
Review

Recent advances in pancreatic cancer: biology, treatment, and prevention

Divya Singh a, Ghanshyam Upadhyay a,⁎, Rakesh K. Srivastava b,⁎, Sharmila Shankar b,c,⁎⁎
a Department of Biology, City College of New York, 160 Convent Avenue, New York, NY 10031, USA
b Kansas City VA Medical Center, 4801 Linwood Boulevard, Kansas City, MO 64128, USA
c Department of Pathology, School of Medicine, University of Missouri-Kansas City, Kansas City, MO 64108, USA

a b s t r a c ta r t i c l e i n f o

Article history:
Received 30 January 2015
Received in revised form 28 April 2015
Accepted 30 April 2015
Available online 11 May 2015

Keywords:
Pancreatic cancer
Cancer stem cell
Signaling pathways
Cancer prevention
Natural Product

Pancreatic cancer (PC) is the fourth leading cause of cancer-related death in United States. Efforts have been
made towards the development of the viable solution for its treatment with constrained accomplishment
because of its complex biology. It is well established that pancreatic cancer stem cells (CSCs), albeit present in
a little count, contribute incredibly to PC initiation, progression, and metastasis. Customary chemo and
radiotherapeutic alternatives, however, expands general survival, the related side effects are the significant
concern. Amid the most recent decade, our insight about molecular and cellular pathways involved in PC and
role of CSCs in its progression has increased enormously. Presently the focus is to target CSCs. The herbal products
have gained much consideration recently as they, usually, sensitize CSCs to chemotherapy and target molecular
signaling involved in various tumors including PC. Some planned studies have indicated promising results
proposing that examinations in this course have a lot to offer for the treatment of PC. Although preclinical studies
uncovered the importance of herbal products in attenuating pancreatic carcinoma, limited studies have been
conducted to evaluate their role in clinics. The present review provides a new insight to recent advances in
pancreatic cancer biology, treatment and current status of herbal products in its anticipation.

© 2015 Elsevier B.V. All rights reserved.
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1. Introduction

The burden of pancreatic cancer (PC) has continuously increased
worldwide. It is a serious health concern and fourth leading cause
of cancer-related death in United States of America [1,2]. PC is described
as a type of gastrointestinal tumor with a poor anticipation and a high
level of danger and death rate [3]. More than 90% of pancreatic tumors
have inception from the ductal epithelium of pancreas consequently
termed as pancreatic ductal adenocarcinoma (PDAC). It is disturbing
to see that frequency rate of the pancreatic tumor is relentlessly
expanding in the western world [4]. The danger components for pan-
creatic cancer incorporate smoking, obesity and high utilization of
processed meat. Age is positively correlated with pancreatic cancer
incidences, and the larger part of cases are diagnosed over the age
of 60 [5]. The introductory indications of patients with PDAC are
back agony and dyspepsia with additional disturbing manifestations
like the new onset of diabetes, jaundice, unconstrained profound
vein thrombosis and weight reduction. When one begins perceiving,
the tumor typically, spreads to the encompassing tissues or distant
organs. For the tumors spotted in the head region of pancreas, the
determination is actually productive and they are diagnosed rela-
tively early because of biliary impediment. Nonetheless, the tumors
in the body and tail of pancreas regularly stay asymptomatic until
late in disease stage. Most of the patients (~80%) are identified
with unresectable locally advanced or metastatic stage and the
major cause is the delayed diagnosis and lack of specific blood
or urine biomarkers to identify patients with increased risk of devel-
oping pancreatic cancer [6–9]. The routine diagnostics incorporate
transabdominal ultrasound in the introductory assessment of the
jaundiced patient alongside computed tomography (CT) scan ormagnet-
ic resonance imaging (MRI).

Despite the fact that the survival rate for most cancers has been
increased lately in a couple of decades, little change is seen in the case
of pancreatic cancer. The usual survival rate for pancreatic cancer
patients is under six months, and just 3% patients survive over 5-years
[6–9]. The reason is attributed to various factors including silent nature
in early stages, aggressive tumor biology, the low scope of surgical
management, and lack of effective systemic therapies. Although, the
current procedures including surgery, chemotherapy, radiation, and im-
munosuppressants, have made great advances in diminishing tumor
frequencies and death rates, pancreatic cancer remains a continuing
challenge to the researchers. The treatment strategies at present utilized
are not very encouraging [10]. There are exceptionally poor post-
surgery survival rates even when the pancreatic tumor is surgically
resected. Safety concerns related with these medications/techniques
are likewise a significant issue for their accomplishment in the treatment

of the disease [6–9]. The prevalent chemotherapeutic choices for the
cancer treatment prolong the life of pancreatic cancer patientsminimally,
and the survival span in a large portion of the cases is not over one year.
Since limited treatment choices are accessible, and it additionally shows
resistance against chemo- and radiotherapies, it is important to find
novel and viable methodologies for the treatment of pancreatic cancer
[10].

Although the potential use of herbal components for the protection
against various cancers began several decades ago, studies to under-
stand the mechanism of their action at biochemical, genomic, and pro-
teomic levels started very recently. Many plant products, such as
triterpenes, flavonoids or polyphenols, are now established potent che-
mopreventive agents [11–15]. The phenolic substances are isolated
from the wide range of vascular plants and have the ability to reduce
and scavenge free radicals [16,17]. Epidemiological studies have
shown the reduced risk of pancreatic cancer by increased consumption
of fruits and vegetables [18]. In the recent past, a number of preclinical
studies have demonstrated various degrees of the efficacy of herbal
products both in vitro and in vivo [18]. Certain dietary agents, for exam-
ple, resveratrol and curcumin, have been demonstrated to potentiate
the standard chemotherapy [18]. It has been observed that herbal prod-
ucts target different pathways simultaneously therefore any solution in-
cluding these products may be a smart thought for better results. Many
groups are working in this direction, and the outcomes are promising
towards the improvement of new helpful cure. In this review, we will
examine the biology of the pancreatic tumor, diagnosis, treatment tech-
niques and clinical trials. We will likewise concentrate on the plausible
role of herbal products, alone or in combination with systemic chemo-
preventive medications, in the treatment of the pancreatic tumor.

2. Biology of pancreatic cancer

The biology of pancreatic cancer is perplexing and inadequately
caught on. Pancreas has both exocrine and endocrine cells that can
structure tumors; however, the likelihood is more for exocrine cells.
The vast majority of the exocrine tumors are adenocarcinomas that
begin in organ cells in the ductal epithelium and advances from prema-
lignant injuries to the entirely invasive tumor. Tumors of the endocrine
pancreas, commonly termed as islet cell tumors or neuroendocrine
tumors, are less common and can be characterized into gastrinomas,
insulinomas, glucagonomas, somatostatinomas, VIPomas, PPomas and
so forth.

Themicroenvironment of the pancreatic tumor is made out of a few
components, for example, pancreatic cancer cells, pancreatic cancer
stem cells (pancreatic CSCs), and the thick, ineffectively vascularized
stroma. The studies suggest that the stroma likewise regulate the
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