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Abstract

The current treatment of choice for metastatic peatc cancer involves single agent
gemcitabine or combination of gemcitabine with catadine and erlotinib (tyrosine
kinase inhibitor). Only 25-30% of patients respaadhis treatment and patients who do
respond initially ultimately exhibit disease proggmn. Median survival for pancreatic
cancer patients has reached a plateau due to mhame acquired resistance to these
agents.Key molecular factors implicated in this resistamoglude: deficiencies in drug
uptake, alteration of drug targets, activationsDMNA repair pathways, resistance to
apoptosis, and the contribution of the tumor mink@@nment. Moreover, for newer
agents including tyrosine kinase inhibitors, ovexpression of signaling proteins,
mutations in kinase domains, activation of altaugatpathways, mutations of genes
downstream of the target, and/or amplificationhad target represent key challenges for
treatment efficacy. Here we will review the conttion of known mechanisms and
markers of resistance to key pancreatic cancer tieagments.
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Introduction

Pancreatic ductal adenocarcinoma is a devastatisgaske with an extremely poor
prognosis. It is characterized by invasivenesddrpmgression and marked resistance to
treatment. Surgery offers the prospect of cureisgabe confined to pancreas but has a 5-
year survival of < 20% [1]. Due to the limitatiord early detection, radiological
procedures and lack of unambiguous diagnostic msrkaost patients present with
locally advanced or metastatic disease.
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The treatment of locally advanced pancreatic cageaerally utilizes chemoradiation or
chemotherapy alone. The chemotherapeutic agents faseadiosensitization primarily
are 5-flurouracil[2] and gemcitabine[3]. As far @gatment of metastatic pancreatic
cancer is concerned, single agent gemcitabineddincitabine with erlotinib [5] and
gemcitabine with capecitabine [6] are three reaskenahoices supported by literature
and clinical-based evidence. Despite extensivearebdn the last decade into pancreatic
cancer, the overall survival of patients has ngiificantly improved. Although there has
been a slight increase in overall survival with #uglition of erlotinib to gemcitabine or
capecitabine to gemcitabine, the median survivéll rgmains approx 6 months [5].
However, only a minority (25-30%) of patients res@do gemcitabine based treatments.
Patients, who do respond initially, ultimately exhidisease progression owing to
acquired resistance to these agents. Several catitria of gemcitabine have been
evaluated but very few showed additional benefitsis has led to the evaluation of
gemcitabine free regimen for pancreatic cancereRiyg a randomized phase Il trial
comparing FOLFIRINOX (5FU/leucovorin, irinotecandaoxaliplatin) to gemcitabine as
first-line treatment for metastatic pancreatic am=mcinoma showed significantly longer
overall survival (10.5 vs 6.9 months), progresdi@e survival (6.4 vs 3.4 months) and
higher response rate (27.6% vs 10.9%) than genmegahlone. This study suggests
FOLFIRINOX may emerge as the standard treatmeninfetastatic pancreatic cancer
(Conroyet al., 2010 — ASCO presentation, unpublished data)

In order to overcome resistance phenomena we reeshderstand pancreatic cancer
biology and its different mechanism of resistance.

Extensive research in the last two decades haslesleisk factors associated with
pancreatic cancer, such as cigarette smoking, @mwiental factors and genetic
mutations. Oncogenes, tumor suppressor genes arfl MimMatch genes are altered
leading to cancer development, progression and cfesistance. Common oncogenes
whose expression is altered in pancreatic canadude k-ras, Akt and A1B1. Tumor
suppressor genes associated with pancreatic cenobede MAP2K4, TGFBR2, p53 and
CDKNZ2A. Inactivation of several DNA mismatch repgenes including human mutL
homologl (MLH1) and breast cancer type 2 suscédipyifprotein (BRCA2), which code
for the proteins that correct errors made randodulging DNA replication, have also
been associated with pancreatic cancer. Table Insunizes the observed incidence of
alterations in these genes in sporadic pancreaticer and table 2 summarizes the gene
altered in familial pancreatic cancer syndromes.

Table 1: Pancreatic cancer-associated gene alter ations

Gene | Frequency (%) | Ref.

Oncogenes

k-ras 90 [108]
Akt2 20 [109]
Al1B1 65 [110]
HER?2 10-60 [91]

Tumor suppressor genes




p53 30-80 [111]
CDKN2A/p16™** 60-80 [112]
DPC4 50-55 [113]
PTEN 70 [114]
LKB/STK11 4 [115]
DNA mismatch repair genes

MLH1 3-15 [116]
BRCA2 7 [116]

DPCA4: Depleted in pancreatic cancer locus 4; HBR2man epidermal growth factor
receptor 2.

Advances in pathological and molecular charactedna have improved our

understanding of this disease; however, importapeets of pancreatic cancer biology
remain poorly understood. We still do not underdtére exact contribution of specific

gene mutations in the pathogenesis of pancreaticecaor the role of stroma in the
overall pathogenesis and progression of the disease

Table 2. Familial pancreatic cancer syndromes and associated gene alter ations

Familial pancreatic cancer syndromes Mutated gene
Ataxia telangiectasia ATM

Hereditary Cationic trypsinogen
pancreatitis gene(PRSS1)
Familial atypical multiple mole melanoma | CDK2NA, CDK4
syndrome

Peutz-Jeghers syndrome STK11
Hereditary nonpolyposis colorectal cancer| MLH1, MSH2
syndrome

Data taken from [117]

Resistance to chemotherapeutic drugs is caused \mriety of factors, as shown in
Figure 1. Inherent resistance is frequently obskimetumors, but as therapy becomes
more effective with improved efficacy, acquiredisésnce is common. Acquisition of
resistance to a range of anticancer drugs is coryntlue to over expression of energy-
dependent transporters that efflux anticancer diwggs cells (e.g., multi-drug resistance
pumps), but other mechanisms of resistance inaudinsensitivity to drug-induced
apoptosis and induction of drug-detoxifying meckars, also play a key role in acquired
resistance. Effective treatment or circumventiorthaf inherent resistance of pancreatic
cancer can only come about through a therapewtidalkused understanding the
pancreatic cancer biology and the underlying meishanhof resistance.
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Figure 1. Cellular alteration which can contribute to pancreatic cancer resistance

Céllular alteration which can contribute to pancreatic cancer resistance

Here we will review our current knowledge of th&elient mechanisms of inherent and
acquired resistance to three commonly used antecaagents used in pancreatic cancer;
gemcitabine, capecitabine and erlotinib.

Gemcitabine

Gemcitabine (2', 2’-difluoro-2’-deoxycytidine, dFdGemzall, [Eli Lilly, IN, USA]) a
deoxycytidine analogue, is now considered the gstare of pancreatic cancer treatment
as a single agent and in combination with othentsgddowever, most pancreatic cancer
patients will exhibit disease progression and ineatt provides only a slight survival
advantage. Gemcitabine also has activity agaim&ratancers including lymphomas and
solid tumors such as lung, bladder and ovarianerdiie10].

