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Abstract

Pancreatic ductal adenocarcinoma is an aggressive
and devastating disease associated with poor survival
outcomes. Even though significant advances have been
made towards understanding the intricate pathology
of this cancer, several important aspects remain
unknown. Recently, key genetic mutations within the
tumour have been identified, but the exact role they
play in tumourigenesis has yet to be determined.
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For many years, the micro-tumour environment and
stroma was thought to aid proliferation but there is now
emerging research that suggests the contrary. Several
novel targeted agents in pre-clinical and early clinical
studies have been promising but it remains to be seen
whether they will have a significant impact on patient
outcomes. In this review we discuss the unique nature
of pancreatic cancer biology, current treatment options
and summarise the latest results from pre-clinical and
clinical research. We also discuss the future strategies
that are needed to improve outcomes for this disease.
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eted therapy; Genomics; Stroma; KRAS; Chemotherapy
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Core tip: Pancreatic ductal adenocarcinoma is a cancer
with several significant genetic aberrations that have
recently been identified by international research
efforts. Despite these findings, standard therapy for
advanced disease consists primarily of chemotherapy.
In the last few years two new chemotherapy regimens,
FOLFIRINOX and Gemcitabine/Nab-paclitaxel, have
demonstrated survival benefits in large phase III trials
resulting in a change to current practise. However,
the advent of targeted treatments has not yet had a
significant impact in this disease compared with other
malignancies. Current research strategies include
developing therapies directed towards the RAS-RAK-
MEK pathway, PI3K-AKT-mTOR pathway, notch pathway
and immunotherapies to name but a few, with several
clinical trials underway. It is likely that the hetero-
geneous nature of pancreatic cancer necessitates
a more personalised approach to management with
targeted treatment guided by predictive biomarkers.

Thillai K, Sarker D, Ross P. Progress in pancreatic cancer
therapeutics: The potential to exploit molecular targets. World
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INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) is the 5™
leading cause of cancer related mortality worldwide.
Despite significant research efforts, 5-year survival for
all stages remains stagnant at 3%-5%!"?, More than
80% of patients present with inoperable or advanced
disease, so there remains an urgent need for more
effective systemic treatments!®. Although newer com-
bination chemotherapy regimens offer improved sur-
vival outcomes, therapeutic options are limited and
do not fully exploit the unique biology of the disease.
To date no predictive or prognostic biomarker has
been validated for use. This review will discuss current
management and emerging therapeutic concepts.

THE MOLECULAR BIOLOGY OF PDAC

Pancreatic cancer is a genetic disease, the biology
of which is both intricate and highly heterogeneous.
Several extensive genomic studies have confirmed that
the development of PDAC results from several complex
genetic aberrations with mutations in both oncogenes
and tumour suppressor genest, The progression
from the pre-malignant dysplastic cellular transforma-
tions to the final development of PDAC is associated
with increasing mutational changes, confirming the
importance of such genetic variations in cancer develo-
pment. Nearly all pancreatic cancers harbour a KRAS
mutation and the majority are also associated with
inactivation of CDKN2a/INK4a, TP53 and DPC4/
SMaD4"”), Several groups have aimed to accurately
depict the genomics of PDAC with each reporting
numerous activating mutations. Importantly, there was
heterogeneity amongst the different pancreatic tumours
with several key pathways responsible for cancer
progression differing between patient samples’”’. Clonal
mutations found in metastatic lesions were identified
in primary cancers but due to the unstable genetic
nature of PDAC, these initial mutations continued to
evolve resulting in heterogeneity amongst the different
metastatic deposits in the same patient. This complex
genetic landscape results in an aggressive pathology,
often refractory to treatment resulting in poor survival
outcomes.

A recent addition to the understanding of PDAC
comes from recent studies that have identified a
group of pancreatic cancer cells that display stem cell
properties™®]. These cells appear to have the ability
of self-renewal and asymmetric division. Preliminary
data suggests that patients with tumours containing
cancer stem cells (CSCs) are associated with poorer
overall survival (OS). The identification of CSCs and the
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signalling pathways that they regulate, has led to newer
therapeutic targets such as WnT, Hedgehog and Notch.
Further research is needed to see whether these can
be successfully exploited to produce meaningful clinical
outcomes.

