 2011).

The investigation was conducted on tissue biopsies from PDAC, chronic sclerosing
pancreatitis, PDAC metastases cases in order to determine IMP3 expression. For IMP3
expression evaluation large tissue sections were used in the immunohistochemical analysis.
The results obtained showed that PDAC were positive for IMP3 expression in a high
percentage (88.4%) of cases, whereas normal or inflammatory pancreatic tissue was weakly
positive (23.1%). A strong IMP3 expression was found in PDAC metastases (94.4%). The
sensitivity and specificity of IMP3 expression test to discriminate between PDAC and
chronic sclerosing pancreatitis using core needle biopsies were found to be 88.4% and 94.6%,
respectively. The authors consider that IMP3 might be an easy to use and potentially new
immunohistochemical marker for the diagnosis of PDAC in core needle biopsies (Asioli et
al., 2010; Walter et al., 2009).

Another prognostic biomarker in PDAC which characterize the tumor aggressiveness
recently studied was vimentin. Vimentin protein is a marker of mesenchymal
differentiation, being correlated especially with aggressive carcinomas. In a high percentage
primary pancreatic adenocarcinomas contain neoplastic cells that express vimentin, and the
presence of this protein was correlated with poor histological differentiation and predicts a
shorter postsurgical survival (Li et al., 2009; Handra-Luca et al., 2011).

Several technical strategies (SDS-PAGE, mass spectrometry, immunoblot) are used to find
candidate biomarkers for the presurgical management of malignant and premalignant
pancreatic conditions. Pancreatic cystic neoplasms represent 10-15% of primary cystic
masses of the pancreas and are detected with an increasing frequency due to the use of
advanced imaging modalities in clinical practice. On the other hand, the diagnosis of
pancreatic cystic neoplasms remains a challenge because available diagnostic techniques are
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not so specific. The analysis of pancreatic cyst fluids obtained from various cystic lesions
showed that specific histological lesions are associated with distinct protein patterns. Two
important factors, olfactomedin-4 (antiapoptotic protein that promotes tumor growth) and
mucin-18 (melanoma cell adhesion molecule) were proposed as biomarkers of pancreatic
cancer (Cuoghi et al., 2011).

CD99 (cell surface glycoprotein involved in leukocyte migration), a useful diagnostic marker
for Ewing sarcoma/primitive neuroectodermal tumor (Rocchi et al., 2010) was proposed for
differentiation of solid-pseudopapillary neoplasm from other pancreatic tumor. The tissues
positivity for CD99 was investigated in a recent study (Guo et al., 2011) using
immunohistochemical staining technique. The solid-pseudopapillary neoplasm cells tumors
exhibited paranuclear dot-like immunoreactivity for CD99. In contrast, in pancreatic
neuroendocrine tumors a small percent of PDAC stained positive for CD99 at cytoplasmatic
and membrane level. Pancreatic solid-pseudopapillary neoplasm exhibits a unique dot-like
staining pattern for CD99 and could provide a definitive diagnosis of solid-pseudopapillary
neoplasm and differentiation from other pancreatic tumors.

Immunohistochemical analysis of pancreatic cancer tissue provided also several candidate
biomarkers for survival estimation. CDCP1 (CUB domain containing protein 1) determines
anchorage- independent growth and migration of cancer cells. A higher expression level of
this factor is correlated with the overall survival of pancreatic cancer patients (Miyazava et
al.,, 2010). L1-CAM (L1-cell adhesion molecule) expression was also correlated with
perineural invasion of pancreatic cancer cells and poor survival (Ben at al., 2010). Higher
expression of B7-H3, a co-stimulatory immune molecule, plays a critical role in the T cell-
mediated immune response and presents a positive correlation with pancreatic cancer
prognosis.

KOC (K homology domain containing protein) gene encodes a protein that contains several
KH domains, which are important in RNA binding and are known to be involved in RNA
synthesis and metabolism. This protein was found to be overexpressed in pancreatic cancer.
Immunohystochemical analysis showed strong staining for KOC protein in invasive
pancreatic tissue carcinomas versus normal pancreatic tissue. It was proposed to be a
molecular marker with a high sensitivity and specificity in discriminating PDAC from
benign ductal epithelium (Toll et al., 2009).

3. Genome candidate biomarkers

Most of the adenocarcinomas develop gradually from precursor lesions PanINs (Pancreatic
intraepithelial neoplasias). These events are accompanied by genetic modifications. Most
genetic abnormalities reported in pancreatic cancer are represented by deletions and
duplications of specific chromosomal loci, mutations/deletions of oncogenes and tumor-
suppresor genes (KRAS, CDKN1A/pl6, TP53, MADH4/SMAD4/DPC4 and BRCAZ2)
[www.cancer-genetics.org].

3.1 Gene expression studies and potential factors involved in pancreas oncogenesis

Quantification of target mRNA gene levels represents a new tool for genome function
analysis. High-throughput technologies like gene expression profiling using microarray and
sequencing become important investigation methods for normal physiological and
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pathological processes. Therefore, studies based on quantification of gene expression levels
revealed new potential factors involved in pancreas oncogenesis. Using Affymetrix and
c¢DNA microarrays, nearly 1,100 molecules have been reported to be overexpressed in
PanIN and IPMN lesions. A large majority of these molecules showed elevated mRNA
levels expression in PDAC and in precursor lesions. Molecules such as S100P, MMP7,
MUC4, FSCN1, and MUC5AC are found to be overexpressed in all type of lesions PanIN,
IPMN and PDAC (Harsha et al., 2009).

Badea et al. using microarray study identificated a number of genes whose over-expression
appears to be inversely correlated with patient survival: keratin 7, laminin gamma 2,
stratifin, platelet phosphofructokinase, annexin A2, MAP4K4 and OACT2 (MBOAT?2), which
are specifically upregulated in the neoplastic epithelium (Badea et al., 2008).

The attention was focused especially on the calcium-binding protein- S100P. This protein
was found to be expressed in pancreatic precursor lesions PanIN 2 or PanIN 3 and in
pancreatic tumor creating the possibility to use the quantification of its expression level for
earlier detection (Dowen et al., 2005). Expression levels of SI00P mRNA were found to be
higher in pancreatic juice from patients with pancreatic cancer and IPMN (Ohucida et al.,
2006). On the other hand, three members of SI00A family (S100A2, S100A4, and S100A6)
were found to be associated with poor prognostic. SI00A family members were involved in
cell cycle regulation and cell invasion (Tanase et al., 2010).

The STATS3 transcription factor was found to be constitutively activated in PDAC. This is an
important factor in stem cell self-renewal process, cancer cell survival, and inflammation. A
close correlation between the levels of tyrosine-phosphorylated STAT3 and of the gp130
receptor was found. An upregulation of the IL6/LIF-gp130 pathway was also showed to be
involved in STAT3 activation in pancreatic cancer (Corcoran et al., 2011). The same study
asserts that STAT3 is required for the development of the precursor pancreatic lesions,
acinar-to-ductal metaplasia (ADM) and PanIN, therefore evaluation of gp130 and phospho-
STAT3 expression may be an effective biomarker.

3.2 Angiogenesis factors

With the increasing use of antiangiogenic agents for the treatment of cancers, is necessary
the identification of candidate biomarkers for evaluation of the response and resistance. Is
also, important to identify new biomarkers and to eliminate the risk for antiangiogenic
therapies failure (Duda et al., 2010).

EGF (Epidermal Growth Factor), VEGF (Vascular Endothelial, Growth Factor) , heparanase,
thrombospondin, cathepsins were the most important angiogenic factor specific for
pancreatic cancer involved in cell growth promoting. The overexpression of EGF and his
receptor EGFR were linked to tumor staging, but no clear data regarding the overall
survival are available at this moment (Heidemann et al.,2006).

Another important factor that acts on angiogenesis process is VEGF. His effects in PDAC are
increased by interaction with MMP-9, a cellular matrix remodeling factor. The therapy
against both MMP-9 and VEGF in pancreatic cancer resulted in a significant decrease in
PDAC growth and microvessel density versus a single target treatment (Tanase-Pistol et
al.,2008).



Novel Biomarkers in Pancreatic Cancer 35

Heparanases are endoglycosidases that cleave the heparan sulfate side chain of heparan
sulfate proteoglycans (major membrane components) inducing extracellular matrix
remodelling. On the other hand, heparanase increased growth factor bFGF (fibroblast
growth factor) release, stimulating the angiogenesis process (Rohloff et al., 2002)

Thrombospondin (TSP-1) expression level was linked to a good prognostic for PDAC
development. TSP-1 protein was found abundantly in stroma surrounding tumor cells and
its expression is inversely correlated with microvessel density(Tobita et al., 2002).

The role of cathepsins in pancreatic cancer development and progression is still
controversed. Cathepsin b (CTSB) and cathepsin 1 CTSL was found to be overexpressd in
PDAC. A correlation between CTSB expression level and perineural invasion concludes the
role of cathepsins in local tumor invasion (Niedergethmann et al., 2000).

3.3 ZIP3 (Zincliron regulated transporter-related protein 3) a possible tumor
suppressor

Zinc is the most abundant trace element in cells. For example, about 25% of the total zinc
present is found within the cell nuclei, being a component of chromatin. Zinc is an
important factor in cellular processes, including cell division and proliferation, immune
function, and defense against free radicals; zinc deficiency may be associated with an
increased risk of cancer (Christudoss et al.,2011; Prasad et al., 2002). Zinc is found in over
300 enzymes, including copper/zinc superoxide dismutase, which is an important
antioxidant enzyme, involved in cellular protection components from oxidation and
damage.

In a current study, Costello et al. found a major loss of zinc in ductal and acinar epithelium in
adenocarcinoma compared to the normal epithelium (Costello et al.,, 2011). The decrease in
zinc quantity is a characteristic not only for pancreatic cancer, but also for precursor lesions.
The mentioned group showed that the gene expression of ZIP3 (basilar membrane zinc uptake
transporter) is present in normal ductal/acinar epithelium and absent in adenocarcinoma. The
decreased expression of ZIP3 determines the loss of zinc in early and progressing malignancy.
RREBI transcription factor was found to be down regulated along with ZIP3 and might be the
silencing cause of ZIP3 gene. Zinc treatment exhibited cytotoxic effect on Pancl cell line. ZIP3
and RREB-1 expression level changes represent early events in the development of
adenocarcinoma suggesting that ZIP3 might be a tumor suppressor gene.

3.4 Other important factors

FAP (fibroblast activation protein) is involved in the control of fibroblast growth or
epithelial-mesenchymal interactions during development, tissue repair, and epithelial
carcinogenesis. It is highly expressed in PDAC and is considered to be related to a poor
prognostic. Targeting FAP factors are considered to be a promising and a new
therapeuthical road (Cohen et al., 2008).

Maspin (SerpinB5- mammary serine protease inhibitor) is a tumor suppressor gene. Maspin
induces apoptosis in neoplastic cells and expression of maspin are suppressed as the
carcinoma progresses in breast and prostatic carcinoma (Jiang et al., 2002). The pattern of
maspin gene expression is dependent of the disease stage. For example, highly expression
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was observed in intraductal papillary mucinous neoplasms, mucinous cystic neoplasms.
and in carcinomas, whereas in adenomas is lower.It was also observed a significant decrease
in maspin expression when intraductal papillary mucinous neoplasms progresses to
invasion. However, the group with high maspin expression presented microinvasion,
whereas low expression maspin group showed extensive invasion (Kashima et al., 2008).
These results conclude that maspine could be a good prognostic factor for invasion.

4. Cancer stem cell biomarkers

Stem cell markers are a promising group of new biomarkers. Solid tumors contain small
proportions of cells that are capable of proliferation, self-renewal, and differentiation into
various cell types. These types of cells (cancer stem cells) are characterized by treatment
resistance, especially to ionizing radiation. Therefore, it is a very challenging situation in
order to identify these cells, to understand the mechanisms of resistance, and to evaluate the
patient therapy outcome regarding the response to treatment. Identifying the markers that
characterize cancer stem cells is the main research and a specific pattern regarding cell
surface markers is emerging. In breast cancer, stem cells presented a characteristic antigenic
pattern, whereas in high-grade gliomas, expression of CD133 on the cell surface selects a
population of treatment resistant cells (Woodward & Sulman, 2008).

In pancreatic cancer, several surface markers have been identified for a subpopulation of the
tumor cells with stem cell characteristics. These cancer stem cells were identified by
expression of the cell surface markers CD44, CD24, and ESA (Li et al., 2007). When injected
in the pancreas of immunocompromised mice these human cells are able to self-renew and
generate differentiated progeny, to recapitulate the phenotype of the tumor from which they
were derived.

Another subpopulation of cancer stem cells highly tumorigenic was isolated from patients
with PDAC. These cell types were CD133+ and were able to induce tumor formation in
athymic mice. This subpopulation of migrating cancer stem cells are characterized also by
expression of the CXCR4 receptor and are involved in tumor metastasis Hermann et al,,
2007.

Another candidate cell marker investigated was aldehyde dehydrogenase 1A1 (ALDH1A1),
which has been identified to label cancer stem cells in breast cancer (Ginestier et al., 2007),
colon cancer (Huang et al., 2009), lung cancer (Jiang et al,, 2009) and head and neck
squamous cancer (Chen et al., 2009). ALDHI1 is a member of the aldehyde dehydrogenase
gene (ALDH) superfamily playing an important role in the metabolism of endogenous and
exogenous aldehydes. This NAD(P)(+)-dependent enzyme is also involved in the formation
of molecules that are important in cellular processes, like retinoic acid (acting like modulator
of gene regulation and cell differentiation), betaine and gamma-aminobutyric acid and
exhibits additional, non-enzymatic functions, being able to bind to some hormones (Yoshida
et al., 1998). The ALDHI1 gene expression is ubiquitous in many human tissues; the protein
is found localized mainly in the cellular cytoplasm.

It was also shown that ALDHI has the capacity to detoxify aldophosphamide, conferring
chemoresistance against cyclophosphamide to overexpressing cell (Hilton, 1984). Data
regarding the effect of ALDH1A1 overexpression are controversial. Increased expression of
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ALDHI in ovarian cancer correlates with a favourable prognostic. In contrast, pancreatic
cancer increased expression of ALDH1A1 was correlated with poor survival (Rasheed et al.,
2010).

ALDHI1+ breast tumors are negative for estrogen receptor and progesterone receptor
overexpression, but present a high level of Ki67 expression (a nuclear protein that is
associated with cellular proliferation) (Morimoto et al.,, 2009). Therefore, Kahlert et al.
showed that a high expression of ALDH1A1 is significantly correlated with the proliferation
rate of pancreatic tumour cells (Kahlert et al., 2011).

5. Drug-related biomarkers

Most of the pancreatic cancer patients have inoperable disease due to distant metastases or
locally advanced tumor and the main therapeutic decision in this case is systemic
chemotherapy or chemoradiation. Therefore, understanding the mechanisms that govern
drug-related resistance and the factors involved in this process are a mandatory condition
for therapeutic management success.

5.1 Metabolic prognosis factors for gemcitabine resistance

Patients with advanced or metastatic pancreatic cancer are treated with gemcitabine as a
first line chemotherapeutic agent. Gemcitabine is a 2',2"-difluoro-2-deoxycytidine analogue
that inhibits DNA replication and repair. Gemcitabine possesses radiosensitizing properties
and its administration must be combined with radiotherapy. The sensitivity to gemcitabine
and its efficiency were correlated with several factors. One of the factors that correlate with
gemcitabine sensitivity is hENT1 (human equilibrative nucleoside transporter 1) (Nakano et
al., 2007).

Pancreatic cancer cells that highly express hENT1 are sensitive to gemcitabine by uptaking
this therapeutic agent in cancer cells. The absence hENT1 expression in metastatic pancreatic
adenocarcinoma pacients treated with gemcitabine was associated with a poor prognostic
compared with patients whom tumor cancer cells presented hENT1 expression (Hamada &
Shimosegawa, 2011).

At the cellular level, gemcitabine is phosphorylated to its active metabolites by dCK
(deoxycytidine kinase). Another group reported that not only hENT1 higher expression is a
possible prognostic factor, but also dCK expression level and its activity correlates with
gemcitabine activity (Ashida et al., 2009). High dCK enzyme activity was linked with
gemcitabine sensitivity in experimental models (Kroep et al., 2002) and biopsy samples
analysis (Sebastiani et al., 2006).

Gemcitabine inactivation is performed through an enzymatic deamination process. There
are three important enzymes involved in gemcitabine deamination (deoxycytidylate
deaminase-DCD, cytidine deaminase-CDA and 5'-nucleotidase -5'-NT). The increased
activity of such enzymes could induce the resistance to gemcitabine (Kroep et al., 2002;
Giovannetti et al., 2006; Nakano et al., 2007) Gemcitabine resistance mechanism is also
realized by high expression of RRM1 and RRM2, which are the two subunits (large and
small) of ribonucleotide reductase. This enzyme regulates the rate of DNA synthesis, and is
also known to convert ribonucleotides to deoxyribonucleotides. Gemcitabine exerts its
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cytotoxicity by inhibiting ribonucleotide reductase (Davidson et al., 2004; Bergman et al.,
2005; Nakahira et al., 2006)

6. Epigenetic biomarkers

Cancer initiation and progression is traditionally characterized as a genetic alteration, but
recent years crystallized in a new direction regarding epigenetic mechanisms involvement in
oncogenesis. Epigenetic mechanisms are essential for normal development and for
maintaining of a tissue specific pattern of gene expression. Epigenetic modifications lead to an
abnormal genetic expression and further to malign transformation. The research in epigenetic
field has demonstrated the involvement of an intensive reprogramming of epigenetic
machinery (DNA methylation, histone modifications, microRNA expression). The reverse
nature of epigenetic abnormalities permitted the development of epigenetic therapy field.

6.1 Gene promoter methylation status and pancreatic oncogenesis

The most known epigenetic modification in oncogenesis is DNA hypermethylation. This
event is accompanied by genetic silencing. Identification and characterization of
epigenetically silenced genes is important in order to understand the roles of such
epigenetic modification in oncogenesis and to discover new tumor markers. It was reported
that in pancreas cancer some tumor suppressor genes presented aberrant CpG islands
hypermethylation at gene promoter level.

The first tumor suppressor gene identified to be specific for pancreatic cancer was
pl6/CDKNIA (Schutte et al., 1997). Subsequently, new hypermethylated genes were
associated with pancreatic cancer (hMLH1, E-cadherin, ppENK, CDKN1C, SPARC, TFPI-2,
GATAA4,5, BNIP3, TSLC1, HHIP, MUC2, reprimo, CXCR4 si SOCS1) (Omura et al., 2009).

Several important epigenetically silenced factors have been identified (hsa-miR-9-1, ZNF415,
CNTNAP2 si ELOVL4) (Omura et al 2009; Grady et al.,2008; Lehmann et al,.2008; Fabbri et
al., 2007; Moriss et al., 2004).

Using methylated CpG island amplification (MCA) and representational difference analysis
(RDA), Ueki et al group identified that gene preproenkephalin (ppENK) presented a
hypermethylated promoter in most pancreatic cancers (Ueki et al., 2001). ppENK encodes an
opioid peptide which presents growth-suppressor properties.

It was showed that CDKN1C/p57KIP2 gene presented a decrease expression in intraductal
papillary mucinous neoplasm. The gene encodes for cyclin-dependent kinase inhibitor, and
is a negative regulator of cell proliferation (Sato et al., 2005). Partial methylation of the
CDKNI1C promoter was found in pancreatic cancer cell lines and pancreas cancer.

SPARC (secreted protein acidic and rich in cysteine, or osteonectin/BM40) is a matrix-
associated protein; calcium binding, that inhibits cell-cycle progression, and influences the
synthesis of extracellular matrix. The gene codifying this protein was found aberrantly
methylated in pancreatic cancer by. SPARC is a factor involved in many processes like cell
migration, proliferation, matrix cell adhesion (Sato et al., 2003, Gao et al., 2010).

Tissue factor pathway inhibitor 2 (TFPI-2) is a Kunitz-type serine proteinase inhibitor, which
has been identified as a putative tumor-suppressor gene. Aberrant methylation of TFPI-2
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was found in pancreatic cancer xenografts and primary pancreatic adenocarcinomas. Re-
expression of the TFPI-2 gene led in the proliferation, migration and invasion of cancer cells
(Sato et al., 2005).

GATA gene family members were also epigenetic silenced in pancreatic cancer. For
example, GATA-5 was frequently methylated in pancreatic cancers, whereas GATA-4 was
hypomethylated (Fu et al., 2007).

Another gene commonly silenced epigenetically in pancreatic cancer is BNIP3. The protein
encoded by this gene contains a BH3 domain and a transmembrane domain associated with
pro-apoptotic function. BNIP3 gene silencing induced a drug resistance mechanism in
pancreatic cancer cells, as a potential drug resistance mechanism (Okami et al., 2004)

Shimizu et al. using a novel method called "microarray coupled with methyl-CpG targeted
transcriptional activation" (MeTA-array for short), identified 16 genes hypermethylated in
three representative pancreatic cancer cell lines, AsPC-1, MIA PaCa-2 and PANC-1. Among
these 16 genes several presented higher methylation level (CSMD2, SLC32A1, TMEM204
and TRH). CSMD2, SLC32A1 and TRH genes presented also a hypermethylated pattern in
primary pancreatic cancers (Shimizu et al., 2011).

In contrast, a great number of genes are overexpressed in pancreatic cancer. These genes
presented hypomethylation of the promoter in pancreatic cancer versus normal pancreatic
tissue.

DNA hypomethylation of promoter CpGs were identified in genes with overexpression
pattern including claudin4, lipocalin2, 14-3-3sigma/ stratifin, trefoil factor 2, S100A4,
mesothelin, PSCA, S100P and maspin (Sato et al., 2003).

6.2 Histone modifications hallmarks for oncogenesis process

Covalent histone modifications are important regulatory elements in many biological
processes. These modifications control the chromatin status by electrostatic interaction
changes and non-histonic protein recruitement. Histones suffer specific N-terminal end
post-translational changes represented by acethylation, methylation, phosphorylation,
sumoylation, ubiquitination and ADP-ribosylation. These modifications alter DN A-histones
interaction having a major impact on chromatin structure (Strahl et al., 2000).

Certain histone modifications influence gene transcription level. The interplay between
histone modifications led to ‘histone code hypothesis’. For example, lysine acetylation
neutralizes the charge between DNA and histone tails and correlates with a more
transcription permissive status of chromatin (Jenuwein et al., 2001).

Hypermethylated CpG islands of silenced tumor-suppressor genes are correlated with
deacetylation of histones H3 and H4, methylation of H3 lysine 9 (H3K9), H3 lysine 27
(H3K27), and H4 lysine 20 (H4K20), and demethylation of H3 lysine 4 (Rosenfeld et al., 2009;
Barski et al., 2007). Methylation of histone H3 lysine 4 (H3K4) and H3 lysine 36 is associated
with relaxed chromatin status (Benevolenskaya et al., 2007). Histone modifications recruit
effector proteins. Acetylated lysines are recognized by bromodomains within nucleosome
remodeling complexes, methylated H3K4 and the helicase Chdl chromodomain recruits
activating complexes of chromatin (Daniel et al., 2005). In contrast, methylated H3K9 and
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H3K?27 interacts with heterochromatin protein 1 (HP 1) and Polycomb-group (PcG) proteins
leading to chromatin compaction (Fischle et al., 2003). PcG proteins function as
transcriptional repressors, but the molecular mechanisms of Polycomb repressive complex
(PRC)-mediated repression is not clear (Sparmann et al., 2006). PcG proteins recruits
DNMTs (DNA methyl transferase) involved in the hypermethylation of tumor suppressor
genes (Vire et al., 2006).

Only few studies have examined genes that are regulated by histone modifications in
pancreatic cancers. For example, mucin family gene underwent histone alterations in
pancreatic cancers in association with gene overexpression. The 5" region of MUC1 gene
transcriptional start site is enriched in tri/ dimethylated H3K9 and methylated DNA in non-
tumor cells (Yamada et al., 2008). Transcriptional start site of MUC2 is highly enriched in di-
and tri-methylated H3K4, acetylated H3K9, and acetylated H3K27 in pancreatic cancer cells.
Vincent et al demonstrated that MUC4 transcription activity is affected by many factors
(DNMT3A, DNMT3B, HDAC1 and HDAC3, DNA methylation, histone modification
(Vincent et al., 2008).

7. Model organisms studies provide potential biomarkers in pancreas
oncogenesis

Model organisms are widely used to explore potential causes and treatments for human
disease. This strategy is made possible by the conservation of metabolic and developmental
pathways and genetic material over the course of evolution.

It is known that Enolase 1 (a-enolase or non-neuronal enolase -NNE), is an isoenzyme of
enolase, which catalyze the conversion of 2-phosphoglycerate into phosphoenolpyruvate.

Several studies have shown that enolase 1 plays an important role in in tumorigenesis,
cancer invasion and metastasis. Proteomic studies reported that expression of enolase 1 is
increased in cancers, such as hepatocellular carcinoma (Takashima et al. 2008, Hamaguchi et
al., 2008) , non-small lung cancer (He et al., 2007), esophageal adenocarcinoma (Zhao et al.,
2007), prostate cancer (van den Bemd et al., 2006), colon cancer (Katayama et al., 2006), oral
epithelial and squamous cell carcinoma (Ito et al., 2007).

In pancreatic cancer Mikuriya et al using two-dimensional electrophoresis and liquid
chromatography-mass spectrometry/mass spectrometry showed that the expression levels
of glycolytic enzymes, including enolase 1, increased in the cancerous pancreatic tissues
patients compared with the paired non-cancerous tissues (Mikuriya et al., 2007).

In order to evaluate Enolase 1 expression changes, Lei et al. used chemical induced
carcinogenesis in rats. Implantation of 7,12-dimethylbenzanthracene in rat pancreas leads to
pancreatic cancer and PanINs. Alpha-enolase was specifically overexpressed in tumors
compared with normal and pancreatic tissues (Lei et al., 2011).

The group found several proteins overexpressed in this carcinogenesis model, along with
enolase 1 (Tumor protein translationally controlled 1, Expressed in non-metastatic cells 2,
Pancreatic elastase 3B , Necdin, Hbp23, Chromodomain helicase DNA-binding protein,
Albumin+retinoid X receptor-interacting protein, Heterogeneous nuclear ribonucleoprotein
A2/B1-hnRNP A2/B1).
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The hnRNP A2/B1 protein plays an important role in the biogenesis and transport of
mRNA. Abnormal expression of this protein leads to alteration of normal transcription. In
concordance with this study a previous work found high levels of hnRNP A2/B1 expression
in a limited number of human pancreatic adenocarcinomas from smokers and two
pancreatic tumor cell lines, HPAF-11 and SU 86 (Shen et al., 2004). In contrast, carboxyl ester
lipase (CEL pancreatic exocrine enzyme) expression level progressively decreased with
DMBA-induced disease severity.

DMBA implantation into the rat pancreas is an effective method to induce PanINs and
pancreas cancer in order to determine which the first change in proteins expression pattern
is, and to identify markers for pancreas lesions progression.

8. Novel biomarkers for the non-invasive diagnosis of pancreatic cancer

Actually, diagnostic methods for pancreatic cancer include invasive procedures (tissue
sampling by endoscopy), involving risks and causing complications. The necessity for less
invasive diagnostic methods is increasing; therefore the development of non-invasive
biomarkers in pancreatic cancer is mandatory.

8.1 Plasma biomarkers

The major directions of proteomic range from basic research to discovery, validation and
use of clinical applications. Protein profiling methods include high resolution two-
dimensional gels, two-dimensional differential in-gel electrophoresis, LC-MS and LC-
MS/MS using accurate mass tags, and protein identifications using mass spectrometry
methods. These methods were used in many studies for identification of prognostic and/or
predictive biomarkers that may help stratify patients.

The only clinically available serum biomarker for PDAC is CA 19-9, which is useful for the
follow-up of pancreatic cancer patients receiving treatment, but has not been recommended
for cancer screening (Goggins et al.,, 2000; Locker et al., 2006). The American Society of
Clinical Oncology (ASCO) 2006 guidelines for the use of tumor markers do not recommend
CA19-9 as a screening test for pancreatic cancer (Rosty et al., 2002; Liang et al., 2009). Several
other serum markers have been proposed for pancreatic cancer.

Recent papers published new promising biomarkers, which can potentially detect early
stage pancreatic cancer (Chen et al., 2011).

Roberts et al. analyzed serum samples from patients with locally advanced or metastatic
adenocarcinoma of the pancreas. Patient group was selected based on length of survival and
type of therapy, and serum was subjected to liquid chromatography coupled to tandem mass
spectrometry analysis (LC-MS-MS) (Roberts et al., 2011). The proteins presenting important
changes in expression levels were validated by enzyme-linked immunosorbent assay (ELISA).
After the data were analyzed, the authors selected 1 putative prognostic protein, alpha 1-
antichymotrypsin (AACT), and 2 putative predictive proteins, histidine-rich glycoprotein
(HRG) and complement factor H (CFH). AACT was found to be negatively correlated with
overall survival, whereas CFH was found to have no predictive value as prognostic factor for
overall survival. AACT may be a useful prognostic marker in patients with advanced stage
pancreatic carcinoma, although additional validation studies are needed.
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Another study involving quantification in patient serum of tumor cell metabolites, or
secreted factor was conducted by He et al. . This study focused on DJ-1 oncoprotein secreted
by cancer cells (He et al., 2011). The study group involved patients diagnosed with
pancreatic cancer and chronic pancreatitis, along with healthy subjects. DJ-1 serum level and
the conventional tumor marker carbohydrate antigen 19-9 (CA 19-9) were measured in
order to establish the diagnostic and prognostic value of DJ-1. Serum DJ-1 level was
increased in patients with pancreas cancer compared with chronic pancreatitis and healthy
individuals. Serum D]J-1 levels were higher than CA 19-9, and combined the two biomarkers
provided a sensitivity of 87.5%. After resection DJ-1 levels decreased and patient with lower
value of this factor had a better prognosis. This study provides a potential clinical
biomarker, easy to quantify from serum, in order to establish a rapid diagnosis and to
evaluate prognosis in patients with pancreas cancer.

8.2 Pancreatic juice biomarkers

Analysis of protein expression profiles of pancreatic juice samples harvested from the
pancreatic duct has the potential to identify markers that could serve for diagnosis triage of
benign from malignant pancreatic lesions and to discriminate between different stages of
PDAC.

The research performed by Vareed et al. has shown that 56 proteins were found to be
elevated in pancreatic juice of PDAC patients compared to benign controls (Vareed et al.,
2011).

Protein profiles studies revealed an unique presence of proteins associated with Parkinson’s
disease namely: aSyn and PARKY (Bonifati et al., 2003; Singleton et al., 2003).

Increased expression of aSyn has been also identified in melanoma (Matsuo et al., 2010),
while its isoform gamma-synuclein (cSyn) has been shown to be elevated in tumors of
breast, uterine, colorectal and pancreas (Ye et al., 2009; Hibi et al., 2009; Ahmad et al., 2007;
Li et al., 2004; Gupta et al., 2003; Jia et al., 1999; Morgan et al., 2009). Moreover, due to the
structural omology between cSyn and aSyn, these factors potentiate invasion in these
tumors.

Interestingly, tissue arrays demonstrated a strong staining for aSyn in tumors, and this protein
expressed in a subset of PDAC patients was identified in its aggregated form similar to Lewy
Bodies seen in Parkinson’s disease (Polymeropoulus et al, 1997). Another interesting
coincidence is the presence of increased levels of Parkinson’s disease associated protein
PARK? (DJ1) (van Duijin et al.,, 2001) in pancreatic ductal juice of adenocarcinomas. The
mechanism by which the protein PARK-7 exerts its oncogenic effect remains unclear. It is
presumed the involvement of p38 mitogen activated-protein kinase signaling (Mo et al., 2010).

On the other hand PDAC-associated secretory proteome analysis also revealed increased
levels of several metabolic enzymes. The most important metabolic factor was Purine
NucleosidePhosphorylase (NP), enzyme involved in salvage pathway of purines, which is
operational during inflammation and neoplastic progression, (Bantia et al., 2010). NP
activity has been reported to be high in cancer sera (Roberts et al., 2004) and NP expression
has also been used to determine the clinical severity of various types of cancers, in
combination with another factor adenosine deaminase (ADA) (Mesarosova et al., 1993).
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This strong association between NP with inflammation determined to evaluate the
expression and activity of this protein in PDAC, specifically in patients with antecedent
inflammatory conditions like chronic pancreatitis, and pancreatic intraepithelial neoplasia
(PanIN) (Rebours et al., 2010). Therefore, this correlation makes NP levels quantification to
be a useful marker for surveillance progression from inflammation to PDAC.

8.3 Saliva biomarkers

Saliva is a body fluid that can be easily obtained without using a special technique. Recent
reports suggested the possible utility of saliva in quantification of specific factors to
discriminate between pancreatic cancer patients and patients with normal or chronic
pancreatitis.

Using transcriptome profiles, Zhang et al. group could differentiate pancreatic cancer
patients from healthy subject with a sensitivity of 90.0% and a specificity of 95.0%. The
group found 12 mRNA biomarkers specific for pancreatic cancer patients. Seven genes were
found to be up-regulated (MBD3L2, KRAS, STIM2, DMXL2ACRV1, DMD, CABLESI),
whereas five genes presented a decreased expression TK2, GLTSCR2, CDKL3, DPM1, TPT1
(Zhang et al., 2010).

A similar approach has been made by another group, which evaluated metabolites in saliva
using mass spectrometry. Pancreatic cancer cases were successfully detected based on the
pancreatic cancer-specific signature (Sugimoto et al., 2010). The levels of ornithine and
putrescine were higher in patients with breast or pancreatic cancer, and were markedly
higher in patients with oral cancer. The level of tryptophan is also increased in oral and
pancreatic cancer, in contrast to arginine level which is decreased several cancers including
breast, colonic and pancreatic cancer, which might be due to increased uptake of arginine by
tumor tissues with high arginase activity.

8.4 Non- coding RNA as new era biomarkers

A new and important atractive tool is represented by small non-coding RNA. These are
regulators of various biological processes like gene expression and are involved in cancer
progression. One of the most important players is microRNAs which control many cellular
functions, such as migration, invasion and stem cell functions. Abnormal microRNA gene
expression was found in many cancers, including pancreatic cancer (Rachangani et al., 2010,
Eis et al., 2005, Calin et al., 2005, Yanaihara et al., 2006).

MicroRNA molecules are present in various body fluids (blood, urine, cerebrospinal fluid,
pancreatic juice, billiary secretion). Moreover, several microRNAs from sera seemed to be
identical for many cancer types. Very important is the fact that miRNAs from sera are stable
and exhibit resistance to RN-ase activity, intermittent frosting and defrosting, high
temperature values and extreme pH ( Mitchell et al., 2008; Albulescu et al., 2011).

Using microarray technology it was established that several microRNAs are highly
expressed in pancreatic cancer (miR-21, miR-17-5p,miR-191,miR-29b-2,miR-223 miR-128b,
miR-199a-1, miR-24-1, miR-24-2,miR-146, miR-181b-1, miR-20a,miR-107,miR-32 , miR-92-2,
miR-214,miR-30c, miR-25, miR-221, miR-106) (Volinia et al., 2006). More recently, was
established that microRNAs, miR-200a and miR-200b are highly expressed in pancreatic
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cancer cell lines, and their expression levels were significantly increased in the sera from
pancreatic cancer patients, suggesting that microRNA itself could be a biomarker for
pancreatic cancer (Li et al., 2010). The attention was also focused on two pancreas specific
miRNAs miR-216 and miR-217. The expression of those miRNAs is decreased or even
absent in PADC and in cell lines (Sood et al., 2006). Only miR-217 and miR-196a are able to
discriminate between normal pancreas, chronic pancreatitis and tumor PDAC (Szafranska et
al., 2008). Furthermore, miR-196a expression is likely specific to PDAC cells and is positively
associated with the progression of PDAC.

miR-21 and miR-155 are overexpressed in pancreatic tumor, as compared to tissues from
normal pancreas and chronic pancreatitis. Both miR-21 and miR-155 have been suggested to
have a proto-oncogene role being overexpressed in several cancers (breast cancer, lung
cancer, Burkitt [ymphoma, B-cell lymphoma) (Metzler et al., 2004;Yin et al., 2008)

Several studies demonstrated that miR-155 transcription is regulated by transforming
growthfactor 3 -TGF /Smad, nuclear factor-xB and activator protein-1 family transcription
factors through direct interaction with the miR-155/BIC bidirectional promoter. These
studies suggests that overexpression of miR-155 in cancer is due to transcriptional
activation, involving other cellular deregulated mechanisms (Kong et al., 2008).

9. Conclusions

Asymptomatic pancreatic cancer is hard to detect, but possibly curable. Recent research
identified novel biomarkers of pancreatic cancer, but screening for early pancreatic cancer is
still challenging. Future work should be addressed to the development of diagnostic
techniques with a higher sensitivity to detect even asymptomatic cases. Currently no
clinically useful interventions to screen for patients with PDAC are available.
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1. Introduction

Pancreatic cancer is a major cause of cancer-related mortality relative to its incidence. In the
US alone, it is estimated that there were 43,140 new cases in 2010 with 36,800 deaths making
it the fourth leading cause of cancer-related mortality.[!]

Typically patients come to clinical attention at an advanced stage of their disease with only
10-15% having potentially operable disease. Surgery is the only established method shown
to cure pancreatic adenocarcinoma, yet the rate of cure amongst patients with resectable
disease still remains low. Improvements in survival with the addition of chemotherapy or
radiotherapy have only been relatively modest.

The medical management of pancreatic cancer in the adjuvant and advanced settings will be
reviewed. The current standard of care in both settings is gemcitabine, with modest
improvements in survival provided by the addition of erlotinib in the advanced setting.
Despite arguably poor evidence for added survival benefit from combination cytotoxic
regimens or other biological agents in the advanced setting, recent evidence for considering
this in select patients will be discussed, along with a recent non-gemcitabine containing
combination cytotoxic approach (FOLFIRINOX), that has challenged the traditional
paradigm.

Some of the important molecular signaling pathways involved in pancreatic cancer growth,
invasion, angiogenesis, metastasis, and drug resistance will also be summarised. It is hoped
that in future, survival outcomes may be improved by better targeting of these pathways in
the individual patient, aided by appropriate predictive and prognostic biomarkers.

2. Chemotherapy and chemoradiotherapy in resected pancreatic cancer

There is an established survival advantage with adjuvant systemic therapy in pancreatic
cancer. Adjuvant systemic therapy can be delivered either solely, or in combination with
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radiotherapy following pancreatic resection, however the role of the latter is more
controversial, and will be briefly summarised. A further discussion of radiotherapy and its role
in the neoadjuvant and adjuvant setting is discussed elsewhere.

2.1 Adjuvant chemoradiotherapy compared with surgery alone

A Gastrointestinal Study Group (GITSG) trial assessed the role of concurrent post-operative
radiotherapy and radiosensitising bolus 5-fluorouracil (5-FU) compared with surgery alone.2!

Patients were randomised to a split-course of radiotherapy in combination with bolus 5-FU
compared with post-operative observation alone. Chemotherapy was given at 500mg/m?2
per day over the first three days of each course of radiotherapy. Patients were given 20 Gray
(Gy) in 10 fractions followed by a 14 day break, then a further course of radiotherapy up to a
dose of 40Gy. Although demonstrating a median overall survival of 21 months vs. 11
months (p=0.035) favouring the chemoradiotherapy group, criticisms include small patient
numbers (43 patients), a slow patient accrual of 8 years, and selection bias where only a
more prognostically favourable group of patients with microscopically clear (RO resection)
margins, were included in the study. A later GITSG analysisl® of an additional 30 patients -
all treated with adjuvant combined therapy - showed a median overall survival of 18
months.

The larger European Organization of Research and Treatment of Cancer (EORTC) 40891
studyl4l however only showed a non-statistically significant trend towards an improved
overall survival with chemoradiotherapy in a subgroup of 114 out of 218 patients with
carcinoma of the pancreatic head. The median overall survival was 17.1 months vs. 12.6
months in the observation alone arm (p = 0.099). 5-FU delivery here was given as bolus daily
doses at 25mg/kg up to 1,500mg/day, days 1-7 of each course of radiotherapy. There were
two courses of radiotherapy given up to a total of 40Gy. EORTC 40891 included patients
with T1 or T2 disease, and allowed patients with node-positive (N1) disease. 45% however
had T1-3 periampullary disease. Shortcomings included the lack of maintenance
chemotherapy, a significant (20%) of patients not proceeding with combination therapy and
the large percentage of patients with periampullary cancers affecting the interpretation of
outcome in pancreatic cancer.

The largest body of evidence has come from The European Study Group for Pancreatic
Cancer (ESPAC) publishing the results the ESPAC-1 trial in 2004.15 This study employing a
2x2 factorial design allowed a comparison between adjuvant radiotherapy or no
radiotherapy, chemotherapy or no chemotherapy, and chemoradiotherapy vs.
chemotherapy alone. Chemoradiotherapy was given as two courses of 20Gy separated by 14
days, combined with bolus 5-FU (500mg/m?) given for three days during each course.
Following this, patients continued with a maintenance course of chemotherapy with
5FU/leucovorin (LV). Chemotherapy was given as bolus 5-FU (425mg/m?) with LV
(20mg/m?) days 1-5 every 28 days, for a total of six cycles. 53% of patients had nodal
involvement and 19% had involved margins. Patients who received chemotherapy
compared with those who did not, survived a median of 20.6 months vs. 15.5 months
(HR 0.71; 95% CI, 0.55-0.92 p=0.009). Patients who received chemoradiotherapy survived a
median of only 159 months vs. 179 months in those who did not receive
chemoradiotherapy (HR 1.28 ; 95% CI, 0.99-1.66 p=0.05). Notably, 2 and 5 year survival rates
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of patients who received chemotherapy alone improved from 30 to 40% and 8 to 12% when
compared to those who did not receive chemotherapy. Therefore in this analysis, patients
did not benefit from a combined modality approach, and in fact their outcome appeared to
be worse. Based on the results of ESPAC-1 it was difficult to justify the role of adjuvant
chemoradiotherapy over chemotherapy with bolus 5-FU alone.

The question of incorporating infusional 5-FU and gemcitabine into adjuvant radiotherapy
has been addressed in the Radiation Therapy Oncology Group (RTOG) 9704 trial.ll This was
a phase III trial of 442 patients with pathological T1-4 and nodal stage NO-1 pancreatic
cancer. Participants were randomised to either adjuvant chemotherapy with either weekly
5-FU or gemcitabine three weeks prior and for 12 weeks post chemoradiotherapy
sandwiched in between. Radiotherapy was delivered at a dose of 504Gy (at 1.8
Gy/fraction/day) concurrent with continuous infusional 5-FU at 250mg/m?2/day. Most
patients (n= 381) had tumours confined to the pancreatic head. More patients with stage T3
and 4 disease received gemcitabine and more grade 4 haematologic toxicity was experienced
in the gemcitabine arm (14% vs. 2%). Rates of treatment completion were comparable.
Although no overall survival advantage of gemcitabine over 5-FU was seen if all pancreatic
lesions were included, the subgroup of patients with pancreatic head tumours assigned to
the gemcitabine group had a trend toward a more favourable survival (20.5 months vs. 16.9
months with a hazard ratio (HR) for death of 0.82; 95% CI, 0.65-1.03; p = 0.09). The 3-year
rate of survival was also higher (31 vs. 21%) also favouring the gemcitabine group.

2.2 Adjuvant chemotherapy strategies

Older adjuvant cytotoxic regimes such as the triplet of doxorubicin, mitomycin and 5-
fluorouracil (AMF) for six cycles to treat pancreatic and papillary cancers showed no overall
survival advantage beyond two years, although there was a 1 and 2 year relapse-free
survival advantage favouring chemotherapy over surgery alone.”]

In addition to the survival advantage shown ESPAC-1, the Charité Onkologie (CONKO-001)
studyl8! published in 2007 demonstrated a survival benefit with adjuvant gemcitabine over
surgery alone. Patients with RO or R1 resections were assigned to observation alone or
gemcitabine delivered at 1000mg/m2/week (days 1, 8 and 15 of a 28 day cycle) for a total of
six cycles. There was a trend toward an improved median overall survival (22.8 vs. 20.2
months p=0.06) as well as a statistically significant improvement in disease-free survival
(13.4 vs. 6.9 months p <0.001) over surgery alone. Importantly the rate of 5-year survival
was significantly better in those patients receiving adjuvant gemcitabine over observation
alone (21% vs. 9%).

In the largest adjuvant pancreatic trial to date, ESPAC-3[°10] involved 1088 patients with RO-
or R1 resected pancreatic adenocarcinoma, randomising patients into either observation
alone, 5-FU/LV, or gemcitabine. Notably the 5-FU was delivered as five bolus doses
(425mg/ m? with leucovorin 20mg/m? days 1-5 of a 28 day cycle) rather than as an infusion.
551 patients received 5-FU and 537 received gemcitabine with treatment for a total of six
months. The observational arm was discontinued after the outcome of the CONKO-001 trial
was made available. At a median follow up of 34.2 months after 753 deaths, there was no
advantage seen between the intervention arms (23.0 vs. 23.6 months p=0.39). 12 and 24
month survival was 78.5% and 48.1% respectively in those who received 5-FU with 80.1%
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and 49.1% respectively in the gemcitabine arm. The side effect profile however favoured
gemcitabine in terms of grade 3-4 toxicity and hospitalisation. Grade 3 and 4 mucositis was
seen in 10% of patients who received 5-FU (compared with no patients on gemcitabine).
Grade 3-4 diarrhoea was also significantly higher in the 5-FU group. The gemcitabine
treated group did however experience higher rates of grade 3 and 4 thrombocytopenia,
although the absolute risk of this remained small (1.5 vs. 0%) (p=0.003). Quality-of-life was
also comparable.

Thus, survival outcomes were not significantly improved by gemcitabine over 5-FU group
in ESPAC-3. This outcome differs to that seen in the advanced setting.[13 One reason could
be that the 5-FU intensity was greater in ESPAC-3 than that seen in the Burris ef al. trial.

2.3 Recommendations

Adjuvant chemotherapy in resected pancreatic cancer is the standard of care, yet the role of
chemoradiotherapy remains controversial. Gemcitabine for six cycles is preferable over 5-FU
based treatment due to its more favourable toxicity profile. Although modest improvements in
median survival have been shown, progression-free and 5-year survival rates are improved.

3. Medical therapy of locally advanced and metastatic disease: First-line
strategies

3.1 Single-agent chemotherapy
5-fluorouracil (5-FU), capecitabine, and gemcitabine

5-fluorouracil (5-FU) has been used for half a century in advanced pancreatic cancer.[1 As a
single agent, objective responses rates have typically been less than 10% with some historical
data reporting higher response rates probably based on cruder estimations of disease
burden such as physical examination and ultrasound. Typically responses were usually for
less than six months.

Capecitabine is an oral fluoropyrimidine prodrug which is metabolised to 5-FU. A small
phase II studyl!2l in patients with locally advanced or metastatic pancreatic cancer was
performed in 42 patients at a dose of 1,250mg/m?2 given twice a day in 3-week cycles, with 2
weeks of treatment followed by a 1-week break. Disease response evaluation was based on
either computerised tomography (CT) or physical examination. Of the 41 patients with
evaluable disease the objective response rate (ORR) was 7.3% (3 patients), with 41% having
stable disease. 38% had progressive disease within the first 7 weeks. Median survival was
quoted at 182 days (95% CI, 85-274 days). 52% of patients developed hand-foot syndrome
(HFS) (41% Grade 2-3) and 48 % had nausea (24% Grade 2-3). 12% had grades 2-3 mucositis.

The randomised trial leading to the acceptance of gemcitabine as standard therapy in
advanced pancreatic cancer was published in 1997.0131 This study compared gemcitabine
with bolus weekly 5-FU. Gemcitabine was favoured over 5-FU with a modest improvement
in median survival (5.7 vs. 4.4 months, p=0.0025). More significantly, the rate of 1-yr
survival was improved (18% vs. 2%), and importantly the rate of clinical symptom
improvement (measured by at least four weeks of improvement in either pain, reduced
analgesic use, improved weight loss or performance status) favoured the gemcitabine arm
(24% vs. 5%).
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3.2 Combination chemotherapy and epidermal growth factor receptor (EGFR)
inhibition

Gemcitabine/erlotinib
Gemcitabine/other EGFR inhibitor combinations

Erlotinib, an oral tyrosine kinase inhibitor (TKI) of the epidermal growth factor receptor
(EGFR), has to date been the only EGFR inhibitor combined with a cytotoxic to show, an
albeit modest, survival advantage in a phase III study. ['41It was evaluated with gemcitabine
in patients with locally advanced or metastatic disease. Patients received either gemcitabine
at 1000mg/m?2 (weekly for 7 out of 8 weeks) then continued with weekly treatment (in 3 out
of 4 weeks), or the equivalent strategy combined with erlotinib at 100mg or 150mg per day.
The latter dose was provided to a cohort of Canadian patients. Median overall survival
improved with the combination approach of erlotinib with gemcitabine, compared with
gemcitabine alone [(6.24 months versus 5.91 months; HR 0.82 (95% CI, 0.69 to 0.99; P =
0.038)]. The superiority of 150mg erlotinib over 100mg was not proven. One could argue
that the benefit on overall survival is not economically justified, however with a 1-year
survival rate improvement from 17 to 23% (95% CI, 18% to 28%, 95% CI, 12% to 21%, P =
0.023), this has become an acceptable standard of care in many centres.

Gefitinib, another EGFR inhibitor TKI has less evidence, but was evaluated in combination
with gemcitabine in a phase II study!!5] which reported either disease stability or response in
18/53 patients. The median progression-free survival was 4.1 months and median overall
survival was 7.3 months. The reported 1-year survival rate was 27%.

Phase II and III studies combining other EGFR inhibitors such as cetuximabl!®l or lapatinib
(a dual HER2/EGEFR inhibitor)['”] in combination with gemcitabine have not provided an
additional survival advantage. Similarly a trial adding cetuximab to a gemcitabine/
cisplatin doublet did not progress beyond a phase II trial, as time to progression was
equivalent at 5 months, despite a higher disease control rate.'8l Dual EGFR inhibition with
erlotinib and panitumumab has recently been examined in a randomised phase II study,
with a modest 3.3 vs. 2.0 month PFS advantage, though mature survival data and statistical
significance has not been published to datel!l.

The role of erlotinib incorporated into the management of patients with locally advanced
disease is being evaluated in the Groupe Cooperateur Multidisciplinaire en Oncologie
(GERCOR) LAPOQ7 phase III trial.l20] Patients are randomised initially to either induction
gemcitabine or gemcitabine/erlotinib. In those patients who do not progress after four
months, there is a secondary randomisation into a chemotherapy (with either gemcitabine or
gemcitabine/erlotinib), or a chemoradiotherapy arm (with concurrent capecitabine) until
tumour progression.

3.3 Combination chemotherapy: Gemcitabine-containing regimens
Gemcitabine/fluoropyrimidine doublets
Gemcitabine/platinum doublets

A number of gemcitabine-containing combinations with either fluoropyrimidines or
platinum agents have been attempted. Individually these trials have not provided
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significant improvements in survival over gemcitabine alone. However subset-analyses of
some of these trials, as well as a meta-analysis suggest that doublets may confer a
meaningful survival improvement in the fittest patients with Karnofsky Performance Status
(KPS) scores of 90% or above.[21]

Gemcitabine and 5-FU was examined in a phase III triall22l which randomised 322 patients to
a schedule of gemcitabine 1000mg/m? (three weeks out of four), with or without bolus 5FU
600mg/m?2/week), however did not produce a statistically significant improvement in
overall survival compared with gemcitabine alone (6.7 vs. 5.4 months respectively p=0.09).

Gemcitabine and capecitabine was also examined in a phase IIl trial comparing a
gemcitabine/capecitabine doublet with gemcitabine with previously untreated locally
advanced or metastatic disease.l23 It suggested a significantly higher objective response rate
(ORR) of 19.1% vs. 12.4%; (P = 0.034), as well as an improvement in progression-free
survival (HR 0.78 95% CI, 0.66 to 0.93; P=0.004) favouring the doublet. However it only
demonstrated a trend toward an improved overall survival (HR 0.86; 95% CI, 0.72 to 1.02;
P=0.08). Another study of this combination also showed no significant difference in the
primary end-point of overall survival [(8.4 months with the combination arm vs. 7.2 months
with gemcitabine alone (p= 0.234)]. However a post-hoc subgroup analysis did reveal
evidence for more favourable survival in the combination arm if performance status was
better. Patients with KPS of 90-100% receiving combination therapy had a median overall
survival of 10.1 vs. 7.4 months compared with gemcitabine alone (p= 0.014).[24]

Combination gemcitabine and cisplatin was assessed in 195 patients enrolled in a phase III
trial comparing gemcitabine 1000mg/m? (days 1, 8 and 15 of a 28 day cycle) with
gemcitabine 1000mg/m?2 and cisplatin 50mg/m?2 (days 1 and 15). Tumour responses were
similar in the combination (10.2%) vs. standard treatment arms (8.2%), with an improved
progression-free survival and equivalent toxicity. However, despite a trend toward an
improvement in overall survival (the primary endpoint of this study) within the
combination arm (7.5 vs. 6.0 months), this did not reach statistical significance (p=0.15).12]

Louvet et all26] compared a combination gemcitabine/oxaliplatin doublet (GEMOX) with
gemcitabine. Patients received either treatment with gemcitabine 1000mg/m?2 and
oxaliplatin 100mg/m? every 2 weeks compared with weekly gemcitabine 1000mg/m?2. The
combination was shown to improve response rates (26.8 vs. 17.3% respectively, P=0.04), as
well as progression-free survival (5.8 vs. 3.7 months P=0.04). However differences in
median overall survival were not statistically significant (9.0 vs. 7.1 months P= 0.13). The
combination arm was associated with greater rates of grade 3-4 thrombocytopenia,
vomiting and sensory neuropathy. Some patients received radiotherapy for local control
at the oncologists' discretion after they had completed 3 months of systemic therapy. The
overall survival data may have been influenced by a proportion of gemcitabine patients
receiving platinum-containing second-line therapy, once they had progressed and were
off study.

Gemcitabine in combination with irinotecan was assessed in a trial that randomised 360
patients to gemcitabine 1000mg/m?2 and irinotecan 100mg/m?2 on days 1 and 8 every 21 days
or gemcitabine alone.[?”] Rates of diarrhoea, nausea and vomiting were higher in the
combination arm with no improvement in the overall survival.
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3.4 Combination chemotherapy: Non-gemcitabine containing regimens
Irinotecan-docetaxel

FOLFIRINOX

An earlier non-gemcitabine containing regimen of irinotecan and docetaxel was examined in
a phase II study randomising patients into two arms with or without cetuximab but
response rates were 7 and 4.5% respectively. This did not meet a pre-determined goal to
proceed to a phase III study.[2]

The recent French PRODIGE 4 (ACCORD 11) study?! randomised 342 patients with
metastatic pancreatic carcinoma, who had an Eastern Cooperative Oncology Group
performance status score of 0 or 1, to either a regimen of gemcitabine (1000mg/m? weekly
for 7 of 8 weeks followed by weekly treatment for 3 out of four weeks) or FOLFIRINOX.
FOLFIRINOX patients received oxaliplatin (85mg/m?), irinotecan (180mg/m?), leucovorin
(400mg/m?2), with bolus (400mg/m?) then infusional (2400mg/m?2 over 46 hours) 5-FU.
Treatment was delivered every two weeks. It is important to note that more patients in the
FOLFIRINOX arm (42.5%) received granulocyte colony stimulating factor (G-CSF) support
than those in the gemcitabine arm (5.3%).

Using overall survival as its primary end point, and with an intended treatment period of
six months, FOLFIRINOX treated patients had an impressive median 11.1 month overall
survival, compared with only 6.8 months in those treated with gemcitabine alone (HR for
death, 0.57; 95% CI, 0.45 - 0.73; p<0.001). Progression-free survival was also superior (6.4
vs. 3.4 months (HR, 0.47; P <0.0001). Objective response rates were significantly higher in
the FOLFIRINOX group (31.6%) compared with gemcitabine (9.4%) (p<0.001). This
advantage was at the expense of higher rates of grade 3 or 4 neutropenia (febrile
neutropenia of 5.4% vs. 0.6% P=0.0001), thrombocytopenia (9.1% vs. 2.4% p=0.008),
neuropathy, diarrhoea and grade 2 alopecia. There was one toxicity-related death in each
arm of the trial. Despite the increased toxicity, quality of life scores were more preserved
at six months in the FOLFIRINOX-treated patients. This regimen is therefore being
considered a suitable option for some patients, particularly those with a good
performance status. A survey of US Oncologists recently revealed that 18% would now
adopt FOLFIRINOX over a gemcitabine-erlotinib doublet in the first-line setting for
patients with a performance status of ECOG 1.[30]

3.5 Recommendations

The standard of care in the first-line setting of advanced pancreatic cancer remains
gemcitabine or gemcitabine with erlotinib for most patients. The alternative of 5-FU remains
if gemcitabine is poorly tolerated. Those who are particularly fit with a performance status
of ECOG 0-1, might be considered for a gemcitabine-platinum or a gemcitabine-capecitabine
doublet (based on subset- and recent meta-analyses), or the non-gemcitabine regimen of
FOLFIRINOX. Recent phase III evidence for the latter challenges the traditional paradigm of
a gemcitabine-containing backbone, but it must be balanced with the higher risks of toxicity
when recommending treatment. Enrolment in clinical trials should always be considered if
possible.
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4. Medical therapy of locally advanced and metastatic disease: Second-line
strategies in gemcitabine-refractory disease

4.1 Oxaliplatin-based doublets

The strategy of continuing gemcitabine with the addition of oxaliplatin (GEMOX) was
evaluated in patients who have progressed on gemcitabine alone in a phase II trial of 33
patients with locally advanced and metastatic disease.l3!] A partial response was seen in 7 of
the 31 patients with evaluable disease and stable disease for 2 months or more was seen in
11 patients. The median survival was 6 months.

Second-line combination oxaliplatin/5-FU was examined in the Charité Onkologie trial
(CONKO-003).321 This began as a phase III trial with the intention to compare a 5-FU-
oxaliplatin doublet (the OFF regimen) with best supportive care (BSC).[33 The OFF regimen
differs from FOLFOX being a 42-day cycle where infusional 5-FU (2000mg/m?2 over 24
hours) with bolus LV (200mg/m?) is given days 1,8,15, and 22. Oxaliplatin (85mg/m?) is
given on days 8 and 22. The protocol was revised due to poor acceptance of the best
supportive care arm and later altered to include a 5-FU/LV arm as the control. Despite this
methodological alteration, the study when presented as an abstract, did show an
improvement in overall survival from 13 to 26 weeks favouring the doublet arm.[33!

There is phase II evidence showing activity with a doublet of oxaliplatin and capecitabine in
the gemcitabine-refractory setting.34l In a study of 41 patients, capecitabine was given at
1000mg/m?2 BD days 1-14 with oxaliplatin 130mg/m? every 3 weeks (doses of 850mg/m?
and 110mg/m?2 respectively were used in patients greater than 65). Reported median overall
survival was 23 weeks (95% CI, 17.0-31.0) with a progression-free survival of 9.9 weeks (95%
Cl, 9.6-14.5 weeks). Six month and 1 year survival rates were 44% and 21% respectively (95%
CI 31-62% and 11-38%). Another recent phase II study has also confirmed activity in a mixed
cohort of patients with pancreatic and biliary tract carcinomas.!3!

4.2 Capecitabine/erlotinib

A phase II study of capecitabine (1000mg/m?2 BD days 1-14 of 21 day cycles) combined with
erlotinib 150mg daily enrolled 32 patients.[36] The objective radiological response (ORR) was
only 10% and median survival duration was 6.5months. 17% had CA 19-9 reductions of
more than 50% of baseline. Diarrhoea, fatigue, rash and hand-foot syndrome were common
toxicities. This has been suggested as an active first or second-line option, especially if
gemcitabine is not tolerated.

4.3 Irinotecan — based therapy

Single agent irinotecan (150mg/m?) given every 2 weeks has demonstrated activity in the
second-line setting.13”1 33 patients were evaluated in a phase II study where 48% had either
stable disease or a partial response. The median time to progression was 4 months. With
combination 5-FU and irinotecan regimens, disease control rates of 44.3-50% with overall
survivals of 6 months or more have been reported.38! Some patients received this in the
third-line setting. However, patients were highly selected and much of the data is
retrospective.
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Recently a nanoparticle liposomal encapsulated form of irinotecan (PEP02) was evaluated as
a single agent in a phase 1II trial at 120mg/m? given every 2 weeks in 37 patients who had
progressed on gemcitabine.l®l A 74% 3-month overall survival endpoint was reached with
initial reports of a 52% disease control rate. However 31% and 25% of patients had grade 3
or more fatigue and neutropenia respectively. Further prospective randomised evidence is
awaited.

4.4 Taxanes/nanoparticle — bound paclitaxel

There is phase II evidence of 18 patients utilising weekly paclitaxel monotherapy with good
tolerability.[40] Five patients had stable disease with one patient who achieved a complete
response lasting beyond one year. The reported median overall survival was 17.5 weeks.
Treatment was well tolerated with only one patient developing grade 3 myelotoxicity. A
further report described evidence for activity using single agent docetaxel, combination
docetaxel-gemcitabine or capecitabine regimes, however this was a small heterogeneous
group of patients and assessment was retrospective.[41]

SPARC (Secreted protein acidic and rich in cysteine) is frequently expressed by stromal
fibroblasts adjacent to pancreatic adenocarcinoma cells, and immunohistochemical
expression within the peritumoral stroma is an independent predictor for poorer survival,
whereas expression by cancer cells is not. An analysis of 299 pancreaticoduodenectomy
specimens showed that patients who expressed SPARC had a median survival of 15 months
whereas patients who did not, had double the median survival of 30 months (p <0.001).142]
Nanoparticle albumin-bound (nab) paclitaxel (Abraxane®; Abraxis BioScience) is believed
to allow better paclitaxel delivery by allowing albumin to bind to SPARC. It also has the
advantages of avoiding the Cremophor® - related hypersensitivity reactions associated with
standard paclitaxel, as well as delivery with a shorter infusion time.

In a phase I/1I study, patients with metastatic pancreatic adenocarcinoma were given first-
line nab-paclitaxel (100-150mg/m?2) in combination with gemcitabine 1000mg/m?2 (days 1,8
and 15 of a 28 day cycle).#3] Of the 63 patients in the study, 35 had tissue available for
immunohistochemical analysis. 29% of patients were SPARC positive. If SPARC positive,
this predicted a metabolic response on positron emission tomography (PET) in 75% of those
patients as well as a progression-free survival advantage of 6.2 vs. 4.8 months. A further
phase II study of single agent nab-paclitaxel in patients who had progressed on gemcitabine
however was less impressive with 63% of patients progressing by RECIST criteria at their
first response assessment.[#4] These patients were not preselected based on SPARC status.

The question of whether incorporating nanoparticle bound-paclitaxel into first-line
chemotherapy with gemcitabine leads to a clinically meaningful improvement in survival is
yet to be answered by a prospective randomised clinical trial currently awaiting
completion.45] Although tissue analysis for SPARC is included in this trial, the
interventional arm will not be enriched with SPARC positive patients.

4.5 Recommendations

To date there is no established standard of care in the second-line setting or beyond.
Treatment must therefore be tailored to each patient but may include oxaliplatin,
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fluoropyrimidine or taxane-based regimens, as outlined above. There is very limited
evidence for irinotecan-based treatment. A 5-FU/oxaliplatin or capecitabine-erlotinib
doublet is an option. Consideration for enrolment in a clinical trial should be given if
available.

5. Future targets in pancreatic cancer

Because attempts at improving survival in pancreatic cancer with cytotoxic and biologic
therapy have been modest at the most thus far, newer strategies of targeting the core
signaling pathways implicated in pancreatic cancer are needed.

Previously, genetic mutations affecting genes such as TP53, KRAS, CDKN2A and SMAD4
were known to be associated, but a more recent genome-wide analysis has identified a
broader range of aberrant pathways implicated in pancreatic cancer growth.l4¢l In most of
the 24 cancers examined in this series, the majority of the genetic mutations were felt to be
disrupting one or more of 12 core signaling pathways.

In pancreatic cancer, aberrations can occur in signal transduction and other pathways that
promote cell survival and allow proliferation. These include KRAS, 471 PI3K/ Akt/ mTOR,[4-
501 EGFR,52 insulin-like growth factor (IGF-1) (which is co-expressed with Src),[52
hepatocyte growth factor (HGF) and vascular endothelial growth factor (VEGF).I53] There
are embryonic developmental signaling pathways that also lead to progression such as the
Hedgehog, Notch, and Wnt pathways.[54571 Matrix metalloproteinases (MMPs) also play a
part in promoting neovascularisation and tumour invasion, and abnormalities in core
pathways involved in DNA repair as well as apoptosis control such as p53, SMAD/TGF-$
and p14 AFR/p16 are also seen.[58-5

Finally there is also documented activity or upregulation of other factors such as cyclo-
oxygenase,[®0] focal adhesion kinase (FAK) (which in turn interacts with the IGF-1
receptor),l61l telomerase,62] as well as cholecystokinin, gastrin and gastrin receptors.[63]

5.1 Current evidence and future strategies targeting specific pathways in pancreatic
cancer

- Kras

- Epidermal growth factor receptor (EGFR)

- Angiogenesis/matrix metalloproteinases (MMPs)/integrins
- PIBk/Akt/mTOR

- Nfkp

- Cyclo-oxygenase

- TGF-B, SMAD4, MET, and IGF-1

- Src

- Hedgehog/wnt pathways/Notch

- Gastrin/cholecystokinin receptors

5.1.1 The ras pathway

K-ras is part of the Ras group of genes, which code for GTP-binding proteins in the cellular
membrane. Ras is important in cellular differentiation and proliferation, as well as adhesion
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and the regulation of apoptosis. When activated by the associated EGFR, Ras leads to
further downstream activation of Raf, MAP2K, MAPK and PI3K-Akt cascades. K-ras
mutations lead to cell-cycle progression, and promote tumour cell survival. Mutated K-ras,
seen in over 90% of pancreatic cancer is mostly identified in codon 12 but may also be seen
in codons 13 and 61.47]

There has been an attempt in an adjuvant phase II study to vaccinate against k-ras, in
patients who harbour codon 12 k-ras mutations.[®4] In 24 patients, this was felt to be safe,
however less than half of patients had a detected immune response and the protective value
of this strategy is unknown.

