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Abstract

Pancreatic ductal adenocarcinoma is an infrequent

Roishidenge ~ WJGO | www.wjgnet.com

cancer with a high disease related mortality rate, even
in the context of early stage disease. Until recently,
the rate of death from pancreatic cancer has remained
largely similar whereby gemcitabine monotherapy
was the mainstay of systemic treatment for most
stages of disease. With the discovery of active multi-
agent chemotherapy regimens, namely FOLFIRINOX
and gemcitabine plus nab-paclitaxel, the treatment
landscape of pancreatic cancer is slowly evolving.
FOLFIRINOX and gemcitabine plus nab-paclitaxel are
now considered standard first line treatment options
in metastatic pancreatic cancer. Studies are ongoing
to investigate the utility of these same regimens in the
adjuvant setting. The potential of these treatments
to downstage disease is also being actively examined
in the locally advanced context since neoadjuvant
approaches may improve resection rates and surgical
outcomes. As more emerging data become available,
the management of pancreatic cancer is anticipated to
change significantly in the coming years.

Key words: Cancer; Neoplasm; Pancreas; Adjuvant
treatment; Systemic treatment; Gemcitabine; FOLFIR-
INOX; Nab-paclitaxel

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Pancreatic ductal adenocarcinoma is an
infrequent cancer with high disease mortality. The
focus on management of the disease has been mainly
palliation for the past decade. Recently, the discovery of
active multi-agent chemotherapies such as FOLFIRINOX
and gemcitabine plus nab-paclitaxel has changed the
management of the disease. In our current review, we
will highlight some of the advances, particularly with
respect to systemic therapy options, in the management
of different stages of pancreatic cancer.
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and advanced pancreatic cancer. World J Gastrointest Oncol
2017; 9(7): 281-292 Available from: URL: http://www.wjgnet.
com/1948-5204/full/v9/i7/281.htm DOTL: http://dx.doi.org/10.4251/
wjgo.v9.i7.281

INTRODUCTION

Pancreatic cancer is an uncommon cancer with 85%
of cases being adenocarcinomas arising from the
ductal epithelium and the remainder originating
from endocrine islet cells. The estimated incidence
of pancreatic cancer is 53070 cases per year in the
United States'. The incidence has been increasing
slowly, at an average of 0.6% per year over the past
decade™?. Mortality from pancreatic cancer is high,
with a 5-year survival rate of only 8% in all patients,
irrespective of stage!™?, Pancreatic cancer is more
common in the Western world. Globally, it is the seven-
th leading cause of death®. Until 2004, mortality from
pancreatic cancer has remained unchanged, indicating
a significant need for novel advances in both detection
and treatment of this disease.

Surgical resection is the only potentially curative
treatment for pancreatic cancer. However, only about
20% of patients present at a point in time when the
disease is still considered resectable. Advances in
imaging techniques such as endoscopic ultrasound,
magnetic resonance imaging and positron emission
tomography can better help identify patients who can
be managed possibly with surgery. Improvements in
surgical techniques as well as a trend for centralization
of care to highly specialized surgical centers have also
increased the scope of what is defined as surgically
resectable!. Unfortunately, the 5-year survival rate
even among patients with an RO resection remains
poor at about 20%. In the past several years, the
discovery of new active systemic therapeutic agents
against pancreatic cancer has changed the outlook and
paradigm of pancreatic cancer management. While
the focus of treatment in the past has been mainly
palliation and symptom control, new approaches may
now offer survival benefits for patients with either early
or advanced pancreatic cancer. In the current review
article, we will highlight some of these advances,
particularly with respect to systemic therapy options, in
the management of pancreatic ductal adenocarcinoma.