Despite promising pre-clinical studies, several
chemotherapeutics and targeted agents have failed
to reproduce positive results in patients (Table 1).
One explanation for this relates to the complex micro-
tumour environment that surrounds the cancer cells and
the difficulties replicating this /n-vitro. A significant bulk
of the pancreatic tumour comprises not of malignant
cells but of the encompassing dense fibrotic stromal
matrix®®’. This micro-tumour environment results from
the extensive desmoplastic reaction seen in PDAC and
consists of an abundant extracellular matrix, pancreatic
stellate cells, fibroblasts, immune cells, inflammatory
cells and vasculature all of which were previously
thought to aid proliferation, invasion and metastatic
spread whilst also preventing adequate drug delivery
leading to chemotherapy-resistance!**%. The success of
nab-paclitaxel (as discussed later) appear to manipulate
the distinct characteristics of the stroma for therapeutic
benefit™.

However recent emerging research using genetically
modified mouse models suggest that depletion of the
stroma (by genetic or pharmacological targeting of
the Hedgehog"® pathway) results in an unexpected
increase in tumour vascularity and proliferation, thereby
resulting in more aggressive tumours with reduced
survival™. Furthermore, transgenic mice with the ability
to delete aSMA™ myofibroblasts in pancreatic cancer also
demonstrated reduced survivall®. Both studies suggest
that rather than a promoter of cancer growth, the
stroma (or at least part of it) may paradoxically act to
suppress proliferation and angiogenesis thus targeting
the stroma should be performed with caution. An
intricate and crucial part of PDAC, further research into
the stroma is needed in order to exploit its presence for
therapeutic benefit.

CHEMOTHERAPY

Until recently the standard treatment for inoperable or
metastatic disease was with the nucleoside analogue
gemcitabine. This was based on the results of a phase
III trial in 1997 of 126 patients with advanced PDAC.
Patients were randomised to receive gemcitabine
(gemcitabine 1000 mg/m* weekly x 7 followed by 1
wk of rest, then weekly x 3 every 4 wk thereafter),
or to fluorouracil (5-FU) (600 mg/m” once weekly)!.
Both arms continued treatment until progression or
unacceptable toxicities and the primary end point was
clinical benefit, measured using a combined score
of pain, performance status (PS) and weight loss.
Clinical benefit response was experienced by 23.8% of
gemcitabine-treated patients compared with 4.8% of
5-FU-treated patients (P = 0.0022). There was also a
modest survival benefit with gemcitabine with a 12-mo
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Table 1 Phase III trials with gemcitabine combination chemotherapy regimens

Date Target Ref. Sample size () Treatment OS (mo) P value
published
2001 MMP Bramhall et al™” 414 Marimastat and Gem vs Gem 5.4 0.95
5.4
2004 FT Van Cutsem et al® 688 Tipifarnib and Gem vs Gem + Placebo 5.9 0.75
6.3
2009 EGFR Moore et al®" 569 Erlotinib and Gem vs Gem 6.2 0.038
59
2008 EGFR/VEGF Van Cutsem et al® 301 Gem, Erlotinib and Bevacizumab 7.1 0.2087
vs Gem, Erlotinib and Placebo 6.0
2010 VEGF Kindler et al®” 535 Gem and Bevacizumab 5.8 0.95
vs Gem and Placebo 5.9
2010 EGFR Philip et al” 745 Gem vs Gem and cetuximab 59 0.23
6.3
2011 VEGF Kindler ef al™ 630 Axitinib and Gem vs Gem 8.5 0.54
8.3
2012 VEGF, BRAF, PDGFR-B Gongalves et al™ 104 Sorafenib and Gem vs Gem 8.0 0.23
9.2

Gem: Gemcitabine; OS: Overall survival; MMP: Matrix metalloproteinase; FT: Farnesyl transferase; EGFR: Epidermal growth factor receptor; VEGEF:

Vascular endothelial growth factor; PDGFR-B: Platelet derived growth factor receptor-B.

Table 2 Phase III trials with targeted treatment in metastatic pancreatic cancer

Date published Regimen Ref. Sample size (17) Median OS (mo) P value

2001 Gem vs Gem + 5FU Berlin et al™®! 322 5.4 0.09
6.7

2004 Gem vs Gem + Irinotecan Rocha Lima e al™ 360 6.6 0.789
6.3

2005 Gem vs GemOx Louvet ef al™* 326 7.1 0.13
9.0

2007 Gem vs Gem + cape Herrmann et al"* 319 7.2 0.234
8.4

2006 Gem vs Gem + Irinotecan Stathopoulos et al"”) 145 6.4 0.970
6.5

2006 Gem vs Gem + Cisplatin Heinemann ef al™™ 195 6.0 0.15
75

Gem: Gemcitabine; 5FU: 5-Fluoruracil; GemOx: Gemcitabine + Oxaliplatin; cape: Capecitabine.

survival of 18% vs 2% (P = 0.0025) with a median OS
of 5.6 m for patients treated with gemcitabine and 4.4
mo for those with 5-FU. Treatment was well tolerated
and gemcitabine became standard treatment for
inoperable and advanced disease.