Cellular metabolic scheme for gemcitabine activation in the cell

As outlined in Figure 2, gemcitabine is a pro-dthgt is phosphorylated by dCK to its
mononucleotide in a rate limiting step of its ckdluanabolism. Subsequent action by
nucleotide kinases convert gemcitabine monophosphiat its active metabolites,

gemcitabine diphosphate and gemcitabine triphospfdtymidine synthase is inhibited

by the deaminated form of gemcitabine monophosplite de novo DNA synthesis



pathway is blocked by gemcitabine diphosphate #moinhibition of ribonucleotide
reductase (RNR) and gemcitabine triphosphate wimcbrporates itself into DNA and
RNA, thereby preventing cellular growth and initigt apoptosis [11].
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Figure 2. Cellular metabolic scheme for gemcitabine activation in the cell.
Downregulation of dCK and upregulation of RNR (fedt) are two common alteration
in gemcitabine metabolism associated with its tasce.

dCK: Deoxycytidine kinase; FAUMP: Flourodeoxyuridimonophosphate; RNR:
ribonucleotide reductase.

M echanisms of gemcitabine resistance

The sensitivity/resistance of cancer cells to gésbane cannot be predicted by a single
factor but may be determined by the balance of re¢viactors. Molecular factors
associated with this process include: deficienaiegemcitabine uptake through altered
nucleoside transporters, limitations of gemcitabasdular activation/phosphorylation
enzymes, activation of DNA repair pathways, resistato apoptosis, altered cell cycle
and proliferation pathways as well as a transitora more epithelial to mesenchymal
transition (EMT) like phenotype. Table 3 summaritles primary factors which have
been demonstrated to contribute to gemcitabinsteesie.

Table 3. Summary of factors known to beinvolved in gemcitabine-resistance.



‘M echanism Factors Ref.

Membrane transport mechanisms hENT-1 [16]
hCNT1 and hCNT3 [18]
Enzymes in important in DNA/RN,dCK [19]
synthesis RNR [118]
Genes involved in cell cycle regulati(Loss of p53 function [25]
proliferation and apoptosis
P13K-Akt pathway [31]
modification
[26]
Src phosphorylation changes
[31]

Reduced BNIP-3 expression

Reduced S100A2, S100A4
exspression [32]

Increased ILK expression |[41]

Increased CEACM6 [119]
expression
[45,120]
Epithelial to Mesenchymal
transition

BNIP-3: Bcl-2/adenovirus E1B 19kDa protein intenagt protein; CECACMG:
Carcinoembryonic antigen-related adhesion mole@&jlénCNT: Human concentrative
nucleoside transporter; hENT1: Human equilibratimacleoside transporter; ILK:
Integrin-linked kinase; RNR: Ribonucleotide redseta

Transport mechanism acrossthe cell membrane

Nucleosides are hydrophilic and cannot traverse membranes by passive diffusion;
therefore, specialized transport systems are redifiar the passage of nucleoside analogs
in or out of the cell. Two groups of nucleosidensporters have been identified. These
include human equilibrative nucleoside transportéE®T1 and -2 [12, 13] and human
concentrative type nucleoside transporters (hCNT2 &nd -3 [14].

Several investigators have demonstrated the importde of nucleoside transporters in
gemcitabine entry into the cells. Using gemcitadimeombination with BIBW22BS, a
potent inhibitor of facilitated diffusion-mediatedicleoside transport, Jansetral. found

a 30-100 fold decrease in the activity of gemciahin various human cancer cell lines
[15]. Similarly Mackeyet al. found that cells with a nucleoside transporteictency
were highly resistant to gemcitabine [16]. Thisdstualso suggests that the type of



nucleoside transporter in a cell may help deterrserssitivity/resistance to gemcitabine.
Several studies have been undertaken in pancreaticer to determine the impact of
these nucleoside transporters in the prognosisatéms. Spratliret al. have suggested
that the presence of abundant hENT1 staining wiglaincreatic tumor cells may be a
prognostic marker of survival [17]. Patients withiformly detectable hENT1 had a
significantly longer survival with gemcitabine tteeent (median survival: 13 months)
than patients with tumors lacking detectable hENM&dian survival: 4 months).

Marechalet al. found that not only hENT1, but also hCNT1 and AGNare responsible
for gemcitabine uptake into cancer cells [18]. Istady of 45 pancreatic adenocarcinoma
patients treated with gemcitabine as an adjuvasattimnent after curative resection, they
found that patients with high hENT1 expression Bghificantly longer disease free
survival and overall survival than patients witkvlexpression. They also found that high
hCNT3 expression was associated with longer ovesailvival. This indicates that
hENT1 and hCNT1 and hCNT3 all play a role in thengport of gemcitabine, and
deficiency of these transporters may cause inmaistance to this agent. Only a minority
of patients respond to gemcitabine. These dataestigighat it may be possible to select
patients by determining hENT1 and hCNT1 and hCNX@ession in tumors. However,
this hypothesis needs careful examination in prasge randomized studies before
adoption.

Alterationsin sub-cellular targets.

Alterations in the cellular targets of gemcitabirgsult in decreased sensitivity to the
agent. Research in this area has focused on twerkeymes, dCK and RNR.

Role of dCK in gemcitabine resistance

In the cell, gemcitabine is phosphorylated by d@Kt$ monophosphate form. This first
step in phosphorylation is the rate limiting step further phosphorylation to active
metabolites and thus essential for the activatibrgencitabine. Gemcitabine is also
phosphorylated by TK2 [11].

Several authors have described a relationship leetw@CK activity and acquired
resistance to gemcitabine. Most of these studie® werformed in ovarian cancer cell
lines and acquired resistance was associated Wk deficiency. Van der Wilet al.
studied the effect aCK gene transfection idCK deficient gemcitabine-resistant human
ovarian AG6000 cells [19]. Recovery of dCK activitythese cells by transfection with
the dCK gene not only increased vitro sensitivity to gemcitabine, but evaluation of
same cells cultured as a xenogrnaftvivo by growth in nude mice also supported the
important role oiCK in tumor cell sensitivity to gemcitabine.

Sebastianiet al. explored genetic alterations of tl€K gene in pancreatic cancer
patients who progressed on gemcitabine and in hérpatic cancer cell lines and found



no mutation in any of the patients or the cell $inedicating that mutation in thdCK
gene may not be a frequent mechanism of gemcitalisistance in human pancreatic
cancer [20]. However, pre-treatment immunostairoahdCK in pancreatic cancer tissue
strongly correlated with progression free and oVeravival, proving the importance of
the level of this enzyme in cells in gemcitabinesstvity.