Another approach has been to inhibit the KRAS protein itself. This has been attempted
through targeting its attachment to the cell membrane by inhibiting farnesyltransferase with
tipifarnib - a farnysyltransferase inhibitor (FTI).[¢] Inhibiting Ras-driven signal transduction
and interfering with Ras-membrane binding with other small molecule drugs such a
salirasib, or antisense/RNA inhibitors are early in clinical development.l¢5] Unfortunately to
date the only strategy reaching a phase III study, combining tipifarnib with gemcitabine in
advanced pancreatic carcinoma, did not provide any significant difference in either the
clinical benefit rate, median progression-free, or overall survival.lt] This is likely due to
alternate pathways that still allow the prenylation of Ras.

Downstream Ras pathway inhibition of mitogen-activated protein kinase (MAPK) with a
MEK inhibitor has not shown any phase II activity.[67 This was despite preclinical evidence
showing synergistic activity by dual inhibition with the EGFR TKI inhibitor gefitinib and the
MAPK inhibitor CI-1040 (PD184532).[8]

5.1.2 The epidermal growth factor receptor (EGFR) pathway

Activation of this pathway leads to downstream signaling events through MAPK, PI3K-Akt
and the STAT family of proteins. STAT proteins also have roles in cell proliferation,
survival, motility, invasion and adhesion. Over-expression of this pathway and its ligands
(EGF and TGF-a) are common in pancreatic cancer.[¢>-70 The clinical evidence for targeting
the EGFR is outlined above. As previously mentioned, the addition of erlotinib or cetuximab
to gemcitabine has resulted in only modest and no additional overall survival benefit
respectively.

5.1.3 Angiogenesis, matrix metalloproteinases (MMPs) and integrins

VEGF overexpression is common in pancreatic adenocarcinoma and is associated with a
poorer prognosis.[’ll Despite this being an attractive target, multiple anti-angiogenic
strategies added to a backbone of gemcitabine have been disappointing. Two phase III trials
in advanced pancreatic adenocarcinoma, have shown no overall survival benefit with the
addition of the VEGF monoclonal antibody bevacizumabl’2l to either single-agent
gemcitabine, or a doublet of gemcitabine with erlotinib.[”3] The latter study did however
demonstrate a difference in progression-free survival (HR, 0.73; 95% CI, 0.61 to 0.86; P =
0.0002).

Sorafenib is an oral multitargeted kinase inhibitor which inhibits the VEGF-receptor tyrosine
kinase as well as Raf-1, the platelet-derived growth factor receptor (PDGFR), c-kit and FLT-
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3. It has not shown any significant additive activity in a phase II study. [74 Similarly axitinib
(a selective oral inhibitor of multiple VEGF receptors), has also failed to show improved
efficacy when combined with gemcitabine in the phase III setting despite promise in an
earlier phase II trial.[’>76] A phase Il study randomised 546 patients with metastatic
pancreatic cancer to gemcitabine with aflibercept (the VEGF 'trap') vs. gemcitabine with
placebo (clinicaltrials.gov identifier NCT00574275). This was also terminated early due to no
significant improvement in the primary or secondary end points of overall and progression-
free survival.

Matrix metalloproteinases (MMPs) are enzymes that break down the extracellular matrix
and are required for tumour spread and neovascularisation. However, randomised trials
utilising the MMP inhibitor marimastat in metastatic disease did not show any added
survival benefit over gemcitabine alone.l”7-791 Whether there might be a role in the adjuvant
setting remains unknown.

Volociximab is a monoclonal antibody that inhibits fibronectin binding to a5p1-integrin,
which promotes apoptosis in tumour endothelial cells. A small, phase II study combining
this agent with gemcitabine in 20 patients showed activity with stable disease in half of
patients and a partial response in one patient. The median time to progression (TTP) was 4.3
months with 37% of patients alive at 12 months. However there is no prospective
randomised evidence to date.80] Cilengitide is another agent that interferes with integrin
binding leading to proliferative endothelial cell apoptosis, but it was not shown to be of
added benefit when combined with gemcitabine.l81l There are other integrin inhibitors in
preclinical and early clinical stages of evaluation.

5.1.4 The PI3k/Akt/mTOR pathway

The phosphoinositide 3’-kinase (PI3k)/Akt/mammalian target of rapamycin (mTOR)
pathway which is regulated upstream by KRAS is important in pancreatic tumorigenesis
and angiogenesis. Activation in pancreatic cancer is common, and is associated with loss of
the tumour suppressor PTEN, and with poorer outcomes as well as gemcitabine
resistance.[82] Despite this, the mTOR inhibitors everolimus and temsirolimus have shown
no objective responses in phase II studies, and when the former was combined with
erlotinib, also no objective responses were seen.[83-84] It is felt that they are unlikely to have a
role - at least as a single agent strategy - in this disease. The PI3K and Akt inhibitors (BKM-
120 and MK-2206) are in phase I development. RX-0201 (an Akt-1 mRNA antisense
oligonucleotide) is being evaluated in a phase II trial in combination with gemcitabine.[82]

5.1.5 NFkp

Nuclear factor kappa light-chain enhancer of activated B cells (NFkp) is also activated by the
PI3k/Akt/mTOR pathway. Curcumin (diferuloyl methane) - a component of the common
Indian spice turmeric - has been shown to inhibit NFkP. A phase II study using 8g of
curcumin as a single agent daily for two months found that this agent was tolerable in 25
patients, two of which received prolonged (up to 12 month) periods of stable disease. One
patient achieved a partial response.[85] A further phase II study of 17 patients with curcumin
in combination with gemcitabine showed that 5 patients either had stable or partial
responses but another 5 patients could not tolerate treatment due to abdominal discomfort,
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and had to discontinue therapy.l8] A phase III trial of gemcitabine with or without a
combination of curcumin and celecoxib (a cyclo-oxygenase-2 (COX-2) inhibitor) is currently
in progress.[87]

5.1.6 Cyclo-oxygenase

The cyclo-oxygenase (COX) pathway is also important. Inhibition with celecoxib has been
proven to suppress tumour proliferation as well as VEGF expression in pancreatic cancer.[88]
However phase II trial responses in combination with gemcitabine have been mixed. The
most favourable phase II study was performed in 42 patients (most with metastatic rather
than locally advanced disease) who received gemcitabine 1000mg/m?2 (on days 1 and 8 only
of a 3-week cycle) in combination with celecoxib 400mg BD. The clinical benefit rate in 30
patients was reported as 71% [95% CI, 58-84%]), and the median overall survival was 9.1
months (95% CI, 7.5-10.6 months).[89) However another phase II study showed that despite a
clinical benefit rate of 52% in 25 patients, the 12 month survival rate was 15%, which did not
reach predetermined efficacy in order to proceed to a phase III trial.[%]

5.1.7 Transforming growth factor-p (TGF-B), SMAD4, MET, and IGF-1

TGEF-B binds to cell receptors that lead to downstream activation of SMAD4 which in turn
moves into the cell nucleus to activate gene transcription. TGF-Bis also involved with
activating other pathways including Ras, PI3K and MAPK. Although tumour suppressive in
epithelial cells, it is also involved in mediating invasion and metastasis. In pancreatic cancer,
mutations in SMAD4 are seen in 50% and up to 4% of TGFp receptors.°ll Mutations of the
former can lead to reduced TGF-B tumour suppression as well as increased tumour cell
invasiveness. Exploitation of this pathway with inhibitors such as antisense oligonucleotides
specific to the TGF receptor are in early phase clinical development in several solid
malignancies including pancreatic cancer.[%2]

Overexpression of the c-MET proto-oncogene which codes for MET (mesenchymal-
epithelial transition factor) is common in a number of solid malignancies such as colon,
gastric, lung, breast, ovarian, bladder and pancreatic cancer.[®] The resultant protein -
hepatocyte transcription factor receptor (HGFR) is stimulated by HGF which is produced by
fibroblasts in the stromal microenvironent. This in turn, leads to further tumour growth,
angiogenesis, invasion, and metastasis formation. Similarly, the insulin-like growth factor
(IGF-1) and focal adhesion kinase (FAK) pathways which are implicated in tumour growth
and survival are overexpressed in pancreatic cancer. Inhibitors such as the selective cMET
inhibitor tivatanib (ARQ 197) and anti IGF-1 receptor antibody cixutumumab are also early
in clinical development.

5.1.8 Src

Src is a proto-oncogene which codes for a non-receptor tyrosine kinase (RTK). Src proteins
are a family of kinases involved in cell adhesion, and fibroblast division. Expression has
been documented in a variety of cancers including pancreatic cancer, where overexpression
is seen in 70%.194 Overexpressed Src can lead to upregulation of the IGF-1 receptor.[52l Phase
I trials of the BCR/ADI, c-kit and Src family inhibitor dasatinib have been performed in
patients in a variety of solid tumours but at present another dual Src and Abl tyrosine



68 Pancreatic Cancer — Clinical Management

kinase inhibitor SKI-606 (bosutinib) is undergoing phase I/1I evaluation with gemcitabine as
adjuvant therapy in the postoperative setting.[!

5.1.9 Hedgehog/Wnt pathways/Notch

The hedgehog signaling pathway plays an important part in embryonic development but
when aberrant, may be implicated in tumorigenesis. [%! Two transmembrane proteins work
in tandem. Ptch (patched), which is tumour suppressing, inhibits the Smo (smoothened)
protein which when activated by a Ptch mutation, allows hedgehog proteins to bind. This
leads to downstream activation of GLI-1 which promotes nuclear transcription. One of the
hedgehog proteins (Sonic Hedgehog - SHH) is expressed in 70% of pancreatic
adenocarcinoma. Preclinical evidence points to the drug cyclopamine inhibiting Smo, but
further trial evidence for hedgehog pathway inhibitors in pancreatic cancer patients is awaited.

The Wnt pathways are also important in normal embryonic development and mutations are
implicated in tumorigenesis. If the Wnt-B-catenin cascade pathway is aberrant (65% of
pancreatic cancer), abnormal overactivation of f-catenin occurs which promotes abnormal
nuclear transcription.[” There is preclinical evidence that blocking this pathway can lead to
pancreatic cell death, which may be a future potential target for treatment. It is thought that
chemokine receptor 4 (CXCR4)is key in tumour angiogenesis and metastasis. Specific
blockade of this chemokine receptor or its ligand SDF-1 may be a further potential future
clinical strategy. It is thought that inhibiting both these pathways may have anti cancer stem
cell effects.[%7]

Notch genes code for proteins also responsible for tumour differentiation, proliferation and
apoptosis and the pathway requires the enzyme gamma-secretase to be activated. Notch 3 is
also expressed in most pancreatic cancers with preclinical evidence of a potential role using
siRNA and secretase inhibitors in therapy.[%

5.1.10 Gastrin and cholecystokinin receptors

Targeting gastrin And the cholecystokinin receptor CCK-BR, with the intravenous agent
JB95008 (gastrozole) has been attempted in advanced pretreated pancreatic cancer but was
found to be no better than 5-FU in terms of survival.[%]

Another novel oral gastrin inhibitor named Z-360 has been was examined in a phase Ib/Ila
study and found to be active when given in combination with gemcitabine, with a future
randomised controlled trial planned.[100-101]

6. Biomarkers in pancreatic cancer

In contrast to other solid tumour malignancies, there have been relatively modest or poor
responses achieved with molecularly targeted agents to date in unselected patients with
pancreatic cancer. There is an urgent need for a personalised approach to better define
biomarkers in order to predict patients that are more likely to benefit from a particular
cytotoxic or molecular targeted therapy.

The biomarker with the most preclinical and clinical evidence is human equilibrative
nucleoside transporter 1 (hENT1). Gemcitabine requires transmembrane nucleoside
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transport proteins to enter cells and to have a therapeutic effect. Both hENT1 and 2 allow
this with hENT1 being more selective. A lack of hENT1 expression has been shown to
interfere with gemcitabine influx, and is associated with reduced efficacy and decreased
survival in patients.[102105 However it is not yet clear whether immunohistochemical hRENT1
expression or gene expression will be the most predictive measure, or whether there is a
concordance between hENT1 expression in primary and metastatic disease.

Once gemcitabine is transported into the cell, it is phosphorylated by deoxycytidine kinase
(dCK) to difluorodeoxycytidine. It is gemcitabine triphosphate's (dFdCTP) incorporation
into DNA that leads to strand termination. DFACTP is metabolised by cytidine deaminase
(CDA). There is evidence of correlation between dCK and CDA levels, and also detected
single nucleotide polymorphisms (SNPs) in genes that code for these and other proteins
involved in gemcitabine transport and metabolism, and overall survival.[1% However, to
date, attempts at increasing the effective intracellular concentration of gemcitabine and its
metabolite dFACTP have not translated into improved patient survival in the phase III trial
setting. Fixed-dose rate (FDR) gemcitabine (1,500mg/m2/150mins) only modestly improved
overall survival (6.2 vs. 4.9 months, HR 0.83 stratified log-rank p = 0.04) compared with
standard gemcitabine, and did not meet predetermined efficacy. It was also associated with
greater haematological toxicity.[107]

A modified form of gemcitabine, CP-4126 (gemcitabine-5'-elaidic acid ester, Clavis Pharma)
bypasses nucleoside transporters. It is undergoing phase Il evaluation in patients with
advanced pancreatic cancer, after a phase I study showed a good safety profile.[108-109]

Other promising predictive and prognostic biomarkers may include variations in cellular
histone modification patterns.[110] Immunohistochemical analyses of histone H3 lysine 4 and
9, dimethylation and histone H3 lysine 18 acetylation were performed on tissue banks.
Tissue was derived from patients with resected pancreatic tumours (including those in the
RTOG 9704 study which compared adjuvant 5-FU and gemcitabine). Low levels of some
histone modifications predicted a poorer disease-free survival if patients were treated with
adjuvant 5-FU compared with gemcitabine.

DPC4 (SMAD4) gene expression has recently found to be prognostic and associated with
local failure following adjuvant chemoradiotherapy, or with metastatic spread in locally
advanced disease.[-112] However prospective validation is still required, especially if
therapeutic targeting of this pathway is a future therapeutic option. These, and other
markers such as mismatch repair polymorphisms, are also yet to be prospectively validated.

7. Conclusion

Despite research into the medical management of pancreatic cancer, survival remains poor.
Numerous agents and combinations have been attempted in early phase clinical trials, but to
date, very modest improvements have been made in overall survival. Single agent
gemcitabine still remains the standard of care for most patients in both the adjuvant and
advanced settings with adjuvant chemoradiotherapy being more controversial. In the
advanced settings, gemcitabine or gemcitabine with erlotinib are appropriate for most, but
fit patients may benefit from gemcitabine-containing cytotoxic doublets. FOLFIRINOX is
now considered an option in the fittest of patients, but its toxicity is significant. Although no
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standard of care exists in the second-line setting, fluoropyrimidines, oxaliplatin, erlotinib
and taxanes including nab-paclitaxel show activity, often in combination regimens.

Increased knowledge of the molecular pathogenesis of pancreatic cancer has allowed new
targets and therapeutic strategies to emerge. However, true progress in the personalised
management of this disease will only be likely with equally important research into the
identification, and validation of appropriate predictive and prognostic biomarkers.
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Temporal Trends in Pancreatic Cancer
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1. Introduction

Pancreatic cancer is one of the most common malignancies of the digestive system and,
depending on the geographic area, fourth or fifth leading cause of cancer deaths (Lillemoe et
al, 2000; Simon & Printz, 2001). Between 1960 and 1980, the incidence rates had increased
significantly in most industrialised countries, including Poland. Corresponding 5-year
survival rates demonstrated only slight variations and remained stable at about 1-3%.
Surprisingly, results obtained from some population databases suggest that only about 30%
of patients registered as pancreatic cancer have been adequately verified by histopathology
(Wood et al, 2006). Moreover, since many studies included only small groups of patients,
previous reports did not properly reflect the actual changes, including long-term results of
treatment (Gudjonsson, 1995). As incidence rates were relatively high and the efficacy of
therapeutic methods was questionable, pancreatic cancer was subject to numerous clinical
trials (Jafari & Abbruzzese, 2004). However, no clear conclusions could be drawn in terms of
the best therapeutic approach due to marked differences between individual studies
(Gudjonsson, 1995).

Many epidemiological studies published over the last 50 years provided detailed data for
some general trends related to incidence and mortality rates for pancreatic cancer. Changes
in other areas of interest, such as variation in surgical and systemic therapy or long-term
outcomes are much less examined. Taking into account these facts, an analysis of temporal
trends for some surgical aspects of pancreatic disorders may provide significant information
supplementing the results of previous studies.

2. Methods

A literature search was performed using two bibliographic databases, i.e. PubMed and
Ovid. Databases were searched using combinations of the following keywords: (pancreatic
neoplasm or pancreatic cancer) and (trends or time related changes). Additionally all
patients diagnosed with pancreatic duct cell cancer (adenocarcinoma ductale) treated between
1972 and 2003 at the 1st Department of General and GI Surgery of Jagiellonian University
Medical College in Krakéw were reviewed. Other pancreatic tumours verified as non-duct
cell cancers and periampullary neoplasms were excluded. Clinical and demographic data,
including age, gender and type of therapeutic interventions, were collected from medical
records. Tumours were staged according to the TNM classification of Union Internationale
Contre Le Cancer (UICC) of 1997. The type and extent of surgical treatment was categorised
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based on commonly accepted criteria (Pedrazzoli et al, 1999). To analyse temporal trends for
pancreatic cancer, the study interval was divided into three periods, i.e. period 1 (1972-

1983), period 2 (1984-1993) and period 3 (1994-2003).

3. General epidemiological trends

Worldwide epidemiological studies on pancreatic cancer have demonstrated slightly higher
incidence rates in males irrespectively of the geographic area (Katanoda & Dongmei, 2008;
Katanoda & Yako-Suketomo, 2010; Levi et al, 2003; Michaud, 2004; Sahmoun et al, 2003).

Period 1 Period 2 Period 3
1972-1983 1984-1993 1994-2003 P
(n=145) (n=294) (n=508)
Gender female 70 (48%) 106 (36%) 222 (44%) 0.027
male 75 (52%) 188 (64%) 286 (56%) )
Age, median (95%CI) 58 (57-62) 60 (58-62) 63 (62-65) <0.001*
Location head 89 (61%) 199 (68%) 341 (67%)
body 50 (35%) 71 (24%) 140 (28%) 0.147t
tail 6 (4%) 24 (8%) (5%)
Stage I 0 (0%) 7 (2%) 5 (1%)
II 3( %) 2 (1%) 16 (3%)
I 8 (6%) 11 (4%) 2@% | W
v 134 (92%) 274 (93%) 455 (90%)
Therapy surgical 117 (81%) 228 (78%) 376 (74%) 0192t
conservative 28 (19%) 66 (22%) 132 (26%) )
Type of surgical procedures
resective 11 (9%) 46 (20%) 115 (31%) <0.001t
non-resective 106 (91%) 182 (80%) 261 (69%)
Type of pancreatic resections
PD 8 (73%) 22 (48%) 6 (40%)
PPD 0 (0%) 4 (8%) 14 (12%) 0.557t
distal pancreatectomy 2 (18%) 10 (22%) 2 (19%)
total pancreatectomy 1(9%) 10 (22%) 3 (29%)
Type of non-resective surgery
laparotomy 38 (36%) 62 (34%) 81 (31%)
biliary bypass 55 (52%) 64 (35%) 19 (7%) <0.001t
gastro-enteric bypass 4 (4%) 13 (7%) 67 (26%)
biliary and enteric bypass 9 (8%) 43 (24%) 94 (36%)
Chemotherapy
no 138 (95%) 222 (76%) 231 (45%) <0.01t
yes 7 (5%) 72 (24%) 277 (55%)
Median survival, months (95%CI)
overall 5.2 (4.7-5.6) 6.2 (5.2-7.2) 7.6 (6.7-8.5) | <0.0018
pancreatic resections 26.6 (10.4-42.8) | 14.3 (11.2-17.4) | 20.0 (13.7-26.3) | 0.0418
unresectable tumours 5.0 (4.5-5.6) 5.5 (4.6-6.5) 59 (5.1-6.6) | <0.0015

Table 1. Demographic and clinical data of patients with pancreatic cancer
(PD -pancreatoduodenectomy, PPPD - pylorus-preserving PD, t chi-square test;
1 ANOVA analysis of variance, § log-rank test)
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Most authors agree that this phenomenon is mainly related to the exposure to carcinogens,
particularly smoking. The role of the latter factor has been confirmed by increasing
incidence trends in populations with a high proportion of smoking individuals and
lowering incidence in countries where smoking is decreasing, i.e. Sweden (Bobak, 2003;
Flook & van Zanten, 2009; Luo et al, 2008; Mulder et al, 2002; Simon & Printz, 2001).

Between 1972 and 2003, a total of 1708 patients with chronic pancreatic and periampullary
disorders were hospitalised, including 947 patients with histopathologically verified
pancreatic duct cell cancer (Popiela et al, 2007). Fifty-eight per cent of 947 patients with
pancreatic cancer were males (n=549) and 42% (n=398) females. Although the proportion of
males increased temporarily to 64% in period 2, it subsequently decreased to values
observed in period 1 (tab. 1). The median age was 62 years (95% confidence interval [CI] 61 -
62) and demonstrated a significant increasing trend over time. Similarly to other authors, we
have recorded a significant increase in the proportion of females diagnosed with pancreatic
cancer over the last twenty years. The significant increasing trend for the median age shown
in our series was similar to other reports where growing numbers of pancreatic resections
were carried out in elderly patients (Delcore et al, 1991; DiCarlo et al, 1998; Sohn et al, 1998).

4. Changes in pathological findings

Numerous changes have been observed worldwide in the diagnostics of pancreatic cancer
during the last five decades. The number of cases diagnosed at laparotomy carried out due
to jaundice or epigastric complaints decreased sharply as abdominal ultrasound was
introduced into routine clinical practice (Soreide et al, 2010). Subsequently, ultrasound was
gradually replaced by less operator-dependent imaging techniques, such as computed
tomography (CT) and magnetic resonance imaging (MRI). A gradual increase in the use of
endoscopic ultrasonography (EUS) and positron emission tomography (PET) has been
observed over the recent years, but their application is usually limited to some specific
clinical situations. The proportion of patients diagnosed solely with US and CT nowadays
varies between 75% and 85%, while other imaging techniques (MRI, PET, EUS) are used less
frequently (David et al, 2009; Ngamruengphong ef al, 2010).

The majority of lesions treated in our centre was located in the head of the pancreas (n=629,
66%), whereas cancers of the body and tail were found in 28% (n=261) and 6% (n=57) of
cases, respectively. There were no significant differences in the proportions of tumours
located in the head, body and tail of the pancreas over time (Popiela et al, 2007). However,
other authors suggested some variation over time. Based on 43,946 cases of pancreatic
cancer recorded between 1973 and 2002 in the Surveillance, Epidemiology, and End Results
(SEER), Lau et al. found a 46% increase in the incidence of body/tail cancers (Lau et al,
2010). Reports from other geographic areas mostly failed to demonstrate any significant
change in the prevalence of distally-located cancers.

Technical improvements in imaging methods and their wider accessibility should theoretically
allow for an earlier diagnosis of pancreatic cancer leading to reduced proportions of advanced
tumours and increased resectability rates. Surprisingly, most cohort studies failed to
demonstrate any marked increase in the proportion of cancers at a lower stage (Cress et al,
2006; Janes et al, 1996; Niederhuber et al, 1995; Riall et al, 2006; Sener et al, 1999). The percentage
of patients with stage IV tumours in our series, similarly to other reports, showed only a slight
lowering trend. Although this phenomenon was accompanied by increasing resectability rates,
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the proportion of stage groups in patients undergoing pancreatic resections remained stable.
Similarly to our findings, other authors reported only slight variations in staging patients with
pancreatic cancer. In a population of 2986 cases of pancreatic cancer from the Digestive Cancer
Registry of Burgundy (France) over a 30-year period (1976-2005) the overall proportion of
stage I, II and III tumours was 1.3%, 2.2% and 5.4%, respectively (David et al, 2009). The
proportion of stage I-II cancers slightly increased from 2.8% in the 1976-1980 period to 8.8% in
the 2001-2005 period, though these changes were highly significant (P<0.001). Nevertheless,
metastatic and/or non-resected cases decreased only by about 10% from 95.2% to 85.5%. The
increasing trend of resectability rates found in this study was also confirmed by authors from
various geographic areas. In a group of 16,758 patients treated between 1980 and 2000 in
Sweden, the proportion of resectable tumours observed by Linder et al. increased from 7.2% to
15.1% (Linder et al, 2006). A similar trend was reported for the US population in a recent study
involving 24,016 patients (Riall et al, 2006).

5. Surgical trends

Improved diagnostic methods increased the percentage of patients diagnosed with metastatic
disease before surgery. Simultaneous development of endoscopic methods allows to perform
biliary or duodenal stenting, and along with better imaging tests, has contributed to the
decreasing rates of open surgery in patients with disseminated disease (Lefebvre et al, 2009).

Two hundred and twenty-six of 947 analysed patients (24%) were disqualified from surgical
intervention. The remaining 721 (76%) patients were subject to surgical therapy and this
proportion decreased insignificantly from 81% to 74% in the last decade. Pancreatic resections
were performed in 172 (24%) patients and the resectability rate increased significantly from 9%
to 31% between period 1 and 3, respectively. No significant changes in the type of pancreatic
resections could be demonstrated for the whole cohort. However, an increasing proportion of
pylorus-preserving pancreaticoduodenectomy (Traverso procedure) from 0% to 23% in the last
period was found for lesions located in the head of the pancreas. The percentage of patients
undergoing only exploratory laparotomy was stable over time with a mean value of 33%. The
proportion of patients with biliary bypass significantly decreased with a concomitant increase
in the ratio of gastro-enteric and double bypass procedures.

A gradual increase in endoscopic procedures is commonly reported in most reports. Linder et
al. reported a significant reduction in the proportion of patient subject to surgical biliary
bypass from 45.9% between 1980 and 1986 to 18.1% between 1994 and 2000 (Linder et al, 2006).
These changes were accompanied by a lowering percentage of gastro-enteric bypass from
33.8% to 22.8%. Lefebvre et al. reported a similar decreasing trend for palliative surgery from
55% in 1978-1982 to 32% in 1998-2002 due to the more common use of endoscopic stenting
(Lefebvre et al, 2009). We have found analogical variations in biliary bypass from 52% to 7%,
but as opposed to Linder et al. the percentage of gastro-enteric and simultaneous biliary and
enteric bypasses increased from 4% to 26% and from 8% to 36%, respectively. This change in
the therapeutic strategy was related mainly to our analysis of patients requiring open surgery
for upper gastrointestinal ileus and results of randomized clinical trials supporting the idea of
prophylactic gastro-enteric bypass (Lillemoe et al, 1999; Popiela et al, 2002b; Van Heek et al,
2003). The increasing proportion of pylorus-preserving pancreaticoduodenectomy observed in
the last decade for patients undergoing pancreatic head resections reflects the current belief
that the procedure does not impair oncological radicality and, as suggest some authors,
reduces adverse metabolic consequences of pancreatic resections (Schafer et al, 2002).
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The most important aspect of surgery-related trends in pancreatic cancer is associated with
markedly decreasing postoperative mortality. We have observed similar changes in the
early postoperative outcomes and long-term survival as those reported by other authors
(Popiela et al, 2002b; Sierzega et al, 2006). In particular, a significant lowering trend of
postoperative mortality rates was found from values exceeding 10% in the early eighties to
an average of 4.1% in the last decade (fig. 1) (Popiela, 1979; Popiela et al, 2004).
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Fig. 1. Postoperative mortality rates for pancreatic resections in consecutive years

6. Trends in systemic therapy

Pancreatic surgery has reached a plateau in terms of long-term survival observed for
patients with pancreatic cancer (Popiela et al, 2002a; Popiela et al, 2002c). Therefore, further
improvements should only be expected from combined modality therapy. IN our series,
various regimens of chemotherapy were used in 38% (n=356) of cases and the percentage of
patients qualified of systemic therapy increased significantly from 5% in period 1 to 55% in
period 3. Fluorouracil was the primary chemotherapeutic agent until 1997 and afterwards
was replaced by multidrug regimens based on gemcitabine, cisplatin and irinotecan.

Although there is no uniform consensus on adjuvant therapy of pancreatic cancer, a recent
meta-analysis of clinical trials have supported the benefits of chemotherapy found in our
study (Stocken et al, 2005). The most recent analysis of data from the SEER registry in 1910
patients who underwent resections for pancreatic adenocarcinoma performed between 1991
and 2002 reflects the overall change in the proportion of patients qualified for systemic
treatment after surgical intervention (Simons et al, 2010). The proportion of subjects
receiving adjuvant chemoradiotherapy in US increased from 26% in 1991-1993 to 37% in
2000-2002. The role of palliative chemotherapy is also increasing as demonstrated in a recent
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meta-analysis of clinical trials, where chemotherapy significantly prolonged survival
compared to symptomatic therapy (Yip et al, 2009). Another meta-analysis on gemcitabine
combined with platinum agents provided additional proofs for combination therapy, as the
concomitant use of both drugs significantly increased response rates and prolonged time to
progression (Xie et al, 2006). Results of our studies showed that any gemcitabine based
regimen of palliative chemotherapy produced better results than observed in control groups
and the combination of gemcitabine and cisplatin was the most effective regimen (Popiela et
al, 2001; Popiela et al, 2005). Increased rates of adjuvant and palliative chemotherapy have
been reported by several authors (David ef al, 2009; Lefebvre et al, 2009).

7. Changes in prognosis

The overall median survival in our series was 7.1 months (95%ClI 6.6 to 7.6) and was
significantly longer after pancreatic resections (median 14.8 months; 95%CI 11.5 to 16.9) than
in the remaining cases (median 5.8 months; 95%CI 4.4 to 6.9). The overall 5-year survival
rate was 4.5% and increased to 14.3% for resective cases. No patient with unresectable
tumour survived 5 years from the time of diagnosis. Pairwise comparisons of survival
functions demonstrated statistically significant differences between each stage according to
UICC 1997 (fig. 2).
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Fig. 2. Stage-specific survival for resectable pancreatic cancer

The 5-year survival rate for stage I was 50.3% with a median survival of 63.1 months (95%Cl
7.6 to 118.6). Five-year survival rates of 16.5% and 5.9% for stage 1l and III, respectively,
were significantly lower. Corresponding median survival times were 33.2 months (95%CI
21.0 to 45.5) and 20.1 months (95%CI 14.8 to 25.3). The median survival of patients with
stage IV cancers was 6.2 months (95%CI 5.7-6.6) and no patient survived 5 years. The
median and 5-year survival rates after curative resections (R0 according to UICC) were 27.9
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months and 29.4%, respectively. The corresponding duration of median survival for
microscopically (R1) and macroscopically (R2) non-radical resections of 11.4 and 11 months
was significantly shorter. No patient survived 5 years after either R1 or R2 resection. A
significant increasing trend for overall survival was found between period 1 and 3 (fig. 3,
tab. 1). The correlation coefficient for the median survival of patients treated in consecutive
years was 0.59 and this increasing trend was statistically significant (fig. 4). The median
survival of patients undergoing pancreatic resections during the last decade (20 months,
95%ClI 13.7 to 26.3) was significantly longer than for the period 1984-1993 (14.3 months,
95%CI 11.2 to 17.4). However, the differences between median survival during 1972-1983
and 1984-1993 or 1972-1983 and 1994-2003 were statistically insignificant (fig. 5).
Nevertheless, the median survival of patients with unresectable tumours increased
significantly between consecutive periods (fig. 6).

Long-term results in patients treated for pancreatic cancer demonstrate only slight
variations over the last 30 years with 5-year survival rates of 1-3% (Gudjonsson, 1995;
Lillemoe et al, 2000; Tsiotos et al, 1999). Nevertheless, the number of reports describing
improving survival trends is growing (Riall et al, 2006; Wood et al, 2006). The 2.4-month
increase in the overall median survival found in our patients was due to improvements
observed in both resectable (from 14.3 months between 1984 and 1993 to 20 months between
1994 and 2003), and unresectable cases (from 5 months between 1972 and 1983 to 5.9 months
in the last decade). The relatively high median survival (26.6 months) in resectable patients
treated in period 1 was related to the small number of cases (11 patients). In a recent
publication of 1423 patients undergoing pancreaticoduodenectomy for pancreatic cancer,
the median survival increased significantly from 8 months in the eighties to 19 months in
patients operated after 2000 with comparable proportions of stage groups (Winter ef al, 2006).
A similar trend was also reported by Riall et al. in a large study on unresectable
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pancreatic cancer (Riall et al, 2006). In 12043 cases of disseminated disease, the proportion of
patients who survived 2 years increased from 1.4% between 1988 and 1991 to 2.3% between
1996 and 1999. A recent analysis of the SEER database showed a similar improving trend for
overall survival in patients with pancreatic cancer (Lau et al, 2010). The overall 3-year
survival rate increased from 4.3% to 6.2% from 1973 to 1987 to 1988 to 2002 for tumours of
the pancreatic head and from 2.8% to 3.9% in pancreatic body/tail cancers. Similar
observations were reported from the South Australian Cancer Registry covering the period
from 1977 to 2006 with 4,166 pancreatic cancers (Luke et al, 2009) and 21,663 patients from
the Cancer Registry of Norway for the period 1965-2007 (Soreide et al, 2010).

8. Conclusion

The analysis of 947 patients with pancreatic cancer treated between 1972 and 2003
demonstrated the existence of significant trends mainly for early postoperative and long-term
outcomes. Postoperative mortality rates significantly decreased from values exceeding 10% in
the early eighties to an average of 4.1% in the last decade. The overall median survival
increased from 5.2 to 7.6 months and this change was reflected by improving outcomes in both
resectable and unresectable disease. The observed changes are attributed mainly to the
increasing role of combined therapy and emphasise the importance of such an approach.

Even with easily accessible imaging tests, the majority of patients with either cancer is still
diagnosed at an advanced stage. Therefore, improved diagnostic procedures at the level of pre-
hospital care are the key for actual improvement of patients” survival. Primary care physicians
and specialists diagnosing patients with obstructive jaundice are of particular importance since
endoscopic procedures commonly performed by gastroenterologists cannot be regarded as
curative therapy and the need for surgical exploration should always be considered.
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1. Introduction

Pancreatic carcinoma is one of the most lethal solid tumors, with particularly high mortality-
to-incidence rates. Indeed, about 278,684 people were diagnosed worldwide of pancreatic
cancer in 2008, of whom 266,669 dyed from the disease in the same year (Ferlay et al, 2010).
The greatest impact is observed in developed countries were pancreatic cancer has become
the fourth leading cause of cancer-related death (Jemal et al, 2010).

Pancreatic ductal adenocarcinoma represents more than 90% of pancreatic malignancies.
The majority arise in the head, neck or uncinate process (60-70%), being less commonly
encountered in the body (5-10%) or tail (10-15%) of the gland (Solcia et al, 1997). Clinical
presentation is often related to the location of the primary tumor within the gland,
although many patients often undergo an initial period of nonspecific symptoms such as
back pain or vague gastrointestinal distress. Jaundice may be a relatively early symptom
for tumors located in the head or uncinate process of the pancreas. However, left-sided
pancreatic tumors may remain asymptomatic for long periods of time. Other associated
disorders include acute pancreatitis or diabetes mellitus, and when they develop in
patients without risk factors or in conjunction with other associated symptoms such as
pain, anorexia or weight loss, the possibility of an underlying malignancy should be
considered. Thromboembolic complications are also very common and are associated
with a poor prognosis, with an incidence ranging from 17% to 57% (Khorana & Fine,
2004). Anorexia, weight loss or gastric outlet obstruction generally occur late in the course
of the disease. Nevertheless, even early symptoms in this tumor are usually indicative of
advanced disease.

Clinical features of pancreatic adenocarcinoma translate its extremely high propensity for
local invasion and distant spread, underscoring the great difficulty to obtain an early
diagnosis. In fact, more than 70% of patients present with unresectable, locally advanced or
metastatic disease at the time of diagnosis (Stathis & Moore, 2010), and 70-80% of resected
tumors will eventually relapse following surgery. Once the tumor has progressed beyond
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surgical resectability, prognosis is rather poor, with median survival ranging from 6 to 9
months and 5-year overall survival rates of less than 5% (National Cancer Institute, 2010;
Jemal et al, 2008).

In recent years there has been only minimal progress in the systemic treatment of metastatic
pancreatic cancer. Current standard therapies have a limited impact on the natural history
of this disease and improvements in systemic therapy are desperately needed in order to
improve the prognosis of these patients. However, intense translational and clinical research
has lead to a better and deeper understanding of the complex molecular biology of this
tumor and shall help improve the development of new more effective drugs in this disease.

2. Conventional cytotoxic therapy
2.1 Monotherapy

Early randomized trials demonstrated that several 5-fluorouracil (5FU)-based combination
chemotherapy regimens improved survival (hazard ratio [HR] = 0.64; 95%CI, 0.42 to 0.98)
and quality of life of patients with advanced pancreatic cancer over best supportive care
(BSC) alone (Sultana et al, 2007). Subsequent studies showed, however, that 5FU-based
combination therapy did not result in better overall survival compared with 5FU alone (HR
=0.94; 95% CI, 0.82 to 1.08). 5FU monotherapy became, consequently, the standard of care
for pancreatic cancer. Reported response rates widely ranged from 0% to 19% (Evans et al,
1997), partly due to the lack of standardized criteria to assess response in these early trials,
with median survival times of 4.2 to 5.5 months (Burris et al, 1997).

During the 1990s several non-controlled trials suggested some promising activity of a new
drug in pancreatic cancer, gemcitabine. The pivotal study by Burris et al was responsible for
the change in practice from 5FU to gemcitabine based on a marginal survival advantage and
an improvement in clinical benefit response favoring gemcitabine-treated patients. This trial
enrolled 126 patients with chemotherapy-naive advanced symptomatic pancreatic cancer
who were randomly allocated to receive gemcitabine (1000 mg/m2/week x 7 followed by 1
week of rest, and then weekly x 3 every 4 weeks) or 5-FU (600 mg/m2/week) until disease
progression, clinical deterioration or unacceptable toxicity (Burris et al, 1997). The primary
efficacy outcome was clinical benefit response (CBR), a term introduced for the first time in
this trial, which was a composite of measurements of pain (analgesic consumption and pain
intensity), Karnofsky performance status and weight. No statistically significant difference
was found between study arms in terms of objective response (gemcitabine 5.4% vs 5-FU
0%), but patients in the gemcitabine arm experienced improved CBR (24% vs 5%) and
overall survival (5.65 months vs 4.41 months, p=0.0025), with 1-year survival rates also
favoring gemcitabine-treated patients (18% vs 2%).

Further trials aimed to optimize gemcitabine administration schedule. Gemcitabine
(difluorodeoxycytidine) is a nucleoside analogue capable of inhibiting ribonucleotide
reductase to deplete nucleoside pools, and its phosphorylated metabolite is incorporated
into DNA causing chain termination and inhibition of DNA synthesis, function and repair.
Phosphorylation of gemcitabine to the monophosphate by deoxycytidine kinase is the rate-
limiting step in the accumulation of the active diphosphate and triphosphate metabolites.
Some early clinical studies observed the rate of gemcitabine triphosphate accumulation by
mononuclear cells and leukemia cells was optimized using dose rates of 10 mg/m2/min.
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Conversely, preclinical data had suggested a dose-response relationship independent of
infusion duration. In light of these data, a randomized phase 1II trial conducted in 92
pancreatic cancer patients was designed to assess the efficacy of two dose-intense schedules
of gemcitabine: a dose-intense schedule administering gemcitabine as a standard 30-minute
infusion (2200 mg/2/week) versus gemcitabine administered at a fixed dose rate (FDR) of
10 mg/m2/min (1500 mg/m2/week 150-minute infusion) (Gelibter et al, 2005; Tempero et
al, 2003). Patients in the FDR infusion arm experienced increased survival rates (18% vs 2%
at 2 years, p=.007), consistent with the higher intracellular gemcitabine triphosphate
concentrations observed in these patients, although at the expense of increased hematologic
toxicity. However, a confirmatory phase III trial failed to confirm a survival advantage for
the FDR regimen over the standard administration (Poplin et al, 2009).

2.2 Combination chemotherapy

Although the benefit of chemotherapy in patients with advanced pancreatic cancer is well
established, the magnitude of the effect is rather small, with an absolute improvement of
survival at 5 years of 3% to 6% (survival rates from 1975-77 to 1999-2005) (Oberstein & Saif,
2011). Over the past decade, multiple randomized trials have been performed to assess a
number of gemcitabine-combination chemotherapy regimens in an effort to improve these
modest results. These have included combinations with 5-FU (Berlin et al, 2002; Riess et al,
2005), capecitabine (Herrmann et al, 2007; Bernhard et al, 2008; Cunningham et al, 2009),
cisplatin (Heinemann et al, 2006; Colucci et al, 2002, 2009), oxaliplatin (Louvet et al, 2005;
Poplin et al, 2009), irinotecan (Rocha et al, 2004; Stathopoulos et al, 2006), exatecan (Abou
Alfa et al, 2006) and pemetrexed (Oettle et al, 2005a). Individually, although many of these
studies observed some improvement in terms of response rate and progression free survival
favoring combination therapy, the great majority failed to demonstrate a survival benefit
(Table 1).

The largest and most recent meta-analysis, however, confirm a modest although significant
benefit in survival for gemcitabine combinations over gemcitabine alone (HR 0.91; 95%Cl:
0.85 to 0.97; p=0.004) in patients with locally advanced or metastatic pancreatic cancer
(Sultana et al, 2007; Heinemann et al, 2008b). The magnitude of this benefit was remarkably
greater (HR 0.76; 95%CI: 0.67 to 0.87; p<0.0001) in patients with good performance status
(representing 38% of all patients included in the meta-analysis). In subgroup analysis,
platinum compounds (3 trials, 1077 patients; HR 0.85; 95%CI 0.74-0.96) and capecitabine (3
trials, 935 patients; HR 0.83; 95%CI 0.72-0.96) in combination with gemcitabine consistently
showed improved survival over single-agent gemcitabine. Insufficient evidence was
observed, nevertheless, to support combination of gemcitabine with 5FU or irinotecan.

The rationale for the combined use of gemcitabine and cisplatin is based on the preclinical
evidence that gemcitabine not only increases cisplatin-induced DNA cross links, but also
effectively inhibits their repair, and cisplatin, on the other hand, enhances the incorporation
of gemcitabine triphosphate into DNA. In vitro studies show synergistic cytotoxicity and
several non-controlled clinical studies suggested improved efficacy. Some early randomized
studies observed increased response rates and progression free survival for patients treated
with the cisplatin-gemcitabine combination as compared to those treated with gemcitabine
alone (Colucci et al, 2002; Heinemann et al, 2006), with a non-significant trend towards a
longer survival. However, more recent and larger trials have failed to confirm a significant
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Reference  Treatment  Number Response Rate PFS OS
of patients (%) (months) (months)
Berlinetal GEM vs 327 5.6 vs 6.9 22vs34 5.4 vs 6.7
(2002) GEM+5FU (p=0.022) (p=0.09)
Herrmann GEM vs 319 7.8 vs 10 39vs4.3 72vs 8.4
etal (2007) GEM+ (p=0.103) (p=0.234)
CAP
Cunningh  GEM vs 533 12 vs 19 3.8vs5.3 6.2vs7.1
am et al GEM+ (p=0.034) (p=0.004) (p=0.08)
(2009) CAP
Colucciet  GEM vs 107 9.2vs 26.4 1.8 vs 4.6 5vs7.5
al (2002) GEM+CIS (p=0.02) (p=0.048) (p=0.43)
Colucciet GEM vs 400 10.1vs 12.9 39vs3.8 83vs7.2
al (2010) GEM+CIS (p=0.37) (p=0.80) (p=0.38)
Heineman GEM vs 195 8.2vs10.2 31vs53 6vs7.6
netal GEM+CIS (p=0.053) (p=0.15)
(2006)
Louvet et GEM vs 313 17.3 vs 26.8 3.7vs 5.8 71vs9
al (2005) GEM+0OX (p=0.04) (p=0.04) (p=0.13)
Poplinetal GEM vs 832 6vs10vs9 2.6 vs 3.5 49vs 6.2
(2009) GEM FDR (p=0.11) (p=0.04) vs 2.7  (p=0.04)
GEM+OX (p=0.1) vs 5.7
(p=0.22)
Stathopoul ~GEM vs 145 10 vs 15 28vs29 6.4vs 6.5
os et al GEM+IRI (p=0.39) (p=0.79) (p=0.97)
(2006)
Rocha GEM vs 360 44 vs1le6.1 3vs3.5 6.6 vs 6.3
Limaetal = GEM+IRI (p<0.001) (p=0.352) (p=0.789)
(2004)
Oettleetal GEM vs 565 71vs14.8 33vs3.9 6.3 vs 6.2
(2005a) GEM+ (p=0.004) (p=0.11) (p=0.847)
PEM
Abou Alfa GEM vs 349 4.6vs 6.3 3.8 vs 3.7 6.2 vs 6.7
et al (2006) GEM+EXA (p=0.22) (p=0.52)

5FU, 5-fluoruracil; GEM, gemcitabine; CAPE, capecitabine; CIS, cisplatin; OX, oxaliplatin; IRI,
irinotecan; EXE, exatecan; PEM, pemetrexed; RR, response rate; PFS, progression free survival; OS,
overall survival.

Table 1. Selected phase III trials of gemcitabine-based chemotherapy in advanced pancreatic
cancer

impact on overall survival, whereas combination therapy was associated with greater
hematological toxicity (Colucci et al, 2010). Similar findings have been observed with the
combination of gemcitabine with oxaliplatin (GEMOX). GEMOX was superior to
gemcitabine in terms of response rate (26.8% v 17.3%; p=0.04), progression-free survival (5.8
v 3.7 months; p=0.04), and clinical benefit (38.2% v 26.9%; p=0.03), with a trend for an
improved survival (9.0 v 7.1 months, p=0.13) (Louvet et al, 2005). Severe toxicities were
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however more commonly induced by the combination, particularly thrombocytopenia,
emesis and neurotoxicity. More recently published trials, again, did not confirm these
benefits for the GEMOX regimen (Poplin et al, 2009).

Combination of gemcitabine plus capecitabine is the other cytotoxic chemotherapy doublet
that has shown some advantage over gemcitabine alone. Two recent phase III studies
consistently demonstrated a gain in terms of progression free survival (PFS) for the
combination, although the benefit in overall survival (OS) only achieved statistical
significance in the meta-analysis of these trials (Cunningham et al, 2009; Herrmann et al,
2007). Cunningham et al randomized 533 patients to receive gemcitabine (1000 mg/m2 in
30-min infusion weekly x 3 every 4 weeks) plus capecitabine (830 mg/m?2/12 hours day 1-21
every 28 days) versus gemcitabine alone. Combination therapy obtained higher response
rates (19.1% vs 12.4%, p=0.034) and PFS (5.3 vs 3.8 months; HR 0.78, 95% CI 0.66-0.93,
p=0.004) and a trend toward better OS of borderline significance (7.1 vs 6.2 months; HR 0.86,
95% CI 0.72-1.02, p=0.08). Herrmann and colleagues randomized 319 patients to receive
either gemcitabine (1000 mg/m2 days 1 and 8 every 21 days) plus capecitabine (650
mg/m?2/12 hours days 1-14 every 21 days) or gemcitabine alone (1000 mg/m?2 weekly for 7
weeks and one week off, and then weekly x 3 every 4 weeks). No significant differences
were observed among study arms in terms of response rate, clinical benefit or quality of life
(Bernhard et al, 2008), and the primary endpoint of the study, OS, was not reached (8.4 vs
7.2 months, p=0.234). However, post hoc analysis did show a significant survival advantage
for the gemcitabine-capecitabine combination in patients with good performance status (10.1
vs 7.4 months, p=0.004). In both studies toxicity in the combination arm was tolerable, with
a low incidence of grade 3-4 adverse events, being neutropenia and diarrhea the most
commonly encountered toxicities. In light of these results, treatment with gemcitabine plus
capecitabine may be considered in fit patients with advanced pancreatic cancer.

Other multidrug combinations have also been investigated over the past years in several
phase II-III trials, including PEFG (cisplatin, epirubicin, gemcitabine and 5-FU) (Reni et al,
2005), G-FLIP (irinotecan, gemcitabine, 5-FU, leucovorin and cisplatin) (Goel et al, 2007), and
active schedules in other gastrointestinal cancers such as FOLFOX-6 (oxaliplatin, 5-FU and
folinic acid) (Ghosn et al, 2007) or FOLFIRIL.3 (irinotecan, 5-FU and folinic acid) (Taieb et al,
2007). Increased tumor responses and progression free survival have been reported for some
of these regimens (Reni et al, 2005), although at the expense of a worse toxicity profile with
no impact on survival. However, the combination of Gemcitabine and nab-paclitaxel, an
albumin-bound formulation of paclitaxel particles (Celgene, Summit, NJ), deserves special
mention (Von Hoff et al, 2011). nab-Paclitaxel has shown antitumor activity in various
advanced cancer types that overexpress the albumin-binding protein SPARC (secreted
protein acidic and rich in cysteine), including breast, lung, and melanoma. Results of the
phase I/1I trial of this combination, with an overall response rate of 48%, a median survival
of 12.2 months, and a 1-year survival rate of 48% at the MTD are among the highest ever
reported for a phase II study in patients with advanced pancreatic cancer. Interestingly,
SPARC expression in the stroma, but not in the tumor, was correlated with improved
survival (median survival of 17.8 v 8.1 months for high- vs low- SPARC tumors,
respectively; P=.0431), suggesting SPARC could be a potential new predictive biomarker of
nab-paclitaxel activity. This promising results have prompted the conduction of a large
international phase III study that is close to complete accrual. Also recently reported, results
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of the PRODIGE 4/ ACCORD 11 trial comparing gemcitabine alone (1000 mg/m2 weekly x 7
every 8 weeks and then weekly x 3 every 4 weeks) to FOLFIRINOX (oxaliplatin 85 mg/m2,
irinotecan 180 mg/m?2, 5-FU 400 mg/m?2 given as a bolus followed by 2400 mg/m?2 given as
a 46-hour continuous infusion; and leucovorin 400 mg/m?2; every 2 weeks) demonstrated
remarkable and significant improvements in response, progression free and overall survival
rates favoring patients treated with FOLFIRINOX (31% vs. 9%, 6.4 months vs. 3.3 months,
and 11.1 months vs. 6.8 months, respectively) (Conroy, 2011). These results are somewhat
surprising, given the known modest activity of each of the individual drugs included in the
regimen, and shall be confirmed. In addition, the higher toxicity profile of this combination
limits its widespread use as standard of care in patients with metastatic disease, often frail.
However, it may be an excellent option for carefully selected patients, particularly those
with locally advanced borderline resectable disease. Anyhow, this is the first phase III
randomized trial that has demonstrated a benefit in overall survival of unquestionable
clinical relevance for patients with advanced pancreatic cancer, and it may change the
classical paradigm of gemcitabine as the keystone in the management of advanced
pancreatic cancer.

2.3 Gemcitabine-resistant disease

Once the disease progresses to gemcinatine-based therapy there is no accepted standard
of care and most patients will not be suitable candidates for further therapy due to clinical
deterioration. Second-line chemotherapy may be considered, however, in patients who
maintain good performance status, although efficacy in this setting is questionable.
Overall, it is estimated that approximately 30% of patients are in good condition
(including good performance status and adequate organ function) for consideration of
second-line treatment (Gounaris et al, 2010). A number of trials have been performed
assessing the efficacy of different antineoplastic agents in this context. Most of the
published evidence, however, consists of small phase II studies testing a variety of drugs
in a heterogeneous population.

Oxaliplatin-fluoropyrimidine doublets are probably the chemotherapy regimens most
widely evaluated in gemcitabine-resistant disease. Several small phase II studies showed
some promising activity with different combinations of oxaliplatin and 5FU or capecitabine
(FOLFOX, OFF, XELOX,..), with median survival (6-7 months) that did not substantially
differed from that observed in chemotherapy-naive patients (Tsavaris et al, 2005; Xiong et al,
2008). These results prompted the development of a phase III study (Charité Onkologie;
CONKO 003) that aimed to evaluate the efficacy of the OFF regimen (oxaliplatin,
fluorouracil and folinic acid) compared with best supportive care in gemcitabine-pretreated
patients. Unfortunately, the control arm was closed after 46 of the planned 165 patients were
enrolled due to clinician reluctance to enroll in a no-treatment arm (Oettle et al, 2005b). The
results of this initial cohort, however, showed a substantial improvement in overall survival
for treated patients (22 vs 10 weeks, p=0.0077). The trial design was then modified to include
an alternative comparator arm consisting of 5FU plus folinic acid (FF regimen) and 165
patients were subsequently enrolled. Toxicity was acceptable with few grade 3-4 adverse
events. Median progression-free survival and overall survival were significantly better in
the OFF arm (13 vs 9 weeks, p=0.012, and 26 vs 13 weeks, p=0.014, respectively) (Pelzer et al,
2008).
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Combining gemcitabine and oxaliplatin (GEMOX) has been another commonly evaluated
therapeutic schedule. Two small non-controlled trials investigated the efficacy of oxaliplatin
plus fixed-dose rate gemcitabine in patients who had progressed on single agent
gemcitabine. Although reported response rates were relevant (21-24% of partial responses),
toxicity was not negligible, with up to half of the patients developing at least one grade 3
adverse event (Demols et al, 2006, as cited in Gounaris et al, 2010; Fortune el al, 2009, as
cited in Gounaris et al, 2010). These results, together with the findings of the phase III E6201
conducted in chemotherapy-naive patients failing to demonstrate a survival advantage for
the combination, do not warrant further evaluation of this regimen in the second-line setting
(Poplin et al, 2009).

Irinotecan has been tested both as single agent and in combination with oxaliplatin or
fluoropyrimidines showing some activity and an acceptable toxicity profile (Yi et al, 2009;
Cantore et al, 2004). A direct comparison between oxaliplatin- and irinotecan-based
regimens was made by Hwang and colleagues in a small randomized phase II trial (Hwang
et al, 2009). Sixty patients were enrolled and randomly allocated to receive FOLFOX
(oxaliplatin, folinic acid and infusional 5FU) or FOLFIRL3 (the same folinic acid and 5FU
schedule combined with irinotecan) after gemcitabine failure. No significant differences were
observed among study arms neither in PFS (1.4 vs 1.9 months, p>0.05) nor in OS (4 months
both regimens). In light of these results, both regimens may be reasonable options for second-
line therapy in appropriately selected patients with advanced pancreatic cancer. Other
irinotecan-based regimens including combinations with raltitrexed (Ulrich-Pur, 2003, as cited
in Gounaris, 2010), docetaxel (Ko et al, 2008), docetaxel and mitomycin C (Reni et al, 2004) or
ifosfamide (Cereda et al, 2011) have not achieved positive results in small phase II trials.

Rubitecan, an orally bioavailable camptothecin derivative, was the subject of the largest
study conducted in gemcitabine-resistant pancreatic cancer, despite results of an initial
single arm study were not particularly encouraging (median TTP and OS of 1.9 and 3
months, respectively). Subsequently, a large phase Il study was launched the results of
which have only been reported in abstract form (Jacobs et al, 2004). Four-hundred and nine
patients were randomized to receive treatment with rubitecan or physician’s best choice
(chemotherapy 89%, supportive care only 11%). There were more responses in the rubitecan
arm (11% vs. 1%) and the difference in median PFS, although clinically modest, reached
statistical significance (1.9 vs. 1.6 months). There was no significant difference however in
OS (3.5 vs 3.1 months, respectively).

Other tested drugs in this setting, such as taxanes or pemetrexed, have not shown
particularly promising results in small studies (Gounaris et al, 2010; Boeck et al, 2007b; Mazzer
et al, 2009). Multidrug combinations such as PEFG (cisplatin, epirubicin, 5-FU and
gemcitabine) (Reni et al, 2008, as cited in Gounaris et al, 2010) or G-FLIP (gemcitabine,
irinotecan, folinic acid, 5-FU and cisplatin) (Kozuch et al, 2001, as cited in Gounaris, 2010)
appear to show improved efficacy with impressive median survival of 8.3 and 10.3 months,
respectively. Selection bias may at least partially explain these outstanding results as reported
toxicity was rather high, which in any case would limit their use in the general population.

3. Molecularly targeted therapies

Pancreatic adenocarcinoma is a malignant disease that results from the successive
accumulation of gene mutations (Vogelstein & Kinzsler, 2004) evolving from premalignant
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lesions in the ductal epithelium to invasive cancer. These include activating mutations of
KRAS?2 oncogene (90% of pancreatic tumors), and inactivation of the tumor-suppresor genes
CDKN2A (95%), TP53 (50-75%) or DPC4 (50%). More recent comprehensive genetic analysis
have shown that molecular features in pancreatic cancer may be extremely complex and
heterogeneous (Jones et al, 2008), although these genetic abnormalities may be classified in
12 core cancer signaling pathways involving not only pancreatic cancer cells but also other
fundamental components of neoplasia such as cancer stem cells and tumor stroma (Hidalgo,
2010). As molecular pathways governing pancreatic cancer development are unraveled,
novel targets emerge that may provide some promise to improve the dismal results
obtained with conventional cytotoxic therapy.

3.1 EGFR-RAS-MEK-ERK pathway

EGFR (epidermal growth factor receptor), also known as HER-1 or ErbB-1, is activated by
several ligands that include EGF (epidermal growth factor), TGF-a (transforming growth
factor alpha), HB-EGF (heparin-binding EGF), amphiregulin, epiregulin, betacellulin and
neuregulin. Activated EGFR forms homo- or heterodimeric complexes with other members
of the ErbB family, triggering downstream signaling pathways such as Ras/MAP kinase,
phosphatidylinositol 3’-kinase (PI3K)/Akt, Janus kinase (JAK)/Stat and phospholipase
C/protein kinase C, that ultimately activate genes involved in cell proliferation, migration,
adhesion, differentiation and apoptosis (Di Marco et al, 2010). Overexpression of EGFR and
its ligands is very common in pancreatic cancer, and it is linked to increased tumor
aggressiveness and poor prognosis. Preclinical studies have shown that blocking EGFR
signaling inhibits growth and metastasis of pancreatic tumors in xenograft models and
synergistic activity has been documented when combined with gemcitabine (Tempero et al,
2011).

Two strategies to antagonize EGFR signaling have been evaluated in the clinic to date:
inhibition of the tyrosine kinase intracellular domain by small molecules and EGFR
inhibition by monoclonal antibodies directed against the extracellular ligand binding
domain. Erlotinib is an oral tyrosine kinase inhibitor [TKI] against EGFR, and the only
targeted drug that has demonstrated some efficacy in pancreatic cancer thus far. The
National Cancer Institute of Canada PA.3 trial was a phase III randomized study evaluating
standard gemcitabine plus erlotinib (100 or 150 mg/day) versus gemcitabine plus placebo in
569 patients with chemo-naive advanced pancreatic cancer (Table 2). Both PFS (PFS 3.75 vs
3.55 months, HR 0.77, p=0.004) and OS (6.24 vs 591 months, HR 0.82, p=0.038) were
significantly improved in the experimental arm (Moore et al, 2007). Most common toxicity
was, as expected, diarrhea and skin rash, which were of grade 1-2 in the majority of cases
without negatively impacting patient’s quality of life. Interestingly, patients that developed
grade 2 or higher skin rash had significantly longer survival compared to those who
developed mild or no rash (10.5 vs 5.8 vs 5.3 months, respectively, HR 0.74, p=0.037). Levels
of EGFR expression, however, were not correlated with survival. This was the pivotal study
that granted erlotinib marketing authorization by regulatory authorities, although the small
magnitude of benefit has precluded widespread acceptance by oncologists in Europe of the
gemcitabine-erlotinib combination as the new standard of care for first line therapy of
advanced pancreatic cancer.

One potential explanation for this modest effect of EGFR inhibition in pancreatic cancer is
the fact that KRAS mutations occur in 70-90% of these tumors (Tempero et al, 2011). KRAS
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Reference Treatment Number 0s PFS RR
of patients ~ (months) (months) (%)
Moore GEM + PLA vs 569 591vs6.24 355vs3,75 8vs
etal (2007) GEM+ERLOT (p=0.038) (p=0.004) 8.6
Philip GEM vs 766 6vs 6.5 3vs35 14 vs
etal (2007) GEM+CETUX (p=0.14) (p=0.058) 12
Van GEM+ERLOT+PLA 607 6vs7.1 3.6 vs 4.6 8.6 vs
Cutsem Vs (p=0.0002) 13.5
etal (2009) GEM+ERLOT+BEV
Kindler GEM+PLA vs 602 59vs 5.8 29vs 3.8 10 vs
etal (2010) GEM+BEV (p=0.95) (p=0.07) 13
Moore GEM vs BAY 12-9566 277 6.59vs3.74 3.5vs1.68 -
et al (2003) (p<0.01) (p<0.01)
Bramhall GEM vs 414 55vs4.1 3.8vs19 25.8 vs
etal (2001) MARIMASTAT 2.8
Bramhall GEM vs 239 54vsb5.4 3.1vs3 16 vs
etal (2002) GEM+MARIMASTAT 11
Van GEM vs 688 6vs 6.3 3.6 vs 3.7 8 vs
Cutsem GEM+TIPIFARNIB (p=0.75) (p=0.72) 6
et al (2004)

GEM, gemcitabine; PLA, placebo; ERLOT, erlotinib; BEV, bevacizumab; RR, response rate; PFS,
progression free survival; OS, overall survival

Table 2. Selected phase III trials of targeted agents in advanced pancreatic cancer

functions downstream of the EGFR signaling pathway, and mutations in the KRAS protein
lead to constitutive activation independent of extracellular stimuli. This is a well established
mechanism of resistance to EGFR blockade in colorectal cancer, and, indeed, EGFR-targeted
therapy is only to be used in KRAS wild-type tumors. The potential predictive value of
KRAS mutation status and EGFR gene copy number in pancreatic cancer was evaluated in
26% of the patients included in the PA.3 trial who had tumor samples available for analysis.
KRAS mutations were detected in 79% of tested samples. EGFR copy number was not
correlated with treatment effect. However, the HR of death between gemcitabine/erlotinib
and gemcitabine/placebo was 1.07 for patients with KRAS-mutated tumors versus 0.66 for
those with KRAS wild-type tumors. Although this difference did not reach statistical
significance probably due to small numbers, this plausible trend shall be further evaluated
to try to improve patient selection and therapeutic benefit.

Erlotinib has also been tested as second-line treatment of patients with advanced disease.
Kulke et al evaluated the combination of erlotinib and capecitabine in 30 patients with
gemcitabine-refractory pancreatic cancer. Objective radiologic responses were observed in
10% of patients and the median survival was 6.5 months. In addition, 17% of treated patients
experienced decreases in tumor marker (CA 19-9) levels of more than 50% from baseline.
However, common toxicities, particularly diarrhea and skin rash, were significant and
required treatment dose reductions in 66% of patients (Kulke et al, 2007). More recently, this
treatment regimen has been tested against erlotinib-gemcitabine in a phase III AIO trial. This
trial included 279 chemotherapy naive patients that were randomly allocated to receive
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capecitabine-erlotinib versus gemcitabine-erlotinib as the control arm. Crossover to
gemcitabine or capecitabine alone was allowed at the time of progression. Neither time to
treatment failure of second-line therapy (TTF2), which was the primary endpoint of the trial,
nor OS were significantly different among study arms (TTF2 4.4 vs 4.2 months, HR 0.98,
p=0.43; OS 6.9 vs 6.6 months, HR 0.96, p=0.78). Of note, overall survival was significantly
correlated with KRAS mutation status (8.0 months vs 6.6 months for KRAS wild-type versus
mutated tumors, respectively; HR 1.62; p=0.011). However, the study design, which
included erlotinib in both treatment arms, does not allow to elucidate whether KRAS
mutation status is predictive of efficacy of EGFR-targeted therapy or just a prognostic factor
independent of therapy (Boeck et al, 2010). Anyhow, this regimen may represent an
acceptable treatment option in patients who experience treatment failure with standard
gemcitabine first-line therapy or for whom gemcitabine may not be an appropriate
treatment option.

The other strategy to antagonize EGFR signaling consists of monoclonal antibodies directed
against the extracellular domain of the receptor, such as cetuximab or panitumumab. They
are currently approved for treatment of other advanced malignancies such as colorectal or
head and neck cancer. Preclinical and early clinical trials suggested some efficay too in
pancreatic cancer. Disappointingly, a large phase III trial comparing the combination of
cetuximab plus gemcitabine vs gemcitabine alone (Table 2), which enrolled 366 patients, did
not demonstrate a benefit in survival for the combination regimen (Philip et al, 2007). Other
approaches explored include dual EGFR inhibition (TKI inhibitors plus monoclonal
antibodies). Preliminary results of a phase I randomized study suggest a small benefit in
terms of PFS (3.3 months vs 2.0 months) for the addition of panitumumab to gemcitabine-
erlotinib, although statistical significance was not reported and final data including overall
survival are awaited for definitive conclusions (Kim et al, 2010).

Lapatinib, an oral TKI which reversibly inhibits both EGFR/HER1 and HER2/neu, has also
been evaluated. Preclinical assays suggested activity alone and in combination with other
drugs such as capecitabine. Moreover, a phase I trial combining lapatinib with either
gemcitabine or GEMOX showed encouraging results with median survival of 10 months
(Safran et al, 2008, as cited in Di Marco et al, 2010). More recently, preliminary results of a
single arm phase II trial evaluating the combination of capecitabine and lapatinib as first-
line treatment in advanced pancreatic cancer have been presented. Survival of 6 months was
not reached in 7 of the 9 enrolled patients, and none of them obtained objective responses
(McDermott et al, 2011). This data led to the premature termination of the study.

HER2 may be also targeted by monoclonal antibodies such as trastuzumab. HER?2 is
overexpressed in some pancreatic cancers, with results widely varying from 0 to 82% in
different studies. One early trial evaluated gemcitabine plus trastuzumab in 34 metastatic
pancreatic cancer patients with 2+/3+ Her2-positive tumors determined by
immunohistochemistry. Only 4 patients (12%) presented Her2 neu 3+ expression. Partial
responses were observed in 6% of patients (2/32) (Safran et al, 2004). Further studies would
be needed to appropriately assess the role of this agent in pancreatic cancer.

