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Abstract

Pancreatic adenocarcinoma remains a most deadly ma-
lignancy, with an overall 5-year survival of 5%. A subset
of patients will be diagnosed with potentially resectable
disease, and while complete surgical resection provides
the only chance at cure, data from trials of postopera-
tive chemoradiation and/or chemotherapy demonstrate
a modest survival advantage over those patients who
undergo resection alone. As such, most practitioners
believe that completion of multimodality therapy is the
optimal treatment. However, the sequence of surgery,
chemotherapy and radiation therapy is frequently de-
bated, as patients may benefit from a neoadjuvant
approach by initiating chemotherapy and/or chemora-
diation prior to resection. Here we review the rationale
for neoadjuvant therapy, which includes a higher rate
of completion of multimodality therapy, minimizing the
risk of unnecessary surgical resection for patients who
develop early metastatic disease, improved surgical
outcomes and the potential for longer overall survival.
However, there are no prospective, randomized studies
of the neoadjuvant approach compared to a surgery-
first strategy; the established and ongoing investiga-
tions of neoadjuvant therapy for pancreatic cancer are
discussed in detail. Lastly, as the future of therapeutic
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regimens is likely to entail patient-specific genetic and
molecular analyses, and the treatment that is best ap-
plied based on those data, a review of clinically relevant
biomarkers in pancreatic cancer is also presented.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The sequence of multi-modality therapy for
pancreatic cancer continues to be debated, though
many pancreatic cancer specialists are increasingly
utilizing neoadjuvant chemoradiation prior to surgical
resection. This manuscript details the rationale for neo-
adjuvant therapy, the data that supports its use, and
the potential of biomarker use for personalizing care in
pancreatic cancer.
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INTRODUCTION

The diagnosis of pancreatic cancer portends a very poor
prognosis. Worldwide, approximately 300000 new cases
of pancreatic cancer are diagnosed annually, while in the
United States, pancreatic adenocarcinoma remains the
fourth leading cancer-related cause of death in both men
and women!!, The American Cancer Society estimates
that approximately 45000 patients will be diagnosed
with pancreatic cancer in 2013 while over 37000 patients
will succumb to this disease by year’s end”. The average
American’s lifetime risk for developing pancreatic cancer
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is 1%-2% and, unlike most other malignancies, the in-
cidence of pancreatic cancer has been slowly increasing
over the last decade. Pertinent risk factors for developing
pancreatic cancer include chronic pancreatitis, smoking,
diabetes mellitus, significant family history, and certain
genetic disorders such as cystic fibrosis, hereditary pan-
creatitis, Peutz-Jeghers syndrome, and Lynch syndrornem.
Despite more sophisticated imaging modalities includ-
ing high-resolution computed tomography scanning and
endoscopic ultrasound, the overall 5-year survival for
all patients with pancreatic cancer approaches 5%. This
abysmal statistic is underscored by the fact that many
patients present late in their disease process, with four
out of five patients initially presenting with unresect-
able tumor burden; one-third of these patients will have
locally-advanced disease deemed unresectable while the
remaining two-thirds will have evidence of stage IV dis-
tant metastases found on staging Work—upm.

Complete resection of pancreatic cancer with nega-
tive surgical margins is obligatory for long-term survival,
and, while surgery remains the only curative therapy for
pancreatic cancer, only 15% of patients undergoing re-
section ate actually cured of their disease long—terrnm.
The remaining 85% will eventually develop locoregional
recurrence and/or distant metastases. Frequently, pancre-
atic cancer recurs systemically while sparing the surgical
site, suggesting systemic disease was present at the time
of diagnosis and initial resection. As such, both chemora-
diation and chemotherapy have been utilized as adjuncts
to surgical resection in an attempt to minimize locore-
gional and distant recurrence, respectively.

Two major drivers of poor survival in patients with
pancreatic cancer are delayed detection and lack of ef-
fective chemotherapy. Unlike many other gastrointestinal
malignancies, pancreatic cancer tends to remain asymp-
tomatic and undiagnosed until significant locoregional
or distant disease is present. While early detection is rare,
patients diagnosed with tumors limited to the pancreas
without nodal involvement who undergo resection can
experience a median survival of 33 mo with 1-, 3-, and
5-year survivals of 80%, 49%, and 41%, respectively[(’].
Unfortunately, current screening modalities are neither
sensitive nor specific enough to identify and diagnose
these tumors at such an eatly stage, limiting the number
of patients who undergo meaningful and curative surgi-
cal resection. Furthermore, current chemotherapy regi-
mens are only marginally effective in extending survival
(a fact that has not changed in over 30 years)! %, Based
on these challenges, recent attention has turned to novel
therapeutic agents and delivery sequences in an attempt
to improve survival within this vulnerable patient popula-
tion.

LESSONS FROM THE PAST - ADJUVANT
THERAPY TRIALS

Several prospective randomized trials investigating the

benefit of adjuvant therapy following surgical resection
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paved the way for current practice patterns. Early studies
utilized fluorouracil (5-FU) as the backbone of chemora-
diation and/or chemotherapy regimens. In 1985, the Gas-
trointestinal Tumor Study Group (GITSG) demonstrated
a nearly 2-fold improvement in median survival and a
3-fold improvement in 2-year survival rates of patients
who received systemic 5-FU and 5-FU based chemora-
diation (40 Gy) following resection!”. However, due to
the small sample sizes (# = 22 for observation, » = 21 for
treatment), as well as the historically low survival within
the control group, many have remained critical of these
early findings. Fourteen years later, the European Organi-
sation of Research and Treatment of Cancer (EORTC)
published a study comparing split course 5-FU-based
chemoradiation »s observation following resection with
curative intent of combined pancreatic and periampullary
tumors'”. Despite the modest improvement in survival
(17.1 mo »s 12.6 mo) in patients who received adjuvant
therapy, the study was underpowered to achieve statisti-
cal significance in the subset of patients with pancteatic
tumors, and these authots concluded that chemoradiation
was not beneficial in this setting,

In an effort to further clarify the role of adjuvant
therapy, the European Study Group for Pancreatic
Cancer (ESPAC) investigated the efficacy of both che-
motherapy and chemoradiation in patients undergoing
surgical resection'”. Utilizing a 2 X 2 factorial design, pa-
tients were randomized to either observation, 5-FU based
chemotherapy, 5-FU based chemoradiation, or both after
undergoing curative resection. This study demonstrated a
significant survival benefit for patients who received sys-
temic 5-FU based chemotherapy, while chemoradiation
conferred a negative prognosis, leading to a European
standard of care that does not include radiation therapy
in the multimodal treatment of pancreatic cancer. Due
to criticisms regarding the randomization scheme, the
relatively low-dose of radiation administered (a hypo-
fractionated dose of 20 Gy us the traditional 50.4 Gy),
as well as the lack of quality control of the radiotherapy
administered, the negative prognostic effect of chemora-
diotherapy was generally not accepted within the United
States.