Nakanoet al. analyzed by RT- PCR the importance of the ratimRNA expression of
4 proteins, dCK, hENT1 and ribonucleotide reductislkssubunit 1 and 2 (RRM1 and
RRM2), in gemcitabine sensitivity by reverse traigon PCR (RT-PCR) [21]. Through
an examination of six pancreatic cancer cell linbhsy found that the ratio of mRNA
expression of dCK x hENT1/RRM1 x RRM2 was more tadive of drug sensitivity and
the higher the ratio the more sensitive the ce# livas to gemcitabine antte versa.

Role of RNR in gemcitabine resistance

Inhibition of RNR is one of the self-potentiatingeahanisms of gemcitabine action.
Gemcitabine diphosphate inhibits RNR which resulte a decrease in
deoxyribonucleotide pools, including dCTP, leadioglecreased feedback inhibition of
dCK [11]. As dCTP competes with gemcitabine trigtttate for incorporation into DNA,
decreased dCTP levels will increase gemcitabinerparation into DNA. Several
investigators have described the link between REfRity and gemcitabine resistance.
Nakahiraet al. found up regulation oRRM1 in the gemcitabine-resistant pancreatic
cancer cell line, MiaPaCa2-RG, by microarray analy®82]. Knockdown ofRRM1 by
siRNA reduced MiaPaCa2-RG gemcitabine resistancihdb of the parental cell line.
Furthermore, this observation translated clinicadly patients with high levels of RRM1
had significantly poorer survival outcome after gégabine treatment compared to those
with low RRM1 levels. Resistance to gemcitabine &s® been observed in cells over
expressing a second sub unit of the RNR complexMRRDuxbury et al. found
increased expression of RRM2 in gemcitabine-tasidANC-1 cells [23]. Knockdown
of the M2 subunit gene in pancreatic cancer cells 9RNA enhanced the
chemosensitivity to gemcitabine. In one study, neatment biopsies from unresectable
pancreatic cancer patients showed that patierits kww tumor RRM2 mRNA levels
have a better overall outcome compared to patieiitsshigh RRM2 mRNA levels [24].

Gemcitabineresistance: role of cell cycleregulation, apoptosisand EMT genes

Genes involved in cell cycle regulation, survivaldaproliferation play a key role in
pancreatic chemoresistance to anticancer agenttyding gemcitabinep53 is an
important gene in regulating the cell cycle andcfions as a tumor suppressor involved
in regulating cell growth. Galmarimt al. developed two breast cancer cell lines, MN-11
and MDD-2 with MN-1 cells containing wild type53 and the MDD-2 cell line
containing a mutanp53 [25]. Exposure to gemcitabine induced a higherreegof
apoptosis in MN-1 than in MDD-2 cells. This corresged with suppression of Bcl-2
and Bcl-x expression in the wild type53 cells exposed to gemcitabine, whereas Bcl-2
levels remained stable and Bgldevels increased in the mutgri3 cells exposed to the
drug. The authors suggested that losp5¥ function leads to loss of cell cycle control



and alterations in the apoptotic cascade, confgmasistance to gemcitabine in cancer
cell lines displaying the mutapb3 phenotype.

Duxbury et al. suggested the role of the nonreceptor tyrosinadé Src in innate and

acquired resistance to gemcitabine [26]. They dgpeal pancreatic cell lines resistant to
gemcitabine and found that the resistance was iasedavith higher Src phosphorylation

and activity as compared to gemcitabine-sensitlelioes.

There is evidence to suggest that activation ofapaptosis regulating genes may
contribute to the chemoresistance of pancreaticararells to gemcitabine. In pancreatic
cancer, expression of the anti-apoptosis gene Bldads to shorter patient survival [27].
A study by Boldet al. found that cellular overexpression Bdl-2, a potent inhibitor of
apoptosis, significantly decreased gemcitabinegaduapoptosis in pancreatic cancer
cell lines [28]. Transfection dBcl-2 siRNA of the pancreatic cancer cell line, YAP C
into nude mice xenograft showed a synergistic atigon with gemcitabine compared to
gemcitabine alone. Silencing of tBel-2 gene also restored sensitivity to gemcitabme
vitro [29].

In contrast, enhanced expression of the pro-apoak gene significantly increased the
sensitivity of the pancreatic cancer cell line, AdR to gemcitabine and 5FU. Friegs
al. found thatBax expression in pancreatic tissue was a stronganoliof survival [27].
Further development of this concept suggests tmatratio of Bax to Bcl-2 may have
stronger functional significance. Sétial. found that if the ratio of Bax to Bcl-2 tipped
towards Bax, that this could promote apoptosis aedpredictive of gemcitabine
sensitivity [30]. Akadaet al. identified the Bcl-2/adenovirus E1B 19kDa protein
interacting protein (BNIP3), a Bcl-2 family proagofpc protein as lowly expressed in
gemcitabine-resistant pancreatic cancer cell lirf88]. BNIP3 expression was
downregulated in drug resistant pancreatic canekiines and its expression was also
found to be downregulated by 90% in 21 pancreaditcer tissue specimens. SiRNA-
mediated knockdown of BNIP3 in pancreatic cancdl lbee reduces gemcitabine-
induced cytotoxicityin vitro. Mahonet al. identified the upstream genesl00A2 and
S100A4 as BNIP3 suppressors RDAC pancreatic cancer cell lines, with the ability to
repress exogenous BNIP3 promoter actiuityitro [32]. SLO0A4 knockdown resulted in
an increased sensitivity of the resultant cellsgemcitabine treatment, which was
coupled with an increase in apoptosis and cellecgotest.

Other antiapoptotic signal transduction pathwayskdd to the chemoresistance of
pancreatic cancer include PI3K-Akt and MB: The PI3K signaling cascade plays a
crucial role in the regulation of apoptosis, actingart via its downstream target Akt in
several cancer cell types including pancreatic earféene expression cDNA microarray
profiling of 15 pancreatic cancer cell lines expgbse gemcitabine revealed alterations in
levels of seven genes that encode proteins actitieei PISK-Akt pathway [31].