Numerous clinical trials with various chemotherapy
agents combined with gemcitabine ensued (Table 2)
and following several disappointing outcomes, the
majority of preclinical work focused on developing new
targeted treatments. However, the most significant
advances in PDAC management were with two new
chemotherapy combinations that have recently demon-
strated benefits over gemcitabine in large phase III
trials and thus changed current practise. The combined
treatment of oxaliplatin, irinotecan, leucovorin and
fluorouracil (FOLFIRINOX) was associated with a
median OS of 11.1 mo compared with 6.8 mo in
patients treated with gemcitabine alone (HR for death
0.57, 95%CI: 0.45-0.73, P < 0.001)?*?!, This phase II
trial of 342 patients with PS 0 or 1 also demonstrated
increases in median progression free survival (PFS) (6.4
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m vs 3.3 m, P < 0.001) and objective response rate
(ORR) (31.6 vs 9.4, P < 0.001)). Approved for use in
first line metastatic disease, in practise this regimen
is generally reserved for patients with an excellent
performance status as unsurprisingly, toxicity was also
significantly increased with this 3-drug combination.
More recently a phase III trial compared combined nab-
paclitaxel and gemcitabine with gemcitabine alone in
patients with metastatic disease'”. Median OS was 8.5
mo with the combination chemotherapy and 6.7 mo
with gemcitabine (95%CI: 0.62-0.83, P < 0.001). ORR
was significantly increased at 23% vs 7% (P < 0.001),
leading to interest in the potential use as a means of
down staging locally advanced disease. A further pre-
specified sub-group analysis concluded that baseline
Karnofsky score (KS), presence of liver metastases,
age and number of metastatic sites were independent
prognostic factors for OS and PFS'**!. Common adverse
events of grade 3 or higher included neutropenia (38%
in nab-paclitaxel and gemcitabine arm and 27% in
the gemcitabine arm), fatigue (17% and 7%) and
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neuropathy (17% and 1%). Nab-paclitaxel is a colloidal
suspension of 130 nm particles homogenised in human
serum albumin that is bound to paclitaxel. Pancreatic
cancers are known to overexpress Secreted protein
acidic and rich in cysteine (SPARC) and nab-paclitaxel
improves efficacy via SPARC-albumin binding™". Pre-
clinical models have confirmed that SPARC overex-
pression in the stroma promotes cell invasion and
metastatic spread. Higher levels of SPARC appeared to
correlate with improved survival in the original phase
I/1I trial of gemcitabine and nab-paclitaxel (mOS was
17.8 m in the high SPARC group compared with 8.1 m
in the low SPARC group, P = 0.431). Further research
is needed to confirm whether SPARC has the potential
to be used as a predictive marker. The recently reported
results from a prospective randomised adjuvant study
have also suggested the prognostic significance of over-
expressed SPARC in patients undergoing resection with
curative intent. Disease free survival (DFS) was 7.4
mo in patients with higher levels of SPARC compared
to 12.1 m in those with lower levels (P = 0.041) and
0S was 14.1 and 25.6 m respectively (P = 0.011)%>*,
Without a direct head- to -head trial of both combination
chemotherapy regimens, it is difficult to ascertain
whether FOLFIRINOX or gemcitabine and nab-paclitaxel
is superior and both are now standard practise. How-
ever single agent gemcitabine remains treatment
of choice for those patients that are not suitable for
combination therapy.

RAS-RAF-MEK PATHWAY

Approximately 30% of all patients with solid malig-
nancies have tumours that exhibit oncogenic Ras
mutations™”. In PDAC this figure is much higher as an
excess of 95% have a small GTPase KRAS mutation
resulting in a dominant activated form. These mutations
cause the protein to be constitutively activated, which
leads to aberrant down-stream signalling and increased
proliferation™®. Following the discovery of the Ras
family, a concerted effort was made to develop agents
that could block mutated Ras function with little success.

As KRAS requires binding to the plasma membrane
via farnesylation or geranylgeranylation in order to
become activated, several farnesyltransferase inhibitors
(FFIs) have been developed but have proved ineffective
in clinical trials. Two phase 1I trials using FFIs were
negativeand a randomised doubled blind phase III
trial of 688 patients comparing gemcitabine with or
without the FFI tipifarnib, demonstrated no significant
survival benefit in the combination arm compared with
standard treatment™>Y, A further study demonstrated
that binding of mammalian PDEJ to KRAS using small
molecule inhibitors can suppress oncogenic RAS signa-
lling by virtue of selective binding to the prenyl-binding
pocket of PDE® and in PDAC cell lines resulted in
reduced cell proliferation®. Other approaches include
the development of small molecules that target son of
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sevenless (SOS) mediated nucleotide exchange and
subsequently target KRAS®* and recently KRASG12C
inhibitors have demonstrated therapeutic potential by
allosterically allowing KRAS to favour GDP over GTPP*,
Another recent approach to targeting KRAS is by the
combined MEK/BCL-XL inhibition, a method developed
after identification in a pooled shRNA screen®. This
combination resulted in significant apoptosis in several
KRAS mutated cell lines.

