
Journal of Cancer 2016, Vol. 7 
 

 
http://www.jcancer.org 

1328 

JJoouurrnnaall  ooff  CCaanncceerr  
2016; 7(10): 1328-1339. doi: 10.7150/jca.15419 

Review 

Pancreatic Cancer from Molecular Pathways to 
Treatment Opinion 
Michail Karanikas1, Agis Esempidis1, Zeinep Tzoutze Memet Chasan1, Theodora Deftereou1, Maria 
Antonopoulou1, Ferdi Bozali1, Kyriakos Amarantidis2, Yan-Gao Man3  

1. 1ST Department of Surgery, University Hospital of Alexandroupolis, Democritus University of Thrace, Dragana, Alexandroupolis, 68100 Thrace, Greece.  
2. Department of Medical Oncology, University Hospital of Alexandroupolis, Democritus University of Thrace, Dragana, Alexandroupolis, 68100 Thrace, 

Greece.  
3. Research Laboratory and International Collaboration, Bon Secours Cancer Institute, VA, USA.  

 Corresponding author: Michael Karanikas, University Surgery Department, University General Hospital of Alexandroupolis, Democritus University of 
Thrace, Alexandroupolis, Greece. Mobile: 6974107504 Email: mkaranikas@outlook.com. 

© Ivyspring International Publisher. Reproduction is permitted for personal, noncommercial use, provided that the article is in whole, unmodified, and properly cited. See 
http://ivyspring.com/terms for terms and conditions. 

Received: 2016.03.01; Accepted: 2016.05.01; Published: 2016.06.25 

Abstract 

Pancreatic cancer is considered one of the most lethal malignances. It has been observed that the 
five year survival rate is less than 5%. Early diagnosis, understanding the risk factors and 
investigation of the molecular pathways with targeted therapy are the keys for efficient treatment. 
Moreover; there are several local treatments for patients with unresectable pancreatic cancer. 
There are several combined therapies with chemotherapy and radiotherapy, however; a local 
therapy approach for many patients with poor performance status are in need. For those patients 
with good performance status new polychemotherapy regimens are used with success and 
increased survival improvement. Polychemotherapy has been observed to increase the rate of 
radical resections in some cases. Second line therapy is used for patients with good performance 
status and metastatic disease. Oxaliplatin-based regimens are mostly used, however; there are 
several other drugs that are being developed. Unfortunately, targeted therapy has not presented 
the expected efficiency. Moreover; immunotherapy; another treatment approach for several 
cancers types has again failed to present positive results for pancreatic cancer. In the current mini 
review, we will present information from the diagnosis to molecular pathways and targeted 
treatment. 
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Introduction 
Currently pancreatic ductal adenocarcinoma 

(PDAC) is considered the fourth leading cause of 
cancer death and is considered one the most lethal 
malignances. Surgery is considered the most effective 
treatment since the five-year survival rate is only 
5%.[1] Upon diagnosis, only 20% of patients are fit for 
surgery based on disease staging however; it has been 
observed that disease recurrence is up to 80% of these 
patients.[2] Unfortunately, most commonly PDAC 
does not present signs for early diagnosis and 
therefore patients are diagnosed at advanced stage. 
Until now there are no clear guidelines regarding 

screening of patients even for those at high risk for 
pancreatic cancer such as those with a family history 
of pancreatic cancer and chronic pancreatitis). 
Investigation of pancreatic cancer (PC) has brought 
out four major driver genes: V-Ki-ras2 Kirsten rat 
sarcoma viral oncogene homolog (KRAS), 
cyclin-dependent kinase Inhibitor 2A (CDKN2A), 
Tumor protein p53 (TP53), and SMAD family member 
n°4 (SMAD4). KRAS mutation and alterations in 
CDKN2A have been observed in pancreatic 
tumorigenesis. The most important tools for PC are 
endoscopic ultrasonography and endoscopic 
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ultrasonography-guided fine-needle aspiration with 
19 G, 21G and 22G which offer high diagnostic ability. 
One of the most common approaches for treatment 
after surgical resection is considered adjuvant 
chemotherapy with gemcitabine or S-1, an oral 
fluoropyrimidine derivative, or oxalipaltin. On the 
other hand FOLFIRINOX (fluorouracil, folinic acid 
[leucovorin], irinotecan, and oxaliplatin) and 
gemcitabine plus nanoparticle albumin-bound 
paclitaxel (nab-paclitaxel) are the treatments of choice 
for patients who are not surgical candidates but have 
good performance status. For now the most important 
improvement concerns to the conventional 
chemotherapy are represented by FOLFIRINOX and 
gemcitabine plus nab-paclitaxel regimens, but until 
now results in a modest outcome advantage.[3, 4] 
Regarding PC there has been no significant progress 
in the field of targeted therapy. A tyrosine kinase 
inhibitor (TKI) of epidermal growth factor receptor 
(EGFR), Eroltinib is the only biological agent 
approved for pancreatic cancer. However; its effect 
results in a very modest survival benefit in unselected 
patients.[5] In recent decades, several combinations of 
classic chemotherapy and novel biological agents 
have been studied, but they have not improved 
overall survival, and furthermore, those trials did not 
use biomarkers to select responder patients.[6] 
Moreover; several local therapies are being 
investigated for poor performance patients.[7, 8]  

