
3157 March 21, 2015|Volume 21|Issue 11|WJG|www.wjgnet.com

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i11.3157

World J Gastroenterol  2015 March 21; 21(11): 3157-3165
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2015 Baishideng Publishing Group Inc. All rights reserved.

Daniel Ansari, Adam Gustafsson, Roland Andersson, 
Department of Surgery, Clinical Sciences Lund, Lund University 
and Skåne University Hospital, SE-221 85 Lund, Sweden
Author contributions: Ansari D and Gustafsson A performed 
the literature search; Andersson R designed the study and 
revised the manuscript; all authors were involved in manuscript 
writing and read and approved the final manuscript.
Conflict-of-interest: The authors declare no conflict of interest.
Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Roland Andersson, MD, PhD, Department 
of Surgery, Clinical Sciences Lund, Lund University and Skåne 
University Hospital, Getingevägen 4, SE-221 85 Lund, 
Sweden. roland.andersson@med.lu.se
Telephone: +46-46-172359
Received: November 12, 2014
Peer-review started: November 15, 2014
First decision: December 11, 2014
Revised: December 19, 2014
Accepted: February 5, 2015
Article in press: February 5, 2015
Published online: March 21, 2015

Abstract
Pancreatic ductal adenocarcinoma (PDAC) represents the 
fourth cause of death in cancer and has a 5-year survival 
of < 5%. Only about 15% of the patients present with 
a resectable PDAC with potential to undergo “curative” 
surgery. After surgery, local and systemic recurrence, is 
though very common. The median survival of resected 
patients with adjuvant chemotherapy after surgery is 
only 20-23 mo. This underscores the significant need 
to improve PDAC management strategies. Increased 

survival rate is dependent on new breakthroughs in 
our understanding of not at least tumor biology. The 
aim of this review is to update and comment on recent 
knowledge concerning PDAC biology and new diagnostics 
and treatment modalities. One fundamental approach to 
improve survival rates is by earlier and improved diagnosis 
of the disease. In recent years, novel blood-based 
biomarkers have emerged based on genetic, epigenetic 
and protein changes in PDAC with very promising results. 
For biomarkers to enter clinical practice they need to 
have been developed using adequate control groups and 
provide high sensitivity and specificity and by this identify 
patients at risk already in a pre-symptomatic stage. 
Another way to improve outcomes, is by employing 
neoadjuvant treatments thereby increasing the number 
of resectable cases. Novel systemic treatment regimes 
like FOLFIRINOX and nab-paclitaxel have demonstrated 
improvements in prolonging survival in advanced cases, 
but long-term survival is still scarce. The future improved 
understanding of PDAC biology will inevitably render new 
treatment options directed against both the cancer cells 
and the surrounding microenvironment.
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Core tip: This review updates the current progress in 
the management of pancreatic cancer with focus on 
novel modes of diagnosis and treatment. New blood-
based biomarkers for early detection based on genetic, 
epigenetic and protein changes in pancreatic cancer 
are discussed and new treatment strategies such as 
stromal depletion are highlighted. Pancreatic cancer is 
a systemic disease already at diagnosis and demands 
multimodal managements strategies in order to 
improve outcomes.
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INTRODUCTION
Pancreatic cancer is a devastating disease. The 
estimated number of deaths attributed to the disease 
is over 266000 worldwide every year[1]. It represents 
the fourth cause of death in cancer but may, by the 
time of 2030, have moved to the second place if 
no significant treatment advances are made[2]. The 
overall 5-year survival rate is < 5% and a majority 
of patients presents with inoperable and non-curable 
tumors. Pancreatic cancer refers to adenocarcinoma 
arising from the ductal epithelium in the exocrine part 
of the gland. Pancreatic ductal adenocarcinoma (PDAC) 
accounts for about 90% and is the form mainly add
ressed in this review.