For many years, 5-FU was the only efficacious che-
motherapeutic agent available in the treatment of pan-
creatic cancer. One promising alternative, gemcitabine,
was introduced in the 1990s, and initial phase 1 studies
demonstrated a reasonable safety profile with low rates
of significant toxicity!"". Burtis e# /" noted that patients
with locally advanced pancreatic cancer treated with gem-
citabine demonstrated a significant clinical benefit and
modest improvement in survival compared to treatment
with the traditional 5-FU regimen. That same year, the
phase 3 study CONKO-001 began accruing. This trial
sought to compare adjuvant single-agent gemcitabine s
observation in patients following curative-intent resec-
tion of pancreatic cancer. Almost a decade later, the
initial results of the CONKO-001 trial demonstrated
a significantly prolonged disease-free survival in the
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gemcitabine arm®. An updated analysis published this
year with a median follow-up of 136 mo confirmed the
disease-free survival advantage of gemcitabine compared
to observation (13.4 mo »s 6.7 mo, P < 0.001). Beyond
that, patients treated with adjuvant gemcitabine also had
a significantly improved overall survival (OS). Five- and
ten-year OS rates between the gemcitabine and observa-
tion groups were 20.7% vs 10.4% and 12.2% vs 7.7%,
respectively“()l. In a more recent phase Il trial, the US
Intergroup/RTOGI704 study investigated the impact of
adding gemcitabine to a 5-FU based chemoradiation and
chemotherapy regimen following resection . This study
demonstrated a modest clinical (but not statistically sig-
nificant) improvement in median and 5 year overall sur-
vivals. These adjuvant trials, and other studies substantiat-
ing the activity of gemcitabine in the setting of advanced
and metastatic disease, have established this drug as a
standard first-line therapy postoperatively”.

RATIONALE FOR NEOADJUVANT
THERAPY

While chemoradiation and systemic chemotherapy have
been shown to improve survival in patients undergoing
surgical resection of pancreatic cancer, the sequencing of
these treatment modalities remains a topic of continued
research and debate. Specifically, with emerging data that
chemotherapy and/or chemoradiation prior to surgi-
cal extirpation can be associated with superior patient
outcomes, the notion of neoadjuvant therapy followed
by resection has gained traction among many pancreatic
cancer specialists. As the neoadjuvant strategy evolves,
the question of which patients should undergo neoadju-
vant therapy persists. Should all patients with potentially
resectable tumors receive chemoradiation prior to sut-
gery, or only those with borderline resectable or locally
advanced tumors? And which patients are likely to benefit
most from a neoadjuvant regimen? Currently, we do not
have strong evidence-based answers to these questions.
However, supporters of a neoadjuvant approach point to
its ability to select a patient population that will ultimately
and maximally benefit from completion of multimodality
therapy. In general, initially treating patients with a neo-
adjuvant approach will inherently “select-in” ideal can-
didates for surgery while “selecting-out” poor operative
candidates or those with distant disease'”. A more de-
tailed rationale for the neoadjuvant approach is outlined

here (Table 1).

Improving margin negative resection rates

Neoadjuvant radiotherapy results in the killing of can-
cer cells at the periphery of the tumor. By sterilizing the
microscopic edge of the tumor, patients may expetience
improved negative margin resection rates and therefore
a reduction in local recurrence™ . Because surgical
resection leads to a significant disruption of the native
blood supply within the pancreatic tissue and neighbor-
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Table 1 Rationale for patient selection for neoadjuvant

therapy in pancreatic cancer

Rationale in support of neoadjuvant therapy

Increasing the likelihood of margin-negative resection**"*”

Increasing the likelihood of completion of multimodality therapy
Increasing efficacy of radiotherapy'**'!

Minimizing pancreatic leak (without increasing complications
[29,35]

[5,26-29]

) [19,30-34]

Determination of indeterminant lesions

Declaration of distant metastases'*”!

Decreasing “open-and-close” rates™
Allowing a patient’s functional status to declare itsel

Improved cost-effectiveness”

£1361

ing retroperitoneal nodal basin, chemotherapeutic agents
delivered as pro-drugs which rely on the production of
active metabolites for cytotoxicity and/or sensitization
of the tissue prior to radiation may not be delivered as
effectively to the site of cancer in post-operative tissue
without an intact blood supply[zz]. A study published in
Annals of Surgery in 2008 investigated the tissue-level re-
sponse in patients with resectable pancreatic tumors un-
dergoing neoadjuvant chemotherapym]. In this prospec-
tive phase I trial, patients received 4 bi-weekly cycles of
gemcitabine and cisplatin prior to restaging and surgical
resection. Following therapy, cytopathologic and histolog-
ical responses to the chemotherapy regimen were noted
in 83% and 54% of patients, respectively. A significant
reduction in tumor metabolism as determined by fluo-
rodeoxyglucose uptake was also identified as compared
to baseline, and this finding correlated with histological
Ki-67 expression. Similarly, external beam radiotherapy
requires well-perfused and well-oxygenated tissue to exert
its maximal ionizing damage. Relative tissue hypoxia has
been shown to confer radiation resistance, especially in
an adjuvant setting[4’24]. By providing radiotherapy to un-
adulterated and well-oxygenated tissue, radiation therapy
proves more potent and efficacious. Furthermore, receipt
of radiotherapy preoperatively allows for delivery of a
smaller dose in a more directed radiation field and avoids
administering radiation to a freshly reconstructed bowel

.4
anastomosis'’.

Increasing resectability

While pre-operative locoregional and systemic therapy
has the potential to improve rates of margin-negative
resection, neoadjuvant therapy can also increase the
number of operable candidates by converting an initially
unresectable tumor to a resectable one. A meta-analysis
by Gillen ez al* demonstrated that approximately one-
third of patients who were deemed unresectable at initial
staging may undergo neoadjuvant therapy and convert to
operable candidates while maintaining similar survival es-
timates as those initially deemed resectable. With the esti-
mated 45000 new cases diagnosed annually it the United
States, this translates to a chance at a curative resection
for 15000 patients who would have otherwise died of
their disease burden.
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Figure 1 Survival in patients with pancreatic cancer who undergo neoad-
juvant therapy vs a surgery-first approach. Survival curves for patients who
complete multimodality therapy, inclusive of chemoradiation and curative-intent
resection, incorporating major postoperative complications or those who never
undergo resection.