Current Management of Pancreatic 
Cancer 
Surgical resection 

Epidemiology data indicate that only 20% of 
patients who present with early disease are fit for 
radical surgical resection based on their staging. [9, 
10] Adjuvant treatment is considered necessary with 
gemcitabine or 5-fluorouracil and/or chemoradiation 
as standard of care.[11] There are several randomized 
controlled trials[12, 13] demonstrating increased 
overall survival (OS) with postoperative therapy and 
therefore it is considered to be one of the most 
important advances in the treatment of pancreatic 
cancer.[10] Also, neoadjuvant chemotherapy is 
applicable in a number of patients in order to improve 
surgical margins of borderline resectable 
tumors.[14-17] 

Locally advanced and metastatic disease 
First line treatment has been established with 

gemcitabine or gemcitabine-based combination 
chemotherapy for advanced pancreatic cancer, 
however; it has been observed that the median 
survival rate is approximately 9 mo.[10, 18, 19] 

Further investigation with other agents has provided 
an advantage on the survival and quality of life with 
FOLFIRINOX (folinic acid, 5-fluorouracil, irinotecan, 
oxaliplatin) compared to gemcitabine alone. It was 
observed that this regimen significantly improved the 
OS, progression-free survival and objective response 
rate of patients with pancreatic cancer.[3] 
Approximately 10% of patients receiving these 
regimens have presented two year survival, which is a 
rare event in advanced disease.[4, 20] These two 
regimens have been associated with increased 
toxicities and therefore they can be offered to patients 
with good performance status.[3, 4] The care of 
patients with poor performance status or metastatic 
disease remains palliative, and gemcitabine based 
therapies have limited efficacy, however; local 
therapies can be used on a case by case choice.[7] 

Targeted therapy 
In the past decade the exploration of molecular 

pathways has provided targeted therapy which 
revolutionized cancer treatment for several cancer 
types and thus treatment for PC.[21] However; PC has 
a genetically heterogeneous nature[22] and therefore 
targeted therapies such as small molecule inhibitors 
and monoclonal antibodies have been sought to 
inhibit constitutively-active cell surface signaling 
molecules. Current results of phase I-III clinical trials 
(summarized by Seicean et al. [23]) are disappointing, 
increased treatment resistance is observed due to the 
high frequency of KRAS2 mutations and upregulation 
of alternate signaling pathways.[10, 24] (Table 1) Until 
now only erlotinib, a small molecule inhibitor of the 
epidermal growth factor receptor inhibitor, has been 
approved, in combination with gemcitabine, which 
offers a very modest but statistically significant 
increase in survival of two weeks.[5] 

Imaging staging 
Upon diagnosis staging is the next major step for 

optimal patient management. Pancreatic cancer is 
staged according to the TNM classification, which is 
based on the assessment of resectability by computed 
tomography (CT). A Consensus Statement of the 
Society of Abdominal Radiology and the American 
Pancreatic Association [25] has been recently 
presented with the international recommendations for 
the staging of PC. The standardization of imaging 
protocol was a necessity and it was long awaited to 
help overcome the difficulties encountered 
identifying the margins of the primary tumour and 
thereby in assessing its respectability. This imaging 
protocol provides improved decision-making process 
also allows easier communication and comparison 
among different institutions. While CT and magnetic 
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resonance imaging (MRI) 
perform similarly in the staging of PC [26, 27], 

CT remains for now the gold standard with access to 
MRI being limited in order to determine whether the 
patient can undergo radical resection.[25, 28] TNM 
staging includes: Tumor characteristics: size, 
appearance (hypo-, iso-, hyperattenuating compared 
with normal pancreatic parenchyma), location 
(uncinate process, head, body, tail) and biliary or 
pancreatic duct narrowing. Most cases of PC are 
slightly hypoattenuating but there are cases were the 
only sign of tumor is an abrupt interruption of the 
pancreatic or biliary duct. - Vascular evaluation: each 
of the peripancreatic vessels, superior mesenteric 
artery, (SMA), coeliac axis (CA), common hepatic 
artery (CHA) and main portal vein (PV) and superior 
mesenteric vein has to be carefully evaluated with 
regards to potential focal deformities or change in the 
vessel caliber and to the degree of tumor contact 
(more or less than 180_), including soft tissue contact 
and hazy attenuation zones surrounding the tumor. 
Evaluation of first SMA branches as well as the 
gastroduodenal artery is necessary as it can affect the 
surgical resection plan therefore it must be described. 
The assessment of arterial variants (especially right 
hepatic artery and arcuate ligament compression) is 
also mandatory. - Lymph node description is 
necessary as regional enlarged lymph nodes can 
either be metastatic or reactive, they must be 
described precisely (location and size in terms of short 
axis diameter). Moreover; pathological lymph nodes 
located in the retroperitoneum are considered 
metastatic. Extrapancreatic findings are considered 
direct extension to surrounding organs (transverse 
colon, stomach, spleen/) and focal hepatic lesions or 
peritoneal carcinomatosis.  