Much effort has focused to find evidence for cau
sative risk factors but reasonably few are widely 
established. Tobacco smoking, obesity, longstanding 
diabetes, family history of PDAC and chronic pancreatitis 
are risk factors[3]. Overweight (BMI > 25) during adult 
life is associated with increased risk and earlier onset 
of the disease[4]. Diabetes mellitus has recently been 
presented as an independent risk factor and increased 
risk associated with disease duration, although 
metformin reduces this risk[5]. Still this connection is 
somewhat complicated since studies have reported 
that diabetes might be an early indication of underlying 
PDAC[6]. Several studies have also provided evidence for 
the connection between chronic pancreatitis and PDAC. 
This usually occurs with a delay of one or two decades 
between the chronic pancreatitis and PDAC[7].

Lack of early biomarkers together with the silent 
nature of the disease, consequently rendering diagnosis 
in late, unresectable stages, contributes to the high death 
rate (Figure 1). To make progress and improve long-term 
survival, advances in several areas such as biomarkers 
for early diagnosis, optimized surgical strategies, and 
new types of systemic therapy are required (Figure 2). 
This review aims to update and comment on recent 
knowledge concerning PDAC management. PDAC is a 
complex disease with different clinical and pathological 
phenotypes and hence requires multiple modes of 
intervention to control disease progression.

PATHOPHYSIOLOGY
In 1976 it was suggested that ductal papillary hyper
plasia, atypia and carcinoma in situ morphologically 
appear as precursor lesions. This was based on 
examinations of histological samples from 227 cases of 
human PDAC[8]. Numerous studies have since observed 

and graded histological tissue of these lesions, called 
pancreatic intraepithelial neoplasia (PanIN) and provided 
confirmation for a common pathogenesis with similar 
profiles and progress leading to PDAC[9]. Transformation 
from a dysplastic epithelium to dysplasia and ultimately 
invasive carcinoma is parallel with the accumulation 
of mutations[10]. There have been focused efforts to 
genetically map out PanINs and to discover collective 
mutations in order to find clinical useful biomarkers. 
Commonly found mutations include activation of KRAS 
oncogene, inactivation of tumor suppressor genes 
CDKN2A/INK4A, TP53 and SMAD4[11].

KRAS mutation is a critical event and is the most 
frequently found oncogene in PDAC[12]. This mutation 
induces degradation of the tumor suppressor protein 
p53-SNAIL complex and is present in a higher degree 
in more advanced stages of PanIN[13]. KRAS has been 
considered for diagnostic purposes, but has a lack 
in both sensitivity and specificity[14]. The inactivation 
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Figure 2  Different potential ways to improve the management of pancreatic 
ductal adenocarcinoma. PDAC: Pancreatic ductal adenocarcinoma.

New biomarkers 

needed

100%

0

Su
rv

iv
al

 c
ha

nc
es

t

100%

0

D
isease progression

Current 

biomarkers

Figure 1  Pancreatic ductal adenocarcinoma and biomarkers. Modified from 
Herreros-Villanueva et al[13].



of CDKN2A results in loss of the p16 protein, a cell 
cycle regulator which generates increased cellular 
proliferation[10]. This mutation occurs in PDAC, but is 
also seen in several other malignancies. Abnormal 
TP53 adds genomic instability by permitting cells to 
bypass DNA checkpoints and this way avoid apoptotic 
signals. This mutation occurs in approximately 
50%-75% of PDAC[10]. Tumor suppressor gene SMAD4 
is mutated in about 55% of PDAC[15]. SMAD4 occurs 
in various cancers but with a higher sensitivity and 
specificity in PDAC. It often appears in late stages and 
loss of SMAD4 expression correlates with a poorer 
prognosis and potential metastasis[16]. However 
almost all PDAC contain one of these four mentioned 
mutations[17].