EARLY STAGE PANCREATIC CANCER

Early stage pancreatic cancer with disease localized
to the primary site is uncommon at diagnosis (Figure
1)\ The difficulty in early detection is due in part to
the challenges associated with identifying high risk
groups and a lack of effective screening strategies.
Pancreatic cancer is only weakly associated with
risk factors such as chronic pancreatitis®®®, diabetes
mellitus®™, obesity™™***!, smoking"***! and specific
genetic syndromes!*®'7,
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Initial presentation at diagnosis

Early stage,
resectable
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Distant metastatic
disease 50%

Locally advanced
disease 30%

Figure 1 Distribution of stage at time of diagnosis of pancreatic cancer.

ADJUVANT SYSTEMIC THERAPY

For patients who present sufficiently early to be candi-
dates for surgery, several large randomised trials have
demonstrated that adjuvant chemotherapy significantly
improves survival outcomes after macroscopic resection
of pancreatic cancer. A recent meta-analysis that
included ten different studies concluded that adjuvant
chemotherapy with 5-flurouracil (5-FU)/leucovorin (LV)
or gemcitabine after resection of pancreatic cancer
reduces mortality™®.

Fluropyrimidine-based regimens were among
the first to show activity in the adjuvant setting. In
1993, the combination of 5-FU plus doxorubicin plus
mitomycin C in patients with resected pancreatic or
ampullary cancers were observed to improve median
overall survival (OS) but not 5-year survival rates!'®.
In the ESPAC-1 study, LV modulated 5-FU adjuvant
treatment improved the median overall survival from
14.0 to 19.7 mo (Table 1)*°. The 5-year survival
benefit persisted in the chemotherapy group in an
updated follow up analysis® 4, It is important to note
that the benefit of chemotherapy in the ESPAC-1 trial
may be underestimated since a proportion of patients
also received chemoradiation, which has since been
shown to pose a detrimental effect on outcomes in
this particular trial. As such, a combined analysis of
the ESPAC-1 and ESPAC-3 studies was conducted on
patients receiving adjuvant 5-FU/LV alone compared to
observation®®*!, The results confirmed a statistically
significant benefit from receiving 5-FU/LV, with a
pooled HR of 0.70%%,

Gemcitabine is another agent that improves overall
survival in early pancreatic cancer. In the CONKO-001
trial conducted in Germany and Austria, 6 cycles of
gemcitabine given weekly compared to observation
alone resulted in an improvement in disease free
survival (DFS) from 6.9 to 13.4 m®*, An updated
analysis of the CONKO-001 study confirmed that the
improvement persisted at 5 and 10-years (20.7%
vs 10.4% and 12.2% vs 7.7% respectively)®. The
JSAP-02 study was performed around the same time.
Unlike the CONKO-001, investigators examined three
cycles of adjuvant gemcitabine compared to observation
in a Japanese population with resected pancreatic
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Table 1 Summary of adjuvant studies for early stage pancreatic cancer

Adjuvant systemic therapy

Study?%2#2426:27.291 Treatment Treatment group Control group
DFS (o) 2yr S5yr DFS oS 2yr S5yr
(mo) (mo) survival survival (mo) (mo) survival survival
5-FU based treatments
ESPAC-1 5-FU/LV vs observation - 19.7 14.0 -
Neoptolemos et al®, 2001
ESPAC-1 and 3 pooled analysis 5-FU/LV vs observation - 232  49.0%  24.0% 168  37.0%  14.0%
Neoptolemos et al™ 2009
Gemcitabine based treatments
CONKO-001, Oettle et al™, 2007 Gemcitabine vs observation 134 221 = 16.5% 69 205 - 5.5%
JSAP-02, Ueno et al™, 2009 Gemcitabine vs observation 114 223  483%  23.9% 50 184  400%  10.6%
Gemcitabine compared to 5-FU
ESPAC-3, Neoptolemos et al*”!, 2010 Gemcitabine vs 5-FU/LV 143 236  29.6% = 141 230 307%
RTOG 97-04, Regine et al””!, 2008 Gemcitabine vs 5-FU/LV in patients - 20.5 - - - 16.9 -
receiving CRT
Combination treatments
ESPAC-4, Neoptolemos et al*”, 2017 Gemcitabine plus capecitabine vs 139 280 53.8% 131 255  521%