Completion of multimodality therapy

The use of multimodality therapy (surgical resection,
chemotherapy and radiation therapy) is being increasingly
recognized as the optimal approach to treating patients
with pancreatic cancer™. However, the efficacy of mul-
timodality therapy, whether given pre- or postoperatively,
is contingent upon completion of the ascribed regimen.
Given the inherent morbidity and associated post-opet-
ative complications of pancreatic surgery, an estimated
25%-50% of patients will experience a delay or never
initiate adjuvant therapy[5’27’28]. A recent study from The
University of Texas MD Anderson Cancer Center evalu-
ated the rates of completion of multimodality therapy
in those who underwent neoadjuvant therapy »s those
who initially underwent surgical resection. Eighty-three
percent of patients who underwent neoadjuvant therapy
received their entire multimodality regimen s just 58% of
patients who underwent surgical resection first. Consider
also that 100% of patients who underwent resection -
the modality of pancreatic cancer treatment proven to
matter the most - received the maximal benefit of their
multimodality therapy. While there was no significant dif-
ference in major postoperative complications between
the two treatment strategies, those patients who experi-
enced major postoperative complications were less likely
to complete their adjuvant multimodality therapy. Not
surprisingly, those patients who completed multimodal-
ity therapy demonstrated a significant survival advantage
compared to those who did not (36 mo »s 11 mo, P <
0.001) regardless of timing (Figure 1). This study dem-
onstrates that patients who undergo neoadjuvant therapy
are more likely to not only initiate but also complete their
course of non-surgical treatment, and therefore experi-
ence its full therapeutic potential.
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Completed chemoradiation
n =164

Complete surgical To OR, tumor )
resection unresectable N‘_’ resectlgn
n =116 (71%) n =12 (7%) n =36 (22%)
Distant Prohibitive Patient
metastases pert;(:;:lasnce refu'z';l) )
= % n=103%
7 = 18 (50%) n =17 (47%)

Figure 2 Outcomes in patients who undergo neoadjuvant therapy. Of
those patients with potentially resectable pancreatic tumors who undergo
chemoradiation, 71% went on to undergo complete surgical resection. Reasons
for not undergoing complete resection included declaration of distant metasta-
ses, prohibitive performance status, anatomically unresectable locally-advanced
tumor, and patient refusal.

Minimizing pancreatic leak (without increasing
complications)

As directed radiation can result in significant glandu-
lar fibrosis, the radiation therapy itself may allow for a
pancreatic anastomosis with a lower leak rate as a result
of a firmer, fibrotic pancreas”™ ™. Numerous studies
evaluating intra- and post-operative complications fol-
lowing neoadjuvant chemoradiation have noted relative
reductions in pancreatic anastomotic leak rates in patients
treated preoperatively, with pancreatic fistula rates in
the single digits"”*. Though some studies have demon-
strated that neoadjuvant therapy is associated with higher
intraoperative blood loss, vascular reconstruction rates,
and longer operative time, no documented studies have
demonstrated increased rates of postoperative complica-
tions in patients following neoadjuvant therapym’m].

Indeterminant lesions, declaration of distant metastases,
and decreasing "open-and-close" rates

Roughly half of the patients who are newly diagnosed
with pancreatic adenocarcinoma present with distant
metastases at the time of initial stagingw. Additionally,
a significant number of patients without evidence of
distant metastases on initial staging are found to have un-
anticipated metastases at the time of surgery (though this
is partially dependent upon the interval duration between
imaging and operation); these patients likely harbored mi-
crometastatic tumor cells at the time of initial stagingl35l.
As such, neoadjuvant therapy may help to identify this
subset of patients and prevent “open-and-close” opera-
tions. Still yet, some patients may demonstrate no evi-
dence of distant disease on initial staging or at the time
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of surgery, yet develop radiographic evidence of distance
metastases within months of resection. Undergoing neo-
adjuvant treatment in this scenario provides time for mi-
crometastases to declare themselves radiographically, pri-
or to operation. A recent study by Tzeng e# al® outlined
these possibilities (Figure 2). In those patients who dem-
onstrate distant disease at the completion of neoadjuvant
therapy, the identification of aggressive tumor biology
spates them the morbidity of an otherwise futile surgery.
An additional cohort of patients may have indeterminate
lesions on initial staging. Neoadjuvant treatment allows
for these potentially metastatic lesions to enlarge, shrink,
or remain unchanged-thus providing additional diagnostic
information for otherwise potentially resectable disease
ptior to undergoing surgery.

Temporal assessment of functional status

In addition to those patients with anatomically bordet-
line pancreatic tumors, the group from MD Anderson
describes another cohort of patients who may have a
borderline functional status. This group, termed Border-
line Resectable Type C, are those patients with resectable
tumors who present as sub-optimal surgical candidates
given their extreme age, poor functional status, significant
weight loss and/or malnutrition, or debilitating medical
comorbidities”. Utilizing the American College of Sur-
geons National Surgical Quality Improvement Program
(ACS-NSQIP) Database, they noted that approximately
one-third of patients undergoing elective pancreatico-
duodenectomies met their criteria for Borderline Type
C". Moreover, this cohort was more likely to experience
major postoperative complications and death compared
to medically-optimized patients™. One may suggest that
neoadjuvant therapy in these frail patients could provide
a window for medical optimization prior to surgery, or at
the very least a chance for a debilitated functional status
to declare itself prior to undergoing the morbidity of a
pancreatic resection.

Cost-effectiveness

In addition to data supporting neoadjuvant therapy from
a patient outcomes perspective, there are data to suggest
that neoadjuvant therapy is more cost-effective -from
a societal perspective - than a surgery first approach.
A recent study by Abbott ¢z a/’" utilized data from the
National Surgical Quality Improvement program, the
American College of Surgeons National Cancer Data
Base, and a prospectively-maintained database of patients
undergoing neoadjuvant therapy at MD Anderson to
construct an analytic model investigating the costs and
survival for patients undergoing various treatment strate-
gies. The authors concluded that receipt of neoadjuvant
chemoradiation for pancreatic cancer yielded an im-
proved survival (reported in quality-adjusted life months)
as well as a significant cost savings of approximately
$10000 per patient-case compared to those undergoing a
surgery-first approach. In our current healthcare climate,
which stresses improved quality under continued fiscal
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constraints, treatment strategies that achieve optimal out-
comes at reduced costs will be increasingly expected.

Limitations of neoadjuvant therapy

There are, of course, limitations to pursuing neoadju-
vant therapy in all patients. Firstly, patients with initially
resectable tumor burdens may experience local progres-
sion of their disease while receiving neoadjuvant therapy.
Though very rare (2%-3%) in these patients, the absence
of distant metastases with concomitant local advance-
ment may result in an unresectable tumor. In these pa-
tients, a surgery-first approach may have benefitted them,
though with an aggressive tumor biology - marked by
progression on chemotherapy - it is difficult to make any
strong conclusions about outcomes in this small cohort
of patients. Secondly, unlike data on adjuvant therapy
regimens, large randomized prospective phase Il trials
investigating the efficacy of neoadjuvant regimens are
lacking. To date, no phase Il trials directly comparing
neoadjuvant therapies to adjuvant therapies have been
published; as such, we are currently forced to extrapolate
our knowledge from smaller phase I /I investigations.

NEOADJUVANT THERAPY TRIALS

Two recently published reviews by Lowy"” and Abbott e
al™ extensively discuss the landmark neoadjuvant trials
published through 2008. Here, we will review a select few
of these studies and proceed to focus on recent investi-
gations published within the last 5 years (Table 2).