The stroma, a hallmark for PDAC, is the structural 
framework surrounding the tumor. The PDAC cells 
interact with the stromal cells in order to create a 
unique microenvironment to facilitate tumor progression 
by promoting tumor growth, local hypoxia and pre
venting the effects of chemotherapy[18]. Signals to 
stromal cells, from PDAC cells, modify the structure of 
the extracellular matrix (ECM) composed of collagens, 
noncollagen glycoproteins, glycosaminoglycans, growth 
factors and proteoglycans. These signals (mostly 
being proinflammatory) increase the recruitment of 
inflammatory cells, but also stimulate proliferation of 
fibroblasts, specifically pancreatic stellate cells (PSCs)[19]. 
PSCs contribute to the excess fibrosis formation around 
the tumor and promote tumor progression[20]. PSCs 
seem to facilitate immune evasion, chemoresistance 
and the recurrence of PDAC, as verified both by in vitro 
and in vivo studies[21].

SERUM CARBOHYDRATE ANTIGEN 19-9
Currently, carbohydrate antigen 19-9 (CA19-9) is the 
only biomarker used in the routine management of 
PDAC. CA19-9 is a sialylated Lewis blood group antigen 
that can be quantitatively measured in serum, but its 
use is limited to monitoring response to therapy, not 
as a diagnostic marker. The sensitivity and specificity 
of CA19-9 is about 80% for PDAC diagnosis[22]. CA19-9 
is elevated in benign conditions, such as cholestasis 
and chronic pancreatitis, which hampers its specificity 
for PDAC. Moreover, approximately 5%-10% of the 
population do not express Lewis antigens. Thus, there 
is great interest in identifying and developing new 
markers for PDAC to help detect early stage PDAC and 
its precursors. The development of useful biomarkers 
requires well-designed studies that evaluate marker 
performance in the appropriate clinical setting where 
the marker will be required. Because blood is more 
accessible and less invasive to achieve than tissue, the 
optimal screening strategy for PDAC will likely involve 
the development of highly accurate and inexpensive 
blood biomarkers, followed by a second-level, imaging-
based test to confirm a positive biomarker result. The 
recent developments in the detection of biomarkers, 

such as point mutations, DNA methylation patterns, 
microRNAs (miR), and proteins in blood from patients 
with PDAC, have opened up new avenues of research 
for the early diagnosis and treatment of this lethal 
disease.

EARLY DETECTION
Detecting resectable disease is the first step in the 
fight against PDAC[23]. Biomarkers that could increase 
the proportion of patients that are candidates for 
surgery could potentially improve survival rates. Of 
the entire PDAC cohort, only 10%-15% have localized 
disease. According to the American Cancer Society[24], 
the 5-year survival is 24% for resectable PDAC, 9% 
for locally advanced PDAC, and 2% for metastatic 
PDAC. However, the 5-year survival rate in resectable 
PDAC is about 50% in tumors < 2 cm and close to 
100% in tumors < 1 cm[25], indicating that even earlier 
detection can improve survival. A recent study[26] 
modeled the benefits of early diagnosis of PDAC using 
a blood-based biomarker signature. It was found that 
the cost-effectiveness depended on the incidence of 
PDAC within the population and that certain high-risk 
groups, such as familial cases and new-onset diabetes 
mellitus, could be screened at an acceptable cost for 
the society.

Genetic and epigenetic markers
The genetic alterations occurring during PDAC de
velopment have been extensively studied. A com
prehensive genetic analysis of 24 PDAC found an 
average of 63 genetic alterations, the majority of 
which are point mutations[27]. Mathematical analyses 
of tumor DNA sequence data suggest a broad time 
window of opportunity for early detection to prevent 
deaths from metastatic PDAC[28]. One recent study 
showed that mutations in KRAS and TP53 can be 
detected using genomic DNA from exosomes derived 
from serum from patients with PDAC, providing a 
novel diagnostic tool for PDAC[29].