Recent investigations have shown that reductioRI8K and Akt activity in pancreatic
cancer cell lines correlates with enhanced gemaoiaimduced apoptosis and antitumor
activity, suggesting a significant role for theseymes in mediating drug resistance in



pancreatic cancer cells [33]. Inhibition of Akt mgia cell-permeable derivative of the
proapoptotic peptide and Akt antagonist C-termmaldulator protein (CTMP; termed
TAT-CTMP) in combination with gemcitabine or raddat therapy augments the effects
of gemcitabine and radiotherapy in vitro and in vivo [34].
NF-kB plays an important role in cancer progression ianteased expression promotes
cellular resistance to anticancer therapy. Atlal. showed that pancreatic cancer cell
lines resistant to gemcitabine-induced apoptosit thigh basal NB activity [35]. In
addition, inhibition of NFkB reduced gemcitabine resistance in these cellaeder, the
PI3K-Akt pathway was not involved in the gemcitabiresistance of these cells, as
inhibition of PI3K-Akt by LY294002 did not affectegncitabine-induced apoptosis.
Yokoi et al. demonstrated that hypoxia can induce gemcital®aistance in pancreatic
cancer cells mainly through the PI3K-Akt-NB pathways and partially through the
MAPK (Erk) signaling pathway [36]. In contrast, ethstudies have shown that IKB-
expression does not correlate with gemcitabineitetg however, knockdown of NK-
KB in vitro andin vivo did potentiate the effects of gemcitabine in d@resicells but not
resistant cells [37]. Disruption of NkB activity by inhibition of glycogen synthase
kinase-3 failed to sensitize pancreatic cances ¢elpemcitabine, suggesting that perhaps
NF-kB may play a minor role in gemcitabine resistar8®y.[Clearly, the contribution of
NF-kB to pancreatic drug resistance is complex and wohyend on other factors.
However the role of inhibition of NkB in potentiating gemcitabine induced cytotoxicity
is well established [39,40].

Duxbury et al. suggested a role for integrin-linked kinase (ILK) gemcitabine
chemoresistance in pancreatic cancer [41]. ILKlifatés signal transduction between
extracellular events and important intracellularvswml pathways involving protein
kinase B/Akt. Overexpression of ILK increased dellugemcitabine chemoresistance,
whereas ILK knockdown induced chemosensitizatian increased caspase 3-mediated
apoptosis.

An interesting paper by Liaet al. pointed towards the role of high mobility group
protein (HMGA1) in pancreatic cancer resistancetiemotherapeutic agent especially
gemcitabine [42]. HMGAL is a transcriptional protecomplex which forms on
chromatin and regulates transcription of numeroeseg downstream of Ras/ERK
signaling pathway. Utilizing the MiaPaca2 and BxRel lines, they found silencing of
HMGAL by the use of siRNA increased the chemosetsitof gemcitabine and forced
overexpression of HMGAL promoted resistance to gafnioe in MiaPaca2. The same
phenomenon was demonstrated in xenograft nudewtieee again silencing of HMGA1
promoted gemcitabine-induced cytotoxicity and rexutumour growth [43]. They also
suggested that HMGA1 mainly works through Akt aation. Emerging evidence
suggests both molecular and phenotgsisociations between gemcitabine resistance and
the EMT phenotype, pointing towards an interestingchanism of pancreatic cancer
resistance. EMT is a process initially seen in dbgelopment of the embryo, whereby
cells lose epithelial characteristics and gain aenehymal phenotype. Recent research
has shown that the EMT may be an important phenomen cancer progression;
epithelial-derived tumor cells switch properties @ more mesenchymal phenotype
facilitating tumor invasion and metastasis. Thetheghial state is characterized by E-
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cadherin and cytokeratin (e.g., cytokeratin 18)reggion. Using immunohistochemical
techniques, Nakajimet al. examined the expression of vimentin, and N- arch@herin

in pancreatic cancer tissue specimens [44]. Imepdl cells, the loss of E-cadherin and
the increase in N-cadherin expression was foundeocassociated with a metastatic
phenotype. Vimentin expression was observed iwactncer cells of pancreatic primary
tumors but was substantially expressed in pancreaticer liver metastasis. Shethel.
developed gemcitabine-resistant pancreatic canekrlices displaying spindle-shaped
morphology, an appearance of pseudopodia and rédaddesion with increased
invasion and migration potential [45]. The gemana&bresistant cells demonstrated
increased vimentin and decreased E-cadherin expnesReceptor protein tyrosine
kinases and c-MET were activated and there washeamase in the expression of the
stem cell markers CD24, CD44 and epithelial-spediintigen (ESA) in the resistant
cells. To further elucidate the mechanisms for #exuired EMT phenotype of
gemcitabine resistant cells, Waaigal. found that Notch-2 and its ligand Jagged-1 were
highly upregulated in gemcitabine-resistant partarezancer cells [46]. Knockdown of
Notch lead to a reduction in the invasive and ENhEmmtype of the cells, indicating that
activation of Notch signaling in gemcitabine-resigtcells may be linked to EMT.

MicroRNAs and gemcitabineresistance

MicroRNAs (miRNAS) are post-transcriptional regoliat that bind to mRNA. Since their
identification, research has revealed multiple soler miRNAs in the negative and
positive regulation of translation and transcriptio Several researchers have
demonstrated the role of miRNA-21 in the chemotasie of gemcitabine in both
pancreatic cancer cell lines and patients. Rese@rdhis field has established that
mMiRNA-21 contributes to pancreatic cancer invasioetastases and chemoresistance of
gemcitabine [47]. Giovenettt al. carried out a study in pancreatic cancer patiants
found shortened overall survival in individuals kvitigh miRNA-21 expression in both
metastatic and adjuvant setting [48]. Similarlyhibitory studies with antisense
oligonucleotides to miRNA-21 increased apoptogsisested cell cycle and sensitized the
cells to gemcitabine [49]. The roles of other miRNAre under investigation and
potentially provide us with new targets for overeogresistance.

Contribution of stromal factorsto drug resistance

Pancreatic cancer is characterized by dense deastigpteactions which can involve

adjacent vital structures. Cancer cells are usuallyrounded by a dense stroma
consisting of myofibroblast-like cells, collagendaiibronectin. Several researchers have
demonstrated the contribution of stromal factorpaocreatic cancer pathogenesis [50].
Similarly the role of tumor microenvironment in thenate resistance of pancreatic
cancer has also been demonstrated [51,52].

The use of antiangiogenesis drugs has elicitedivalnbenefits in many aggressive
tumors; however, these inhibitors have failed todpice lasting clinical responses in
pancreatic cancer patients [53]. A review by Besgaral. describes the modes of
resistance to antiangiogenesis drugs by adaptiasiey resistance [54]. The biological
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regulatory mechanisms of invasion and angiogenasisyell as contributory factors in
the tumor microenvironment, have revealed undeglymechanisms of resistance to
antiangiogenic therapies. Pancreatic cancer isactenized by its hypoperfusion [55],
and also proven consistently hypoxic possibly beeaaf hypoperfusion. Failure of most
of the chemotherapeutic combinations and even nte@ment including cetuximab and
bevacizumab has led to the idea of hypoperfusidacier leading to the poor delivery of
anticancer agents [56]. This concept has been tlgaggmonstrated by Olivet al., who
found that with the use of inhibitors of hedgehamaling in genetically engineered nude
mice with pancreatic cancer, fibrous stroma wasledeg, which improved the
microvascular density and delivery of gemcitabin® ithe cancer cells [57]. This is a
very interesting study that could at least pastiakplain the general resistant behavior of
pancreatic cancer to anticancer agents. Hedgeboglsig and its aberrant activation are
well recognized in pancreatic cancer pathogenégislmanet al. also demonstrated that
inhibition of hedgehog signaling resulted in inkidkm of metastatic spread in an
orthotopic xenograft model [58]. However, practieald experimental limitations mean
that we have a particularly poor understanding hef tole of the pancreatic cancer
microenvironment in gemcitabine, capecitabine atatirib chemoresistance.