A recent pre-clinical study demonstrated a novel
way of targeting KRAS in transgenic mouse models
using an siRNA delivery system (Local drug EluteR
or LODER)™®. This model capitalises on the effects of
siRNA and knockdown of KRAS, but via an innovative
platform of a controlled and prolonged delivery for
therapeutic benefit. The LODER against KRAS (siG12D
LODER) decreased KRAS levels in pancreatic cancer cell
lines resulting in reduced proliferation and epidermal-
mesenchymal transition. Within in-vivo models, the
growth of human pancreatic cancer cells was impaired
and mouse survival was increased compared to controls.
A phase 1 study in patients with locally advanced
disease treated with siG12D LODER is on-going™”},
and a further phase II study of siG12D LODER in
combination with chemotherapy plans to open early
next year®®. Whilst these results are promising in the
pursuit of an anti-KRAS therapy, it remains to be seen
whether this can be translated in to an efficacious
treatment in dlinical trials.

With the limited success of inhibiting Ras, efforts
have moved towards targeting downstream signalling
activity. There are two main pathways that have
been extensively interrogated, mitogen-activated
protein kinases (MAPK) and phosphoinositide 3 kinase
(PI3K) signalling (Figure 1). BRaf inhibitors, such as
vemurafenib, work downstream from Ras and have
had considerable success in Raf mutant tumours such
as melanoma. However, evidence now supports that
there is a paradoxical up regulation of MAPK signalling
when Raf is inhibited in KRAS mutated tumours™®. In
pancreatic cancer where Raf is wild type and Ras is
nearly always mutated, Raf inhibitors create feedback
activation of the MAPK signalling pathway therefore it
is likely that targeting downstream by MEK inhibition
will offer more promising results. Phase I/II clinical
trials of various MEK inhibitors in combination with
gemcitabine are currently underway following positive
pre dlinical work!***3, Results from a phase Ia trial of 60
patients treated with gemcitabine in combination with
the allosteric oral Mek1/2 inhibitor refametinib were
presented at ASCO 2104. The best result was partial
response in 35% of patients with median duration of
response at 3.8 mo (117 d 95%CI: 83-265). Time
to progression was 7.4 mo'***, KRAS mutations
were identified in 39 patients (65%) and the results
suggested a trend towards improved survival outcomes
in patients with KRAS wild type tumours. The OS for the
KRAS mutant subgroup was 6.6 mo compared with 18.2
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Figure 1 Simplified diagram of oncogenic tar-
gets in pancreatic cancer. The binding of ligands
(including VEGF, EGF, IGF-1 and HGF) to

X Hedgeho ) . ) ) .
VEGF EGFR IGF-1 HGF e receptors activates signalling pathways including
* v * * the PI3K-Akt and the Ras pathways affecting
=i downstream targets such as mTOR and MAPK.
_ -G 4 PTC1 ,SMO VEGF: Vascular endothelial growth factor; EGF:
RAS-GDP / Epidermal growth factor; IGF-1: Insulin growth like
factor-1; HGF: Hepatocyte growth factor; PI3K:
Y'S_ecretasﬁ' Phosphatidylinositide 3-kinases; mTOR: Mammalian
PI3K RfS-GTP target of rapamycin; RAS: Rat activated sarcoma;
i T’) _CD GDP: Guanosine diphosphate; GTP: Guanosine
RAF GL1 triphosphate; MAP: Mitogen activated kinase; CD:
AKT —— Cytoplasmic domain; PTC1: Patched; SMO: Smooth
— 1 CcSL muscle, GL1.
l MAP2K —
mTOR v
- MAPK J
Nucleus
mo (HR = 0.27). used anti-diabetic drug metformin is also known

PI3BK-MTOR PATHWAY

PI3K is an enzyme that lies downstream from RAS and
is responsible for the activation of AKT, which in turn
leads to activation of mammalian target of rapamycin
(mTOR) (Figure 1). In normal tissue the PI3K-AKT
pathway inhibits apoptosis and cell proliferation, thus
deregulation of this pathway leads to unregulated
cell™, Several PI3K inhibitors have been developed
and are currently being investigated in a number of
malignancies. Preliminary studies using transgenic
mice have demonstrated reduced pancreatic tumour
growth when PI3K is inhibited and therefore PI3K
remains a valid therapeutic target that warrants further
attention*®!, The dual PI3K/PDK inhibitor rigosertib,
has demonstrated safety and some efficacy when
combined with gemcitabine in pre-treated patients with
advanced disease®” and a phase III trial in combination
with chemotherapy is underway™*®.