PDAC is an epigenetic disease in addition to being 
a genetic disease. Epigenetic biomarkers, such as 
DNA methylation and microRNAs, may be utilized for 
diagnosis of PDAC. One study identified two novel 
genes, BNC1 and ADAMTS1, that showed a high 
frequency of methylation in PDAC, up to 100% in 
PanIN-3 and 97% in stage Ⅰ invasive cancers[30]. These 
alterations could be detected in serum samples from 
patients with PDAC. The sensitivity was 79% for BNC1 
and 48% for ADAMTS1, whereas specificity was 89% 
for BNC1 and 92% for ADAMTS1. Overall sensitivity 
using both markers was 81% and specificity was 85% 
for PDAC diagnosis. MicroRNAs are small non-coding 
RNA molecules, about 22 nucleotides, that regulate 
stability and translation of messenger RNAs. One 
study investigated differences in microRNA expression 
in whole blood between patients with PDAC, chronic 
pancreatitis, and healthy participants[31]. A total of 38 
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microRNAs were significantly dysregulated in patients 
with PDAC as compared to controls. Two diagnostic 
panels were constructed comprising 4 microRNAs 
in index Ⅰ (miR-145, miR-150, miR-223, miR-636) 
and 10 in index Ⅱ (miR-26b, miR-34a, miR-122, 
miR-126*, miR-145, miR-150, miR-223, miR-505, 
miR-636, miR-885.5p). The performance of the panels 
was validated in patients with stage ⅠA-ⅡB PDAC, 
with an index Ⅰ area under the curve (AUC) of 0.80; 
index Ⅰ and CA19-9 AUC of 0.83; index Ⅱ AUC of 0.91; 
and index Ⅱ and CA19-9 AUC of 0.91.

Protein markers
Proteomics is defined as the large-scale study of 
proteins, particularly their abundances, functions, 
structures, and interacting partners. In the field of 
proteomics, antibody-based technologies and mass 
spectrometry are the most common techniques 
used for biomarker discovery. One study used a 
recombinant antibody microarray platform, targeting 
mainly immunoregulatory proteins, in sera from 
patients with resectable PDAC, chronic pancreatitis, 
autoimmune pancreatitis, and healthy controls[32]. The 
results identified serum portraits distinguishing PDAC 
from chronic pancreatitis (AUC: 0.86), autoimmune 
pancreatitis (AUC: 0.99) and healthy controls (AUC: 
0.95). A 25-serum biomarker signature discriminating 
PDAC from the combined group of chronic pancreatitis, 
autoimmune pancreatitis, and healthy controls was 
determined that had a high diagnostic yield with an AUC 
of 0.88. Another study applied protein deep sequencing 
using high-definition mass spectrometry (HDMSE) to 
serum samples from patients with resectable PDAC, 
benign pancreatic disease, and healthy controls[33]. 
A global protein expression comparison of the three 
study groups was made using label-free quantification 
and bioinformatic analyses. More than 71000 features 
were detected within the data revealing 715 unique 
proteins. Two-way unsupervised hierarchical clustering 
identified 134 proteins that successfully classified PDAC 
patients from the controls, and found 40 proteins that 
showed a significant up-regulation in the PDAC group. 
This discrimination reliability was further confirmed by 
principal component analysis. Disease link associations 
could be made for BAZ2A, CDK13, DAPK1, DST, 
EXOSC3, INHBE, KAT2B, KIF20B, SMC1B, and SPAG5, 
by pathway network linkages to TP53, the most 
frequently altered tumor suppressor in PDAC.

CHALLENGES IN BIOMARKER 
TRANSLATION
PDAC is generally diagnosed when the disease is at 
an advanced stage. As a consequence, the majority of 
samples available for biomarker discovery come from 
patients with advanced disease. One potential solution 
is to take advantage of prospective cohort studies, 
such as European Prospective Investigation into Cancer 

and Nutrition. In such cohorts, the performance of the 
biomarkers in the months or even years prior to PDAC 
diagnosis can be evaluated. Obstructive jaundice is a 
common complication of PDAC, but few studies include 
patients with benign causes of obstructive jaundice 
in their evaluation of tumor markers. Furthermore, 
many candidate markers of PDAC have been found 
to clearly distinguish PDAC from healthy controls but 
fail to distinguish them from chronic pancreatitis. This 
may be due to the fact that there is an inflammatory 
component in PDAC and several markers may be 
shared by both conditions. These observations suggest 
that choice of adequate controls is important identify 
the most cancer-specific biomarkers.