The first major study investigating the effects of
chemoradiation in the neoadjuvant setting was published
in 1993 by Yeung ez . In this Phase I study, patients
with biopsy-proven pancreatic (# = 26) or duodenal can-
cer (7 = 5) were treated with 50.4 Gy of radiation and
concurrent tissue-sensitizing 5-FU and mitomycin C. Due
to progression of disease in one-third of the study popu-
lation, patients with pancreatic adenocarcinoma achieved
a resection rate of 38%. In those resected patients, the
authors reported a reduction in the rate of positive sur-
gical margins and regional lymph node involvement in
patients who underwent neoadjuvant therapy. The 5-year
survival rates were 58% and 0% for those patients who
underwent resection #s those unresected, respectively.

Since that initial study, further investigations into the
role of neoadjuvant therapy prior to attempted resection
have demonstrated improved resection rates with vari-
ability in effects on median survival. With various radia-
tion regimens (30.0 to 50.4 Gy), combinations of che-
motherapeutic agents (e.g., 5-FU, mitomycin C, paclitaxel,
and cisplatin) and dosing, resection rates ranging from
45%"" to 85%™ were associated with median survival
durations of two years or less. A recent Phase Il study
from France published in 2008 enrolled 41 patients with
localized, potentially resectable pancreatic adenocatcino-
ma and treated them with 50 Gy of radiation combined
with 5-FU and cisplatin[m. Twenty-six patients (63%)
went on to curative resection, and 81% had an RO resec-
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Table 2 Recently published prospective neoadjuvant trials of multimodal therapy for pancreatic cancer 7 (%)

Ref. Initial staging Regimen Resection Survival Notes
Chemoradiation Chemotherapy
Palmer et al™™!, 2007 Resectable N/A Gemovs Gem + Cis  Overall: 27 (54); Gem: 42%, Gem + Randomized Phase TI;
(n = 50) Gem: 9 (38), Gem + Cis: 62% No difference in surgical

Cis: and 18 (70) (1 yr survival) complcations

Le Scodan et al™", 2008  Resectable 50 Gy + 5-FU + Cis N/A 26 (63) Overall: 9.4 mo, Phase II; 67.5% were
(n=41) R:11.7 mo (2 yr successfully treated with
survival 32%) entire radiation dose and
UR: 5.7 mo >75% chemotherapy
dose; 81% achieved an RO
resection
Heinrich et al™™, 2008  Resectable N/A Gem + Cis 26 (93) Overall: 26.5 mo;  Phase II; 80% achieved an
(n=28) R:19.1 mo RO resection
Evans et al'"”, 2008 Resectable 30 Gy + Gem N/A 64 (74) Overall: 22.7 mo; Phase II; 27% 5 yr OS,
(n = 86) R:34mo, UR:7mo  36% vs 0% for resected vs
(P <0.001); unresected
Varadhachary et al®™,  Resectable 30 Gy + Gem + Cis Gem + Cis 52 (66) Overall: 17.4 mo; Phase I
2008 (n =90) R: 31 mo,
UR: 10.5 mo
Turrini ef al"®, 2010 Resectable 45 Gy + Docetaxel N/A 17 (50) R: 32 mo Phase 1; 10% RO resection;
(n=34) 5 yr survival resected 41%
Landry et al™™, 2010 Borderline ~ Arm A:50.4 Gy + Arm B: Gem + Cis A: 3 (30) R: 26.3 mo Phase II; early termination
Gem (n =10) + 5-FU then 50.4 B:2(22) A:19.4 mo due to poor accrual
Gy +5-FU (n =11) B: 13.4 mo
Sahora et al™, 2011 Unresectable N/A Gem + Oxaliplatin 13 (39) R: 22 mo Phase II; 69% RO resection
(n=18), UR: 12 mo
borderline (P = 0.046)
(n=15)
Sahora et al*®, 2011 Borderline N/A Gem + Docetaxel 8 (32) R: 16 mo, Phase 11; 87% RO resection
(n=12), UR: 12 mo
Unresectable
(n=13)
Pipas et al*”, 2012 Resectable 54 Gy + Cetuximab N/A 25 (76) R: 24.3 mo Phase II;
(n=4), + Gem 92% RO resection
Borderline
(n=23),
Unresectable
(n=6)
Wo et al®, 2013 Resectable ~ Short-course photon N/A N/A N/A Phase I; closed early due to
(n =10) RT (3 Gy x 10,5 Gy intraoperative complications
x5qod, 5Gy x5 (fibrosis)
qd) + Capecitabine
Kim et al™, 2013 Resectable 30 Gy + Gem + N/A 43 (63) Overall: 18.2 mo; Phase I, multi-institutional
(n=23), Oxaliplatin R:27.1 mo, UR: 10.9
Borderline
(n=39),
Unresectable
(n=6)
Shinoto et al®™, 2013 Resectable 30.0-36.8 Gy E N/A 21 (81) Overall: 42%, Phase I ; short course
(n = 26) of Carbon-ion R:52% radiation
radiotherapy (CIRT) (5 yr survival)

Gem: Gemcitabine, Cis: Cisplatin; 5-FU: Fluorouracil; Gy: Gray; R: Resected patients; UR: Unresected patients; N/A: Not available.

tion. Despite this, the 2-year overall survival rate in those
resected patients was 32%.

The introduction of gemcitabine-based chemoradia-
tion into neoadjuvant treatment regimens showed more
promise for patients with pancreatic adenocarcinoma.
In part due to gemcitabine’s potent radiosensitizing ef-
fect compared to alternative chemotherapeutic agentsmj,
its use in the neoadjuvant setting has led to significantly

longer median survival rates compared to 5-FU, cisplatin,

Baishidenge ~ WJG | www.wjgnet.com

15569

and mitomycin C based chemoradiation regimens, often
with an improved side-effect profile. In a recent report
from MD Anderson, patients with potentially resectable
stage [ /I pancreatic adenocarcinoma received gem-
citabine-based chemoradiation with rapid-fractionation
external beam radiation therapy (30 Gy)"™. Of the 74%
patients who underwent successful resection, the me-
dian survival was 34 mo (compared to 7 mo for the 26%
of patients who did not undergo resection). This study
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concluded that even with a rapid-fractionation protocol
of gemcitabine-based chemoradiation, similar (if not
improved) survival outcomes can be achieved in patients
who receive the standard-fractionation external beam
radiation therapy dose of 50.4 Gy. That same year, the
same group failed to demonstrate any benefit of adding
gemcitabine and cisplatin to preoperative gemcitabine-
based radiation therapy beyond that achieved by neoadju-
vant gemcitabine-based radiation alone””. However, de-
spite no statistical survival benefit, this trial demonstrated
an excellent overall survival of over 30 mo in those
undergoing resection - an improvement over many prior
trials.

In reviewing these survival data, recognizing the re-
sults based on intent-to-treat analyses is critical. Regimen
crossover, treatment-related toxicity, debilitating pet-
formance status, progression of disease while receiving
therapy, patient refusal, and patient death are several fac-
tors that prevent patients from receiving the full extent
of their therapy. When analyzing all patients with initially
potentially resectable pancreatic cancer from these two
studies - combining those who underwent resection and
those patients who did not - an overall survival of 22.7
and 17.4 mo, respectively, was noted. Based on these
intent-to-treat analyses, neoadjuvant therapy followed by
resection of the pancreatic tumor yields comparable sut-
vival with patients randomized to undergo resection fol-
lowed by adjuvant therapy. At the very least, neoadjuvant
therapy does not result in inferior survival, while sparing
a significant number of patients the morbidity of a futile
PD. Thus, neoadjuvant therapy should be considered as
a favorable therapeutic approach to patients with poten-
tially resectable pancreatic cancer.