mTOR has been identified as a critical effector in
cell signalling and the drug everolimus, an oral inhibitor
of mTOR, has had success against solid tumours such
as metastatic renal cell cancers and breast cancers,
but also in pancreatic neuroendocrine tumours™®*,
Preclinical studies showed that inhibition of the mTOR
pathway suppressed proliferation in pancreatic cancer
cell lines™, However in a phase II study of 33 patients
with gemcitabine refractory metastatic PDAC, there
were no complete or partial responses and median
PFS was 1.8 mo and OS was 4.5 mo™?. A phase 1 trial
combining gemcitabine with temsirolimus, another
mTOR inhibitor, resulted in significant toxicity without
any partial or complete responses. The commonly
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to inhibit mTOR and epidemiological studies have
linked metformin use with reduced risk of developing
malignancies®***. Metformin is now the focus of a
clinical trial and is being used in combination with
chemotherapy™. Novel agents that comprise of both
mTOR complex 1 and 2 inhibitors (mTORC1/2) have
shown promising efficacy in cancer cells in vitro. One
such agent, INK-128, led to pancreatic cancer cell
apoptosis and necrosis in vitro. Furthermore INK-128
resulted in increased sensitivity of pancreatic cancer
cells to gemcitabine suggesting potential benefit when
used in combination with chemotherapy™”’. Other
positive results have been reported with dual PI3K/
mTOR kinase inhibitors in vitro®™®. Recently inhibitors
against the p1105 isoform of PI3K demonstrated
inactivation of regulatory T cells leading to CD8"
cytotoxic cells and subsequent tumour regression in
murine models®. Despite limited results in clinical trials
thus far, recent pre-clinical efforts are more promising
and the PI3K/AKT/mTOR signalling cascade remains an
important pathway for future research.

EPIDERMAL GROWTH FACTOR

RECEPTOR

The epidermal growth factor receptor (EGFR) has also
emerged as an attractive therapeutic target for many
malignancies. EGFR is a member of the erbB/human
EGFR family of tyrosine kinases and when bound to a
ligand, a conformational change is induced leading to
dimerisation with other receptors®®. This results in the
activation of several cascades including the Ras/MAP
kinase pathway and the PI3K/Akt/mTOR pathway.
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Several small molecules have been developed that
block EGFR with varying degrees of success. The only
targeted drug to be approved for the management of
advanced PDAC so far is the tyrosine kinase inhibitor
(TKI) erlotinib when administered in combination
with gemcitabine. A phase III trial (PA.3) randomly
assigned 569 patients with advanced disease to receive
standard gemcitabine plus erlotinib (100 or 150 mg/d
orally) or placebo®. The trial was double blinded with
a primary end point of overall survival. The results
showed a modest but significant survival benefit in
the combination arm (6.24 m vs 5.91 m HR = 0.82,
95%CI: 0.69-0.99, P < 0.038), which led to FDA
approval. Although the benefits appeared to be small,
an unplanned retrospective subgroup analysis led the
authors to hypothesise that patients who developed a
skin rash on treatment experienced a higher disease
control rate. Patients that were younger than 65 (P =
0.1) and those with a good PS (P = 0.03) were more
likely to develop a rash. The median OS in patients with
agrade 0, 1 or 2 rash were 5.3 m, 5.8 mand 10.5 m
respectively with 1 year survival rates of 16%, 9% and
43% (P < 0.001). This was further assessed in a study
correlating rash and survival outcomes, by analysing
combined data from the PA.3 trial and a phase III trial
using erlotinib in advanced non-small cell lung cancer
(BR.21)%2%3 They found that the presence of grade
2 or higher rash correlated with improvements in PFS
and disease control. These findings were echoed in a
retrospective study of 174 patients that found that high-
severity rash was associated with longer OS'®*.,

However, molecular studies have not been able
to identify EGFR and KRAS mutations as predictive
biomarkers of survival benefit and no association
between KRAS mutation or EGFR gene copy number
with rash has been identified. Erlotinib in combination
with capecitabine has also been shown to have some
activity in gemcitabine refractory patients as evidenced
by a phase 1II trial combining capecitabine and erlotinib
in patients with advanced PDAC. The primary end point
was response and this was found to be 10% of all 30
patients with a median OS of 6.5 mo™.. A further phase
I trial comparing combined capecitabine and erlotinib
followed by gemcitabine on progression compared with
gemcitabine and erlotinib followed by capecitabine is
on-going™®.