TREATMENT OF RESECTABLE PDAC
Surgical resection with radical intent remains the 
only potential curative treatment option today. PDAC 
is staged according to the tumor-node-metastasis 
classification, which categorizes patients into 3 
stages: resectable, locally advanced, and metastatic 
disease[34]. Contrast-enhanced computed tomographyis 
an established method for staging and provides around 
80% accuracy concerning resectability[35]. Magnetic 
resonance imaging, and endoscopic ultrasound are 
valuable modalities if diagnostic difficulties persist 
after[36]. Tumor size, vascular involvement, age and 
comorbidity are to be considered in the preoperative 
staging and decision to proceed with surgical re
section[37]. A pancreatoduodenectomy (Whipple), distal 
pancreatectomy or a total pancreatectomy is usually 
performed, depending on tumor location and type. 
The hospital mortality rate following surgical resection 
may be below 2%, while overall morbidity remains 
up to 60%[38]. Complications include delayed gastric 
emptying, wound infections, abdominal abscess, and 
not at least pancreatic fistulas where grades B and C 
are most problematic[39-41]. It should be emphasized 
that an uncomplicated postoperative course is asso
ciated with a better long-term survival[42]. With regard 
to endocrine status, progression of disease has a 
greater impact than the surgical intervention, and 
diabetes mellitus (especially new-onset) may often be 
resolved by resection of the pancreatic tumor[43,44].

Surgical results tend to correlate strongly with 
both institutional and surgical volumes. Several 
studies have demonstrated significantly decreased 
mortality and morbidity at high volume centers[38,45,46]. 
This association also applies to long-term survival 
even after corrected perioperative mortality[47]. This 
association between hospital volume and improved 
results is believed to be multifactorial. One suggested 
explanation is more experienced medical staff with 
ability to detect and treat complications at an earlier 
stage, which may improve the outcome[47]. Superior 
surgical performance due to higher operation fre
quency may improve both short- and long-term 
outcome. Since the treatment is multimodal and also 
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includes adjuvant therapy, the oncologists are likely 
to improve their results with increased experience as 
well. Following the implementation of centralization, 
the 2-year survival among resected patients has 
increased with over 10% and is considered a great 
way to improve surgical outcome[46].

The fast-track (FT) concept is a standardized 
and coordinated perioperative protocol to handle 
surgical patients. This method intends to reduce 
surgical stress, accelerate postoperative recovery and 
improve safety[48]. Several studies have displayed 
the effect of implementation of the FT concept in 
pancreaticoduodenectomy[49-51]. It evidently correlates 
with early recovery and reduces morbidities, such as 
delayed gastric emptying[52]. The length of hospital stay 
will also be significantly shortened by 2-6 d[49]. The FT 
concept is also beneficial from an economical point of 
view with reduced hospital costs as demonstrated by 
Kennedy et al[49].