Other therapeutic strategies have aimed to target some of the downstream effectors of
EGFR. The high incidence of KRAS mutations in pancreatic cancer provided a strong
rationale for the evaluation of KRAS inhibition. Tipifarnib was the first agent of this class to
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be tested. It is a farnesyl transferase inhibitor which demonstrated antiproliferative activity
in a wide range of tumors in preclinical models. Farnesylation is an impotant post-
traslational event required for Ras activation. A large phase IlI clinical trial, however, failed
to demonstrate an improvement in survival of adding tipifarnib to gemcitabine over
gemcitabine alone in patients with advanced pancreatic cancer (Table 2) (Van Cutsem et al,
2004). Some authors have postulated as a potential explanation for these negative results the
fact that KRAS mutation could be an early event in the development of pancreatic cancer,
becoming cancer cells less dependent on this pathway as the disease progresses. In addition,
other mechanisms involved in the regulation of Ras activation (i.e. prenylation by other
enzymes) may limit the therapeutic success of farnesyl transferase inhibition (Lobell R et al,
2001, as cited in Stathis & Moore, 2010).

Other agents targeting downstream effectors of the EGFR pathway currently under
evaluation include MEK inhibitors. Phase I trials have established the recommended dose
for further clinical development and have documented rash, diarrhea and central serous
retinopathy as dose limiting toxicities, all of them reversible (Messersmith et al, 2011).
Several phase I and II trial combining MEK inhibitors with standard chemotherapy and
other targeted agents are ongoing, the results of which are awaited with great interest.

3.2 Antiangiogenic agents

Angiogenesis is a widely validated target for cancer therapy. Overexpression of vascular
endothelial growth factor (VEGF) and its receptors (VEGFRs) has been described in
pancreatic cancer and correlated with disease progression and poor prognosis. Bevacizumab
is a recombinant humanized anti-VEGF monoclonal antibody and the most widely tested
antiangiogenic agent. Promising data of several bevacizumab combination regimens in
phase II clinical trials, with response rates of up to 24% and median survival of up to 11
months (Kindler et al, 2005; Walkins et al, 2010; Iyer et al, 2008, as cited in Di Marco et al,
2010), encouraged the development of two large phase III trials that unfortunately failed to
yield positive results. The first one enrolled 602 patients that were randomized to receive
gemcitabine plus bevacizumab or gemcitaine plus placebo. No significant differences were
observed among study arms neither in PFS (PFS 3.8 vs 2.9 months) nor in OS (5.8 vs 5.9
months) (Kindler et al, 2010). The second one evaluated the addition of bevacizumab to the
gemcitabine-erlotinib doublet (Table 2). Although PFS was better for the experimental arm
(4.6 vs 3.6 months, HR 0.73, p=0.0002), the primary objective of the study was not met as the
addition of bevacizumab did not improve overall survival (7.1 vs 6.0 months, HR 0.89,
p=0.2) (Van Cutsem et al, 2009). A correlation between development of skin rash and
improvement in survival was observed in this trial.

Other broadly tested agents that interfere with angiogenesis include small molecules
targeting multiple kinases such as axitinib or sorafenib. Axitinib, an oral inhibitor of
VEGFR-1, VEGFR-2 and VEGFR-3, was initially evaluated in a phase II randomized trial
in combination with gemcitabine versus gemcitabine alone. This trial enrolled 103 patients
and showed a small improvement in survival favoring the combination arm (6.9 vs 5.6
months), although this difference did not reach statistical significance (Spano et al, 2008).
Nevertheless, a phase III trial was undertaken but was prematurely discontinued due to
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the lack of benefit observed in an interim analysis for the addition of axitinib to the
standard gemcitabine therapy. Sorafenib has also been evaluated in combination with
both gemcitabine and gemcitabine-erlotinib in different non-controlled trials with
disappointing results (Wallace et al, 2007, Cohen et al, 2011). The lack of success of
antiangiogenic strategies in pancreatic cancer could be potentially related to the fact that
most tumors display intense fibrosis and are of hypovascular nature (Stathis & Moore,
2010).

3.3 Matrix metalloproteinases (MMP) inhibitors

MMPs are a family of zinc-dependent proteolytic enzymes implicated in the degradation of
extracellular matrix proteins both in physiological and pathological conditions. Aberrant
MMP expression contributes to neovascularization, dissemination and metastasis of a
variety of solid malignancies (Stathis & Moore, 2010). Several compounds developed to
inhibit MMPs have been completely unsuccessful in clinical trials over the last decade.
Marimastat was the first agent to be tested (Table 2). Two large phase III trials enrolling over
900 patients showed marimastat, either alone or in combination with gemcitabine, was not
able to improve survival or disease control of patients with advanced pancreatic cancer
(Brambhall et al, 2001, 2002). Similar negative results were obtained with other agents of this
class. Standard gemcitabine monotherapy was compared to BAY 12-9566, in a design that
allowed for crossover after disease progression. Interim analyses demonstrated a deleterious
effect on survival of the MMP inhibitor as compared to the control arm (OS 3.74 vs 6.59
months, p<0.01), and led to early trial termination (Moore et al, 2003). In light of this data,
this approach has been definitively abandoned.

3.4 Other pathways
Phosphatidylinositol-3-kinase (PI3K)/Akt/mTOR

The PI3K/ Akt/mTOR pathway is determinant for processes related to cell proliferation and
inhibition of apoptosis, and constitutive activation of this pathway has been documented in
pancreatic cancer (Royal et al, 2008). NVP-BEZ235 is a novel dual PI3K/mTOR inhibitor that
has demonstrated activity in both human pancreatic cancer cell lines and mice models, and
some synergy has been observed when combined with gemcitabine and antiangiogenic
EMAP II (endothelial monocyte activating polypeptide II) (Awasthi et al, 2011). Further
research will define the role of these new drugs in pancreatic cancer.

Src kinase

Src tyrosine kinase is a non-receptor protein implicated in tumor progression. It is
overexpressed in more than two thirds of pancreatic adenocarcinomas. Src inhibitors
(dasatinib, saracatinib) have been developed demonstrating antitumor activity in cancer cell
lines and mice models (Royal et al, 2008). A recent phase II trial tested saracatinib
(AZD0530) in 19 gemcitabine-refractory patients. No responses were seen and the minimum
of 18% 6-month survival required for continuation of the trial was not achieved. A
pharmacodiagnostic pre-selection strategy is planned to be implemented to better define
patients most likely to respond (Nallapareddy et al, 2010).
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IGF-1R

IGF-1R mediated signaling plays an important role in cell growth regulation and survival.
Several monoclonal antibodies targeting IGF-IR have undergone clinical investigation
(AMG479, MKO0646, R1507). Based on promising preclinical and early clinical data, a phase
II trial has been initiated to evaluate the combination of AMG479 plus gemcitabine in first-
line metastatic pancreatic cancer (Hidalgo, 2010).

TNF-a

TNF-a shows potent anticancer activity, but high systemic toxicity limits its use.
AdEgr. TNF.11D (TNFerade) is a gene delivery strategy to increase local peritumoral TNF
concentrations through intratumoral injections of an adenoviral vector expressing hTNF, in
an attempt to improve local activity while minimizing systemic effects. Effectiveness in
combination with gemcitabine has been demonstrated in human pancreatic xenografts
(Murugesan et al, 2009). A phase III trial is currently evaluating the addition of TNFerade to
5-FU plus radiotherapy in unresectable pancreatic cancer (Stathis & Moore, 2010).

Multikinase inhibitor

Masitinib is a multikinase inhibitor that has greater activity and selectivity against KIT
than imatinib. Masitinib also potently inhibits PDGFR (platelet-derived growth factor
receptor) and the intracellular kinase Lyn, and to a lesser extent, FGFR3 (fibroblast growth
factor receptor 3). Synergistic activity with gemcitabine was demonstrated in preclinical
assays. A phase II trial combining gemcitabine and masitinib in 22 patients reported
median PFS of 6.4 months and OS of 7.1 months, with a 23% 18-months survival rate.
Toxicity was acceptable, being cytopenia, diarrhea and rash the most common severe
events (Hammel et al, 2009). A subsequent phase III trial is ongoing comparing
gemcitabine with or without masitinib.

Death receptors

AMGS655 is a monoclonal antibody against human death receptor 5 (DR5) that activates
caspases and, as a result, induces apoptosis in tumor cells. It showed preclinical activity and
synergy with gemcitabine. Early clinical data from a phase I trial that included 13 patients
reported promising results for the combination of AMG655 with gemcitabine, with a
response rate of 31%, median PFS of 5.3 months and a 6-month survival rate of 76.8%.
Toxicity was however not negligible, with severe adverse events observed in 69% of patients
(Kindler et al, 2009). A phase II is ongoing to assess efficacy and further characterize the
safety profile of this combination.

Other pathways

Other pathways highly implicated in pancreatic tumorigenesis are at earlier stages of
investigation. Hedgehog, Notch and Wnt signaling are important developmental pathways
related to pancreatic cancer stem cells, and new agents are being developed to target these
pathways (GDC-0449, IPI-926,..). Other agents in development include monoclonal
antibodies against cell-membrane proteins such as mesothelin (MORADb-009). Specific
mechanisms of cell killing are still not well defined but preclinical research suggest a role in
pancreatic cancer (Hidalgo, 2010).
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4. Conclusions

Pancreatic cancer continues to be a major challenge for oncologists as it is a highly
chemoresistant malignancy carrying an extremely poor prognosis. Despite the intense
research carried out over the last decades no major improvements have been achieved in
patient’s outcomes. Most patients present with locally advanced or metastatic disease and
will therefore require systemic therapy. Conventional chemotherapy modestly improves
survival and quality of life of patients with advanced disease. Gemcitabine has been the
reference treatment for over a decade and little progress has been made since its
introduction in clinical practice in 1997. Gemcitabine-combination therapy with
capecitabine, platinum agents or erlotinib may be considered in patients with good
performance status, although the small magnitude of benefit they confer shall be balanced
against the increased toxicity they induce, particularly considering that prognosis is in any
case rather poor and symptomatic relief shall be a major objective of disease management.
FOLFIRINOX may be a preferred option for carefully selected fit patients, particularly those
with locally advanced borderline resectable disease.

Nevertheless, there is much room for improvement, and more efforts in basic, translational
and clinical research will be necessary in the following years for progress to be made.
Indeed, a better understanding of the biology of pancreatic cancer shall enable the discovery
of new targets of potential diagnostic or therapeutic interest. Meanwhile, as the molecular
pathways governing pancreatic cancer are unraveled, efforts shall be made to improve
selection of patients most likely to benefit from specific therapies (SPARC, kras,..). Small
randomized phase II trials of both non-selected and enriched patient populations will help
to adequately identify potentially active new agents. Phase III trials should only be initiated
in appropriate patients based on strong clinical and biological grounds. In this context, the
need for further collaborative research is highly warranted.
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1. Introduction

Pancreatic cancer, which we refer to pancreatic ductal adenocarcinoma, is the forth most
common cause of cancer-realated-death disease. In 2010, there were 43,140 new cases and
36,800 patients died of pancreatic cancer in USA®. Although surgical resection may be the
only available treatment for this horrible disease, there are beyond 80% patients when
dignosised cannot be cured by surgical treatment®@. In the past 50 years, despite of the
progress in surgery skill, hospital morbidity and mortality rates were decreased from 59%
and 24% to 36% and 2%, respectively® , in the patients received the most optimal surgical
operation, the median survival ranged from 15 to 19 months, and 5-year survival rate was
still approximately 20%®. Even if Gemcitabine became the new standard of chemotherapy
in pancreatic cancer in 19976). The outcome of the pancreatic cancer is still dismal, overall
five-year survival rate is blow 5%. With an increasing incidence of pancreatic cancer in the
world and conventional treatments often have limited effects and substantial toxicity, a
strong need exists for novel therapies. Biological approaches, including gene therapy and
immunotherapy, which are targeting pancreatic cancer at a molecular or protein level, are
rapidly evolving and seem to be promising strategies for this devastating and virtually
unexceptionally lethal malignancy.

2. Immune target and Immune response in pancreatic cancer

Cancer is fundamentally a gene associated disease, it has become increasingly clear that
some genomic instability and aberrant gene expression lead to biologic behaviour
abnormality in tumor cells. In pancreatic cancer, Several genes have high mutation rate in
different phase, so the tumor cell may express abnormal antigens that make them
immunologically distinct and potential targets for the host immune system.

K-Ras: The mutation of K-ras oncogene (homologous to the ras gene of Kirsten murine
sarcoma virus) occurs in 75-100% of pancreatic cancer®). With the progression from
minimally dysplasia epithelium(PanIN 1A, 1B) to more severe dysplasia(PanIN 2, 3) and
invasive cancer(”), the mutation rate of K-ras oncogene is increaseing successively, denotes k-
ras oncogene plays a very important role in tumor origination and progression®).
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Picture 1. Associated genes in pancreatic cancer progression. from Paula Ghaneh, et al.
Biology and management of pancreatic cancer. Gut 2007;56:1134-1152.

K-ras gene encodes a 21 kDa membrane-bound guanosine triphosphate(GTP) -binding
protein. Before localization at cell membrane, K-ras protein must be farnesylated or
geranylgeranylated on the same cysteine residue, it is involved in the transduction of signal
from growth factor receptors and other signal inputs, as an upstream activator, it will activat
several signaling pathways including Raf/MEK/ERK, P13K/Akt and RalEGF/RalOto
regulate gene expression and prevent apoptosis. The mutation of the K-ras oncogene, which
occers mostly at codon 12 but also occasionally at codon 13 and 61, will lead to impaired
GTPhosphatase(GTPase) activity, resulting in lock the protein locked in GTP-bound state
and thus activating downstream signalling cascades). According to the META Analyse,
point mutation occurred in codon 12 mainly divided into several types, the wild type GGT
is replaced by GAT(47%), GTT(28%), CGT(15%), TGT(7%), AGT(2%) and GCT(1%). so in the
protein, the 12th amino acid Guanine is replaced by Aspartic acid, Valine, Arginine,
Cysteine, Alanine, Serine(®). The K-RAS function changes due to the abnormality in protein
structure. The mutation also provide the epitope which might be the target in
immunotherapy.

MUCI: Mucins are large glycoproteins with carbohydrate content and marked diversity
both in the apoprotein and in the oligosaccharide moieties?. MUC1 is a heavily
glycosylated type I membrane protein with several extracellular tandem repeat domains,
which is expressed by nearly all human glandular epithelial and its expression is limited to
the apical membrane of the cells. In pancreatic cancer, MUC1 expression is upregulated with
an expression pattern over the entire cell surface(3). The core peptide of MUC1 not only
serves as a counter-receptor for myelin-associated glycoprotein in pancreatic cancer and is
related to perineural invasion(4), but also block death receptor-mediated apoptosis by
binding to caspase 8 and FADD®5. MUCl molecular has sialic acid-containing
oligosaccharides in a highly O-glycosylated tandem-repeat domain, the structure has wide
range and a large molecular weight(6). Although the core protein of MUCI is similar in both
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normal and tumor cells, there is a remarkable diversity in oligosaccharide moieties between
normal and cancer cells(7).

Mesothelin: Mesothelin is a 40-kDa glycosyl phosphatidylinositol anchored cell surface
protein and is a c-terminus menbrane-bound form of a 69-kDa precursor protein encoded by
the Mesothelin gene(MSLN). Normally, mesothelin is only expressed on mesothelial cells
which lining peritoneal, pleural and pericardial cavities(®®. The biologic functions are not
clearly understood. Some early studies have shown mesothelin playing role in tumor
adhesion and dissemination(). In pancreaticobiliary adenocarcinomas, the expression rate
of mesotheline is 100%, whereas none in normal pancreas and chronic pancreatitis(20).

2.1 Immune escape and immunosuppression

In the past 50 years, with the advances in cellular, molecular biology of cancer and
development of immunology, people comes to realizes the relationship between tumor and
immune cells is just like a cat and mouse game. The human immune system assume the
responsibility to get rid of the extrinsic and endogenic abnormal antigen, it can produce
actived immunocyte or immune material such as antibody to react anomalous antigen and
finally eliminate the target, but the fact is not under our desire. (Picture 2)

humoral
immunity cellular immunity
B cells ) specific nonspecific '
(adaptive) H linnate)
T cells : i i
1 -controllers-, e'l’fectnrs antigen- ytotoxic cells proteins
cell surface antibody : : presenting cells : =
binds antigen L?.. ....lm-r '[‘ “:ﬂh i
(Treg)  cytotoxic d-ndrl'ti:ull. macrophages complement
| A : macrophages
1 inhibit }
preliferation T e e e e e A present
antigens to
stimulate stimulate Tucells
! killingef 4
plosma cells target : %
cells H H
innate Fe
! r nition receptors
secrete antibodies -----------------------—-_:-------------—-----------------ﬂI-------nr
neutralize pathogens killing of target cells «—t—

Picture 2. Immune system : From Robert A. Weinberg, The Biology of Cancer. 2007

At the genesis of the cancer, under ideal condition, the innate immune system responds to
“danger signals”, macrophages and fibroblasts are enlisted to construct the
microenvironment surrounding the cancer cell, just like inflmmation, many cytokines and
growth factors are produced to activate innate effector cells with antitumor activity,
stimulate professional antigen-presenting cells (APCs, mainly dendritic cell) to capture
tumor-derived antigens and migrate to draining lymph nodes to priming an adaptive
response by activating T and B lymphocytes. Unfortunately, the growth factors can also
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stimulate cancer cells proliferation and progression. The cancer cells are so clever that can
learn to avoid detection or to escape or overwhelm the immune response.
Immunosuppressive tumor-associated macrophages (TAMs), myeloid-derived suppressor
cells (MDSC), and regulatory T cells (Treg) reside in tumors, and their products along with
tumor derived products (such as VEGF, TGFbeta and IL-10), create a microenvironment that
resists immune activation and attack.

Many strategies are found to escape from immune surveillance). 1) Physical exclusion of
immune cells from tumor site. It has been proved in epithelial cancer that basal-membrane-
like structures around the tumor can prevent lymphocytes from infiltrating and tumor-
specific T cells expanding®. 2) Poor immunogenicity by reducing expression of major
histocompatability complex(MHC) or co-stimulatory proteins) and disruption of natural
killer(NK) and natural killer T (NKT) cell recognition¥. The other ways are to change
themselves by losing whole protein or TAA expression, which changes in immunodominant
T-cell epitopes that alter T-cell recognition, antigen processing or binging to the MHC. 3)
Secreting soluble immunosuppressive proteins such as interleukin (IL-10) to prevent
inflammatory response from triggering, or vascular endothelial growth factor(VEGF) to
interfere with dendritic cells(DC) activation and differentiation®). 4) Increasing expression
of STAT3 protein to block the production of pro-inflammatory molecules(26).

If the specific reaction had been established, being attacked by activated NK cells, antibodies
or cytotoxic T lymphocytes, cancer cells can escape elimination according to down-
regulating targeted antigens, rendering tuomr-reative cell anergic?), or inducing
responding T cell apotosis specifically. The pro-apoptotic function of FasL on carcinoma
cells has been demonstrated in both in virto and in vivo, FasL expressed cancer cells can
induce apoptosis of lymphocytes in Fas-dependent manner®s), and in patient’s biopsies, the
present of FasL on cancer cells is in parallel with reduced number®9 and apoptosis @0of
tumor-infiltrating immune cells (TICs). In pancreatic ductal carcinoma, the expression of
FasL is 82% in primary versus 100% in hepatic metastases and is associate with shorter
survival®l). At last, the eventual developed tumor reflects immunoediting with selection of
poorly immunogenic and/or immune-resistant malignant cells®2.

Treg cells: CD4+25+Foxp3+ regulatory T cells (Tregs) have been discovered in the 1960s,
which can suppres T-cell response and compromise the development of effective tumor
immunity®3). these cells are distinguished in high expressed CD4, CD25, CTLA-4, the
glucocorticoid-induced TNF-related receptor (GITR) and the forkhead transcription Foxp3.
they can arise in response to persistent antigen stimulation in the absence of inflammatory
signals, especially in the presence of TGF-p@4). The tumor-induced expansion of regulatory T
cells by conversion of CD4+CD25+ lymphocytes is thymus and proliferation
independent®.

Tregs play a critical role in the induction of tolerance to tumor-associated antigens and
suppression of antitumor immunity. Additional evidence showed that Tregs were increased
locally within the tumor microenvironment by a mechanism that seems dependent on TGEF-
beta receptor expression and the presence of tumor derived TGF-beta. The murine pancreas
cancer cell line Pan02 produces high levels of TGF-beta both in vitro and in vivo. In contrast,
the esophageal murine cancer cell line, Eso2, does not. Immunohistochemical staining of
Foxp3 in explanted tumors showed an identifiable population of Treg in the Pan02 (TGF-
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beta positive) tumors but not Eso2 (TGF-beta negative). Naive CD4+25-Foxp3- T cells, when
adoptively had transferred into Rag-/- mice, were converted into Foxp3+ Treg in the
presence of Pan02 but not Eso2 tumors. Induction of Treg in Pan02 mice was blocked by
systemic injection of an anti-TGF-beta antibody. If Rag-/- mice were instead reconstituted
with naive CD4+25- T cells expressing a mutated TGF-beta receptor, induction of Foxp3+
Treg in Pan02 bearing mice was blocked. Collectively, The observations supported the role
of TGF-beta in the induction of Treg in pancreas adenocarcinoma(o).

Recent studies have shown that increased numbers of tumor-infiltrating Tregs were
associated with poorer prognosis in pancreatic cancer®”)@), so the presence of Tregs in
pancreatic cancers highlighes the importance of targeting the suppressive function of these
cells in future immunotherapy research.

In Yamamoto’s study, a cytotoxicity assay, enzyme-linked immunosorbent spot (ELISPOT)
assay and measuring cytokine secretion, were used to study the efficacy of Treg depletion
by anti-CD25 antibody added to a dendritic cell/tumor cell (DC/TC) fusion hybrid vaccine
in a murine pancreatic cancer model. All the mice treated with the combined therapy of
fusion hybrid vaccine and Treg depletion rejected tumor growth in a challenging test,
although the rejection rate was 20% both for mice that received the fusion hybrids alone or
Treg depletion alone. In addition, combined therapy showed a significantly improved
survival in comparison to other treatment or control groups. The NK cell activity for DC/TC
fusion + Treg depletion was significantly higher than that for the other treatment groups.
Cytotoxic T lymphocyte (CTL) activity for DC/TC could potentially be enhanced by the
addition of Treg depletion therapy. The treatments including DC/TC fusion induced IFN-
gamma secreting effector cells in ELISPOT assays. Furthermore, a cytometric beads array
assay used to measure cytokine secretion showed that DC/TC fusion + Treg depletion
stimulated the highest levels of IFN-gamma Th1l/Th2 ratios and Th17. The results
demonstrate that Treg depletion combined with DC/TC fusion hybrid vaccine enhanced the
efficacy of immunotherapy in pancreatic cancer by activating CTLs and NK cells®9.

In both human pancreatic adenocarcinoma and a murine pancreatic tumor model (Pan02),
tumor cells produce increased levels of ligands for the CCR5 chemokine receptor and,
reciprocally, CD4(+) Foxp3(+) Tregs, compared with CD4(+) Foxp3(-) effector T cells,
preferentially express CCR5. When CCR5/CCLS5 signaling is disrupted, either by reducing
CCL5 production by tumor cells or by systemic administration of a CCR5 inhibitor , Treg
migration to tumors is reduced and tumors are smaller than in control mice. Thus, the study
demonstrates the importance of Tregs in immune evasion by tumors, how blockade of Treg
migration might inhibit tumor growth, and, specifically in pancreatic adenocarcinoma, the
role of CCR5 in the homing of tumor-associated Tregs. Selective targeting of CCR5/CCL5
signaling may represent a novel immunomodulatory strategy for the treatment of cancer0.

In murine mesothelin-expressing pancreatic tumor model (Panc02), vaccine with the
immune-relevant mesothelin-derived peptides and in sequence with low-dose
cyclophosphamide (CY) and an anti-CD25 IL-2Ra monoclonal antibody (PC61), which are
known to deplete subpopulations of T regulatory cells (Tregs), showed that combined Treg-
depleting therapies synergize to enhance vaccine efficacy®?).

Myeloid-derived suppressor cells: Myeloid-derived suppressor cells(MDSCs) are a
heterogeneous population of cells that expand during cancer, inflammation and infection,
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and have a remarkable ability to suppress T-cell responses®2. They contributes negative
regulation of immune response and can be activated by factor produced by activated T cells
and tumor stromal cells®3).

Myeloid derived suppressor cells (MDSC), which are observed with increased prevalence in
the peripheral blood and tumor microenvironment of cancer patients, including pancreatic
cancer. Accumulation of MDSC in the peripheral circulation has been related to extent of
disease, and correlates with stage. MDSC have primarily been implicated in promoting
tumor growth by suppressing antitumor immunity. There is also compelling evidence
MDSC are also involved in angiogenesis and metastatic spread. Two main subsets of MDSC
have been identified in cancer patients: a monocytic subset, characterized by expression of
CD14, and a granulocytic subset characterized by expression of CD15. Both subsets of
MDSC actively suppress host immunity through a variety of mechanisms including
production of reactive oxygen species and arginase. Just as in humans, accumulation of
monocytic and granulocytic MDSC has been noted in the bone marrow, spleen, peripheral
circulation, and tumors of tumor bearing mice. Successful targeting of MDSC in mice is
associated with improved immune responses, delayed tumor growth, improved survival,
and increased efficacy of vaccine therapy. By further elucidating mechanisms of MDSC
recruitment and maintenance in the tumor environment, strategies could be developed to
reverse immune tolerance to tumor®4.

In a comprehensive analysis of circulating myeloid-derived suppressor cells (MDSCs) and T
regulatory cells (Tregs) in pancreatic, esophageal and gastric cancer Patients Peripheral
blood was collected from 131 cancer patients (46 pancreatic, 60 esophageal and 25 gastric)
and 54 healthy controls. PBMC were harvested with subsequent flow cytometric analysis of
MDSC (HLADR(-) Linl(low/-) CD33(+) CD11b(+)) and Treg (CD4(+) CD25(+) CD127
(low/-) FoxP3(+)) percentages. MDSCs and Tregs were statistically significantly elevated in
pancreatic, esophageal and gastric cancer compared with controls, and MDSC numbers
correlated with Treg levels. Increasing MDSC percentage was associated with increased risk
of death, and in a multivariate analysis, MDSC level was an independent prognostic factor
for survival. A unit increase in MDSC percentage was associated with a 22% increased risk
of death (hazard ratio 1. 22,95% confidence interval 1.06-1.41). The result showed MDSCs
are an independent prognostic factor for survival®.

In mice with spontaneous pancreatic tumours, mice with premalignant lesions as well as
wild-type mice, Myeloid-derived suppressor cells (MDSC)were analysed. An increase in the
frequency of MDSC early in tumour development was detected in lymph nodes, blood and
pancreas of mice with premalignant lesions and increased further upon tumour progression.
The MDSC from mice with pancreatic tumours have arginase activity and suppress T-cell
responses, which represent the hallmark functions of these cells. The study suggests that
immune suppressor mechanisms generated by tumours exist as early as premalignant
lesions and increase with tumour progression and highlight the importance of blocking
these suppressor mechanisms early in the disease in developing immunotherapy
protocols(#6),

Nagaraj reported use of the synthetic triterpenoid(CDDO-Me) can completely abrogated
immune suppressive activity of MDSC in vitro, CDDO-Me reduced reactive oxygen species
in MDSCs but did not affect their viability or the levels of nitric oxide and arginase.
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Treatment of tumor-bearing mice with CDDO-Me did not affect the proportion of MDSCs in
the spleens but eliminated their suppressive activity. This effect was independent of
antitumor activity. CDDO-Me treatment decreased tumor growth in mice. Experiments with
severe combined immunodeficient-beige mice indicated that this effect was largely
mediated by the immune system. CDDO-Me substantially enhanced the antitumor effect of
a cancer vaccines. treatment of pancreatic cancer patients with the synthetic triterpenoid
(CDDO-Me) didn’t affect the number of MDSCs in peripheral blood but significantly
improved the immune response. The research demonstrated MDSCs is the key of the
immunotherapy®).

3. Nonspecific immunotherapy - Innate Inmune system and cytokine

Nature kill cells are the central component of the innate immunity and play an important
role in cancer immunosurveilance. It has been reported that NK cells can recognize and
control tumor growth by direct cellular cytotoxicity and secrete immunostimulatory
cytokines such as IFN-y. The further researches have demonstrated NK cells can eliminate
tumor cell by inhibiting cellular proliferation, angiogenesis, promoting apoptosis and
stimulate the adaptive immune system. In mouse experimental models, NK cell-mediated
elimination of tumor cells induced the subsequent development of tumor-specific T cell
responses to the parental tumor cells as a bridge between innate and adaptive immune
responses(#).

In 1984, K. Funa has found patients with pancreatic adenocarcinomas expressing
deficiencies in the NK-IFN system at least three levels:(1)diminished basal NK activities,
(2)decreased sensitivity of NK to IEN in virto, (3)decreased atypical IFN production by
staphylococcus aureus cowan I (SACol)#9).

In a recent clinical trial, a patient exhibited regression of several pancreatic cancer
metastases following the administration of the immune modulator Ipilimumab (anti-CTLA-
4 antibody). Tumor infiltrating lymphocytes (TIL-2742) and an autologous tumor line (TC-
2742) were expanded from a regressing metastatic lesion excised from this patient. Natural
killer (NK) cells predominated in the TIL (92% CD56(+)) with few T cells (12% CD3(+)). A
majority (88%) of the NK cells were CD56(bright)CD16(-). TIL-2742 secreted IFN-y and GM-
CSF following co-culture with TC-2742 and major histocompatibility complex mismatched
pancreatic tumor lines. After sorting TIL-2742, the purified CD56(+)CD16(-)CD3(-) subset
showed reactivity similar to TIL-2742 while the CD56(-)CD16(-)CD3(+) cells exhibited no
tumor recognition. In co-culture assays, TIL-2742 and the NK subset expressed high
reactivity to several pancreatic cancer cell lines and could lyse the autologous tumor as well
as pancreas cancer lines. Reactivity was partially abrogated by blockade of TRAIL. This
represents the first report of CD56(+)CD16(-) NK cells with apparent specificity for
pancreatic cancer cell lines and associated with tumor regression following the treatment
with an immune modulating agent(0.

Clinical and experimental evidence demonstrate the extent of NK cell activity in peripheral
blood is associated with cancer risk in adults®). In recent years, novel studies have
discovered the phenotypic status and functionality of NK cells in tumor site and also in
peripheral blood of cancer patients. Research has shown that only a few infiltrating NK cells
which are unlikely to greatly contribute to eliminate the tumoe cells®2. Due to NK’s
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inefficient homing into malignant tissues, the situation may be overcome by cytokine-
mediated activation in immunotherapeutical regimen(3). However, novel studies of tumor-
associated NK cells demonstrated a striking phenotype, supporting the notion that tumor-
induced alterations of activating NK cell receptor expression may hamper immune
surveillance and promote tumor progression.

Bhat R reported the finding:besides its intrinsic oncolytic activity, parvovirus H-1PV is able
to enhance NK cell-mediated killing of pancreatic adenocarcinoma cells. The experiment
show that H-1PV infection of Panc-1 cells increases NK cell capacity to release IFN-y, TNF-a
and MIP-1a/p. Multiple activating receptors are involved in the NK cell-mediated killing of
Panc-1 cells. Indeed, blocking of the natural cytotoxicity receptors-NKp30, 44 and 46 in
combination, and NKG2D and DNAM1 alone inhibit the killing of Panc-1 cells.
Interestingly, H-1PV infection of Panc-1 cells overcomes the part of inhibitory effects
suggesting that parvovirus may induce additional NK cell ligands on Panc-1 cells. The
enhanced sensitivity of H-1PV-infected pancreatic adenocarcinoma cells to NK cell-
dependent killing could be traced back to the upregulation of the DNAM-1 ligand, CD155
and to the downregulation of MHC class I expression. The data suggests that NK cells
display antitumor potential against PDAC and that H-1PV-based oncolytic immunotherapy
could further boost NK cell-mediated immune responses and help to develop a
combinatorial therapeutic approach against pancreatic cancer®4).

NK cells can eliminate tumor cells through their ability to mediate antibody-dependent
cellular cytotoxicity(ADCC). Nk cell recognition of an antibody-coated target cell results in
rapid NK cell activation and degranulation®». NK-cell mediated ADCC play a part in
mechanisms of tumor-targeted mAbs which targeting CD20, Her2/neu, epidermal growth
factor receptor(EGFR)G0)7). Because HLA class 1 is a ligand for inhibitory receptor family,
killer cell immunoglobulin-like receptor of NK cells®8), loss of HLA class 1 expression can
lead to escape of antigen-dependent cytotoxicity of CD8+ CTL and increase the possibility
as a target of NK cell cytotoxicity. In pancreatic cancer, total HLA class I loss is 6% in
primary versus 43% in metastastic tumors;0 in G1, 33% in G2 and 67% in G3(9).

In research of nonspecific immunotherapy, many cytokines were used to elevate the ability
of the immune system. it is possible to activate tumor-specific antitumor immune responses
by systemic injection of cytokine or introduction of cytokine gene into tumors through
activating natural killer(NK) cells and tumor-specific CD4+ T cells and cytotoxic T
lymphocytes(CTL). Different cytokines may stimulate antitumor immune responses by
different mechanisms.

Granulocyte Marcophage Colony-Stimulating Factor(GM-CSF) and IL-2 are the most
popular cytokines used in cancer immunotherapy. GM-CSF, which can stimulate bone
marrows differentiating and maturing to neutrophils, monocytes and dendritic cells, is used
to generate cancer immunotherapy called GAVX®). In clinical trials using the GAVX,
induction of systemic antitumor immune response and clinical activity was observed in
pancreatic cancer, melanoma, and renal cell carcinoma. In a study of combination of
chemotherapy and immunotherapy, two GM-CSF secreting pancreas cancer cell lines
(CG8020/CG2505) as immunotherapy were administered alone or in sequence with Cy in
patients with advanced pancreatic cancer. Results showed GM-CSF secreting pancreas
cancer cell lines demonstrated minimal treatment-related toxicity in patients with advanced
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pancreatic cancer. Also, mesothelin specific T cell responses are detected/enhanced in some
patients treated with CG8020/CG2505 immunotherapy. In addition, Cy modulated
immunotherapy resulted in median survival in a Gemzar resistant population similar to
chemotherapy alone®d).

Interlukin-2 (IL-2) is a growth factor that stimulates innate immunity cells. Different dose of
IL-2 has been proved either enhance or decrease cellular and humoral immune functions.
Rosenberg used it developing lymphokine-activated killer(LAK) therapy for cancer(®?. In a
randomized study, preoperative subcutaneously IL-2 immunotherapy at 12 million IU for 3
consecutive days before surgery is able to abrogate the effects of the surgical trauma and
recover a normal immunofunction in pancreatic cancer patients©). Recombinant
interleukin-2 (rIL-2) was used in a study which aimed to evaluate the toxicity of pre- and
postoperative rIL-2 treatment and the effects on innate immunity both in peripheral blood
and in cancer tissue of patients with resectable pancreatic adenocarcinoma. Seventeen
patients received high dose rIL-2 preoperative subcutaneous administration and two low
dose postoperative cycles. NK cell and eosinophil count were evaluated in blood and in
pancreatic surgical specimens. The result showed toxicity was moderate. In the early
postoperative period, blood NK cells and eosinophils significantly increased compared to
basal values (p < 0.02). Preoperative high dose rIL-2 administration is able to counteract
surgery-induced deficiency of NK cells and eosinophils in peripheral blood in the early
postoperative period, although it cannot overcome local mechanisms of immune tumor
escape in cancer tissue. The amplification of innate immunity, induced by immunotherapy,
may improve the control of metastatic cells spreading in the perioperative period(©.

As a bridge between innate and adaptive immune response®, IL-12 is independently
identified as natural killer-stimulating factor (NKSF) and cytotoxic lymphocyte maturation
factor©), which induces proliferation of NK and T1 cells and production of cytokines,
especially IFN-y » and also enhances the generation and activity of CTLs, through activation
of STAT4(7).

The combination of IL-12 and IL-27 can modify the polarization of Th2 effectors by both
reduction of IL-5, GM-CSF and IL-13 and induction of IFN-gamma production, which lasted
after cytokine removal. Besides, the combined treatment functionally modulated the Th2
polarization of CEA-specific CD4(+) T cells and enhanced pre-existing Thl type
immunity(©8).

In recent study, IL-12 was coformulated with the biodegradable polysaccharide chitosan
which could enhance the antitumor activity of IL-12 while limiting its systemic toxicity.
Antitumor efficacy of IL-12 alone and IL-12 coformulated with chitosan (chitosan/IL-12)
was assessed in mice bearing established pancreatic (Panc02) tumors. Additional studies
involving depletion of immune cell subsets, tumor rechallenge, and CTL activity were
designed to elucidate mechanisms of regression and tumor-specific immunity.
Coformulation with chitosan increased local IL-12 retention from 1 to 2 days to 5 to 6 days.
Weekly i. t. injections of IL-12 alone eradicated <10% of established Panc02 tumors, while i.
t. chitosan/IL-12 immunotherapy caused complete tumor regression in 80% to 100% of
mice. Depletion of CD4(+) or Gr-1(+) cells had no impact on chitosan/IL-12-mediated tumor
regression. However, CD8(+) or NK cell depletion completely abrogated antitumor activity.
L. t. chitosan/IL-12 immunotherapy generated systemic tumor-specific immunity, as >80%
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of mice cured with i. t. chitosan/IL-12 immunotherapy were at least partially protected from
tumor rechallenge. Furthermore, CTLs from spleens of cured mice lysed MC32a and gp70
peptide-loaded targets. The reasearch has demonstrated Chitosan/IL-12 immunotherapy
increased local retention of IL-12 in the tumor microenvironment, eradicated established,
aggressive murine tumors, and generated systemic tumor-specific protective immunity(©).

4. Specific immunotherapy

Specific immunotherapy, which seems be more important in cancer treatment research,
could be divide into 3 parts:monoclonal antibody, adoptive cellular therapy, and vaccine.
Infusion of antibody or activated cells is called Passive Immunotherapy, on the other,
vaccine can induce active immunotherapy. The simplest model of immune cell-mediated
antigen-specific tumor rejection consists of three elements: appropriate antigen specific for
the tumor, efficient antigen presentation and the generation of potent effector cells.

4.1 Active immunotherapy

Vaccine: The development of human therapeutic cancer vaccines has come a long way since
the discovery of major histocompatability complex (MHC) restricted tumor antigens. As an
new method to reconsituting immunity, cancer vaccionation can actively harness the
intrinsic power of the immne system to recognize and destroy tumors. The ideal designed
vaccine should actively generate antigen-specific immune response to abnomal protein
expressed in tumor cells, including activating distinct components of the immune
system:antigen presenting cells, B cells and T cells, producing the advantages of high
specificity, minimal toxicity and permanently effective immunologic memory. Antigen
could be delivered in the form of DNA or peptide, as well as tumor cells or antigen-pulsed
DCs.

GM-CSF is an important growth factor for granulocytes and monocytes, and has a crucial
role in the growth and differentiation of DCs. Kimura M has found in vivo growth of AsPC-
1 cells, which retrovirally transduced with the GM-CSF gene, was inhabited and associated
with increased survival of the nude mice(.

A series of clinical trails have been reported by researchers in John Hopkins in recent 10
years. Jaffee et al conducted a phase 1 study using allogeneic GM-CSF-secreting whole-cell
tumor vaccine for pancreatic cancer. As vaccines, Two pancreatic cancer lines(PANC 10.05
and 6.03), which had been genetically modified to express GM-CSF, were given to patients
who had undergone pancreaticoduodenectomy eight weeks prior. Three of the eight
patients who received >10x107 vaccine cells developed post-vaccination delayed-type
hypersensitivity (DTH) responses associated with increased disease free survival time, and
remained disease-free for longer than 25 months after diagnosis. Side effects were mainly
limited to local skin reactions at the site of vaccinationV). Further phase Il study of 60
patients with resected pancreatic adenocarcinoma, patients received five treatments of
2.5x108 vaccine cells, together with 5-Fu and radiotherapy. The reported median survival
was 26 months, with a 1- and 2-year survival of 88% and 76% respectively(?. In latest
report, a single institution phase II study of 60 patients with resected pancreatic
adenocarcinoma was performed, each treatment consisted of a total of 5x108 GM-CSE-
secreting cells distributed equally among 3 lymph node regions. Subsequently, had received
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5-FU based chemoradiation, patient received 5 immunotherapy. The median disease-free
survival was 17.3 months with median survival of 24.8 months. The administration of
immunotherapy was well tolerated. Besides, the postimmunotherapy induction of
mesothelin-specific CD8+ T cells in HLA-Al+ and HLA-A2+ patients correlates with
disease-free survival. The research concluded that an immunotherapy approach intergated
with chemoradiation is safe and helpful for resected pancreas cancer(3).

VEGF Vascular endothelial growth factor receptor 2 (VEGFR2) is an essential factor in
tumor angiogenesis and in the growth of pancreatic cancer. Immunotherapy using epitope
peptide for VEGFR2 (VEGFR2-169) is expected to improve the clinical outcome. A phase I
clinical trial combining of VEGFR2-169 with gemcitabine was conducted for patients with
metastatic and unresectable pancreatic cancer. Gemcitabine was administered at a dose of
1000 mg/m(2) on days 1, 8, and 15 in a 28-day cycle. The VEGFR2-169 peptide was
subcutaneously injected weekly in a dose-escalation manner (doses of 0.5, 1, and 2
mg/body, six patients/one cohort). No severe adverse effect of grade 4 or higher was
observed. Of the 18 patients who completed at least one course of the treatment, 15 (83%)
developed immunological reactions at the injection sites. Specific cytotoxic T lymphocytes
(CTL) reacting to the VEGFR2-169 peptide were induced in 11 (61%) of the 18 patients. The
disease control rate was 67%, and the median overall survival time was 8. 7 months. This
combination therapy for pancreatic cancer patients was tolerable at all doses. Peptide-
specific CTL could be induced by the VEGFR2-169 peptide vaccine at a high rate, even in
combination with gemcitabine. From an immunological point of view, the optimal dose for
further clinical trials might be 2 mg/body or higher(@.

Ras peptide is the first agent tested in immunetherapy in pancreatic cancer. Gjertsen used
an intradermal vaccine of APCs loaded ex vivo with synthetic ras peptide corresponding to
the mutation found in patients. In this phase I/II trial , two of five patients with advanced
pancreatic cancer showed induced immune response. In further phase I/II trial in 48
pancreatic cancer patients with different clinic stages, ras peptide in combination with GM-
CSF could induce peptide-specific immunty in 58% patients. Compared to non-responders,
survival time were prolonged in patients with advanced disease, the association between
prolonged survival and an immune response against the vaccine suggests that a clinical
benefit of ras peptide vaccination may be obtained for this group of patients().

In 24 Patients with resected pancreatic cancer, with K-ras mutations at codon 12, were
vaccinated once monthly for 3 months with a 21-mer peptide vaccine containing the
corresponding K-ras mutation of the patient's tumor. Immune responses were evaluated by
delayed-type hypersensitivity (DTH) tests and the enzyme-linked immunosorbent spot
assays. Results showed there were no grade 3-5 vaccine-specific toxicities. The only National
Cancer Institute grade 1 and 2 toxicity was erythema at the injection site (94%). Nine
patients (25%) were evaluable for immunologic responses. One patient (11%) had a
detectable immune response specific to the patient's K-ras mutation, as assessed by DTH.
Three patients (13%) displayed a DTH response that was not specific. Median recurrence
free survival time was 8. 6 months (95% confidence interval, 2.96-19.2) and median overall
survival time was 20. 3 months (95% confidence interval, 11.6-45.3). It suggested K-ras
vaccination for patients with resectable pancreatic adenocarcinoma proved to be safe and
tolerable with however no elicitable immunogenicity and unproven efficacy(@?.
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In another phase IIstudy, a specific mutant ras peptide vaccine was tested as an adjuvant
immunotherapy in pancreatic and colorectal cancer patients. Five pancreatic and seven
colorectal cancer patients were vaccinated subcutaneously with 13-mer mutant ras peptide,
corresponding to their tumor's ras mutation. Vaccinations were given every 4 weeks, up to a
total of six vaccines. The result showed no serious acute or delayed systemic side effects
were seen. Five out of eleven patients showed a positive immune response. Furthermore,
the five pancreatic cancer patients have shown a mean disease-free survival (DFS) of 35. 2+
months and a mean overall survival (OS) of 44.4* months. The study suggested it is feasible
to use mutant ras vaccine in the adjuvant setting. This vaccine is safe, can induce specific
immune responses, and it appears to have a positive outcome in overall survival®®). In a
follow-up study, Twenty-three patients who were vaccinated after surgical resection for
pancreatic adenocarcinoma (22 pancreaticoduodenectomies, one distal resection). The
vaccine was composed of long synthetic mutant ras peptides designed mainly to elicit T-
helper responses. Seventeen of 20 evaluable patients (85%) responded immunologically to
the vaccine. Median survival for all patients was 27.5 months and 28 months for immune
responders. The 5-year survival was 22% and 29%, respectively. Strikingly, 10-year survival
was 20% (four patients out of 20 evaluable) versus zero (0/87) in a cohort of nonvaccinated
patient treated in the same period. Three patients mounted a memory response up to 9 years
after vaccination. The observation indicates that K-ras vaccination may consolidate the effect
of surgery and represent an adjuvant treatment option for the future().

MUCI1 In order to create MUC1-specific immune response, a vaccine composed of MUC1
peptide and SBAS2 adjuvant was tested in a phase I study, There was an increase in the
percentage of CD8+ T cells and MUC1-specific antibody®0.

The other approach to induce MUC1-specific immune response is antigen-pulsed DCs. A
Phase I/II clinical trial of a MUC1 peptide-loaded DC vaccine was carried out in 12
pancreatic and biliary cancer patients following resection of their primary tumors. The
vaccine was well tolerated and no toxicity was observed. Prior to vaccination, patients
entered onto this trial had a significantly higher percentage of FoxP3+CD4+T cells
compared to age matched healthy controls. The percentage of these cells also increased
transiently following each injection, returning to baseline or below before the next injection.
Vaccinated patients have been followed for over four years and four of the twelve patients
are alive, all without evidence of recurrence®?.

Another phase I/II trial used human autologous DCs transfected with MUC1 c¢cDNA as
vaccine, 4 of 10 patients showed a two- to ten-fold increase in the frequency of mucin-
specific IFN-y-secreting CD8+ T cells, suggesting an immune response®2. But in a phase I
trial of 255 patients using vaccine consisted of recombinant vaccinia and fowlpox viruses
coexpressing CEA/MUC1/TRICOM, researchers failed to improve overall survival
compared to palliative chemotherapy or best supportive care(®).

In Kondo H’s clinical trial, Peripheral blood mononuclear cells (PBMCs) of twenty patients
with unresectable or recurrent pancreatic cancer were separated into adherent cells for
induction of MUC1-DCs and floating cells for MUC1-CTLs. MUC1-DCs were generated by
culture with granulocyte monocyte colony stimulating factor (GM-CSF) and interleukin-4
(IL-4) and then exposed to MUCT1 peptide and TNF-alpha. MUC1-CTLs were induced by co-
culture with YPK-1 and then with interleukin-2 (IL-2). MUCI-DCs were injected
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intradermally and MUC1-CTLs were given intravenously. The result showed one patient
with multiple lung metastases experienced a complete response. Five patients had stable
disease. The mean survival time was 9.8 months. No grade II-IV toxicity was observed. The
research suggested adoptive immunotherapy with MUC1-DC and MUCI1-CTL may be
feasible and effective for pancreatic cancer(®4).

Mesothelin It is first reported by Thomas that specific CD8+ T-cell response which targeting
mesothelin epitopes in pancreatic cancer can be induced via cross-presentation by an
approach that recruits APCs to the vaccination site®5. Combinated with anti-glucocorticoid-
induced TNF receptor antibody (anti-GITR), the mesotheline DNA vaccine can induce
immune pretection in mice with sungeneic mesothelin-expressing pancreatic cancer. 50% of
animals treated with mesothelin were tumor-free 25 days after tumor injection compared to
0 in untreated mice().

DNA vaccines employing single-chain trimers (SCT) have been shown to bypass antigen
processing and presentation and result in significant enhancement of DNA vaccine potency.
In a study, a DNA vaccine employing an SCT targeting human mesothelin and
characterized the ensuing antigen-specific CD8+ T cell-mediated immune responses and
anti-tumor effects against human mesothelin-expressing tumors in HLA-A2 transgenic
mice. The results showed that vaccination with DNA employing an SCT of HLA-A2 linked
to human mesothelin epitope aa540-549 (pcDNA3-Hmeso540-beta2m-A2) generated strong
human mesothelin peptide (aa540-549)-specific CD8+ T cell immune responses in HLA-A2
transgenic mice. Vaccination with pcDNA3-Hmeso540-beta2m-A2 prevented the growth of
HLA-A2 positive human mesothelin-expressing tumor cell lines in HLA-A2 transgenic mice
in contrast to vaccination with DNA encoding SCT linked to OVA CTL epitope. Thus, the
employment of SCT of HLA-A2 linked to the human mesothelin epitope aa540-549
represents a potential opportunity for the clinical translation of DNA vaccines against
human mesothelin-expressing tumors, including pancreatic cancer®?).

4.2 Passive immunotherapy

Passive immunotherapy could be accomplished by infusion monoantibody and tumor
specific T-cell which was actived in vitro. With advances in structural and functional
genomics, recent work has focused on targeted molecular therapy using monoclonal
antibodies. Many monoantibodies were used to target molecules on the tumor cell surface
and normal tissue stroma, which are related to pancreatic cancer oncogenesis, tumor growth
or resistance to chemotherapy, as well as molecules involved in regulating inflammation
and host immunoresponses. Although progress made by monoantibody in pancreatic cancer
treatment, especially in preclinical studies, its clinical application requires further
investigation. Besides the function bind to target antigen to block the corresponding signal
transduction pathways, antibody-dependent cellular cytotoxicity (ADCC) can also be
observed in some pancreatic cancer cell lines.

4.2.1 Antibody

Monoclonal antibodies against human tumor targets were initially in rodents, which will
induce immunologic responses from patient against mouse antibodies. With the
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drvelopment of recombinant DNA technology, this problem was solved and chimeric
antibodies, antibody fragments or intact fully human antibodies were produced and tested
clinically. Base on moral principles, antibodies were used as adjunctive treement with
chemotherapy agents, small molecule signal transduction inhibitors, or radiation in clinical
trails, to study if can help patients lengthen the survival. The targets are generally classified
into three major categories:cell surface proteins;antigen associated with the tumor
stroma;antigen on tumor-associated vasculature and angiogenic ligands(8).

4.2.1.1 Anti-EGFR antibodies

Cetuximab is a chimeric mouse-human antibody against an epitope located in extra-celluar
part of EGFR. In preclinical studies, cetuximab could decrease cell proliferation and
phosphorylation of EGFR, and blocked the binding of the adaptor protein Grb2 to EGFR
upon activation by EGF®9). Another preclinical study, the combination of cetuximab
together with gemcitabine and radiation effectively prolonged the tumor xenograft volume
doubling time (30.1+3.3days), compared with gemcitabine monotherapy (11.6+3.1days),
radiation monotherapy (16.7£3.1days), cetuximab with gemcitabine (20.1+3.1days)and
cetuximab with radiation (22.5+3.3days) 0.

In many clinical trails, synergistic effects were observed using combination of cetuximab
therapy and chemotherapy agents. In a multicenter phase II trial, Patients with measurable
locally advanced or metastatic pancreatic cancer who had never received chemotherapy for
their advanced disease and had immunohistochemical evidence of EGFR expression were
treated with cetuximab at an initial dose of 400 mg/m(2), followed by 250 mg/m(2) weekly
for 7 weeks. Gemcitabine was administered at 1,000 mg/m(2) for 7 weeks, followed by 1
week of rest. In subsequent cycles, cetuximab was administered weekly, and gemcitabine
was administered weekly for 3 weeks every 4 weeks. In sixty-one patients who were
screened for EGFR expression, 58 patients (95%) had at least 1+ staining, and 41 were
enrolled onto the trial, result showed Five patients (12.2%) achieved a partial response, and
26 (63.4%) had stable disease. The median time to disease progression was 3.8 months, and
the median overall survival duration was 7.1 months. One-year progression-free survival
and overall survival rates were 12% and 31.7%, respectively. The most frequently reported
grade 3 or 4 adverse events were neutropenia (39.0%), asthenia (22.0%), abdominal pain
(22.0%), and thrombocytopenia (17.1%). Cetuximab in combination with gemcitabine
showed promising activity against advanced pancreatic cancer®?.

Another multicenter pahse II study which is combination treatment with cetuximab and
gemcitabine/oxaliplatin. Patients which had histological or cytological diagnosis of
metastatic pancreatic adenocarcinoma received cetuximab 400 mg m(-2) at first infusion
followed by weekly 250 mg m(-2) combined with gemcitabine 1000 mg m(-2) as a 100 min
infusion on day 1 and oxaliplatin 100 mg m(-2) as a 2-h infusion on day 2 every 2 weeks. The
intention-to-treat analysis of 61 evaluable patients showed an overall response rate of 33%,
including 1 (2%) complete and 19 (31%) partial remissions. There were 31% patients with
stable and 36% with progressive disease or discontinuation of the therapy before re-staging.
The presence of a grade 2 or higher skin rash was associated with a higher likelihood of
achieving objective response. Median time to progression was 118 days, with a median
overall survival of 213 days. A clinical benefit response was noted in 24 of the evaluable 61
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patients (39%). Although the addition of cetuximab to the combination of gemcitabine and
oxaliplatin is well tolerated, the reasearch failed to increase response or survival in patients
with metastatic pancreatic cancer®2).

But the effect of the cetuximab is limited by the affinity of expressed EGFR in pancreatic
cancer, other factors including mutation of K-ras, PTEN expression or host complement
level. these may be the reasons of failure in some trails. In a phase II trail, within the
cetuximab group and noncetuximab group, no significant differences were found in
objective response rate (17.5% Vs12.2%), median progression-free survival (3.4 months Vs
4.2 months), median overall survival (7.5 months Vs 7.8 months)®3), The result can’t prove a
synergistic effect in combination of cetuximab and gemcitabine/cisplatin treatment in
pancreatic cancer.

Another phase Il trail of Patients with unresectable locally advanced or metastatic
pancreatic adenocarcinoma were randomly assigned to receive gemcitabine alone or
gemcitabine plus cetuximab. A total of 745 eligible patients were accrued. No significant
difference was seen between the two arms of the study with respect to the median survival
time (6. 3 months for the gemcitabine plus cetuximab arm v5.9 months for the gemcitabine
alone arm; hazard ratio = 1.06; 95% CI, 0.91 to 1.23; P = .23, one-sided). Objective responses
and progression-free survival were similar in both arms of the study. Although time to
treatment failure was longer in patients on gemcitabine plus cetuximab (P=.006), the
difference in length of treatment was only 2 weeks longer in the combination arm. Among
patients who were studied for tumoral EGFR expression, 90% were positive, with no
treatment benefit detected in this patient subset. The author think in patients with advanced
pancreas cancer, the anti-EGFR monoclonal antibody cetuximab did not improve the
outcome compared with patients treated with gemcitabine alone. Alternate targets other
than EGFR should be evaluated for new drug development®4.

Matuzumab(EMD 72000) is a humanized IgG1 mAb against EGFR. Laboratory studies have
shown promising inhibitory effects on tumor growth and angiogenesis, include L3. 6pl in an
orthotopic rat model®. In an phase I clinical trail, matuzumab was given at a dose of 400-
800 mg once weekly for 8 weeks, followed by gemcitabine 1000mg/m2 weekly for two
cycles. The partial response or stable disease in 12 evaluated advanced pancreatic cancer
patients was 66.7%(0).

4.2.1.2 Anti-ErbB2/HER?2 antibodies

Trastuzumab(Herceptin) is a humanized mAb, which has shown significant growth
inhibition of a pancreatic cancer cell line and xenografts established with the same line. In a
study focusing on HER2 overexpressing pancreatic cancer, trastuzumab was combined with
fluoropyrimidine S-1 to treat cancer cells in vivo and in vitro, pancreatic cell growth
inhibition is observed not only by inhibition of the HER?2 signal transduction pathway, but
also by antibody-dependent cellular cytotoxicity(ADCC) induced by trastuzumab®”. In
another research, although in four pancreatic cell lines, trastuzumab didn’t express inhibitor
effect and synergistic effect with gemcitabine, ADCC were observed in three cells which
expressed HER2 in mice. In Capan-1 xenografted mice, trastuzumab inhibited tumor growth
significantly and prolonged survival(®).
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Larbouret reported combination treatment of matuzumab and trastuzumab could enhance
the inhibitory effect on HER2 phosphorylation, lead to significantly decrease xenograft
tumor sizes or induce more complete remissions when compared to antibody alone, then
prolonged survival in BxPC-3 and MIA PaCa-2 pancreatic cancer cells xenograft mice(*9).
The further study which took placed in nude mice, bearing human pancreatic carcinoma
xenografts, combined anti-EGFR (cetuximab) and anti-HER2 (trastuzumab) or
gemcitabine were given as trement and tumor growth was observed. Result showed in
first-line therapy, mice survival was significantly longer in the 2mAbs group compared
with gemcitabine (P<0.0001 for BxPC-3, P=0.0679 for MiaPaCa-2 and P=0.0019 for Capan-
1) and with controls (P<0.0001). In second-line therapy, tumor regressions were observed
after replacing gemcitabine by 2mAbs treatment, resulting in significantly longer animal
survival compared with mice receiving continuous gemcitabine injections (P=0.008 for
BxPC-3, P=0.05 for MiaPaCa-2 and P<0.001 for Capan-1). Therapeutic benefit of 2mAbs
was observed despite K-Ras mutation. Interestingly, concerning the mechanism of action,
coinjection of F(ab')(2) fragments from 2mAbs induced significant tumor growth
inhibition, compared with controls (P=0.001), indicating that the 2mAbs had an Fc
fragment-independent direct action on tumor cells. This preclinical study demonstrated a
significant improvement of survival and tumor regression in mice treated with anti-
EGFR/anti-HER2 2mAbs in first- and second-line treatments, compared with
gemcitabine, independently of the K-Ras status(100)

4.2.1.3 Anti-MUC1 antibodies

PAM4 is a murine antibody to MUC1 obtained from mice immunized with purified mucin
from a human pancreatic cancer xenograft sample. In a preclinical study, 90Yttrium-
labelled PAM4 monoclonal antibody was combined with gemcitabine in mice bearing
Capan-1, the result showed increased inhibition of tumor growth and prolonged survival
of the mice(101). The recent clinical trail took place in 21 patients with advanced pancreatic
cancer. 111In-hPAM4 showed normal biodistribution with radiation dose estimates to red
marrow and solid organs acceptable for radioimmunotherapy and with tumor targeting in
12 patients. One patient withdrew before (90)Y-hPAM4; otherwise, 20 patients received
(90)Y doses of 15 (n=7), 20 (n=9), and 25 mCi/m(2) (n=4). Treatment was well tolerated;
the only significant drug-related toxicities were (NCI CTC v.3) grade 3 to 4 neutropenia
and thrombocytopenia increasing with (90)Y dose. There were no bleeding events or
serious infections, and most cytopenias recovered to grade 1 within 12 weeks. Three
patients at 25 mCi/m(2) encountered dose-limiting toxicity with grade 4 cytopenias more
than 7 days, establishing 20 mCi/m(2) as the maximal tolerated (90)Y dose. Two patients
developed HAHA of uncertain clinical significance. Most patients progressed rapidly and
with CA19-9 levels increasing within 1 month of therapy, but 7 remained progression-free
by CT for 1.5 to 5.6 months, including 3 achieving transient partial responses (32%-52%
tumor diameter shrinkage). The study concluded (90)Y-Clivatuzumab tetraxetan was well
tolerated with manageable hematologic toxicity at the maximal tolerated (90)Y dose, and
is a potential new therapeutic for advanced pancreatic cancer(102).

In a Phase I trial for patients with stage Il and IV pancreatic cancer, another antibody C595,
which is targeting the protein core of MUC1, was conjugated with the a-particle-emitting
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213bismuch. In vitro study showed specific cytotoxic to MUC1-expressing pancreatic cancer
cells in a concentration-dependent manner compared to controls(103).

4.2.1.4 Anti-mesothelin antibodies

SS1P is a recombinant immunotoxin that consists of an anti-mesothelin scFv(ss1) fused to
PE38, a 38Kda portion of Pseudomonas exotoxin. Sing-chain Fv(scFv)v was isolated from a
phage display library obtained from the spleen of mice immunized with mesothelin-
expression plasmid. After binding to mesothelin and subsequent internalisation into cells, it
inhibits protein synthesis and results in apoptosis.

In preclinical study, SS1P plus radition in treating mesothelin-expressing tumor xenografts,
combination treatment significantly prolonged the doubling time of tumors(1%);meanwhile,
synergic result was observed when treat with gemcitabin, the tumors were induced
regression completely(105),

In the further phase I clinical study, SS1P was administered by intravenous infusion in 34
patients with mesothelin-expressing tumor, including 2 pancreatic cancer patients, the
results showed that it was well-tolerated with self-limiting pleuritis as dose-limiting toxicity,
12% tumor size decresed from 20-50% and lasted for more than 4 weeks, 56% patients
showed stable disease and 29% of the patients had progressive disease(100).

Another monoclonal antibody against mesothelin, MORADb-009, is a chimeric of a mouse
and human mAb derived from a phage-display library and re-engineered(%”). In a phase I
clinical trial, treatment of MORAD-009 in patients with advanced mesothelin-expressing
cancers has been determined if safety, dose-limiting toxicity (DLT), and maximum tolerated
dose (MTD). A total of 24 subjects were treated including 13 mesothelioma, 7 pancreatic
cancer, and 4 ovarian cancer patients. The median number of MORADb-009 infusions was 4
(range 1-24 infusions). At the 400 mg/m(2) dose level, 2 subjects experienced DLT (grade 4
transaminitis and a grade 3 serum sickness). Thus, although there were other contributing
causes of these adverse events, 200 mg/m(2) was considered the MTD. Other adverse events
at least possibly related to MORADb-009 included 7 drug hypersensitivity events (all grade 1
or 2) and a thromboembolic event (grade 4). Eleven subjects had stable disease. There was a
dose-dependent increase in serum MORAD-009 concentration. The result suggested that
MORADb-009 is well tolerated and the MTD when administered weekly is conservatively set
at 200 mg/m(2). Phase II studies of MORADb-009 in different mesothelin-expressing cancers
are ongoing(108),

4.2.2 Adoptive cell transfer

In cellular antitumor immunity, T-cells must first be activated by bone marrow —derived
APCs that present tumor antigens and provide essential co-stimulatory signals, migrate and
gain access to the tumor microenvironment, and overcome obstacles to effective triggering
posed by the tumor. Dendritic cells, which are the strongest antigen presenting cells in the
body. Their generation for anti-tumor immunity has been the focus of a vast array of
scientific and clinical studies. DC’s specialized capacity to cross-present exogenous Ags onto
major histocompatability (MHC) class I molecules for the generation of T-Ag-specific
cytotoxic T Ilymphocytes (CTLs) has made it possible to produce actived T cell in vitro and
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in vivo. Adoptive immunotherapy involves harvesting the patient’s peripheral blood T-
lymphocytes, stimulating and expanding the autologous tumor-reactive T-cells, finally
transferring them back into the patient.

4.2.2.1 K-ras-specific CTLs

In vitro, Immature DCs had pulsed with synthesized mutant K-ras peptide (YKLVVVGAYV).
When the DCs were matured, Kras antigen epitope can express on the DC's surface
effectively and Cytotoxic T lymphocytes (CTLs) can be induced when autogeneic and
homologous T cells co-cultured with the mutant K-ras peptide-pulsed DCs. The reasearch
demonstrated the induced CTLs can kill the pancreatic cancer cell line Patu8988 which
expresss the same K-ras mutation type effectively in virto and in vivo. Without damage the
normal tissue cells, the killing rate of activated K-ras specific CTLs to the tumor cell when
the ratios of CTL: Patu8988 cells were 10:1, 20:1, and 50:1 were (21.2+/-1.9)%, (32.4 +/-
2.1)%, and (45.7+/-5.3)% respectively, all while the killing efficiency significantly superior
to those of the non-specific activated T lymphocyte (all P < 0.05). Eight days after CTL
injection into the nude mice the tumor size of the intratumor injection group was (68 +/-
13) mm?3, significantly smaller than those of the control group and IL-2 activated non-
specific CTL intra-tumor injection group [(87+/-14) mm? and (79 +/- 19) mm3, both P <
0.05]. The survival rates of the nude mice of the K-ras specific CTL intra-tumor injection
group, CTL caudal vein injection group, and IL-2 activated non-specific CTL intra-tumor
injection group were all significantly higher than that of the control group (all P < 0.05),
and the survival rate of the K-ras specific CTL intra-tumor injection group was
significantly higher than that of the IL-2 activated non-specific CTL intra-tumor injection
group (P <0.05). Immunohistochemical staining confirmed that K-ras specific CTL had the
ability to move toward tumor. The result showed antigen-specific-CTLs induced in virto
and transferred into the patient can used be a effective treatment for pancreatic cancer(109).

4.2.2.2 MUCl1-specific CTLs

In MUC1 expressing Tumor-bearing mice , there were low affinity MUC1-specific CTLs that
have no effect on the spontaneously occurring pancreatic tumors in vivo. However,
adoptive transfer of these CTLs was able to completely eradicate MUCl-expressing
injectable tumors in MUC1 transgenic mice, and these mice developed long-term immunity.
These CTLs were MHC class I restricted and recognized peptide epitopes in the
immunodominant tandem repeat region of MUCI. The MET mice appropriately mimic the
human condition and are an excellent model with which to elucidate the native immune
responses that develop during tumor progression and to develop effective antitumor
vaccine strategies(110),

In a study of 11 patients with lung metastases from different cancer, CTLs were generated in
virto using cultured DCs, synthetic peptide, peripheral blood lymphocytes, IL-2 and anti-
CD3 antibody. The patients received either Muc-1, CEA, gpl00, Her-2 or SART-3-PDAK cells
generated in vitro, All transfers of peptide-pulsed dendritic cell-activated killer(PDAK) cells,
which showed peptide/HLA-specific lysis, were well-tolerated in all patients, and adverse
effects (elevation of transaminase, fever, and headache) were observed primarily at grade 1,
but in no case greater than grade 2. One partial response (PR) of lung metastasis occurred in
a pancreatic cancer patient who received 3x10(7) Muc-1-PDAK cells/kg. The cytolytic units
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of PDAK cells in this patient appeared to be substantially higher compared to those in PD
patients. The results suggest that adoptive immunotherapy using PDAK cells for cancer
patients with antigen-positive lung metastasis is safe and feasible(111).