Serum tumor markers 
There are several serum biomarkers that provide 

early signs of pancreatic cancer. In specific the 
combination of serum carbohydrate antigen (CA) 19-9 
and carcinoembryonic antigen (CEA)[29-31] has been 
reported to decrease sensitivity to 37%, but increase 
specificity to 84% compared with CA19-9 alone.[32] 
Recent evidence indicate that a serum protein panel 
biomarker consisting of CA125, CA19-9, and laminin 
γC (LAMC2) can significantly improve performance 
in detecting pancreatic cancer compared with CA19-9 
alone under several conditions (ie, all pancreatic 
cancer and benign conditions, p<0・005; early-stage 
pancreatic cancer and benign conditions, p<0・05; 
and early-stage pancreatic cancer and chronic 
pancreatitis, p<0 ・ 05).[33] The serum biomarkers 
CA19-9 and CA125 have been observed to have the 
highest sensitivity for detecting preclinical pancreatic 

cancer because at a 95% specificity, CA19-9 has a 
sensitivity of 68% for up to 1 year and 53% for up to 2 
years before diagnosis. It was observed that the 
combination of CA19-9 and CA125 improved 
sensitivity because the concentration of CA125 was 
raised in about 20% of CA19-9-negative cases.[34] 

Gene Alteration and Molecular Pathology 
of Pancreatic Cancer 

The pancreatic cancer genome has been 
investigated and 63 genetic alterations were 
found.[22] Therefore, it is necessary to try and 
combine the pathological features with the genetic 
alterations in order to develop an effective treatment. 
After molecular analysis in several pancreatic cancer 
specimens it was observed that known cancer genes 
and traditional cancer signaling pathways are 
involved in tumorigenesis and treatment 
effectiveness. The KRAS gene, which encodes a small 
GTPase that regulates the downstream signaling of 
growth factor receptors, is one of the most known 
mutated oncogenes found in most pancreatic cancers 
at advanced stages mostly in codon 12.[35, 36] Kras 
mutations are observed early in human pancreatic 
intraepithelial neoplasia (PanIN) progression.[37, 38] 
Other alterations in tumor suppressor genes have 
been observed with INK4 Tumor Suppressor Proteins 
in the CDK4/Rb Pathway (INK4A), Breast cancer 2 
(BRCA2), and Serine/threonine kinase 11 (LKB1) in 
pancreatic cancer. It has been observed in a previous 
study that the tumor suppressor gene, P16/CDKN2A, 
which encodes a critical cell cycle regulator, is 
inactivated in > 90% of pancreatic cancer.[39] 
Moreover; mutation of the p53 gene is closely 
associated with cellular responses to cytotoxic stress 
by contributing to both cell cycle arrest and cell 
apoptosis.[40] [22] Alteration of SMAD4 which is a 
tumor suppressor gene that encodes the transforming 
growth factor beta (TGFβ) signaling pathway, has 
been found in approximately 55% of patients with 
pancreatic cancer.[41] Identifying early mutations in 
SMAD4 is important since it was found to be 
associated with a poorer prognosis and widespread 
metastases.[42] The mismatch repair gene, MutL 
homolog 1 (MLH1), and the cationic trypsinogen 
gene, Protease, serine, 1 (trypsin 1) (PRSS1), are also 
often found mutated in pancreatic cancer.[43] Based 
on the typical age of onset these mutations have been 
observed to b associated with the impact of malignant 
progression rather than cancer initiation. In some 
pancreatic cancers B-Raf proto-oncogene, 
serine/threonine kinase (BRAF) mutations have been 
observed rather than KRAS.[44] BRAF encodes RAF, a 
serine/threonine kinase belonging to a family of 
Mitogen-activated protein kinase kinase (MEK) 
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(Figure 1). MEK activates extracellular-signal- 
regulated kinases (ERK), which forms the 
Mitogen-activated protein kinase (MAPK) signaling 
pathway. It has been found that mutations of KRAS 
and BRAF eventually result in triggering the MAPK 
signaling, which develop pancreatic cancer. 
Activation of the MAPK pathway has been observed 
in benign lesions, and late stage pancreatic cancer.[45] 
Overexpressed MAPK through the active form of RAF 
results in PanIN/pancreatic ductal adenocarcinoma 
formation;and the silencing of MAPK signaling 
inhibits tumor initiation.[46, 47] 
Phosphatidylinositol-4,5-bisphosphate 3-kinase 
(PI3K) signaling is another important pathway that 
has been studied in pancreatic cancer along with the 