Adjuvant chemotherapy is recommended after 
pancreatic resection for PDAC based on several ran
domized controlled trials, including GITSG[53], ESPAC-1[54], 
ESPAC-3[55], RTOG-9704[56] and CONKO-001[57]. 
Whether neoadjuvant therapy is superior to adjuvant 
therapy for PDAC is controversial. The proposed 
upside of neoadjuvant therapy is early treatment of 
micrometastases, potential downstaging of borderline 
resectable tumors, decreasing the percentage of 
positive lymph nodes, enhanced chemotherapeutic 
penetrance due to improved vascularization and a 
higher percentage of accomplished R0 resections[58,59]. 
It has also been hypothesized that patients receiving 
neoadjuvant treatment stand a better chance of 
completing the full multimodal treatment[58]. Another 
suggested advantage is the selection and the ability to 
exclude patients developing progressing and metastatic 
disease, thus avoiding unnecessary surgery[60]. A 
neoadjuvant treatment requires histological confirmation 
and this might further increase the detection of patients 
unlikely to benefit from resection[59,61]. Neoadjuvant 
therapy is associated with delayed resection, and thus 
theoretically a possible risk of tumor progression[62]. 
Previous studies have concluded gemcitabine with 
radiotherapy as the most effective neoadjuvant 
treatment with the best effect on overall survival[58,63]. 
A population based study between 1987-2006 demon
strated a 12 mo survival advantage and lower rate 
of lymph node positivity between neoadjuvant and 
adjuvant treatment[59]. Still a recent meta-analysis 
did not conclude a significant effect on overall survival 
among resectable patients after receiving neoadjuvant or 
adjuvant treatments approaches. However, there was a 
small though not statistically significant effect on survival 
benefits for neoadjuvant as compared to adjuvant 
treatment[62]. Thus, with better chemotherapy (see e.g., 
below) there might be a case for neoadjuvant treatment 
future on.

Lymph node involvement and resection margin 
status (R0/R1) remain important prognostic factors 

after surgical resection for PDAC[64,65]. Artificial neural 
networks (ANNs) represent a non-linear pattern 
recognition technique that simulates the analytic 
learning processes of the human brain. Thus, adapting 
to changing environment through continuous learning 
via trial and error, ANN is supplied with information 
from various sources to detect complicated patterns. 
The benefit of ANNs is to automatically detect 
relationships between “inputs” to the network and 
the “output” by integrating all possible connections 
between the input variables[66]. One study displayed 
ANN as a tool in prediction of survival after surgical 
resection[67]. This was achieved by including clinical 
risk factors in order to create a survival model. The 
C-index of ANN was 0.79 compared to Cox regression 
0.67 thus, indicating ANNs superior predictive ability. 
Biomarkers, if available, should also be taken into 
consideration for prognostic prediction. Unfortunately, 
there are no validated biomarkers to predict the 
clinical course[68]. In the future, however promising 
investigational biomarkers may be incorporated into 
ANNs in order to improve prognostic performance and 
help inform clinical decision-making.

TREATMENT OF UNRESECTABLE PDAC
Most PDAC patients present with locally advanced 
or metastatic disease and are consequently not 
suitable for surgery. Single therapy with gemcitabine 
has generally been regarded as first-line therapy for 
advanced PDAC over the almost two last decades[69]. 
Numerous patients do not respond to gemcitabine 
therapy due to chemoresistance[70]. The variation 
in chemoresistance between individuals is partly 
attributed the human equilibrative nucleoside trans
porter-1 (hENT-1)[71]. This transporter is responsible 
for the intracellular uptake of gemcitabine and studies 
have demonstrated a relationship between longer 
median survival and high levels of hENT-1[72,73]. Clinical 
data have revealed that a majority of patients do not 
have a high hENT-1 expression and thus an expected 
decreased response to gemcitabine treatment[70]. To 
determine expression of hENT-1 and individualize 
gemcitabine treatment strategies could be both cost 
efficient and avoid unnecessary treatment, but needs 
further investigations and ethical considerations[74].