However, in another clinical study, data demonstrate that MUC1 peptide-based
immunization elicits mature MUC1-specific CTLs in the peripheral lymphoid organs. The
mature CTLs secrete IFN-gamma and are cytolytic against MUCl-expressing tumor cells in
vitro. Unfortunately, active CTLs that infiltrate the pancreas tumor microenvironment
become cytolytically anergic and are tolerized to MUC1 antigen, allowing the tumor to
grow. The CTL tolerance could be reversed at least in vitro with the use of anti-CD40 co-
stimulation. The pancreas tumor cells secrete immunosuppressive cytokines, including IL-10
and TGF-beta that are partly responsible for the down-regulation of CTL activity. In
addition, they down-regulate their MHC class I molecules to avoid immune recognition.
CD4+CD25+T regulatory cells, which secrete IL-10, were also found in the tumor
environment. Together these data indicate the use of several immune evasion mechanisms
by tumor cells to evade CTL killing. Thus altering the tumor microenvironment to make it
more conducive to CTL killing may be key in developing a successful anti-cancer
immunotherapy(12).

4.2.2.3 Telomerase-specific CTLs

In a syngeneic pancreatic tumor mouse model, T-cells were produced in vitro by coculturing
human lymphocytes with telomerase peptide-pulsed dendritic cells(DCs) or in vivo by
injection of peptide, animals treated with telomerase-specific T cells showed significantly
delayed disease progression(13).

4.2.2.4 Mesothelin-specific CTLs

With the identification of novel mesothelin CTL epitopes, T-cell lines generated from one of
these epitopes were shown to lyse pancreatic tumor cells. Several agonist epitopes were
defined and were shown to (a) have higher affinity and avidity for HLA-A2, (b) activate
mesothelin-specific T cells from normal individuals or cancer patients to a greater degree
than the native epitope in terms of induction of higher levels of IFN-gamma and the
chemokine lymphotactin, and (c) lyse several mesothelin-expressing tumor types in a MHC-
restricted manner more effectively than T cells generated using the native peptide. External
beam radiation of tumor cells at nontoxic levels was shown to enhance the expression of
mesothelin and other accessory molecules, resulting in a modest but statistically significant
increase in tumor cell lysis by mesothelin-specific T cells. The result supports and extends
observations that mesothelin is a potential target for immunotherapy of pancreatic cancers,
as well as mesotheliomas. Combination of immunotherapy and chemoradiotherapy may be
a better choice for the patients(14).

4.3 Future perspective

Although it is used as adjuvant treatment in preclinical or clinical trail, immunotherapy may
be the next great hope for pancreatic cancer treatment. While monoclonal antibodies,
cytokines, vaccines and CTL have individually shown some promise, it's hard to say which
is better in nonspecific and specific immunotherapy. It seems to be the best strategy to
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obtained more efficient results in combination with a variety of antigens, or vaccine and
antibody combinations. A nonspecific and specific immunotherapy combination offers
another potent strategy. With the combination, the ultimate achievable goal may be a
durable anti-tumor immune response that can destory and prevent it from recurrence over
the course of a patient’s life.

According to the existed profiles, The key of the immunotherapy on pancreatic cancer is to
break through cancer microenvironment’s defence. Suppressing the function of immuno-
suppression cells, such as immunosuppressive tumor-associated macrophages (TAMs),
myeloid-derived suppressor cells (MDSCs), and regulatory T cells (Tregs) reside in tumors
is as important as inducing the specific immune agent, such as antibody or CTL.

Combating with each other, tumor and immune system are like two warriors on the other
side of balance. What we can do is to break the balance and help the immune system win
the war. Traditional methods, surgical operation, chemoradiation, can decrease the
number of the tumor cells to the minimum while do harmful to immune system in the
same time. So as the followed treatment, the passive immunotherapy may be the best
choice to supply enough actived immune agents in a short period to kill the metastatic
cancer cells. When patient recovered, Cytokines and vaccine will help to establish long -
term specific immune response to keep watch on and get rid of residuary cancer cells.
Owing to pancreatic cancer cells expressing different abnormal antigens, the combination
of 2 or more epitopes vaccines will obstain better effect to prevent from recurrence. and
metastasis.
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1. Introduction

Pancreatic cancer is the fourth leading cause of cancer mortality in both men and women.
Approximately 32,000 Americans each year will develop and also die from this disease .
Despite aggressive surgical and medical management, the mean life expectancy is
approximately 15-18 months for patients with local and regional disease, and 3-6 months
for patients with metastatic disease 1-2. Even in case of radical surgery it is associated with a
poor prognosis and a 5-year survival rate of less than 4%. Early detection methods are under
development but do not yet exist in practice for pancreatic cancer. Therefore, most patients
present with advanced disease that cannot be cured by surgery (pancreaticoduodenectomy).
Clinically, pancreatic cancer is characterized by rapid tumor progression, early
metastatization and unresponsiveness to most conventional treatment modalities. In a
recent analysis using a database from 1973 to 2003 based on modeled period analysis, 5-year
survival of pancreatic cancer patients was 7.1% and 10-year survival was below 5%3. The
survival rate is apparently related to the disease stage with a low rate at 1.6-3.3% among
patients with distant metastases. Curative resection remains the most important factor
determining outcome for resectable tumors. However, the resection rate for pancreatic
carcinoma is only 10% and the overall five-year survival rate after resection is still only 10 to
20%. Early diagnosis and effective treatment to control the advanced stages of disease may
prolong the survival rate of pancreatic cancer. Otherwise pancreatic cancer remains a
disease with high mortality despite numerous efforts that have been made to improve its
survival rates.

In developing cancer immunotherapy, the following aims must be considered: (1) detection
of immune response to autologous tumor cells, (2) identification of tumor antigens and
analysis of the immune responses in patients, (3) analysis of tumor escape mechanisms and
development of methods to overcome them, and (4) development of a more efficient
immune intervention system by way of animal model experiments and clinical trials.
Identification of tumor antigens in the first objective is important because it subsequently
allows their use not only as targets for immunotherapy in a more immunogenic form but
also enables quantitative and qualitative monitoring of immune responses to tumor cells
during immunotherapy. In many animal tumors and in human melanoma, T cells play an
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important role in in vivo tumor rejection. Because of their expression of MHC class I, CD8+
T cells are integral in the eradication of most solid tumors. However, CD4+ T cells are also
important in the induction and maintenance of final effectors, such as CD8+ T cells and
macrophages, as well as for the accumulation of CD8+ T cells in tumor tissues. Thus, we are
applying various methods to identify human tumor antigens recognized by T cells.

Immunotherapy has an advantage over radiation therapy and chemotherapy because it can
act specifically against the tumor without damaging normal tissue. Immunotherapeutic
approaches to PC have included the use of monoclonal antibodies 47, cytokines 8, vaccine 9
and lymphokine activated killer (LAK) cells (10).

2. Immune surveillance and tumour evasion

The extraordinary features of the immune system make it possible to discern self from non-
self. However, most human cancers, and pancreatic cancer in particular, are known to be
poorly immunogenic, as crucial somatic genetic mutations can generate pancreatic cancer
proteins that are essentially altered self proteins. Furthermore, promising
immunotherapeutic approaches that have been used for relatively immunogenic cancers
such as melanoma have met with variable success®. These observations have revealed that
for tumours to form and progress, they must develop local and/or systemic mechanisms
that subsequently allow them to escape the normal surveillance mechanisms of the intact
immune system. Immune-based therapies must therefore incorporate at least one agent
against a pancreatic cancer target as well as one or more agents that will modify both local
and systemic mechanisms of pancreatic-cancer-induced IMMUNE TOLERANCE.

It is now clear that both local characteristics of the tumour microenvironment as well as
systemic factors are important for the immune evasion of tumours. For example, T-cell
recognition of pancreatic tumours might be inhibited or suppressed due to the
downregulation of human leukocyte antigen (HLA) CLASS I tumour-antigen complexes on
tumour cells by a range of intracellular mechanisms* 7 — upregulation of immune-
inhibition molecules!!, 12, 13,14,15,16,17, Joss of immune-regulation signals!> 16 17,18,19, 20, 21, 22, 23,
24,25,26,27,28,29,30, defects in immune-cell tumour localization31 32 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45,46, 47, 48,49, 50, 51 and loss of co-stimulatory molecules52 53 54, 55 56, 57, Such alterations within a
tumour cell would not be unexpected, as they have unstable genomes. The local
inflammatory reaction is also an important triggering event in the recruitment of
professional ANTIGEN-PRESENTING CELLS (APCs) and effector cells, such as T cells and
NATURAL KILLER (NK) CELLS, to the tumour site. However, pancreatic tumour cells
express a range of proteins that inhibit pro-inflammatory cytokines and DENDRITIC CELL
(DC) MATURATION?S, 59 60,

In addition, the numbers of CD4*CD25* T regulatory (Treg) CELLS — a subset of T cells that
are known to be important in the suppression of self-reactive T cells (peripheral
tolerance) — accumulate in pancreatic tumoursé! 62 6. Although these cells are thought to be
activated during the immunization process, Treg cells seem to localize to tumour sites.
Tumour production of the chemokine CCL22 probably attracts the Treg cells by interacting
with the CCR4 receptor that is expressed by these cellsé4.

Other important elements in regulating the T-cell recognition of pancreatic tumours are the
inhibitory pathways, known as 'immunological checkpoints'. Immunological checkpoints
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serve two purposes. One is to help generate and maintain self-tolerance, by eliminating T
cells that are specific for self-antigens. The other is to restrain the amplitude of normal T-cell
responses so that they do not 'overshoot' in their natural response to foreign pathogens. The
prototypical immunological checkpoint is mediated by the cytotoxic-T-lymphocyte-
associated protein 4 (CTLA4) counter-regulatory receptor that is expressed by T cells when
they become activated?> 2. CTLA4 binds two B7-FAMILY members on the surface APCs —
B7.1 (also known as CD80) and B7.2 (also known as CD86) — with roughly 20-fold higher
affinity than the T-cell surface protein CD28 binds these molecules. CD28 is a co-stimulatory
receptor that is constitutively expressed on naive T cells. Because of its higher affinity,
CTLA4 out-competes CD28 for B7.1/B7.2 binding, resulting in the downmodulation of T-
cell responses?0.

A range of B7-family members interact with co-stimulatory and counter-regulatory
inhibitory receptors on T cells. Two recently discovered B7-family members, B7-H1 (also
known as PD-L1) and B7-DC (also known as PD-L2) also seem to interact with T-cell co-
stimulatory and counter-regulatory inhibitory receptors!s: 2% 30. PD-L1, which is upregulated
on T cells when they become activated, seems to control a counter-regulatory
immunological checkpoint when it binds PD-1 26,28,29. Activating receptors for B7-DC and
B7-H1 have not yet been definitively identified. B7-DC is expressed on DCs, and is likely to
have a co-stimulatory role in increasing activation of naive or resting T cells. In contrast to
B7.1, B7.2 and B7-DC, B7-H1 is also expressed on several peripheral tissues and on many
tumours, including pancreatic tumours?.

Another new B7-family member, B7-H4, seems to mediate a predominantly inhibitory
function in the immune system!4. Recent data indicate that pancreatic tumours also express
B7-H4 (D.L. and E.M.].,, manuscript in preparation), and both B7-H1 and B7-H4 probably
protect tumours from immune-system attack. Preclinical studies have already demonstrated
that it is possible to downregulate B7-H1 signalling in mice, improving the antitumour
response to vaccination!s. Monoclonal antibodies that downregulate B7-H1 and B7-H4 are
currently in clinical development. These antibodies will probably begin clinical testing in
patients with pancreatic cancer within 2 to 3 years.

3. Cancer immunotherapy protocols

Clinical trials using various immunotherapies, active immunization with tumor antigens, or
tumor cell-derived products, and adoptive immunotherapy using antitumor immune cells
were conducted in various cancers, most extensively in melanoma, and tumor regression
was observed in some patients. Active Immunization Immunizations with synthetic
peptides, particularly MHC class I-binding epitopes, were performed in various trials. Since
native epitopes have relatively low immunogenicity, various immunoaugmenting methods,
including coadministration of adjuvants and cytokines [incomplete Freund adjuvant (IFA),
IL-2, IL-12, or GM-CSF], were applied to achieve efficient immunization. Tumor regression
in melanoma patients was observed in various clinical trials using melanocytespecific
antigens such as MART-1 and gp100 and, in particular, the HLA high-binding modified
peptide. Since CD4+ T cells appear to be directly and indirectly important in tumor
rejection, combined immunization with both Th and CTL antigens is being attempted.
Immunization with proteins containing multiple Th and CTL epitopes may be effective,
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although production of recombinant GMP-grade proteins is costly, and modifications such
as particle formation may be required for effective presentation of MHC class I-restricted
epitopes. To facilitate peptide immunization in melanoma, coadministration of the anti-
CTLA4 antibody, which blocks regulatory T cells and negative feedback regulation of T-cell
activation, was carried out. Although tumor regression along with autoimmune reactions
was observed, augmentation of the immune response to the administered peptides was not
observed in peripheral blood.2# In pancreatic cancer, intradermal immunization with the
mutated K-ras peptides and GM-CSF resulted in the induction of a memory CD4+ T-cell
response and prolonged survival, compared with nonresponders.’> Immunization with the
MUC1 peptide and BCG resulted in augmented immune responses without tumor
regression.22 Immunization with recombinant viruses or plasmids containing tumor antigen
cDNA (DNA immunization) rather than peptide/proteins may be applied. In melanoma
clinical trials, a generation of neutralizing antibodies against viral proteins appeared to
interfere with the induction of immune response to tumor antigens following immunization
with recombinant adenovirus and vaccinia virus.2> However, recent protocols using a
recombinant fowlpox virus containing the modified gp100 cDNA or the ER signal sequence-
conjugated gp100-epitope minimal gene demonstrated frequent induction of tumor reactive
T cells.26 Interestingly, tumor regression was observed in patients after subsequent
administration of IL-2.

Intramuscular immunization with the recombinant gpl00 plasmids appeared to be
insufficient to induce an antitumor T-cell response.27 DC are the most potent professional
APC that can process antigens for both MHC class I and II pathways and activate both naive
CD4+ T cells and CD8+T cells in vivo. In murine studies, immunization with DC pulsed
with tumor antigens resulted in better antitumor effects than direct peptide administration.
In immunization trials using DC pulsed with tumor lysates or synthetic peptides, tumor
regression was observed in patients with various cancers, including melanoma, prostate
cancer, colon cancer, and B-cell lymphoma.?8 Although most clinical trials have used
monocyte-derived DC, peripheral blood DC as well as CD34+ cell-derived DC have been
used in some protocols.?? Antigen loading on DC using various antigens including RNA,
c¢DNA, recombinant virusand cell-penetrating peptide conjugated proteins has also been
exploited. DC fused with tumor cells and leukemia clone- derived DC have also been used
in clinical trials. K-ras- specific T cells were detected in pancreatic cancer patients following
multiple intravenous infusions of peptide-pulsed antigen presenting mononuclear cells
obtained by leukapheresis, although no therapeutic effect in patients was observed. In
addition, no tumor regression was observed following immunization with DC transfected
with MUC1 cDNA. A decrease in tumor marker was observed in a patient with a pancreatic
neuroendocrine tumor, following immunization with DC pulsed with autologous tumor
lysates. Intratumoral administration of immature DC following intraoperative irradiation is
currently being conducted in Japan. Thus far, any antitumor effects observed in these DC-
based clinical trials for pancreatic cancer are weak. Protocols for the optimal use of DC in
immunotherapy, including the source of DC, kinds of tumor antigens, methods for
maturation and antigen loading, site and schedule for administration, remain to be
determined. Based on murine experiments, immunization with more immunogenic tumor
cells that are modified using various techniques, including hapten conjugation, foreign
antigen introduction, and transfection with various genes such as cytokines (eg, GM-CSF,
IL-2, TNF-_, IEN-_, IL-4) have been employed in melanoma, prostate cancer, and lung
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cancer. Strong antitumor effects, however, were not observed in the reported clinical trials.
In pancreatic cancer, vaccination with GM-CSF transduced allogeneic pancreatic cancer cell
lines along with adjuvant radiation and chemotherapy following surgical excision
demonstrated possible benefit in disease-free survival, which appeared to be associated with
the increase of postvaccination DTH responses against autologous tumor cells.

4. Adoptive Immunotherapy with antitumor
4.1 Immune cells

Passive immunotherapy with large doses of activated antitumor lymphocytes was also
employed since there was a possibility that active immunization would be insufficient to
induce enough of an immune response to cause tumor regression in the immunosuppressed
patient with a large tumor burden. Adoptive transfer of tumor-reactive T cells cultured from
tumor-infiltrating lymphocytes, along with IL-2, resulted in a clinical response in melanoma
patients.®5 Adoptive transfer of EBV-specific T cells resulted in regression of EBV-associated
lymphoma. Intraportal infusion of in vitro MUCI-stimulated T cells was performed in
pancreatic cancer, yielding preliminary results that indicate inhibition of liver metastasis.
Although the clinical use of tumor-reactive T cells was previously limited due to the
difficulty in generating tumor-reactive T cells for most cancers, it is now possible to generate
these cells from the PBMC of cancer patients by in vitro stimulation, using the identified
tumor antigens.®® Tumor-reactive T cells from patients preimmunized with tumor antigens
were generated more efficiently, which suggests that combined use of active and passive
immunotherapies is ideal. One of the problems that arises from adoptive transfer of cultured
T cells is the low efficiency of administered T cells in in vivo maintenance and accumulation
in tumor tissues. However, it was recently reported that nonmyeloablative,
lymphodepletive pre-treatment with cyclophosphamide and fludarabine resulted in
extended persistence of administered tumor-reactive T cells in peripheral blood and tumor
tissues and increased tumor regression, which may be due to suppression of patient
immune responses or the need to make room for homeostatic proliferation of transferred
lymphocytes.6” Adoptive immunotherapy with IL- 2-activated PBMC, LAK (lymphokine
activated killer) cells displayed some antitumor effects when locally administered (ie, by
intrapleural or intraarterial infusion) for lung or liver cancer. Intraportal administration
following intraoperative irradiation in pancreatic cancer patients is reported to result in
possible prolongation of survivalss.

Adoptive immunotherapy involves harvesting the patient’'s peripheral blood T-
lymphocytes, stimulating and expanding the autologous tumour-reactive T-cells using IL-2
and CD3-specific antibody, before subsequently transferring them back into the patient.
Twelve patients with advanced pancreatic cancer who underwent resection, intraoperative
radiotherapy and intraportal infusion of LAK cells with recombinant IL-2 had lower
incidence of liver metastasis compared to controls (three of 12 vs ten of 15; p<0.05)69. There
was no significant difference in overall survival, but more patients were alive three years
later (36% vs none).

Telomerase — Telomerase is a reverse transcriptase that contains a RNA template used to
synthesise telomeric repeats onto chromosomal ends. Activation of telomerase and its
maintenance of telomeres play a role in immortalisation of human cancer cells, as telomeres



142 Pancreatic Cancer — Clinical Management

shrink after each cell division 70. Telomerase activity is found in 92-95% of pancreatic cancers
7172, and is associated with increased potential of invasion and metastasis and poor
prognosis 7374, Upregulation of telomerase may also be responsible for the development of
chemotherapy resistance 75. Adenovirus-mediated transduction of p53 gene inhibited
telomerase activity in MIAPaCa-2, SUIT-2 and AsPC-1 cells, independent of its effect on
apoptosis, cell growth and cycle arrest 7. Antisense to the RNA component of telomerase
seemed to increase susceptibility of Panc-1 cells to cisplatin 77 Telomerase reverse
transcriptase antisense oligonucleotide (WTERT-ASO) was found to inhibit the proliferation
of BxPC-3 cells in vitro by decreasing telomerase activity and increasing apoptosis 7.
Adoptive transfer of telomerase-specific T-cells was studied in a syngeneic pancreatic
tumour mouse model 7. T-cells were produced in vitro by coculturing human lymphocytes
with telomerase peptide-pulsed dendritic cells (DCs) or in vivo by injection of peptide with
adjuvant into C57BL/6 mice. Animals treated with these T-cells showed significantly
delayed disease progression.

MUC1 — Adoptive transfer of MUC1-specific cytotoxic T-lymphocytes (CTLs) was able to
completely eradicate MUC1-expressing tumours in mice 80. Intraportal infusion of In vitro
MUCI1-stimulated T-cells was performed in patients with pancreatic cancer, with
subsequent inhibition of liver metastasis 81. In a study of eleven patients with lung
metastases (from colorectal, pancreatic, breast, lung, or melanoma primaries), effector cells
were generated in vitro using cultured DCs, synthetic peptide, peripheral blood
lymphocytes, IL-2 and anti-CD3 antibody 82. A partial response of the lung metastases was
observed in a patient with pancreatic cancer who received these cells stimulated with
MUCL.

4.2 Cytokines and immunomodulators

TNFerade —TNF-a is a multifunctional cytokine that has shown antitumour potency 3-8,
TNFerade Biologic (TNFerade) is a replication-deficient adenovirus carrying the gene for
human TNF-q, regulated by a radiation-inducible promoter Early Growth Response (Egr-1).
The latter would ensure maximal gene expression when infected tissue is irradiated 86.
TNFerade was effective in combination with radiation in a number of human xenograft
models, including glioma 87, prostate 8, oesophageal 8° and radiation-resistant laryngeal
cancers 9. The multicentre phase II/IIl Pancreatic Cancer Clinical Trial with TNFerade
(PACT) is currently ongoing and involved patients with locally advanced pancreatic cancer.
Patients were given radiotherapy, 5-FU with or without CT-guided transabdominal injection
of TNFerade. Preliminary data of 51 patients revealed that the one-year survival increased
from 28% to 70.5% with the addition of TNFerade, with MS of 335 and 515 days
respectively?l.

Virulizin — Virulizin (Lorus Therapeutics Inc.) is a biological response modifier obtained
from bovine bile 9. It stimulates the expression of TNF-a and activates macrophages, which
subsequently activates natural killer cells via IL-12 93-94, Evidence exists to show that it also
induces the production of IL-17E with resulting eosinophilia %.

In vivo studies showed that Virulizin significantly inhibited the growth of human pancreatic
cancer xenografts (BxPC-3, SU 8686 and MIAPaCa-2) in nude mice, as well as potentiated the
antitumour effect of gemcitabine and 5-FU %-97. A phase III trial was conducted to study the
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effect of gemcitabine with or without Virulizin in 434 chemotherapy-naive patients with
advanced pancreatic cancer [341]. MS was not significantly better for the gemcitabine and
Virulizin group compared to gemcitabine with placebo (6.3 vs 6 months). However for stage
3 patients who received Virulizin in a salvage setting, a significant difference in survival was
demonstrated (10.9 vs 7.4 months, p=0.017).

431L-2

Pancreatic cancer could thus constitute a paradigmatic example of neoplasia where tumor-
related variables and host immunosuppressive status have the same importance in
determining an unfavourable prognosis. The severe suppression of anticancer immunity,
which characterizes patients suffering from pancreatic cancer, is further aggravated by
surgical treatment %. In fact, it is known that surgery may inhibit anticancer immunity by
provoking a postoperative decline in the absolute number of circulating lymphocytes 99-101,
which play a fundamental role in generating an effective anticancer immune reaction; this is
fundamentally an IL-2-dependent phenomenon 102,

Surgery-induced immunosuppression could represent one of the main factors responsible
for relapse in cancer patients treated by radical surgery, by possibly promoting the growth
of micro-metastases, already existing at the time of the surgical removal of the tumor .
Previous clinical studies have shown that the immunosuppressive status occurring during
the postoperative period is particularly severe in patients with pancreatic cancer and this
evidence could explain, at least in part, the high percentage of recurrences occurring in
patients radically operated for cancer of the pancreas 1. At present, the only molecule
which has been proven to correct the lymphocytopenia is IL-2, representing the main
growth factor for lymphocytes, including T lymphocytes and natural killer (NK) cells 104 and
the stimulation of lymphocyte proliferation would constitute the main mechanism
responsible for the antitumor activity of IL-2 in the immunotherapy of cancer 105. Moreover,
the preoperative administration of IL-2 for only few days prior to surgery was effective in
preventing surgery-induced lymphocytopenia 10. In addition, the abrogation of surgery-
induced lymphocyte decline has been shown to improve the prognosis of patients with
colorectal cancer in whether treated by radical or palliative surgery 107. The therapeutic
impact of IL-2 presurgical administration remains to be better defined in gastric cancer 108,
despite its efficacy in preventing the postoperative lymphocytopenia. Finally, the prevention
of postoperative lymphocyte decline by IL-2 presurgical immunotherapy was associated
with clear lymphocyte and eosinophil intratumoral infiltration in colorectal cancer patients,
which, in contrast, was less evident in patients with gastric carcinoma. Preliminary clinical
studies have suggested that preoperative injection of IL-2 may also prevent surgery-induced
lymphocytopenia in patients with pancreatic cancer 109 According to previous
investigations, IL-2 presurgical immunotherapy may also completely abrogate surgery-
induced lymphocytopenia also patients with pancreatic carcinoma, as well as previously
described for both colorectal and gastric carcinomas. Moreover, in agreement with the
clinical results previously reported for colorectal cancer patients and in contrast to those
more controversially reported in gastric cancer, this study would suggest that a
preoperative immunotherapy with IL-2 may improve the clinical course of the pancreatic
cancer in terms of both FFPP and OS. Therefore, particularly because of its unfavourable
prognosis, presurgical immunotherapy with IL-2 could represent a simple but effective
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clinical strategy to improve the prognosis of pancreatic cancer patients undergoing
macroscopical radical surgery.

4.4 Allogeneic antigen-specific immunotherapy

Allogeneic antigen-specific immunotherapies, nonmyeloablative SCT (minitransplant) and
DLI (donor leukocyte infusion), are reported to have some antitumor effect [graft versus
tumor (GVT)] on solid tumors, including RCC, breast cancer, and pancreatic cancer, in
addition to haematological malignancies.!!0GVT effects were also observed in pancreatic
cancer patients in minitransplant protocols conducted in Japan. Although the mechanisms
of the antitumor effects, such as allogeneic responses to minor histocompatibility antigens
(mHa), on hematological malignancies are well studied, they remain unclear with regard to
solid tumors. One of the major problems in allogeneic treatment of the solid tumor is severe
GVHD. Several strategies for the separation of GVT and GVHD have been developed for
hematological malignancies. Whether this separation is possible for solid tumors, however,
is unclear.

Was reported on the efficacy of adoptive immunotherapy (AIT) with cytotoxic T
lymphocytes (CTLs), induced from autologous pancreatic tumors but not from AIT with
LAK cells. Although these immunotherapies have a potential as alternative treatments for
PC, the effects have been limited.

Pancreatic cancer cells present an enormous challenge, as they are naturally resistant to
current chemotherapy and radiation therapy. In addition, known pancreatic cancer antigens
have generated relatively weak immune responses. This is probably due to a combination of
mutations in oncogenes such as KRAS and tumour-suppressor genes such as TP53,
CDKN2A, DPC4 (deleted in pancreas cancer 4), BRCA2 and ERBB2 (also known as
HER2/neu), as well as overexpression of growth factors such as transforming growth factor-
o (TGFa), interleukin-1 (IL-1), IL-6 and IL-8, tumour-necrosis factor-a (TNFa), or vascular
endothelial growth factor (VEGF), their receptors, or constitutive expression of multidrug-
resistant genes2 3 4 5. Alternative therapeutic approaches are therefore urgently needed for
this disease.

Immune-based therapies aim to recruit and activate T cells that recognize tumour-specific
antigens. In addition, recombinant monoclonal antibodies are being designed to target
tumour-specific antigens — these would kill tumour cells either by direct lysis or through
delivery of a conjugated cytotoxic agent. Both approaches are attractive for the treatment of
pancreatic cancer for several reasons. First, these immune-based therapies act through a
mechanism that is distinct from chemotherapy or radiation therapy, and represent a non-
cross-resistant treatment with an entirely different spectrum of toxicities. Second, through
the genetic recombination of their respective receptors, the B cells and T cells of the immune
system are capable of recognizing a diverse array of potential tumour antigens. In addition,
both T and B cells can distinguish small antigenic differences between normal and
transformed cells, providing specificity while minimizing toxicity. New insights into the
mechanisms by which T cells are successfully activated and by which tumours evade
immune recognition are driving the development of new combinatorial immunotherapy
approaches. In addition, recent advances in gene-expression analysis have allowed for the
identification of new pancreatic targets, including candidate tumour antigens that might
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serve as T-cell and antibody targets. These advances now make it possible to exploit the
immune system in the fight against pancreatic cancer.

4.5 Targeting signalling molecules

By the time that patients are diagnosed with pancreatic cancer, the tumour has typically
progressed and invaded adjacent structures. Perineural invasion, metastasis to lymph nodes
and liver, and an intense DESMOPLASTIC STROMAL REACTION are commonly observed.
A range of signalling pathways, including epidermal growth factor receptor (EGFR) and the
PI3K-AKT-mTOR-S6K cascades, are known to mediate pancreatic tumour growth and
progression!!n addition, new blood-vessel formation (angiogenesis) is required for the
growth of primary pancreatic tumours and is essential for metastasis. In pancreatic tumours,
this process is probably regulated by fibroblast growth factor, platelet-derived endothelial-
cell growth factor and VEGF family members. In fact, several pancreatic-cancer-associated
genes have been linked to angiogenesis. DPC4 upregulates VEGF expression, and mutated
KRAS expression is associated with increased micro-vessel density?12.

Monoclonal antibodies that target a range of these pathways have demonstrated efficacy in
preclinical models!13-115dition, monoclonal antibodies that target EGFR and VEGF receptor
have been tested in patients with a range of cancers, including pancreatic cance!'>17hough
these antibodies have demonstrated only modest results as single agents, the pathways they
affect are also candidate targets for immune intervention.

Preclinical evidence has also shown that specific inhibitors of these signalling pathways can
also increase immune activation. For example, VEGEF is a key inhibitor of pro-inflammatory
cytokines as well as dendritic-cell maturation, and it can also directly inhibit T-cell
development. So antibodies that block signalling by this growth factor can promote
antitumour immune responses. Furthermore, downregulation of the ERBB-receptor-family
members with drugs such as herceptin promotes tumour-antigen presentation by HLA class
I molecules, improving the potential for T-cell recognition and lysis!'8onoclonal antibodies
that target these signalling pathways are now being developed for clinical trials as agents
that potentially synergize with other immune-based approaches, including vaccines.

4.6 Vaccines against pancreatic tumour antigens

To develop the ideal vaccine for pancreatic cancer, the following wish list would probably
need to be fulfilled. First, specific cell-surface proteins must be identified that are that are
crucial in the cancer growth or progression pathway and are unique to pancreatic cancer
tumours. Second, these tumour-exclusive proteins should be shown to elicit a vigorous
tumour-protein-specific immune response. Third, the best carrier to deliver the appropriate
immunogenic tumour proteins should be identified. Fourth, molecules that are immune
stimulatory as well as molecules that can abrogate the natural immune-inhibition signalling
that is seen in pancreatic cancer should be identified to enhance the immune response. Fifth,
additional synergistic immune help should be identified (for example, antibodies or ex vivo
tumour-reactive T cells). Several proteins, such as carcinoembryonic antigen (CEA), mutated
KRAS, mucin-1 (MUC1) and gastrin, have in fact been identified to be specifically
overexpressed in most pancreatic cancers!1912 antigens were identified over 10 years ago
using various methods to analyse gene expression in cancer cells. Vaccines and antibodies
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designed to target these antigens have been tested in early-phase clinical trials'26-13these
antigens are known to have weak inherent immune potential, various immune-modulating
agents were co-administered, including granulocyte-macrophage colony-stimulating factor
(GM-CSF), and interleukin-2 (IL-2). So far, a few studies have demonstrated post-
vaccination immune responses to the relevant peptides or whole proteins. Significant
clinical responses have not yet been observed. This might be due to the lack of pooling of
the right antigens, to the existence of host mechanisms of immune tolerance, the inability of
the relevant immune cells to effectively localize to the sites of disease, or a combination of
these factors.

Vaccination involves administering an antigen that is unique for a particular type of tumour
with the aim of stimulating tumour-specific immunity. Antigens could be delivered in the
form of DNA or peptide, as well as tumour cells or antigen-pulsed DCs. Additional
synergistic help is added to elicit a more vigorous and effective immune response, such as
cytokines and immunostimulating adjuvants.

Whole-Cell - GM-CSF is one of a few cytokines that has shown significant antitumour effect
in vivo [342]. It is an important growth factor for granulocytes and monocytes, and has a
crucial role in the growth and differentiation of DCs, the most potent antigen-presenting
cells (APCs) for triggering immune response. In vivo growth of AsPC-1 cells, retrovirally
transduced with the GM-CSF gene, was inhibited and associated with increased survival of
the nude mice, even in the mature T-cell-deficient condition 132. Jaffee et al. conducted a
phase I study using allogeneic GM-CSF-secreting whole-cell tumour vaccine for pancreatic
cancer 133. This is based on the concept that the localisation of GMCSF in the implanted
tumour environment together with the shared tumour antigen expressed by the primary
cancer would effectively induce an antitumour immune response. In this study two
pancreatic cancer cell lines (PANC 10.05 and PANC 6.03) were used as the vaccine, both
genetically modified to express GM-CSF. 14 pancreatic cancer patients who had undergone
pancreaticoduodenectomy eight weeks prior were given variable doses of the vaccine
intradermally. Three of the eight patients who received 210 x 107 vaccine cells developed
postvaccination delayed-type hypersensitivity (DTH) responses associated with increased
disease free survival time, and remained disease-free for longer than 25 months after
diagnosis. Side effects were mainly limited to local skin reactions at the site of vaccination.
In a recently completed phase II study of 60 patients with resected pancreatic
adenocarcinoma, patients received five treatments of 2.5 x 108 vaccine cells, together with 5-
FU and radiotherapyl34. The reported MS was 26 months, with a one- and two-year
survival of 88% and 76% respectively.

4.7 Peptide and DNA

¢ Ras: As described earlier, mutated ras is highly prevalent in pancreatic cancer. A phase
I study was done using mutant ras peptide-based subcutaneous vaccine in 12 cancer
patients (five with fully resected pancreatic and seven with colorectal cancers). Five out
of 11 patients showed showed >1.5 fold increase in interferon-y (IFN-y) mRNA copies
in peripheral blood mononuclear cells. The pancreatic cancer patients showed a disease-
free survival of >35.2 months and post-vaccination survival of >44.4 months 135.
Gjertsen et al tested an intradermal vaccine of APCs loaded ex vivo with synthetic ras
peptide corresponding to the ras mutation found in the patient’s tumour 136. In this
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phase I/1I study of five patients with advanced pancreatic cancer, two of them showed
induced immune response. They also studied ras peptide in combination with GM-CSF
in a phase I/1I trial involving 48 patients with pancreatic adenocarcinoma of variable
stage 137. Peptide-specific immunity was induced in 58% of patients. Of patients with
advanced disease, those who responded to treatment showed increased survival
compared to non-responders (148 and 61 days respectively; p=0.0002).

As IL-2 is involved in T-cell-mediated immune response, a vaccine consisting of mutant ras
peptide in combination with GM-CSF and IL-2 was tested in a phase 1II trial of 17 patients
with advanced cancers (14 colorectal, one non-small cell lung and two pancreatic cancers)
138. Of the six patients with positive immune response (by means of [FN-y mRNA copies),
the MS and the median PFS were 39.9 and 17.9 months compared to 18.5 and 15.6 months
for nonresponders, respectively. Grade III toxicities led to IL-2 dose reduction in three of the
patients.

¢ CEA and MUCI: Carcinoembryonic antigen (CEA) glycoprotein is expressed at a low
level in normal colonic epithelium but is overexpressed in many malignant diseases,
including those of the colon, rectum, stomach and pancreas (85-90%) 139. Its serum
level is sometimes used as a marker for the diagnosis of pancreatic cancer, with a
sensitivity of 25-40% and a specificity of 70-90% 140-141.

To boost MUCl1-specific immune response, a vaccine composed of MUC1 peptide and
SBAS2 adjuvant was tested in a phase I study 142. There was an increase in the percentage
of CD8+ T-cells and MUCl1-specific antibody (some developed IgG). Hope for the CEA or
MUCI1 vaccine was nevertheless crushed when a phase III trial of 255 patients using
PANVAC-VF (vaccine consisted of recombinant vaccinia and fowlpox viruses coexpressing
CEA, MUC-1 and TRICOM) failed to improve overall survival compared to palliative
chemotherapy or best supportive care.

e Gastrin: G17DT (Gastrimmune or Insegia) is an immunoconjugate of the amino-
terminal sequence of gastrin-17 (G-17) linked by means of a spacer peptide to
diphtheria toxoid. Given intramuscularly it induces the formation of antibodies that can
neutralise both amidated-G-17 and the precursor glycine-extended G17 143. In a phase
II study of 30 patients, 67% mounted an antibody response. A significantly higher
response (82%) was achieved in those given the highest dose of 250pg compared to 46%
in the 100pg group. MS was significantly higher (217 days) for the antibody responders
compared to non-responders (121 days; p=0.0023).

When used as a monotherapy for patients with advanced pancreatic cancer unwilling or
unsuitable to take chemotherapy, MS was 151 compared to 82 days in the placebo group
(p=0.03) [360]. G17DT was subsequently tested in a phase III trial with or without
gemcitabine in 383 untreated patients with locally advanced, recurrent or metastatic
pancreatic adenocarcinoma. This unfortunately showed that the addition of G17DT did not
improve overall survival or secondary endpoints Increasing -17 antibody titre levels in a
subset of patients, however, were associated with increased survival.

e Mesothelin: Thomas and colleagues provided the first direct evidence, by using
mesothelin epitopes, that pancreatic cancer-specific CD8+ T-cell response can be
generated via crosspresentation by an approach that recruits APCs to the vaccination
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site 144. Gaffney et al studied the mesothelin DNA vaccine in combination with the
anti-glucocorticoid-induced TNF receptor antibody (anti-GITR) in mice with syngeneic
mesothelin-expressing pancreatic cancer 145. 50% of animals treated with mesothelin
were tumour-free 25 days after tumour injection compared to 0% of non-treated mice.
This increased to 94% with the addition of anti-GITR. The agonist anti-GITR served to
enhance T-cell-mediated response of the vaccine 146-147.

¢ Telomerase: The telomerase peptide vaccine GV1001 was tested in a phase 1/1I study of
48 patients with unresectable pancreatic cancer 148. They received intradermal injection
in combination with GM-CSF. Immune responses, as measured by DTH skin reaction
and T-cell proliferation in vitro, were demonstrated in 24 of 38 evaluable patients, with
the highest percentage (75%) in the intermediate dose group. MS for this group was
significantly longer at 8.6 months, and one-year survival was 25%. GV1001 was given to
patients in a phase I trial using imiquimod as an adjuvant149. Imiquimod acts by
binding to Toll-like receptor 7 on immune cells, resulting in the production of cytokines
such as IFN-a, IFN-f and IL-12. Immune response was found in up to six (46%) of 13
evaluable patients.

e  Survivin: Survivin-specific CTLs were isolated from pancreatic cancer patients and
these could lyse pancreatic carcinoma cell lines in vitro 150. Vaccination with survivin
DNA prolonged survival in murine pancreatic and lymphoma tumour models,
associated with slower tumour growth and increased lymphocyte infiltration . Survivin
peptide was tested in a patient with gemcitabine refractory pancreatic cancer . Whilst
on treatment he had complete remission of liver metastases after six months. However
when he was weaned from the vaccination he developed recurrent disease. Vaccine-
induced immune activity was detected by IFN-y enzyme-linked immunospot
(ELISPOT) assay.

Antigen-pulsed DCs— Antigen-specific T-cell responses are initiated by DCs. They capture
antigens secreted or shed by tumour cells and present peptides in association with the MHC
class I and II molecules. This results in the expression and upregulation of cytokines and
costimulatory molecules which in turn stimulate CD4+ and CD8+ T-cells to mount an
antitumour response. As such DCs that carry the tumour antigen of interest is an ideal
adjuvant in cancer immunotherapy.

e MUCI: In a phase I/II trial, human autologous DCs transfected with MUC1 cDNA
were used as a vaccine for ten patients with advanced breast, pancreatic or papillary
cancer 151. Four patients showed a two- to ten-fold increase in the frequency of mucin-
specific IFN-y-secreting CD8+ T-cells, suggesting an immune response. In a phase 1b
study, eight patients with pancreatic or biliary tumours were vaccinated with DCs
pulsed with MUC1 152.

As discussed previously, monoclonal antibodies have so far been the most successful form
of immunotherapy clinically. They are being used as diagnostic tools, prognostic indicators,
and for the treatment of many cancers. Advantages include their specific targeting of
tumour cells while sparing normal tissue, their relative ease of administration, and their low
toxicity profile. The major disadvantages include the absence of T-cell activation, which
therefore precludes T-cell-mediated cytotoxic killing and the generation of memory immune
responses. In addition, a potential limiting factor in its use involves tumour heterogeneity.
Specifically, all tumour cells within a proliferating mass might not express the antigen that is
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being targeted. Inhibitors to EGFR and to VEGF have been tested in combination with
gemcitabine and are currently in Phase III trials either with other approaches have used
dendritic cells as the carrier of the antigen of interest. To date, CEA and MUCI1 antigens
have been among the initial antigens tested, with mixed results153-154 se of adoptively
transferred pancreatic-cancer-specific T cells has been proposed to be another opportunity
to augment the immune response. Although this strategy has been promising preclinically,
and has been used with some success in melanoma, there have not been any clinical trials in
pancreatic cancer so far.

A current limitation to the development of vaccines for pancreatic cancer has been the inability
to correlate in vitro measures of antitumour immunity with in vivo responses. Post-vaccination
DTH responses to autologous tumour are a potential useful surrogate, but this approach is not
ideal. At present, it is technically challenging to produce sufficient quantity and purity of
autologous tumour material for testing, as tumours vary in their composition of tumour cells
versus other cell types between patients. Although other biological end points, such as an
antibody response or in vitro CYTOLYTIC T LYMPHOCYTE (CTL) ASSAY against a vaccine-
delivered tumour antigen (or antigens), have been measured and provide important "proof of
concept' data, these end points have also not been demonstrated to be predictors of traditional
clinical end points, including tumour response and survival benefit.

It is difficult to assess whether the lack of improved survival after immunotherapy is due to
inefficient antigen delivery, which could result in ineffective immunization, inappropriate
selection of antigen targets, or both. As discussed above, there are formidable barriers to
inducing an antitumour immune response, even when the vaccine itself is potent enough to
reduce significant cancer burdens in more immunogenic tumour systems. Effective
immunization will therefore require the targeting of relevant pancreatic tumour antigens
using optimized antigen-delivery systems with immune-stimulating cytokines, in sequence
with other therapeutic interventions that alter immune checkpoints in the tumour
microenvironment, such as inhibitors to regulatory molecules on T cells (for example,
antibody to CD152/CTLAA4).

5. New immunotherapy targets

The inability of previously tested antigens (including CEA, KRAS, MUC1 and gastrin) to
induce immune-specific responses underscores the challenge to identify more relevant
immunogenic targets. Indeed, these antigens were chosen only because they were
overexpressed or had altered expression in pancreatic tumours, and not because they had
been shown to be immunogenic. Therefore, there might be additional as-yet-unidentified
antigens that might be more immunogenic for inducing effective immunity against
pancreatic cancers. How will such new candidate pancreatic cancer antigens be discovered?
Two methods are routinely used in an attempt to identify new targets. The first method,
serological analysis of recombinant tumour cDNA expression libraries (SEREX), uses serum
to screen phage-display libraries prepared from tumour cells to identify candidate antigen
targets that have elicited both humoral and cell-mediated immune responses in cancer
patients. This method has identified coactosin-like protein (an actin-filament-binding
protein that interacts directly with 5-liopoxygenase and has an important role in cellular
leukotriene synthesis) as a potential pancreatic cancer target antigen. This protein seems to
be recognized by antibody and T-cell responses in patients with pancreatic cancer%.
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The second method uses tumour-specific T cells that have been isolated from patients with
pancreatic cancer to screen cDNA libraries prepared from autologous tumour cells. This
method requires the isolation and culture of tumour-specific T cells, along with tumour
cells, from patients with pancreatic cancer and is a technically challenging approach. This
approach has been most successful in identifying melanoma-associated antigens?.

A relatively newer, more promising method of tumour-antigen identification is the use of
the patient's lymphocytes to evaluate proteins that are found to be differentially expressed
by pancreatic cancer!57-15 approach has several advantages. First, it allows for a rapid screen
of a large number of candidate antigens but requires the isolation from patients of only a
few lymphocytes, which are limited in availability. Second, this approach is not dependent
on the availability of autologous tumour cells, which are difficult to isolate in large enough
numbers for generating cDNA libraries. Third, this approach can be used to identify tumour
antigens that are expressed by any HLA type, allowing for the generalization of this
approach to most patients. Finally, this approach has the potential to rapidly identify
immune relevant' antigens, as it uses immunized lymphocytes from patients vaccinated
with a whole-tumour-cell vaccine approach who ideally have demonstrated clinical
evidence of immune activation following vaccination. So this method provides the best
insurance that the antigens identified are ones that the patient's immune system is reacting
to after immunization.

As additional 'immune relevant' pancreatic tumour antigens are identified, the next
significant challenge lies in developing strategies to improve the in vivo delivery of these
antigens to APCs and thereby allow effective antigen processing and presentation, and
subsequent activation of a potent antitumour immune response. DCs are now accepted as
the most efficient APCs in B- and T-cell activation. Several clinical trials have tested ex vivo
expanded and primed DCs as a vaccine approach. However, these studies have revealed the
difficulty in reliably producing phenotypically mature DCs for clinical testing, as only
mature DCs are capable of efficiently presenting antigens to T cells. If an antigen is not
presented in the proper context by mature DCs, immune downregulation or tolerance can
occur. It has been shown in animal models that immature DCs induce T-cell tolerance. As an
alternative to DC-based delivery, recombinant viral- and bacterial-vector delivery systems
are currently under development or are already undergoing clinical testing. The use of
modified viral particles or targeted bacteria to deliver tumour antigens to the immune
system is based on the innate ability of the agent to efficiently infect APCs in vivo. Early
approaches have included viruses such as vaccinia 159160 er, the use of immunogenic vectors
in cancer patients who have been previously exposed to a similar vector often induces
vigorous immune responses against the vector before effective priming against the tumour
antigen can occur. As such, other viral particles and bacterial delivery systems are currently
nearing or are already undergoing clinical development for the treatment of pancreatic
cancer.

6. Future directions

The limitations of currently available therapy for pancreatic cancer are more clearly exposed
as we begin to appreciate the molecular changes behind the complex transformation of
normal pancreatic ductal cells into frank pancreatic cancers, and the mechanisms of
pancreatic cancer resistance to traditional anticancer modalities. It is clear that the most
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effective therapy will require a combined approach incorporating the best targeted
interventions taken from each respective modality. Preclinical models have already revealed
the synergy between immunotherapy and other targeted therapeutics, such as inhibitors of
VEGF and EGF signalling. These combinations are about to be tested in patients with
pancreatic cancer.

Pancreatic cancer remains one of the most resistant cancers to traditional forms of therapy.
Until techniques for early detection can be developed, most patients will continue to present
with incurable disease. The pancreatic cancer research community is committed to
developing new therapies for this disease. Pancreatic cancer patients and their families,
through a number of national pancreatic cancer non-profit organizations such as Pancreas
Cancer Action Network have organized to support this effort. It is crucial that we move
forward with scientifically driven innovative therapies, as the empirical approaches have
failed. Recent developments in the design of mouse models that recapitulate early pre-
invasive genetic changes in KRAS activation, inactivation of CDKN2A, TP53 and SMAD4
tumour-suppressor genes should provide the opportunity to test such approaches in a
timely manner161.162,
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1. Introduction

Chronic infections can lead to cancer. However, acute infection has beneficial effects often
contributing to complete eradication of tumors. In the wake of this, bacteria and their related
products were applied therapeutically for experimental immunotherapy. They exhibit direct
antitumoral potential and are recognized by the host’s immune system via Toll-like
receptors (TLRs) finally promoting pro-inflammatory, often Thl-directed immune
responses.

Recently, we described that local injection of live as well as lysed gram-positive Group A
Streptococci (GAS) eradicates established pancreatic tumors in mice (Linnebacher et al.,
2008; Maletzki et al., 2008). This antitumoral effect could be attributed to activation of
immune response mechanisms including both the innate and even more important, the
adaptive arm of the immune system. In the face of the vigorous immune attack induced by
S. pyogenes, the identification of factors responsible for tumor disintegration might provide
the basis for development of therapeutic approaches. Amongst other virulence factors
delivered by S. pyogenes, the cytolysins Streptolysin O (SLO) and S (SLS) represent the most
obvious therapeutically active candidates (Fraser & Proft, 2008; Hobohm et al., 2008; Nizet et
al., 2008). SLO is an oxygen-labile, pore-forming toxin mediating cytolysis by disturbing the
balance between influxes and effluxes across the cell membrane. While SLS is non-
immunogenic in the natural course of infection and can clinically be identified by beta-
haemolysis surrounding GAS colonies grown on blood agar. Besides their capacity to lyse
erythrocytes, SLS also exerts cytolytic effects towards tumor cells and is by weight one of the
most potent cytotoxins known (Ginsberg, 1999; Taketo & Taketo, 1966).

To address the question of the SLS contribution to the antitumoral effects observed in our
previous studies, we performed a series of in vivo experiments in our murine syngeneic
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Panc02 tumor model using different strategies of SLS-inactivation. Endpoints of the study
were survival and tumor response. In a first series of experiments, a vital mutant strain,
unable to produce SLS (AsagA) was injected into tumor-carrying mice. This AsagA mutant
has been described to exhibit reduced cytotoxicity. In vitro and in a nude mouse model in
vivo, effects were induced by minimal inflammation and lesser necrotic skin lesions than the
isogenic wildtype strain (Datta et al., 2005). However, to circumvent the potential risk of
unpleasant side effects of live bacteria such as systemic toxicity, another microbial
preparation of SLS-inactivated bacteria (by heating) was employed. Our in vivo data show
that local application of SLS-negative agents attenuates the antitumoral effects. Moreover,
potent immune responses are only marginally induced, most likely because of reduced
tumor cell impairment after infection, finally leading to an inhibition of vigorous
antitumoral activity.

In summary, when comparing with our earlier findings on using S. pyogenes as an active
immunotherapeutic compound, the present data imply SLS as major antitumoral molecule
both directly by acting on tumor cells and indirectly by activating the immune system.

2. Material & methods
2.1 Cell culture & mice

All cell lines (Panc02, EL4, CMT-93, and MC3T3-E1) were maintained in DMEM/HamsF12
supplemented with 10% fetal calf serum (FCS), L-glutamine (2mmol/l) and antibiotics. All
media and supplements were from PAA unless stated otherwise (Ctlbe, Germany). Female
8-10-week-old C57Bl/6N mice were purchased from Charles River Inc. (Sulzfeld, Germany).
Animals were exposed to cycles of 12 h light/12 h darkness and received standard food and
water ad libitum. Upon approval by the local animal welfare committee, experiments were
performed in accordance with the German legislation on protection of animals and the
““Guide for the Care and Use of Laboratory Animals”.

2.2 Bacteria, toxin and culture conditions

Bacteria (S. pyogenes serotype M49 strain 591; the AsagA mutant isogenic to strain 591 is a
kind gift from Victor Nizet: A detailed description of how this mutant was generated can be
found in (Datta et al., 2005)) were cultured in Todd-Hewitt (TH) broth or on TH agar (Oxoid
Unipath, Wesel, Germany), both supplemented with 0.5 % yeast extract (THY) overnight to
mid-log phase. Concentration was adjusted on the basis of an optical density reading at 600
nm and on plating analysis. Heat-inactivation of bacteria was obtained by one-hour
incubation in a water bath at 75 °C. Inactivation was confirmed by plating samples on sheep
blood agar followed by over night incubation at 37 °C and 5 % CO». The purified toxin SLS
(originally obtained from Sigma Aldrich, Munich, Germany) was dissolved in sterile PBS
and supplemented with complete cell culture medium before treatment of cells.

2.3 Hemolysis assay for SLS activity

Hemolytic activity of SLS was determined by hemoglobin release from whole blood cells
after 4 and 24 h incubation with bacteria or their related products. Briefly, whole blood of
healthy donors was seeded in 96-well plates and supplemented with microbia. Following
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the incubation time, cell-free supernatants were transferred into a new 96-well plate and
absorption was measured on a plate reader at 340 nm. Hemolytic activity was quantified by
setting values of untreated cells as 1 and all other data were given as x-fold increase.

2.4 Cellular cytotoxicity assays

Toxicity of bacteria towards tumor cells was quantified using a cytotoxicity detection kit
(Roche, Mannheim, Germany) according to the manufacturer’s instructions. Quantification
was performed by subsequent measurement on a plate reader at 492 nm.

For detection of apoptosis, activity of Caspase 3 was analyzed using the BD ApoAlert
Caspase Assay plate system according to the manufacturer’s instructions (BD Biosciences,
Heidelberg, Germany). Cells were trypsinized and subsequently lysed. Quantification of
Caspase 3 activity was performed by fluorometric detection on a Cytofluor 2300 (Millipore,
Schwalbach, Germany, ex/em: 380/460 nm).

2.5 Pancreatic tumor model & treatment regimen

Under brief ether anaesthesia 1*10¢ Panc02 were injected subcutaneously (s.c.) into the right
hind leg. Tumor growth was routinely controlled at least twice a week and tumor volume
was estimated according to the formula: V= width? * length * 0.52. After tumor
establishment animals were subdivided into experimental groups. All treatments were
performed by local, intratumoral application of bacterial preparations each dissolved in
50 pl of phosphate-buffered saline (PBS) according to the following treatment regimen: One
group was given heat-inactivated S. pyogenes (8 x 107 cfu, four injections once a week, n=6).
The second group received a single injection of the SLSmu (AsagA). For control, mice were
administered equivalent volumes of solvent alone (vehicle-treated controls, saline, n=6) or
left without treatment (control, n=6). Tumor carrying mice (treatment, control) were
sacrificed at day 28 or when they became moribund before the tumor volume reached 2000
mm?3. At the end of each experiment, tumors as well as spleens, mesenteric lymph nodes,
and blood samples were removed from selected animals for further analysis. For
visualization of tumor-infiltrating leukocytes, frozen sections of resected tumor tissues (6
pm) were stained by the As-D chloroacetate esterase (As-D) technique. Numbers of
leukocytes/mm? were determined in blinded counts by positive staining and morphology in
20 consecutive high power fields (HPF).

2.6 Phenotyping of lymphocyte subpopulations by flow cytometry

Leukocytes from treated and non-treated animals were labeled using the following FITC-
conjugated rat anti-mouse monoclonal antibodies (mAbs): CD3, CD19, NK1.1 (1 pg,
Immunotools, Friesoythe, Germany), and Phycoerythrin (PE)-conjugated rat anti-mouse
mAbs: CD4, CD8 (Miltenyi Biotec, Bergisch Gladbach, Germany). Afterwards, erythrocytes
were lysed using FACS Lysing Solution (BD Pharmingen, Heidelberg, Germany). Negative
controls consisted of blood lymphocytes stained with the appropriate isotypes (BD
Pharmingen). Samples were analyzed on a FACSCalibur Cytometer (BD Biosciences). Data
analysis was performed using CellQuest software (BD Biosciences) and gating on total
leukocytes (Mounting View, BD Biosciences). Relative numbers are given.
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2.7 ELISPOT assay for Interferon-y—secreting lymphocytes

IFN-y-specific, mAb (Mabtech, Hamburg, Germany) -coated, 96-well microtiter plates were
filled with 1 x 104 target cells/well (Panc02, EL4, CMT-93, MC3T3-E1, and peripheral blood
mononuclear cells (PBMC)) and incubated for 2 h. Splenocytes (105 were given to the
targets and co-cultured overnight. Finally, bound antibody was visualized by BCIP/NBT
(KPL, Gaithersburg, Maryland, USA), and spots were counted using a dissection microscope
(Zeiss, Oberkochen, Germany). Presented are the numbers of IFN-y-secreting cells per 105
effector cells corrected for background levels counted in the absence of target cells, which
usually was between 10-50 spots/105 cells. Target cells without effector cells showed no
background level.

2.8 LDH cytotoxicity assay

The colorimetric CytoTox-One Homogeneous Membrane Integrity Assay (Promega,
Madison, WI) was used evaluating lactate dehydrogenase (LDH) release from lysed cells.
Experiments were performed as described before (Maletzki et al., 2008).

2.9 Bio-plex protein array system

A panel of serum cytokines was measured in duplicate using the Bio-Plex Protein Array
system (BioRad, Munich, Germany), according to the manufacturer’s instructions. With the
Bio-Plex cytokine assay kit in combination with the Bio-Plex Manager Software, serum IFN-
Y, TNF-q, IL-6, IL-10, GM-CSF (granulocyte macrophage colony stimulating factor), and G-
CSF (granulocyte-colony stimulating factor) levels were assessed. Values of the respective
serum cytokine levels of untreated control mice were set as 1, and all other data were given
as x-fold increase.

2.10 Statistical analysis

All values are expressed as mean * SEM. After proving the assumption of normality,
differences between saline and treated animals were determined by using the unpaired
Student’s t-test. If normality failed, the nonparametric Mann-Whitney U-Test was applied.
Similarly, differences between treated and non-treated cell in vitro were calculated by using the
nonparametric Mann-Whitney U-Test. Data were recruited from experiments which had been
done in triplicates and replicated at least three times. The tests were performed by using
Sigma-Stat 3.0 (Jandel Corp, San Rafael, CA). The criterion for significance was set to p < 0.05.

3. Results
3.1 In vitro analysis

First, activity of SLS from different bacterial preparations was analyzed in a simple
hemoglobin release assay (Figure 1). As expected, the purified toxin mediated substantial
lysis of erythrocytes within a few hours. In contrast, lysis was completely absent post
infection with the AsagA strain or the heat-inactivated form of the M49wt, thereby
confirming inactivation of the toxin. As a control, vital M49 bacteria and the lysate, used in
our previous studies (Maletzki et al., 2008), were employed. Both preparations mediated
nearly complete lysis of erythrocytes.
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Fig. 1. Lytic activity of different bacterial preparations towards erythrocytes in whole blood
samples. Following treatment with increasing concentrations of bacteria, cell-free
supernatants were harvested and absorption was measured on a plate reader at 340 nm.
Lytic activity was quantified by setting values of untreated cells as 1, and all other data were
given as x-fold increase. Results show data from at least three separate experiments each
performed with two healthy volunteer’s blood samples. Values are given as the meant+SEM.

In order to elucidate, if SLS also directly damages tumor cells, we applied the purified toxin in
LDH release experiments. In particular, Panc02 tumor cells were treated with three increasing
concentrations (25, 50, and 100 U/ml) for six hours. These analyses revealed a dose-dependent
increase in cell damage with a maximum of up to 65% (100 U/ml). To a minor part, these
effects could be attributed to the induction of apoptosis as the activity of the effector caspase 3
slightly increased after treatment with the 100 U/ml doses of SLS (Figure 2).

In line with these findings, a AsagA strain of S. pyogenes mediated no significant growth
inhibition or killing activity at a multiplicity of infection of 25 for four and six hours (Figure
2). Also, activity of Caspase 3 was not altered post infection.

3.2 SLS-deficient preparations of S. pyogenes have minor antitumoral potential

To further clarify the antitumoral potential of the toxin SLS a series of in vivo experiments
using two different preparations of inactivated SLS was performed (Figure 3a). Panc02 tumors
established subcutaneously in C57Bl/6 mice were infected with the AsagA strain (107 cfu). The
intratumoral administration of AsagA did not affect pancreatic carcinoma growth within the
first three weeks. Palpable tumors continued to grow and reached an average size of 723.8 +
95.8 mm?3, which was comparable to tumor sizes of control animals (saline: 841.4 + 96.3 mm?).
Thereafter, tumors in the infection group became frequently ulcerous and necrotized. This
finally resulted in about 40 % reduced tumor volumes compared to saline-treated animals (day
28:689.2 £119.8 mm?3 vs. saline: 1228.1 + 220.2 mm3, p < 0.05).
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Fig. 2. In vitro analysis on direct effects of SLS on tumor cells. (A) Quantitative analysis of
SLS cytotoxicity towards Panc02 cells as assessed by either LDH release or caspase activity
following a 6 h incubation period. These analyses revealed a dose-dependent increase in cell
damage. (B) Quantitative analysis of the AsagA effects on Panc02 tumor cells. Infection with
the AsagA strain mediated no significant cytotoxicity, detected by LDH release. Results
show data from three separate experiments. Values are given as the mean+SEM. *p<0.05 vs.
control, U-Test.

To validate these findings, tumor-carrying animals were repeatedly treated with a bacterial
preparation which was preheated to inactivate SLS. Similar to what has been observed after
i.t. infection with the AsagA strain, injection of heat-inactivated streptococci mediated no
significant alteration of Panc02 tumor growth until day 14 post start of therapy. However,
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when comparing to controls, tumors showed a trend towards growth retardation,
suggesting only reduced but not completely abolished antitumoral potential of the heat-
inactivated bacteria. Hence, the final tumor volume at day 28 was significantly lower than in
saline-treated mice (693.2 £ 63.0 mm3 vs. 1154.5 £ 277.1 mm3, p < 0.05).

3.3 Survival

Animals were sacrificed at day 28 post start of therapy. Infection with the AsagA strain was
well tolerated by most animals, with only one animal displaying signs of systemic bacterial
infection (i.e. weight loss, ataxia). Because of the severity of infection, this animal was
euthanized and related data excluded. As expected, the heat-inactivated bacterial
preparation had no negative impact on survival (Figure 3b).
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Fig. 3. Data of in vivo analysis of Panc02-tumor carrying C57BIl/6N mice. (A) Tumor growth
kinetics and (B) survival curve after i.t. application of bacteria. Treatment regimens comprised
the vital SLS-deficient AsagA strain (1 x 107 cfu,), which is isogenic to the M49 wildtype and
heat-inactivated preparations of the M49 wildtype (8 x 107 cfu, four injections once a week,
n=6). Control mice were administered equivalent volumes of solvent alone (saline, n=6) or left
without treatment (tumor, n=6). Animals were sacrificed at day 28 or when they became
moribund before the tumor volume reached 2000 mm?. Tumor growth was only at later stages
affected and when comparing with our previous studies on using vital as well as lysed wild
type bacteria, to a lesser extend (graphical presentation adopted from Linnebacher et al., 2008
and Maletzki et al., 2008). *p<0.05 vs. saline, **p<0.001 vs. saline U-Test.

3.4 Gross findings & hematological alterations post AsagA infection

To further validate the potential of SLS to influence tumor growth, we analyzed systemic
parameters of animals treated with AsagA in more detail. Analysis of blood samples from
AsagA infected animals revealed no alteration regarding the number of circulating
leukocytes. However, thrombocyte as well as hematocrit levels were found to be decreased
post infection (Figure 4a). Similarly, activities of the plasma enzymes ASAT and LDH were
reduced, while levels of ALAT were not affected by bacteria (Figure 4b). In this case, the
infection-mediated decrease in blood LDH activities might correlate with the retardation of
tumor growth observed in vivo.



170 Pancreatic Cancer — Clinical Management

As these data indicated an inflammatory reaction in the AsagA treated animals, we
subsequently determined plasma cytokine levels from infected and non-infected animals
(Figure 4c). Analysis of the neutrophile chemotaxis polypeptide G-CSF and the GM-CSF
showed slight increases post infection which were, however not statistically significant.
Levels of both cytokines displayed 2-fold rises post infection (p=0.256 vs. saline (G-CSF) and
p= 0.007 vs. saline (GM-CSF), t-test). A similar pattern was seen for IL6 (p=0.62), while the
Th1 cytokines TNF-a and IFN-y showed no alterations at all.
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Fig. 4. Assessment of systemic blood parameters. (A) Numbers of leukocytes,
thrombocytes, and hematocrit levels as well as (B) plasma enzyme activities of ALAT, ASAT
and LDH from AsagA-infected and control animals at day 28. (C) Levels of Thy and Th»
cytokines in serum of treated and untreated mice. Mice received a single i.t. infection of the
AsagA strain (1x 107 cfu). Control animals received equivalent volumes of PBS (saline) or no
injection (tumor). Values are given as the mean+SEM. U-Test.
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3.5 Flow cytometric phenotyping of circulating leukocytes

Next, flow cytometric phenotyping of circulating leukocytes was performed. As shown in
Table 1, we observed higher numbers of circulating NK cells in animals treated with the
AsagA strain (34.6 £ 7.1% vs. saline 16.5 + 2.7%). Similarly, levels of Grl* granulocytes were
also raised (32.5 + 4.6% vs. saline 25.0 + 3.0%). Regarding the number of T cells, no
significant differences were obtained between the infection and control groups. Likewise,
numbers of circulating CD19* pre B cells showed no alteration after therapy with values
remaining similar to controls. Thus, in our experimental system, microbial therapy with
SLS-deficient or heat-inactivated S. pyogenes preparations seemed to affect exclusively the
innate arm of the immune system.

Control Tumor Saline AsagA
CD3+CD4* 195+1.9 157+1.4 8.6+14 141109
CD3+CD8* 10.9+0.7 95+1.3 69+1.7 10.3+0.5
CD19+ 56.5+1.9 422+41 31425 41.6+4.2
NK1.1* 14.8+2.6 158+ 1.8 16.5+2.7 34.6+7.1
Grl+ 95+24 19.8+3.1 25.0+3.0 325+4.6

Values are given as mean + SEM. AsagA-infected animals (n=7); saline-treated animals (n=6); tumor
control animals (n=7); U-Test.

Table 1. Flow cytometric phenotyping of whole blood in control groups (control, tumor,
saline) and post infection with the AsagA strain (% positive cells).

3.6 Analysis of antitumoral immune responses

Despite raised levels of infiltrating granulocytes, especially in the boundary areas of treated
tumors (Figure 5a), we did not observe any significant difference in the number of CD4* and
CD8* lymphocytes infiltrating tumors between control and treatment groups (data not
shown).

In a first series of experiments, reactivity against syngeneic tumor cell lines was tested in
ELISpot assays using lymph node derived lymphocytes as effector cells from control as well
as AsagA-treated animals. Surprisingly, recognition of tumor cells was restricted to the
syngeneic colorectal carcinoma cell line CMT-93. Other tested cells (i.e. Panc02, EL4) did not
induce release of IFN-y from lymphocytes of AsagA treated animals (Figure 5b).