Gemcitabine has also been studied in the setting of
borderline and unresectable tumors. Pipas ez a/* re-
cently investigated a cetuximab/gemcitabine/intensity-
modulated radiotherapy combination in an initial cohort
consisting of patients with resectable (# = 4), borderline
resectable (# = 23), and unresectable (# = 6) tumors. In
total, following neoadjuvant therapy, 25 patients (76%)
underwent curative-intent resection. Ninety-two percent
of resected patients had a negative surgical margin, and
two experienced complete pathologic responses to the
regimen. The median survival of those patients who
underwent resection was 24.3 mo, comparable to histori-
cal controls of patients initially deemed resectable upon
presentation. A similar finding was recently published
by Kim ez al™, evaluating gemcitabine, oxaliplatin, and
30 Gy of radiation in patients with localized and locally-
advanced pancreatic adenocarcinoma. Two-thirds of the
68 enrolled patients initially presented with either border-
line or unresectable tumors. However, 63% of patients
went on to curative resection, and the median survival of
patients undergoing resection was 27.1 mo.

Others have investigated neoadjuvant chemotherapy
without concurrent radiation therapy. Sahora ez al* have
reported two phase II trials evaluating gemcitabine-
based neoadjuvant chemotherapy alone in patients with
borderline or unresectable tumors. One study used a
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NeoGemOx protocol consisting of gemcitabine and ox-
aliplatin given as IV infusions once weekly for 6-9 wk*.
Notably, 18 patients presented with disease deemed unre-
sectable at inclusion, while the remaining 15 patients had
bordetline resectable tumors. Following treatment with
the NeoGemOx regimen, 13 patients, or 39% of those
without cleatly resectable tumors proceeded to undergo
resection with curative intent. The median overall survival
of this cohort was 22 mo, statistically longer than those
without significant tumor regression. The second study
utilized gemcitabine and docetaxel-based neoadjuvant
chemotherapy (NeoGemTax) in a similar patient popula-
tion*”. Of the total 25 cligible patients, 13 had unresect-
able disease and 12 had borderline resectable disease at
the time of inclusion. Although a similar percentage of
patients (32%) experienced tumor regression to allow an
attempt at curative resection as compared to the Neo-
GemOx regimen, the median survival of those patients
downstaged with the NeoGemTax did not significantly
differ from those patients whose tumors failed to regress
(16.3 mo »s 12.2 mo). Despite a lack a radiotherapy in
either study, RO resection rates for the NeoGemOx and
NeoGemTax regimens were 69% (9/13 resected patients)
and 87% (7/8 patients), respectively. It is important to
keep in mind, however, the relatively low sample sizes
within these phase II trials (# = 33 and # = 25) as well as
the overall resection rates (13/33, 39%; and 8/25, 32%)
before concluding that radiation has a limited role in the
neoadjuvant setting,

THERAPIES OF THE FUTURE

Ongoing trials

In an attempt to better define optimal treatment se-
quences, the NEOPAC study (NCT01521702) is an
ongoing multicenter prospective randomized phase Il
trial which aims to determine the efficacy of neoadjuvant
chemotherapy #s adjuvant chemotherapy in patients with
pancreatic head cancer’, This trial is currently recruit-
ing patients with biopsy-proven resectable cancer who
will be randomized to one of two arms: (1) neoadjuvant
chemotherapy consisting of gemcitabine and oxaliplatin
followed by surgery and adjuvant gemcitabine; or (2) ini-
tial surgical resection followed by adjuvant gemcitabine,
with the primary endpoint of progression-free survival.
No patients are randomized to receive concurrent radio-
therapy, as this study aims to investigate the efficacy of
chemotherapy only.

The Interdisciplinary Study Group of Gastrointesti-
nal Tumours of the German Cancer Aid is also currently
performing a multicenter randomized phase Il trial com-
paring neoadjuvant therapy with adjuvant therapy in pa-
tients undergoing resection of their pancreatic tumor™.
Patients with potentially resectable tumors are random-
ized to A) neoadjuvant chemoradiation with concurrent
gemcitabine and cisplatin followed by surgical resection
or B) immediate resection. Given its repeated demonstra-
tion of therapeutic benefit, post-operative adjuvant che-
motherapy will be administered for 6 mo to patients in
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both arms of the study.

The combination chemotherapeutic regimen of 5-FU,
leucovorin, irinotecan, and oxaliplatin, referred to collec-
tively as FOLFIRINOX, is a newer treatment option for
patients with pancreatic cancer. A recent phase Il study
published in the New England Journal of Medicine found
this regimen to be superior to the gemcitabine in patients
with metastatic pancreatic cancer, with prolonged me-
dian overall survival (11.1 mo »s 6.8 mo) and disease-free
survival (6.4 mo 25 3.3 mo)"". Given the relative success
of this novel regimen in the metastatic setting, the Al-
liance for Clinical Trials in Oncology is spearheading a
multicenter single-arm pilot study (Alliance A021101)
to evaluate FOLFIRINOX as a neoadjuvant regimen
for patients with borderline resectable tumors at initial
presentation, utilizing FOLFIRINOX followed by 50.4
Gy of capecitabine-based chemoradiotherapy prior to
surgerym]. Primary outcomes are focused on survival and
toxicity of this regimen. This will be the first multicenter
trial specifically evaluating FOLFIRINOX in the neo-
adjuvant setting for patients with borderline resectable
disease.

For those patients with locally advanced untesectable
pancreatic cancer, the RECLAP trial is a phase I study
investigating the safety and efficacy of super-selective
intra-arterial delivery of chemotherapy to the tumor bed

B Outcomes of

via an indwelling subcutaneous port
interest include toxicity, disease-free and overall survival,
and conversion from unresectable to potentially resect-
able tumors.

Wo et al”” recently published a small phase I study of
patients with resectable pancreatic cancer who underwent
neoadjuvant accelerated short-course photon chemora-
diation therapy with concurrent capecitabine. Patients
received photon radiotherapy at escalating doses of 3Gy
X 10 d, 5 Gy X 5 d administered every other day, and 5
Gy X 5 consecutive days. Unfortunately, this radiation
protocol resulted in significant intraoperative morbidity
associated with radiation-induced fibrosis of the surgi-
cal field and forced the study to close early. Shinoto e#
al™ investigated the toxicity and efficacy of carbon-ion
radiotherapy (CIRT) as a short-course neoadjuvant treat-
ment in patients with resectable tumors. The dose of
CIRT was sequentially increased by 5% increments from
30 to 36.8 Gy equivalents with resection 2 to 4 wk after
the completion of CIRT. None of the resected patients
experienced local recurrence, and 5-year survival rates
for those resected was 52% - a rather promising finding
when compared to historical rates.