An alternative anti EGFR TKI, gefitinib, demonstrated
anti-proliferative effects in the pre clinical setting and
this has translated to positive survival benefit in patients
with non small cell EGFR mutated lung cancer®®”.
Gefitinib combined with gemcitabine has been assessed
in a phase 1I trial of 53 patients with locally advanced or
metastatic PDAC. Patients were treated with gefitinib
(250 mg) once daily and gemcitabine at the standard
dose and schedule. 6 mo PFS was 30% with a median
PFS of 4.1 mo. The 1-year survival rate was measured
at 7.3 mo. Whilst these results were comparable to
the PA 3 trial, there has yet to be a randomised trial of
gefitinib to demonstrate significant benefit over single
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agent gemcitabine™®,

The anti-EGFR antibody cetuximab has shown
significant clinical activity in both colorectal cancers
and head and neck tumours in patients with wild
type KRAS™7%, Despite the majority of patients with
pancreatic cancer having KRAS mutations, preclinical
activity suggested that it might be a useful therapy
in advanced PDAC due to EGFR overexpression” ",
A phase I trial evaluated gemcitabine and cetuximab
in 41 treatment-naive patients stratified according
to EGFR expression using immunohistochemistry (4
patients were 1+, 20 patients were 2+ and 17 patient
were 3+)7*. Cetuximab was administered at a loading
dose of 400 mg/m’ followed by 250 mg/m’ weekly
and gemcitabine was administered 1000 mg/m?’
weekly for 7 wk and then 100 mg/m? every week for
three weeks followed by a week'’s rest. Five patients
achieved a partial response (12.5%) and 26 patients
(63.4%) had disease stability. Median TTP was 3.8 mo
and the median OS was 7.1 mo. Survival at 1 year
was 31.7%. Toxicities were as previously reported with
cetuximab chemotherapy combinations, most notably
rash (87.7%), nausea (61.0%), weight loss (58.5%)
and diarrhoea (53.7%). Despite the promising results
from this phase 1II trial, this was not reproduced in
2 phase III trials. The S0205 trial conducted by the
southwest oncology group (SWOG) reported that
in 766 patients treated with either gemcitabine or
gemcitabine plus cetuximab, there was no survival
benefit seen in the combination arm™. A further trial
combining gemcitabine and cisplatin with or without
the addition of cetuximab, recruited 40 patients. Seven
patients had a documented response in the antibody
arm compared to 5 in the control arm but again no
survival benefit was seen with cetuximab®. A further
negative phase II trial with gemcitabine and oxaliplatin
with the addition of cetuximab recruited 64 patients.
Patients received a combination of gemcitabine at 100
mg/m® on day 1 with oxaliplatin at 100 mg/m? on
day 2, every 2 wk. Cetuximab was administered at a
loading dose of 400 mg/m? followed by weekly dose
of 250 mg/m?®. Although well tolerated, the findings
(response rate 33%, median time to PFS 3.9 mo and
OS 7.1 mo) were not superior to previously seen
results using the chemotherapy combination alone'”.
The results of a phase II trial presented at ASCO 2013,
portrayed a significant survival benefit at 1 year with
gemcitabine combined with the anti-EGFR antibody
nimotuzumab compared to gemcitabine alone (34.4%
vs 19.5%, P = 0.034, HR = 0.69) and the combination
was well tolerated”. A phase II study of nimotuzumab
in pre-treated patients with advanced PDAC was also
encouraging and a randomised placebo controlled phase
IIb/Ia study comparing the combination of gemcita-
bine and nimotuzumab compared to gemcitabine and
placebo has recently closed to recruitment and the
results are awaited”®.

Although EGFR remains a critical receptor in pan-
creatic cell proliferation and metastatic spread, with
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the exception of the modest benefits seen in the PA3
trial, there have not been any positive results with
EGFR targeted therapy in large randomised trials.
Whilst monoclonal antibodies that target EGFR have
demonstrated efficacy in other solid tumours, its
distribution within pancreatic cancer cells is not well
known and may be an explanation for poor outcomes.
It is also possible that the optimum doses and methods
of drug delivery have not yet been elucidated. With
regards to erlotinib and gefitinib, the excellent results
that have been demonstrated in several large clinical
trials in lung cancer have not been reproduced in PDAC
and are likely due to the lack of activating mutations
seen in these tumours. There is not enough evidence to
suggest that even in those with an activating mutation,
this can predict response to anti-EGFR therapy. Thus
disappointingly expression or mutation of EGFR has
not emerged so far as a predictive or prognostic
biomarker”®®4, Unlike lung and colon tumours KRAS
mutation is not mutually exclusive with EGFR activa-
tion. Initiation of KRAS mutated PDAC appears to
be dependent on EGF activation and a recent study
reported that EGF inhibition has limited therapeutic
benefit in tumours with p53 inactivation®. The study
hypothesised that p53 loss might “reactivate” the
PI3K/AKT and the STAT pathway independent from EGF
activation suggesting EGFR inhibitors may only be of
clinical benefit in patients with p53 wild type tumours.