Capecitabine

Capecitabine (Xeloda®, Genentech, Inc., CA, USArl) Basel Switzerland)) is an
oral fluoropyrimidine carbamate that is used inocotancer [59], gastric cancer [60],
breast cancer [61] and pancreatic cancer [6]. Giglrdae is converted to 5-FU in three
enzyme-controlled steps as illustrated in FigureTBe first step is catalyzed by
carboxylesterase, an enzyme located almost exelysin the liver, the second step by
cytidine deaminase, expressed in the liver andouartypes of tumors, and the last by
thymidine phosphorylase (PD-ECGF/TP), which is tiftdube have higher expression in
tumor than in normal tissues, thus ensuring an rodthefficacy [62]. Capecitabine has
potentially two pharmaceutical advantages: enharaiyation at the tumor site and
decreased drug accumulation in healthy tissuesglilyedecreasing systemic toxicity.

Carboxylesterase
Capecitabine[ " > 5DFCR

CYd
deaminas

5 Flurouracil<C_ ] SDFUR
Thymidine

phosphorylase

Figure 3. Metabolic conversion of capecitabine to 5-fluorouracil

5'DFCR: 5’-Deoxy-5-flurocytidine; 5’ DFUR: 5’Deoxytfrouridine
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M etabolic conversion of Capecitabine to 5-fluorouracil

Capecitabine is orally administered as a prodrugveded to 5’-deoxy-5-flurocytidine
(5’DFUR), which is ultimately converted into 5-Fln vivo (as shown in Figure 3).
Therefore, to understand the mechanism of actiomapiecitabine, it is important to
understand the mechanism of 5-FU action. 5-FU exirtanticancer effects through
inhibition of thymidylate synthase (TS) and incaiggmn of its metabolites into RNA
and DNA, as outlined in Figure 3.

DHFU «BPD_ 5 Flyrouraci——— FUDR

TP
% OPRT—PRPP | 'K

FUR —gg — FUMP FdUMP— TS
inhibition
FUDP — " FdUDP
RR
FUTP FdUTP
RNA DNA
damage damage

Figure 4. Cellular metabolic schemefor 5-fluorouracil.

FAUDP: Flourodeoxyuridine diphosphate; FAUMP: Fomlgoxyuridine monophosphate;
FAUTP: Flourodeoxyuridine triphosphate; FUDP: Fauoidine diphosphate;
FUTP: Fluorouridine triphosphate; FUMP: Fluorounieli monophosphate; OPRT:
Orotate phosphoribosyltransferase; PRPP: phospigylib pyrophosphate; FUR:
Fluorouridine; UP: Uridine phosphorylase; UK: Urnidi kinase; RR: Ribonucleotide
reductase; DPD: Dihydropyrimidine dehydrogenase; Tiymidine kinase.

Cellular metabolic scheme for 5-FU

5-Fluorouracel is converted to three active meitd®l flourodeoxyuridine
monophosphate (FAUMP), flourodeoxyuridine triphagph(FAUTP) and fluorouridine
triphosphate (FUTP), as shown in Figure 4. The rmecm of 5-FU activation is
conversion to flourodeoxyuridine monophosphate, hegit directly by orotate
phosphoribosyltransferase (OPRT) with phosphoribpgsophosphate as the cofactor, or
indirectly via fluorouridine (FUR) through the semptial action of uridine phosphorylase
(UP) and uridine kinase. Fluorouridine monophosphat then phosphorylated to
fluorouridine triphosphate, which can be eitherttiar phosphorylated to the active
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metabolite FUTP, or converted to fluorodeoxyuriddiphosphate (FAUDP) by RNR. In
turn, FAUDP can either be phosphorylated or depiwstated to generate the active
metabolites FAUTP and FAUMP, respectively. An aléve activation pathway involves
the thymidine phosphorylase-catalyzed conversion5efU to fluorodeoxyuridine
(FUDR), which is then phosphorylated by thymidinégnadse (TK) to FAUMP.
Dihydropyrimidine  dehydrogenase (DPD)-mediated @evswn of 5-FU to
dihydrofluorouracil (DHFU) is the rate-limiting §ieof 5-FU catabolism in normal and
tumor cells. Up to 80% of administered 5-FU is lmokilown by DPD in the liver [63].

We will now discuss the potential mechanisms théoughbe involved in innate and
acquired resistance to capecitabine. Unfortunatyjjttle research has been conducted
on capecitabine resistance mechanisms in pancreaticer, we must rely on indirect
evidence gathered from knowledge of capecitabisistance in other tumor types. Table
4 summarizes the main known resistance mechanseapecitabine and its downstream
products.

Table 4. Factorsinvolved in capecitabine/5-FU resistance

Mechanism Marker of resistance Ref
Membrane transport mechanisms hENT1 &hENT2 [65]
hCNT1 [64]
Upregulation of MRP5 [68]
Upregulation of MRP8 [69]
Enzymes in important in DNA/RNA synthesis TP [74]
DPD [78]
TS [79]
Genes involved in cell cycle regulati{Src kinase activation [86]
proliferation and apoptosis
Overexpression NikB [84]
Over expression of anpaptotic[84]
gene c-Flip

DPD: Dihydropyrimidine dehydrogenase; hCNT: Humaonaentrative nucleoside
transporter; hENT1: Human equilibrative nucleositlansporter; MRP: Multidrug-
resistance protein; TP: Thymidine phosphorylase;THymidylate synthase.

Céllular transport mechanisms
Currently, there is very little information availalon the role of transporters in resistance

to 5'-DFUR (the intermediate product of capecitapim pancreatic cancer. Maghal.
showed that 5-DFUR is a substrate for the nudaeosansporter hCNT1, but not for
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capecitabine or 5-FU, and its expression confersedsitivity to the drug in a
heterologously hCNT1-expressing CHO-K1 cell linel][6In breast cancer cell lines,
hENT1 is the main transporter of 5-DFUR, and deficy of this protein reduces the
cytotoxicity of 5'-DFUR [65]. Inhibition of hENT1ds been demonstrated to blouokst

of the transcriptional targets of 5-DFUR actiomcluding genes associated with
apoptosis and cell cycle progression [66]. Therftinere is evidence to suggest that
hENT1 and hCNT1 are both transporters of 5'-DFUR @eficiency of these transporters
reduces the cytotoxicity of 5-DFUR. However, exgsien of these transporters in
pancreatic cancer cells and its impact on the gsignof pancreatic cancer has not yet
been studied.