In a more functional cytotoxicity assay, splenocytes were used as effectors. Again, Panc02
tumor cells were only ineffectively lysed by immune cells from infected mice (22.1 £ 2.5 %
vs. saline 6.7 £ 1.7 %). Similar results were obtained with the non-cancerous MC3T3-E1
fibroblasts and with PBMCs (Figure 5c), indicating only little specific killing activity of
effector cells. In contrast, we again observed most lytic activity against the syngeneic tumor
cell line CMT-93 (35.8 £ 12.7 % vs. saline: 22.2% + 7.5 %) and additionally against EL4 (38.6 +
11.4 % vs. saline: 18.2% £ 3.0 %).
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Fig. 5. Data of immune responses from Panc02 tumor-carrying mice. (A) Quantitative
analysis of tumor-infiltrating As-D chloroacetate esterase-positive leukocytes shown as
number of positive cells per mm?. Leukocytes were found especially in boundary areas, and
minor in the center of treated tumors. (B) Quantitative analysis of IFN-y ELISpot assay.
Reactivity of splenocytes against tumor targets was tested after co-incubation overnight at
an E:T cell ratio of 30:1. Splenocytes from infected animals at 28 days after i.t. bacterial
infection showed a marginally higher reactivity against target cells than those from control
animals. (C) Quantitative analysis of cytotoxicity using LDH release assay. Lymphocytes
were isolated from mesenteric lymph nodes and co-cultured with targets for 24 h at an E:T
ratio of 30:1. Lymphocytes from infected animals at 28 days after i.t. bacterial infection lysed
syngeneic tumor cell lines EL4 and CMT-93, but only to a minor extend Panc02 cells.

Experiments were performed in triplicates. Values are given as the mean+SEM. "p<0.05 vs.
saline, U-Test.
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4, Discussion

Different observations indicate that exposure by vaccination or infection to pathogen-
associated molecular patterns (PAMP) can have beneficial effects on neoplastic diseases
(Hobohm et al., 2008). PAMP recognizing TLRs serve as a first line of defense for the immune
system, inducing soluble and cellular mediators of innate immunity and initiating key steps of
the adaptive immune response. In recent years, manipulating the immune response via TLR
stimulation has gained therapeutic and/or prophylactic value for cancer. In particular,
administration of the synthetic TLR9 agonist CpG-ODN is being developed for cancer vaccines
and cancer therapy, due to its described capacity to stimulate Thy-like innate and adaptive
anti-tumor responses in numerous preclinical models (Krieg 2007; Jacobs et al., 2010). Another
potent inducer of tumor-directed cellular immune responses is the TLR7 agonist imiquimod.
In recent years, several studies proved enhancement of antigen-specific T cell activation
followed by tumor eradication (Rechtsteiner et al., 2005; Prins et al., 2006; Xiong & Ohlfest,
2011). Very recently, we provided evidence for tumor growth control by avitalized gram-
positive bacteria. In these experiments, therapeutic application of avitalized bacteria effectively
delayed tumor growth accompanied by increased numbers of tumor-infiltrating immune cells
mainly belonging to the innate arm of the immune system (Klier et al., 2011).

In line with this, we previously observed that treatment with S. pyogenes leads to pancreatic
tumor reduction or even cure by the orchestrated induction of innate and subsequent
adaptive antitumoral immune responses (Linnebacher et al., 2008; Maletzki et al., 2008).
However, little is known about the nature of active components responsible for this success.
We hypothesized, that bacterial toxins are the most obvious candidate molecules to explain
the antitumoral activity of S. pyogenes. Here, we explored the potential of the streptococcal-
elaborated oxygen-stable cytolysin Streptolysin S. In agreement with previous data referring
to the broad cytolytic spectrum of SLS, we were able to confirm that it also efficiently kills
tumor cells and in particular Panc02 mouse pancreatic carcinoma cells. To a minor part,
these effects could be attributed to the induction of caspase-dependent apoptosis. In a first
series of in vivo experiments, the SLS-deficient mutant S. pyogenes strain AsagA showed only
impaired antitumoral activity. This strain has been described to exhibit strongly reduced
epithelial cell killing compared with SLS-producing wildtype strains (Datta et al., 2005; Lin
et al. 2009). Moreover, minimal evidence of necrosis and tissue injury is seen post infection
with SLS-negative bacteria in murine models of skin lesions (Datta et al., 2005). Similarly,
local infection with the AsagA strain exhibited antitumoral potential only at later time-
points post infection in our syngeneic murine Panc02 tumor model. This therapeutic success
was significantly weaker than what we observed in our earlier studies using vital as well as
lysed preparations of S. pyogenes. The hypothesis that SLS is a major antitumoral-acting
molecule could be further substantiated in a second series of in vivo experiments. The
application of streptococci depleted of active SLS by heating also resulted only in reduced
antitumoral activity even after repetitive local treatments.

However, despite incomplete eradication of tumors, we want to strengthen the fact, that
both preparations led to therapeutic responses as detected by significant reduction in tumor
volumes. Thus, other factors are likely to contribute to the antitumoral effects of living and
lysed S. pyogenes (e.g. M-Protein, superantigens, lipoteichoic acid) (Chau et al., 2009).
Moreover, these findings hint towards a significant contribution of the immune system in
partial control of tumor growth.
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To understand the underlying immunological effects evoked by an inflammatory reaction in
the AsagA treated animals, leading to reduced but not completely abolished antitumoral
potential, ex wvivo analyses were performed. Our observations imply an ongoing
inflammatory response including systemic production of Thl cytokines such as G-CSF and
GM-CSF as well as raised levels of circulating NK cells and granulocytes. Functional
analyses revealed recognition of syngeneic tumor cells as detected by IFN-y release from
lymphocytes obtained from infected animals. However, these effects were rather supposed
to be mediated by activated NK cells than by tumor antigen specific T cells. This finding is
additionally supported by the lymphocytes’ killing activity especially towards the syngeneic
tumor cell lines EL4 and CMT-93, but only marginally towards Panc02 cells.

To explain our findings, we propose that intratumoral injection of SLS-deficient
streptococcal preparations leads to minor tumor cell damage driven by cytotoxic activity of
other bacterial components. This triggers a comparably weak local inflammatory reaction
followed by negligible systemic activation of the immune system. Thus, few specific
antitumoral effector cells will be activated which can not totally control tumor growth
whereas NK cells are the main effector type population mediating some degree of tumor
growth control. The question, whether SLS may be an interesting molecule for tumor
therapy will be addressed in ongoing trials.

5. Conclusion

Based on our previous findings on Streptococcus pyogenes-mediated eradication of
established pancreatic murine tumors, we here elucidated the impact of the cytolytic toxin
Streptolysin S on tumors in vitro and in vivo. We were able to show that direct exposure of
the toxin to tumor cells results in a dose-dependent increase in cell damage. Contrary, the
SLS-deficient AsagA strain showed only minor cytolytic potential. In vivo, a single i.t.
injection of the AsagA strain affected pancreatic carcinomas only at later time points. This
hints towards -at least partial- growth control of tumors by SLS, since comparable effects
were observed following repetitive local applications of SLS-inactivated (by heating)
bacteria. This finding is further supported by the histologic observation of AsagA-infected
tumors. Those tumors showed slight increases in infiltrating granulocytes. Moreover, we
found that recognition and killing of tumor cells was not restricted to Panc02 cells, but also
detectable towards other syngeneic tumor entities. Taken together, we here provide clear
evidence of strong antitumoral effects of SLS. However, in terms of the delayed, but
significant impact on tumor growth in vivo, other factors are likely to contribute to the
strong antitumoral effects of wildtype S. pyogenes.
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1. Introduction

Surgery for pancreatic cancer (PC) is widely viewed as a complex procedure associated with
considerable perioperative morbidity and mortality. Many aspects of surgery for pancreatic
cancer, such as the extent of resection, the value of vascular resection, the use of laparoscopy
and the importance of treatment at high-volume centers are currently under debate. PC is the
fourth leading cause of cancer related mortality in the United States with an estimated 42500
new cases and 35000 deaths from the disease each year (Jemal, 2009). Analysis of overall
survival shows that the prognosis of PC is still quite poor despite the fact that 1-year survival
has increased from 15.2% to 21.6% and 5-year survival has increased from 3% to 5% (ShaibYH
et al., 2006). Surgery is the only chance of cure and the presence of negative resection margins
of the primary tumor represent the strongest prognostic factor. Preoperative staging
modalities include the combination of several imaging techniques such as computed
tomography (CT scan), magnetic resonance imaging (MRI), endoscopic ultrasounds (EUS),
staging laparoscopy and laparoscopic ultrasound which aim to identify patients with
resectable disease. There is consensus that patients with distant metastases (liver, lung,
peritoneum) or local invasion of the surrounding organs (stomach, colon, small bowel) are
usually not surgical candidates. A decision analysis demonstrated that the best strategy to
assess tumor resectability was based on CT as an initial test and the use of EUS to confirm the
results of resectability by CT (Delbecke et al., 1999). Laparoscopic ultrasonography (LUS) has
been introduced as an additional procedure to increase the detection of intrahepatic
metastases, identify enlarged and suspicious lymph nodes and to evaluate local growth in the
vascular structures (Tilleman et al., 2004). The routine use of staging laparoscopy and LUS in
patients with radiographically resectable PC remains controversial as imaging modalities has
significantly improved, thus reducing the risk of discovering non resectable disease at the time
of surgery. Surgery for the PC can be considered an high-risk surgery. This term is rarely
explicitly defined in scientific articles. There seems to be a common understanding among
surgeons and anesthesiologists of what major surgery means. It can be defined as a surgical
procedure that is extensive, involves removal of whole or parts of organs and/or is life-
threatening. It has also been defined as a surgical procedure with >1 mortality (Ghaferi et al.,
2009). One possibility of evaluating the perioperative risk is the use of 1 of several risk scores.
The American Society of Anesthesiologists score is widely used and easy to apply, but
excludes age from its risk analysis (Kullavanijaya et al., 2001). Age is securely one of the most
important, if not the single most predictive, risk factors for morbidity and mortality after major
surgery, including major pancreatic surgery (Riall et al., 2008).
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2. Preanesthetic considerations

Patients undergoing pancreatic surgey require a complete history and physical examination.
Coexisting medical illnesses may complicate the surgical and anesthetic course. The
objectives of the preanesthetic evaluation include establishing a doctor-patient relationship,
becoming familiar with the surgical illness and coexisting medical conditions, developing a
management strategy for perioperative anesthetic care and obtaining informed consent for
the anesthetic plan.

2.1 History of smoking

The risk of PC in smokers ranks second to lung cancer and is proportionate to the frequency,
duration and cumulative smoking dose (Lynch et al., 2009; Neugut et el., 1995). The patients
who smoke have an increased risk of intra- and postoperative complications, particularly of
a pulmonary or cardiovascular nature, compared with nonsmoking patients (Bluman et al.,
1998; Myles et al., 2002). As carbon monoxide (CO) preferentially binds to hemoglobin in
place of oxygen, the short-term effects of cigarette smoking include elevated blood CO levels
that result in a 3% to 12% reduction of oxygen availability in the periphery (Pearce & Jones,
1984). Moreover, nicotine stimulates a surgical stress response with increase in heart rate,
arterial blood pressure and peripheral vascular resistance. Postoperative pulmonary
complications are an important part of the risk of surgery and prolong the hospital stay by
an average of one to two weeks. A careful history taking and physical examination are the
most important parts of preoperative pulmonary risk assessment. One should seek a history
of exercise intolerance, chronic cough or dyspnea. The physical examination may identify

PREOPERATIVE

Encourage cessation of cigarette smoking for at least 8 wk

Treat airflow obstruction in patients with chronic obstructive pulmonary disease or
asthma

Administer antibiotics and delay surgery if respiratory infection is present

Begin patient education regarding lung-expansion maneuvers

INTRAOPERATIVE

Limit duration of surgery to less than 3 hr

Use spinal or epidural anesthesia

Use laparoscopic procedures when possible

Substitute less ambitious procedure for upper abdominal or thoracic surgery when
possible

POSTOPERATIVE

Use deep-breathing exercises or incentive spirometry
Use continuous positive airway pressure

Use epidural analgesia

Use intercostal nerve blocks

Table 1. Risk-Reduction strategies
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decreased breath sounds, dullness to percussion, wheezes, rhonchi and a prolonged
expiratory phase that can predict an increase in the risk of pulmonary complications
(Lawrence et al., 1996). The value of routine preoperative pulmonary testing remains
controversial. There is consensus that such testing should be performed selectively in
patients undergoing no-lung resection. It has been suggested that an increased risk of
pulmonary complications is associated with a forced expiratory volume in one second
(FEV)) or forced vital capacity (FVC) of less than 70 percent of the predicted value or a ratio
of FEV; to FVC of less than 65 percent (Gass & Olsen, 1986). A partial pressure of arterial
carbon dioxide (PaCOz) greater than 45 mmHg can’t be considered as a risk factor for
pulmonary complications. Several strategies can be adopted in the perioperative period
reducing the risks of complications (Table 1).

2.2 Diabetes

Nearly 80% of PC patients have either frank diabetes or impaired glucose tolerance.
Diabetes is usually diagnosed either concomitantly or during the two years preceding the
diagnosis (Gullo et al. 1994; Permet et al. 1993). The link between abnormal glucose and PC
exists only for type II diabetes. Better glycaemic control in diabetic patients undergoing
major surgery has been shown to improve perioperative mortality and morbidity. Diabetics
are at increased risk of myocardial ischaemia, cerebrovascular infarction and renal
ischaemia because of their increased incidence of coronary artery disease, arterial atheroma
and renal parenchymal disease. Increased mortality is found in all diabetics undergoing
surgery and type 1 diabetics are particularly at risk of post-operative complications.
Increased wound complications are associated with diabetes and anastomotic healing is
severely impaired when glycaemic control is poor (Treiman, 1994; Verhofstad & Hendriks,
1996; Zacharias & Habib, 1996). Type 2 diabetics not receiving insulin and undergoing
minor surgery usually can be managed satisfactory without insulin. However, diabetic
patients scheduled for major surgery, who are receiving hypoglicaemic medication or who
have poor glycaemic control, should be established on insulin therapy preoperatively.
Continuous i.v. infusion of insulin is a better option than intermittent s.c. bolus regimens
and may be associated with improved outcome. The immediate perioperative problems
facing the diabetic patient are: a) surgical induction of the stress response with catabolic
hormone secretion; b) interruption of food intake, which will be prolonged in PC surgery; c)
circulatory disturbances associated with anesthesia and surgery, which may alter the
absorption of subcutaneous insulin. Surgery evokes the “stress response”, that is the
secretion of catecholamines, cortisol, growth hormone and, in some cases, glucagone. These
hormones oppose glucose homeostasis, as they have anti-insulin and hyperglicaemic effects.
Although diabetics need increased insulin during the perioperative period, requirements for
glucose and insulin in this period are unpredictable and close monitoring is essential,
especially in the unconscious or sedated patients. The main concern for the anesthetist in the
perioperative management of diabetic patients has been the avoidance of harmful
hypoglicaemia; mild hyperglicaemia has tended to be seen as acceptable. High-dose opiate
anesthetic techniques produce not only haemodinamic, but also hormonal and metabolic
stability. Abolition of the catabolic hormonal response to surgery will abolish the
hyperglicaemia seen in normal patients and may be of benefit in the diabetic patients. Tight
metabolic control in the perioperative period is imperative and is a goal which is attainable
in most patients. IV infusion of insulin is the standard therapy for the perioperative
management of diabetes, especially in type 1 diabetic patients and patients with type 2
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diabetes undergoing major procedure (Clement et al., 2004). Institutions around the world
use a variety of insulin infusion algorithms that can be implemented by nursing staff.
Recently, several insulin infusion protocols have been reported in the literature. Two main
methods of insulin delivery have been used either combining insulin with glucose and
potassium in the same bag (GIK regimen) or giving insulin separately with an infusion
pump. The GIK is initiated at a rate of 100 mL/h in a solution of 500 mL of 10% dextrose, 10
mmol of potassium, and 15 U of insulin. Adjustments in the insulin dose are made in 5 U
increments according to blood glucose measurements performed at least every 2 hours. The
combined GIK infusion is efficient, safe and effective but does not permit selective
adjustment of insulin delivery without changing the bag. Separate continuous glucose and
insulin infusions are used more frequently than the glucose-potassium-insulin infusion
(Coursin et al., 2004; Furnary et al., 2003; Goldberg et al., 2004; Rehman & Mohammed,
2003). A proposed regimen for separate IV insulin infusion for perioperative diabetes
management is shown in Table 2.

I) Initiating continuous insulin infusion (CII):

Prepare solution: 1 unit (U) per 1 mL of 0.9% normal saline.

Start continuous insulin infusion (CII) when blood glucose level 2140 mg/dL (x 2).
Patients with known diabetes treated with insulin can start CII when blood glucose =70
mg/dL.

Initial rate: divide blood glucose level (mg/dL) by 100, then round to nearest 0.5 U

II) Insulin infusion rate change:
BloodGlucose (mg/dL) instructions:

>200 frate by 2U/h

>160-200 frate by 1.0 U/h

>120-160 {rate by 0.5 U/h

80-120 No change in rate

60-80 If <10% lower blood glucose, rate by 1 U/h,
Check BG within 30 min
If >10% lower blood glucose, 2 rate by 50%,
Check BG within 30 min

<60 Stop infusion (give IV dextrose 12.5 g IV bolus),

Check blood glucose within 30 min. When blood glucose>100 mg/dL,
restart infusion at 50% of previous rate

III) Patient monitoring;:

Check capillary blood glucose every hour until it is within goal range for 2 hours, and
then decrease to every 2 hours.

Hourly monitoring may be indicated for critically ill patients even if they have stable
blood glucose.

If a patient is eating, hourly blood glucose monitoring is necessary for at least 3 hours
after eating.

Decrease insulin infusion rate by 50% if nutritional therapy (e.g. total parenteral nutrition
or tube feeds) are discontinued or significantly reduced.

Table 2. Continuous insulin infusion (CII) protocol
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2.3 Nutritional status

Malnurished patients who require major operations are predisposed to infectious
complications and poor outcome. A low preoperative body mass index (BMI, kg/m?2) may
be regarded as an overall indicator of the size of the patient’s reserves; a BMI<20 kg/m? is
an accepted indicator of malnutrition. However, it has been recognized that acutely
malnourished patients may still have a normal or even elevated BMIL. Serum protein
markers such as albumin (for evaluating long-term nutritional status) and prealbumin (for
evaluating acute responses to nutritional support) have been shown to be useful additional
measurements for assessing nutritional status. Low albumin levels have been identified as an
independent risk factor for postoperative morbidity and mortality (Gibbs et al., 1999). It should
be emphasized that, although preoperative enteral or parenteral nutritional support clearly
benefits surgical cancer patients, a systematic review showed that “preventive” administration
of parenteral support in non-malnourished patients did not positively influence outcome and
may even be potentially harmful for certain patient subgroups (Koretz et al., 2001). More
recently, the concept of immunonutrition has evolved, in which enteral formulas are
supplemented with arginine and glutamine, nucleotides or omega-3 fatty acids in an attempt
to positively modulate the immune system, but the benefits of immunonutrition remain
debatable. Where as perioperative nutrition in the malnourished patient can improve
postoperative outcome, immunonutrition seems to attenuate the inflammatory response and
interferes with certain immune functions in selected patient groups.

2.4 Patient with jaundice

Jaundice results from an abnormally high bilirubin in the blood whose origin may be
difficulty in eliminating; it's then an obstructive jaundice. This is the most symptom in
patients with periampullary cancer (located near the Vater's ampulla) or cancer of the
pancreatic head. It can be considered a risk factor for postoperative complications. [8, 9]
Many studies demonstrate that it could be associated with a higher incidence of insufficient
postoperative renal function, but also of sepsis, haemorrhage, of liver failure and risk of
mortality from about 16% (Jiang & Puntis, 1997). Jaundice causes a retention of acids and
bile salts. In the long term, may cause ascending cholangitis and secondary hepatocellular
damage. In case of interruption of bile flow, bile acids and salts can’t inhibit the
phenomenon of translocation and endotoxemia caused by gram-negative from the digestive
tract. These bacteria will then multiply and, for a phenomenon of translocation, can
contribute to the dissemination of endotoxins into the systemic circulation then creating a
pro-inflammatory state with production of cytokines by activated macrophages and a
subsequent risk of multiple organ failure, including the appearance of coagulation
disorders. Since surgery in patients with jaundice is thought to increase the risk of
postoperative complications, preoperative biliary drainage was introduced to improve the
postoperative outcome. In several experimental studies preoperative biliary drainage
reduced morbidity and mortality after surgery (Van der Gaag et al., 2009). In a multicentre,
randomized trial, Van der Gaag et al compared preoperative biliary drainage with surgery
alone for patients with cancer of the pancreatic head and they found that endoscopic
preoperative drainage with placement of a plastic stent did not have a beneficial effect on
the surgical outcome and early surgery without preoperative drainage did not increase the
risk of complications (Van der Gaag, 2010). The preoperative oral administration of bile salts
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or lactulose has been proposed in order to reduce the risk of endotoxemia by blocking
bacterial translocation phenomenon from the gut. The effectiveness of this practice has not
been validated. Anti-inflammatory and antibiotic prophylaxis should be avoided. In severe
cases, a preoperative hemodiafiltration session can address the surgery with more serenity.

2.5 The general physical examination

The physical examination should be thorough but focused. Special attention is directed
toward evaluation of the airway, heart, lungs and neurologic status.

2.5.1 Vital signs and head and neck

Height and wheight are useful in estimating drug dosages and determining volume
requirements and the adequacy of perioperative urine output. Ideal body weight should be
calculated in obese patients to help determine proper drug dosages and ventilator settings
(e.g. tidal volume). Blood pressure should be recorded in both arms and any disparity noted
(significant differences may imply disease of the thoracic aorta or its major branches). At
same time should be observed and noted the respiration rate and oxygen saturation. One
should evaluate maximal mouth opening, the size of the tongue, the ability to visualize the
posterior pharyngeal structures and Mallampati classification. A thyromental distance
shorter or longer than three fingerbreadth may be a sign of a difficult intubation.

2.6 Laboratory studies

A routine laboratory screening tests are necessary to evaluate a recent hematocrit/
hemoglobin level, the platelet activity and the coagulation status before surgery. An ECG
should be obtained in any patient with risk factors for coronary artery disease (CAD). It can
also detect new dysrhythmias and be useful to evaluate the stability of known abnormal
rhythms. A chest radiography should be obtained in all patients to evaluate the
cardiovascular image and to document any tracheal deviation or cervical masses.

3. Anaesthetic management

General anesthesia with mechanical ventilation is the rule. Spinal anesthesia is impractical
owing to the length of the operation. However, epidural analgesia could, in theory, be used
as the sole anesthetic technique. It's our belief that the length of surgery, insertion of central
lines and the high likelihood of conversion to general anesthesia make epidural alone
unsatisfactory. Epidural analgesia may be beneficial post-operatively in reducing venous
thromboembolic events, the incidence of respiratory failure and in providing superior
analgesia in comparison with opioids. However, there may be clotting abnormalities
perioperatively leading to an increased risk of neurological complications. Epidural can
make assessment of the patient’s volume status more difficult and, with large fluid shifts
occurring in this group, a period of hypovolemia could be worsened by concomitant
vasodilatation secondary to the epidural analgesia. A balance of these risks needs to be
addressed before embarking on an epidural anesthesia technique. It's our practice to
routinely use epidural analgesia as a part of combined general and regional technique in
these patients. Postoperative analgesia is then provided by a catheter left in place in
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epidural space. The choice of anesthetics must consider the interference pharmacokinetic:
benzodiazepines should be avoided for premedication; propofol are the preferred induction
agent; morphine should be used with caution in patients with hepatic or renal function
(accumulation); muscle relaxants not metabolized by hepatobiliary system (atracurium, cis-
atracurium) are to be used in the first intent with adequate monitoring. The antibiotic
prophilaxis (Enterobacteriaceae and Staphylococcus) is essential in this surgery. Fluid and
volume therapy is an important cornerstone of treating critically ill patients in the operating
room. New findings concerning the vascular barrier, its physiological functions and its role
regarding vascular leakage have lead to a new view of fluid and volume administration.
Avoiding hypervolemia, as well as hypovolemia, plays a pivotal role when treating patients
both perioperatively and in the intensive care unit. The postoperative phase may be studded
with complications: sepsis, hepatic dysfunction, coagulation and metabolic disorders, renal
and pulmonary failure and, in addition to the typical risks associated with abdominal
surgery, some specific to the Whipple procedure, the two most common are pancreatic
fistula and delayed gastric emptying (Buchler et al., 2003). Therefore the recovery in the
postanesthesia care unit (PACU) is necessary for these fragile patients.

3.1 Pharmacology of anesthetics
3.1.1 Benzodiazepines

Pre-, intra-and postoperative use of benzodiazepines (BZP) is widely not recommended
because of their hepatic metabolism that exposed to an increased half-life, an extension the
duration of action and delayed recovery. In premedication for anxiolysis, with the exception
of jaundiced patients, midazolam 0.1-0.4 mg/Kg is indicated; after i.v. administration, the
onset of central nervous system effects occurs in 2 to 3 minutes. BZP enhance inhibitory
neurotransmission by increasing the affinity of GABA, receptors for GABA . Effects are
terminated by redistribution, the metabolism is tipically hepatic and renal the elimination.
Administration of a BZP to a patient receveing the anticolvulsivant valproate may
precipitate a psychotic episode.

3.1.2 Induction agents

Thiopental has no longer the place it has had for very many years. In addition, its use was
largely dissuaded in the presence of hepatobiliary disease because of its hepatic metabolism
(cytochrome P450). Thiopental is metabolized to pentobarbital, an active metabolite with a
longer half- life. Its use therefore exposed to delayed awakening. Similar to propofol,
barbiturates facilitate inhibitory neurotransmission by enhancing GABAx receptor function.
They also inhibit exicitatory neurotransmission via glutamate and nicotinic acetylcholine
receptors. Absolutely contraindicated in patient with acute intermittent porphyria, variegate
porphyria and hereditary coproporphyria (barbiturates induce porphyrin synthetic enzymes
such as §-aminolevulinic acid synthetase). Ketamine for its variable pharmacokinetics in the
presence of extrahepatic biliary obstruction and postoperative hallucinatory effects has a
limited use in clinical practice. Propofol is the agent of choice, not only for the induction, but
also for sedation in patients requiring postoperative ventilatory support. It has a short action
effect and the rapid metabolism is not influenced in the presence of liver failure. It is
prepared as a 1% isotonic oil-in water emulsion, which contains egg lecithin, glycerol and
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soybean oil. Bacterial growth is inhibited by ethylenediaminetetraacetic acid (EDTA),
diethylenetriaminepentaacetic acid (DPTA), sulfite, or benzyl alcohol depending on the
manufacturer (don’t use opened propofol after 6 hours to prevent inadvertent bacterial
contamination). Mode of action: facilitation inhibitory neurotransmission by enhancing the
function of GABAA receptors in the central nervous system; the modulation of glycine
receptors, N-etyl-D aspartate receptors, cannabinoid receptors and voltage-gated ion
channels may also contribute to propofol’s actions. After the infusion it can be observed
dose-dependent decreases in preload, afterload and contractility that lead to decrease in
blood pressure and cardiac output. Hypotension may be marked in hipovolemic, elderly, or
hemodynamically compromised patients. Heart rate is minimally affected and baroreceptor
reflex is blunted. Adverse effects are: venous irritation, lipid disorders, myoclonus and
hiccups, “propofol infusion syndrome”.

3.1.3 Opioids

Morphine and its derivatives are essential for the perioperative period (commonly used in
general anesthesia) and are frequently used to ensure postoperative analgesia. Opioids,
including morphine and fentanyl, have been accused to increase the bile ducts tone and to
determine a spasm of Oddi’s sphincter. However, the consequences in clinical practice are
limited: the pressure is most often in the bile duct within normal limits and the delay of the
bile’s drainage in the duodenum is not significant. Opioids differ in their potencies,
pharmacokinetics and site effects. The mode of action is due to the interaction with specific
receptors in the brain, spinal cord and peripheral neurons (Kumamoto et al., 2011). After i.v.
administration, the onset of action is within minutes for the fentanyl derivatives; due to their
lower lipid solubility hydromorphone and morphine may take from 20 to 30 minutes for
their peak effect. Elimination is primarily by the liver and depends on hepatic blood flow. In
patients with renal failure, the accumulation of morphine -6- glucuronide, the active
metabolite, may cause prolonged narcosis and respiratory depression. Fentanyl is
metabolized by hydrolysis and N-dealkylation and its metabolites are excreted in the urine.
Function liver in the normal range is necessary to plasma clearance in case of repeated
injections. The pharmakocinets of alfentanil is also changed, with a longer duration of
action and an initial effect over pronounced. The sufentanil phamacokinetics is not altered
even in cases of moderate hepatic insufficiency. The short duration of action of remifentanil
(context-insensitive half-time) and especially its extrahepatic metabolism (by non specific
esterases in tissues, primarily skeletal muscle) are purely an advantage (Dershwitz et al.,
1996). Opioids exert emetogenic effects and represent a significant cause of patient
discomfort. Nausea and vomiting can occur because of the direct stimulation of the
chemoreceptor trigger zone, of the vestibular apparatus, inhibition of gut motility (Porreca
& Ossipov, 2009).

3.1.4 Halogenated

Inhalation agents represent a basic drug used in modern balanced anesthesia. Actually the
most important halogenated in the clinical use are sevoflurane and desflurane. They were
developed in the late 1960s and tested in clinical practice much later. Sevoflurane was not
immediately introduced to the USA because of its fluorine release and its reaction with
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absorbed carbon dioxide. After several years of clinical application, no renal failure was
observed and appropriate studies on compound A did not show any renal effects in human.
Desflurane is largely appreciated for its high stability. Less than 0.02% of desflurane is
metabolized, thus, plasma fluorine levels are very low. The very low solubility of desflurane
allows for a surprisingly rapid emergence from anesthesia. Nitrous oxide has a controversial
role in the modern anesthesia. For one and a half centuries it has played a relevant role in
general anesthesia. Many of the side effects of nitrous oxide correlate with its physical
properties. Its ability to diffuse into air filled cavities increases the likelihood of
pneumothorax, air emboli and pressure in the cuff of the endotracheal tube. Nitrous oxide
diffusion causes an increase in the middle ear pressure and distension of the bowel, possibly
resulting in increases in postoperative nausea and vomiting. The results of a questionnaire
proposed by the Association of Anesthesist of Great Britain and Ireland indicate that 49% of
anesthesist had reduced their use of nitrous oxide (Henderson et al.,, 2002). According to
Baum, nitrous oxide should not be used routinely as a carrier gas and the safer mixture of
oxygen/medical air is able to replace this old anesthetic with some economical advantages
(Baum, 2004). The combination of halogenated agents with short acting opioids results in the
possibility of limiting the clinical application of nitrous oxide. Attempts to replace nitrous
oxide with other gases has led to an increase in studies on xenon. This inert gas does not
undergo metabolic biotransformation and has no direct negative environmental effects.
Xenon has a very low solubility in the blood and its potency is higher when compared to
nitrous oxide solubility (Hecker et al., 2004). Xenon cannot be synthesized and the available
amount is very low. Consequently, at present, the cost of compound may be a limiting factor
for the clinical use. The pharmacokinetic advantages of inhalation anesthetics are unique. By
increasing or decreasing their inspired concentration, it is possible to increase or decrease
their concentration in the blood and tissues, allowing for rapid changes in anesthesia depth
and providing a simple method for inducing, maintaining and reversing general anesthesia.
The flexibility of inhalation anesthesia cannot be reproduced with modern intravenous
hypnotics or opioids. Furthermore, it is important to underline the protective effects of
inhalation agents on several different organs.

3.1.5 Neuromuscolar blocking drugs

Non depolarizing blockade is produced by reversible competitive antagonism of Ach at the
o subunits of the AChRs. The principal pharmacologic effect is to interrupt transmission of
synaptic signaling at the neuromuscular junction. The neuromuscular blocking agents in
biliary excretion (e.g. vecuronium) should be avoided in favor of those metabolized by
way of Hoffman (atracurium, cis-atracurium). In all cases, the use of a monitoring of
neuromuscular blockade is obviously essential (Chiu & White, 2000; Murphy &
Szokol,2004).

3.2 Monitoring

Standard monitoring for general anaesthesia involves oxygenation (analyzer and pulse
oximetry), ventilation (capnography and minute ventilation), circulation (ECG with ST-
segment analysis, blood pressure and perfusion assessment) and temperature if necessary.
Additional monitoring may be added such as invasive arterial and venous pressure
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monitoring, trans esophageal echocardiography (TEE), neuromuscular blockade and central
nervous system monitoring. Automated noninvasive blood pressure is the most common
noninvasive method of measuring blood pressure in the operating room for minor surgery.
Invasive blood pressure (IBP) monitoring is imperative in the pancreatic surgery; there is
potential for rapid swings in blood pressure and acid-base balance often needs managing
(acidosis is common). IBP uses an indwelling arterial catheter coupled through fluid-filled
tubing to a pressure transducer. The transducer converts pressure into a electrical signal to
be displayed. Generally the catheter size is 18 to 20 gauge for adults. The radial artery is the
most common site. Other locations include ulnar, brachial, axillary, femoral and dorsal
pedis arteries. The procedure should be perfomed aseptically. Local anesthetic may be used
to raise a skin wheal if the patient is awake. For catheter insertion it can be used the
Seldinger technique. The modified Allen test has been recommended to assess the relative
patency and contribution of the radial and ulnar arteries to the blood supply to the hand,
but the results are unreliable. Central venous catheter (CVC) is essential;, ultrasound
guidance can be useful in the patients that have had multiple previous cannulation. The
central venous pressure (CVP) and cardiac output (CO) are monitored by CVC. CVP is
measured by coupling the intravascular space to a pressure transducer using a fluid-filled
tubing. Pressure is monitored at the level of the vena cava or the right atrium. The normal
CVP is 2 to 6 mmHg. Positive- pressure ventilation affects both cardiac output and venous
return. According to the Starling rule, the transmural pressure, which is the difference
between the atrial pressure and extracardiac pressure, correlates with the cardiac output. At
low level of PEEP, the CVP increases with increased PEEP, at high levels of PEEP (over 15
cmH0), CVP increases as the cardiac output is depressed because of impaired right
ventricular output. Common locations include internal jugular and subclavian vein.
Multiple lumen catheters are directly inserted and are available with one to four lumens to
provide access for multiple drugs, pressure monitoring and blood sampling. Temperature
may be measured continuously; the limitation of more external methods of temperature
determination is that they may not reflect changes in the core body temperature, especially
in the presence of vasoconstriction. Oropharyngeal temperature monitoring is preferred in
any lengthy laparotomy, which has potential for blood loss and perioperative clotting
abnormalities. Ventilation is assessed by end- tidal carbon dioxide measurements and
spirometry. Capnometry and capnography are often used as synonyms, as both analyze and
record carbon dioxide, with the latter including a waveform. Capnography not only
evaluates respiration but also confirms of endotracheal intubation and its diagnostic of
pathologic conditions. Neuromuscular blockade is utilized, above all for patients with co-
existing renal failure. The adductor pollicis response to ulnar nerve stimulation at the wrist
is most often used, because it is easily accessible, and the results are not confused with direct
muscle activation. Cutaneous electrodes are placed at the wrist over the ulnar nerve and
attached to a battery-driven pulse generator, which delivers a graded impulse of electrical
current at a specified frequency. For maximal twitch response, the negative pole (active)
should be placed distally over the ulnar nerve at the wrist. Evoked muscle tension can be
estimated by feeling for thumb adduction or measured by using a force transducer attached
to the thumb. After administration of a neuromuscular blocking drug (NMBD), the
developed tension and twitch height decrease with the onset of blockade. Foley catheter is
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the rule in all patient ones, necessary for fluid management and the control of the renal
functionality.

3.3 Conduct of anaesthesia

The primary goals of general anesthesia are to maintain the health of the patient while
providing amnesia, hypnosis (lack of awareness), analgesia and immobility. Secondary
goals may vary depending on the patient’s medical condition and the surgical procedure.
Perioperative planning involves the integration of preoperative, intraoperative and
postoperative care. Flexibility, the ability to anticipate problems before they occur and the
ability to execute contingency plans are skills that define the expert anesthetist. An
anesthetic plan developed prior to entering the operating room helps the anesthetist
marshal appropriate resources and anticipate potential difficulties. Important elements to
consider in the anesthetic plain include: risk assessment (ASA classification), specific
homeostatic challenges, intravenous access, monitoring, airway management, medications,
perioperative analgesia, postoperative transport and disposition. Preoperative medications
is realized with midazolam 0.1-0.4 mg/Kg (except cases of jaundice) for anxiety control. It is
also important to consider aspiration prophylaxis; drugs to neutralize gastric acid and
decrease gastric volume are used: metoclopramide 10 mg and ranitidine 50 mg usually.
Induction of anesthesia produces an unconscious patient with depressed reflexes who is
dependent on the anesthetist for maintenance of homeostatic mechanisms and safety. The
patient’s position for induction is usually supine, with extremities resting comfortably on
padded surface in a neutral anatomic position. The head should rest comfortably on a firm
support, which is raised in a “sniff” position. Routine pre-induction administration of
oxygen minimizes the risk of hypoxia developing during induction of anesthesia. High flow
(8 to 10 L/minute) oxygen should be delivered via a face mask placed gently on the
patient’s face. Commonly, for the induction of anesthesia, we use propofol 4-6 mg/Kg, a
non- depolarizing neuromuscular blocking agent (cis-atracurium 0,15 mg/Kg is the usual
choice) and sufentanil 0.1-0.5 mcg/Kg. Hypertensive patients may have an exaggerated
pressor response to laryngoscopy. To obtund this response, opioids or B-blockers can be
used. Tracheal intubation is performed with laryngoscopy usually. An appropriate ETT size
depends on the patient’s age, body habitus. Proper placement of the ETT needs to be
verified by the detection of carbon dioxide in end-tidal or mixed expiratory gas as well as
inspection and auscultation of the stomach and both lung fields during positive-pressure
ventilation. Tidal volumes of 8-10 ml/ Kg and a respiratory rate of 10 to 12 breaths/minute
are set and low level PEEP is beneficial. For the maintenance of anesthesia we use normally
a mixture of oxygen and air (40%/60%) and an halogenated (sevoflurane or desflurane) with
a continuous infusion of sufentanil until the end of operation. The infusion of sufentanil
generally is continued in the PACU to better adapt the patient to the mechanical ventilation.
If we decide for a blended anesthesia, before the induction of anesthesia, we perform a
thoracic epidural anesthesia (T8-T10) with the patient in sitting position.

3.4 Epidural anaesthesia / analgesia

The epidural space is surrounded by the outer surface of the dura mater and the bony and
ligamentous walls of the spinal canal and extends from the foramen magnum to the sacral
hiatus. The cross-sectional area of the epidural space becomes smaller cranially, as the theca
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and its contents tend to occupy a greater proportion of space. Hence, a given volume of
drugs affects a greater number of segments the more cranially it is introduced. The epidural
space contains nerve roots, fat, spinal arteries and lymphatics, as well as a valveless venous
system that communicates directly with both the intracranial sinuses via the basovertebral
veins and the general circulation via the azygos vein. Dorsal and ventral spinal nerve roots
covered by dura mater pass across the epidural space and drugs within this space can act on
any nerve that traverses it - whether it be motor, sensory or autonomic. Epidural analgesics
may prevent the release of neurotransmitters from afferent pain fibres, block receptors to
neurotransmitters released by primary afferent pain fibres or interrupt the transmission of
pain-related information in the dorsal horn of the spinal cord. Drugs introduced into the
epidural space also have the potential to pass into the brain and the general circulation
depending on their pharmacokinetics. Epidural analgesia was originally achieved with local
anaesthetic agents but, more recently, with opioids or a combination of local anaesthetics
and opioids. This combination has a synergistic action that allows the concentration of each
drug to be reduced, thereby limiting unwanted effect produced by higher concentrations.
Ketamine, midazolam or clonidine has also been used in combination with local anaesthetics
and opioids to obtain the best intra- and post-operative pain control. Local anaesthetics
penetrate axonal membranes within the epidural space and bind to sodium channels in
nerves. This inhibits sodium conductance and reduces action potential depolarization,
thereby reducing nerve stimulus propagation. The drawback is that the effect is non
selective, involving both autonomic and somatic nerves. Thinner nerve fibres are affected by
lower local anaesthetic concentrations than thicker fibres, suggesting that neuronal block is a
function of diameter. With increasing local anesthetic concentration, the thinner C fibres
(pain and autonomic fibres) are blocked first, followed by B fibres (preganglionic
sympathetic fibres) and finally the largest A fibres (touch, pressure sensation and motor
fibres). Epidural analgesia aims to produce a differential nerve block, affecting
predominantely nociceptive fibres with few motor effects. Opioids act on opioid receptors
that are widespread throughout the nervous system, but more concentrated in the
medullary dorsal horn of the spinal cord and the periaqueductal grey matter of the brain.
Opioid receptors belong to the family of guanine nucleotide-binding protein receptors. They
exist as three principle types (OP1, OP2 and OP3) and opioids acting at these receptors have
the advantage of selectively blocking pain without affecting motor function or the sense of
touch. Epidural opioids act mainly on presynaptic and postsynaptic receptors in the
substantia gelatinosa of the dorsal horn of the spinal cord (Fotiadis et al., 2004). The
combination of thoracic epidural analgesia (TEA) and general anesthesia has become a
widespread anesthetic technique for the perioperative treatment of patients undergoing
major abdominal surgery. The neuraxial application of local anesthetics and opioids
provides superior pain relief, reduced hormonal and metabolic stress, enhanced
normalization of gastrointestinal function and thus a shortened postoperative recovery
time, facilitating mobilization and physiotherapy. TEA is currently thought to mitigate
this effect by blocking nociceptive afferent nerves and thoracolumbar sympathetic efferent
routes. In a very recent cohort study Van Lier F. et al. (Van Lier et al., 2011) demonstrated
that epidural analgesia reduces postoperative pneumonia in patients with chronic
obstructive pulmonary disease (COPD) undergoing major abdominal surgery. Among the
long-acting local anesthetics, the S-enantiomer, ropivacaine, is gaining increasing
preference for continuous epidural analgesia. Ropivacaine has lower central nervous
system and cardiac toxicity and a less frequent incidence of motor block (differential
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block) during mobilization than bupivacaine (Macias et al.,, 2002). Panousis et al.
evaluated the effect of different epidurally administered concentrations of ropivacaine on
inhaled anesthetic, fluid and vasopressor requirement and hemodynamic changes. They
concluded that ropivacaine 0.5% compared with a ropivacaine 0.2 % concentration led to a
greater inhaled anesthetic-sparing effect at the same levels of IV fuid supply and
vasopressor support (Panousis et al., 2009). In a critical appraisal published on 2008, Pratt
WB et al. concluded that although it may provide more effective initial pain control,
epidural analgesia does not necessarily improve the critical outcome as after
pancreatoduodenectomy. The Authors explained it with the high propensity for rapid
fluid shifts and excessive blood loss during this operation, which may negate the
proposed benefits of administering analgesic medications by epidural infusion and they
reinforced these results considering the frequent need to terminate epidural infusions
because of hemodynamic compromise or inadequate analgesia. Spinal epidural hematoma
(SHE) after epidural analgesia is a rare but serious complication. Most cases of SHE after
epidural block are attributed to a bleeding tendency or anticoagulant therapy. Placement
of an epidural catheter may cause SHE more often than expected, but most SEHs remain
asymptomatic (Inoue, 2002). The incidence of significant spinal bleeding (paraplegia
requiring laminectomy) has been estimated at 1:1,000,000 in patients without clinically
apparent coagulation disorders. Vandermeulen et al. found spinal bleeding immediately
after removal of the epidural catheter in 15 of the 32 cases that he reviewed. Spontaneous
SHE has been reported in a few cases (Skilton, 1998; Vandermeulen, 1994). The maximum
incidence of clinically important spinal bleeding after epidural catheter blocks without
specific additional risk factors probably list between 1:190,000-200,000. Approximately 60-
80% of all clinically important spinal bleeding is associated with haemostatic disorders or
a blood tap. Removal of an epidural catheter should be considered a significant risk factor
for spinal bleeding because 30-60% of clinically important spinal hematomas occurs after
catheter removal (Tryba, 1998). A practical approach to the patients with
anticoagulant/antiaggregant therapy is reported in Table 3, according to the last
guidelines of the European Society of Anaesthesiology.

Where central neural block is contraindicated (e.g systemic sepsis, in anti-coagulated
patients), or where epidural catheterization is technically impossible, bilateral paravertebral
nerve blocks (PVB) is a suitable alternative. The paravertebral space is a potential space,
which is turned into a temporary cavity by fluid. Anaesthesia occurs because of direct
penetration of local anesthetic (LA) into the neurological structures contained within the
PVB (anterior and posterior ramus of the intercostals nerve, sympathetic chain, rami
comunicantes, sinu-vertebral nerve). The spinal nerve, lacking both an epineurvium and
part of the perinervium and with only a thin membranous root sheath is easily penetrated
by LA and hence easily and efficiently blocked (Karmaker, 2001). We recommend the use of
levobupivacaine or ropivacaine for bilateral blocks. Good preservation of postoperative
pulmonary function has been demonstrated, particularly in thoracotomy, which is a
significant benefit over epidural analgesia (Davies et al., 2006). The incidence of
complications such as pneumothorax and hypotension is low. For bilateral PVB a variety of
techniques, including loss of resistance, nerve stimulators and ultrasound, have been used.
Potential or relative contraindications to the use of PVB are: coagulation disordes, tumor in
the PVB and empyema. The relationship of regional anaesthesia to wound healing, chronic
postoperative pain, and cancer recurrence rates with this and other block is important.
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Time before Time after
punct.ure / C_atheter punct.ure / c.atheter Laboratory tests
manipulation or manipulation or
removal removal
Unfractionated heparins Platelets during
(for prophylaxis, 4-6 h 1h treatment for
<15 000 IU per day) more than 5 days
Unfractionated heparins iv.4-6h 1h aPTT, ACT,
(for treatment) s.c.8-12h 1h platelets
. Platelets during
Low-molecular-weight
heparins (for prophylaxis) 12h 4h treatment for
P more than 5 days
. Platelets during
Es“;_izh(?;li;‘;iigeﬁ) 24h 4h treatment for
p more than 5 days
Fondaparinux (anti-Xa,
(for prophylaxis, 36-42h 6-12h standardised for
2.5mg per day) specific agent)
Rivaroxaban (for (PT, standardised
prophylaxis, 10mg q.d.) 22-26h 4-6h for specific agent )
Apixaban (for prophylaxis, >
25mg bid) 26-30h 4-6h :
Dabigatran (for Contra}ndlcated ,
rophylaxis, 150-220 mg) according to the 6h ?
prophytaxis, manufacturer
Coumarins INR<1.4 after catheter removal INR
Hirudins
(lepirudin, desirudin) 8-10h 2-4h aPTT, ECT
Argatrobanc 4h 2h aPTT, ECT, ACT
Acetylsalicylic acid None None
Clopidogrel 7 days after catheter removal
Ticlopidine 10 days after catheter removal
. 6 h after catheter
Ticagrelor 5 days removal
Cilostazolc Dh 5 h after catheter
removal
o 7-10 days 6 h after catheter
removal
NSAIDs None None

ACT, activated clotting time; aPTT, activated partial thromboplastin time; b.i.d., twice daily; ECT, ecarin clotting
time; INR, international normalised ratio; IU, international unit;

i.v., intravenously; NSAIDs, non-steroidal anti-inflammatory drugs; s.c., subcutaneously; q.d., daily.

All time intervals refer to patients with normal renal function. Prolonged time interval in patients with hepatic

insufficiency.

Table 3. Recommended time intervals before and after neuraxial puncture or catheter

removal (Gogarten et al., 2010)
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3.5 Postoperative care
3.5.1 Postoperative L.V. analgesia

In patients with epidural catheter the analgesia can be continued with a volumetric or
elastomeric pump with a rate infusion of 5-8 ml/h, by using local anesthetics alone or in
combination with opioids. Generally we use ropivacaine 2mg/ml and sufentanil 5 mcg/ml.
In patients where was impossible the positioning of an epidural catheter the postoperative
analgesia is performed with NSAIDs or opioids or mixture of them. Several protocols are
reported in literature for IV analgesia, but generally morphine is the leader drug. The
patient controlled analgesia (PCA) is the best route of administration with a primary dose of
2-10 mg and a rescue dose of 0.5-2 mg with a lock-out of 5-10 minutes (Miaskowski, 2005). A
specific role have the COX-2 inhibitors. Parecoxib (40-80 mg) is disposable for intravenous
administration (Nussmeier et al, 2006).

3.6 Pain and inoperable pancreatic cancer

Pancreatic diseases such as cancer can cause clinically significant pain in the upper
abdomen, which may radiate to the back. Pain management for pancreatic cancer patients is
one of the most important aspects of their care, as it is one of the most weakening
symptoms. The best therapy involves adequate therapy with constant assessment. The
current management of pancreatic pain follows the WHO three-step ladder for pain control,
starting with non-opioid analgesics such as nonsteroidal anti-inflammatory drugs (NSAIDs)
and progressing to increasing doses of opioid analgesics (WHO, 2008). For pain that does
not respond to drugs, or when oral or topical medication leads to unacceptable side effects
such as nausea, constipation, somnolence, confusion, dependence and addiction, an alcohol
nerve block can be indicated. This provides pain relief by acting directly on the nerves
(celiac plexus) that carry painful stimuli from the diseased pancreas to the brain. Pancreatic
cancer causes severe pain in 50% to 70% of patients. This kind of pain is multi-factorial
(pancreatic duct obstruction and hypertension, neural invasion) and it is often difficult to
treat (Staatas 2001). Different mechanisms perpetuate pancreatic pain: infiltration of nerve
sheaths and neural ganglia, increased ductal and interstitial pressure and gland
inflammation. Pancreatic pain is generally transmitted through the celiac plexus, a neural
structure located in the upper abdomen, near the emergence of the celiac trunk from the
aorta. Celiac plexus neurolysis was first described by Kappis (1919) and is done at the level
of the L1 vertebral body, with the patient in the prone position. There are a number of
variations on the technique (Giménez, 1993). It has been described in the literature since the
1950s but the first prospective study was published in 1990 and the first randomized in 1992.
Celiac plexus neurolysis can be done surgically under fluoroscopic guidance or under
computed tomography (CT) guidance. The target for celiac axis destruction are the
splanchnic nerves and/or celiac ganglia. The splanchnic nerves cross the diaphragm, enter
the abdominal cavity and form the celiac plexus. The celiac ganglia are located around the
celiac artery anterior to the aorta, in varying positions, from T12 to L2. They can be reached
percutaneously by different routes, with one needle through the anterior approach (under
CT or ultrasound guidance) or with one or two needles through the posterior approach.
During abdominal surgical procedures for pancreatic cancer chemical splanchnicectomy can
be achieved by injecting the neurolytic solutions directly into the junction area of the
splanchnic nerves with the celiac ganglia in the retroperitoneal area. With the advent of
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endoscopic ultrasonography (EUS) new therapeutic applications for endoscopy have been
developed and a needle can now be guided safely in the celiac plexus (Puli, 2009). The celiac
plexus is destroyed by alcohol injected under the guidance of real-time endosonography.
First, using a linear array echo-endoscope, the region of the celiac ganglia is located from the
lesser curve of the stomach, following the emergence of the celiac trunk from the aorta. The
anterior approach avoids the retro-crural space and minimizes the risk of neurologic
complications such as paraesthesia or paralysis. Anyway, although statistical evidence is
minimal for the superiority of pain relief over analgesic therapy, the fact that CPB causes
fewer adverse effects than opioids is important for patients.

4. Conclusion

Pancreatic ductal adenocarcinoma (90% of pancreatic cancers) remains a devastating
disease. For a select group in which complete resection is possible, surgery prolongs
survival. Pancreaticoduodenectomy, the “Cadillac” of abdominal operations, is a major
surgery with significant morbidity and mortality. The pancreatico-enteric anastomosis has
been the Achilles’ heel of this operation. Adequate nutritional support, reduction of
invasiveness, shorter operation times, combined regional/general anesthesia, and target-
controlled fluid management are options for reducing postoperative morbidity. In recent
decades, diagnostic modalities and the surgical and palliative treatments of PC have clearly
progressed, although the overall prognosis has barely changed. The management of patient
affected by PC is complex and requires exepertise in many fields. Multidisciplinary teams
are necessary to optimize the overall care. The anesthesiologist plays a crucial role in the
perioperative management of such patients and for patient with unresectable PC (anesthesia
and analgesia). Careful patient selection, individualized preoperative evaluation and
optimization go a long way in improving the short-term and long-term outcomes of these
patients. In the future new protocols are necessary for pain control, adjuvant strategies,
palliative measures in patients with pancreatic cancer.
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1. Introduction

Pancreatic cancer (PC) is a devastating disease with the worst mortality rate and an overall
5-year survival rate lower than 5% (2% in distant cases; 9% in regional cases and 22% in
localized cases). Although accounting for only 3% of all cancers, this disease is the fourth
leading cause of death and represents 6 - 7 % of all cancer related deaths. In males, the
incidence ASR is 8.2 and 2.7 and the mortality ASR is 7.9 and 2.5 in more developed areas
and less developed areas, respectively.

In females, the incidence ASR is 5.4 and 2.1 and the mortality ASR is 5.1 and 2.0 in more
developed areas and less developed areas, respectively.

We noticed that the incidence and the mortality rates are very close (Jemal et al. 2011). Also,
the death rate is increasing from 9.28 per 100,000 in 1991 to 9.48 in 2006 with an absolute
change of 0.2 (2.1%). (Jemal et al. 2010).

In the United States, the overall incidence is about 8-10 cases per 100,000 persons/year and
rises slowly over the years with 43 140 new cases in 2010.

Pancreatic cancer remains one of the most difficult to treat due to late initial diagnosis and
to intrinsic resistance to conventional treatments. About 50% of patients have distant disease
at the time of diagnosis (locally advanced stage) and in 40% the tumor has spread
(metastatic stage).

2. Risk factors

Risk factors have been identified, molecular pathogenesis has been elucidated, but advances
in early detection and efficient treatments remain rather disappointing despite tremendous
efforts.

Studies results show that long-term diabetes, even though risk diminishes over time,
remains a risk factor for PC independent of obesity and smoking with a latency period of
more than 5 years. Type 3 diabetes mellitus is an effect, and therefore a harbinger, of
pancreatic cancer in at least 30% of patients (Magruder JT et al, 2011; Li D et al. 2011).

* Corresponding Author
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After a pooled analysis of 14 cohort studies, a review study noted that, coffee consumption
was inversely associated with pancreatic cancer (RR, 0.82; 95% CI, 0.69-0.95) (Yu X et al,
2011).

Although there have not been a sufficient number of clinical trials, promising dietary factors
to prevent pancreatic cancer include citrus fruits, flavonoids, curcumin, folate, and vitamin
D. Phase II clinical trials of curcumin have shown encouraging chemoprotective effects in
patients with pancreatic cancer and have determined that curcumin can be safely
administrated to patients at oral doses up to 8 g/d.

Several flavonoids found in a variety of fruits and vegetables have also been shown to
inhibit pancreatic cancer at various molecular targets including cell-cycle, Akt, NFkB, ERK,
and many others. Currently, there is one on-going phase II clinical trial on the use of
genistein in treating resectable pancreatic cancer patients. However, more clinical trials are
needed to explore the efficacy and application of these factors in treating pancreatic cancer.

The use of citrus fruit extracts to treat pancreatic cancer has become of interest only in the
past few years. Using citrus fruit extracts instead of individual compounds to treat
pancreatic cancer is of great interest because it allows the use of low doses of multiple
bioactive compounds and nutrients instead of large doses of single compounds, and
therefore reducing the possibility of reaching toxic effects.

When comparing the inhibitory effects of different extraction methods of lime juice on
pancreatic cancer, it was found that the methanol extract exhibited the highest inhibitory
effect. Although the results from this study provide insight into the best options for
extracting citrus fruits, more research needs to be conducted on various types of citrus fruits
extracts and their mechanisms of action by which they affect pancreatic cancer.

Folate and vitamin D have good epidemiological evidence that shows that consumption of
either of these nutrients leads to a reduced risk of pancreatic cancer. However, both of the
nutrients have few experimental studies needed to help draw conclusions about either of
their impacts on pancreatic cancer. (Jodee Johnson et al. 2011).

The pooled data of 6 studies involving a total of 2335 patients suggests an association
between infection with H. pylori and the development of pancreatic cancer ((AOR 1.38, 95%
CI: 1.08-1.75; P=0.009). (Trikudanathan G et al, 2011)

As is the case in other complex diseases, common, low-risk variants in different genes may
act collectively to confer susceptibility to pancreatic cancer in individuals with repeated
environmental exposures, such as smoking and red meat intake. Clarification of gene-gene
and gene-environmental interaction is therefore indispensable for future studies. To address
these issues, a rigorously designed molecular epidemiologic study with a large sample is
desirable. (Yingsong Lin et al, 2011.)

3. Diagnosis

Pancreatic cancer is usually detected at an advanced stage and responds poorly to
treatment.

Ductal adenocarcinoma and its variants account for over 90% of pancreatic malignancies.
The presenting symptoms of the disease can include weight loss, jaundice, floating stools,



Multi-Disciplinary Management of Metastatic Pancreatic Cancer 199

pain, dyspepsia, nausea and depression. However, no early warning signs of pancreatic
cancer have been established. As previously noted, long term diabetes is a risk factor thus
diagnosis of pancreatic cancer should be considered in diabetic patients with continuous
weight loss and abdominal symptoms. All patients for whom there is clinical suspicion of
pancreatic cancer or evidence of dilated duct should undergo initial evaluation by dynamic-
phase CT scan. Subsequent decisions regarding diagnostic management and resectability
should involve multidisciplinary consultation with reference to appropriate radiographic
studies to evaluate the extent of the disease (Agarwal B et al, 2001. Johnson CD. 2010)

The principles of diagnosis and staging are:

1. Decisions about diagnostic management and resectability should involve
multidisciplinary consultation with reference to appropriate radiographic studies to
evaluate the extent of disease. Resections should be done at institutions that perform a
large number (15-20) of pancreatic resections annually.

2. Imaging should include specialized pancreatic CT scan. CT should be performed
according to a defined protocol such as triphasic cross-sectional imaging and thin slices.

3. The role of PET/CT scan remains unclear. PET/CT may be considered after formal
pancreatic CT protocol in high risk patients to detect extra-pancreatic metastases. It is
not a substitute for high quality contrast enhances CT scan.

4.  Endoscopic Ultrasound (EUS) may be complementary to CT for staging.

5. EUS directed fine needle biopsy is preferable to a CT-guided FNA in patients with
resectable disease because of lower risk of peritoneal seeding with EUS FNA when
compared with the percutaneous approach. Biopsy proof of malignancy is not required
before surgical resection and a non diagnostic biopsy should not delay surgical
resection when the clinical suspicion for pancreatic cancer is high.

6. Diagnostic staging with laparoscopy to rule out subradiologic metastases (especially for
body and tall lesions) is used routinely in some institutions prior to surgery or
chemoradiation or selectively in patients whoa re at higher risk for disseminated
disease (borderline resectable disease, markedly elevated CA 19-9, large primary
tumors or large regional lympnodes).

7. Positive cytology from washings obtained at laparoscopy or laparotomy is equivalent to
M1 disease. If resection has been done for such a patient, they should be treated as for
M1 disease.

The key advances are:

In 2010 new insights were added to the complex biology of pancreatic cancer offering new
opportunities for early diagnosis and treatment.

The first comprehensive analysis of pancreatic tumors and their metastases describes the
patterns of genomic instability and estimates the time from tumor initiation to metastatic
spread to be at least 10 years (Yachida, S. et al, 2010).

Genome-wide association studies point towards multiple common disease alleles with small
effects influencing pancreatic cancer risk (Petersen, G. M. et al. 2010; Low, S. K. et al. 2010).

The ESPAC-3 trial reported that gemcitabine did not result in improved overall survival
compared with fluorouracil plus folinic acid in patients with resected pancreatic cancer
(Neoptolemos, |. P. et al. 2010).
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Superior values for diagnostic performance were shown for MIC-1, PAM4, OPN, HSP27,
TPS, TSGF, and CAM17.1 as individual markers. Panels of biomarkers comprised CA 19-9,
MCSF, CEA, SAA, Haptoglobin, TSGF, CA 242, and HSP27. Individually or in concerted
form, sensitivity and specificity ranged from 77 to 100% and 84-100%, respectively. While
these markers show high screening potential for pancreatic cancer, standardized validation
studies using multiplex assays are required to pave the way for clinical routine application
(Biinger S et al, 2011).

4. Treatment

There is consensus on the fact that surgical removal of the tumor represents the best option
for pancreatic cancer treatment; to be resectable, tumors need to be small and strictly
localized to pancreas without invasion into surrounding organs and evidence of metastasis.
However, only 15-20% of all patients are candidates for potentially curative surgery.
Depending on the tumor localization, pancreaticoduodenectomy, distal or total
pancreatectomy can be performed. However, even with an optimal curative surgery,
metastases often occur. Median survival time without evidence of recurrent disease is 21.2
months after resection.

Systemic therapy is used in the adjuvant setting and in the management of locally advanced
unresectable and metastatic disease.

4.1 Neoadjuvant resectable / borderline resectable

No standard treatment regimen currently exists for neoadjuvant resectable or borderline
resectable pancreatic cancer. Neoadjuvant therapy for patients with resectable tumors
should ideally be conducted on a clinical trial. Generally, use similar paradigms as for
locally advanced unresectable disease:

- Upfront 5-FU or Capecitabine based chemoradiation

- Upfront gemcitabine-based chemoradiation therapy

- Induction chemotherapy (2 to 4 cycles) followed by 5-FU or Gemcitabine based
chemoradiation therapy.

Ideally, surgical resection should be atatempted 6 to 8 weeks following chemoradiation.
Surgery can be performed after 8 weeks following chemoradiation however radiation
induced fibrosis may potentially make surgery more difficult.

4.2 Chemoradiation therapy for locally advanced disease

Chemoradiation is a conventional option for the management of unresectable locorgeional
pancreatic cancer, although the utility of chemoradiation in this population of patients is
controversial.

4.3 Post-operative adjuvant treatment

Clinical trial preferred or Systemic Gemcitabine or 5-FU/Leucovorin before or after
chemoradiation (fluoropyrimidine or gemcitabine based) or chemotherapy alone
Gemcitabine (category 1) or 5-FU/Leucovorin (category 1) or Capeciatbine (Category 2B).
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4.4 Chemotherapy for locally advanced and metastatic disease

The primary goals of treatment for advanced pancreatic cancer are palliation and improved
survival. Although some effect on survival may be achieved, these benefits are usually
limited to patients with adequate performance status (ECIG 0-2). Patients who present with
very poor performance status may benefit from the administration of Gemcitabine, but
comfort-directed measures are always paramount. Before initiating cytotoxic therapy, an
open dialogue regarding the goals of treatment should take place, and adjunctive strategies
should be discussed (including nonsurgical bypass, celiac block for pain; of note debilitated
patients with advanced disease may have abrupt changes in clinical status. Therefore, if
treatment is begun, it should proceed with close follow-up. Patients may experience sudden
onset of bleeding or thromboembolism, rapidly escalating pain, biliary stent occlusion,
cholangitis, or other infections. Moreover, clinically meaningful tumor progression may
develop quickly, and tumor-related symptoms may be inappropriately attributed to
chemotherapy or other causes. For instance, patients who complain of intractable nausea
and vomiting may have gastric outlet obstruction rather than chemotherapy-induced
emesis. Peritoneal carcinomatosis may manifest as ascites or in its more subtle form, as
abdominal bloating, decreased oral intake and constipation.

Prior to approval of Gemcitabine, 5-FU was the most extensively evaluated agent for PC,
either alone or in combination without survival advantage. Gemcitabine, with or without
Erlotinib, has been the standard chemotherapy in APC. The FDA approval in 1997 was
based on the results of the randomized trial where Gemcitabine was compared to 5-FU in
previously untreated patients. Patients treated with Gemcitabine had a median survival of
5.65 months, compared to 4.41 months (p < 0.05) in those treated with 5-FU. Twenty-four
percent of patients treated with gemcitabine were alive at 9 months, compared to 6% of
patients treated with 5-FU. In addition, more clinically meaningful effects on disease-related
symptoms were seen with gemcitabine (23.8%) than with 5-FU (4.8%). (Burris HA 3rd, Moore
M]J, Andersen | et al. 1997).

Platinum compounds have been widely evaluated. A pooled analysis of two randomized
trials indicates that the combination of gemcitabine with a platinum analog such as
oxaliplatin or cisplatin significantly improves progression-free (PFS) and overall survival
(OS) when compared to gemcitabine alone (HR for PFS: 0.75 with p=0.0030; HR for OS: 0.64
with p=0.063 in favour of the GP combination). The benefit from combination therapy is
predominantly detected in patients with a good performance status. (V. Heinemann, Labianca
R, Hinke A, Louvet C. et al. 2007).

Among the numerous randomized phase III studies comparing gemcitabine as single agent
to gemcitabine combined to a new agent, only the gemcitabine-erlotinib combination has
shown a small, but statistical improvement in survival. A trend to better survival was also
observed with a gemcitabine-capecitabine regimen. The use of low-weight heparin may be
of value to reduce venous thromboembolic events

The various combinations of new generation drugs showed 13% - 28.7 % RR with the
Gemcitabine/Oxaliplatin, 82% - 17.3% with Gemcitabine alone, 12.8 % with
Gemcitabine/CPT-11, 16% - 23% with Gemcitabine/Capecitabine, 22% with
Oxaliplatin/ Capecitabine and 10% with Oxaliplatin and 5-FU, 12.9% with Cisplatin /
Gemcitabine, 13 % with Bevacizumab/Gemcitabine, 8.6 % with Erlotinib/Gemcitabine and
12.5 % with Cetuximab/Gemcitabine and 31% with the Folfirinox regimen.
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The addition of Cisplatin, Bevacizumab, Cetuximab to Gemcitabine did not improve
survival compared with patients treated with Gemcitabine alone in APC patients. The OS
ranged between 5.8 and 9 months (table 1).

(G. Stathopoulos, K. Syrigos, G. Aravantinos, et al. 2006, V. Heinemann, T. Hoehler, G. Seipelt et al.
2008; K. Song, Y. Do, H. Chang et al. 2008; M. Moore, D. Goldstein, |]. Hamm et al. 2007; Hedy Lee
Kindler et al. 2010; Philip A. Philip. 2010; Giuseppe Colucci et al. 2010; E. Popli, Y. Feng, ]. Berlin
et al. Phase III, 2009; Jiirg Bernhard et al. 2008; |. C. Bendell, S. Britton, M. R. Green et al. 2011; P.
E. Oberstein, M. Saif. First 2011).