MAPK pathway. The PI3K signaling mediates cell 
growth and survival via several downstream 
substrates such as protein kinase b (Akt) 
serine/threonine-specific protein kinase that plays a 
key role in multiple cellular processes, p70-S6K a 
serine/threonine kinase, and mammalian target of 
rapamycin (mTOR) (Figure 2). Constant activation of 
PI3K has been shown to be closely associated with the 
carcinogenesis of pancreatic cancer.[48] The PI3K 
downstream effector, Akt, is amplified in 10%-20% of 
pancreatic cancers[49] Several growth factor 
receptors, including vascular endothelial growth 
factor (VEGF) and insulin-like growth factor 1 
receptor (IGF1R), are also expressed in pancreatic 
cancer.[50] (Figure 3,4) 

 
 
 

 
Figure 1. MTORC1: mammalian target of rapamycin complex 1 or mechanistic target of rapamycin complex 1, MTORC2: mammalian target of rapamycin complex 
1 or mechanistic target of rapamycin complex 1, KRAS: V-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog, RAF: proto-oncogen, MEK: Mitogen-activated protein 
kinase kinase, EGFR: epidermal growth factor receptor. 

 

 
Figure 2. VEGF: vascular endothelial growth factor, IGF-2: insulin like growth factor-2, HIF-α: Hypoxia-inducible factor 1-alpha, asparaginyl hydroxylase enzyme, 
PARP: Poly ADP ribose polymerase, PTCH-SMO: a cell-surface transmembrane protein called Patched (PTCH) acts to prevent high expression and activity of a 7 
membrane spanning receptor called Smoothened (SMO), NOTCH: Notch homolog, BRCA1: breast cancer gene 1, ADAM: a disintegrin and metalloproteinase. 
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Figure 3. Drugs under development: SKLB261, AMG479, AZD6244, BKM120, RX-0201, OMP-54F28, LGK974, OMP-59R5, LY2157299, IPI-926, ML0752, M402, 
VANTICTUMABOMPP-18R5, PEGPH20; Akt: Protein kinase B (PKB), TGFβR1: Tumor growth factor-β-receptor-1, VEGF: Vascular endothelial growth factor, 
VEGFR: vascular endothelial growth factor receptor, IGF-1R: Insulin growth factor-1 receptor, NOTCH: Notch homolog, PI3K: 
Phosphatidylinositol-4,5-bisphosphate 3-kinase, mTOR: mammalian target of rapamycin, JAK: janus kinase, Wnt: Wnt signaling pathway, a complex protein network, 
SRC: SRC proto-oncogene, non-receptor tyrosine kinase, SMO: 7 membrane spanning receptor called Smoothened, PARP: Poly ADP ribose polymerase. 

 

 
Figure 4. EGFR: epidermal growth factor receptor, VEGFR: vascular endothelial growth factor, IGF-1R: insulin like growth factor 1-receptor, TGFβR1-2: Tumor 
growth factor-β-receptor-1 and 2, NOTCH: Notch homolog, PTCH-SMO: a cell-surface transmembrane protein called Patched (PTCH) acts to prevent high 
expression and activity of a 7 membrane spanning receptor called Smoothened (SMO). 

 

EGFR pathway inhibitors 
Epidermal growth factor receptor (EGFR) is a 

transmembrane receptor member of the ErbB family 
with a tyrosine kinase domain that is activated by 
many ligands including epidermal growth factor 
(EGF), tumor growth factor-α (TGF-α), 
heparin-binding epidermal growth factor (EGF), 
amphiregulin, epiregulin, betacellulin and 
neuregulin. EGFR is involved in cell cycle regulation, 
adhesion, cell survival and differentiation through 
activation of the Ras/MAP kinase, 
phosphatidylinositol 3’-kinase (PI3K)/Akt, Janus 
kinase/Stat and phospholipase C/protein kinase C 
pathways. Previous studies have presented data that 
EGFR is overexpressed in up to 90% of pancreatic 
cancer samples. Therefore, tyrosine kinase inhibitors 
targeting EGFR have been approved with 
gemcitabine.[51] Eroltinib is a tyrosine kinase 
inhibitor (TKI) molecule that competes with ATP for 
binding to the kinase domain, thereby blocking 