Finally, the NEOPANC trial is a single-arm prospec-
tive phase I /1l study investigating neoadjuvant short
course intensity-modulated radiation therapy in combi-
nation with surgery and intraoperative radiation therapy
of 15 Gy for the treatment of resectable pancreatic
cancer”™. The authors hypothesize that neoadjuvant and
intraoperative radiation administration will allow for dose
escalation, reduced toxicity, and improved patient toler-
ance. The primary outcomes include 1 year local recur-
rence as well as feasibility of delivering such a regimen,
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with secondary endpoints of overall and disease-free
survival, toxicity, and associated morbidity and mortality.

Additional therapeutic options
The novel agent S-1, an oral fluoropyrimidine analogue,
has shown great therapeutic success in numerous Japa-
nese studies. S-1 consists of a combination of three
drugs: the 5-FU prodrug tegatur, 5-chloro-2,4-dihydroxy-
pyridine (CDHP; an inhibitor of dihydropyrimidine
dehydrogenase enzyme activity), and potassium oxonate
(OXO; an inhibitor of 5-FU phosphorylation in the gas-
trointestinal tract, thereby reducing side effects™. This
drug mimics the anticancer agent 5-FU by intercalating
itself into actively-synthesizing strands of DNA and
causing the rapidly dividing cells to undergo apoptosis,
and this formulation has clear advantages over 5-FU. The
bioavailability of single-agent 5-FU administered orally
1s minimal due to the high activity of dihydropyrimidine
dehydrogenase within the enterocytes, which lead to pre-
mature metabolism. CDHP and OXO within S-1 act to
prevent the premature metabolism of the prodrug until it
has successfully been absorbed and delivered to its target
cells. The oral administration is therefore not only more
convenient than the IV form of 5-FU, but also allows for
predictable absorption and pharmacokinetic properties” .
Given its widespread success in numerous phase I
trials, S-1 was studied in a phase Il trial in patients with
locally advanced or metastatic disease™. This trial was
powered to demonstrate non-inferiority of S-1 to gem-
citabine, and 834 chemotherapy-naive patients were ran-
domly assigned to receive S-1, gemcitabine, or both. The
noninferiority of S-1 to gemcitabine was demonstrated,
but gemcitabine plus S-1 was not supetior to gemcitabine
alone, providing an argument for the use of S-1 as single-
agent therapy in the setting of advanced pancreatic can-
cer. From these data, a study was designed to evaluate the
efficacy of S-1 in the neoadjuvant setting, Tajima ez a/™
retrospectively evaluated neoadjuvant gemcitabine plus
oral S-1 in patients with potentially resectable pancreatic
cancer. Of the 13 patients who received the neoadjuvant
treatment, no patients demonstrated disease-progression
or distant metastases prior to resection. The investigators
found a trend towards improved 3-year survival (55.6%
for the neoadjuvant treatment group #s 29.6% in the re-
section group), but this pilot study was underpowered to
detect a significant difference. A larger phase I study of
the gemcitabine plus S-1 neoadjuvant regimen is current-
ly underway. While most trials involving S-1 have been
conducted in Japan, additional trials are being developed
across Europe and the United States.

Molecular markers of interest

The armamentarium of chemotherapeutic agents used to
treat pancreatic cancer in the neoadjuvant setting, though
continually improving, is sub-optimal. Prolonging survival
by mere months suggests that pharmacological improve-
ments can-and need to-be made. A topic of great interest
and ongoing research in the field of chemotherapeutic
optimization centers on evolving from a one-size-fits-all
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Table 3 Select clinically valuable pancreatic cancer biomarkers

Gene product Target drug Mechanism Ref.
hENT1 Gemcitabine Nucleoside inhibitor, prevents  [59-64]
DNA synthesis in cancer cells
TS/DPD 5-FU/S-1 Suicide inhibitor of TS, [65-71]
prevents DNA synthesis in
cancer cells
EGFR Erlotinib Tyrosine kinase inhibitor, [72-79]
prevents EGFR-mediated cell
cycle progression and cellular
proliferation
CA 19-9 N/A N/A [80-88]
SPARC Nab- Disruption of microtubule  [12,89-94]
paclitaxel formation during mitosis
SMAD4 N/A Tumor suppression, initiation,  [95-99]

and metastasis

CA 19-9: Carbohydrate antigen 19-9; TS: Thymidylate synthase; hENT1:
Human equilibrative nucleoside transporter-1; SPARC: Secreted protein
acidic and rich in cysteine; EGFR: Epidermal growth factor receptor.

neoadjuvant regimen to a more individualized regimen
tailored to a patient’s specific tumor genotype and biol-
ogy. Identifying novel biomarkers associated with pancre-
atic cancer may not only allow for the development of
individualized treatment regimens, but also may allow for
earlier disease detection, and an extraordinary amount of
research is being performed to identify an accurate tumor
marker or a panel of markers that could aid in the man-
agement of this disease”™”. As a testament to the current
popularity of biomarker identification within pancreatic
adenocarcinoma, a recent analysis by Harsha ¢z 2/ iden-
tified over 2500 gene products with evidence of overex-
pression at the mRINA level, protein level, or both. Here
we will review a select few biomarkers, focusing on those
with potential prognostic value and those that may prove
“actionable” in future therapeutic endeavors (Table 3).

Human equilibrative nucleoside transporter-1
Gemcitabine is an analog of the nucleoside deoxycitidine.
This prodrug is transported into a cell and subsequently
phosphorylated to its active forms gemcitabine diphos-
phate or gemcitabine triphosphate”™. The active forms
of gemcitabine then confer their cytotoxic effects by
inserting into synthesizing DNA chains and disrupting
further DNA synthesis, and gemcitabine’s cellular uptake
is dependent upon the human equilibrative nucleoside
transporter-1 (hENT1) protein®’. As this receptor is
traditionally upregulated on the surface of pancreatic
adenocarcinoma cells, gemcitabine has proven to be an
effective chemotherapeutic option in many patients.
However, despite its therapeutic benefit in patients
with both resectable and unresectable pancreatic tumors,
not all patients respond to gemcitabine treatment. One
potential mechanism for resistance to gemcitabine in-
cludes a relative downregulation or mutation of hENT1
receptors which ultimately leads to decreased cellular up-
take of the drug[w]. In vitro analyses of pancreatic tumor
cell lines have demonstrated that hENT1 protein expres-
sion is a significant determinant of gemcitabine activity
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within pancreatic tumor cells: overexpression of the
hENT1 protein on the pancreatic cell surface correlates
with increased uptake and activity of gemcitabine, while
relative underexpression of hENT1 along the cell surface
correlates with gemcitabine resistance!®’.

Several studies have sought to test the prognostic
potential of hENT1 receptor status in the clinical setting;
One study performed immunohistological staining on
tumor blocks of gemcitabine-treated pancreatic cancer™
These authors noted that in patients with detectable
hENT1 protein staining in pancreatic tumor cells, median
survival was significantly longer (13 mo s 4 mo, P = 0.01)
than in those patients with less abundant, heterogenous
hENT1 staining, Another investigation identified hENT1
protein expression as highly correlative with clinical
outcomes of disease-free survival, overall survival, and
time to disease progression. Of concern with both these
investigations, however, was the heterogenous patient
population, including patients with both localized as well
as advanced (metastatic) disease. Additionally, as both
studies were retrospective analyses, it is difficult to make
claims beyond those of a correlative nature.