Gemcitabine

5-FU: 5-flurouracil; LV: Leucovorin; DFS: Disease free survival; OS: Overall survival.

cancer®!, This study revealed an improvement in
DFS (11.4 mo vs 5.0 mo), thus providing further
evidence for the activity of gemcitabine in this patient
populationt®®!,

The activity of 5-FU/LV has been compared directly
to gemcitabine in the ESPAC-3 trial®®.. It was originally
designed as a 3-arm study with a control group,
which was subsequently discontinued when evidence
showing the benefit of adjuvant chemotherapy
became available. This study demonstrated that the
median OS for patients treated with 5-FU/LV was
23.0 mo compared to 23.6 mo in patients treated
with gemcitabine®!, Patients given gemcitabine had
more hematologic adverse events but treatment was
generally better tolerated with significantly less grade 3
or 4 toxicities™. The RTOG-9704 study was designed
to compare 5-FU/LV and gemcitabine given before
and after receiving concurrent chemoradiotherapy
with 5-FU™”), There were no differences in OS between
the two groups'”). Grade 4 hematologic adverse
effects were significantly worse in the gemcitabine
arm of this study, which could be explained by the
radiosensitizing effects of gemcitabine. A meta-
analysis performed by Yu et a®®, which included four
of the largest randomized adjuvant pancreatic studies
(ESPAC-3, RTOG 9704, CONKO-001 and JSAP-02),
found that gemcitabine improved overall survival over
the comparator arm of either observation or 5-FU/LV,
with a HR 0.88. More importantly, further sensitivity
analysis in this meta-analysis indicated that the results
remained unchanged even when any one of the
studies were removed, thereby providing evidence
that the survival improvement was not driven by the
placebo arm alone. In dlinical practice, gemcitabine
monotherapy is often preferred due to ease of admini-
stration and tolerability.

Because adjuvant chemotherapy offers benefits to
some patients, there have been efforts to determine
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if intensification of the regimens can increase their
effectiveness. The recently published ESPAC-4 study
compared a combination of gemcitabine plus capeci-
tabine over gemcitabine alone'®®!. A larger number of
patients included in this study had evidence of nodal
disease or locally advanced disease that was deemed
upfront resectable. The primary endpoint of OS was
significantly improved in the combination group with
a median OS of 28.0 mo compared to 25.5 mo in
the monotherapy group. Interestingly, there was no
difference in the relapse free survival between the
two groups. Grade 3-4 adverse events of diarrhea,
neutropenia and hand foot syndrome were more
common in the gemcitabine plus capecitabine group.
However, overall quality of life measures were similar
between the two groups. Given the tolerability of
gemcitabine plus capecitabine and the demonstrated
benefits in survival, combination adjuvant therapy is
now considered the standard in clinical settings. Clinical
studies are currently underway to examine if there are
additional benefits to further treatment intensification.
Marsh et al*® published preliminary findings of a pilot
study where twenty-one patients with early stage
pancreatic cancer were given four cycles of modified
FOLFIRINOX before and after surgery and found a
median OS of 33.4 mo. To this end, regimens such a
gemcitabine plus nanoparticle albumin bound paclitaxel
(nab-paclitaxel) and a combination of 5-FU, irinotecan
and oxaliplatin (FOLFIRINOX) are actively being eva-
luated in the adjuvant setting.