ANGIOGENIC THERAPY

Angiogenesis describes the process by which a
tumour initiates the formation of new vessels through
remodelling of existing vasculature®. Once the
“angiogenic switch” is initiated, the complex process
of new vessel formation begins and subsequently
plays a key role in tumour growth®®!, VEGF is vital to
angiogenesis and is therefore a potential target in many
tumour types with variable outcomes in clinical trials®.
Anti-VEGF antibodies have been used without much
success in pancreatic cancer. Bevacizumab, which offers
improved outcomes in colorectal and ovarian cancer, is
a monoclonal antibody that decreases the formation of
new blood vessels in vivo and improves drug delivery
to the cancer cell. A phase II trial of bevacizumab
and gemcitabine in patients with advanced PDAC,
demonstrated that in 52 patients, 19% had a partial
response and 48% had stable disease®. The median
0OS was 8.8 mo with a 6-mo survival of 77%. This led
to 2 phase III trials, both of which were disappointingly
negative. The CALGB 80303 study treated patients with
gemcitabine with or without bevacizumab®®, 602
patients were enrolled and both overall response rate
and 1 year survival outcomes failed to reach statistical
benefit in the combination arm. The AVITA trial, com-
paring the combination of gemcitabine and erlotinib
with the addition of bevacizumab was also negative!®.
Despite the changes in the vasculature seen in patients
treated with these drugs, no benefit has been shown
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when targeting VEGF and the exact mechanism of
failure remains unknown but is likely to be in part due
to the hypovascularity of the surrounding stroma!*!l.

IMMUNOTHERAPY

Interest in immunotherapy has had a recent resurgence
following the results of several positive clinical trials in
solid malignancies including melanoma and prostate
cancer®®”, Success has been more modest in pan-
creatic cancer although several newer agents remain
under investigation. Based on the understanding that
the innate immune system can distinguish between
cancer cells and “normal self”, exploitation of the
immune system has been a topic of research for several
decades. Not only do immune-deficient mice develop
malignancies, evidence has also shown that patients
with cancer develop B and T cells that can recognise
antigens released by pancreatic tumour cells. The
immune response created by the patient is invariably
unsuccessful at eliminating malignancy but this reaction
can be enhanced for therapeutic gain. Theoretically,
immunotherapy should be active in pancreatic cancer,
as the dense stroma is enriched with immune cells such
as T cell and macrophages.

A recent positive trial presented at the Gastroin-
testinal Cancers Symposium in 2014 demonstrated
significant survival benefit when combining two specific
anti-cancer vaccines compared with monotherapy. GVAX
is a vaccine made from 2 pancreatic cancer cell lines that
have been irradiated to secrete granulocyte-macrophage
colony-stimulating factor causing stimulation of the
immune system®". Administered intra-dermally after
low dose cyclophosphamide, it inhibits regulatory T
cells. CRS-207 is made of live-attenuated Listeria
monocytogenes engineered to stimulate an immune
response against a protein called mesothelin that is
expressed at high levels in pancreatic cancer cell lines.
This phase II trial compared the combination of CRS-207
and GVAX with GVAX alone with positive outcomes.
Ninety patients with pre-treated PDAC were randomly
assigned at a ratio of 2:1 to be treated with 2 dose of
CY/GVAX followed by 4 doses of CRS-207 or 6 doses of
CY/GVAX every three weeks. The primary end point was
OS with safety, clinical response and immune response
secondary. At the interim analysis median OS was 6.1
m with the combination treatment compared with 3.9 m
for GVAX therapy. (HR = 0.59, two sided Log Rank P =
0.03). One-year survival was doubled with combination
treatment (24% vs 12%). Following the encouraging
results from the interim analysis, crossover was allowed.
Toxicities included fevers, rigors and lymphopaenia, but
were minimal and were not cumulative. Several other
studies are due to open comparing combination CY/
GVAX and CRS-207 with chemotherapy in the second
line setting or in combination with immune checkpoint
inhibitors of programmed death 1 (PD1) and its ligand
PD-L1. PD1, which is a T-cell co-inhibitory receptor, and
PD-L1 have shown considerable responses in certain