. Clinical median | median
Reference Regimen benefit ORR PFS survival
Berlin et al. 5FU + Gem 23.8% 6.9% 3.4 mo 6.7 mo
JCO 2002 Gem 4.8% 5.6% 2.2 mo 5.4 mo
Colucci et al. Gem + Cisplatin 15.1% 12.9% |3.8 mo 7.2 mo
JCO 2010 Gem 23.0% 10.1% |3.9 mo 8.3 mo
Louvet et al. Gem + Oxaliplatin 38.2% 26.8% |5.8 mo 9 mo
JCO 2005 Gem 26.9% 17.3% |3.7 mo 7.1 mo
. Gemox ND 9.0% 2.7 mo 5.7 mo
}’((j)ghzr(l)g; al. Gem fixed dose rate ND 10.0% |3.5mo 6.2 mo
Gem ND 6.0% 2.6 mo 49 mo
Heinemann et al | Gem + Platinum ND 22.0% |24 weeks |36 weeks
Ann Oncol 2007 |Gem ND 14.0% |15 weeks |29 weeks
Ghosn et al. . .
Am ] Clin Oncol | Se™ + Oxaliplatin+ ) 5 275% |4mo  |75mo
5FU/LV
2007
Bernhard etal. |Gem + Capecitabine |26.0% ND ND ND
JCO 2008 Gem 25.0% ND ND ND
Philip et al. Gem + Cetuximab 49.5% 125% [34mo |[6.3mo
JCO 2010 Gem 44.1% 14.0% |3 mo 59 mo
Kindler et al Gem + Bevacizumab |13.0% 13.0% |3.8 mo 5.8 mo
JCO 2010 Gem 10.0% 10.0% |2.9 mo 5.9 mo
Moore et al. Gem + Erlotinib 57.5% 8.6% 3.75mo |6.24 mo
JCO 2007 Gem 49.2% 8.0% 355mo |5.91 mo

Table 1. Summary of Results of some important Gemcitabine-based regimen

Oxaliplatin is one of the investigational active agents used in APC. With its synergistic
effect, Oxaliplatin shows a higher RR when combined with other drugs. With 5-FU,
preclinical data suggested synergistic efficacy which led to investigate the combination in
many clinical trials. In a phase II trial in pancreatic cancer patients, this combination was
explored and showed encouraging RR which deserve more evaluation (M. Ducreux, 2004; C.
Louvet, R. Labianca, P. Hammel et al. 2005; C. Louvet, T. Andre, G. Liedo et al. 2002).

Recent publication of the results of a phase Il trial performed by our group and assessing the
combination of the FOLFOX 6 regimen showed promising results (27.5% partial response
and 34.5% stable disease resulting in tumor growth control in 62% of the patients). Grade III
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or IV toxicities were mild. The median time to progression and the median survival time
were 4 and 7.5 months respectively (M. Ghosn et al, 2007).

Results from the randomized phase III study PRODIGE 4/ ACCORD 11 trial evaluating the
regimen of FOLFORINOX vs. Gemcitabine alone in patients with APC and good
performance status showed dramatic improvements in both progression-free survival (6.4
months vs. 3.3 months, p < 0.001) and median overall survival (11.1 months vs. 6.8 months,
p < 0.001) in favor of the group receiving FOLFORINOX. Because of these strong results,
NCCN classified FOLFORINOX as a category 1 recommendation for first-line treatment of
good performance status patients with either metastatic or locally advanced disease.

There are however some concerns about the toxicity of the FOLFORINOX regimen. The
grade % toxicities rates were 12.3% for diarrhea, 15.6% for nausea, 17.2% for vomiting, 24 %
for fatigue, 47.9% for neutropenia and 5.7% for febrile neutropenia. Despite the high level of
toxicity, no toxic deaths have been reported.

The high level of toxicity highlight the need to identify which patients will ultimately
benefit from this more aggressive approach.

Summary: Gemcitabine (with or without erlotinib or capecitabine) is still the reference
treatment in patients with ECOG performance status 2. Folfirinox is a new more toxic and
more efficient regimen that may be considered in patients with good performance status.
There is a difficulty in improving outcomes in metastatic PC. This continues to be a field of
intense interest and regimens that conclusively show benefit in this disease are likely to
generate enthusiasm and rapid adoption into clinical practice.
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1. Introduction

The incidence of pancreatic carcinoma varies from 6-20/100.000 in different countries and
ethnic groups, but is considered to be on the average 10/100.000 (Gudjonsson 1987) and
causes a significant economic burden on health resources (Gudjonsson 1995, Du 2000).

Cancer of the pancreas is the 13th in frequency in the USA but fourth most frequent cause of
death from cancer (Jemal 2010) fifth most frequent cause of death in Japan and sixth in
China.

Adenocarcinoma constitutes 90% of pancreatic malignancies. Only 50% of patients in tumor
registries had histologic confirmation (Gudjonsson 1987).

The cause of pancreatic cancer is unclear but it is more frequent among cigarette smokers.
Chronic pancreatitis leads to increased frequency.

2. Genes

Mutations in K-ras genes are found in up to 90% of cases of cancer of the pancreas but are
not specific and are also found in patients with chronic pancreatitis. The suppressor genes
p16 and p53 are inactivated and DPC4 deleted in 50% of cases of pancreatic cancer. (Cowgill
2003).

3. Clinical features
The disease is slightly more frequent among males than females.

Patients may occasionally be under thirty years of age. Forty percent are between 60-70
years. Thirty percent are between 50-60 years old and twenty percent between 70-80 years
old (Gudjonsson 1987).

4, Clinical features

Majority of patients complain of weight loss which is on the average 10 kg. Most complain
of pain, which may be deep seated, in a third of patients the pain radiates to the back, a fifth
experience relief by bending forward, and 10-15% it is worsened with eating.
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Anorexia may be present in half of patients. A third may complain of vomiting. A third
complain of acholic stools and dark urine. One in four may report jaundice (Gudjonsson
1987).
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Fig. 1. Age distribution.

Duration of symptoms is variable but 40% have had symptoms less than 1 month, 20% 2
months and 10% 3 months.
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5. Physical findings

Hepatomegaly may be present in over 50% of patients, 40% may have clinical jaundice,
blood in stool may be found in one in four, abdominal mass found in one in five and ascites
in more than one in ten.

6. Laboratory values

Elevated alkaline phosfatase and gamma GT are the most frequent abnormalities or in close
to 80% of patients, while 60% have elevated SGOT.

Fasting hyperglycemia may be found in close to 60% of patients. Hyperbilirubinemia is
initially found in approximately 50%, anemia and elevated lipase in a third.

CA 19-9 may be elevated in 80-90% but is mainly of benefit in monitoring the progress of the
disease.

7. Differential diagnosis

The main differential diagnosis are gastric pathology, i.e. cancer or ulcers, gallstones,
chronic pancreatitis, or ampullary ca.

Fig. 3. CT. Pancreatic cancer. Axial view.
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Fig. 4. CT. Pancreatic cancer, Sagital view. Metastases in liver.

8. Diagnostic procedure

In non-jaundice patients it is appropriate to start with upper endoscopy or radiographic
upper gastrointestinal studies. In a jaundiced patient ultrasound would establish or rule out
gallstones, but also make large tumors and liver metastases obvious. Computerised
Tomography, especially the helical form would best confirm the extent of tumor mass and
growth beyond the boundaries of the gland. MRI, EUS or ERCP would further delineate the
extent of the disease. Angiography and a PET scan are of lesser value (Bipat 2005).

Attempts should be made to obtain tissue diagnosis from the tumour mass or liver by Fine
Needle Biopsy guided by CT, US or EUS.

9. Prognosis, statistics

Before doctors embark on attempts at vigorous curative therapy the documented course of
this disease and survival statistics so far should be borne in mind (Gudjonsson 1987, 1995).

In 90% of cases it has been found that the disease has progressed beyond the boundaries of
the gland to adjacent lymph nodes, liver, omentum, stomach or duodenum.
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Overall five-year survival is well below 1%. Close to 50% of patients with pancreatic
adenocarcinoma will be dead within approximately 3 months, 65-70% within 6 months and
85-90% within 12 months, but an occasional patient may still survive 5 years with or without
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The disease will cause pain and obstruction of the biliary and/or gastroduodenal system.

A full 90% of patients will therefore primarily need palliation in the form of relief of pain
and relief of the obstruction of the biliary and gastroduodenal system which may occur.
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10. Operative findings

Earlier on approximately 80% of patients would have had a surgical laparotomy after
imaging studies and in a third of those only a biopsy would have been feasible. Half of those
operated on would have had a biliary bypass performed and some of those also a gastric
bypass with 5-10% undergoing only a gastric bypass (Brooks 1976).

Now laparoscopy is increasingly used to stage the extent of disease and obtain a biopsy
(Nagorney 1999). Either method would reveal that in 2/3 of established cases the tumor
would be located in the head of the pancreas and one third in the body and/or tail and have
progressed beyond the boundaries of the pancreas. Only about 10% of patients are
resectable.

Jaundice will be a significant problem in these patients as the disease progresses. Advances
in endoscopic palliative therapy have been significant and stents can now be inserted by
skilled hands endoscopically or transhepatically in the biliary system but are associated with
complications and primarily have role in those patients who have a short term prognosis
(Costamagna 2004).

Many patients will still have laparotomy but are then found to be unresectable. A surgical
biliary bypass is then advisable and an operative bypass of the hepatic or common duct is
preferred over the gallbladder (Nagorney 1999). If there is no gastric outlet obstruction at
that stage the value of a prophylactic gastric bypass is debated but it is well documented
that a significant number of those patients who have longer prognosis and initially have
only a biliary bypass will later develop gastroduodenal obstruction and will need a second
intervention (Gudjonsson 1987).

When a gastroduodenal obstruction occurs later in patients with biliary endoscopic stents,
operative gastrojejunostomy may be required, but progress continues in both laparoscopic
gastrojejunostomies and also insertion of duodenal stents (Maetani 2004).

Pain is in most cases a major problem. If a laparotomy is performed an intraoperative
chemical neurolytic splanchnic block should be done (Lillemoe 1999).

In non-operated patients progress is being made in performing percutaneous, transthoracic
(thoracoscopic) splanchnicectomy and endoscopic ultrasonographic splanchnic plexus
blocks.

The value of a laparotomy should not be underestimated as by then biopsy, biliary-,
gastroduodenalbypass and splanchnic resection can be accomplished (Mann 2009).

Resection is claimed by many to be the only chance of “cure”, but is only applicable in 10%
of cases. Survival statistics based only on resected patients with actuarial methods and
significant censoring are misleading (Yeo 1995, Gudjonssn 2009).

Resections were initially fraught with a high mortality rate but that has certainly decreased
at the relatively few centres with high volume, though morbidity is still high.

The poor results of resections is not surprising considering that even in those who are
considered resectable, 20-50% of resection margins are positive for cancer (Willet 1993) and
nodes are positive in up to 80% of cases and tumor cells can be found in the bone marrow in
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up to 50% of cases (Z'graggen 2001). Biopsy proof should be mandatory before resections
are performed. Radical cancer surgery of 6-10 hours duration for chronic pancreatitis is not
justified.

An occasional resected patient may certainly survive 5 years but will then most likely be
reported over and over in the literature (Gudjonsson 2009).

Half of those who survive 5 years after resections have recurrence of cancer (Conlon 1996).
The post op course of resected patients is not smooth and they may need many
readmissions to hospitals (Gudjonsson 1995, Reddy 2009). The value of resections as
palliation is unproven.

True cure of pancreatic cancer after resection is exceptional.

11. Chemotherapy

Cancer of the pancreas is a very chemoresistant disease. Gemcitabine and 5 fluoruracil have
been used in different forms in numerous trials of resected and nonresected patients and
may add to quality of life and prolong life and exceptionally contribute to 5-year survival
(Neoptolemos 2004).

Radiation therapy has been used pre- intra- and postoperatively in various forms alone or in
conjunction with chemotherapy but has not had any significant effect on survival.

Novel diagnostic and therapeutic approach is needed (Yokoyama 2009).
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1. Introduction

Pancreatic cancer is the fourth leading cause of cancer death in the U.S. According to the
Surveillance Epidemiology and End Results (SEER) program, the median age at diagnosis
between 2003-2007 was 72 years of age, and the incidence of new cases diagnosed during
this period in all races was 13.3 per 100,000 men and 10.5 per 100,000 women. The median
age at death for pancreatic cancer during the same period was 73 years of age, and the
mortality rate for all races was 12.3 per 100,000 men and 9.4 per 100,000 women.
Pancreatic cancer has a 22.5% 5-year survival rate when localized to the pancreas at
diagnosis, and it decreases to 1.9% when metastasized. The lifetime risk to develop
pancreatic cancer is 1.41%, and it is the same for men and women. (National Cancer
Institute, 2011) Different types of pancreatic cancers originate from different type of
pancreatic cells. About 95% of pancreatic cancers originate from exocrine cells. Of these,
the most common is pancreatic adenocarcinoma (about 95%). Other less common types of
exocrine tumors are: adenosquamous carcinomas, squamous cell carcinomas, giant cell
carcinomas, intraductal papillary mucinous neoplasms (IPMN), mucinous
cystadenocarcinoma, pancreatoblastoma, cystadenocarcinoma and pseudopapillary
tumors. About 5% of pancreatic cancers originate from endocrine cells, and are known as
pancreatic neuroendocrine tumors (NETs). Each of these tumors is named according to
the hormone they produce: insulinomas, glucagonomas, gastrinomas, somatostatinomas,
VIPomas. (American Cancer Society, 2011) Cystic pancreatic lesions are common and have
a wide range of malignant potential. These lesions include, but are not limited to, serous
cystadenomas (low potential for malignancy), mucinous cystic neoplasms, and IPMN.
Based on the degree of dysplasia, these neoplasms are classified into benign
(adenomatous), low-grade malignant (borderline) and malignant (carcinoma in situ and
invasive cancer). (Brugge et al, 2004)

Pancreatic cancer must be managed with a multidisciplinary approach. Endoscopy has a
primary role in the diagnosis and staging of pancreatic cancer. Endoscopic ultrasound
(EUS) is the most frequently used modality for this purpose. Treatment with curative
intention involves surgery, with adjuvant therapy (chemotherapy and/ or radiation) in
some cases. Most cases are diagnosed when curative resection is not possible. Technologic
developments have introduced new endoscopic approaches to the palliation of these
advanced cases.
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This chapter will cover the endoscopic technology currently available for diagnosis, staging
and palliation of pancreatic cancer. Promising interventional techniques for the diagnosis
and palliation of this neoplasia are currently under development and improvement and will
also be discussed here.

2. Diagnosis and staging

The imaging modalities involved in the diagnosis and staging of pancreatic cancer include
Computed Tomography (CT), Magnetic Resonance Imaging (MRI), EUS and Endoscopic
Retrograde Cholangiopancreatography (ERCP). Only the endoscopic modalities, EUS and
ERCP, will be reviewed here.

DUA:100%

Fig. 1. 55 year-old male with a pancreatic mass found in abdominal CT during work up of
abdominal pain and weight loss. EUS revealed a 2.5cm mass located at the neck of the
pancreas.

EUS is a combination of endoscopy and intraluminal ultrasound that allows the
introduction of high frequency ultrasound waves in the gastrointestinal tract to visualize the
wall and adjacent structures. It is considered the procedure of choice for the diagnosis and
staging of pancreatic cancer. High resolution endosonographic images can be obtained due
to the short distance between the probe and the target lesion. It has become an accepted
modality for the diagnosis of pancreato-biliary diseases. (Yamao et al, 2009) EUS has great
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utility in the diagnosis of pancreatic cancer and other gastrointestinal malignancies, as it
allows the etiological diagnosis by tissue acquisition by fine needle aspiration (FNA).

EUS is contraindicated in those circumstances where the lesion cannot be clearly visualized,
presence of an interposed vessel in the path between the needle and the target lesion,
bleeding diathesis and risk of tumor seeding. (Yamao et al, 2009)
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Fig. 2. FNA of a lymph node found during diagnostic EUS in 59 year-old male with
metastatic pancreatic adenocarcinoma.

Radial and curve linear array echoendoscopes are available for EUS. Radial echoendoscopes
provide a circumferential view at right angle to the shaft of the scope, similar to those
provided by CT. The linear array echoendoscope generates longitudinal sector images
parallel to the axis of the endoscope giving a 120° to 180° scanning view. The linear
echoendoscope also has an instrument channel that ranges in size (2.0 to 3.8mm) and allows
not only histological biopsies to be taken by FNA, but also therapeutic interventions that
will be discussed later in this chapter. (Yamao et al, 2009; Hawes & Fockens, 2006) EUS-FNA
needles can be locked in a fixed position on the echoendoscope and advanced into the lesion
by the endoscopist under ultrasonographic guidance. Needle sizes available are 19, 22 and
25 gauge, and allow for a depth of penetration of up to 10cm. A 19 gauge trucut needle is
also commercially available and allows for the specimens to be processed for
immunohistochemical and gene analysis. (Yamao et al, 2009) The 25 gauge needle has the
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advantage of being more flexible and passes through the tissue more easily, however is less
echogenic and can be more difficult to visualize during FNA. In the other hand, the stiffness
of the 22 gauge needle produces less distortion and probably allows for firmer pressure to
be applied. (Hawes, 2010a)

Fig. 3. 55 year-old male with pancreatic neck mass. EUS-FNA was performed and cytology
was consistent with adenocarcinoma.

Prior to the development of EUS-FNA, pancreatic FNA or core biopsy were performed
either during surgery or percutaneously under US or CT guidance. Intra-operative sampling
considerably increases the operating time, and the percutaneous approach has reported
sensitivity of about 80%, but at the expense of possible needle-track seeding. (Bret et al, 1986;
Ferrucci et al, 1979; Smith et al, 1980; Caturelli et al, 1985) EUS-FNA is associated with high
rates of adequate tissue sampling and diagnostic accuracy. A prospective study in 457
patients undergoing EUS-FNA in 554 lesions revealed a sensitivity, specificity, and accuracy
of 92%, 93%, and 92% for lymph nodes, 88%, 95%, and 90% for extraluminal masses, and
61%, 79% and 67% for gastrointestinal wall lesions, respectively. (Wiersema et al, 1997)
DeWitt summarized the reports of multiple authors on FNA of pancreatic tumors and
reported the accuracy, sensitivity and specificity to be 88%, 85% and 98%, respectively in
among nearly 1700 patients (DeWitt, 2006, as cited in Hawes & Fockens, 2006). Summarizing
the results of 23 studies including 1,096 patients over a 21-year period, the sensitivity of EUS
for the detection of a pancreatic mass was in the range of 85-100%. (Al-Haddad & Eloubeidi,
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2010; Yasuda et al, 1988; DeWitt et al, 2004; Chhieng et al, 2002; Eloubeidi & Tamhane, 2005)
The operating characteristics of EUS-FNA of solid pancreatic masses in 547 patients were:
sensitivity 95%, specificity 92%, positive predictive value 98% and negative predictive value
80%, with and overall accuracy of 94.1%. (Eloubeidi et al, 2007) Such accuracy numbers
allow for preoperative counseling of patients, minimizing surgeon’s operative time in cases
of unresectable disease, and avoiding surgical biopsies in those with inoperable disease, also
allowing for conservative management of patients with benign pathology results. (Eloubeidi
et al, 2007)

To compare the diagnostic yield and complication rates of 22 gauge and 25 gauge needles
during EUS-FNA of solid pancreatic masses, a group prospectively randomized 131 patients
with suspected pancreatic lesions. (Siddiqui et al, 2009) EUS-FNA with 22 gauge needle was
performed in 64 patients and 25 gauge needle was used in 67 patients. Overall, cytology was
diagnostic in 120 of 131 patients (91.6%): 87.5% with 22 gauge and 95.5% with 25 gauge. The
difference was not statistically different (p=0.18) but there was a trend toward a higher
accuracy with the 25 gauge. A similar number of passes was performed in both groups and
no complications were reported in either arm.

The 19 gauge Trucut biopsy needle contains an 18mm long specimen tray that acquires
larger tissue samples while preserving tissue architecture to allow histologic examination.
(Levy, 2007) It was introduced in 2002 and overcomes certain limitations of the FNA needle:
certain tumors (stromal tumors, lymphomas and well-differentiated pancreatic tumors) are
difficult to diagnose based on cytology alone and the diagnosis accuracy relies on
immediate review of the specimen for sampling adequacy by an on-site cytopathologist.
When used in conjunction with an echoendoscope, these large caliber needles procure larger
specimens for histopathological analysis by means of EUS trucut needle biopsy (EUS-TNB).
(Varadarajulu et al 2004) A tissue core sample has several advantages: better distinction
between well-differentiated adenocarcinoma and chronic pancreatitis, which accounts for
both false-positive and false-negative FNA results; appropriate cellular sub-typing and
architectural analysis in the diagnosis of lymphoma, as well as use of special stains, all of
which are of limited usefulness with FNA specimens; and elimination of the need for a
cytopathologist to assess specimen adequacy, thereby reducing duration and cost of the
procedure. (Larghi et al, 2004) A pilot study for the 19 gauge Trucut needle included 18
patients undergoing EUS-FNA and EUS-TNB of different lesions (11 mediastinal masses, 3
pancreatic masses, 3 gastric tumor/ cyst/ lymphoma, and 1 adrenal mass). There was no
significant difference in the adequacy of the specimens for evaluation (83% vs. 100%
adequate specimens in EUS-TNB and EUS-FNA respectively), or in the diagnostic accuracy
of EUS-TNB from EUS-FNA (78% vs. 89% respectively). Two complications were
encountered: one patient required surgery for mediastinitis and another patient was
managed conservatively for immediate bleeding. (Varadarajulu et al 2004) A group in
London prospectively evaluated the safety and accuracy of EUS-FNA alone vs. combined
EUS-FNA and EUS-TNB (EUS-FNA/TNB). (Wittmann et al 2006) A total of 159 patients
underwent EUS-FNA alone (lesions < 2cm) or the combination of both modalities (lesions of
2cm or more). Adequate samples were obtained in 91%, 88% and 97% by EUS-FNA, EUS-
TNB and EUS-FNA/TNB respectively. From the pancreas (n = 83), adequate samples were
obtained by FNA in 94% and by TNB in 81%, compared with 87% and 92% from non-
pancreatic sites (n = 76) respectively. Overall accuracy for EUS-FNA alone was 77%, for



218 Pancreatic Cancer — Clinical Management

EUS-TNB alone 73% and for EUS-FNA/TNB 91% (p = 0.008). For pancreatic sampling, the
accuracy of FNA alone was 77%, for TNB alone was 56% and for FNA/TNB 83%. For non-
pancreatic sampling, the accuracy for EUS-FNA alone was 78%, for EUS-TNB alone 83% and
for EUS-FNA/TNB 95% (p = 0.006). The complication rate was 0.6% (one patient with
moderate self-limited abdominal pain and another patient with bile leak requiring
endoscopic stent replacement). Another group prospectively enrolled 247 patients to
determine factors predicting a positive diagnostic yield and the safety of EUS-TBN. (Thomas
et al, 2009) The lesions sampled were in the pancreas (113), esophagogastric wall (34), and
extrapancreatic areas (100; 52 of those were lymph nodes). The overall accuracy was 75%.
The overall complication rate was 2% (bronchopneumonia, minor hemoptysis, minor
hematemesis, mucosal tear, retropharyngeal abscess) with no procedure-related deaths. A
higher diagnostic yield was found when the lesion was approached through the stomach
and when more than two passes were made. With the aim of comparing EUS-FNA using 25
gauge and 22 gauge needles with the EUS guided 19 gauge Trucut needle in solid pancreatic
mass, a group in Japan prospectively enrolled 24 patients. (Sakamoto et al, 2009) The 25
gauge EUS-FNA was technically easier and obtained superior overall diagnostic accuracy,
especially in lesions of the pancreas head and uncinate process. Overall accuracy for the 25
gauge, 22 gauge and Trucut needle was 91.7%, 79.7% and 54.1%, respectively. Accuracy for
cytological diagnosis irrespective the site of lesions with 25 gauge, 22 gauge and Trucut
needles was 91.7%, 75% and 45.8%, respectively. For uncinate masses, it was 100%, 33.3%,
and 0% respectively.

Most endosonographers consider EUS-FNA the procedure of choice for sampling of
pancreatic masses, however, EUS-TNB has a role in selected settings. The most clear
advantage of EUS-TNB over EUS-FNA is in the diagnosis of disorders for which histology is
necessary and cytology is inadequate, such as autoimmune pancreatitis and chronic
‘nonspecific’ pancreatitis. For other pancreatic disorders including cystic pancreatic tumors,
islet cell tumors, secondary metastatic solid pancreatic tumor, and primary solid pancreatic
tumors, EUS-TNB and EUS-FNA have often complementary roles. (Levy, 2007)

Pancreatic masses found in the background of chronic pancreatitis present a particular
challenge to endoscopists. Better methods to detect pancreatic tumors in this setting and to
better target the fine needle aspiration within a pancreatic mass to optimize sampling are
needed. The development of image enhancing techniques and/or the use of contrast agents
may fulfill these needs. Elastography is a method for real-time evaluation of tissue stiffness.
Elastography uses a hue color map (red-green-blue) to display tissue stiffness: hard or stiff
tissue is shown in dark blue, medium hard tissue areas in cyan, intermediate hardness tissue
areas in green, medium soft tissue areas in yellow and soft tissue in red. (Hawes, 2010) A
group from Spain reported the use of EUS elastography for the characterization of solid
pancreatic masses in 130 patients and compared them with 20 normal controls. Four
elastographic patterns were described, with high concordance among the 2 blinded
investigators. A green-predominant pattern (homogeneous or not) excluded malignancy
with high accuracy whereas a blue-predominant pattern (homogeneous or heterogeneous)
supported a malignancy diagnosis. Sensitivity, specificity and overall accuracy for the
diagnosis of malignancy were 100%, 85.5% and 94% respectively. (Iglesias-Garcia et al, 2009)
A Japanese group investigated the usefulness of EUS combined with contrast enhancement
in the preoperative localization of pancreatic endocrine tumors (PET) and the differentiation
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between malignant and benign PETs. (Ishikawa et al, 2010) This group retrospectively
studied 62 pathologically confirmed PETs found in 41 patients who had undergone EUS,
multiphasic multidetector computed tomography (MDCT) and transabdominal ultrasound
(US). Contrast-enhanced EUS had 95% sensitivity in identifying PETs compared with 80%
with MDCT and 45% with US. Heterogeneous ultrasonographic texture was the most
significant factor for malignancy. It was also noted that when contrast was used with EUS,
PETs showed contrast enhancement except in areas of hemorrhage or necrosis. The optimal
use of elastography and contrast enhanced EUS would be to define an optimal target area
within a pancreatic mass to maximize the cytologic yield. (Hawes, 2010)

Cystic pancreatic lesions are commonly found nowadays given the development and
availability of different imaging tests that are often performed for unrelated reasons. Cystic
lesions are sometimes difficult to diagnose. Cross-sectional imaging is often non-diagnostic
due to the small size of the cystic lesions. EUS has become useful for the diagnosis of these
lesions as it provides high resolution images and allows the performance of FNA of the
cystic fluid for cytology and tumor marker determinations. A large, prospective multicenter
study looking at the imaging, cyst fluid cytology and cyst fluid tumor markers found that
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Fig. 4. The picture demonstrates one of the multiple peri-pancreatic lymph nodes found in a
patient with metastatic pancreatic adenocarcinoma. The largest measured 25mm. FNA of
the lymph node was performed and cytology was consistent with poorly differentiated
adenocarcinoma.
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the cystic fluid CEA (using a cutoff value of 192 ng/ mL) was able to differentiate mucinous
vs. nonmucinous cystic lesions with an accuracy of 79%, which was significantly higher than
the accuracy of EUS morphology (51%) or fluid cytology (59%) (p<0.05). (Brugge et al,
2004b)

Staging of pancreatic malignancy is done according to the American Joint Committee for
Cancer (AJCC) Staging TNM classification. This describes the tumor extension (T), lymph
node (N) and distant metastases (M) of tumors, respectively. Accuracy of the T staging by
EUS ranges from 63% to 94% and nodal (N) staging ranges from 41% to 86%, (DeWitt et al,
2004; Palazzo et al, 1993; Gress et al, 1999; Rivadeneira et al, 2003) which is superior to CT
and trans abdominal ultrasound. (Palazzo et al, 1993; Gress et al, 1999; Rivadeneira et al,
2003; Agarwal et al, 2004) Comparative studies between EUS and cross-sectional imaging
have generally shown that EUS is superior for local tumor staging (T and N) in esophageal,
pancreatic and rectal cancer, but CT is still necessary for full assessment of metastatic
disease. (Hawes, 2010) EUS, however, can be of value when evaluating for metastases. Part
of the liver can be visualized by EUS and suspected metastatic lesions can be sampled.
Celiac lymph nodes can also be biopsied if appearing suspicious and ascites can be aspirated
and sent for cytology to assess for peritoneal metastases. (Al-Haddad & Eloubeidi, 2010)

EUS is associated with a low rate of complications. A study in 322 patients and 345 lesions
revealed an overall complication risk of 1.6%. This study involved pancreatic EUS-FNA in
248 cases (134 solid lesions and 114 cystic lesions) and complications were observed in 4
(1.2%) patients with pancreatic cystic lesions (acute pancreatitis in 3, and aspiration
pneumonia in 1). No complications resulted from FNA of solid pancreatic lesions. (O’'Toole
et al, 2001) Despite the low complication risk, life threatening complications have been
sporadically reported: fulminant cholangitis after FNA of a liver metastasis and
uncontrolled bleeding from a pseudoaneurysm after pancreatic FNA, (Erickson, 2004)
massive bleeding from a gastric GIST (Inoue et al, 2006) and acute portal vein thrombosis
after FNA of pancreatic cancer. (Matsumoto et al, 2003) A prospective cohort study in 355
patients evaluated the frequency of major complications following EUS-FNA of solid
pancreatic masses and found major complications in 2.54% with acute pancreatitis
developing in 3 patients (0.85%). (Eloubeidi et al, 2006)

ERCP played a major role in the diagnosis of pancreatic disease since its development in the
late 1960s. However, the introduction and advances of imaging studies, especially MRCP,
have shifted the ERCP applications toward therapeutic interventions. ERCP is seldom
performed for diagnostic purposes, but it provides detailed opacification of the main and
branch ducts (pancreatogram). The morphologic changes in the ductal system usually
correlate with histologic changes. This is limited in the case of cysts that do not
communicate with the pancreatic duct. ERCP also allows collection of pure pancreatic juice
for cytology and gene analysis, brush cytology, biopsy of the pancreatic duct, and
introduction of baby scopes or ultrasonic probes into the pancreatic duct for pancreatoscopy
and intraductal ultrasound (IDUS), respectively. (Fujita et al, 2004)

Pancreatography can suggest the diagnosis of pancreatic cancer. A Japanese study
comparing the pancreatographic findings of autoimmune pancreatitis and cancer revealed
that an obstructed main pancreatic duct and an upstream duct dilation to a diameter greater
than 4mm were significantly more common in cancer cases; meanwhile, autoimmune
pancreatitis had a higher prevalence of narrowing of the main pancreatic duct for more than
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3cm of its length and a higher prevalence for the presence of side branches in the narrowed
portions if the main pancreatic duct. (Nishino et al, 2010) The pancreatographic features
suggestive of pancreatic cystic neoplasms include displacement of the pancreatic duct,
pancreatic duct strictures, and the degree of pancreatic ductal obstruction. In the case of
IPMN, the main pancreatic duct may be dilated diffusely or in a segment fashion depending
on the volume of mucus produced, the presence of ductal obstruction and the presence and
distribution of intraductal tumors. Enlargement of the main pancreatic duct is a frequent
pancreatographic abnormality in IPMN, present in about 77% of patients; side branch
ectasia or cystic dilation occurs in about 51% of the cases. (Telford & Carr-Locke, 2002)

Pancreatic juice and mucus can be aspirated directly from the pancreatic duct during ERCP,
either by catheter or pancreatoscopy. Stimulation of pancreatic exocrine secretion by
administration of secretin may improve the diagnostic yield. The samples are sent for
cytology, as well as analysis of mucin, tumor marker levels, and amplification of molecular
abnormalities. (Telford & Carr-Locke, 2002) Examination of the pancreatic juice collected
during cannulation yielded positive results in 52.3% of pancreatic cancer patients. Higher
positive rates were obtained when washing with saline (63.2%) and aspirating after secretin
stimulation (51.3%), as well as in cases of pancreatic head cancer (70.6%). (Kameya et al,
1981) For IPMN, the specificity of the cytology of the pancreatic juice is 100%, and the
sensitivity is 62.2% when collected by pancreatoscopy and 38.2% when collected by catheter.
(Chen 2007; Yamaguchi et al, 2005)

Brush cytology of pancreatic duct strictures or elevated intraductal lesions during ERCP has
a sensitivity and specificity to detect malignancy of 48-76% and 100%, respectively, and
accuracy of 70-76.4%. (Telford & Carr-Locke, 2002; Chen 2007; Ferrari et al, 1994;
Vandervoort et al, 1999; Uchida et al, 2007) Accuracy may be influenced by location of
sampling within the pancreas, technical errors and interpretation of the sample. (Chen 2007)
Strictures located at the head and body of the pancreas usually yield high rates of positive
cytology. The diagnostic yield is overall enhanced by concomitant brushing of pancreatic
and bile duct strictures. (McGuire et al, 1996) A retrospective study evaluating the
diagnostic yield of combining EUS-FNA with brushing cytology during the work up of
pancreatic cancer revealed that the combined use of these two modalities provides a better
diagnostic yield in pancreatic adenocarcinoma than either one alone. The sensitivity,
specificity and accuracy were 69.2, 93.8, and 77.3% for EUS-FNA alone, 50.8, 100, and 67%
for brushing cytology alone, and 84.6, 100, and 89.7% for combination of EUS-FNA with
brushing cytology. (Jing et al, 2009) A recent study to determine whether KRAS (proto-
oncogene) mutations could be identified in pancreatobiliary stricture brushings and to
compare the performance characteristics of KRAS mutation analysis to cytology and
fluorescence in situ hybridization (FISH) for detection of carcinoma revealed that combined
KRAS mutation and FISH analysis appear to increase the cancer detection rate in patients
with pancreatobiliary strictures. The KRAS mutation and polysomic FISH (positive) results
were identified in 69% and 63% pancreatic adenocarcinoma specimens, respectively, with a
combined sensitivity of 86%. (Kipp et al, 2010) In the case of cysts, a new through the needle
cytological brush system (Echo-Brush) seeks to solve the poor cellularity typically obtained
by EUS-ENA. This system consists in the introduction of the brush through a 19 gauge EUS
needle after aspiration of the cyst fluid. The brush is used to scrub the cystic wall and is
processed as standard brushing. Studies have had conflicting results. A group from Spain
found that the brush was superior to the aspirated fluid for detecting diagnostic cells but
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didn’t reach statistical significance (73% vs. 36%, p=0.08). In terms of mucinous cells, the
yield of the cytobrush was significantly higher (50% vs. 18%, p=0.016). (Sendino et al, 2010)
A group from the United Kingdom evaluating the management of cystic pancreatic lesions
reported a similar cellularity yield between the FNA group and the brushing group (61.9%
and 55.0%, respectively). Greater proportion of patients with malignant cystic lesions
diagnosed by EUS sampling were in the brushing group, but this did not reach significance
(50% in the brushing group vs. 20% in the FNA group, p=0.524). (Thomas et al, 2010)

Random transpapillary biopsies of the pancreatic duct can be obtained in the presence of a
stricture or an elevated lesion. The specificity for the detection of malignancy approaches
100%, but the sensitivity is variable, ranging from 57% to 100%. The accuracy of these
biopsies increases when performed during pancreatoscopy. (Telford & Carr-Locke, 2002;
Chen, 2007)

Pancreatoscopy is the endoscopy of the pancreatic duct, and it is performed using a mother-
baby scope system: a thin endoscope (baby scope) is introduced into the pancreatic duct
through the working channel of the duodenoscope (mother scope). This technique has some
limitations for small size pancreatic ducts: the wider the scope diameter, the better the
quality of images; the tip-bending system, useful for observing the tortuous pancreatic
ductal lumen, increases the size of the scope; the use of irrigation and suction system is
needed to achieve a good endoscopic view, but also increases the size of the scope. Given
these size limitations, the investigation of IPMN is the best indication for the use of
pancreatoscopy. (Fujita et al, 2004) The insertion of the pancreatoscope is facilitated by the
frequently enlarged papillary orifice present in IPMN. Pancreatoscopy in this condition
allows for endoscopic diagnosis in 67% to 83%, (Nguyen et al, 2009) differentiation of a
filling defect seen in pancreatography as mucus, tumor or stone, identification of malignant
features, endoscopic biopsy, and determination of disease extent. Clusters of papillary
projections in IPMN rising <3mm above the ductal surface can represent hyperplasia or
adenoma with different degrees of dysplasia. In the other hand, adenocarcinoma is typically
polypoid and protrudes >3mm into the ductal lumen. Diffuse hyperemia or distinct vessels
may also be observed and are also considered high-risk features. (Telford & Carr-Locke,
2002) The cancer detection rate by pancreatoscopy-guided sampling has a sensitivity of
62.5%, specificity 100%, positive predictive value 100%, and negative predictive value 70.7%.
(Igbal & Stevens, 2009) Despite the usefulness of this diagnostic tool, pancreatoscopy
requires expensive, very fragile equipment and two experience endoscopists to operate it.
Hence, it is not performed often. (Telford & Carr-Locke, 2002)

IDUS uses a thin caliber (approximately 2mm in diameter) ultrasound probe with high-
frequency ultrasound (12-30 MHz). For pancreatic IDUS, the ultrasonic probe is advanced into
the pancreatic duct over a guidewire during an ERCP. However, in some situations it is not
possible for even a thin caliber prove to pass a stenotic site caused by a mass in the pancreatic
duct. (Fujita et al, 2004) A study comparing the detection rates of different imaging
technologies in patients with mucin-producing tumors revealed a detection rate of 21% for CT,
29% for ultrasound, 83% for pancreatoscopy, 86% with EUS, and 100% for IDUS. (Chen, 2007)
IDUS is useful in assessing the indications for surgery by revealing mural nodules in mucin-
producing tumors, evaluating the feasibility of partial resection of the tumor, locating multiple
lesions in pancreatic islet-cell cancer, and differentiating benign from malignant cases of
localized stenosis of the main pancreatic duct. (Furukawa et al, 1997)
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Cancer detection rate can be improved by techniques that allow better visualization, such as
narrow-band imaging (NBI) or by developing techniques that image the lesion at
microscopic level, such as confocal laser microscopy. NBI during pancreatoscopy has been
shown to provide better visualization of vascular pattern and tumor vessels than
conventional white light. (Igbal & Stevens, 2009) Some authors have reported the ability of
NBI to identify both the surface structure and mucosal vessels as good as, or even better
than, conventional white light, regardless of benign or malignant etiology. (Itoi et al, 2009)

The use of a confocal microscope enables subsurface in vivo histological assessment during
ongoing endoscopy. This technology also requires the application of a flourophore for
mucosal fluorescence imaging. Endomicroscopic images can be acquired after intravenous
application of fluorescein, which also makes the blood vessels clearly visible. The use of this
technology in the investigation of biliary pathologies has escalated since the introduction of
a flexible probe-based confocal laser endomicroscopy (pCLE) system. Certain hallmarks and
patterns have been identified to differentiate benign from malignant epithelium. (Meining,
2009) The experience in pancreatic pathologies is more limited and developing. A group was
able to use pCLE to detect and further differentiate pancreatic strictures such as IPMN.
(Meining et al, 2009) The use of this technology may be helpful to clarify location and types
of IPMN for a targeted surgical resection. Confocal endomicroscopy is being developed
further and a new miniprobe small enough to be introduced through a 22 gauge puncture
needle was developed. Feasibility studies to evaluate the ability of this needle-based
confocal laser endomicroscopy (nCLE) for in vivo histology of various organs, including
pancreas, have been carried in animal models with good results. (Becker et al, 2010;
Mennone & Nathanson, 2011) A multicenter trial assessing the use of nCLE in humans is
currently being carried.

3. Therapeutic Interventions

Endoscopy has no role in the treatment of pancreatic cancer, as the only definite treatment is
surgical resection when the disease is diagnosed in early stages. For advanced cases,
palliation is indicated and endoscopy plays an important role. The procedures currently
performed for palliation of pancreatic cancer involve stent placement for the drainage of
biliary or pancreatic duct obstruction by ERCP or under EUS guidance, celiac plexus
neurolysis (CPN), injection of anti-tumor agents, and implantation of fiducial markers to
guide radiation therapy. Other experimental procedures are being developed to evaluate the
role of EUS in the application of radiofrequency ablation (RFA) and photodynamic therapy
(PDT).

ERCP for drainage of biliary obstruction is the most commonly performed endoscopic
procedure for palliation of pancreatic cancer. Endoscopic treatment of these malignant
biliary obstructions is often successful in alleviating symptoms such as jaundice and
pruritus, reducing the incidence of cholangitis, and increasing biliary drainage so that
hepatically metabolized chemotherapeutic agents can be offered. (Rogart, 2010) The first
biliary stents available were made of polyethylene (plastic), and had the drawback of
occlusion with sludge in about 30% of cases, resulting in recurrence of symptoms and
development of cholangitis. Self-expanding metal stents (SEMS) had previously been used
for vascular and urethral indications, and were later developed for biliary applications.
Initial non-comparative studies reported an occlusion rate of SEMS of 10-18%. In 1992, the
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Fig. 5. 59 year-old male with biliary obstruction secondary to pancreatic head mass
(adenocarcinoma). An ERCP was performed and a distal common bile duct stricture can be
appreciated in the left image. The patient had metastatic disease, and a SEMS was placed for
palliation of jaundice and pruritus.
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first prospective randomized clinical trial reporting the patency and cost-effectiveness of
SEMS vs. plastic stents was published: the median patency of the stent was significantly
prolonged in patients with metal stent compared with those with a polyethylene stent (273
days vs. 126 days, p=0.006), and the incremental cost-effectiveness analysis showed that
initial placement of a SEMS results in a 28% decrease of endoscopic procedures. (Davids et
al, 1992) Since the introduction of biliary SEMS, several groups have concluded that their
placement represent a cost-saving strategy, as plastic stents are associated with higher risk
of recurrent biliary obstruction, which translates into additional procedures,
hospitalizations, etc. (Arguedas et al, 2002; Kaassis et al, 2003; Moss et al, 2006) There was
initial concern on the possibility of interfering with subsequent pancreaticoduodenectomy
after biliary metal stent placement in patients with uncertain surgical status or with
resectable masses, but this has not been well substantiated. There are actually some reports
on the cost-benefit that these stents offer to these patients, as well as the longer patency rate,
need for fewer procedures and fewer episodes of cholangitis. (Rogart, 2010; Wasan et al,
2005; Chen et al, 2005; Boulay et al, 2010) In addition, insertion of SEMS is advised as the
treatment of biliary SEMS occlusion, as it provides longer patency and survival, decreases
the number of subsequent procedures by 50% (compared to plastic stents) and is cost-
effective. (Rogart et al, 2008)

However, technical failure during ERCP is encountered in up to 10% of cases due to various
factors including duodenal obstruction, anatomical variations, periampullary diverticulum
and tightness of the stricture. In these cases, percutaneous transhepatic biliary drainage
(PTBD) and surgical drainage are options available. The technical success rate for PTBD
placement is 90% if the intrahepatic system is dilated and 70% in a non-dilated system. The
morbidity is 7% and the mortality is 5%, and it is contraindicated in the presence of ascites
and coagulopathy. Surgical drainage, although a possibility, is associated with high
morbidity and mortality rates (66% and 32%, respectively), as the patients in need for this
procedure are usually very deconditioned. Hence, the drainage of the biliary system using a
transgastric or transduodenal approach under EUS guidance has been introduced with a
reported technical success rate of 92%. Once the common bile duct (CBD) is localized from
the duodenal bulb or the intrahepatic system is visualized from the stomach, the biliary system
is accessed under EUS guidance and a stent is deployed under fluoroscopic guidance to form a
choledochoduodenostomy or a hepaticogastrostomy, respectively. The reported technical
success rate for hepaticogastrostomy is 90-100% and the clinical success rate is 75-100%. The
complication rate associated with EUS-guided biliary drainage is 19%, with 8% being due to
focal biliary peritonitis. Other complications include bleeding, pneumoperitoneum, infection
caused by stent occlusion/migration, and death. (Ramesh & Varadarajulu, 2008; Irisawa et al
2009) Plastic stents are the most commonly used during this approach; however,
transduodenal and transgastric placement of self-expandable metal stents (SEMS) for
palliation of malignant biliary obstruction has been reported and some authors report
antegrade placement achieving transpapillary or, in case of post-surgical anatomy,
transanastomotic placement. (Siddiqui et al, 2011; Nguyen et al, 2010; Artifon et al, 2010)

EUS-guided pancreatic duct drainage can also be accomplished. There are two techniques:
1) transmural drainage of the main pancreatic duct; and 2) rendezvous approaches for ERCP
assistance of transpapillary drainage. (Irisawa et al, 2009) The main indication for the
pancreatic duct drainage is to alleviate pain caused by pancreatic ductal obstruction
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associated with chronic pancreatitis and other inflammatory processes. For this reason, this
will not be discussed further in this chapter.
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Fig. 6. 40 year-old female with locally advanced pancreatic cancer and severe abdominal
pain with poor response to narcotics. Patient had EUS guided CPN. Celiac axis is localized
under EUS (left image) and absolute alcohol was then injected to both sides of the celiac axis
(seen as a white cloud surrounding the aorta in the right image) .

Pain is reported in the majority of patients with advanced pancreatic cancer (90%), and
effective pain control can be achieved in 70-90% of these patients with CPN. (Ramesh &
Varadarajulu, 2008; Puli et al, 2009; Kaufman et al, 2010) This procedure entails the injection
of absolute alcohol under EUS guidance to destroy the sympathetic plexus near the celiac
axis. A similar technique involving the injection of triamcinolone is performed in patients
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with chronic pancreatitis for pain control. (Ramesh & Varadarajulu, 2008) Significant
reduction of pain scores 12 weeks after CPN was observed in 30 patients with advanced
intra-abdominal malignancy, while 91% of these patients required same or less pain
medication and 88% of patients had persistent improvement in their pain score. (Wiersema
et al, 1996) Similarly, in another study of 58 patients with unresectable pancreatic cancer,
EUS-guided CPN lowered pain scores in 78% at 2 weeks and a sustained response was
noted until 24 weeks. (Naresh et al, 2001) The most commonly reported complications after
CPN are orthostatic hypotension in 10-15% and transient diarrhea in 9%. (Gunaratnam et al,
2001) Recently, a retrospective analysis to determine predictors of response to CPN in a
cohort of 64 patients with pancreatic cancer revealed that visualization o the celiac ganglia
was the best predictor of response: patients with visible ganglia were >15 times more likely
to respond (p < 0.001). (Ascunce et al, 2011)

Percutaneous ethanol injection is an effective treatment for cystic and solid lesions in the
liver. Successful ethanol ablation of cysts in the thyroid, parathyroid, kidneys, and spleen
have been reported with minimal side effects. EUS offers minimally invasive access to
perform ablation of pancreatic lesions. This EUS-guided ablative therapy may have
important clinical applications in the treatment of solid (adenocarcinomas, neuroendocrine
tumors) and cystic pancreatic lesions (mucinous cystic neoplasm, IPMN), especially in
nonoperative candidates. A pilot study in porcine models showed that ethanol injection into
normal porcine pancreas results in focal inflammation, necrosis and fibrosis at the injection
site. (Aslanian et al, 2005) Another pilot study reported the safety and feasibility in humans,
after 25 patients underwent ethanol lavage of different cystic pancreatic lesions (mucinous
cystic neoplasms, IPMNs, serous cystadenomas, and pseudocysts) with no side effects or
complications reported in short and long-term follow up. (Gan et al, 2005) The approach to
this technique involves aspirating the cyst content with a 22 gauge needle until collapse is
achieved. Ethanol is then injected into the cyst, and the cyst is lavaged for 3 to 5 min. The
cystic lesion is finally drained of fluid at the conclusion of the lavage. (Trevino &
Varadarajulu, 2011) Studies in animals have revealed that EUS-guided injection of ethanol
into the pig pancreas results in a localized concentration-depended tissue necrosis without
complications, with a visible necrotic area of 20.8mm (+/- 4.3mm) after injection of 40% to
100% ethanol. (Matthes et al, 2007) A small study demonstrated no cyst recurrence by CT
after a median follow up of 26 months (including suspected mucinous cysts). However,
longer follow up is still needed before considered these patients cured. (DeWitt et al, 2010)
The main potential problem of EUS-guided ethanol ablation is the risk of acute pancreatitis
due to diffusion of alcohol outside the lesion into the main pancreatic duct and/or the
pancreatic parenchyma. (Giovannini, 2007)

EUS-guided fine needle injection (FNI) has been proposed as a new technique for delivery
of anti-tumor agents for patients with locally advanced malignancy. Few small size studies
(8-37 patients) have been published, reporting the safety and feasibility of direct injection of
different agents, such as allogenic mixed lymphocyte culture or cytoimplant (cytokine
production within a tumor may lead to regression by host immune mechanisms, and
cytoimplants produce such a cytokine response), ONYX-015 (adenovirus that selectively
replicates and kills malignant cells) and TNFerade [replication-deficient adenovector
containing the human tumor necrosis factor (TNF)-a gene, regulated by radiation-inducible
promoter Egr-1]. The commonly reported side effects are low grade fever without
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leukocytosis, nausea, abdominal pain and elevated liver enzymes and bilirrubin. No
pancreatitis has been reported, but few cases of sepsis and two cases of duodenal perforation
occurred prior to the institution of prophylactic antibiotic and due to the rigid endoscope tip
during transduodenal approach, respectively. These studies revealed partial response or at
least tumor stabilization. Perhaps combination of systemic chemotherapy and/or radiation
with EUS-FNI would improve outcomes. This field will continue to expand with the
refinement of echoendoscopes, delivery systems and novel local antitumor agents. (Trevino
and Varadarajulu, 2010; Klapman & Chang, 2005; Verna & Dhar, 2008; Chang, 2006)

Implantation of fiducial markers to facilitate stereotactic radiotherapy and radioactive seeds
for brachytherapy can be performed under EUS guidance. Fiducials can be placed into
tumors to enable higher doses of targeted radiotherapy while sparing adjacent healthy
tissue with low risk of complications. This technique has a reported technical success rate of
84-94%, and its direct impact on patient management is promising but still under clinical
investigation. A total of 3-6 gold fiducials are placed within the tumor in different planes
under EUS guidance. Immediate complications are uncommon and involve needle
malfunction and minor bleeds with no significant drop in hemoglobin. Although fiducials
can spontaneously migrate from the initial injection site, the reported rate of migration is
low (7%), and no migration-related complications have been documented. (Ramesh &
Varadarajulu, 2008; Park et al, 2010; Sanders et al, 2010) The EUS-guided placement of
fiducials has traditionally involved the use of 19 gauge needles. However, a recently
published case series reported the feasibility of using a 22 gauge needle, which may permit
greater access when compared to a 19 gauge needle technique. (Ammar et al, 2010)
Brachytherapy is a useful method for local control of malignant tumors, including pancreas.
After the placement of the radioactive seeds, the tissue is exposed to steady radiation,
leading to localized ablation and avoiding the radiation of normal tissues surrounding the
malignant lesion. EUS-guided brachytherapy has been performed to place radioactive
iodine seeds into the locally advanced pancreatic tumor mass, with significant improvement
in pain scores and also improvement in performance status scores. When assessing the
tumor response, an 80% rate of positive response (decrease in tumor size) or stable disease
has been reported. Hematologic toxicity is usually mild, but includes neutropenia,
thrombocytopenia, and anemia. Other reported complications reported less frequently are
pancreatitis and pseudocyst formation. (Sun et al, 2006) Small size studies have
demonstrated the technical feasibility of EUS-guided implantation of radioactive seeds in
pancreatic tumors, and the technique appears to be well tolerated. (Ramesh & Varadarajulu,
2008; Sun et al, 2006) However, larger studies evaluating this technique and its role in a
multimodality approach in combination with chemotherapy and/ or external beam
radiation are needed.

Radiofrequency ablation (RFA) is a well-established procedure that provides palliation for
various malignant diseases. RFA causes a relatively predictable zone of coagulation necrosis
by intense tissue heating. Accurate and precise targeting of the tumor is important to
maximize the yield and minimize the morbidity. (Klapman & Chang, 2005) This technique is
emerging as one of the safest and most predictable for thermal tumor ablation and is
traditionally administered with percutaneous or surgical approaches. (Verma & Dhar, 2008)
The feasibility and effectiveness of EUS-guided RFA has been evaluated in animal models
and the probe is deployed by a 19 gauge needle inducing coagulative necrosis. (Ramesh &
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Varadarajulu, 2008) Further application of this technique has been impeded because of the
lack of a retractable needle electrode array to ablate large areas. This was overcome by the
development of a retractable umbrella-shaped electrode array that has delivered effective
coagulation necrosis of large areas in the porcine model. (Varadarajulu et al, 2009)
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Fig. 7. 66 year-old male with locally advanced, non resectable, pancreatic cancer that
underwent EUS-guided of fiducials in the pancreatic head for stereotactic radiotherapy. A
5cm pancreatic head mass was identified by EUS (left image), followed by placement of a
total of 9 gold fiducials into the inferior and superior aspects of the tumor under
fluoroscopy (right image)
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Another experimental technique is photodynamic therapy (PDT), which involves the
systemic administration of a photosensitizing agent, followed by placement of light-
diffusing photodynamic fibers into the target malignant tissue. This is usually accomplished
percutaneously, but it has recently been placed endoscopically with EUS guidance in the
pancreas of porcine models. (Verma & Dhar, 2008) In animal models, the EUS-guided PDT
of pancreas and other organs has proved to be safe and effective. (Chan et al, 2004)

These two EUS-guided ablative techniques, RFA and PDT, have only been performed in
animal models and further studies in the safety and efficacy in humans are needed before
considering their use in the palliation of advanced pancreatic cancer.

4. Conclusion

Endoscopy is a constantly evolving field with a major role in the diagnosis of pancreatic
cancer as well as palliation of advanced cases. Pancreatic cancer must be managed with a
multidisciplinary approach. EUS is the most frequently used modality for the diagnosis and
staging of pancreatic cancer. Treatment with curative intention involves surgery, with the
use of adjuvant therapy (chemotherapy and/ or radiation) in some cases. Most cases are
diagnosed when curative resection is not possible and different endoscopic approaches can
be used in a palliative attempt for symptomatic relieve of pain, jaundice or obstruction.
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1. Introduction

Pancreatic cancer (PC) is the fifth leading cause of cancer death in the United States, with
28,000 to 30,000 number of deaths annually (American Cancer Society,2002).

Survival in patients with untreated pc is very poor, the one year survival rate is 19% and the
5- year survival rate is 4% for all stages combined (American Cancer Society,2002).

It must be emphasized that the majority of patients with pancreatic cancer are diagnosed in
the metastatic phase; however when complete surgical resection with margin negative and
node negative is possible, it offers the best opportunity for long survival or even cure, with
5-year survival approaching 40% when performed at specialized center. (Sohn et al, 2000).

Epithelial neoplasia of pancreas can be divided into those with predominantly exocrine
differentiation and those with endocrine differentiation.

Neoplasia of exocrine differentiation can be further subdivided into solid and cystic tumors;
the majority of malignancies of the pancreas are solid infiltrating ductal adenocarcinomas.

2. Histology

About 80% of pancreatic malignancies are ductal adenocarcinomas, of which approximately
70% occur in the head of the pancreas.

A variety of uncommon types of pancreatic carcinoma have been described, including
acinar, adenosquamous, anaplastic, papillary, mucinous and microadenocarcinomas, each of
which composes less than 5% of the total. All of these have similarly poor prognoses and are
treated in a similar fashion. Also uncommon are mucinous cystic neoplasms
(cystadenoma/cystadenocarcinoma) of the pancreas, which occur most frequently in the
middle-aged women, and these are tipically located in the tail of the pancreas.

Clinical behavior can be difficult to predict pathologically, leading some to conclude that all
mucinous cystic neoplasms of pancreas have malignant potential.

Other rare neoplasms include pancreatoblastomas, most of which occur in children, primary
lymphoma of the pancreas and metastasis.
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3. Diagnosis of pancreatic neoplasia

Currently, imaging modalities for detection of pancreatic masses include ultrasonography
(US), computed tomography (CT) scan, magnetic resonance imaging (MRI)/ magnetic
resonance cholangiopancreatography, endoscopic ultrasonography (EUS).

In clinical practice differential diagnosis of pancreatic masses is frequently a clinical
challenge; often therapeutic decision in this context is mainly based on the ability to perform
a diagnosis of malignancy or to exclude malignancy (Tamm & Charnsangavej, 2001).

It is well known that ductal adenocarcinoma is the most frequent cause of pancreatic mass,
however other neoplasms such as lymphoma, metastasis, cystic tumors or benign conditions
as chronic pancreatitis with different prognosis and treatment options can arise within the
pancreas (Iglesias et al., 2010).

A pathologic diagnosis becomes therefore relevant for an adequate therapeutic strategy
(Cohen et al., 2000).

At least 80% of the patients with suspected pancreatic cancer, have unresectable disease at
diagnosis because of locoregional involvement or distant metastases , and it as been
reported that only 7% of the patients have a tumour that is confined within the pancreas
(National Cancer Institute, 2007).

Patients with suspected pancreatic cancer and imaging studies suggesting resectable tumour
should undergo directly to surgery since no histologic diagnosis confirmation is required
prior to surgical exploration unless neoadjuvant therapy is indicated (Zamboni et al., 2010).

As a matter of fact preoperative cytohistological diagnosis may risk dissemination of cancer
cells, or developing complications (bleeding, pancreatitis, pancreatic leak) that can delay
surgery and increase costs.

On the other hand a negative biopsy results in a patient with a high suspicion of cancer
neoplasm that is not of help, due to a high possibility of a false negative result (Tillou et al.,
1996).

Patients with metastatic or locally advanced but unresectable disease at imaging studies
should undergo biopsy prior chemotherapy or radiation since a cytohistological diagnosis is
recommended before initiating a cytostatic therapy coherently with the National
Comprehensive Cancer Network (NCCN) guidelines for suspected pancreatic cancer.
(Hartwig et al, 2009; Itani et al., 1997) Biopsies allow a cytohistological diagnosis and can
differentiate pancreatic cancer between primary pancreatic lymphoma (Arcari et al., 2005),
metastasis or benign focal lesion such as focal pancreatitis.

3.1 Primary pancreatic lymphoma and pancreatic metastasis

Primary pancreatic lymphoma (PPL) is a very rare disease, representing fewer than 2% of
extra-nodal malignant lymphoma and 0,5% of all pancreatic masses (Arcari et al., 2005).

Fewer than 150 cases of PPL have been reported in the literature in English. Imaging
techniques such as Us and CT scan can suggest a diagnosis of PPL but a cyto-hystological
examination is mandatory for diagnosis and treatment planning of patients with suspicious
PPL. Our group reported five cases of PPL and reviewing the literature it was concluded
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that 1) imaging techniques can suggest the suspicion of PPL, however are unable to
distinguish PPL from pancreatic adenocarcinoma, 2) histological diagnosis can be easily
obtained by percutaneous Us-guided tissue core biopsy 3)surgery can be avoided both for
diagnosis and therapy, but the treatment of choice of PPL may only be evaluated on a larger
series of patients (Arcari et al., 2005).

Metastases to the pancreas are rare; in a survey of 4,955 autopsies (Adsay et al., 2004) a rate
of metastasis to the pancreas of 3,83% was described and a significantly different
distribution of metastatic neoplasms, with lung and gastrointestinal tumors comprising by
far the largest proportion.

In a retrospective review of 1,172 pancreatic endoscopic ultrasound-guided fine-needle
aspiration biopsy , 25 cases (2,1%) had a confirmed diagnosis of pancreatic metastasis.

This included 12 cases of renal cell carcinoma, 3 (12%) melanomas, 3 (12%) small cell
carcinomas and 7 (28%) other malignancies.

In these metastatic tumors involving the pancreas 20 (80%) of the lesions were solitary.

Four cases (16%) had no prior history of malignancy; the average time of diagnosis of
pancreatic metastasis was 5.3 years.

Immunohistochemistry and special stains were performed in 22 (88%) and 9 (36%) cases
respectively (Gilbert et al., 2011).

4. Staging of pancreatic cancer (table 1)

Staging procedures include US, CT scanning, MRI, and EUS. A diagnostic laparoscopy may
also be performed to detect peritoneal disease that is not visible radiologically. Regardless of
these studies, an accurate histologic diagnosis is necessary to distinguish benign disease from
carcinoma, islet cell tumors, and retroperitoneal lymphomas, because of the major therapeutic
and prognostic differences among these disease entities. Criteria for surgical resection include
absence of metastatic disease and absence of invasion of prominent local blood vessels.

5. Guide for pancreatic biopsy

Intraoperative needle biopsy of the pancreas has been performed with the fine-needle
aspiration biopsy (FNAB) technique since the 1960’s (Moossa & Altorki, 1983) and with the
core tissue biopsy technique since 1970’s (Ingram et al., 1978) subsequently ultrasound ,
computed tomography and endoscopic ultrasound became available to evaluate and
characterize pancreatic masses and above all to guide a needle for the biopsy, avoiding the
costs, morbidity and mortality of a major surgical procedure performed only to obtain a
tissue sample for a cytohistological diagnosis (Civardi et al.,1986; Turner et a.l, 2010).

For many years percutaneous US and /or CT guided biopsy was routinely performed in
situations in which a pancreatic biopsy was necessary, in 2002 the American Joint
Committee on cancer has selected endoscopic ultrasound guided FNAB as “the procedure of
choice” if available (Greene et al., 2002).

However, as recently reported, local expertise in and the availability of EUS and
interventional radiology may determine the first procedure selected for a cytohistological
diagnosis for a pancreatic mass (Zamboni et al., 2010 ).
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Prymary Tumor (T)

TX Primary tumor cannot be assessed

TO No evidence of primary tumor

Tis In situ carcinoma

T1 Tumor limited to the pancreas 2 cm or less in greatest dimension

T2 Tumor limited to the pancreas more than 2 cm in greatest dimension
T3 Tumor extends beyond the pancreas but without involvement of celiac

axis or the superior mesenteric artery

T4 Tumor involves the celiac axis or the superior mesenteric artery
(unresectable primary tumor)

Regional Lymph Nodes (N)

NX Regional lymph nodes cannot be assessed

NO No regional lymph node metastasis

N1 Regional lymph node metastasis

Distant Metastasis (M)

MX Distant metastasis cannot be assessed

MO No distant metastasis

M1 Distant metastasis

Stage grouping

Stage 0 Tis NO MO
Stage 1A T1 NO MO
Stage IB T2 NO MO
Stage IIA T3 NO MO
Stage 1IB T1-3 N1 MO
Stage I1I T4 Any N MO
Stage IV Any T Any N M1

Table 1. Staging of pancreatic carcinoma

5.1 Methods of percutaneous guided biopsy

Patient preparation before any type of invasive procedure includes ruling out coagulation
disorders with laboratory tests and obtaining written informed consent for the biopsy. Local
anesthesia (lidocaine) is not routinely performed. (Zamboni et al., 2010; Civardi et al., 1986).

5.2 Percutaneous ultrasound

In the past for performing abdominal US-guided FNAB the “free-hand” technique was
utilized (Civardi et al., 1986; Bret et al., 1982; Livraghi, 1984) subsequently puncturing probe
became available and two types of probes are commonly used for interventional procedures:
probes with lateral support and probes with noncontinuous crystals and central support; the
former allow only oblique needle tracks, whereas the latter allow both vertical and oblique
tracks.
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Prior to perform the biopsy, a pancreatic lesion can be studied with conventional US,
Doppler US, and CT, to evaluate the content of the lesion and to select the best route for
biopsy, avoiding vessels and pleura.

In clinical practice when liver metastases are present in patients with suspected pancreatic
cancer, the biopsy can be done in the liver metastasis, if safer for the patient and easier for
the psysician.

5.3 Computed tomography

Computed tomography allows optimal visualization of the lesion and is superior to US in
large fat patients , however radiation dose and the procedure length are the major limits of
CT -guided pancreatic biopsy.

CT fluoroscopy can reduce procedure length because it allows a fast reconstruction of
images, with a continuous update and the possibility of controlling acquisition and
visualizing images in the room while performing the examination.

In addiction CT fluoroscopy allows visualizing the needle track from the entry point to the
target, allowing faster and more efficient procedure (Zamboni et al., 2010).

5.4 Endoscopic ultrasound

Over the past decade, EUS has proven to be one of the most significant advantages in
gastrointestinal endoscopy (Turner et al., 2010; Erickson, 2004) Since its introduction, EUS
has offered improved accessibility to small pancreatic lesions, and its usefulness as a
diagnostic tool has greately changed the therapeutic approach to pancreatic masses.

Since it was first reported in (Chang et al, 1994), EUS-guided FNAB of the pancreas has
become a popular technique for the diagnosis and staging of cystic and solid lesions of the
pancreas because it is relatively safe and accurate (Carrara et al., 2010;).

Thus, this diagnostic modality has become important in the management of patients with
symptomatic or incidentally discovered pancreatic masses.

5.4.1 US, CT, or EUS for guide pancreatic FNAB

The relative diagnostic accuracy, safety and cost of US and CT-guided FNAB favor their use
over EUS-FNAB for the diagnosis of unresectable pancreatic tumors. (Zamboni et al., 2010 ;
Levy, 2006).

A randomized controlled trial EUS-FNAB and US/CT-ENAB failed to observe any
statistically significant difference between the endoscopic and percutaneous approach in the
diagnosis of pancreatic malignancy (Horwhat et al.,2006).

Several authors support the use of EUS-FNAB over percutaneuos approach because of the
lower risk of seeding (Gilbert et al, 2001; Turner et al, 2010). In a review of 1406 cases with
advanced pancreatic cancer who underwent nonsurgical biopsy (percutaneous-guided or
EUS-guided sampling) were compared with cases who did not undergo biopsy, without
observing any difference in overall median survival, so it was concluded that the risk of
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seeding is remote. (Hernandez et al., 2009). It was reported that the risk of seeding can be
related to the number of needle passes: more number of needle passes more risk of seeding
(Civardi et al., 1986; Fornari et al., 1989).

It must be emphasized that one-site cytopathological evaluation can improve the diagnostic
yield of guided FNAB and can reduce the number of needle passes (Garcia et al., 2011).

A review of 182 patients undergoing EUS-guided FNAB of solid pancreatic lesions over a 2
years study period was reported (Garcia et al., 2011). Sample were either evaluated on site
by a cytopathologist or processed by the endoscopist and sent to the pathology department
for evaluation.