Role of efflux pumpsin cancer resistance to capecitabine metabolites

Pancreatic cancer’s intrinsic resistance to establl chemotherapy drugs can be
mediated by multidrug resistance proteins (MRPg) #re multi-drug resistant-1 gene
(MDR; P-glycoprotein) [67]. However, the contributioh MDR to chemoresistance in
pancreatic carcinoma is unclear. Hagmahal. found MRP3, MRP4, and MRP5 were
upregulated in 5-FU-resistant Capan-1 pancreatitcaracells [68]. RNAi-mediated
knockdown of MRP5 resulted in increased sensititatyb-FU in pancreatic carcinoma
cells. Utilizing a PC6 small cell lung cancer deie Oguriet al. developed resistance to
5-FU and found that reduced drug sensitivity waseisited with over expression of the
MRP8 gene [69].

Sub cellular enzymetargets

In theory, either a deficiency of enzymes that e¥sponsible for the activation of
capecitabine intermediates or an increase in lewflsenzymes responsible for
inactivation of capecitabine could confer resis@anthree enzymes demonstrated to be
involved in resistance to activated capecitabirogpcts are TP, TS and DPD.

Thymidine phosphorylase is an enzyme present inezagells responsible for converting
5'-DFUR to its active metabolite, 5-FU, and is #fere a limiting factor in the anti-
tumor effects of these drugs. Interestingly, tmgyne is identical to PDGF and also has
angiogenic activity [70]. Increased pretreatmewnele of TP in pancreatic [70] and colon
[71] cancer is associated with unfavoratiieical outcome and poorer survival. In breast
cancer, patients with TP-positive tumors showedrggértime to progression if they
received taxanes before capecitabine than patigtiisTP-positive tumors who did not
receive this treatment, providing evidence that exdpressionn breast cancer could
represent a biomarker of sensitivity to capecitabigatment [72].

Meropol evaluated TP, TS, and DPD levels for thaility to predict response to
capecitabine treatment in colon cancer [73]. Pasitistaining for TP by
immunohistochemistry predicted for significantlygher response rate (65% v 27%) to
the combination of capecitabine with irinotecan f@RI), and survival that was nearly
double for patients with TP-negative tumors.
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Studies have also demonstrated that intratumoldeMeTP and DPD are indicators of
tumor response to capecitabine, and that the ratieer than the actual expression levels
of TP or DPD alone is predictive of response toecéipbine treatment [74-76]. Schuller
et al. showed that increased TP levels resulted in @as&e intratumoral 5-FU levels,
thereby enhancing the effect of capecitabine ioreaital tumors [77]. Tsukomotet al.
presented data suggesting that high levels of DRiDession result in lower intratumoral
5FU levels through increased degradatiowitro [74].

Recent studies further support a correlation betwdlee ratio of TP:DPD and
capecitabine response. Ishiketzal. showed that capecitabine can be effective in tamo
expressing low TP, if DPD expression is low as W&]. A recent study investigated TP
and DPD levels in tumor tissue to assess theiicdlimsignificance as indicators for
selecting colorectal cancer patients for 5'-DFUReohadjuvant chemotherapy. Results
showed that patients with high TP but low DPD espren had the best disease-free
survival, whereas the low TP but high DPD group hilagl worst survival [75]. As
capecitabine is ultimately converted in the cells5FU by the action of TP, the
alteration of enzymes and targets of 5-FU activatieay also play a role in chemo-
resistance of capecitabine.

Another enzyme that has been very extensively stugh the resistance to 5-FU is TS.
Peterset al. found that initial 5-FU treatment inhibited TSutbprolonged exposure
induced TS levels [79]. TS is a key enzyme in tyr&lsesis of 2 deoxybSmonophosphate
(dTMP)  from 2  deoxyuridine  monophosphate  (dUMP), r fo which
methylinetetrahydrofolate is a methyl donor. TSars important target of the active
metabolite of 5-FU, and 5-FU treatment can indu& éxpression. Okumaret al.
suggested that TS mMRNA expression level may besdigior of chemosensitivity to 5-
FU in colon cancer patients as TS mRNA expressias wversely related to 5-FU
sensitivity [80]. Banerjeet al. found that high levels of TS occur as a resulhofeased
copy number or increased translation/transcriptiangd is associated with intrinsic
resistance to fluropyrimidines [81].

Other enzymes responsible for activation of 5-Ftlude uridinemonophosphate kinase
(UMPK) and orotate phosphorylase transferase (OP®Ecreased levels of these
enzymes have also been described as a resistacbamsn for 5-FU [82] .UMPK is an
enzyme that is responsible for conversion of 5-BIBEUTP and its incorporation into
RNA, and it was demonstrated that resistance tasb6{FU was associated with lower
expression of UMPK. However, the activities of atheFU-metabolizing enzymes
remain unchanged. More recently, Koopnghral. found that patients with high OPRT
expression in stromal cells had a favorable proignfos overall survival; however, high
OPRT levels in tumor cells was an unfavorable posgio parameter for progression-free
survival and overall survival in the Capecitabif@otecan and Oxaliplatin (CAIRO)
study for advanced colorectal cancer [83].

Contribution of genesinvolved in cell cycle regulation, proliferation and apoptosis
toresistance
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As with gemcitabine, genes involved in apoptosis @gle regulation and proliferation
play an important part in resistance of capecitabin

Wanget al. profiled 5-FU-resistant and corresponding pafldmteast cancer cell lines by
microarray analysis [84]. Enzymes involved in 5-Btlivation were downregulated in
resistant lines, including TK, UMPK and OPRT. Ovwgnession of genes involved in
cell regulation, proliferation and apoptosis sushT& c-YES NF-«B, p65 andc-Flip
were also detected in resistant cells. Cotransfieofi NF-x<B andp65 cDNA induced 5-
FU resistance in MCF-7 cells corresponding withucstiexpression of genes governing
G:;-S and S-phase transition. Thphenotype may prote&tU-resistant cells from cell
death inducebly incorporation of 5-FU into DNA chains by allowjtime to repair 5-FU
induced damage.

Maxwell et al. analyzed the 5-FU-resistant H630-R10 and pared@80 colorectal
cancer cell lines by microarrays and fouramkal expression levels of SSAT, annexin I,
thymosin beta-10, and chaperonin-10 and MAT-8 esgom dramatically increased in
the 5-FU-resistant cell line compared with the ptakline, suggesting that these genes
may be useful biomarkers of resistance [85].