Farrell ef al” performed immunohistological staining
for hENT1 on a tissue microatray of resected pancreatic
tumors as part of the RTOG9704 study. These authors
noted that hENT1 receptor expression was predictive
of disease-free and overall survival in resected pancreatic
cancer for those patients treated with gemcitabine but
not 5-FU. Similarly, Kim ez /" also found associations
between low expressions of hENT1 protein and worse
overall and disease-free survival in patients with resected
pancreatic adenocarcinoma independent of gemcitabine
therapy. However, no studies to date have investigated
hENT1 exptession in a neoadjuvant setting. As such,
evaluation of hENT1 receptor status at the time of initial
pancreatic tumor biopsy may prove advantageous in pre-
dicting eventual pathological and clinical responsiveness
to gemcitabine-based chemotherapy.

Thymidylate synthase and dihydropyrimidine
dehydrogenase

Thymidylate synthase (TS) is the intracellular enzyme
responsible for synthesizing thymidine, a pyrimidine
nucleoside required for DNA replication. 5-FU acts as
a suicide inhibitor by irreversibly binding and inhibiting
TS and thus preventing the production of deoxythymine
monophosphate (dTMP)'™. Without sufficient levels
of dTMDP, rapidly dividing cells ate unable to synthesize
DNA and therefore undergo apoptosis. Acting as a py-
rimidine analogue, 5-FU is metabolized inside the cell
into one of several possible cytotoxic metabolites which
are incorporated into the actively synthesizing strands of
DNA and RNA.

Both from an efficacy and a toxicity perspective, sig-
nificant variability exists between patients treated with
5-FU. Such therapeutic unpredictability in response to
5-FU has been linked to the rate-limiting enzyme in
5-FU’ metabolic pathway, known as dihydropyrimidine
dehydrogenase (DPD)™. Interestingly, an estimated one
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in ten individuals carries a genetic mutation rendering
them unable to metabolize 5-FU to its active metabo-
lite. Laboratory testing for this mutation is available and
could be used to identify patients in whom 5-FU may be
ineffective (or even toxic). While both TS and DPD have
been shown to be upregulated in the setting of pancre-
atic cancer'®’, genetic variations do exist. For example,
one Japanese study identified that over half of Japanese
pancreatic tissue samples expressed low levels of TS in
combination with high levels of DPD®., Perhaps not
surprisingly, another study from Japan concluded that
high DPD mRINA levels within pancreatic tumor sections
were associated with high rates of therapeutic response
to -1

Several studies have investigated TS enzyme expres-
sion in pancreatic tumors as a prognostic variable. One
study reviewed tissue cores from a retrospective seties of
132 resected patientspo]. On immunohistological analysis,
roughly two-thirds of patients had high intratumoral TS
protein expression while the remaining one-third had
low expression. The median survival of patients with
low TS expression was longer than those with high TS
expression, and high TS expression was identified as an
independent predictor of mortality on multivariate analy-
sis. Moreover, in the subset of patients who received
adjuvant 5-FU, there was a significant survival advantage
in patients with high TS protein expression. In contrast,
adjuvant 5-FU did not influence survival in patients with
low TS expression. From these data, the authors conclud-
ed that high TS expression is a poor prognostic marker
in patients with resected pancreatic cancer, however these
patients do benefit from adjuvant 5-FU therapy. Alterna-
tively, a similar study investigating TS protein expression
found conflicting results'. Again, TS expression was
evaluated #ia immunohistochemistry in 98 patients fol-
lowing an RO resection of pancreatic head cancer. These
authors noted only 26% of these tumors demonstrated
high TS expression, and, in contrast to the prior study,
these authors concluded that TS predicted favorable
disease-free, cancer-specific, and overall survivals. While
the specific prognostic value of TS remains debatable, it
is clear that genetic variations in the protein expression
of TS and DPD may contribute to variable efficacy of
5-FU-based regimens.

Epidermal growth factor receptor

The epidermal growth factor receptor (EGFR) is a
transmembrane receptor responsible for a wide array of
downstream signaling pathways involved in both normal
cells and those undergoing carcinogenesism]. Pancreatic
cancer cells are known to overexpress EGFR, and studies
have demonstrated correlations between teceptor/ligand
coexpression and larger tumors, advanced clinical staging,
and decreased survival ™. As such, tyrosine kinase in-
hibitors are a novel class of therapeutic agents developed
to act at one of the active binding sites along the recep-
tor to prevent EGFR-mediated cell-cycle progression
and cellular proliferation. Erlotinib is one of the most
thoroughly investigated agents in the pre-clinical setting,
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and this tyrosine kinase inhibitor has been shown to act
synergistically with gemcitabine to exhibit extended anti-
tumor activity in both i vitro and in vivo models”™ "
Additionally, erlotinib has been a component of
combination therapy. Unfortunately, despite reports of
favorable safety and toxicity profiles, few studies have
yielded breakthrough improvements in patient survival.
Combination therapy of erlotinib and bevacizumab, a
monoclonal antibody to vascular endothelial growth fac-
tor receptor (VEGF-R), found relatively little improve-
ment in patients with advanced pancreatic cancer who
failed previous gemcitabine therapyws]. However, another
recent phase Il trial randomly assigned patients with
unresectable locally advanced or metastatic pancreatic
cancer to receive either gemcitabine or gemcitabine plus
etlotinib"”. One-year survival and disease-free survival
were statistically significantly improved in those patients
with combination therapy. Overall survival was statisti-
cally improved as well, though only by several weeks,
which calls into question its clinical significance. EGFR
inhibition has also been shown to act synergistically with

.o . . . .77
chemoradiation in promoting antitumor properties .

Carbohydrate antigen 19-9

Carbohydrate antigen 19-9 (CA 19-9) is the most familiar
cell-surface protein used in the management of pancre-
atic cancer™ ™', Tt was first discovered in the serum of
pancreatic and colon cancer patients in 1981 and has
since been identified in other malignant and benign pa-
thologies within the gastrointestinal tract”™. Initial studies
proposed CA 19-9 as a screening tool, but its relatively
low sensitivity and specificity prevented its widespread
adoption as a screening tool for pancreatic adenocarci-
noma®**!, Traditionally, the utility of this overexpressed
cellular surface protein has been in the assessment of
response to chemotherapy and identification of tumor
recurrence following resection, but data suggest CA 19-9
may also have a prognostic role™™. A recent study of
324 patients with resectable pancreatic cancer correlated
outcomes with various tumor markers, and the investiga-
tors demonstrated that a high preoperative CA 19-9 X
carcinoembryonic antigen (CEA) index was an indepen-
dent predictor of survival and strongly correlated with
early postoperative mortality™,