downstream signal transduction. In a previous phase 
III trial, which enrolled 569 chemotherapy naïve 
patients with locally advanced or metastatic 
pancreatic adenocarcinoma patients were randomized 
to receive gemcitabine plus placebo or gemcitabine 
plus erlotinib 100-150 mg daily. The median overall 
survival (mOS) and progression free survival (PFS) 
were modestly, but statistically significantly, 
improved in the combination arm, 6.24 mo vs 5.91 mo 
(P = 0.038) and 3.75 mo vs 3.55 mo (P = 0.004), 
respectively.[5] In this study EGFR status and KRAS 
status were analyzed in the subgroup of patients 
treated with erlotinib and neither was observed to be 
predictive of a survival benefit in patients receiving 
the combination schedule.[52] Moreover; cetuximab, a 
monoclonal antibody binding the extracellular 
domain of EGFR after encouraging results in a phase I  
trial, failed to demonstrate any survival benefit.[53, 
54] A phase II study has evaluated the possible 
therapeutic role of gefitinib, however; results were not 
as promising as those of erlotinib.[55] Another ErbB 
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family of transmembrane tyrosine kinase receptors is 
erb-b2 receptor tyrosine kinase 2 (HER-2), which is 
overexpressed in 11% of pancreatic adenocarcinoma 
cases. HER2-positive status was observed to be 
associated with shorter survival.[56] In another study 
trastuzumab plus gemcitabine was administered in 34 
metastatic pancreatic cancer patients with HER-2 
overexpression as determined by 
immunohistochemistry, and partial responses were 
observed in 6% of cases.[57] Harder et al. [58] in a 
multicentre phase II study, investigated the efficacy 
and toxicity of the HER2 antibody, trastuzumab, plus 
capecitabine in patients with pancreatic cancer and 
HER2 overexpression, however; results were poorer 
compared with standard chemotherapy. Recently 
FDA approved lapatinib and clinical trials have been 
initiated to test the effect of this HER-2 inhibitor 
combined with chemotherapy in pancreatic 
carcinoma. Lapatinib was tested in combination with 
capecitabine as a second-line treatment in advanced 
pancreatic cancer with promising preliminary results, 
however; further studies are needed to evaluate the 
ffectiveness and role of this molecule in the treatment 
of PADC.[59] Furthermore, nimotuzumab, another 
anti-EGFR monoclonal antibody, showed promising 
results.[60] Strumberg et al. [61] showed PFS after 1 
year of 10.3% and median overall survival of 18.1 wk 
with a tolerable toxicity profile with nimotuzumab. 
Finally afatinib which is another TKI inhibitor of 
EGFR, HER2 and HER4, is under evaluation in an 
ongoing phase II trial.[62]  

The KRAS pathway and downstream signalling 
cascade inhibitors 

KRAS activating mutations have been found in 
70% to 90% of cases of pancreatic cancer. K-Ras is a 
GTPase protein belonging to the Ras protein family, 
which has oncogenic activity, activates proliferation 
and inhibits apoptosis through the RAF/MEK/ERK 
and PIK3/AKT pathways. K-Ras is very difficult to 
target, and no inhibitors are actually available to use 
in clinical practice.[63] In a preclinical study it was 
observed that farnesylation is an important 
post-translational modification required for Ras 
activation, allowing the protein to be attached to the 
plasma membrane for signal transduction.[64] 
Tipifarnib a farnesyl-transferase inhibitors failed to 
improve overall survival either as a single agent or in 
combination with gemcitabine in a phase III trial.[65, 
66] Since it is difficult to target Ras directly, another 
solution would be to block targets downstream of 
KRAS, such as the protein kinase MEK. Selumetinib is 
an oral small molecule that inhibits MEK1/2 and n a 
phase II trial, patients were randomized to receive 
single-agent for advanced pancreatic cancer. The 

selumetinib arm showed a median overall survival of 
5.4 mo vs 5.0 mo in the capecitabine arm, however 
results were not statistically significant.[67] In another 
study MEK1/2 inhibitor, trametinib, was tested in 
pancreatic cancer in combination with gemcitabine 
against a regimen of gemcitabine plus placebo in a 
phase II randomized multicentre study. However; no 
significant overall survival or PFS were observed.[68] 
Rigosertib, a first-in-class Ras mimetic and small 
molecule inhibitor of multiple signalling pathways, 
including polo-like kinase 1 and phosphoinositide 
3-kinase (PI3K), was assessed in combination with 
gemcitabine in patients with treatment-naïve 
metastatic pancreatic adenocarcinoma in a phase 
II/III randomized study, however; combination 
regimen did not improve survival or response, as 
recently presented at the 2015 ASCO Annual 
Meeting.[69]  

IGFR pathway inhibitors 
Insulin like growth factor 1 receptor (IGF-1R), is 

highly expressed in pancreatic cells, and upon ligand 
binding activates several pathways involved in cell 
proliferation and cell survival such as the PIK3/AKT 
pathway.[70] Monoclonal antibodies against IGFR 
(cixutumumab, ganitumab) were evaluated in PDAC 
treatment, but unfortunately, however; they failed to 
show a statically significant survival benefit.[71] In 
the phase III trial assessing ganitumab in combination 
with gemcitabine due to futility analysis the study 
closed early. The median overall arm vs 7.2 mo in the 
placebo arm (HR, 0.97, P = 0.397).[72]  