Diagnostic accuracy for malignancy, number of needle passes, adequate - specimen
collection rate, cytological diagnosis , and final diagnosis and complications rate according
to the presence or absence of on-site cytopathologist were evaluated.

A significantly higher number of needle passes was performed when an on-site
cytopathologist was not available (3.5+- 1.0 vs 2.0+-0.7; p< 0.001). The presence of an on-site
cytopathologist was associated with a significant lower number of inadequate samples (1.0
vs 12.6%; p=0.002) and a significantly higher diagnostic sensivity (96.2 vs 78.2%; p=0.002),
and overall accuracy (96.8 vs 86.2%; p=0.013) for malignancy (Garcia et al., 2011).

Already, in 1988 our group reported the value of rapid staining and assessment of
percutaneous ultrasound-guided fine needle aspiration biopsy in a series of 160 patients.
(Civardi et al., 1988) The total series of FNAB had a sensitivity of 95.6%, a specificity of 100%
and an overall accuracy of 97.3%.

The cumulative accuracy after each pass was calculated: a significant increase in diagnostic
accuracy was found only after the second pass, the third and the fourth passes gave little
further improvement. These results indicate that a rapid evaluation of the aspirated material
during US-guided FNAB can reduce the number of punctures needed per case resulting in
less disconfort and, probably a reduced likelihood of complications for the patient.

It must be emphasized that in this study the same physicians that performed the US-FNAB
performed also the rapid staining evaluation for the adequacy avoiding the cytopathologist,
minimizing the costs and improving the educational benefit of physicians. (Civardi et al.,
1988).

5.4.2 Type of needle and results of guided biopsy

Biopsies of the pancreas can be performed with needle ranging in size from 18 to 25 gauge
(G). Aspiration biopsies for cytological evaluation are performed with fine-needle (< Imm in
external diameter : from 20 to 25 G), cutting needle are used to obtain tissue cores, which
allow hystopathological evaluation , these needle ranging in size from 18 to 23 G.

In table 2 are reported the results of sensitivity, specificity, overall accuracy, method of
guidance, needle size of percutaneous pancreatic fine-needle aspiration biopsy.

Our group (Di Stasi et al., 1998) in a multicenter study reviewed 510 patients who had a final
diagnosis available and who had undergone ultrasound-guided fine needle biopsy of the
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N° of | sensitivity | specificity | accuracy . needle
patients (Y0) (Y0) (Y0) guidance size authors
Di Stasi et al
510 87 100 95 Us 21-22 (1998)
Bhatia et al
267 81 - - Us 22 (2008)
Garre Sanchez
222 89 98 91 Us 22 (20,25) etal (2007)
Volmar et al;
104 77.9 100 81.7 Us - Zamboni (2005)
Mallery et al
70 80 100 81 CT/US - (2002)
Matsubara et al
59 93 100 93 Us 22 (2008)
Volmar et al
50 78.6 100 82 CT - (2005)
Horwhat et al
36 62 100 72 CT/US 20-22 (2006)
Zamboni et al
545 99.4 - 99.4 Us 21-22 (2010)

Table 2. Sensitivity, specificity, accuracy method of guidance and needle size (gauge) of
percutaneous fine needle aspiration biopsy of pancreatic masses

pancreas. Retrieval rate, sensitivity, specificity, and overall diagnostic accuracy of the whole
series, by three different bioptic procedures (cytology, histology and cytology plus
histology) were evaluated. The reliability of ultrasound-guided fine needle biopsy to allow a
correct diagnosis in the different pancreatic pathologies was calculated for cytology,
histology, and cytology plus histology, retrieval rate values were: 94%, 96%, and 97%;
sensitivity was: 87%, 94%, and 94%, specificity:100%; and diagnostic accuracy: 91%, 90% and
95%, respectively.

In a series of 545 US-guided FNAB, 93,4% procedures were diagnostic, with an overall 99,4 %
sensitivity and 99.4% accuracy (Zamboni et al., 2010).

The largest series reporting in the literature percutaneous FNAB of pancreatic masses show
sensitivities ranging between 62% and 93%, accuracies between 72% and 94%. The majority
of percutaneous FNAB are ultrasound guided, and the needle size range from 21 to 22 G
(Tab 2).

FNAB cytology of pancreatic cancer are reported in figure1a, b,2a, b, 3 a, b;
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Fig. 1. a. FNAB of pancreatic well-differentiated adenocarcinoma, (a) relatively mild nuclear
atypia, but nuclear crowding. MGG x 200

Fig. 1. b. Well evident microglandular arrangement. PAP x 400
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Fig. 2. a. FNAB of pancreatic moderately differentiated pancreatic adenocarcinoma.
MMG x 200

Fig. 2. b. Clusters of cells with some acinar arrangement. PAP x 400
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Fig. 3. a. FNAB of pancreatic poorly differentiated pancreatic adenocarcinoma, a cluster of
cancer cells. MGG x 400

Fig. 3. b. Cancer cells with strong reactivity to CK 7 antiboby. X 400
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and FNAB cytology of pancreatic metastasis is reported in figure 4 a, b.

Fig. 4. a. FNAB of pancreatic mass showing metastatic melanoma large cells. MGG x 400

Fig. 4. b. Immunocytochemical HMB-45 positivity consistent with metastatic melanoma X 400
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Sensitivity, specificity, accuracy method of guidance and needle size of percutaneous tissue
core biopsy of pancreatic masses are reported in table 3.

N° of sensitivity specificity | accuracy |guidan| needle authors
patients (%) (%) (%) ce size
Amin et al
372 90 - 90 CT 18 (2006)
Matsubara
212 86 100 86 Us 21 etal
(2008)
Jennings
142 90.9 - 92.6 Us - etal
(1989)
Karlson et al
100 90 - - Us - (199)
Paulsen et al
92 92.5 100 93.3 Us 18 (2006)
Elvin et all
50 90.4 - 92 Us - (1990)
Paulsen et al
18 100 1 100 CT 18 (2006)

Table 3. Sensitivity, specificity, accuracy method of guidance and needle size (gauge) of
percutaneous tissue core biopsy of pancreatic masses

372 CT-guided pancreatic biopsies with a 18 G cutting needle showed 90% sensitivity and
accuracy (Karlson et al., 1996); similar results were reported in a series of 212 US guided

percutaneous tissue core pancreatic biopsies, with 86% sensitivity and accuracy (Paulsen et
al., 2006).

The largest series in the literature on percutaneous tissue core biopsy of pancreatic lesions
report sensitivities and accuracies between 86% and 100% (Tab 3). Tissue core biopsy of
primary pancreatic lymphoma and metastatic adenocarcinoma are reported in fig 5 a b and
6 a b c. Percutaneous core biopsy of pancreatic lesions is considered sensitive, safe and
accurate (Zanaboni et al., 2010) however this procedure may have a higher complication rate
than percutaneous FNAB (Fornari et al., 1989).

At our institution we routinely use FNAB with 22G needles when a pathologic diagnosis of
pancreatic mass is required while tissue core biopsy with 20G or 21G needles is reserved
when cytological diagnosis is inadequate or when lymphoma is suspected on cytological
evaluation (Arcari et al., 2005) Fig 5 a, b.
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Fig. 5. a. Tissue core biopsy of a pancreatic mass. H&E X 20

Fig. 5. b. Diffuse large B-cell Lymphoma CD20 positive. X 400
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Fig. 6. a. Tissue core biopsy of a pancreatic mass. H&E x 20

Fig. 6. b. Histology shows metastasis from endometrial adenocarcinoma. H&E X 100
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Fig. 6. c. Estrogen receptor positive neoplastic cells. X100

Since it was developed endoscopic ultrasound-guided fine needle aspiration biopsy has
been widely used and has been adapted for gastrointestinal and perigastrointestinal lesions.

A medical literature review to evaluate the role of EUS-FNAB for diagnosis of pancreatic
masses showed a 78-95% sensitivity, 75-100% specificity, 98-100% positive predictive value

and a 78-95% accuracy (Yoshinaga et al, 2011) (Tab 4).

N of patients | Sensitivity % | Specificity % | Accuracy% | Needle size | Authors
Siddiqui
583 84 86 84 22-26 etal (2011)
Touchefeu
100 78 75 78 22 etal (2009)
* % " Garcia
182 78.2-96.2 98.4 86.2-96.8 22 etal (2011)
Turner
737 77 99 80 22-25 etal (2010)
207 926 88.6 918 o | Klimet
' ‘ ’ et al(2010)

* The presence of an on site-cytopathologist was associated with a significantly higher diagnostic
sensitivity and overall accuracy for malignancy.

Table 4. Sensitivity, specificity, accuracy needle size of endoscopic-guide pancreatic biopsy
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6. Complications of pancreatic biopsy
US, EUS or CT guided fine-needle biopsy are considered to be a low risk procedure.
Interventions with needle with a larger diameter seem cause more complications.

The major complication of pancreatic biopsy can be hemorrhage, needle track seeding and
pancreatitis.

Our group (29) reported the complications following 10.766 US-guided fine-needle abdominal
biopsies. The mortality was 0.018%: the two reported deaths were due to hemoperitoneum and
occurred in patients with hepatocellular carcinoma arizing in cirrotic liver.

The biopsy of pancreatic carcinoma was more dangerous for needle -track seeding (five of eight
reported cases), however, it has been reported that peritoneal carcinomatosis may occur more
frequently in patients who undergo percutaneous FNAB compared with those who have FUS-
FNAB for the diagnosis of pancreatic cancer (Micames et al, 2003).

6.1 Conclusions

There is consensus in the literature of the appropriateness of obtaining a cytohystological
diagnosis in patients with unresectable pancreatic neoplastic lesion, prior to initiate
chemotherapy and/or radiation.

Although the American Joint Committeee on Cancer has selected EUS-guided FNAB as the
procedure of choice, if available, we recall that there is wide variability in the world on the
modalities for guide biopsy (US; CT; EUS) and for needle biopsy choice (FNAB or tissue
core biopsy).

There is a consensus that local expertise, the availability of EUS and interventional percutaneous
procedures may determine the choice for pancreatic biopsy.

In agreement with other authors (Zamboni et al., 2010) at our institution , in the appropriate
setting, percutaneous US-guided FNAB is considered the first invasive approach of obtaining
tissue diagnosis confirmation in patients with unresectable lesions.

However, guided FINAB or guided tissue core biopses remain invasive procedures and must be
performed when informations so obtained benefits the patient.
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1. Introduction

The association between cancers and thrombosis is well known for a long period of time. In
1865 Armand Trousseau noted for the first time that unexpected or migratory
thrombophlebitis could be a sign of an undiagnosed visceral malignancy (Trousseau, 1865).
Some years later it is said that he observed this complication on himself in the context of an
occult gastric cancer that cased his death (Khorana, 2003).

The risk of developing thrombosis in cancer patients is considered to be increased 2- 7 fold
compared with persons without cancer (Bloom et al, 2005; Heit et al, 2004). This risk is
dependent on many factors. According to the type of tumor, the risk is thought to be the
highest in tumors of the ovary, pancreas and central nervous system. Also the extent of the
tumor, the presence of metastasis, age, immobility and the type of therapy increase this risk.
Surgery for cancers (Rahr & Serensen, 1992) and chemotherapy (Levine, 1997) are both
associated with an important risk of venous thrombosis and embolism. In a large case-
control study that included 3220 patients with cancer, it was reported an overall 7 times
increased risk for venous thrombosis that depend on type of cancer and time since the
cancer diagnosis. A very high relative risk was found for gastrointestinal, lung and
hematological malignancies. Advanced stage of disease was associated with a further
increase in risk (Blom et al, 2005).

Patients with cancer who develop venous thromboembolism have a poor prognosis than
those without this vascular complication. The risk of recurrent thromboembolism and death
from any cause is greater than three fold in patients with cancer compared to those without
malignancy (Levitan et al, 1999).

Epidemiological studies looking for the incidence of cancer in patients with thromboembolic
events found out that in 15-20% of patients, thromboses were associated with malignancy
(Er & Zacharsky, 2006).

The association of cancer and thrombosis raises two distinct problems. On one hand, the
diagnosis of thrombosis in one patient may represent, in some situations, a sign of an occult
malignancy. On the other hand, a patient with cancer may develop some time, in the
evolution of his malignant disease, a thromboembolic event, which may worsen his
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prognostic. That is why, for the clinical practice, the diagnosis of these associated diseases is
very important.

2. Epidemiology of thrombosis in pancreatic cancer

Pancreatic cancer (PC) is known to be associated with a higher incidence of venous
thromboembolism than other cancers. The first publication that noted the high incidence of
thrombosis in PC was a postmortem study done in 1938 (Sproul, 1938). Since that, several
other studies have been conducted and the incidence found ranges from 5% to 60% (Sack et
al, 1977; Khorana & Fine, 2005).

In a cohort study of 202 patients with a first diagnosis of pancreas carcinoma the authors
found that the risk of venous thrombosis is 6-fold increased compared with the general
population, at a cumulative risk of 10% (Blom et al, 2006). In this study, tumors of the corpus
and cauda of the pancreas had a 2-3-fold increase risk of venous thrombosis than tumors of
the caput of the pancreas (Blom et al, 2006). Similar results showing a higher incidence of
thrombotic events for tumors located in the corpus and cauda of the pancreas were reported
by other authors (Sproul, 1938; Sack et al, 1977; Bick, 1992; Pinzon et al, 1986).

In a retrospective single institute study 6,870 patients with pancreatic cancer were evaluated
for venous and arterial thrombosis. The incidence of all thrombotic events was 19%with
venous thrombosis accounting for 17%, arterial thrombotic events for 2% and associated
venous and arterial events in 0.9% of cases. Pulmonary embolism was found in 25% of
patients with venous thrombosis (Epstein et al, 2010)

The risk of venous thrombosis increases in the presence of metastases. Blom and colab.
found a 2-fold increase risk of venous thrombosis in patients with distant metastases, after
adjusting for age, sex, surgery and chemo- or radiotherapy (Blom et al, 2006).

The risk of developing thrombosis is further increased with chemotherapy (Heit, 2002; Wall,
1989) and also with surgical treatment. Patients with PC treated with chemotherapy had a
4.8-fold increased risk of thrombosis compared to those without chemotherapy. The same
study showed no significant increase in thrombotic risk patients treated with radiotherapy
(Blom et al, 2006).

Patients with malignancies submitted to surgery have at least twice the risk of postoperative
venous thrombosis and more than 3 times the risk of fatal PE compared with non-cancer
patients undergoing a similar procedure (Geerts et al, 2004).

In patients with PC submitted to surgery there was a 4.5-folf increase in the risk of venous
thrombosis during the postoperative period of 30 days (Blom et al, 2006).

The incidence of fatal pulmonary embolism was also evaluated. In one study 4 out of 541
(0.7%) died from pulmonary embolism (Neoptolemos et al, 2001). Concordant results were
reported in another study that found 2 of 202 patients (1%) with fatal pulmonary embolism
(Blom et al, 2006).

3. Pathogenesis of thrombosis in pancreatic cancer

The mechanisms underlying the association of venous thromboembolism with pancreatic
cancer are not completely understood. Large and relevant data suggest an implication of
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coagulation systems and increased angiogenesis. It is considered that activation of
hemostasis in pancreatic cancer causes thrombosis but also tumor angiogenesis (Browder et
al, 2000).

The key molecule in this process seems to be tissue factor (TF), the main physiologic
initiator of the extrinsic pathway of coagulation (Gouaulthelimann & Josso, 1979; Nemerson,
1988). TF plays also an important role in angiogenesis (Mechtcheriakova et al, 1999; Zhang
et al, 1994).

TF, also called platelet tissue factor, factor III, orCD142is a protein present
in subendothelial tissue, platelets, and leukocytes. TF consists of three domains:
extracellular that binds factor VIla, transmembrane and intracellular involved in the
signaling function (Nemerson, 1988). In healthy individuals there are little circulating
amounts of active TF. In response to specific stimuli such as inflammation, malignant
processes, its expression increases (Ruf et al, 2000; Wada et al, 1995).

As an initiator of coagulation, TF binds and activates factor VIla, resulting in TF-VIla
complex which activates factor X leading to the synthesis of thrombin essential in clot
formation (Gilbert & Arena, 1995). The activity of TF is regulated by several factors. The
most important is TF pathway inhibitor which is composed of three different domains: the
first inhibits FVII, the second inhibits FX and the function of the last one is still unknown
(Broze, 1995; Girard et al, 1989; Echrish et al, 2011). TF pathway inhibitor is secreted by
endothelial cells.

The expression of TF can be controlled by epidermal growth factor receptor (Milsom et al,
2008) and by FX activated. Increased concentrations of FX activated inhibit the synthesis of
TF (Ettelaie et al, 2007).

In cancers, TF is present on malignant cells and also on endothelial cells (Rickles et al, 2003).
Some previous data indicate that TF is expressed in pancreatic malignant cells. It correlated
with advanced histological stages and with a poor prognosis (Kakkar et al, 1995; Nitori et al,
2005). In a retrospective study, Khorana and colab. investigated the expression of TF in non
invasive and invasive pancreatic cancers. They found an increased expression of TF in 77%
of patients with pancreatic intraepithelial neoplasia and in 91% of patients with intraductal
papillary mucinous neoplasms, two non invasive precursors of invasive pancreatic cancer.
They concluded that TF expression is an early event in pancreatic cancer. In patients with
pancreas resection, TF expression correlated with expression of vascular endothelial growth
factor (VEGF) and increased neovascularization, suggesting an implication of TF in
angiogenesis. They found an incidence of thromboembolism of 26.3% in patients with high
TF expression levels compared to 4.5% in those with low expression of TF, suggesting an
important role of TF in cancer associated thrombotic complications. (Khorana et al, 2007).

Angiogenesis has been documented in pancreatic cancer and it was associated with a rapid
tumor growth and a poor prognosis (Lomberk, 2010).

The process of angiogenesis represents the formation of new blood vessels from the pre-
existing vascular bed. In cancers angiogenesis contributes to tumor growth (Folkman, 1995).

Pancreatic cancer seems to be accompanied by an important increase in angiogenesis that is
linked to the activation of coagulation. Proteins of coagulation are involved in angiogenesis
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in two different ways, one clotting dependent and the other one clotting independent
(Echrish et al, 2011). The clotting dependent mechanism is initiated by the activation of TF
receptors. TF activates then the coagulation cascade that leading to fibrin formation and
platelet activation (Falanga & Rickles, 1999). Activated platelets release mediators that
promote angiogenesis such as VEGF, beta fibroblast growth factor (3-FGF) and platelet grows
factor (PGF) (Palumbo et al, 2000; Echrish et al, 2011). In clotting independent mechanism
thrombin plays a very important role by inducing the proteolytic cleavage of protease-
activated receptors (PAR) (Traynelis & Trejo, 2007). The activation of PAR stimulates the
synthesis of factors implicated in angiogenesis such as VEGF (Liu & Mueller, 2006).

Another mediator that involved in thrombosis and angiogenesis of pancreatic cancer is
epithelial growth factor receptor (EGFR). An increased expression EGFR was noted in
pancreatic cancer and correlated with enhanced angiogenesis, tumor growth and
unfavorable evolution (Yamanaka et al, 1993).

Microparticles have also been studied in relation with thromboembolism in cancer.
Microparticles are membrane vesicles released from stimulated or apoptotic cells in normal
persons but they are also implicated in the activation of coagulation (Diamant et al, 2004).

Many recent data support the role of microparticles (MP) and of TF-MP complex in
thrombotic complications of patients with malignancies (Tilley et al, 2008).

The level of TF activity associated with TF/MP seems to be higher in PC compared with
other types of cancer. From the group of patients with cancer and thrombosis those with
pancreatic malignancies have the highest TF activity (Tesselaar et al, 2009).

The role of P-selectin in thrombosis in these patients was also studied during the last two
decades. P-selectin is released from platelets and endothelial cells and contributes to the
adhesion of leucocytes on activated platelets and thrombus formation and to adhesion of
cancer cells to stimulated endothelial cells. Experimental studies that have been done on
primates suggest that P-selectin inhibition is as effective as low molecular weight heparin in
promoting thrombus resolution and in preventing re-occlusion (Chen & Geng, 2006). In
humans elevated levels of P-selectin may be predictive of thromboembolism in patients with
cancers (Ay et al, 2008).

A large case-control study of venous thrombosis in patients with cancer found that the
presence of factor V Leiden or prothrombin 20210A mutation increases by 12 to 17-fold the
risk of developing thrombosis compared to those with out these modifications (Blom et
al,2005).

Activation of endothelium by tumor-derived inflammatory cytokines, which could induce
expression of various adhesive molecules such as V-CAM and E-selectin may promote the
thrombotic process in cancer patients (Varki, 2007).

Thromboembolic events in PC patients are also influenced by particular conditions that
generally increase the risk of thrombosis such as immobilization, advanced age,
comorbidities (infections, cardiac or respiratory failure, obesity, etc.), history of venous
thrombosis (Offord et al, 2004; Echrish et al, 2011). Also, the local effects of a great tumour,
such as venous compression, that can predispose to an increased risk of thromboembolism
(Dumitrascu et al, 2010) .
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Central vein catheterization used for the administration of cancer therapy represents a risk
factor for thrombosis in these patients. Patients with distant metastases have more increased
risk for thrombosis in absence of antithrombotic prophylaxis. The incidence of clinically
overt venous thrombosis in cancer patients with central venous catheter ranges from 0.3% to
28%, and rises to 27% - 66% when the diagnosis was assessed by venography (Verso &
Agnelli, 2003; Verso et al, 2008).

Chemotherapy has been shown to be an independent risk factor for thrombosis in cancer
patients. In a large population based study, the risk of thrombosis was increased 6.5 fold in
patients receiving chemotherapy and 4,1 fold in patients with cancer not receiving this kind
of therapy, compared to patients without malignancies (Heit et al, 2000, Kirwan et al, 2011).
The risk is additionally increased if chemotherapy is combined with steroids (Shen et al,
2011) or erythropoietin (Bennet et al, 2008). The inhibitors of angiogenesis (thalidomide,
lenalidomide, bevacizumab, sunitinib, sorafenib, and sirolimus) used as novel antineoplasic
therapy are associated with an increase in arterial and venous thromboembolism and
hemorrhage (Zangari et al, 2009). Gemcitabine is a deoxycytidine analogue related to
cytarabine, that has been shown to improve evolution in patients with advanced PC. Deep
venous thrombosis was found in one study in 3.2% of patients treated with gemcitabine
(Kaye,1994).

4. Clinical outcome in pancreatic cancer patients with thrombosis

Patients with PC may present with signs of venous or arterial thrombosis. Venous
thrombosis is more frequent and it can affect peripheral or visceral veins (Blom et al, 2006).
Migratory superficial thrombophlebitis is highly suggestive for a malignancy (Fig. 1). Of the
visceral vein thrombosis portal thrombosis has a very high incidence. In one study portal
vein thrombosis was found in 32 of 108 patients (30%) and it was associated with a poor
prognosis (Price et al, 2010). Perpancreatic veins may also be involved (Fig.2).

The diagnosis is suggested by clinical signs and is usually confirmed ultrasonographically
(Fig. 3 and 4).

Disseminated intravascular coagulation is another coagulation disturbance described in
PC. It was associated with an increase in circulating TF (Ueda, 2001). This complication
was also observed in patients suffering from metastatic pancreatic cancer treated with a
recombinant adenoviral vector containing the cloned human wild type p53 suppressor
gene (Haag, 2000).

It is generally reported that patients with cancer and thrombotic complications have a poor
prognosis (Levitan et al, 1999; Sorensen et al, 2000). In the retrospective study by Epstein
and colab., 24% of patients with PC and thromboembolism, experienced pulmonary
embolism. The authors found a reduced overall survival for patients with a thromboembolic
event (12.9 month) if compared to those without (13.4 month). Treatment consisted of low
molecular weight heparin, in 95% of patients and inferior vena cava filter was necessary in
19%. Patients with occult thrombotic events or with thrombosis diagnosed at the time of
cancer diagnosis, had a poorer survival (6.2 month) compared with those with secondary
thrombotic events (13.7 month) (Epstein et al, 2010; Shah& Saif, 2010).
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Migratory superficial thrombophlebitis

Fig. 1. Migratory superficial thrombophlebitis in a case of PC (hematoxylin-eosin staining of
superficial veins)

Vascular invasion of pancreatic carcinoma

Fig. 2. Vascular invasion of PC with local vein thrombosis (hematoxylin-eosin staining)



Coagulation Disorders in Pancreatic Cancer 261

Fig. 3. Thrombosis of peroneal vein in a patient with PC (2D and colour Doppler
echographic examination)

Fig. 4. Thombosis of femoral vein in a patient with PC (2D echographic examination)
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Looking for possible predictors of thromboembolism in pancreatic cancer, one previous
study showed that higher levels of TF expression in tumor cells were associated with nearly
4 fold increase in venous thrombosis (Khorana et al, 2007). In a recent retrospective study
that included patients diagnosed with pancreaticobiliary cancers between January 2005 and
December 2008, looked for the association of TF with thromboembolism and survival. This
study included 117 patients with a median age of 65 years of which 68% had pancreatic
cancer and 29% biliary cancers. Thrombotic complications were found in 52 (44.4%) patients.
Elevated levels of TF (greater than 2.5pg/ml) were associated with thromboembolic events
(odds ratio=1.22;p=0.04). Also, TF levels were predictive for a worse overall survival
(hazard ratio=1.05; p=0.01) (Barthuar et al, 2010). These results if confirmed in prospective
studies suggest that TF expressed by neoplastic cells or plasma levels of TF could be used as
independent predictive biomarkers for thromboembolic events in PC patients and also in
other cancers (Khorana et al,2007; Barthuar et al, 2010).

5. Prevention and treatment of thromboembolism in PC
5.1 Prophylaxis of venous trombosis

Epidemiologic and pathogenic data clearly indicate that patients with malignancy had an
important risk of thormboembolic events. In practice, risk stratification can be used to
classify patients according to their thrombotic risk. The ACCP guidelines consider the
patient with cancer in the very high risk category particularly when surgery is
recommended. Other factors that may increase patient’s risk are age, immobilization, prior
history of venous thrombosis, obesity and central venous catheter (Geerts et al, 2004; Caprini
et al, 2001).

Prophylaxis in cancer is indicated mainly in two distinct situations: in patients undergoing
surgery and in medical patients receiving chemotherapy.

Patients undergoing abdominal surgery are a particularly high-risk population who may
benefit for extended thromboprophylaxis. Low molecular weight heparins are preferred as
they showed to be as effective and safe as unfractionated heparin. Several studies showed a
reduction in thromboembolic complications in patients receiving prolonged prophylaxis for
3 or 4 weeks compared to those with 1 week of treatment in postoperative period. This
beneficial effect was not accompaneied by an increase in hemorrhagic complications
(Bergqvist et al, 2002; Rasmussen et al, 2003).

In patients treated with chemotherapy antithrombotic prophylaxis showed also a reduction
in thromboembolic risk. There are 2 trials in patients with PC treated with gemcitabine and
a low molecular weight heparin and another one in wich a low molecular weight heparin
was associated to a combined chemotherapy gemcitabine and cisplatinum.

The results of the Charité Onkologie (CONKO)-004 trial were recently published. The
principal objective of this trail was the evaluation of the reduction in symptomatic
thromboembolic events in patients with advanced PC. The second end point was the overall
survival. Between April 2004 and January 2009, 312 patients with histological confirmed
advanced PC were randomized into two groups as follows: 160 patients received treatment
with enoxaparin 1 mg/kg once a day for 3 month, followed by 40 mg daily and 152 did not
receive antithrombotic prophylaxis. The results indicated a significant reduction of
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symptomatic thromboembolism in treated patients after 3 month (1.25% compared to 9.87%
in non treated patients). This significant difference was also found after 12 months with an
incidence of 5% in treated patients compared to 15.13% in non treated arm of the trial. There
were no significant major hemorrhagic complications in both groups. The median overall
survival was not different between the two groups (9.92 month in treated patients versus
8.15 month in no treatment group; p=0.054), for a median follow up period of 45.44 months
(Reiss et al, 2010).

In the FRAGEM (Chemotherapy With or Without Dalteparin) trial, 123 patients were
randomised to receive dalteparin. This study showed also a significant reduction in
thromboembolic events in patients receiving prophylaxis (Maraveyas et al, 2007).

The third trial aimed to assess the effects of the addition of low molecular weight heparin
(nadoparin) to gemcitabine plus cisplatinum combination in 42 patients with advanced PC.
The results showed a better mean time to progression in the group receiving prophylaxis
(6.0+/-0.9 months) when compared to control group (3.0+/-1.5 months) (p=0.0001). Also
median overall survival time for the nadoparin group was 9.0+/-1.9 months compared to
4.0+/-0.4 months (p=0.0034) in the control group (Icli et al, 2007).

The results of these trials showed that the association of a low molecular weight heparin to
chemotherapy in advanced pancreatic cancer patients reduces the risk of thromboembolic
events. However, the CONKO-004 did not found any improvement in the overall survival
and time to progression. This needs to be verified in future prospective trials.

In patients with central vein catheter used commonly for the administration of
chemotherapeutic agents and parenteral nutrition, anticoagulation is not recommended for
routine prophylaxis of catheter related thrombosis in cancer patients (Geerts et al, 2004).
Even if early studies showed risk of venous thrombosis related to central vein catheters
(Montreal et al, 1996), a large multinational trial that investigated the efficacy of dalteparin
in preventing catheter related thrombosis, found that the risk of thrombosis was not
significantly different in the group treated with dalteparin compared to placebo-treated
patients (Karthaus et al, 2006). Prophylaxis in patients with central vein catheters may be
imposed sometimes when additional risk factors are detected.

5.2 Treatment of venous thrombosis

Treatment of venous thombotic complications in patients with cancer is usually difficult due
to the risk of recurrences and at the same time of bleeding with severe consequences. The
aims of treatment are reduction of clinical manifestations of thrombosis and of the risks
pulmonary embolism and postthrombotic syndrome.

The treatment of choice is the administration of a low molecular weight heparin for one
week followed by an oral anticoagulant (vitamin K antagonist). Low molecular weight
heparins have been shown to be as effective and save as unfractionated heparin. They are
preferred like first line treatment because usually no laboratory monitoring is necessary, and
the risks of developing heparin induced thrombocytopenia and osteoporosis is reduced.
Also the administration of this type of heparin is convenient using once or twice daily doses
as subcutaneous injection (Dolovich et al, 2000; van den Belt et al, 2000, Er &Zacharski,
2006).
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Recurrent thrombosis needs long-term management. In cancer patients prolonged anti
thrombotic, particularly with oral antivitamin K medication, is associated with increased
risk of hemorrhagic complications that may be linked to malnutrition, liver dysfunction and
metastases, reduced alimentary intake or vomiting. The risk of bleeding appears to correlate
with the extent of the disease. In a study that investigated the risk of bleeding in patients
with different extent of the disease, patients with moderately extensive cancer had a 2-3-fold
increase in risk of major bleeding; patients with extensive cancer had a 5-fold increase in this
risk (Prandoni et al, 2002).

Low molecular weight heparins are now preferred as long term secondary prevention
treatment in these patients. This indication is based on the results of several randomized
trials that showed a superior efficacy and safety of low molecular weight heparins
compared with oral anticoagulants in long term administration. In a multicenter
randomized trial patients were treated for 3 month with enoxaparin or with warfarin. Of the
group receiving warfarin 15 (21%) of 71 patients had a major bleeding or a thrombotic
recurrence, compared to 7 (10.5%) of 67 patients treated with enoxaparin (Meyer et al, 2002).
A large multicenter trail, , The Randomized Comparison of Low-Molecular-Weight Heparin
versus Oral Anticoagulant Therapy for the Prevention of Recurrent Venous
Thromboembolism in Patients with Cancer (CLOT) compared treatment with dalteparin
with oral anticoagulant therapy. After 6 months of treatment the probability of recurrent
venous thrombosis was 17% in patients receiving oral anticoagulation compared to 9% in
those treated with dalteparin. There were no significant differences between groups for the
hemorrhagic complications (Lee et al, 2003).

5.3 Antineoplastic effects of anticoagulants

There are evidences that anticoagulant therapy may have also anticancer effects. Heparins in
addition to activation of antithrombin, may promote the release of the tissue factor pathway
inhibitor from the endothelium that blocks tissue factor expressed by tumor cells (Alban, 2001;
Sandset et al, 2001). Heparin is also able to bind to and to inhibit some inflammatory cytokines
that can activate endothelial cells and increase expression of adhesion molecules (Elsayed &
Becker, 2003; Varki ,2007). Heparin may interfere with formation of the platelet "cloak" around
tumor cells suggesting a possible effect in metastasis prevention (Borsig et al, 2001).

Several clinical studies support the efficacy of heparins in improuving tumor response and
survival. The administration of nadroparin in patients with advanced solid cancers
increased median survival to 8 month compared to 6.6 months in patients receiving placebo,
after 6 weeks of treatment (Klerk et al, 2005). Dalteparin associated in the treatemnt of
patients with small cell lung cancer, for 18 weeks improved tumor response and median
overall survival from 8 to 13 months (Altinbas et al, 2004).

Beneficial effects have also been reported for warfarin in cancer patients. A prospective
randomized trial showed that survival of patients with small-cell lung carcinoma had a
significant prolonged survival if warfarin was added to standard therapy. The median
survival and the time to first evidence of disease progression were increased in patients
receiving warfarin (Zacharski et al, 1981).

Data suggesting the participation of coagulation mechanisms in tumour growth are important
arguments for researchers to explore this novel therapeutic strategy in cancer patients.
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6. Conclusions

Pancreatic cancer is associated with a very increased risk of thromboembolic events. The
mechanisms underlying this association are complex and multifactorial but are not yet
clearly understood. Thromboembolic complications in patients with PC indicate a poor
prognosis and a reduction of life expectancy. Antithrombotic prophylaxis in advanced PC
treated with chemotherapy reduces the risk of embolic complications and it may also
improve survival and time to progression of cancer in these patients. The medication of
choice in preventing and treating thrombosis are low molecular weight heparins.
Anticoagulant therapy may help cancer patients due also to a possible antitumor effect.

7. Acknowledgements

This work was partly funded by the research grant INFORAD of the Romanian Ministry of
Education and Research.

8. References

Alban, S. (2001). Molecular weight-dependent influence of heparin on the form of tissue
factor pathway inhibitor circulating in plasma. Semin Thromb Hemost. Vol.27, pp.
503-511. ISSN 0094-6176.

Altinbas, M.; Coskun, H.S,; Er, O.; Ozkan, M.; Eser, B.; Unal, A,, et al. (2004). A randomized
clinical trial of combination chemotherapy with and without low-molecular-weight
heparin in small cell lung cancer. | Thromb Haemost, vol.2, pp. 1266-1271, ISSN 1538-
7933.

Ay, C,; Simonek, R.; Vormittag, R., et al. (2008). High plasma levels of soluble P-selectin are
predictive of venous thromboembolism in cancer patients. Results from the Vienna
cancer and thrombosis study. Blood, vol. 112, no.7, pp. 2703-2708, ISSN 0268-960X.

Barthuar, A.; Khorana, A.A.; Hutson, A., et al (2010). Association of elevated tissue factor
(TF) with survival and thromboembolism (TE) in pancreaticobiliary cancers (PBC).
J Clin Oncol, vol. 28 (15 suppl),pp. 4062, ISSN 2218-4333.

Bennett, C.L.; Silver, S.M.; Djulbegovic, B. et al. (2008) . Venous thromboembolism and
mortality associated with recombinant erythropoietin and darbepoetin
administration for the treatment of cancer-associated anemia. JAMA, vol. 299, pp.
914-924, ISSN 00987484.

Bergqvist, D.; Agneli, G.; Cohen A., et al. (2002). Duration of prophylaxis against venous
thromboembolism with enoxaparin after surgery for cancer. N Engl | Med vol. 346,
pp- 975-980, ISSN 0028-4793.

Bick, R.L. (1992). Coagulation abnormalities in malignancy; a review. Semin Thromb Hemost,
vol.18, no.4, pp.353-372, ISSN 0094-6176.

Blom, ].W.; Doggen, C.].M.; Osanto, S. & Rosendaal, F.R. (2005) Malignancies, prothrombotic
mutations, and the risk of venous thrombosis. JAMA, vol. 293, pp. 715-722, ISSN
00987484.

Blom, J.W.; Osanto, S. & Rosendaal, F.R. (2006). High risk of venous thrombosis in patients
with pancreatic cancer: A cohort study of 202 patients. Eur | Cancer, vol.42, pp. 410-
414, ISSN 1359-6349.



266 Pancreatic Cancer — Clinical Management

Borsig, L.; Wong, R.; Feramisco, J.; Nadeau, D.R.; Varki, N.M. & Varki, A. (2001). Heparin
and cancer revisited: mechanistic connections involving platelets, P-selectin,
carcinoma mucins, and tumor metastasis. Proc Natl Acad Sci USA, vol. 98, pp. 3352-
3357, ISSN 0027-8424.

Browder, T.; Folkmen, J. & Pirie-Shepherd, S. (2000). The hemostatic system as a regulator of
angiogenesis. | Biol Chem; vol. 275, pp.1521-1524, ISSN 0021-9258.

Broze, G.J.(1995). Tissue factor pathway inhibitor and the revised theory of coagulation.
Annu. Rev.Med., vol. 46, pp. 103-112, ISSN 0066-4219.

Caprini, J.A.; Arcelus, JI. & Reyna, J.J. (2001). Effective risk stratification of surgical and
nonsurgical patients for venous thromboembolic disease. Semin Hematol, vol.
38(2Suppl 5), pp. 12-19, ISSN 0037-1963.

Chen, M. & Geng, ].G. (2006). P-selectin mediates adhesion of leukocytes, platelets, and
cancer cells in inflammation, thrombosis, and cancer growth and metastasis. Arch
Immunol Ther Exp (Warsz). Vol. 54, pp. 75-84, ISSN 0004-069X.

Diamant, M.; Tushuizen, M.E.; Sturk, A. & Nieuwland R. (2004). Cellular microparticles:
new players in the field of vascular disease? Eur | Clin Invest, vol. 34, pp. 392-401,
ISSN 0014-2972.

Dolovich, L.R,; Ginsberg, ].S.; Douketis, ].D., et al. (2000). A meta-analysiscomparing low-
molecular-weight heparins with unfractionated heparin in the treatment of venous
thromboembolism:examining some unanswered questions regarding location of
treatment, product type, and dosing frequency. Arch Intern Med,vol. 160, pp.181-
188, ISSN 0003-9926.

Dumitrascu, D.L.; Suciu, O.; Grad, C. & Gheban, D. (2010). Thrombotic complications of
pancreatic cancer: classical knowledge revised. Dig Dis, vol. 28, pp. 350-354.

Echrish, H.; Madden, L.A.; Greenman, J. & Maraveyas, A. (2011). The hemostasis apparatus
in pancreatic cancer and its importance beyond thrombosis. Cancers, vol. 3, pp. 267-
284, ISSN 2072-6694.

Elsayed, E. & Becker, R.C. (2003). The impact of heparin compounds on cellular
inflammatory responses: a construct for future investigation and pharmaceutical
development. | Thromb Thrombolysis, vol. 15, pp. 11-18, ISSN 0929-5305.

Epstein, A.S.; Crosbie, C.; Gardos, S. at al. (2010). A single institution, (MSKCC) analysis of
incidence and clinical outcomes in patients with thromboembolic events and
exocrine pancreas cancer. | Clin Oncol, vol. 28(15 suppl), pp.4126, ISSN 2218-4333.

Er, O. & Zacharsky, L. (2006). Management of cancer associated venous thrombosis. Vasc
Health Risk Manag, vol. 2, pp. 351-356, ISSN 1176-6344.

Ettelaie, C.; Li, C.; Collier, M.E.W.; Pradier, A.; Frentzou, G.A.; Wood, C.G.; Chetter, I.C,;
McCollum, P.T.; Bruckdorfer, K.R. & James, N.J. (2007). Differential functions of
tissue factor in the trans-activation of Cell Signall pathways. Atherosclerosis, vol.
194, pp. 88-101, ISSN: 0021-9150.

Falanga, A. & Rickles, F.R. (1999). Pathophysiology of the thrombophilic state in the cancer
patient. Sem Throm Hemost, vol. 25, pp. 173-182, ISSN 0094-6176.

Folkman, ]. (1995). Angiogenesis inhibitors generated by tumors. Mol Med, vol.1, pp. 120-
122, ISSN 1226-3613.

Geerts, W.H.; Pineo, G.F.; Heit, ].A.; Bergqvist, D.; Lassen, M.R.; Colwell, CW., et al. (2004).
Prevention of venous thromboembolism: the Seventh ACCP Conference on



Coagulation Disorders in Pancreatic Cancer 267

Antithrombotic and Thrombolytic Therapy. Chest, vol. 126, pp. 338-400S, ISSN
0012-3692.

Gilbert, G.E. & Arena, A.A. (1995). Phosphatidylethanolamine induces high-affinity binding
sites for factor-VIII on membranes containing phosphatidyl-L-serin. | Biol Chem,
vol. 270, pp. 18500-18505, ISSN 0021-9258.

Girard, T.J.; Warren, L.A,; Novotny, W.F.; Likert, KM.; Brown, S.G.; Miletich, ]J.P.& Broze,
G.J. (1989). Functional significance of the kunitz-type inhibitory domains of
lipoprotein-associated coagulation inhibitor. Nature, vol.338, pp. 518-520, ISSN
0028-0836.

Gouaulthelimann, M. & Josso, F. (1979). Initiation invivo of blood coagulation-role of white
blood-cells and tissue factor. Nouv Presse Med, vol. 8, pp. 3249-3253, ISSN 0755-4982.

Haag, C.; Thiede C,; Hanig V. & Ehninger G. (2000). Disseminated Intravascular
Coagulation (DIC) After Intraarterial Injection of Adenoviral Vector Containing
P53 in Patients with Pancreatic Cancer in a Phase I/Il Study. Proc Am Soc Clin
Oncol vol. 19, (abstr 1813). 2000 ASCO Annual Meeting, New Orleans, LA, May 20-
23, 2000.

Heit, J.A.; Silverstein, M.D.; Mohr, D.N.; Petterson, T.M.; O'Fallon, W.M. & Melton L.J. 3rd.
(2000). Risk factors for deep vein thrombosis and pulmonary embolism: a
population-based casecontrol study. Arch Intern Med, vol. 160, pp. 809-815, ISSN
0003-9926.

Heit, J.A.; O'Fallon, W.M.; Petterson, T.M.; Lohse, C.M.; Silverstein, M.D.; Mohr, D.N. &
Melton, L.J. (2002). Relative impact of risk factors for deep vein thrombosis and
pulmonary embolism - A population-based study. Arch Intern Med, vol. 162, pp.
1245-1248, ISSN 0003-9926.

Icli, F.; Akbulut, H,; Utkan, G., et al. (2007). Low molecular weight heparin (LMWH)
increases the efficacy of cisplatinum plus gemcitabine combination in advanced
pancreatic cancer. | Surg Oncol, vol. 95, pp. 507-512. ISSN:0022-4790.

Kakkar, A.K; Lemoine N.R.; Scully, M.E. et al. (1995). Tissue factor expression correlates
with histological grade in human pancreatic cancer. Br | Surg vol.82, pp. 1101-1104,
ISSN: 1365-2168.

Kaye, S.B. (1994). Gemcitabine: current status of phase I and II trials. | Clin Oncol, vol. 12, pp.
1527-1531, ISSN 2218-4333.

Karthaus, M.; Kretzschmar, A.; Kroning, H., et al. (2006). Dalteparin for prevention of
catheter-related complications in cancer patients with central venous catheters:
final results of a double-blind, placebo controlled phase III trial. Ann Oncol, vol. 17,
pp- 289-296, ISSN 0923-7534.

Kirwan, C.C; McDowell, G.; McCollum, C.N. & Byrne, G.J. (2011). Incidence of Venous
Thromboembolism during Chemotherapy for Breast cancer_Impact on cancer
outcome. Anticancer Res, vol. 31, no. 6, pp. 2383-2388, ISSN 0250-7005.

Klerk, C.P.; Smorenburg, S.M.; Otten, H.M.; Lensing, A.W.; Prins, M.H.; Piovella, F., et al.
(2005). The effect of low molecular weight heparin on survival in patients with
advanced malignancy. | Clin Oncol, vol. 23, pp. 2130-2135, ISSN 2218-4333.

Khorana, A.A. (2003). Malignancy, thrombosis and Trousseau: the case for an eponym. |
Thromb Haemost, vol. 1, pp. 2463-2465, ISSN: 1538-7933.

Khorana, A.A, & Fine, R.L. (2004). Pancreatic cancer and thromboembolic disease. Lancet
Oncol, vol. 5, pp. 655-663, ISSN 1470-2045.



268 Pancreatic Cancer — Clinical Management

Khorana, A.A.; Ahrendt S.A. & Ryan C.K. (2007). Tissue factor expression, angiogenesis and
thrombosis in pancreatic cancer. Clin Cancer Res vol.13,no. 10, may 15, pp. 2870-
2875, ISSN: 1078-0432.

Lee, AY.; Levine, M.N.; Baker, R.I, et al. (2003). Low molecular weight heparin versus a
coumarin for the prevention of recurrent venous thromboembolism in patients
with cancer. N Engl | Med, vol. 349, pp. 146-153, ISSN 0028-4793.

Levine, M.N. (1997). Prevention of thrombotic disorders in cancer patients undergoing
chemotherapy. Thromb Haemost, vol. 78, pp. 133-136, ISSN: 0340-6245.

Levitan, N.; Dowlati, A.; Remick, S.C., et al. (1999). Rates of initial and recurrent
thromboembolic disease among patients with malignancy versus those without
malignancy. Risk analysis using Medicare claims data. Medicine (Baltimore), vol. 78,
pp. 285-291, ISSN: 0025-7974.

Liu, Y. & Mueller, B.M. (2006). Protease-activated receptor-2 regulates vascular endothelial
growth factor expression in MDA-MB-231 cells via MAPK pathways. Biochem Bioph
Res, vol. 344, pp. 1263-1270, ISSN 0006-291X.

Lomberk, G. (2010). Angiogenesis. Pancreatology, vol. 10, pp. 112-113, ISSN: 1424-3903.

Maraveyas, A. Holmes, M. Lofts, F., et al. (2007). Chemoanticoagulation versus
chemotherapy in advanced pancreatic cancer: results of the interim analysis of the
FRAGEM trial. Program and abstracts of the 43rd Annual Meeting of the American
Society of Clinical Oncology; June 1-5, 2007; Chicago, Illinois. Abstract 4583. | Clin
Oncol, vol. 25, pp. 4583, ISSN 2218-4333.

Mechtcheriakova, D.; Wlachos, A.; Holzmuller, H.; Binder, B.R. & Hofer, E. (1999). Vascular
endothelial cell growth factor-induced tissue factor expression in endothelial cells
is mediated by EGR-1. Blood, vol. 93,pp. 3811-3823, ISSN 0268-960X.

Meyer, G.; Marjanovic, Z.; Valcke, J., et al. (2002). Comparison of lowmolecular-weight
heparin and warfarin for the secondary prevention of venous thromboembolism in
patients with cancer: a randomized controlled study. Arch Intern Med, vol. 162, pp.
1729-1735, ISSN 0003-9926.

Milsom, C.C.; Yu, J.L.; Mackman, N.; Micallef, J.; Anderson, G.M.; Guha, A. & Rak, JW.
(2008). Tissue Factor Regulation by Epidermal Growth Factor Receptor and
Epithelial-to-Mesenchymal Transitions: Effect on Tumor Initiation and
Angiogenesis. Cancer Res, vol. 68, pp. 10068-10076, ISSN: 0008-5472.

Nemerson, Y. (1988). Tissue factor and hemostasis. Blood, vol. 71, pp. 1-8, ISSN 0268-960X.

Neoptolemos, J.P.; Dunn, J.A.; Stocken, D.D., et al. (2001). Adjuvant chemoradiotherapy and
chemotherapy in respectable pancreatic cancer: a randomized controlled trial.
Lancet, vol. 358, no. 9293, pp. 1576-1585, ISSN: 0140-6736.

Nitori, N.; Ino Y.; Nakanishi Y, et al. (2005). Prognostic significance of tissue factor in
pancreatic ductal adenocarcinoma. Clin Cancer Res, vol. 11, pp. 2531-2539, ISSN:
1078-0432.

Offord, R.; Lloyd, A.C; Anderson, P. & Bearne, A. (2004). Economic evaluation of
enoxaparin for the prevention of venous thromboembolism in acutely ill medical
patients. Pharmacy World Sci, vol. 26, pp. 214-220, ISSN 0928-1231.

Palumbo, ].S.; Kombrinck, K.W.; Drew, A.F.; Grimes, T.S.; Kiser, ] H; Degen, J.L. &
Bugge, T.H. (2000). Fibrinogen is an important determinant of the metastatic
potential of circulating tumor cells. Blood, vol. 96, pp. 3302-3309, ISSN 0268-960X.



Coagulation Disorders in Pancreatic Cancer 269

Pinzon, R.; Drewinko, B.; Trujillo, ].M. , et al. (1986). Pancreatic carcinoma and Trousseau’s
syndrome: experience at a large cancer center. | Clin Oncol, vol. 4, no. 4, pp. 509-514,
ISSN 2218-4333.

Prandoni, P.; Lensing, A.W.; Piccioli, A., et al (2002). Recurrent venous thromboembolism
and bleeding complications during anticoagulant treatment in patients with cancer
and venous thrombosis. Blood, vol. 100, pp. 3484-3488, ISSN 0268-960X.

Price, L.H.; Nguyen M. B.; Picozzi V. ]. & Kozarek R. A. (2010). Portal vein thrombosis in
pancreatic cancer: Natural history, risk factors, and implications for patient
management. Poster session Meeting: 2010 Gastrointestinal Cancers Symposium,
Orlando, Florida, USA, 22-24, January, 2010.

Rahr, H.B. & Serensen, J.V. (1992). Venous thromboembolism and cancer. Blood Coagul
Fibrinolysis, vol. 3, pp. 451-460, ISSN 09575235.

Rasmussen, M.S,;  Wille-Jorgensen, P.; Jorgensen, LN. et al (2003).
Prolongedthromboprophylaxis with low molecular weight heparin (dalteparin)
following major abdominal surgery for malignancy [abstract]. Blood, vol. 102pp.
186, ISSN 0268-960X.

Reiss, H.; Pelzer, U.; Opitz, B., et al. (2010). A prospective, randomized trial of simultaneous
pancreatic cancer treatemnet with enoxaparin and chemotherapy: Final results of
the CONKO-004 trial. ] Clin Oncol, vol. 28(15Suppl), pp. 4033, ISSN 2218-4333.

Rickles, F.R.; Patierno, S. & Fernandez, P.M. (2003).Tissue factor, thrombin, and cancer.
Chest, vol. 124, pp. 58-68S, ISSN 0012-3692.

Ruf, W.; Fischer, E.G.; Huang, H.Y.; Miyagi, Y.; Ott, I; Riewald, M. & Mueller, B.M. (2000).
Diverse functions of protease receptor tissue factor in inflammation and metastasis.
Immunol Res, vol. 21, pp. 289-292, ISSN: 0923-2494 .

Sack, Jr G.H.; Levine, J. & Bel, W.R. (1977). Trousseau’s syndrome and other manifestations
of chronic disseminated coagulopathy in patients with neoplasms : clinical,
pathophysiologic, and therapeutic features. Medicine (Baltimore), vol. 56, no. 1, pp.
1-37, ISSN: 0025-7974.

Sandset, P.R; Bendz, B. & Hansen, ].B. (2000). Physiological function of tissue factor
pathway inhibitor and interaction with heparins. Haemostasis, vol.30(suppl 2), pp.
48-56, ISSN: 0340-6245.

Shah, M.M. & Saif, M.W. (2010). Pancreatic cancer and thrombosis. Highlights from the
“2010 ASCO Annual Meeting”. Chicago, IL, USA. June 4-8, 2010. JOP; jul 5, vol.11,
no. 4, pp. 331-333, ISSN 1590-8577.

Shen, Y.; Zhou, X.; Wang, Z,; Yang, G; Jiang, Y.; Sun, C;; Wang, J.; Tong, Y. & Guo, H.
(2011). Coagulation profiles and thromboembolic events of bortezomib plus
thalidomide and dexamethasone therapy in newly diagnosed multiple myeloma.
Leuk Res, vol. 35, no. 2, pp. 147-151, ISSN:0145-2126.

Serensen, H.T.; Mellemkjaer, L.; Olsen, ]J.H., et al. (2000). Prognosis of cancers associated with
venous thromboembolism. N Engl | Med, vol. 343, pp. 1846-1850, ISSN 0028-4793.

Sproul, E.E. (1938).Carcinoma and venous thrombosis: the frequency of association of
carcinoma in the body or tail of the pancreas with multiple venous thromboses. Am
J Cancer, vol. 34, pp. 566-573, ISSN: 1175-6357.

Tesselaar, M.E.T.; Romijn, F.; van der Linden, LK., Bertina, RM. & Osanto, S. (2009).
Microparticleassociated tissue factor activity in cancer patients with and without
thrombosis. | Thromb Haematol, vol. 7, pp. 1421-1423, ISSN 1740 3340.



270 Pancreatic Cancer — Clinical Management

Tilley, R.E.; Holscher, T.; Belani, R.; Nieva, J. & Mackman, N. (2008).Tissue factor activity is
increased in a combined platelet and microparticle sample from cancer patients.
Thromb Res, vol. 122, pp. 604-609, ISSN: 0049-3848.

Traynelis, S.F.&Trejo, ]. (2007). Protease-activated receptor signaling: New roles and
regulatorymechanisms. Cur Opin Hematol, vol. 14, pp. 230-235, ISSN: 1065-6251.

Trousseau, A. (1865). Plegmasia alba dolens. Lectures on clinical medicine, delivered at the
Hotel-Dieu, Paris, vol. 5, pp. 281-332.

van den Belt, A.G,; Prins, M.H.; Lensing, AW, et al. (2000). Fixed dose subcutaneous low
molecular weight heparins versus adjusted dose unfractionated heparin for venous
thromboembolism. Cochrane Database Syst Rev, CD001100, ISSN:1469-493X.

Varki, A. (2007). Trousseau's syndrome: multiple definitions and multiple mechanisms.
Blood, vol.110, pp. 1723-1729, ISSN 0268-960X.

Verso, M. & Agnelli, G. (2003). Venous thromboembolism associated with long-term use of
central venous catheters in cancer patients. | Clin Oncol, vol. 21, pp. 3665-3675.

Verso, M.; Agnelli, G.; Kamphuisen, P.W., et al. (2008). Risk factors for upper limb deep vein
thrombosis associated with the use of central vein catheter in cancer patients. Infern
Emerg Med, vol. 3, no.2, pp. 117-122, ISSN: 1828-0447.

Ueda, C.; Hirohata, Y.; Kihara, Y.; Nakamura, H.; Abe, B.; Akahane, K.; Okamoto, K.; Itoh,
H. &Otsuki, M. (2001). Pancreatic cancer complicated bydisseminated
intravascular coagulation associated ~with production of tissue factor. ]
Gastroenterol, vol. 36, no.12, pp. 848-850.

Wada, H.; Wakita, Y. & Shiku, H. (1995). Tissue factor expression in endothelial-cells in
health anddisease. Blood Coagul Fibrin, 6, S26-S31, ISSN 09575235.

Wall, J.G.; Weiss, R.B.; Norton, L.; Perloff, M.; Rice, M.A.; Korzun, A.H. & Wood, W.C.
(1989). Arterial thrombosis associated with adjuvant chemotherapy for breast
carcinoma-a cancer and leukemia group study. Am | Med, vol.87, pp. 501-504, ISSN:
0002-9343.

Yamanaka, Y.; Friess, H.; Kobrin, M.S.; Buchler, M.; Beger, H.G. & Korc, M. (1993).
Coexpression of epidermal growth factor receptor and ligands in human pancreatic
cancer is associated with enhanced tumor aggressiveness. Anticancer Res, vol.13, pp.
565-569, ISSN: 0250-7005.

Zacharski, L.R.; Henderson, W.G; Rickles, F.R., et al. (1981). Effect of warfarin on survival in
small cell carcinoma of the lung. JAMA, vol. 245, pp. 831-835, ISSN 00987484.

Zangari, M.; Fink, LM.; Elice, F., et al (2009). Thrombotic Events in Patients with Cancer
Receiving Antiangiogenesis Agents. JCO (October 10), vol. 27, no. 29, pp. 4865-4873,
ISSN 0732-183X.

Zhang, Y.M.; Deng, Y.H.; Luther, T.; Muller, M.; Ziegler, R.; Waldherr, R.; Stern, D.M. &
Nawroth, P.P. (1994). Tissue factor controls the balance of angiogenic and
antiangiogenic properties of tumour-cells in mice. | Clin Invest, vol. 94, pp. 1320-
1327, ISSN 0021-9738.

Zwicker, J.I; Kos, C.A.; Johnston, K.A.; Liebman, H.A.; Furie, B.C. & Furie, B. (2007). Tissue
factor bearing microparticles is associated with an increased risk of venous
thromboembolic events in cancer patients. Thromb Res, vol. 120, pp. S143-5143, ISSN
0049-3848.



16

Clinical Implications of an Expandable Metallic
Mesh Stent for Malignant Portal Vein Stenosis
in Management of Unresectable
or Recurrent Pancreatic Cancer

Yoshinori Nio
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Japan

1. Introduction

Pancreatic cancer (PC) remains one of the most lethal common malignancies. More than 80%
of patients with PC cannot be cured by surgical resection (Li D et al., 2004); the actuarial 5-
year survival rate after curative resection is approximately 20% (Crist et al., 1987), and the
median survival time (MST) after surgical resection ranges between 11 and 24 months
(Nitecki et al., 1995). In other words, most patients develop recurrent disease in the near
future even after curative resection.

Advanced or recurrent PC frequently invades the surrounding organs or tissues, and the
patients require substantial palliative interventions, especially against biliary obstruction,
gastric or duodenal outlet obstruction, and severe abdominal or back pain. In addition,
when the portal vein (PV) is invaded and occluded, the patient suffers from various portal
hypertension (PH)-associated symptoms and liver dysfunction, including jaundice, ascites,
and bleeding tendencies, which disturb chemotherapy (ChT) or radiotherapy (RT).

PC-associated portal obstruction is classified into two categories, intrahepatic obstruction and
extrahepatic obstruction. In the case of intrahepatic or hilar PV stenosis, a wall-stent is usually
applied (Tsukamoto et al., 2003); however, a wall-stent cannot be used for the extrahepatic PV
stenosis, because it may occlude the splenic vein, which joins the extrahepatic PV, leading to
serious complications. In patients with extrahepatic PV obstruction, we placed an expandable
metallic mesh (EMM) stent into the PV via the ileocecal vein following a mini-laparotomy. A
total of 14 patients with inoperable or recurrent PC were given an EMM-PV-stent and received
subsequent ChT and/or RT, and the treatment results were retrospectively compared with
patients without an EMM-PV-stent.

2. Patients and methods
2.1 Patients

We treated a total of 97 patients with inoperable or recurrent PC. Of 97 patients, 68 received
ChT, 28 received RT using LINAC at 40 - 60Gy (2Gy x 20 - 30 times) and 14 were given an
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EMM-PV-stent. All patients were treated in the Department of Surgery, Shimane University
School of Medicine.

2.2 Methods

A Bird Luminex EMM-stent (6 - 12 mm in diameter and 4 - 8 cm in length) was used. The
patients received a mini-laparotomy at the ileocecal region and the ileocecal vein was cut-
down. Under guidance with image roentgenography, the stenotic portion of the PV was
dilated by a balloon catheter and the EMM-stent was placed. In one case, 3 stents were
placed, and in the other 13 cases, a single stent was placed. All patients were given
heparin continuously at 5,000 U/day for 7 days, and then biaspirin or warfarin for 1 - 3
months.

2.3 Chemotherapy (ChT) and radiotherapy (RT)

The ChT included oral UFT (uracil and tegafur) at 300 - 400 mg/day daily, oral
cyclophosphamide (CPA) at 50 mg/day every other day, and/or gemcitabine (GEM) at 200 -
400 mg/body weekly or biweekly in combination or singly. The regimens administered
were decided according to the performance status with fully informed consent of the
patients and/or their families. Six patients were given a UC (UFT and CPA) regimen orally
in combination with GEM, and the other 7 patients received other regimens: 2 UC, 2 GEM
alone, 1 UC + cisplatin + epirubicin, 1 UFT alone, and one GEM + TS-1. However, 1 patient
died without receiving any ChT.

RT was performed using LINAC at 40 - 60Gy (2Gy x 20 - 30 fractions).

2.4 Evaluation of the objective response (OR) to the therapies

The OR of the tumor was assessed using roentgenography, computed tomography (CT), or
ultrasonography (US) using the following standard criteria: i) a complete response (CR)
indicated total disappearance of the tumor for at least 4 weeks, during which time the
patient was free of all symptoms related to pancreatic cancer; ii) a partial response (PR) was
defined as a 50% or greater reduction in the sum of the products of the two perpendicular
diameters of all measurable tumor lesions as compared to their original size for at least 4
weeks. During this time, there must have been no increase of >25% in the size of any single
lesion or the appearance of any new lesion; and iii) progressive disease (PD) was defined as
a greater than a 25% increase in the sum of the products of the diameters of all measurable
lesions, the appearance of any new lesion, or a deterioration in the clinical status that was
consistent with disease progression; and iv) stable disease (SD) was indicated for those
patients who failed to meet the criteria for a CR, PR or PD, and who remained in the study
for at least 8 weeks. The duration of the response was measured from the first day of
injection of the agents to the day of the increase in tumor size.

2.5 Evaluation of side-effects

The National Cancer Institute - Common Toxicity Criteria were used for evaluation of side-
effects (NCI-CTC version 2.0). All of the patients were followed by physical examination,
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routine hematological and biochemical examinations, and serum tumor marker assays to
evaluate side-effects.

2.6 Statistics

The effects of the therapies were evaluated with respect to the response rate (RR) of the
tumor and the survival rate after therapy. The overall survival (OS) was calculated by
the Kaplan-Meier method. Multivariate analysis of the maximum likelihood estimates
using Cox’s proportional hazard model was used to obtain the conditional risk of
carcinoma-related death. All analyses were performed using StatView software (SAS
Institute Inc., Cary, NC, USA) and a p-value less than 0.05 was considered statistically
significant.

3. Treatment results

The effects of the EMM-PV-stent are summarized in Table 1. In 4 cases, the EMM-PV-stent
was very effective, and the ascites and/or hemorrhagic tendency were improved.
Furthermore, ChT and RT were also effective and 3 CRs and 3 PRs were observed: the
overall RR (CR + PR) was 42.9%, and SDs were observed in 3 patients. However, in the 2
remaining cases, the EMM-PV-stent was not effective: one patient died of gastrointestinal
bleeding and the other died of liver dysfunction and cachexia due to increased liver
metastasis.

I. Objective response
Complete response (CR)
Partial response (PR)
Stable disease (SD)

W W W

Progressive disease (PD) 5

Overall response rate (CR+PR) 42.9%(6/14)
1I. Other clinical benefits

Pain relief

Decrease or disappearance of ascites

Improvement in hyperglycemia

= =) NN

Improvement in thrombocytopenia

Table 1. Objective response and clinical benefits

The procedure for an EMM-PV-stent is shown in the treatment course of one representative
case in Figure 1 - 4. The patient had a pancreatic head carcinoma causing obstructive
jaundice, and the PC was diagnosed as inoperable because splenic metastasis and PV
occlusion were observed (Figure 1A,1B and 1C).
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Fig. 1. A representative case with portal stenosis

A. Percutaneous transhepatic cholangiography. Arrows indicate stenosis.
B. CT. Circle indicates a pancreatic head cancer

C. Portography. Arrow indicates extrahepatic portal stenosis

The patient underwent a laparotomy, but peritoneal dissemination and malignant ascites
were also seen. In order to release the obstruction of the bile duct and duodenum, the
patient received bypass surgeries with a cholecysto-jejunostomy and a gastro-jejunostomy.
In addition, she received placement of an EMM-PV-stent with three metallic stents, as
shown in Figure 2A,2B,2C,2D and 2E.

After surgery, she was treated with ChT consisting of oral UFT plus CPA with intravenous
GEM, and RT to a total of 50 Gy. The tumor responded well to the therapies, and the splenic
metastasis and primary lesion disappeared completely 4 months after the surgery (Figure 3).
Finally, she died of malignant ascites 21 months after the initiation of treatment. Figure 4
summarizes the treatment course.
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Fig. 2. Procedure of portal stent

A. An expandable metallic mesh stent (Bird Luminex)
B. Arrow indicates portal stenosis

C. Balloon dilatation

D. Insertion of three stents

E. Portography after portal stent
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Fig. 3. Comparative CT before and after PV-stent
A. Before PV-stent

B. Two months after PV-stent

C. Six months after PV-stent
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Circles indicate pancreas head and portal vein.

Died of malignant ascites
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G

1000 RT 50G
750 .
Disease-
fi
500 Tee
250

i

0 ; 4 1 t t t
0 1 2 3 4 5month
l UFT p.o. 300mg/day ”H_I
[ CPA p.o. 100mg/day | Il

AL o] Ak

Fig. 4. Treatment course

The survival curves after the initiation of treatment and placement of the EMM-PV-stent are
shown in Figure 5.

I
5 EMM-PV-stent group (n=14)

87 p=0.0006 vs. control

Survival rate
(=2}
&
&
o H
S f‘

47 »
5 -~
Control group (n=83) G- —\
0 6 12 18 24

Months after the initiation of therapy

Fig. 5. Comparative survival curves.



278 Pancreatic Cancer — Clinical Management

The survival curve of the EMM-PV-stent group was significantly higher than that of the
remaining patients (control group, n=83) (p=0.0006 by Cox-Mantel): the 6 months and 1-year
survival rates were 85.7% and 54.5% for the EMM-PV-stent group vs. 32.0% and 16.2% for
the control group, respectively, while the MSTs were 13.0 vs. 4.0 months, respectively
(Table 2).

Survival rate (%) Median survival
Group 6-month 1-year (months) p-value
Control 32.0 16.2 5.9
EMM-PV-stent 85.7 54.5 12.7 0.0006

Table 2. Comparative survival between the control and EMM-PV-stent groups

The implications of EMM-PV-stenting in the treatment results were analyzed by
multivariate analysis (Table 3), but this demonstrated that an EMM-PV-stent was not a
significant factor, while RT and ChT were significant prognostic factors. This suggests that
an EMM-PV-stent itself does not improve the patients’ survival, but it is beneficial for
improving the efficacy of ChT or RT by reducing the risk of liver failure or hemorrhagic
tendency.