Two recent studies from MD Anderson evaluated CA
19-9 in patients who underwent neoadjuvant therapy pri-
or to surgical resection. The first evaluated the relation-
ship between CA 19-9 and surgical outcomes in patients
with borderline resectable disease®”. Normalization of
CA 19-9 following neoadjuvant therapy was associated
with longer overall survival in both resected (38 mo »s
26 mo; P = 0.020) and untesected (15 mo »s 11 mo; P =
0.022) patients. Conversely, failure of CA 19-9 to not-
malize was identified as an independent factor associated
with shorter overall survival (HR = 2.13, P = 0.001). The
second study evaluated the ability of CA 19-9 to predict
completion of multimodality therapy involving neoadju-
vant chemoradiation and surgical resection™. Although a
low pretreatment CA 19-9 had a high positive predictive
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value of completing neoadjuvant multimodality therapy,
it concurrently demonstrated a low negative predictive
value. Additionally, the investigators in this study found
no association between a drop in CA 19-9 and histopath-
ologic response to neoadjuvant multimodality therapy.
From this, the authors discarded the notion of incorpo-
rating pretreatment CA 19-9 levels into their decision-
making algorithm.

Secreted protein acidic and rich in cysteine

Beyond cell surface proteins and secreted molecules,
increasing preclinical evidence is demonstrating the role
of tumor microenvironments in the initiation, migration,
basement membrane invasion, angiogenesis, and poten-
tial metastasis of pancreatic cancer””. One protein found
in this microenvironment, the cell-surface molecule se-
creted protein acidic and rich in cysteine, or SPARC, is
one of the most heavily researched stromal proteins[g()]
Healthy pancreatic tissue typically stains faintly positive
for the SPARC protein within acinar cells, islet cells, and
fibroblasts within the pancreatic extracellular matrix.
While normal ductal cells rarely stain positive, Guweidhi
et al”” noted a 31-fold increase in SPARC protein staining
within pancreatic adenocarcinoma compared to normal
tissue. (Interestingly, they also noted a 16-fold increase
in SPARC protein expression in chronic pancreatitis.)
One study identified positive immunohistological SPARC
staining in 84% of retrospectively reviewed pancre-
atic adenocarcinoma tissue samples”’. SPARC mRNA
overexpression has been associated with both disease
progression and poor prognosis in resected pancreatic

A recent phase [l multi-institutional study published
demonstrated a significant survival benefit in patients
with stage-IV pancreatic cancer who received nab-pax-
litaxel in combination with gemcitabine »s gemcitabine
monotherapy[m. Nab-paclitaxel’s antitumor effects are
found in the disruption of microtubule formation and
disassembly during cellular mitosis, and this particular
formulation exploits paclitaxel bound to albumin. This
structure not only improves the side effect profile but
also favors accumulation within tumor cells by the bind-
ing of albumin to SPARC. By binding to SPARC within
the extracellular matrix, nab-paclitaxel successfully dis-
rupts the organization of the tumor cells and induces
a marked alteration in the tumor architecture, resulting
in increased tumor softening and permeabﬂitym. These
findings could prove beneficial from both chemothera-
peutic delivery and surgical resection perspectives.

SMAD4

Another stromal-based protein gaining popularity in pan-
creatic cancer is SMAD4, a member of the Smad family.
SMAD4 activity is muted in pancreatic cancer, and its
specificity for pancreatic cancer makes it one of the most
heavily investigated tumor markers””, This family of pro-
teins signals through the transforming growth factor-beta
(TGF-B) receptor, a major receptor in the pathogenesis
of pancreatic cancer””. This transcription factor pathway
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typically regulates cellular proliferation, differentiation,
and apoptosis, and has been shown to act in tumor sup-
pression, as well as tumor initiation and progression
depending on the stage of carcinogenesis as well as cell
typem. SMAD#4 has also been implicated in promoting
tumor metastasis in pancreatic cancer’

SMAD4 has been shown to be mutated in up to 50%
of all pancreatic adenocarcinomas. Despite its clear asso-
ciation with the diagnosis, its prognostic role remains less
distinct. Though some investigations suggest functional
SMAD4 loss predicts a poor prognosis, other studies
failed to demonstrate a relationship between SMAD4
mRNA expression and patient survival®™. Due to the
complexity of TGF-f3 signaling in pancreatic cancer, fur-
ther investigations are needed to identify potential novel
targeted therapies involving SMADA4.

Non-coding RNA
Beyond the classical protein products discussed previ-
ously, the field of epigenetics has begun to play an in-
creasingly important role in the identification oncologic
tumor markers and treatment optimization'"”, Unlike
typical RNA molecules which code for functional pro-
teins, non-coding RNA molecules themselves function
in various methods to influence transcriptional and post-
transcriptional regulation of gene expression“o”. In par-
ticular, one recent study suggested that the microenviron-
ment of a tumor may stimulate a mictoRINA gene family
that induces tumor resistance to therapy and promotes
tumor cell invasion and metastasis""”. Individual microR-
NA molecules are proving to have important treatment
and prognostic value, as is found in a non-coding RNA
named HOTAIR, which is upregulated in pancreatic tis-
sue and has demonstrated pro-oncogenic function and
an association with more aggressive tumor biology“(m.
Preis ez /"™ identified a consistent and significant over-
expression of a microRNA named miR-10b in pancreatic
cancer cells compared to benign tissue, while decreased
expression of miR-10b was correlated with improved re-
sponse to multimodality neoadjuvant therapy, likelihood
of resection, delayed time to metastasis, and increased
rate of survival. The field of research in epigenetics will
likely support further studies on the identification of bio-
markers diagnostic and therapeutic for pancreatic cancer.
While these select few biomarkers have been pre-
sented individually, it is likely they will prove most prog-
nostic and therapeutically efficacious when analyzed as
biomarker arrays instead of individual proteins. Indeed,
patients harboring multiple mismatch repair gene poly-
morphisms have been associated with significantly worse
survival compared to those patients with fewer (or no)
mutations' . In the near future, gene expression analyses
will likely play a significant role in the management of
cancer patients, allowing for accurate prognostic informa-
tion gleaned from the tissue at the time of initial biopsy.

CONCLUSION

In summary, patients with pancreatic adenocarcinoma
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who undergo surgical resection coupled with chemother-
apy and/or chemoradiation have the best opportunity for
long-term survival. However, the multitude and variety
of chemotherapeutic options demonstrate that no cur-
rent regimen in our armamentarium is clearly superior to
others. Variations in tumor biology, the presence or ab-
sence of molecular markers, a patient’s functional status,
and tolerability of potential side effects of current che-
motherapeutic and radiation regimens make a simple and
single universal therapeutic treatment modality difficult
to advocate. In the meantime, there are a number of rea-
sons to believe a neoadjuvant approach may be the best
available strategy at this time, capitalizing on the critical
concept of patient selection. Furthermore, molecular
biomarkers such as hENT1, SPARC, and SMAD4 have
gained recent popularity for their apparent predictive and
prognostic abilities, and both epigenetic profiling and the
identification of various oncologic microRNA molecules
are likely to contribute to the field of pancreatic cancer
treatment.
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