The ESPAC-4 study also highlights some the chal-
lenges with adjuvant systemic treatment in pancreatic
cancer patients. Despite most patients having a good
performance status at the time of randomization, only
54% and 65% of patients were able to complete all
planned cycles of treatment in the gemcitabine plus
capecitabine and gemcitabine groups respectively. A
neoadjuvant approach with chemotherapy delivered
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prior to patients undergoing a major operation may
improve rates of systemic treatment completion.
Some groups also believe that earlier chemotherapy
is important to eradicate micrometastatic disease.
The SWOG group is currently recruiting patients with
resectable disease to six cycles of neoadjuvant FOLFIR-
INOX or nine cycles of gemcitabine plus nab-paclitaxel
followed by surgical resection™,

ADJUVANT CHEMORADIOTHERAPY

While the benefits of adjuvant chemotherapy are
widely accepted and broadly used in clinical practice,
the role of adjuvant chemoradiotherapy is more
controversial. Prospective evidence regarding the
value of chemoradiotherapy is frequently older and
underpowered. The GITSG study published in 1985
was one of the first large studies to suggest a benefit
of adding radiation to chemotherapy™. Forty-nine
patients were randomized to observation alone or split
course radiotherapy to a total of 40 Gy plus concurrent
5-FU. Although median OS was reported to be longer
in the chemoradiotherapy group (20 mo vs 11 mo),
this study was closed early due to poor accrual and
was considered underpowered®, An updated analysis
which included an additional 30 randomized patients
revealed similar results™. The authors concluded that
there was a significant survival advantage with the use
of adjuvant chemoradiotherapy. As there were some
smaller studies with conflicting results published at the
same time, the EORTC GI cooperative group pursued
another trial with a similar design as the GITSG trial
across multiple centers in Europe. Patients were
randomized to observation or to the same split course
radiotherapy plus infusional 5-FU*, However, the
benefit of chemoradiotherapy seen in this later study
was much smaller and only borderline significant™.
In contrast, these authors concluded that there was
insufficient evidence to recommend the routine use of
chemoradiation after resection of pancreatic cancer®".
Long term follow up of these patient did not identify
any differences in outcomes over time!*.

The ESPAC-1 study examined the effect of che-
moradiation compared to chemotherapy alone vs
observation and concluded that the chemoradiation
group had a trend towards worse OS>, A meta-
analysis performed by Liao et al*® supported the
observation that chemoradiation is less effective than
chemotherapy alone. However, the results of this
meta-analysis were likely driven by the patients in
the ESPAC-1 study. Flaws in the study design of the
ESPAC-1 trial, including a pooled analysis of its three
different sub-studies, continue to be a major source of
controversy. In clinical practice, the patterns of use of
chemoradiotherapy differ significantly among clinicians
and across cancer centers.

The uncertainty regarding the utility of adjuvant
chemoradiotherapy is ongoing. Several contemporary
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retrospective studies suggest that there is a survival
benefit®**°, Rutter et al*® reviewed the national cancer
database in the United States and identified 6165
patients from 1998 to 2009 who were treated with
adjuvant chemotherapy or chemoradiotherapy. The
mean radiotherapy dose received was 50.4 Gy, which
was higher than the doses used in older prospective
studies. They found that chemoradiotherapy was
associated with an improved overall survival over
chemotherapy alone with an adjusted hazard ratio
of 0.89. Although retrospective analyses have their
limitations, it is difficult to discount several large po-
pulation-based studies that suggest a possible survival
improvement with chemoradiotherapy. Changes in
surgical and modern radiotherapy planning techniques
may account for differences in survival over time.
New prospective randomized studies that incorporate
the use of modern radiation techniques and current
chemotherapy regimens are still needed to deter-
mine whether adjuvant chemoradiotherapy is actually
beneficial.

LOCALLY ADVANCED PANCREATIC
CANCER

About 30% of patients present with non-metastatic
locally advanced disease™®. This cohort represents a
heterogeneous group of patients whose management
differs depending on surgical resectability. Prior to
the advent of active systemic therapies, locally ad-
vanced tumors were most commonly managed akin
to advanced metastatic disease. Gemcitabine, an
agent that has been considered the standard of care
in distant advanced disease for years, is also used
for locally advanced pancreatic cancer®'l. One phase
II study performed among locally advanced patients
reported a median OS of 15 mo™?. Use of multiagent
chemotherapy, such as FOLFIRINOX or gemcitabine
in combination with other cytotoxic agents, is increa-
singly common in the first line setting for locally ad-
vanced disease albeit there is little prospective eviden-
ce. A recent small phase II study along with other
observational studies indicate that FOLFIRINOX has
a survival benefit in locally advanced disease when
compared to historical controls™***!. A systematic
review of studies involving first line FOLFIRNOX in
locally pancreatic cancer reported a median overall
survival of 24.2 mo™,