Angiogenesis pathway inhibitors 
Neo-angiogenesis is known to be essential for 

tumor progression and metastatization mechanisms. 
Vascular endothelial growth factor (VEGF) stimulates 
the proliferation of endothelial cells and is 
overexpressed in human pancreatic cancer. However; 
anti VEGFR inhibitors, failed to improve overall 
survival in combination with gemcitabine in 
advanced pancreatic cancer, after encouraging results, 
phase III trials that tested the efficacy of bevacizumab 
in association with gemcitabine alone, or gemcitabine 
plus erlotinib.[73, 74] Aflibercept, a new recombinant 
fusion protein with extracellular portions of VEGFR-1 
and VEGFR-2, which binds VEGF-A, VEGF-B and 
placental growth factors 1 and 2 thereby inhibiting 
VEGF-ligand-dependent signalling processes, was 
observed to suppresse tumour growth in pancreatic 
cell lines and xenografts. In another phase III study 
aiming to investigate OS in metastatic pancreatic 
cancer patients receiving standard gemcitabine and 
either aflibercept or placebo demonstrated that 
adding aflibercept to gemcitabine did not improve OS 
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in metastatic pancreatic cancer patients.[75] 
Moreover; sorafenib, an oral multikinase inhibitor of 
Raf-kinase, VEGF-R2/-R3 and PDGFR-β, tested alone 
or in combination with gemcitabine in small phase I 
and II trials, and axitinib, an anti-angiogenesis agent 
assessed in combination with gemcitabine, showed no 
statistically significant efficacy in a phase III trial in 
advanced PDAC.[76-78] Novel phase II studies 
combining chemotherapy with new anti-angiogenic 
molecular agents, such as TL-118, a nonsteroidal 
anti-inflammatory oral medication, or necuparanib, 
are currently investigated.[79, 80]  

Embryonic pathway inhibitors 
The embryonic signaling pathway hedgehog is 

known to have a critical role in cell proliferation and 
survival during embryonic development. Normally 
this pathway is silenced in pancreatic cells, however; 
in PDAC it has been observed that it is pathologically 
activated. It is known that Hedgehog binds to the 
extracellular receptor Patched, which, in the absence 
of Hedgehog, suppresses activation of the 
G-protein-coupled receptor Smoothened and 
upregulates glioma associated oncogene homolog1 
(GL1) transcriptional activity. Bailey et al. [81] 
presented data in regard to Sonic hedgehog (SHH) 
and other proteins downstream of the Hedgehog 
pathway, in PDAC primary tumour samples, which 
assist in the formation of the desmoplastic reaction, 
which limits the effective delivery of anticancer agents 
to pancreatic cancer cells. In order to overtake this 
obstacle genetically engineered mouse models 
demonstrated a depletion of tumour matrix from 
SHH pathway inhibition.[82] Vismodegib 
(GDC-0449), an oral small-molecule inhibitor 
targeting Smoothened [83], is under assessment in 
open phase II trials in combination with gemcitabine 
in advanced cancer, in combination with gemcitabine 
and nab-paclitaxel in metastatic settings with 
promising preliminary data.[84] Moreover; it is under 
investigation as a single agent in neoadjuvant settings 
followed by surgery.[85-87] The Smoothened 
inhibitor saridegib (IPI-926) administered in 
association with gemcitabine against gemcitabine 
plus placebo in a randomized, double-blind, 
placebo-controlled phase II trial enrolling patients 
with metastatic disease, however; this study was 
closed ahead of time due to poor effectiveness in the 
saridegib arm.[88] Hedgehog signaling pathway is 
under extensive investigation and clinical trials are 
ongoing in order to identify the proper inhibitor.[89] 
Notch signaling is another embryonic pathway crucial 
for pancreatic organogenesis, however; again this 
pathway is inactive after pancreas development. It has 
been observed that this pathway is upregulated in 

PDAC and promotes tumourigenesis. Binding of 
Notch ligand to its receptor promotes a cascade of 
proteolytic cleavages, mediated by γ-secretase 
(presenilin). The activated form ICN (intra cellular 
notch) forms part of a transcription complex which 
interacts with other pathways such as Hedgehog, 
KRAS and nuclear factor κB (NF-κB) signalling.[90, 
91] RO4929097 which is a selective inhibitor of the 
γ-secretase enzyme is being investigated for its 
anti-tumour activity in preclinical studies.[92] In a 
recent phase II single-arm trial the possible role of 
RO4929097 was evaluated by enrolling 18 previously 
treated advanced PDAC patients. It was observed that 
the treatment was well tolerated; the median survival 
was 4.1 mo, and the median progression-free survival 
was 1.5 mo.[93] Encouraging clinical results were 
observed testing demcizumab, an anti- Delta-like 
ligand 4 antibody, plus gemcitabine and 
nab-paclitaxel in advanced PDAC in a phase I b trial, 
however; a larger clinical trial is necessary in order to 
confirm these findings.[94] 