Xin et al. suggested that the activation of antiapoptotioegeafter repeated drug
exposure contributes to chemo-resistance of paticreancer cells towards 5-FU, and
that blockade of antiapoptotic genes might enh@heenosensitivity in pancreatic cancer
[30]. Ischenko et al. developed a 5-FU- resistant pancreatic cancériceland tested
the hypothesis that Src tyrosine kinase inhibitonld augment the chemo-sensitivity of
5-FU-resistant human pancreatic cancer cells t&)$88]. They found that combining 5-
FU and Src kinase inhibitor restored the 5-FU-irel@poptosis in the 5-FU resistant
cell line. Western blotting and RT-PCR analysiseaded that the expression of TS was
higher in 5-FU-resistant cells; however, expressi@treased significantly after pre-
treatment with Src kinase inhibitor. Furthermoriee tcombination of 5-FU and Src
inhibitor decreased the 5-FU-induced activatiorEGfF receptor (EGFR)-Akt pathway.
Finally, 5-FU and Src inhibitor substantially dexsed thein vivo tumor growth and
inhibited distant metastases. Taken together, 5eREmoresistance can be reversed
through indirect TS regulation by inhibiting Sredgine kinase, which may be linked to
the inhibition of 5-FU-induced EGFR-Akt activation

Erlotinib

Erlotinib (Tarcev®, OSI Pharmaceuticals [NY, USA]/Genentech, Inc, iR)ds a small
molecule tyrosine kinase inhibitor targeting theraoellular domain of EGFR and
competes with ATP for binding to the kinase domdirereby impeding downstream
signaling.

Human epidermal growth factor receptor is a menolbéirB receptor family of receptor

tyrosine kinases; it is over expressed 30-65% ofpatic ductal adenocarcinoma [87]
and has been implicated in the carcinogenesiseotitbease [88]. EGFR overexpression
is associated with poor prognosis, poorly diffeiaet histology and a more advanced
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stage of cancer [89]. Recent studies have alsoeste) that EGFR may be useful as a
predictive marker for invasion and metastasis imcpaatic cancer [90].

Over expression of another member of the EGFR faHIER2, has been observed with
variable incidence of 10-60% in this disease [9f}l aoverexpression of HER2 is
inversely related to survival [92].

It has been established that EGFR signaling patewayegulation occur through various
mechanisms including receptor or ligand overexpoaesseceptor mutation and receptor
cross-talk [93]. In contrast to receptor homodiration, heterodimerization of EGFR
with HER2 provides a stronger growth stimulus, rageti through two pathways, P13K-
Akt pathways and the Ras-Raf mitogen-activatedvpayh94], which leads to a cascade
of events resulting in cell survival and chemortasise..

Predictability of responseto erlotinib in pancreatic cancer

In contrast to lung canceEGFR mutation status and its response to erlotinib been
poorly studied. Although a study by Moaeal. showed modest benefit of erlotinib with
gemcitabine versus gemcitabine alone, a 1.5 to Jré¥%uency ofEGFR mutation in
pancreatic cancer was reported, which is signiflgdower than other cancer types [5].
A study by Tzenget al. characterizedGFR mutation in pancreatic adenocarcinoma by
using 9 pancreatic cancer cell lines and 31 spewnfiem pancreatic cancer patients,
and observed that the EGFR tyrosine kinase donsalmghly conserved in pancreatic
cancer [95]. Clearly there needs to be a more feignt and clinically focused
investigation of the predictive value of tiFR mutation and gene copy number on
erlotinib response in pancreatic cancer to giveogendefinitive understanding of the role
of these alterations in erlotinib sensitivity.

Frolov et al. found that heterodimerization of EGFR with ERBBdadownstream
signaling from ERB3 is an important mechanism atitengenesis [96]. Miapaca-2 cells,
which lack ERB3, displayed persistent activation amgoing proliferation, despite the
use of erlotinib. Erlotinib treatment inhibited Aghosphorylation in ERB3-expressing
cell lines. The same phenomenon was demonstrat&lblyet al. [97]. Their work on
pancreatic and colon cancer cell line and demaestridnat coexpression of EGFR with
ERB3 determine the sensitvitty to erlotinib.

Unfortunately, there have been proportionately fewestigations of the mechanisms
underlying erlotinib resistance in pancreatic canse there is an obvious need for
further investigation. Therefore, we will reviewetlhecognized mechanism of resistance
to erlotinib and related tyrosine kinase inhibitor®ther cancers. Box 1 summarizes our
knowledge of erlotinib resistance mechanisms based number of different cancer

types.

Box 1. Summary of the major known erlotinib resistance mechanisms
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* Down regulation of PTEN [99]

* Amplification of MET [100]

» Mutation of EGFR or other genes as mechanism ddteesce [101]

* Mutation in downstream EGFR targeting pathway g¢heg]

» Alterations in the expression of related growthdaceceptor pathways/prote|ns
[106-107]

Over expression/activation of signaling proteins

Phosphatase and tensin homolog is a lipid phospdatiad tumor suppressor protein that
regulates P13K-Akt signaling pathway. The major stidte for PTEN is
phosphatidylinositol 3, 4, 5-triphosphate, a secora$senger of P13K. With the loss of
PTEN function, phosphatidylinositol 3, 4, 5-trippbsite accumulates in the cell
membrane and activates Akt increasing its celludati-apoptotic function [98].
Yamasakiet al. demonstrated that acquired resistance to ertoiimiolves the activation
of phosphorylated Akt (p-Akt) and downregulation MMAC1/PTEN in the A-431
epidermoid cancer cell line [99]. Gefitinib is anet EGFR inhibitor and Engelmareh
al. found that amplification dfAET causes gefitinibesistance in a gefitinib-resistant lung
cancer cell line by drivindeERBB3 (HER3)—dependent activatiaof PI3K, a pathway
thought to be specific to EGFR/ErbBB famihgceptors [100]. Hence a similar
phenomenon may also occur with erlotinib.

Mutation of EGFR or other genes as a mechanism of erlotinib resistance

Paoet al. undertook a study of lung cancer patients whoseade progressed on erlotinib
or gefitinib and found, in addition to a drug sénsi mutation iInEGFR, a secondary
mutation in exon 20, which leads to the substitutaf methionine for threonine at
position 790 (T790M) in the kinase domain [101]isTetudy showed that the secondary
mutation (T790M) emerges in the resistant subclomeghe presence of a drug.
Interestingly this secondary mutation was not seemntreated tumor samples. The
authors showed that this T790M mutation directiynfeos resistance to oth&GFR
mutants usually sensitive to either erlotinib ofitgeb. This study also showed that 24%
of the patients who were refractory to erlotinieatment had &ras mutation and none
of the erlotinib-sensitive tumors had such a matat-ras mutation has been associated
with primary resistance to erlotinib treatment ianrsmall-cell lung cancer. In colon
cancer treatment, a very clear link has been eskedal between the efficacy of EGFR-
targeted treatments aketas mutation status [102]. Karapetsal. undertook a study in
colon cancer patients and their tumor samples, assdssed whethérras mutation
status is associated with response to cetuximal-Retargeted agent). They found that
patients with mutate#-ras did not benefit from cetuximab treatment, wherpasents
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with tumors with wild-typek-ras did [102]. This association has, as yet, not been
established in pancreatic cancer.