The use of more active systemic treatments has
also created the potential that some tumors may be
sufficiently downstaged to become resectable. The
definitions of locally advanced unresectable disease or
borderline resectable disease continue to be vague and
highly dependent on surgical expertise and discretion.
There is generally a lack of prospective randomized data
in this area. Induction chemotherapy is occasionally
used in clinical practice and recommended by some
consensus-driven guidelines™’*®!, There are several
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options for systemic therapy with no single regimen
being considered the standard. Use of FOLFIRINOX as
neoadjuvant therapy is of particular interest given its
response rate of 32% in advanced disease'®. Multiple
observational analyses on neoadjuvant FOLFIRINOX
have been published with encouraging results that
show FOLFIRINOX improves RO resection rates to
up to 70% in some studies™® %, At the current time,
there are few published studies examining the use
of gemcitabine doublets as neoadjuvant therapy for
locally advanced disease. A number of small studies
focusing on the neoadjuvant combination of gemci-
tabine plus oxaliplatin showed that the regimen is
feasible, with reports that up to 40%-60% of patients
eventually proceed onto surgery®>>*. Gemcitabine in
combination with capecitabine or docetaxel have also
been described as feasible and potentially effective as
neoadjuvant therapy for locally advanced disease!®>>°.,
There is interest in investigating the combination of
gemcitabine plus nab-paclitaxel as neoadjuvant treat-
ment given its efficacy in metastatic disease. Early
results from observational cohorts suggest a favorable
response rate when gemcitabine and nab-paclitaxel
was used as induction treatment®’>®,

In contrast to neoadjuvant chemotherapy, the use
of concurrent chemoradiotherapy has not been shown
to improve survival. The LAP-07 study randomized
patients with locally advanced disease to gemcitabine
with or without erlotinib for four cycles followed by
a second randomization to further chemotherapy
or chemoradiation®™. Unfortunately, the study was
stopped early due to futility. Concurrent chemoradio-
therapy did not show any survival benefits over chemo-
therapy alone. It is still unclear whether the addition of
radiotherapy improves surgical outcomes. Thus, there
is continued interest in studying whether radiotherapy
after multi-agent induction chemotherapy would
improve the rates of RO resection' ., Katz et a/f*”
investigated the combination of modified FOLFIRINOX
for 4 cycles followed by concurrent chemoradiation
with capecitabine in 22 patients with borderline
resectable disease and reported that 60% of patients
received a surgical resection with 93% of those achie-
ving an RO resection.

ADVANCED PANCREATIC CANCER

More than 50% of patients present with advanced stage
disease and experience a dismal prognosis. Patients
with locally advanced unresectable disease and distant
metastatic disease are frequently treated in a similar
fashion. Until recently, single agent chemotherapy was
the mainstay of treatment offering only a very modest
benefit in survival. Newer approaches with combination
chemotherapy have finally shown an improvement in
survival when compared to monotherapy.

Before the introduction of combination treatment,
gemcitabine monotherapy was the cornerstone of
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treatment. At present, it remains the standard first line
option for patients with poor performance status who
are unable to tolerate combination chemotherapy. In
1997, a phase III trial was published which compared
gemcitabine to 5-FU, the latter of which was the
standard therapy based on studies in the 1950-1960s
with highly variable results (Table 2)*". The primary
endpoint of the trial was clinical benefit, defined as
a sustained improvement in symptoms related to
pancreatic cancer, which was significantly better in
the gemcitabine arm. Secondary endpoints of survival
were also improved with median OS of 5.7 mo in the
gemcitabine group compared to 4.4 mo in the 5-FU
group. Based on results of this trial, gemcitabine
became the standard of care for advanced disease for
the subsequent 20 years.