PARP inhibitors 
It has been previously studied that mutations 

affecting breast cancer protein (BRCA) pathway 
components, especially the tumour suppressor gene 
breast cancer protein-2 (BRCA2), which is associated 
with hereditary predisposition to breast, ovarian and 
pancreatic cancer, promote tumorigenesis.[95] It has 
been observed that patients with defects in the 
homologous DNA recombination pathway may 
benefit from the use of Poly ADP ribose polymerase 
(PARP) inhibitors as monotherapy or in combination 
with radiation or other chemotherapeutic agents. 
These agents are currently under development.[96-98] 

mTOR and PI3K/Akt pathway inhibitors 
PI3K is phosphorylated after Ras activation, 

which activates Akt, a serine/threonine kinase. Signal 
transduction by activated PI3K/Akt plays a role in 
tumour cell proliferation, survival and metabolism, 
through several downstream targets, such as; 
mammalian target of rapamycin (mTOR).[43] Several 
trials with PI3K/AKT inhibitors are currently being 
performed in advanced pancreatic cancer patients 
after encouraging preclinical model results.[99] In 
these trials the following PI3K/AKT inhibitors are 
being investigated: BKM120, a PI3K in combination 
with 

the mFOLFOX-6 schedule; RX-0201, an Akt 
antisense oligonucleotide tested in a phase II study 
plus gemcitabine; and BEZ235, a combined inhibitor 
of PI3K and mTOR were assessed in combination with 
the MEK inhibitor MEK.[100-102] In the study by 
Wolpin et al. [103] everolimus, an oral mTOR 
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inhibitor, was administered as monotherapy in 33 
gemcitabine-refractory pancreatic cancer patients. The 
PFS and OS were 1.8 and 4.5 mo, respectively. In a 
recent study, the results of a single arm phase II study 
with everolimus in combination with capecitabine 
were published. The median OS was 8.9 mo and PFS 
was 3.6 mo.[104] Moreover; the results of a phase I/II 
study testing everolimus in combination with 
gemcitabine in advanced settings and the results of a 
phase II trial testing temsirolimus, another mTOR 
inhibitor, in locally advanced or metastatic settings 
are anticipated.[105, 106] 

Tumour stroma inhibitors 
A very part of pancreatic cancer is the stroma 

which is involved in tumor formation, progression 
and the metastasis process. Therefore, targeting the 
matrix stroma could be a novel therapeutic strategy in 
addition to previously described trials evaluating 
with Hedgehog signalling inhibitors.[107] A novel 
agent PEGPH20, a pegylated formulation of 
recombinant hyaluronidase, a phase II trial[79] is 
currently in the recruitment phase after promissing 
results in a preclinical trial. In the current study 

untreated patients with metastatic disease to receive a 
combination of PEGPH20, nab-naclitaxel and 
gemcitabine or a combination of nabpaclitaxel and 
gemcitabine.[108] Another treatment approach would 
be inhibition of Platelet-derived growth factor 
receptors (PDGFR), a receptor expressed in stromal 
cells with a critical role in recruiting pericytes and in 
interstitial fluid pressure in the tumour stroma. It was 
observed in preclinical studies using an orthotopic 
pancreatic tumour mouse model that blocking this 
pathway induces apoptosis in pancreatic cancer.[109] 
Moreover; TKI258, a PDGFR inhibitor, is under 
evaluation in a phase I dose assessment for advanced 
pancreatic cancer patients.[110] Matrix 
metalloproteinase inhibitors such as marimastat have 
been investigated. Matrix metalloproteinases (MMPs) 
are a family of proteolytic enzymes responsible for the 
degradation of connective tissue proteins, and 
aberrant MMP expression is observed in PDAC. 

However; results of a phase III trial did not 
provide positive results of marimastat with 
gemcitabine in patients with advanced pancreatic 
cancer. [111] Table 1. 

 

Table 1. Phase II and III clinical trials. 

II 
Cetuximab EGFR signaling GEM plus cisplatin plus cetuximab M/LA vs GEM plus cisplatin 

Gefitinib EGFR signaling GEM plus gefitinib M/LA (single arm) 

Trastuzumab EGFR signaling GEM plus trastuzumab M/LA (single arm) 2+/3+ HER-2 expression 

Trastuzumab EGFR signaling Capecitabine plus trastuzumab M/LA (single arm) 3+ HER-2 expression or gene amplification 

Nimotuzumab EGFR signaling GEM plus nimotuzumab M/LA (single arm) 

Nimotuzumab EGFR signaling Nimotuzumab monotherapy Refractory to first line standard chemotherapy M/LA(single arm) 

Selumetinib KRAS/MEK pathway Capecitabine plus selumetinib Refractory to first line standard chemotherapy M/LA vs Capecitabine 

Trametinib KRAS/MEK pathway GEM plus trametinib M/LA vs GEM plus P Sorafenib Angiogenesis GEM plus sorafenib M/LA (single arm) 

RO4929097 Hedgehog signaling RO4929097 monotherapy Refractory to first line standard chemotherapy M (single arm) 

Everolimus mTOR pathway Everolimus plus capecitabine M/LA(single arm) 