Few combinations of gemcitabine with other 
cytotoxic agents have yet provided any significantly 
prolonged overall survival rates[75,76]. Gemcitabine 
treatment combinations also often involved more toxic 
effects compared with gemcitabine administration as 
monotherapy[76]. FOLFIRINOX (i.e., a combination of 
oxaliplatin, irinotecan, fluorouracil, and leucovorin) has 
been proved to prolong both survival (from 6.8 mo with 
gemcitabine alone to 11.1 mo with FOLFIRINOX) and 
progression free time (3.4 to 6.4 mo) for metastatic 
patients with good performance status (ECOG 0-1). 
This treatment does, however, also carry significantly 
more adverse effects and is only applicable in a 
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selected group of patients.
Another interesting treatment regime is albumin-

bound paclitaxel (nab-paclitaxel) in combination with 
gemcitabine. Preclinical studies have showed synergistic 
effects and increased chemotherapeutic levels in the 
tumor[77]. SPARC has affinity for albumin, and could thus 
theoretically facilitate delivery of paclitaxel to the tumor 
stroma. The stroma is thereby broken down (stromal 
depletion) and tumor cells close in on each other with 
resulting increased tumor vascularity[78]. Conversely, 
a study in mice reported that SPARC deficiency did 
not alter levels of paclitaxel in the tumors[79]. However, 
recently published data from a phase 3 study reported 
improved survival, in patients with advanced PDAC 
treated with gemcitabine and nab-paclitaxel, compared 
to gemcitabine as a single therapy[80]. The toxicity 
profile includes neutropenia and neuropathy, but is 
not worse when compared to gemcitabine treatment 
alone. Consequently, nab-paclitaxel has become a 
therapeutic agent with potential to be part of future 
PDAC treatments[81].

Secreted protein acidic and rich in cysteine (SPARC) 
or osteonectin is a calcium-binding glycoprotein 
frequently expressed by stromal cells surrounding the 
tumor. The biological role of SPARC involves cell-to-
matrix interactions, including cell migration and tissue 
remodeling, mainly in tissues with high ECM turnover. 
SPARC is tumor-specific and could act as a tumor 
suppressor, but also have preinvasive characteristics 
that possibly increase efficiency of chemotherapy[82]. 
High SPARC expression, as in the pancreatic tumor 
stroma, has emerged as a clinical and prognostic 
factor for PDAC[83,84]. Other strategies to target the 
tumor stroma involve reverting the activated PSC to its 
quiescent state. It has been found that PSCs express 
high levels of the vitamin D and that treatment with 
calcipotriol, a vitamin receptor D ligand, depletes 
the stroma and increases intratumoral delivery of 
gemcitabine in mouse models of PDAC[85]. Other 
therapies aiming to target and block the interaction 
between tumor cells and PSCs are also being tested, 
hopefully further improving the poor prognosis of 
PDAC[19]. These studies provide novel approaches for 
targeting the pancreatic tumor stroma and suggest 
that stromal depletion could become the mainstay of 
PDAC therapy in the future.

CONCLUSION
Many new genetic, epigenetic, and proteomic tumor 
markers are under investigation for the non-invasive 
diagnosis of early-stage PDAC. For a cost-effective 
diagnostic test, screening should be applied in high-
risk individuals and the test must have high sensitivity 
and specificity. The use of adequate controls is 
mandatory during discovery and validation steps in 
the biomarker development phase. Future biomarkers 
need to identify patients already in a pre-symptomatic 
stage. There are strong data that centralization of 

surgical services improves outcomes after PDAC 
surgery. Principles for the fast-track concept are now 
well recognized as both safe and applying best possible 
available evidence-based and structured care. The 
benefits of neoadjuvant treatment strategies warrant 
further investigation before being fully implemented. 
ESPAC-5, an ongoing study with comparisons between 
immediate surgical explorations to neoadjuvant 
therapy, will hopefully further determine the potential 
role of neoadjuvant therapy. Increased understanding 
of the stromal compartment of PDAC, both in terms 
of tumor progression and as a defense barrier against 
innate immunity and chemotherapy, will be of outmost 
relevance for the development of future treatments. 
Even though improved diagnostics and neoadjuvant/
preoperative chemotherapy might increase the number 
of resectable patients, PDAC is a systemic disease 
already at the time of diagnosis and surgery alone is 
not enough.
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