There were multiple attempts to combine gemci-
tabine with other agents to improve survival. Studies
involving gemcitabine plus 5-FU, capecitabine, and
S1 uniformly failed to demonstrate benefit over gemci-
tabine alone!®*®, Results of gemcitabine in combina-
tion with newer agents targeting the EGFR or VEGF
pathway were also disappointing. A phase III study
combining gemcitabine plus erlotinib did show a
modest improvement in survival by 2 wk®®, However,
this regimen has not been widely accepted into
clinical practice because the magnitude of benefit was
marginal. Furthermore, a study using a combination
of gemcitabine and cetuximab, a monoclonal antibody
against EGFR, failed to demonstrate any benefit over
gemcitabine alone!®”. Likewise, gemcitabine plus
bevacizumab in a phase III study also failed to show a
survival benefit over gemcitabine alone™®,

Because treatment results from initial gemcitabine
doublets were generally disappointing, investigations
into other active agents were made. Agents such as
5-FU, irinotecan and oxaliplatin have shown activity
in pancreatic cancer and a combination of these three
were shown to be safe in phase I studies’™. As such,
a phase II/III trial was conducted to study the effects
of FOLFIRINOX compared to standard gemcitabine
monotherapy™®. Surprisingly, the results demonstrated
a significant overall survival advantage of 11.0 mo
compared to 6.8 mo in the gemcitabine group. Quality
of life measured at 6 mo was also significantly better
in the FOLFIRINOX group, likely secondary to better
disease control. However, toxicity is greater in the
FOLFIRNOX group and patients included in the study
were required to have a baseline ECOG performance of
0-1. FOLFIRINOX is now considered a first line option
in patients with unresectable or advanced pancreatic
cancer with a good performance status.

In contrast to other gemcitabine doublets, a recent
study demonstrated a clinically significant antitumor
effect when gemcitabine was combined with nab-
paclitaxel. Molecular profiling of pancreatic cancer show
that the tumor often overexpresses an albumin-binding
protein suggesting that this formulation may increase
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Table 2 Summary of first line studies for advanced pancreatic cancer

First line treatment for metastatic disease

Study™!4%:¢3-¢7.711 Treatment Treatment group Control group
ORR PFS (mo) OS (mo) 1yr ORR PFS (mo) oS 1 yr Survival
Survival (mo)
Standard of care
Burris et al*"!, 1997 Gemcitabine vs 5-FU/LV = 9wk 5.65 18.0% = 4 4.01 2.0%
Conroy et al*”, 2011 FOLFIRINOX vs Gemcitabine 31.6% 6.4 11.1 48.4% 9.4% 33 6.8 20.6%
Von Hoff et al”, 2013 Nab-paclitaxel plus gemcitabine vs  23.0% 515 8.5 35.0% 7.0% 3.7 6.7 22.0%
gemcitabine
Gemcitabine doublets
Berlin et al™, 2002 Gemcitabine plus 5-FU vs 6.9% 34 6.7 5.6% 22 5.4 -
gemcitabine
Herrmann et al™, 2007 Gemcitabine plus capecitabine vs ~ 10.0% 43 84 32.0% 7.8% 3.9 7.2 30.0%
gemcitabine
Moore et al™, 2007 Gemcitabine plus erlotinib vs 8.6% 3.8 6.2 23.0% 8.0% 3.6 5.9 17.0%
gemcitabine
Philip et al'”, 2010 Gemcitabine plus cetuximabvs ~ 12.0% 34 6.3 14.0% 3.0 5.9 -
gemcitabine
Ueno et al®, 2013 Gemcitabine plus S1 vs 29.3% 5.7 10.1 40.7% 13.3% 4.1 8.8 35.4%

gemcitabine

5-FU: 5-flurouracil; LV: Leucovorin; DFS: Disease free survival; OS: Overall survival; ORR: Overall response rate.