June 9, 2015 | Volume 4 | Issue 2 |



solid tumours including melanoma and lung cancers.
An international phase 1 study using the intravenous
anti-PD-L1 antibody treated 75 patients, 14 of whom
had pancreatic cancer. Objective responses were seen
in patients with non-small lung cancer, melanoma,
renal and ovarian cancer but not in those with PDAC??.
However there remains potential benefit with PD-1
in combination with other compounds. Recently the
effects of PD-1 immunosuppression were enhanced
when used in combination with chimeric antigen
reception (CAR) T-cell therapy in Her2 transgenic
mice. Further research with this combination is on
going. A phase 1 study combining the agonist CD40
monoclonal antibody (CP-870,893) in combination with
gemcitabine demonstrated tolerability and resulted in
4 out of 22 patients with advanced PDAC achieving a
partial response suggesting that further clinical trials are
warranted.

The results from a phase III trial assessing the
GV1001 vaccine, a promiscuous class II epitope vaccine,
recently reported no benefit when used in combination
with gemcitabine and capecitabine compared to
chemotherapy alone and was therefore terminated
early™. Several other immunological treatments remain
under review. The anti-CTLA4 antibody that has been
approved for use in melanoma, also demonstrated no
initial responders to therapy. However in this phase II
trial of 27 patients, 1 patient had a significant delayed
response’®”. Single agent ipilimumab has not been
taken forward to a phase III trial but its safety when
used in combination with gemcitabine is currently
being assessed in an early phase trial®.. As it has been
suggested that immunotherapy is most successful in the
absence of large disease burden, several clinical trials
are assessing immunotherapy in the post-operative
setting or as maintenance therapy following response to
chemotherapy.

HEDGEHOG INHIBITORS

The hedgehog (Hh) pathway has been identified
as another important signalling cascade in multiple
cancers suggesting its potential as a therapeutic target.
Two transmembrane proteins have been identified
that activate the Hh signalling pathway, the tumour
suppressor patched protein (PTCI) and smoothened
(SMO) an oncogenic protein®®®, Pre-clinical studies
have established that human pancreatic stellate
cells (as seen in the stroma) express high levels of
smoothened protein and low levels of Hh ligands unlike
the pancreatic cancer cells, which demonstrate the
converse expression pattern™'l. The majority of Hh
inhibitors that have been developed target SMO. In
transgenic Kras mutated mice the administration of a
Hh inhibitor IPI-926 depleted the surrounding stroma
enhancing the drug delivery of gemcitabine!™". A phase
Ib trial of IPI-926 in combination with gemcitabine
demonstrated acceptable tolerability in 16 patients
with untreated metastatic PDAC. Common AEs in-
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cluded fatigue, thrombocytopenia, anaemia, nausea,
diarrhoea, vomiting and dose reductions of IPI-926
were required in 3 patients. DR of gemcitabine occurred
in 11 patients. Five sixteenths (31%) had a radiological
response while median PFS was more than 7 mo with
74% patients alive after 6 mo of entry in to the study.
Whilst these results were promising, a phase 1II trial
was terminated early at the interim analysis as patients
in the combination arm experienced worse outcomes
than those on single agent gemcitabine®. These
disappointing results may be partly explained by the
results from recent pre-clinical studies suggesting the
importance of the stroma (as discussed earlier) where
depletion led to increased tumour growth!®",

However further research with Hh inhibitors are
on-going. A single-arm study with the Hh inhibitor
vismodegib combined with the chemotherapy regimen
gemcitabine and nab-paclitaxel, presented an interim
analysis at GI ASCO 2014". Eighty percent of the 59
patients treated had stable disease or better. Median
PFS was 5.5 mo and OS was 10 mo. Patient recruitment
is on-going and based on the preliminary results, the
final survival data is eagerly awaited.

CONCLUSION

The current prognosis for advanced PDAC remains poor,
highlighting the urgent need for more effective systemic
therapies. In order to develop targeted treatments and
improve outcomes, research efforts needs to focus on
three key areas; a greater understanding of the unique
biology of PDAC and the key signalling pathways,
comprehension of the unique desmoplastic reaction
and micro-tumour environment, and the development
of predictive and prognostic biomarkers. It may be
that the future of pancreatic cancer treatment will
see combining standard chemotherapy with targeted
treatments to achieve better outcomes. It is likely that
PDAC treatment will be dictated by the biology of the
individual tumour rather than the “one shoe fits all”
approach that is used today. The last few years have
seen significant results towards this in the pre-clinical
setting but it remains to be seen whether they can be
translated into meaningful clinical outcomes.
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