III 
Erlotinib EGFR signaling GEM plus erlotinib M/LA vs GEM plus P 

Cetuximab EGFR signaling GEM plus cetuximab M/LA vs GEM 

Tipifarnib KRAS pathway GEM plus tipifarnib vs GEM 

Ganitumab IGFR pathway GEM plus ganitumab M vs GEM plus P 

Bevacizumab Angiogenesis GEM plus bevacizumab vs GEM plus P 

Aflibercept Angiogenesis GEM plus aflibercept vs GEM plus P 

Axitinib Angiogenesis GEM plus axitinib vs GEM plus P 

Marimastat Tumor stroma GEM plus marimastat vs GEM 
GEM: gemcitabine, IGFR: insulin like growth factor receptor, EGFR: epidermal growth factor receptor, KRAS: V-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog, M: 
metastatic cancer, LA: locally advanced cancer, P: placebo. 

 

Discussion 
It has been observed that, embryonic signaling 

pathways like tumor growth factor-β (TGF-β), 
Wnt-β-catenin, and Hedgehog alone are not sufficient 
for the initiation of PC.[112] Until now it was 
observed active Kras mutation is the most important 

drive for pancreatic cancer progression. Acinar cells 
present the highest degree of cellular plasticity and 
can adopt an undifferentiated progenitor state upon 
inflammatory or oncogenic stimuli. Pancreatic cancer 
also represents an extremely complex disease 
morphologically. There are no clear subtypes for 
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pancreatic cancer until now as in other solid tumors 
such as breast cancer. The cell of origin or precursor 
type leading to pancreatic cancer has a significant 
impact towards the prognosis of PC patients. This 
suggests that not only the genetic motif, but also the 
primordial lineage plays an important role pancreatic 
cancer development and prognosis. Our knowledge is 
mostly based on mouse models of pancreatic cancer, 
however; due to the complexity of the disease a 
human model system is required. In the study by Kim 
et al. an elegant induced-pluripotency approach to 
reprogram human PDA cells in order to recapitulate 
human disease progression was investigated.[113] In 
the study by Boj et al. a three-dimensional matrix was 
developed from surgery specimens or endoscopic 
biopsy material which could be a useful method to 
address this complexity.[114] In this mode, this model 
system harbors the opportunity to test targeted 
therapies for pancreatic cancer patients. Mouse 
models until now were very useful contributing to 
our understanding of PC biology. Treatment 
approach until now is mostly based on non-specific 
chemotherapy agents in pancreatic cancer treatment 
and not molecular defined strategies.[3,4] 
Unfortunately the genetic heterogeneity of PC and 
distinct oncogenic susceptibilities with a complex 
matrix within the gland make this disease difficult to 
handle with local therapies. Moreover; tailored 
therapies have presented favorable results taking the 
mutational landscape of the respective tumor into 
account, however; better understanding of the 
regulating factors is in need. Major flaw which was 
observed in many studies with molecular or 
chemotherapeutic agents in pancreatic cancer was 
that they enrolled an unselected population of 
patients to treat. In the past three years, 
approximately 116 trials specific for PC systemic 
therapy were registered of which only about the 8% 
applied criteria to select a patient subset based upon 
molecular biomarkers.[115] In order to stratify 
patients, the Australian Pancreatic Cancer Genome 
Initiative has started a pilot study to evaluate 
pancreatic cancer through predefined actionable 
molecular phenotypes. Patients are enrolled in this 
trial, called IMPaCT (Individualised Molecular 
Pancreatic Cancer Therapy), after a preliminary 
phenotype screening. This is done in order to compare 
the use of gemcitabine in an unselected population 
based on a stratified approach.[116] Moreover; novel 
molecules such as biological agents have found 
application in cancer treatment by tumour-targeted 
delivery of cytotoxic drugs. In the study by Ahn et al. 
[117] an antibody fragment-installed polymeric 
micelles via maleimide-thiol conjugation for selective 
delivery of platinum drugs to pancreatic tumors. This 

antibody-drug conjugate significantly suppressed the 
growth of pancreatic tumour xenografts. This novel 
approach with the help of biotechnology, with activity 
in vitro and in a mouse model, is a future strategy for 
pancreatic cancer therapy.[117] Moreover; since the 
incidence of pancreatic cancer in the elderly has 
increased, further investigation of this group of 
patients is necessary. The special features of this 
patient population, and the poor information 
available from clinical trials regarding the 
management of older patients has resulted remains a 
challenge for these patients. Regarding advanced 
pancreatic cancer local treatment options should be 
considered. Currently several studies have 
demonstrated efficiency with local cryo ablation, 
microwave/RF ablation, gene therapy and 
radioactive coils.[7] It remains to the treating 
physician and center experience for the best local 
treatment application. It is the belief of the authors 
that age should not be the determining factor in 
decisions regarding the best approach. An integral 
evaluation of the patient in accordance with 
appropriate tools should be conducted in combination 
with the mutation status and performance status. 
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