the intratumoral concentrations of gemcitabine””. The
phase III data published in 2013 described that the
combination of nab-paclitaxel plus gemcitabine was
superior to gemcitabine alone with a median OS of 8.5
mo vs 6.7 moY. The superiority in survival persisted
with long term follow up at 3 years”?.. The combination
of gemcitabine plus nab-paclitaxel has also been
recently approved for first line treatment of advanced
pancreatic cancer.

There are currently no studies that directly compare
the activity of FOLFIRINOX to gemcitabine plus nab-
paclitaxel and both are approved for use in the first
line setting. In clinical practice, the choice of regimen is
often dependent on the toxicity profiles. FOLFIRINOX
has more toxicities and is usually reserved for patients
with good performance status. Gemcitabine plus nab-
paclitaxel has been studied in patients with a KPS =
70, which approximates ECOG 2. Population based
studies revealed that few real world patients actually
meet the eligibility criteria used in the clinical trials with
only about 25% of patients able to receive FOLFIRINOX
and 45% able to receive gemcitabine plus nab-pacli-
taxel”*>’4, In patients with borderline performance
who may not be able to tolerate combination cytotoxic
therapy, gemcitabine monotherapy remains an option.
Unfortunately, there are limited data from large
prospective randomized data investigating second line
therapies upon progression. With the use of more active
first line treatments, patients are now faring better to
the degree that warrants consideration of second line
therapy. Nonetheless, second line treatment represents
an area of clinical unmet need. Systemic therapy is
still often used for patients with good performance
status who wishes to receive treatment. Agents that
are considered active in pancreatic cancer such as
5-FU, oxaliplatin, irinotecan and gemcitabine are
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reasonable to be used in the second line setting with
no single regimen that can be currently considered as
the standard of care. Retrospective studies suggest
that use of second line therapies is feasible with a
potential survival benefit!’®, Patients enrolled into
the MPACT study were followed prospectively and
results were published on the outcomes of second line
therapy'®.. The authors reported a significant benefit
to receiving any second line therapy with an adjusted
hazard ratio of 0.47%). However, the total number of
patients was small and results may be confounded.
The combination of 5-FU/LV and oxaliplatin has been
studied in two phase 1II trials with conflicting results.
The German CONKO study group conducted a trial
comparing FF (weekly infusional 5-FU and folinic acid)
to OFF (oxaliplatin 85 mg/m? on days 8 and 22 plus FF
followed by a 2 wk break) in patients who progressed
after first line gemcitabine monotherapy?””®, A signifi-
cant benefit was seen in the OFF group with a median
OS of 5.9 mo compared to 3.3 mo"’”®, The PANCREOX
study performed by the Canadian group compared
second line biweekly bolus plus infusional 5-FU/LV to
mFOLFOX6 (biweekly bolus plus infusional 5-FU/LV plus
oxaliplatin 85 mg/m?). Contrary to the findings in the
German study, patients receiving mFOLFOX6 suffered
an inferior survival with more toxicity compared to
5-FU/LV alone (6.1 mo vs 9.9 mo)". Conflicting results
of the two studies may be explained by differences
in the inclusion criteria and treatment regimens. The
NAPOLI-1 study is a phase III trial investigating the
use of nanoliposomal irinotecan with or without 5-FU/
LV compared to 5-FU/LV alone in heavily pretreated
patients™”, The study demonstrated a median OS of 6.1
mo in patients who received nanoliposomal irinotecan
plus 5-FU/LV compared to 4.2 mo in patients receiving
5-FU/LV alone. This combination may become the
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standard second line treatment in the future.

FUTURE DIRECTIONS

The outcomes of pancreatic cancer remain poor despite
recent advances. Therefore, research into novel and
different ways of targeting this tumor is still ongoing.