Role of receptor activation as a mechanism of resistanceto erlotinib

The IGF-1 receptor (IGF-1R) activates many of tlane down-stream pathways as
EGFR and overexpression can lead to -carcinogenesigeased proliferation,
angiogenesis and metastasis [103]. PI3K-Akt siggals a critical component of the
downstream mediation of EGFR and also plays a iomak role in IGF-1R signaling
[103]. Chakravartiet al. identified two glioblastoma cell lines that batkierexpressed
EGFR, but exhibited very different responses to R@thibitors [104]. The resistant cell
line significantly overexpressed IGF-1R and showedher increases in IGF-1R
expression in response to EGFR inhibition by AG14Z8 EGFR tyrosine kinase
inhibitor. PI3K-Akt signaling persisted in the rstsint cell line in response to AG1478
treatment, and these cells also maintained theasine and antiapoptotic characteristics.
These findings point towards an ability to switatonh EGFR signaling to IGF-IR
signaling in this cell model in the presence of R3Rhibition. Therefore, inhibiting both
pathways simultaneously may provide a mechanisgircmmvent this ability to switch
oncogenic drivers, reduce resistance potential, gmedeby reduce the growth and
invasiveness of cancerous cells [105].

Morgillo et al. also pointed towards another interesting phenomeof erlotinib
resistance [106]. Their data suggested that hetrexdization of EGFR/IGF-1R and its
downstream signaling, including mTOR, stimulatésdnovo protein synthesis of EGFR
and survivin with the treatment of erlotinib. Thalgo demonstrateish vitro andin vivo
that knockdown of surviving, inhibition of IGF-1Rtévation and suppression of mMTOR-
mediated protein synthesis abolished erlotinibstasice.

Choi et al. worked on non-small-cell lung cancer cell liné&l§50, PC-9, HCC-827)
containingEGFR mutations that were primarily resistant to tyresiinase inhibitors
[107]. Combined treatment of gefitinib with an I@R- inhibitor induced growth
inhibition, apoptosis and downregulation of phosptation of Akt, EGFR and IGF-1R.
Their data pointed towards combined use of IGF-AREBGFR inhibitors in patients with
non-small-cell lung cancers that are refractory tteatment with tyrosine kinase
inhibitors.

Taken together, although there is very limited infation on the underlying mechanisms
of erlotinib resistance in pancreatic cancer, @dlaion from observations of erlotinib
resistance in other tumor backgrounds suggestst tihmaty be feasible to identify markers
of such resistance, suchlasas, and/or prevent or overcome resistance by targetioge
than one point in key growth-driving pathways ie tamor cells.

Expert commentary and five year view

Pancreatic cancer is a disease with extremely pomgnosis. Although the addition of
erlotinib to gemcitabine has improved median sualithis benefit is quite modest owing
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to the resistance characteristics of this maligparResistance to pancreatic cancer
treatment represents a significant clinical ancerdsdic challenge. We have so far
identified some putative laboratory markers ofs&sice that could be helpful in properly
selecting patients for treatment with, for examgiemcitabine and capecitabine, but the
therapeutic potential/implications of those markkes not been explored in sufficient
depth to incorporate them into current treatmeihter€ is a clear and distinct need to
identify and characterize robust markers, espgctalbse which might be expressed in
serum (owing to the inherent ethical and clinicablienges associated with tumor
sampling in this particular malignancy). Our sdlattprocess for such markers should
focus specifically on early detection, charactdraraof the intrinsic sensitivity/resistance
to standard chemotherapies and early response readweing to the frequency of
resistance and the rapid progression of the diséasking away from the tumor itself,
there is an appreciable amount of evidence sugge#iat the tumor microenvironment
plays an important role in this malignancy, andadiea significant research effort must
also be directed at this phenomenon to identifgpidl novel treatment approaches that
may synergize with more directly tumor-targetingriipies. Advancing these specific
aspects of pancreatic cancer research will allowtousnake much better use of the
existing arsenal of anticancer drugs and also ®ffee hope of developing completely
new, and possibly less toxic, targeted therapeficpancreatic cancer treatment, as has
been the case with some other malignancies.

Research into better treatment strategies for paticrcancer will continue, driven by the
dearth of knowledge of that particular malignanoyipled with the slow but inexorable
global increase in the incidence of the diseagee Years is a proportionately short time
in clinical cancer research, so our strategieshigt ime are likely to be informed by
extrapolation from our overlapped knowledge withestmalignancies and the underlying
contributions of key alterations in signaling pa#lys driving the disease and
confounding treatment response. Extrapolation ¢dtieng research suggests that we may
be in a position to conduct larger-scale clinicadlaations of putative markers and
especially marker profiles to confirm the preseacd magnitude of the disease. Some of
these putative markers may also provide early, sprantitative information on the
response of the malignancy to treatment. The ogyobtarmaceutical industry is awash
with new drugs targeting new aberrations and payhalterations, as well as second-
generation agents with improvements in over exgstiawrgeted drugs, and it appears
highly likely that at least some of these agentshe evaluated in regimens in pancreatic
cancer, hopefully providing increases in rates exient of patient remission. If we can
identify agents that give durable response in ptgjethis may also drive an increased
acceptance of routine molecular and pathologicalatterization of the patient’s tumor
prior to treatment.

While pancreatic cancer is a particularly challeggmalignancy to treat, and its recent
history has attracted a share of therapeutic “falsets,” extrapolation of our current
knowledge does give cause for optimism and sugdhkatssignificant advances in our
understanding of the disease and the improvemariteatment options that derive from
that will be forthcoming, allowing better stratidiion of patients for treatment and
improved response.
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Key issues

Median survival of locally advanced pancreatic ens 9 months and metastatic
pancreatic cancer is approximately 6 months.

To date we can only detect some putative laborataskers of resistance but the
therapeutic potential/implications of those marké@ve not been explored
sufficiently to incorporate them into treatment.

We are still at an early stage in the understandirtbis disease as we are looking
for key aberrations that bring about the ubiquitmsstance phenotypes.

We have no clear indicators of treatment respopseticularly for erlotinib,
despite the emergence of indicators for the treatrefficacy of this agent in
other malignancies.

Better understanding the molecular pathways, rbkeg genes and role of tissue
microenvironment in pancreatic cancer resistande help us to develop new
targeted therapies with improved efficacy.
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