Variables Conditional risk ratio p-value
(95% confidence limit)
Age 1.000 (0.978 - 1.022) 0.9718
Palliative surgery 0.830 (0.485 - 1.423) 0.4986
PV-stent 0.537 (0.195 - 1.481) 0.2298
Chemotherapy 0.349 (0.206 - 0.590) <0.001
Radiotherapy 0.427 (0.220 - 0.830) 0.012

Table 3. Multivariate analysis by Cox’s proportional hazard risk model

4, Discussion

In the present study, we used an EMM-stent as the PV-stent, although in general, for a
vascular stent, a wall stent is used. The reason for using an EMM-stent is that a wall stent
occludes the splenic vein, which is joined to the PV, and may lead to serious complications.
In intrahepatic PV stenosis cases, a wall stent can be used, but pancreatic cancer usually
causes extrahepatic PV stenosis. Furthermore, in intrahepatic PV stenosis, a percutaneous
transhepatic procedure is usually applied to place the wall stent into the PV. However, we
placed an EMM-stent into the PV via the ileocecal vein using laparotomy because it is very
difficult to define the occlusive site from the distal PV under image roentgenography, and a
percutaneous transhepatic procedure carries various risks such as intra-abdominal bleeding
and perforation, which can be more easily managed by laparotomy.

One of the disadvantages of placing an EMM-stent is that the tumor frequently invades
through the mesh into the lumen, resulting in re-obstruction. Accordingly, RT and/or ChT
are essential to inhibit tumor invasion into the lumen.

The present study included 14 patients who received placement of an EMM-PV-stent and
adjuvant ChT or RT, and the RR was 43%: the 1-year survival rate was 54.5% for the EMPV-
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stent group vs. 16.2% for the control group, and the MSTs were 13.0 vs. 4.0 months,
respectively (p=0.0006). These RR and survival rates are high and long for PC, as compared
with previous reports, in which the RR of a combination regimen with 5-FU, GEM and their
combinations ranged between 5% and 25%, while the MST ranged between 4 and 10 months
(Van Cutsem et al., 2004; Okusaka & Kosuge, 2004; Pasetto et al., 2004; Heinemann, 2002;
Novarino et al., 2004; Berlin et al., 2002), although the sample size of the present study was
too small to draw any conclusive interpretations.

The present study also demonstrated that an EMM-PV-stent was not a significant prognostic
factor, although the survival rate was significantly higher in the EMM-PV-stent group than the
control group. However, ChT and RT were significant prognostic factors by multivariate
analysis (p<0.001 and 0.0120, respectively). These results indicate that the EMM-PV-stent itself
does not improve prognosis, but that ChT and RT may play important roles in regressing the
tumor, and that an EMM-PV-stent helps to improve the efficacy of ChT and RT in patients
with PH-associated complications that cause liver dysfunction and pancytopenia, especially
thrombocytopenia and leucocytopenia (due to hypersplenism), and gastrointestinal bleeding.
However, in order to achieve clinically beneficial treatment results, ChT and RT at a sufficient
dose to regress the tumor are very important in patients with PH, as a dose of ChT or RT
sufficient to regress the tumor cannot be administered. Since liver dysfunction and
pancytopenia can easily be exacerbated by ChT and RT, there are major difficulties for the
administration of a dose of ChT or RT sufficient to induce regression of PC. Therefore,
placement of a PV-stent improves the efficacy of these adjuvant therapies by removing any
PH-associated co-morbidities. Furthermore, in the present study, pain and other PH-
associated symptoms such as ascites and hyperglycemia were also improved.

We administered UFT, CPA, and GEM as the ChT regimen in most patients. These regimens
were unique to our team. GEM now plays a core role in ChT for advanced PC, and various
combination regimens have been attempted. The present study used a low dose of GEM at
200 - 400 mg (almost equivalent to 150 - 300 mg/m?2), although most studies used standard
doses of GEM at 800 - 1000 mg/m?2. However, this low dose was used in order to reduce the
side-effects in combination with RT because our previous preliminary study on RT in
combination with GEM at standard doses for inoperable PC resulted in serious
myelosuppression, especially thrombocytopenia. Our previous study using this
combination regimen with UFT, CPA and GEM at low doses resulted in a 27% RR and 23%
clinical benefit response (CBR), and a 10.7 month MST (Nio et al., 2005.).

Here, we oral UFT instead of iv 5-fluorouracil (5-FU). In Japan, UFT has been used as a
substitute for iv 5-FU for various malignancies such as gastric, colorectal, lung and breast
cancer, and several studies in other countries have demonstrated that UFT was as effective
as v 5-FU, with a better toxicity profile (Sulkes et al., 1998; Van Cutsem & Peeters, 2000).
Furthermore, the present ChT combined CPA in addition to GEM and UFT because
previous reports including ours demonstrated that CPA augments the antitumor activity of
fluoropyrimidines by modulating the activity of various enzymes, which are associated with
pyrimidine metabolism, such as augmenting ribonucleotide reductase, inducing thymidine
phosphorylase and inhibiting intratumoral activity of dihydropyrimidine dehydrogenase
(Haga et al., 1999; Endo et al., 1999; Nio et al., 2007).

As discussed above, the treatment results of advanced or recurrent PC are not satisfactory,
and the EMM-stent itself has no effect to regress the tumor; it only improves the PH-
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associated symptoms. Recently, various new agents have been introduced to the ChT for
advanced PC, including TS-1, capecitabine, oxaliplatin, irinotecan, erlotinib, and taxanes,
and these should help to improve the poor outcomes for patients with PC.

5. Conclusion

The placement of an EMM-PV-stent is very beneficial for managing PH-associated
symptoms, as well as improving the efficacy of ChT and RT in pancreatic cancer with
malignant PV stenosis or obstruction.
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1. Introduction

Neuroendocrine tumors comprise a spectrum of slow growing neoplasm, characterized by
storage and secretion of variable peptides and neuroamines (Massironi et al., 2008).
Pancreatic neuroendocrine tumors (PNET) are relatively rare, with an estimated incidence of
less than 1 per 1000,000 individuals (Metz and Jensen, 2008). A recent review of surveillance
epidemiology and end results (SEER) (1950-2007) database reported the frequency of PNET
to be around 7% among all identified neuroendocrine tumors (Lawrence et al.,, 2011a).
Furthermore, they comprise 1-2% of all pancreatic neoplasms (Metz and Jensen, 2008).
However, the incidence is considered to be increasing , perhaps in part due to improved
diagnostic capabilities. Median overall survival in PNET ranges from more than 10 years in
localized disease to approximately 2 years in metastatic disease (Yao et al., 2008a). Recently,
considerable headway has been made in the realm of therapeutics. Therefore, it is
imperative that oncologists today have a heightened awareness of this disease entity in
order to provide effective care.

2. Diagnosis, staging and classification

PNETs have also been referred to as pancreatic endocrine or islet cell tumors. It is important
to note that carcinoid and PNETs, although exhibiting identical characteristics histologically,
should be considered separately. It is increasingly clear that these two tumor types are
different in their biology and response to therapy. The clinical presentation of PNET is
extremely variable which depends on the originating cell type and whether there is
secretion of active hormones. Majority of patients remain asymptomatic, but a significant
proportion present with clinical symptoms and hepatic metastases at the time of diagnosis
(Modlin et al., 2008).

Most cases of PNET occur sporadically, however, approximately 10% of cases may be
associated with multiple endocrine neoplasia type 1 (MEN1). MEN1 is an autosomal
dominant syndrome associated with mutations in the tumor suppressor gene menin and
characterized by multiple neuroendocrine tumors in the pancreas, parathyroid and pituitary
glands (Agarwal et al., 2004). PNETs have also been associated with MEN2, Von Hippel-
Lindau disease, Tuberous sclerosis and Neurofibromatosis (Kulke et al., 2011). Although the
incidence of these inherited syndromes is low, it may be important to consider these
syndromes in the diagnostic work up of patients with PNETs.
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It is important to discern the diagnosis of PNET from the more common pancreatic
adenocarcinoma. Grossly, PNETs are solitary well demarcated, tan soft tumors which can
have a nodular appearance, when they exhibit fibrosis. The histological criteria for diagnosis
are well established. These tumors can range from well differentiated ,Jow grade tumors to
more poorly differentiated high grade types. Well differentiated tumors can exhibit various
histological patterns, ranging from a common solid nesting, trabecular to tubular-acinar and
mixed patterns .The cells are characterized by round to ovoid shape, with eosinophilic
granular cytoplasm and prominent nucleoli. Unusual types can exhibit a spindle cell
morphology which is referred to as the “rhabdoid” type. High grade malignancies with high
mitotic rate usually encompass large cell and small cell carcinomas (Asa, 2011).

The usually employed classification schemes, although inconsistent in their criteria, reflect a
basic separation between more indolent, well differentiated and aggressive poorly
differentiated ones. While a number of histologic classification systems have been proposed
for PNET, tumors with high mitotic count (>20/10 high power field) or a Ki-67 proliferation
rate of >20%, generally represent highly aggressive malignancies and should be evaluated
apart from the more classic well differentiated tumors such as classic carcinoid or islet cell
type. These high grade malignancies are generally treated according to small cell carcinoma
guidelines (Asa, 2011; Kloppel et al., 2004; Rindi and Kloppel, 2004). Table 1 outlines the
histologic classification of neuroendocrine tumors.

Differentiation | Mitotic |Grade Ki-67 General features ENETS, WHO
count index (%) classification
Well <2per |LowGrade [<2 Without local Neuroendocrine
differentiated |10 HPF |(G1) invasion tumor grade 1,
(angioinvasionor | WHO type 1.1
perineural (pancreatic)
invasion).
Traditionally
include carcinoid
and PNETs
2-20 per | Intermediate |3-20 With or without Neuroendocrine
10 HPF | grade (G2) gross local invasion | tumor, Grade 2,
or metastases. WHO type 1.2
Traditionally and 2
include carcinoid, | (pancreatic)
atypical carcinoid
and some PNET
Poorly >20 per |High Grade |>20 % Small cell or large | Neuroendocrine
Differentiated |10 HPF |(G3) cell carcinoma, Carcinoma
often widely grade 3 (small
invasive or cell or large
metastatic. cell), WHO type
3 (pancreatic)

ENETS: European Neuroendocrine Tumor Society; WHO: World Health Organization.

Table 1. Histologic classification of Neuroendocrine Tumors.
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Several organizations, including the European Neuroendocrine Tumor Society (ENETS),
and the American Joint Committee on Cancer (AJCC), have proposed staging systems for
neuroendocrine tumors using the TNM notation (Edge and Compton, 2010). Although these
two staging systems are similar for tumor arising in the luminal gut, they differ for earlier
stage PNETs. The ENETS system incorporates tumor diameter in its assessment for T stage,
whereas the AJCC incorporates factors determining resectability. However, both systems
are nearly identical in defining stage IV disease. Because the AJCC system has been widely
accepted and adopted in North America, this is preferably and more commonly used for
classification by tumor stage.

3. Clinical manifestation

When functional, PNETs can be characterized by the type of hormone secreted leading to a
specific clinical manifestation (Table 2). Specific details about some common tumors, based
on the presentation are discussed below.

3.1 Insulinoma

Insulinomas are the most common PNET, comprising 30-40% of these tumors. Overall, they
remain a rare entity with an incidence of approximately 0.4/100,000 patient years (Mathur et
al., 2009).Classically, they present with “Whipple’s Triad”: a combination of symptoms of
hypoglycemia, inappropriately high insulin level and associated blood glucose levels of <50
mg/dl with relief of symptoms on administration of glucose (Whipple and Frantz, 1935). In
a 25-year Massachusetts General Hospital experience with insulinoma, the most common
clinical symptoms in this series of 61 patients were confusion, visual disturbances and
diaphoresis (Nikfarjam et al, 2008). Biochemical diagnosis requires confirmation of
inappropriately elevated insulin, C-peptide and proinsulin levels in the presence of low
serum glucose. Biochemical diagnosis is usually followed by radiological (CT or MRI) or
endoscopic diagnosis. At early stages, the hypoglycemia can be managed with diazoxide
and somatostatin analogues should be used cautiously as it can worsen hypoglycemia
(Goode et al., 1986). Everolimus, an mTOR inhibitor, has been reported to be efficacious in
cases of refractory hypoglycemia (Kulke et al., 2009a).

3.2 Gastrinoma

Gastrinoma and Zollinger-Ellison syndrome are suspected in a patient with recurrent or
refractory peptic ulcer disease and unexplained secretory diarrhea. In such patients, fasting
gastrin level >100 pg/ml is highly suspicious of this diagnosis (Jensen, 1996). Other common
causes of gastric hypersecretion should be excluded, which includes treatment with proton
pump inhibitors (PPI), atrophic gastritis and pernicious anemia. Approximately 25% of
patients will present with diarrhea as primary manifestation without peptic ulcer disease
(Perry and Vinik, 1995). Gastrinomas have a strong predilection for a “gastrinoma triangle”
that includes the pancreatic head, first two-thirds of the duodenum and the porta hepatis
(Howard et al., 1990). A significant proportion of gastrinomas are malignant, with up to one-
third of patients presenting with liver metastases (Mittendorf et al., 2006). PPI therapy is
highly effective for initial symptom management and somatostatin analogues have also
shown effectiveness in controlling symptoms and concomitantly offering tumor stabilization
(Lambers et al., 1984; Shojamanesh et al., 2002).
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3.3 Glucagonoma

Majority of the patients with glucagonomas present with a dermatitis called necrolytic
migratory erythema, causing pruritis and often becoming secondarily infected (Perry and
Vinik, 1995). The clinical manifestation may also include diabetes, depression and deep vein
thrombosis. Glucagonomas are frequently found in the pancreatic tail and have a malignant
potential with a predilection for metastases. A serum glucagon level >500 pg/ml is highly
suspicious of the diagnosis, whereas, a concentration of >10,000 pg/ml is virtually
diagnostic (Chastain, 2001). However, a normal level does not exclude the diagnosis as
secretion of glucagon may be episodic and a high concentration may be seen in other clinical
syndromes such as sepsis, renal and hepatic failure. Initial management with somatostatin
analogues are usually very effective in controlling symptoms however, such treatment may
not have an effect on tumor growth. (Jockenhovel et al., 1994)

3.4 Somatostatinoma

Pancreatic somatostatinoma are usually malignant, and can present clinically with a
syndrome of diabetes, steatorrhea and cholelithiasis (Warner, 2005). The diagnosis can be
confirmed biochemically with marked elevation of serum somatostatin followed by imaging
and endoscopic ultrasound, as with other pancreatic neuroendocrine tumors. Management
with somatostatin analogues may be effective in symptomatic patients.

3.5 VIPoma

Verner and Morrison first described pancreatic endocrine tumors with a clinical syndrome
of watery diarrhea, hypokalemia and achlorohydria (Verner and Morrison, 1958). This
syndrome was subsequently found to be due to ectopic vasoactive intestinal peptide (VIP)
secretion. Biochemical analysis assists in establishing a diagnosis when a marked elevation
(>200 pg/dl) in the serum level of VIP is found (Smith et al., 1998). Symptomatic control of
the diarrhea can be achieved with somatostatin analogues (Kraenzlin et al., 1985).

Tumor Type Symptoms or signs Incidence of metastases
Insulinoma Hypoglycemia leading to <15%
confusion, visual disturbance, (Vinik and Gonzales,
diaphoresis. 2011)
Gastrinoma Abdominal pain, diarrhea 50-85% (Batcher et al.,
(Zollinger-Ellison (secretory), recurrent peptic ulcer |2011;
Syndrome) disease Mittendorf et al., 2006)
Glucagonoma Diabetes, necrotizing migratory | 75%
erythema, cachexia, depression, (Batcher et al., 2011)
deep vein thrombosis
VIPoma, Verner-Morrison Watery diarrhea (secretory), 70-80% (Vinik and
syndrome, WDHA syndrome | hypokalemia Gonzales, 2011)
Somatostatinoma Cholelithiasis, steatorrhea, 80% (Vinik and
diabetes Gonzales, 2011)
Non-functioning Abdominal pain, weight loss, 60-85% (Vinik and
jaundice Gonzales, 2011)

WDHA: Watery diarrhea, hypokalemia and achlorohydria

Table 2. Clinical manifestation of Pancreatic Neuroendocrine Tumors.
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4. Biochemical testing in PNET

As majority of PNETs are non-functional, hormonal assays cannot be used for clinical
assessment. Hence, serum chromogranin A (CgA) has come to represent a common
denominator peptide with the putative ability to serve as a marker of disease activity, in both
functional and non functional tumors. Granins are found as major components of the soluble
core of dense secretory granules in neuroendocrine cells and are secreted in a physiologically
regulated manner (Kim et al., 2001). Eight members have been identified including CgA,
chromogranin B, chromogranin C, Sglll, SgIV, SgV, SgVI and VGF nerve growth factor-
inducible. Granins have been proposed as playing important roles in secretory granule
formation and development. CgA was the initial member identified, and originally detected in
the chromaffin granules of the adrenal medulla (Blaschko et al., 1967). Although the definitive
function of CgA remains unclear, CgA derived peptides mediate a number of biologic
functions including regulation of parathyroid hormone secretion, carbohydrate metabolism,
lipid metabolism and catecholamine secretion etc (Lawrence et al., 2011b).

Serum concentrations of CgA may decrease in patients responding to somatostatin analogs
or other therapies. CgA should be used with caution as a marker of disease activity in
patients treated with somatostatin analogs, because these agents significantly reduce plasma
CgA levels which may falsely reflect any change in tumor size. Increased CgA
concentrations assist in the clinical evaluation of PNETs but they are not specific for this
kind of malignancy. Benign causes of CgA elevation should also be taken into consideration
which include renal insufficiency, liver diseases and in patient taking proton pump
inhibitors. Therefore, use of CgA as a diagnostic or screening test for PNET is discouraged.

5. Conventional imaging and Somatostatin Receptor Scintigraphy (SRS)

Although conventional imaging which include CT or MRI scans are usually employed in the
initial diagnostic workup, they detect less than 50% of most PNETSs that are less than 1 cm,
therefore frequently missing small tumors (especially insulinomas, duodenal gastrinomas)
and small liver metastases (Noone et al., 2005; Rockall and Reznek, 2007). Although, CT
imaging with contrast is perhaps the most common initial imaging obtained, in certain
clinical scenarios endoscopic ultrasound (EUS) paired with fine needle aspiration, remains
the main endoscopic diagnostic technique. Several small studies reveal impressive
diagnostic capability of this modality with reported sensitivity between 80% and 90% (De
Angelis et al., 2011). EUS is much more effective for localizing intrapancreatic PNETs than
extrapancreatic PNETs such as duodenal gastrinomas or somatostatinomas. Moreover, EUS
is particularly helpful in localizing insulinomas, which are small, almost always
intrapancreatic, and frequently missed by conventional imaging (Kulke et al., 2010a).

PNETs frequently overexpress somatostatin receptors and bind synthetic somatostatin
analogues with high affinity. A number of radiolabeled analogues have been developed,
with the most widely used worldwide and the only one available in the United States
being "1In-DTPA-octreotide (Octreoscan). SRS usually utilizes both planar imaging with
either whole body scanning or multiple static acquisitions and single-photon computed
tomography (SPECT). The latter modality can potentially improve the accuracy of SRS. This
can allow SRS to detect up to 50% to 70% of primary PNETs and more than 90% of patients
with metastatic disease. False-positive localizations can occur in up to 12% of patients, so it
is important to interpret the results cautiously (Dabizzi et al., 2010; Kulke et al., 2010a) .



286 Pancreatic Cancer — Clinical Management

6. Role of surgery and liver directed therapy

The therapeutic plan of PNETs is based on the histologic classification and tumor stage.
Surgery remains the cornerstone of treatment of early stage PNETSs. Surgical resection of
localized PNETs offers excellent prognosis and curative potential. Depending on the site
and size, in the absence of distant metastases enucleation may be sufficient. This approach
can easily be employed for many PNETs specially insulinomas, small non functioning
PNETs (<2 cm) and small gastrinomas (Kulke et al., 2010a) . The long term survival in
certain cases may exceed 90% (Service et al., 1991). Whipple pancreatoduodenectomy, left
pancreatectomy or total pancreatectomy can offer a 5-year survival rates of 61%-79% even in
some advanced cases (Dabizzi et al., 2010). The role of surgery in patients with MEN1
syndrome is complicated and remains controversial because the risk of additional
neoplasms within the remaining pancreas and other sites (Demeure et al., 1991).

In patients with limited hepatic metastases, surgical hepatic resection may be feasible to
debulk the tumor burden and help alleviate symptoms. Surgical resection of majority of the
tumor is possible in only 5-15% of PNETs with hepatic metastases (Norton, 2005; Que et al.,
2006). This approach can offer improvement in symptoms in over 90% of patients
(Sarmiento and Que, 2003).Even though most of the evidence in this area is derived from
uncontrolled studies, many agree that surgical resection should be attempted in malignant
PNET with limited hepatic metastases if it is deemed possible that >90% of viable tumor can
be removed (Kulke et al., 2010a).

In patients who are not candidates for surgical hepatic resection, hepatic arterial
embolization remains a viable palliative approach. Important characteristics that are
important for patient consideration is a preserved performance status , liver confined
disease and a patent portal vein. Response rates are generally encouraging ( >50% ) as
measured by either radiographic regression or hormonal secretion (Gupta et al., 2003;
O'Toole and Ruszniewski, 2005; Toumpanakis et al., 2007). Although a number of
techniques exist, including bland embolization, chemo-embolization or radioisotope-
embolization, no data exist determining the superiority of one approach over another.

Other radiological approaches that can be employed in treating the hepatic metastases in
malignant PNET, are radiofrequency ablation and cryoablation (Toumpanakis et al., 2007).
These approaches may not be a feasible option in bulky hepatic disease and the benefit
derived in small volume disease is also not clear. The advantage may be that these
techniques seem to cause less morbidity. Therefore, careful patient selection is crucial to
consider ablative techniques in order to avoid any unwarranted adverse effects.

7. Peptide Reception Radiation Technique (PRRT)

Majority of PNETs express somatostatin receptors, which provides a rationale for PRRT in
selected cases. The most frequently used radionucleotides for PRRT are yttrium (*0Y) and
lutetium (¥77Lu), which have different physical and biological characteristics. One study
reported encouraging results with 129 patients with malignant NETs treated with [177Lu-
DOTA-Tyr3]octreotate and resulted in a complete response in 2%, partial in 32%, and
stabilization in 34% (Kwekkeboom et al., 2008). This form of treatment is generating
widespread interest and more randomized studies are warranted in order to better explain
its efficacy, role and toxicity.
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8. Role of somatostatin analogs

The high expression of somatostatin receptors in PNETs also provides a rationale for
utilizing somatostatin analogs for therapeutic purposes. In the PROMID study, which was a
randomized, placebo-controlled, prospective trial in patients with midgut carcinoid,
treatment with somatostatin analog octreotide was associated with improved time to
progression over placebo (Rinke et al., 2009). Whether this hold true for PNETSs, remains to
be seen and is currently being explored in a number of ongoing studies. According to the
National Comprehensive Cancer Network guidelines, somatostatin analogs should be
considered in patients with hormone hypersecretion, although the authors do state that no
randomized studies to date have demonstrated anti-tumor effect of somatostatin analogs in
PNETs (Kulke, 2011). Octreotide 150-250 mcg subcutaneously three times a day or
octreotide LAR 20-30 mg intramuscularly every 4 weeks can be considered for symptom
control. Short acting octreotide can be added to octreotide LAR for treatment of
breakthrough symptoms.

9. Cytotoxic chemotherapy

A number of chemotherapeutic agents have been tested in advanced metastatic PNETs, with
encouraging results showing antitumor activity. Streptozocin was approved by the FDA in
July, 1982 as a treatment for advanced PNET after initial studies showed sufficient
antitumor effect and response rates. A number of studies by Moertel et al in the 1970’s were
crucial in this area. One trial randomized 84 patients to either streptozocin alone or
streptozocin and fluorouracil. Based on non-standard criteria, 63% of patients were reported
to have a response to therapy, with 33% complete responses in the combination arm
(Moertel et al, 1980). Other combinations that have been evaluated are
streptozocin/doxorubicin or streptozocin/doxorubicin/fluorouracil (Kulke et al., 2010a;
Moertel et al., 1992). Treatment with streptozocin and doxorubicin was associated in a
combined radiological and biochemical response rate of 69% with a median survival
approaching 2 years (Moertel et al., 1992). Based on retrospective data, the 3-drug regimen
of streptozocin, 5-fluorouracil, and doxorubicin is associated with an overall response rate of
39% and a median survival duration of 37 months (Kouvaraki et al., 2004) .The combination
of 5-fluorouracil, Cisplatin and streptozocin was tested in a series of 82 patients with
advanced neuroendocrine tumor, prospectively identified from a database .Sixty percent of
patients in this series were identified to have a pancreatic primary. Although, limited by a
number of weaknesses in the study, the investigators reported a response rate of 38% in
PNETs (Turner et al., 2010). Patients with advanced poorly differentiated PNETs should be
treated along the small cell carcinoma guidelines with therapy based on platinum regimens.
This approach has been shown to result in a response rate of 40 to 70% (Kulke et al., 2010a).
Although, these data support the antitumor activity of streptozocin based regimens, the
acceptability of this approach has been limited because of a cumbersome administration
schedule and toxicity profile.

Temozolomide has been combined with other biological agents such as thalidomide,
bevacizumab and everolimus is phase II studies, yielding a response rate from 24-45%
(Kulke et al., 2010b; Kulke et al., 2006a; Kulke et al., 2006b). Moreover, the combination of
temozolomide and capecitabine has been reported to have an objective response rate of 70%
(Strosberg et al., 2011) .There is also evidence to suggest that 06-methylguanine DNA
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methyltransferase (MGMT) deficiency can predict treatment responses to temozolomide in
PNETs (Kulke et al., 2009b). Considering the available data, temozolomide based treatment
has comparable efficacy to streptozocin based therapies with favorable toxicity profile.
Further larger trials are warranted to further elaborate the role of temozolomide in the
context of modern treatment paradigm in PNET.

10. Biologically targeted therapies

Recently, a number of studies have demonstrated activity in PNETs, targeting the vascular
endothelial growth factor (VEGF) signaling and the mammalian target of rapamycin
(mTOR) pathways. Although, obejective responses have been persistently low across
studies, improvements in progression free survival have been encouraging.

10.1 Targeting VEGF pathway

PNETs are characterized by upregulation of VEGF and VEGF receptor (VEGFR). This
correlates with increased angiogenesis, metastases and can potentially lead to decreased
progression free survival (Zhang et al, 2007). Tyrosine kinase inhibitors with activity
against VEGFR, such as pazopanib, sorafenib and sunitinib, have been evaluated in
advanced PNET demonstrating encouraging results. Pazopanib was evaluated in a multi-
instituion phase II study treating a total of 51 patients , 29 of which had PNET. Patients
received pazopanib 800 mg daily, in addition to octerotide LAR. The response rate among
patients with PNETs was reported to be 17%. Median PFS was reported to be 11.7 months.
Grade 3/4 toxicities were relatively rare and included anemia, neutropenia,
hypertriglyceridemia and liver function derangement (Phan et al., 2010). Another phase 11
trial is evaluating the role of pazopanib in patients with neuroendocrine tumors who may
have had treatment with antiangiogenic and mTOR inhibitors. The trial is currently accruing
and is expected to complete accrual in September 2011 (Capdevila et al., 2011). Sorafenib,
another small molecule tyrosine kinase inhibitor, was evaluated in a phase II study that
included 43 patients with PNET. Patients received sorafenib 400 mg twice daily. In a
preliminary analysis, 10% of patients with PNET were observed to have a partial response
(Hobday et al., 2007).

Sunitinib was evaluated in a multi-institutional phase II study that included 66 patients with
PNET. Patients were treated with repeated 6 week cycles of oral sunitinib (50 mg/d) for 4
weeks followed by 2 weeks off treatment. Overall, objective response rate in PNET was
observed to be 16.7% . One-year survival rate was reported to be 81% in the PNET group
(Kulke et al., 2008). Based on encouraging results from this study, a phase III trial to confirm
the activity of sunitinib was undertaken. Patients were randomized to receive once daily
oral sunitinib at a dose of 37.5 mg or matching placebo. After enrollment of 171 patients, the
data safety monitoring committee recommended the discontinuation of study and accrual
was stopped before the preplanned efficacy analysis. The discontinuation of the study
precluded definitive hypothesis testing for progression free survival difference between the
two arms. An analysis of the enrolled patients, 86 of whom received sunitinib and 85 of
whom received placebo, showed that the median progression free survival was significantly
longer with sunitinib compared to placebo (11.4 months vs. 5.5 months ; hazard ratio= 0.42;
p < 0.001). The objective response rate was 9.3% in the sunitinib group vs. 0% in the placebo
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group. At the data cut off point, the hazard ratio of death was 0.41 (95% CI, 0.19-0.89;
P=0.02), with 10% of deaths reported in the sunitinib arm compared with 25% of deaths
reported in the placebo arm (Raymond et al, 2011a). Grade 3/4 adverse events were
uncommon in the treatment arm with the most common being neutropenia (12%) and
hypertension (10%). Updated results, however, showed continued favorable trend for
overall survival in the sunitinib arm but without statistical significance, with a hazard ratio
of 0.737 (95% CI 0.465- 1.168; p=0.1926) (Raymond et al., 2011b). Based on this trial, FDA
approved sunitinib for advanced PNET in May, 2011.

10.2 Targeting mTOR pathway

mTOR is an intracellular protein kinase which regulates cellular response to nutrients and
energy in addition to mediating signaling through downstream growth factors such as
insulin-like growth factor (IGF-1).Sporadic neuroendocrine tumors are known to co-express
both IGF-1 and its receptor. There is in vitro evidence suggesting stimulation of mTOR
pathway and inhibition of this pathway has demonstrated tumor regression in preclinical
models (von Wichert et al., 2000; Yao, 2007). Temsirolimus and everolimus are rapamycin
derivatives that have been tested in PNET. Temsirolimus was evaluated in a phase II clinical
trial in advanced neuroendocrine tumors which included 15 patients with PNET. Partial
response rate of 6.7% was observed in the PNET patient population (Duran et al., 2006). In
an initial phase 2 study the combination of everolimus and octerotide was evaluated,
reporting a partial response of 27% in patients with PNET (Yao et al., 2008b). The activity of
everoliumus was subsequently evaluated in an international phase II multicenter trial
(RADIANT-1). A total of 160 patients with advanced PNET were enrolled into the study. In
this non randomized study, treatment with everolimus was associated with an overall
response rate of 4.4% and progression free survival duration of 16.7 months in patients
receiving concomitant octerotide. In patients not receiving octerotide, the response rate was
9.6% and progression free survival duration was 9.7 months (Yao et al., 2010a). This was
followed by an international phase III randomized clinical trial (RADIANT 3) assigning 410
patients to receive treatment with everolimus or placebo. Everolimus was administered as
10 mg once daily, in conjunction with best supportive care. Octreotide was given at the
discretion of the investigator. More than 80% of patients had well differentiated disease and
more than 90% had metastases to liver. The median progression free survival as assessed by
the local investigator was 11 months in the everolimus group as compared to 4.6 months in
the placebo arm (hazard ratio 0.35; 95% CI 0.27-0.45; p<0.001). Grade 3/4 adverse events
were rare in the treatment group which included anemia (6%) and hyperglycemia (5%). The
overall tumor response rate associated with everolimus in this study was 5% (Yao et al,,
2011). Based on this trial, the FDA approved everolimus for advanced PNET in May, 2011.

11. Combination strategies

Strategies to combine biological agents have begun in patients with advanced PNET. In a
phase II trial, the combination of everolimus and bevacizumab was recently shown to be
well tolerated and associated with an overall response rate of 26% in low to intermediate
grade neuroendocrine tumors (Yao et al., 2010b). CALGB 80701 is currently randomizing
patients with advanced PNET to receive either treatment with everolimus or everolimus +
bevacizumab, to asses efficacy and toxicity. This trial will hopefully shed more light on the
role for combination strategy in the treatment armamentarium for PNET.
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12. Conclusions

PNETs are a heterogeneous group of rare tumors with a wide range of biological activity,
manifestation and variable prognosis. Accurate clinical, pathologic and histologic diagnosis
is an important first step in developing an appropriate management plan. PNETs should be
considered separately from carcinoid tumors as they are dissimilar in clinical behavior,
response to treatment and prognosis. Surgical resection remains the mainstay of treatment
for early stage disease. Advanced PNET often requires a multidisciplinary approach.
Options for advanced stage include liver directed therapies including surgery and
radioembolization techniques. Systemic treatment option include somatostatin analogs for
symptom control, cytotoxic chemotherapy (temozolomide or streptozocin based regimens)
and molecularly targeted agents (sunitinib and everolimus). No specific treatment sequence
currently exists. Future studies will provide more insight into combination strategies and
expand our treatment options for patients with this disease.
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1. Introduction

Pancreatic cancer (PCa) as one of the most aggressive malignancies of mankind has an
unparallelled propensity to invade intrapancreatic nerves. This “neural invasion” is
therefore one of the most frequent routes of spread in PCa in addition to lymphatic and
vascular paths. The major clinical relevance of neural invasion (NI) has triggered intense
research efforts to understand its pathomechanims, and the findings derived from all these
studies show how multi-faceted this peculiar route of cancer invasion in PCa is. This chapter
is devoted to a thorough description of the characteristics, the pathomechanism and the
clinical impact of NI in PCa, with the discussion of the most important pathways which may
be future targets for therapeutic intervention.

2. What is “neural invasion” in pancreatic cancer?

NI is a relatively new and more comprehensive term for the traditionally used description
“perineural invasion”. In several malignancies, e.g. in the prostate, head and neck, but also
several gastrointestinal malignancies, cancer cells are commonly encountered around nerves
(Liebig et al., 2009). The frequent presence of cancer cells along the perineurium, the protective
sheet around neural fascicles, has hence made pathologists adopt the term “perineural
invasion”. Classically, cancer cells which penetrate through the epineurium come to lie
between the epineurium and the underlying perineurium and “push” on the nerve fascicles
within the constrained intraneural area. The earliest report on perineural invasion stems from
Cruveilheir in 1835 where he noticed that cancer cells can actually extend along the invaded
nerves (Demir et al., 2010). Interestingly, although pathologists frequently observed perineural
invasion in several types of tumors, its role except for serving as an additional path of cancer
spread has not been genuinely investigated and understood until 1990s. In his pioneering
article on the ultrastructural features of perineural invasion in PCa, Dale Bockman from
Augusta, Georgia, USA performed an electron microscopic analysis of invaded nerves in PCa
(Bockman et al., 1994). There, he noted that, in contrast with the traditional assumption, PCa
cells penetrate through the perineurium and become intimately associated with the interior of
nerve fascicles, i.e. axons and Schwann cells (Bockman et al., 1994). These observations made
by Bockman during mid-1990s laid the foundation for our understanding and the subsequent
research on NI in PCa into the present time.
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It should be noted that NI is often used to denote invasion of intrapancreatic nerves
(Liu&Lu, 2002). However, it is at the same time a more comprehensive term for intra- as
well as extrapancreatic nerve invasion (Bockman et al, 1994; Takahashi et al., 1997;
Takahashi et al., 2001; Mitsunaga et al., 2007). In contrast with their European counterparts,
several studies from the Far East were devoted to the study of extrapancreatic nerve
invasion through collection of specimens from retro- and peripancreatic nerves during
autopsy (Nakao et al, 1996, Takahashi et al, 1997; Hirai et al., 2002; Liu&Lu, 2002;
Mitsunaga et al., 2007). In those studies, “extrapancreatic nerve invasion” is often used
synonymously with NI (Nakao et al., 1996; Takahashi et al., 1997; Hirai et al., 2002; Liu&Lu,
2002; Mitsunaga et al., 2007).

3. What are the specific histological characteristics of Nl in PCa?

A review of scientific literature on NI in PCa reveals that NI has mostly been perceived as
the presence of PCa on and along the perineurium (Kayahara et al., 2007; Liebig et al., 2009).
Recent studies, however, revealed that PCa cells are readily encountered in the endoneural
area, i.e. between nerve fascicles, as originally observed by Bockman (Ceyhan et al., 2009).
Consequently, subsequent studies applied a scoring system to describe the degree of
penetration of PCa cells into intrapancreatic nerves, classifying NI into “no invasion” (score
of 0/zero), “perineural invasion” (score of I/one) and “endoneural invasion” (score of
II/two) (Ceyhan et al., 2006; Ceyhan et al.,, 2009; Ceyhan et al., 2011). Importantly, the
presence of PCa cells in the interior of nerves should not necessarily be perceived as the
invasion of the “endoneurium” which is the connective tissue within nerve fascicles of a
nerve. Similarly, invasion around nerves does not directly imply invasion of the
“perineurium” as the connective tissue layer encircling nerve fascicles. Rather, “endo-“ and
“perineural” stand for “between” or “around” nerve fascicles (Figure 1) (Ceyhan et al., 2009;
Ceyhan et al., 2011).

Careful examination of PCa tissue specimens also reveals that the presence of NI is not
independent of the localization of the nerves within the pancreatic tissue. Particularly, we
could demonstrate that NI in ductal adenocarcinoma of the pancreas is detected more
frequently in areas with severe desmoplasia (Ceyhan et al., 2009). The reasons for this
association between desmoplasia and NI are so far not known. However, it is assumed that
the extracellular matrix is a rich source of growth factors which may be trophic upon nerves
(Zhu et al., 1999; Demir et al., 2010). Still, NI should not be assumed to be limited to
desmoplastic areas. In a histopathological study on the normal pancreatic regions of PCa
patients who underwent pancreatic resection, NI was also encountered in normal pancreatic
areas which are distant from the actual tumor (Takahashi et al., 1997). In the original study,
this type of NI termed “nex” was found in more than 50% of resected pancreatic specimens
and correlated to the grade of intrapancreatic neural invasion or the presence of
extrapancreatic neural plexus invasion (Takahashi et al., 1997). Moreover, its presence was
also found to correlate to worse survival after removal of the tumor (Takahashi et al., 1997).
Therefore, the presence of NI in the supposedly normal regions of the pancreas implies that
NI is a rapidly progressive process where PCa cells grow very early along intrapancreatic
nerves.

The different histological appearances of NI in PCa have also been employed to understand
its pathomechanism and spread pattern. In a study by Kayahara et al. (Kayahara et al.,
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2007), the investigators analyzed consecutive sections of surgically resected PCa specimens
in order to elucidate the main patterns of cancer cell growth along nerves: (1) direct invasion
of the nerves, (2) continuous tumor cells growth in the perineural space, (3) branching of the
growing tumor mass along neural branches, (4) formation of a foremost growth cone of
tumor cells, and (5) direct invasion of contiguous lymph nodes (Kayahara et al., 2007).
Hence, the authors could provide an anatomical mechanism for the manifestation of NI and
particularly extrapancreatic neural plexus invasion. Importantly, their study proved the
continuous growth of PCa cells along intrapancreatic nerves towards the extrapancreatic
neural plexus (Kayahara et al., 2007).

4. Why is neural invasion so deciding in the course of PCa?

There are several factors which make NI a crucial aspect of PCa and an attractive field of
research. First, NI has an utmost high prevalence in PCa, varying between 88% to 100%
(Takahashi et al., 2001; Liu&Lu, 2002). Interestingly, according to a study by Kayahara et al.,
NI in PCa is significantly more common than in cancers which originate from direct
anatomical neighbours of the pancreas, e.g. cancers of the distal bile duct or carcinoma of
the papilla of Vater (Kayahara et al., 1991; Kayahara et al., 1993; Kayahara et al., 1994;
Kayahara et al., 1995; Kayahara et al., 1996). Unfortunately, intrapancreatic NI is nearly
always accompanied by invasion to the extrapancreatic neural plexus: In their series, Nakao
et al detected intrapancreatic NI in 116 out of 129 (90%) patients, of whom 80 (69%) showed
extrapancreatic nerve plexus involvement (Nakao et al., 1996). Based on these findings, it
seems that clinicians should assume the presence of NI in every patient with PCa even if the
pathology report does not include a statement regarding this histopathological feature.

In the face of such a high prevalence, NI is at the same time one of the foremost reasons for
local tumor recurrence after curative tumor resection (Kayahara et al., 1991; Nagakawa et al.,
1991; Kayahara et al., 1995; Kayahara et al., 1996; Nagakawa et al., 1996; Ozaki et al., 1999).
In a study by Kayahara et al., the investigators analyzed the mode of recurrence in 30
patients who had originally undergone macroscopically curative resection (Kayahara et al.,
1993; Liu&Lu, 2002). They showed that the rate of local retroperitoneal recurrence, i.e. the
prevalence of extrapancreatic NI was 80%, of hepatic metastasis 66%, of peritoneal
dissemination 53%, and of lymph node recurrence 47%, an observation which was
confirmed by further antemortem studies (Kayahara et al., 1993; Kayahara et al., 1995;
Liu&Lu, 2002). Among the several parts of the extrapancreatic neural plexus which
demonstrate local tumor recurrence, pancreatic head plexus and splenic plexus are the most
common sites of tumor recurrence (Liu&Lu, 2002). Based on the frequency of NI towards
retropancreatic neural plexus, several surgeons advocated routine extended resections
(including celiac plexus) or at least more aggressive surgery in the surgical treatment of PCa
(Hiraoka et al., 1986; Nagakawa et al., 1991; Nagakawa et al., 1996; Imamura et al., 1999).
However, subsequent clinical studies confirmed that, while extended resection - even in
combination with radiotherapy- can contribute to local tumor control, there is no survival
benefit for patients due to the early spread pattern of PCa (Bachmann et al., 2006; Takamori
et al., 2008; Yokoyama&Nagino, 2011). However, these studies mostly concentrated on more
extensive lymphadenectomy rather than plexus resection as the actual measure to reduce
NL In further newer studies (Hirano et al., ; Sperti et al., ; Kondo et al., 2001; Hirano et al.,
2007; Chakravarty et al., 2011), the feasibility and safety of an en bloc resection including
celiac artery, plexus and ganglia was demonstrated, but the actual survival beneift from this



298 Pancreatic Cancer — Clinical Management

No neural invasion (score 0)

v Intact epineurium

v'Cancer cells are often attached
to the epineurium.

v'In several cases merely an
wepineural association”

Perineural invasion (score 1)

v Epineural barrier not visible

v Cancer cells are attached to the
perineurium.,

v'No contact of cancer cells with
the endoneurium

Endoneural invasion (score 1)

v Cancer cells are encountered in
the interior of the nerve, between
nerve fascicles.

v'Neural integrity distorted

Fig. 1. Severity of neural invasion (NI) in pancreatic cancer (PCa). Examination of
intrapancreatic nerves with NI reveals that PCa cells demonstrate varying degrees of
interaction with the nerves. In many cases, PCa cells surround intrapancreatic nerves
without breaching the epineural barrier (A, also termed epineural association). On the other
hand, several nerves demonstrate a lack of the epineural barrier where pancreatic cancer
cells surround the fascicles along their perineurium (B, perineural invasion). In most severe
cases, PCa cells are encountered between nerve fascicles, along their endoneurium (C,
endoneural invasion). There is a significant association between the severity of NI and the
degree of pain sensation among PCa patients (please refer to the main text for the respective
references). All images at 200x magnification.
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radical operation remains to be demonstrated. Importantly, a common denominator of
these studies on “en bloc” resection of retropancreatic neural plexus is the pronounced
pain relief as a result of the resection of celiac plexus(Kondo et al., 2001; Hirano et al,,
2007). This deciding association between extrapancreatic neural plexus and pain sensation
builds up the link to the concept of “pancreatic neuropathy” in PCa which encompasses
NI and several other neural alterations in PCa(Ceyhan et al., 2009), as explained in the
following section.

5. Neural invasion as part of “pancreatic neuropathy” in PCa

The pancreas is one of the most densely innervated visceral organs(Bradley&Bem, 2003).
The extrinsic component of its innervation is composed of nerve fibers running within the
vagal and splanchnic nerves which originate from vagal nuclei or DRGs, respectively. Like
the intestine, it also has an intrinsic innervation which is represented by intrapancreatic
neurons. Importantly, enteric and intrapancreatic neurons are embryologically closely
related: intrapancreatic neurons develop from a subgroup of neural crest-derived enteric
nervous system (ENS) precursors and thus belong to the ENS (Kirchgessner&Gershon, 1990;
Kirchgessner&Gershon, 1991). Moreover, there exists a direct innervation of the
pancreas from the duodenum termed “entero-pancreatic innervations”, as evidenced by the
entrance of nerve fibers directly from the duodenal ENS into intrapancreatic ganglia
(Kirchgessner&Gershon, 1990; Kirchgessner&Gershon, 1991).

In the currently most comprehensive systematic analysis of NI in PCa, our group aimed at
the study of nerve morphology in 546 patients with different pancreatic tumors, including
ductal adenocarcinoma, neuroendocrine tumors, intraductal papillary mucinous neoplasms
(IPMN), serous and mucinous cystadenoma and other neoplasms of the pancreas (Ceyhan et
al., 2009). In the mentioned study, we could demonstrate that ductal adenocarcinoma of the
pancreas exhibits the highest degree of NI in comparison to all other pancreatic tumors
(Ceyhan et al, 2009). Interestingly, ductal adenocarcinoma (PCa) also harbored an
unparalleled degree of nerve alterations among all these tumors (Ceyhan et al., 2009). In
particular, PCa was characterized by a prominently increased neural density, a pronounced
neural hypertrophy and neural inflammatory cell infiltration (“pancreatic neuritis”)
(Ceyhan et al., 2006; Ceyhan et al., 2009). Moreover, we could also detect a key link between
the severity of NI in PCa and the extent of intrapancreatic neuroplastic alterations: The more
nerves and neural hypertrophy were present, the higher was the extent/severity of NI in
PCa (Ceyhan et al., 2009).

This association between pancreatic neuroplasticity and NI gained a further dimension in a
subsequent study where the pancreatic “innervation quality” in PCa was studied and
compared to normal human pancreas (NP) (Ceyhan et al., 2009). Interestingly, not only had
nerves in PCa tissue fewer sympathetic nerve fibers than in NP, but nerves with NI had at
the same time reduced amounts of both sympathetic and cholinergic nerve fibers (Ceyhan et
al.,, 2009). This “neural remodeling” in PCa implies that PCa cells may not be arbitrarily
invading intrapancreatic nerves but also aiming at specific fiber qualities for so far unknown
reasons. Overall, these neural alterations which seem to be specific for PCa, i.e. pancreatic
neuroplasticity, neural remodeling and the high degree of NI, are the three hallmarks of so-
called “pancreatic neuropathy” in PCa (Ceyhan et al., 2009).
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While the mechanisms of these neuroplastic alterations are not completely understood, there
is increasing evidence that these neuropathic alterations in PCa can in part be attributed to
the neurotrophic character of the tumor microenvironment in PCa (Demir et al., 2010). In a
novel in vitro neuroplasticity assay, we could demonstrate that tissue extracts of PCa, PCa
cell supernatants and supernatants of human pancreatic stellate cells as main generators of
desmoplasia can all induce axonal sprouting, increased neurite density and perikaryonal
hypertrophy of neurons isolated from dorsal root ganglia or myenteric plecus under in vitro
conditions (Demir et al., 2010). In a very recent study, Li et al. added a novel dimension to
our understanding of neural alterations in PCa: In accordance with their former hypothesis
(Li&Ma, 2008), patients with hyperglycemia demonstrate more pronounced neural
hypertrophy and increased neural density than normoglycemic patients (Li et al., 2011).
Hence, it is to be expected that research on pancreatic neuroplasticity and especially NI in
PCa may take a direction towards increased investigation of the impact of impaired glucose
metabolism upon pancreatic neuropathy in PCa.

6. The role of neural invasion in the pain due to PCa

Decreased survival and local tumor recurrence are undoubtedly among the leading factors
which make NI into a highly relevant clinical subject. However, within the true clinical
impact of NI, its role in pain sensation occupies a special place. It has long been accepted that
the extension of PCa along the intrapancreatic nerves towards extrapancreatic neural plexus
may be a causal factor in the generation of pain in advanced Pca (Kayahara et al., 1991;
Nakao et al., 1996; Kayahara et al., 2007). Bockman also postulated a significant role for NI
in pain generation in PCa(Bockman et al.,, 1994), but the actual pioneering study in this
context came from Zhu et al. who for the first time demonstrated the correlation between
the intrapancreatic expression of the nerve growth factor (NGF)(Zhu et al., 1999), the
frequency of perineural invasion and the degree of pain sensation in PCa patients, an
observation which was later also discovered for the expression of NGF receptor TrkA
(Zhang et al., 2005; Dang et al., 2006). Owing to this study and its successors, it became
increasingly clear that the extent of NI in the pancreas affects pain sensation, where nerve-
derived molecules like NGF play a key role in both pain sensation and potentially in the
attraction of PCa cell to nerves (Demir et al., 2010). The resulting interest in such nerve-
derived mediators, especially in neurotrophic factors, have inaugurated the era of research
on the molecular biological mechanisms of NI which last until the present time (Demir et al.,
2010). Moreover, the identified cross-link between NI, pancreatic neuroplastic alterations
and pain sensation by PCa patients revealed the potential involvement of “neuropathic”
pain mechanisms in PCa (Ceyhan et al., 2009; Demir et al., 2010). Hence, researchers and
clinicians have recently and increasingly understood that damage to nerves within the
pancreas may be the actual pain-triggering mechanism in PCa (Ceyhan et al., 2009; Demir et
al., 2010).

One can assume that the blockade of pain transmission via the damaged nerves from the
pancreas may be of major benefit to treat pain due to PCa. As the celiac plexus contains a
large portion of the afferent nerve fibers from the pancreas, several studies have tested the
efficieny of celiac plexus blockade/neurolysis in the treatment of pain due to PCa. In all
these studies, patients had significant pain relief (Wong et al., 2004; Stefaniak et al., 2005;
Yan&Myers, 2007) following this intervention. While the efficiency of this “denervation”
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technique does not necessarily prove the neuropathic character of pain in PCa, it underlines
the deciding contribution of nerves and the transmitted signals in the generation of the pain
syndrome in PCa (Ceyhan et al., 2008) Considering the neuropathic character of pain in PCa,
one can assume that neuropathic analgesics may be of benefit to treat PCa-associated pain.
As of today, the impact of neuropathic analgesic regimens to treat of patients with advanced
PCa has not yet been systematically investigated.

7. Why are pancreatic cancer cells attracted to nerves? Molecular
mechanisms of neural invasion in PCa

7.1 In vitro models

Researchers and clinicians have long puzzled about why PCa cells are frequently
encountered around intrapancreatic nerves. Early reports had claimed that PCa cells enter
nerves through the perineurium at its weakest points, i.e. along neural lymph vessels(di
Mola&di Sebastiano, 2008), which, however, could not be confirmed in later studies. In later
studies, investigators suggested that PCa cells grow along the path of least resistance after
entering nerves, which was thought to be the perineural space (Rodin et al., 1967; Bockman
et al., 1994; di Mola&di Sebastiano, 2008). Indeed, a higher proliferative index and decreased
apoptosis in the perineural space could previously be shown for prostate cancer cells
invading nerves (Ayala et al., 2004). However, newer studies could demonstrate that
limiting PCa cells’ presence around nerves to the local physical circumstances may be an
oversimplification of the utmost frequent NI in Pca (Demir et al., 2010). In particular, the
development of novel in vitro research tools to study NI in PCa has enabled the discovery of
a true cancer-nerve affinity as an important biological mechanism in Pca (Zhu et al., 1999;
Zhu et al, 2002). Especially, we know today that peripheral nerves in the tumor
microenvironment can serve a source of tumor-trophic factors and cancer-attracting
molecules (Zhu et al., 1999; Ceyhan et al., 2008; Gil et al., 2010). This “biological cancer-nerve
affinity” in PCa is today one of the cardinal pathomechanistic concepts in our
understanding of NI in Pca (Zhu et al., 1999; Ceyhan et al., 2008; Demir et al., 2010; Gil et al.,
2010).

This increased appreciation of cancer-nerve affinity in PCa was largely possible owing to
increased efforts to develop novel advanced in vitro models of NI in PCa. These models
generally employ heterotypic co-cultures of neurons and PCa cells as in of the earliest
models by Dai et al (Dai et al., 2007). In their study, the investigators co-cultivated the
human PCa cell line MiaPaCa-2 with neurons from mouse dorsal root ganglia (DRG). In
accordance with the hypothesized trophic effect of nerves, PCa cells which were co-cultured
with DRG exhibited stronger growth than non-co-cultured control PCa cells and over-
expressed prosurvival genes like MALT1 and TRAF (Dai et al., 2007). As a frequent
observation also made by other current models, also PCa cells supported the growth of the
neurons, as evidenced by their increased neurite growth (Dai et al., 2007).

This mutual trophic effect gained a further dimension in a recent study by our group where
we presented another in vitro model which allows a precise spatiotemporal monitoring of
NI by PCa cells (Ceyhan et al., 2008). As shown in the original article, different PCa cell lines
were co-cultured together with rat DRG or myenteric plexus (MP) cells in a three-
dimensional (3D) extracellular matrix (ECM)-based migration assay (Ceyhan et al., 2008).
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The presented assay offers several advantages: First, it initiates from a clear-cut physical
separation of PCa cells and neurons, as it is the case under in vivo conditions. Therefore, the
model allows exact monitoring of cell behavior from the very beginning. Second, the model
includes a pre-defined migration path for PCa cells, i.e. defined ECM-bridges, which allows
the generation of a chemical gradient for any chemotactic factor (Ceyhan et al., 2008). Using
this novel assay, we could demonstrate that PCa cells react to the presence of neurons with a
characteristic morphological alteration including cell flattening, grouping, colony formation
and spike-like cellular polarization directed towards neurites. Following their targeted
migration towards neurons, PCa cells established physical contact with neurites along
which they were guided in their migration (Ceyhan et al., 2008). Similar to the findings by
Dai et al., we also observed increased neurite growth from DRG neurons towards PCa cells
when compared to non-co-cultured DRG neurons (Ceyhan et al.,, 2008). Moreover, the
presented 3D-migration assay for the first time included a neuronal subtype which
represents the intrinsic pancreatic neurons, i.e. neurons of the enteric nervous system (ENS).
The key role of neurotrophins which was initially demonstrated by Zhu et al. for NGF could
be confirmed by means of this novel assay where we monitored the quantitative alterations
in the expression of neurotrophins, their receptors and the members of the glial-cell-derived
neurotrophic factor (GDNF) family (Zhu et al., 1999; Ceyhan et al., 2008). As opposed to
several members of the GDNF family, the nerve growth factor (NGF) increased
continuously throughout the migration process of 120 hours (Ceyhan et al., 2008). Certainly,
this novel 3D migration assays is at the same time a novel tool to investigate the
contribution of numerous molecular factors from different cellular sources to NI in PCa. A
very similar model, though without pre-defined paths for chemical gradient generation, has
been recently reported by Gil et al. where the investigators could demonstrate a potent
chemotactic effect of GDNF from DRG neurons upon PCa cells (Gil et al., 2010). In a further
study, our group showed the potent enhancer effect of the neurotrophic factor artemin, a
member of the GDNF family of neurotrophic factors, upon invasiveness of PCa cells
(Ceyhan et al., 2006).

In the presence of an increasing number of studies on the role of neurotrophic factors in NI
in PCa, there is only a limited of reports on the role of chemokines in NI in PCa (Marchesi et
al., 2008; Marchesi et al., 2010; Marchesi et al., 2010). In one of the first studies where the
potential role of chemokines was recognized, Marchesi et al could show that the neural
immunoreactivity for the receptor of the chemokine fractalkine, i.e. CX3CR1, was
significantly higher in perineural invasive lesions of PCa (Marchesi et al., 2008). By using
CX3CR1-overexpressing PCa cells for an in vivo implantation model, they could also
demonstrate that CX3CR1-overexpressing PCa cells exhibited a more pronounced
infiltration of peripheral nerves (Marchesi et al., 2008). This study stands out in the literature
due to the seminal investigation of chemokines in the generation of NI in PCa and pointed
to the CX3CR1-CX3CL1 as a potential therapeutic target.

Interestingly, beyond molecules with chemoattractive potential, other nerve-derived
molecules have also been the focus of recent research on NI in PCa. From these, in a mouse
perineural invasion and orthotopic transplantation model, the stable knockdown of
synuclein gamma (synuclein-y) via by short hairpin RNA significantly reduced the
incidence of perineural invasion and liver and lymph node metastasis (Hibi et al., 2009). In
another study where the investigators provided a novel perspective on NI in PCa, Swanson
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et al. showed that Schwann cells of peripheral nerves express myelin-associated
glycoprotein (MAG) which can serve as a receptor for the transmembrane mucin MUC1 on
PCa cells (Swanson et al., 2007). Hence, based on this study, it seems that nerves in PCa
tissue not only chemo-attract PCa cells but also can undergo direct physical contact, as
initially observed by Bockman (Swanson et al., 2007; Demir et al., 2010).

It is conceivable that the presented in vitro models in the literature would enable the
identification of a gene set which would reflect the differentially upregulated genes in NI in
PCa. Accordingly, in a recent study, Abiatari et al. aimed at obtaining a transcriptome
signature of NI in PCa by means of an in vitro / ex vivo model (Abiatari et al., 2009).
Specifically, they confronted human PCa cell lines with explanted rat vagus nerves and
quantified the differentially regulated genes in highly versus less nerve-invasive PCa cells
(Abiatari et al., 2009). Interestingly, the differentially regulated genes which were identified
by this study were primarily related to cell motility, including kinesin family member 14
(KIF14) and Rho-GDP dissociation inhibitor beta (ARHGDIbeta), a gene set which they
could expand in a subsequent by two molecules, i.e., the microtubule-associated protein
MAPRE2 and the nuclear protein YPEL2 (Abiatari et al., 2009; Abiatari et al., 2009; Abiatari
et al., 2009). Based on these important observations, the investigators underlined the
importance of increased PCa cell motility in the generation of NI in PCa as additional
molecular biological mechanism (Abiatari et al., 2009; Abiatari et al., 2009).

7.2 In vivo models

The increasing number of efforts to elucidate the pathomechanism of NI in PCa necessitated
the creation of in vivo models which better mimic NI in human PCa. The common
characteristic of these models is that they involve implantation of PCa cells as xenograft
tumors in one out of several locations, e.g. into the pancreas, under the skin or in the
proximity of large-diameter peripheral nerves to allow NI by PCa cells. In the first one of
these models, Eibl et al. aimed at creating a model to simulate the high rates of local
recurrence and NI after curative resection (Eibl&Reber, 2005). For this purpose, they
performed complete surgical resection of the tumor at 4, 6, and 8 weeks after orthotopic
implantation of the PCa cell lines MiaPaCa-2 (undifferentiated) and Capan-2 (well-
differentiated) in nude mice pancreas. Six weeks after tumor implantation, local tumor
recurrence with extensive retroperitoneal nerve invasion and distant organ metastasis were
observed in nude mice who had received MiaPaCa-2 cells (Eibl&Reber, 2005).
Astonishingly, although the investigators achieved a successful simulation of the local
recurrence and NI associated with PCa in this murine model, there has since been no
application of this model to identify further pathomechanistic features of NI in PCa.
Certainly, the model is probably not suitable to study the initial, early events leading to PCa,
however, it can possibly be employed to examine the therapeutic potential of different
agents on NI in PCa in an animal model of PCa. In another model, Koide et al.
subcutaneously (s.c.) implanted different PCa cell lines with or without human peripheral
nerves in nonobese diabetes/severe combined immunodeficient mice and analyzed the
frequency of NI by these different cell lines (Koide et al.,, 2006). Furthermore, they
performed an oligonucleotide microarray to obtain the expression profiles of high and low
perineurally invasive cell lines. Interestingly, only two well-differentiated cell lines (Capan-1
and Capan-2) demonstrated invasion of mouse s.c. nerves. In these invasive cell lines, they
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identified over-expression of CD74 in the specifically perineural invasive cells, which they
confirmed in human PCa tissue specimens (Koide et al., 2006). Despite the implantation of
PCa cells under skin and not the actual organ of origin (i.e. the pancreas), this model sticks
out owing to its uncomplicated performance. Still, it has to be underlined that none of these
in vivo models has so far found widespread application.

Surrounding factors
(e.g. tumor stroma)

TGF-beta
Activated stellate cells

Cancer-cell-derived factors
NGF

GDNF
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ARHGDIbeta
MAPRE2
YPEL2

GFRa-1 and -3

Neuronal molecules Schwann cell molecules
NGF MAG
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Nestin
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Fig. 2. Different sources of molecular actors in neural invasion (NI) in pancreatic cancer
(PCa). Research from the past 15 years revealed that NI results from a complicated interplay
of numerous molecular agents derived from different sources, e.g. PCa cells, neurons,
Schwann cells and stromal cells. Please refer to the main text for the respective references
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Model
characteristics

Investigator

Advantages

Limitations

In Vitro Models

Dai et al. Matrigel-based
heterotypic co-

culture

ECM-based three-
dimensional
heterotypic
migration assay

Ceyhan et al.

Ex vivo co-culture
of rat nerves with
PCa cells

Abiatari et al.

In Vivo Models

Eibl et al. Orthotopic PCa cell
injection followed
by tumor resection
(murine)

Gil et al. Tumor injection

onto murine sciatic
nerve

One of the initial models
Apt for studying
expression changes

Initial physical separation
of different cells
Observation of initial
cellular morphological
reactions

“Bridges” to enable
chemical gradient
generation

Usage of myenteric
neurons

Easy to perform

Simulation of
extrapancreatic NI

Easy to perform
Therapeutic monitoring
by observing degree of
paralysis

No pre-defined chemical
gradient for chemo-
attractants

No remark on the initial
cellular reactions
Different species of
confronted cells (murine
neurons vs. human PCa
cells)

Different species of
confronted cells (murine
neurons vs. human PCa
cells)

Confrontation with the
“large-caliber” vagal nerve
Different species of
confronted cells (murine
neurons vs. human PCa
cells)

Lacking monitoring of
initial pathophysiological
events

Confrontation with the
“large-caliber” sciatic
nerve

Table 1. Experimental models of neural invasion (NI) in pancreatic cancer (PCa). The listed
in vitro and in vivo models represent complicated heterotypic culture systems and possess
several differences among each other. Their advantages, however, clearly overweigh their
limitations. ECM: extracellular matrix. Please refer to the manuscript for the respective

references.
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8. Efforts of controlling neural invasion in PCa

Among all studies in the literature, there are so far two in vivo models of NI in PCa where a
primarily therapeutic goal was pursued: In the first study, Gil et al. aimed at treating NI by
means of an attenuated, replication-competent, oncolytic herpes simplex virus which
inhabits nerves (Gil et al., 2007). After injection of PCa cell lines into the perineurium of the
sciatic nerve of athymic mice, they monitored limb function for 9 days after injection.
Excitingly, a single injection of the oncolytic herpes simplex virus 7 days after PCa cell
injection effectively eradicated NI without compromising physiologic nerve function (Gil et
al., 2007). The same group utilized this model in a subsequent study for intraoperative
diagnosis of NI: By using enhanced green fluorescent protein (eGFP)-expressing oncolytic
herpes virus, they could detect invaded nerves following intrasciatic implantation of PCa
cell lines via intraoperative fluorescent stereoscopic imaging (Gil et al., 2008). Thereby, they
proposed a novel tool for enhanced diagnosis and therapy of NI in PCa and for facilitated
detection of invaded nerves in cases where an extended resection may be considered (Gil et
al., 2008). In a third study, the group applied PCa cell injection onto mouse sciatic nerves
and subsequently treated the mice with pyrazolopyrimidine-1, a tyrosine kinase inhibitor
targeting the RET pathway (Gil et al., 2010). Strikingly, systemic therapy with this agent
diminished nerve invasion toward the spinal cord and prevented limb paralysis (Gil et al.,
2010). Still, the sensitivity and true effectiveness of their method remains to be confirmed in
future studies.

9. Future directions in research on Nl in PCa

Today, research on NI in PCa is in an era of “data collection” and “expansion of
knowledge”. The increasing number of in vitro and in vivo models, together with the rapidly
growing scientific interest in NI, create the best possible conditions to learn and discover
about this peculiar histopathological phenomenon. However, we are convinced that future
studies should aim at the generation of models with an increasingly therapeutic intention,
because there is urgent need to employ additional, novel tools to treat PCa. Furthermore, the
main pathomechanistic hypothesis for the generation of NI, i.e. the neuro-affinity of PCa
cells, has to be carefully reviewed. It should certainly be considered that PCa cells may not
be responsible for every aspect of NI, but rather be reacting to the signals coming from the
nerves. The increasing number of nerve-derived molecules like neurotrophic factors or
neuronal chemokines which are continuously shown to contribute to NI should serve as a
motivation to delve deeper into the involvement of neuronal molecules during NI.

While novel in vitro models of NI in PCa are being steadily developed, the currently
available in vivo models still exhibit major deficits. In particular, these models lack:

1. Tumors that directly originate from the pancreas

2. Histopathological confirmation of the tumor phenotype as ductal adenocarcinoma

3. The confirmation of the presence of NI even at early stages of tumor development and
progression

4. The specific extension of NI towards the extrapancreatic neural plexus

Accompanying neuropathic and desmoplastic alterations

6. Neuropathic pain sensation

o
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Therefore, future in vivo models of NI in PCa should be superior to the current ones in the
above-mentioned aspects, especially because they should increasingly be employed to
deduce therapeutic targets and strategies.

10. Summary and conclusion

Neural invasion in PCa bears a unique importance in the biology of this disease due its
impact on patient survival, local tumor reccurence and neuropathic pain sensation. Higher
interest in NI has paved path for increased research on the biology of NI and accelarated the
development of numerous experimental models. The discussed in vitro and in vivo models
which shall help to eludicate the pathomechanisms of NI in PCa may provide novel tools to
control and to reduce NI in this highly aggressive human malignancy. Considering the
dismal average prognosis associated with PCa, one may wonder about the actual benefit of
reducing the specific invasion of nerves in this tumor entity. Here, it should be underlined
that reduction of NI can be regarded as one of several possibilities to control tumor growth,
just as adjuvant therapy as an oncological therapy regimen aims at reaching microscopic
tumor presence and reducing the systemic tumor burden. The control of NI, however, bears
a further special importance since NI is not only the probably most common mode of spread
for PCa, but also because nerves represent the most frequent site of local tumor recurrence
in PCa. Moreover, limitation of NI is likely to have a considerable impact upon the
neuropathic pain syndrome and thus quality of life of patients with PCa. Therefore, NI may
find increased attention in the future as an additional therapeutic target for increased
survival, enhanced postoperative outcome and improved quality of life among all patients
with this dreadful malignancy.
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