One of the reasons why pancreatic cancer is so
difficult to treat with conventional cytotoxic therapy
is thought to be related to the desmoplastic response
in tumor stroma, which promotes tumor growth and
compromises chemotherapy delivery® %I, The JAK/
STAT signalling transduction pathway mediates the
tumor and host inflammatory response. Ruxolitinib,
a JAK inhibitor, in combination with capecitabine has
demonstrated efficacy in patients who progressed
after gemcitabine in a phase II study®. The intense
stromal reaction is also often associated with tissue
hypoxia. Evofosfamide, a prodrug activated under
hypoxic conditions could increase drug delivery to the
tumor. Unfortunately, the phase III results did not show
a survival benefit®!. Pancreatic cancer stroma has also
been shown to accumulate hyaluronan and a novel
approach using a recombinant human hyaluronidase
together with gemcitabine and nab-paclitaxel has
shown promising preliminary results, specifically
improving response rates and progression free survival
in the phase II setting™. Ibrutinib, an agent commonly
used in the treatment of chronic lymphocytic leukemia
is thought to inhibit mast cell degranulation in the
stroma and subsequent angiogenesis and collagen
deposition. This agent is also being investigated®”.

Molecular profiling may further help us gain a
better understanding of the molecular pathways in
pancreatic cancer’®®’, While mutations in KRAS, TP53
and CDKN2A are common in pancreatic cancer, they
have proven to be challenging to target. However,
there is mounting evidence of genomic alterations in
TGF-B signaling and studies investigating the utility of
TGF-B inhibitors are actively underway™.

The identification of specific subtypes of pancreatic
cancers or special patient populations based on
molecular profiles is a significant area of interest. For
example, the presence of microsatellite instability may
predict response to immunotherapy even though it has
not been shown to be a very active type of treatment
in an unselected population of pancreatic cancer. A
special group of patients are those with mutations
in BRCA-1/2. Emerging data from other cancer sites
associated with BRCA mutations such as breast and
ovarian cancer suggest hypersensitivity to platinum
agents®**). Oxaliplatin has already demonstrated
activity in pancreatic cancer®, but it is unknown if
BRCA mutated patients will demonstrate a superior
response compared to an unselected population. PARP
inhibitors have been shown to improve treatments
outcomes in BRCA mutated ovarian cancer. A germline
mutation in BRCA-2 is known to be correlated with the
development of pancreatic cancer, but the prevalence
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is unknown. It has been reported that up to 5%-9%
of pancreatic cancer patients harbor the mutation®®**”’,
Studies of PARP inhibitors in BRCA mutated pancreatic
cancer patients are in development with some early
data indicating promising efficacy™”®,

CONCLUSION

Pancreatic cancer is a systemic disease since even
the majority of patients with early disease eventually
develop metastases. While gemcitabine poses some
anti-tumor activity and improves survival in the adjuvant
setting, the focus of management for most patients
with pancreatic cancer has, to date, been palliative.
The discovery of active multi-agent chemotherapy
regimens such as FOLFIRINOX and gemcitabine plus
nab-paclitaxel has changed the recent landscape in
the management of this disease in many aspects.
In early stage disease, multi-agent chemotherapies
are being investigated for their potential benefit in
overall survival. The PRODIGE and APACT studies are
ongoing and hopefully will provide us with new data
in the next several years. The potential for multi-
agent chemotherapy to downstage locally advanced
disease to improve resection rates is a significant area
of interest. In fit patients with metastatic disease who
can tolerate combination treatment, FOLFIRINOX as
well as gemcitabine plus nab-paclitaxel are considered
standards of care. Advances in molecular profiling and
gene sequencing will likely help us better understand
the biology of pancreatic cancer. Novel targets for
drug development as well as new methods of drug
delivery are areas of active clinical research. Finally,
identification of specific subgroups of patients such as
BRCA mutation carriers may also allow clinicians to
better individualize care for future patients.
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