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Abstract
Pancreatic cancer is one of the most aggressive and lethal human cancers, with more than 200, 000 deaths 

worldwide every year. Despite recent efforts, conventional treatment approaches, such as surgery, classic 
chemotherapy, radiotherapy, biologic therapy and palliative care have only slightly improved patient outcomes. 
Among the conventional chemotherapies the combination of abraxane (nab-paclitaxel) with gemcitabine and 
FOLFIRINOX (5-FU/leucovorin, irinotecan, and oxaliplatin) with gemcitabine in metastatic pancreatic cancer patients 
are promising. Among the targeted therapies the combination of gemcitabine, erlotinib and capecitabine are likely to 
form the base for future treatment. Under biologic or immunotherapy KRAS-targeting vaccines, telomerase-targeting 
vaccine (GV1001), gastrin-based vaccine, dendritic cell (DC)-based vaccine alone or combined with lymphokine-
activated killer (LAK) cells and allogeneic GM-CSF-secreting vaccine (GVAX) are well tolerated by patients and could 
represent a new therapeutic option for pancreatic cancer.  Moreover a novel strategy for using mesenchymal stem 
cells (MSCs) as means of delivering anticancer genes to the site of pancreas is also encouraging. Current and future 
clinical trials using natural compounds such as vitamin E compound delta-tocotrienol and curcumin in combination 
with standard chemotherapy are ongoing to discover more effective ways of treating advanced pancreatic cancer.
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Introduction
Pancreatic cancer is an aggressive and highly lethal form of 

pancreatic malignancy [1]. The incidence of pancreatic cancer varies 
greatly across regions, with the highest incidence and mortality rates 
found in developed countries. Over 2 million people die annually due 
to pancreatic cancer worldwide with an increasing incidence. Deaths 
from pancreatic cancer rank fourth among cancer-related deaths 
in the United States and it is one of the common gastrointestinal 
malignancies [2]. Risk factors for pancreatic cancer include, among 
others, high-fat diet, smoking, chronic pancreatitis, primary sclerosing 
cholangitis, hereditary pancreatitis, family history of pancreatic cancer, 
and diabetes mellitus [3]. Age seems to be a significant risk factor, with 
incidence increasing with age. It possesses some characteristics, such 
as fast progress, high degree of malignancy and early metastasis, which 
eventually bring poor prognosis for patients with a 5-year survival 
rate of only l% to 3% [4]. Approximately 20% of patients present with 
localized, potentially curable tumors. The majority (95%) of cases of 
pancreatic cancer are adenocarcinomas, resembling the pancreatic 
ductal cell. Metastasis of this cancer can be either local, most often 
involving the liver, lung, spleen, lymphatic system, adrenal glands and 
transverse colon [5].

Despite recent progress in understanding the multistep progression 
from precursor lesions to cancer, pancreatic ductal adenocarcinoma is 
still detected too late when cure is impossible justifying the significant 
need to develop novel early detection, prevention, and treatment 
strategies. Pancreatic carcinogenesis is a multistep process that involves 
the accumulation of a set of genetic changes that convert normal 
cells first to premalignant cells and then to malignant cells [6,7]. In 
a recent study, an average of 63 mutations per cancer was altered in 
24 human pancreatic ductal adenocarcinomas [8]. The most widely 
accepted explanation for the accumulation of multiple mutations 
in the same cell is the model of clonal evolution when cells with one 
crucial mutation expand clonally [9]. By increasing in number through 
mitosis and suppression of apoptosis, cells with the first mutation 
become more likely to develop a second mutation, which predisposes 
to a third mutation and so on. Continuing clonal expansion, selection, 

and heterogeneity allow the accumulation of multiple mutations 
in the same cell and the ultimate generation of malignant clones. 
Therefore, reducing the number of premalignant cells or eliminating 
them altogether should be a potent way to reduce pancreatic cancer 
risk [10]. Pancreatic carcinogenesis requires silencing of proapoptotic 
genes and activation of antiapoptotic genes to circumvent apoptosis 
of premalignant cells, which is the physiological fail-safe mechanism 
to eliminate transformed cells [11-13]. No chemoprevention agent 
exists for pancreatic cancer and less than 5 agents have entered early 
phase clinical investigation [14]. Cancer chemoprevention uses 
natural, synthetic, or biological agents to reverse, suppress, prevent, 
or delay either the initial phase of carcinogenesis, or the progression 
of premalignant cells to cancer [15]. The concept of eliminating 
premalignant cells periodically has been proposed recently as a 
novel intermittent approach for cancer prevention [10]. A potential 
advantage of this approach is the prospect of less toxicity and increased 
compliance due to the need for brief intermittent therapy instead 
of continuous therapy. This review focuses the current and future 
pancreatic cancer treatment modalities as well as on going clinical trials 
in the clinic. Pancreatic cancer is treated in several ways, alone or in 
combination based upon the stages of the malignancy: 

• Surgery

• Chemotherapy

• Radiation therapy
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•	 Biologic therapy

•	 Palliative care

Surgery 

Currently, surgery is still the most basic means for treating 
pancreatic cancer, also the only method of hoping for curative 
treatment. Since the first successful implementation of surgery in 
1935 by Whipple procedure in which the tumor-bearing region of the 
pancreas along with a portion of stomach, duodenum, gallbladder, 
and part of bile duct are removed and the remaining regions are 
reattached to support digestive capabilities of the patient [16], 
pancreatoduodenectomy (PD) has been the standard operation for 
pancreatic cancer [17]. As pancreatic cancer spreads to regional lymph 
nodes and even to the pancreas plexus along the perineurium, efforts 
to improve the surgical method have been based on conventional 
PD and variations of extended PD, such as pancreatoduodenectomy 
with extended lymphadenectomy (PD/ELND) [18]. Despite the fact 
that surgical options for pancreatic cancer are now associated with 
acceptable outcomes, they often prove ineffective in controlling the 
disease with reported recurrence rates approaching almost 80% (both 
locally and distant) and a 5-year survival rate of only 10–24% for cases 
involving total resection [19]. Lack of distant metastasis and local 
vascular invasion are the two criteria that must be present to qualify 
for a curative resection [16]. The study concluded that PD/ELND fails 
to gain advantages over standard PD in the survival rate of patients 
with pancreatic cancer, but may increase the operative time and the 
incidence of postoperative complications [18]. Currently a phase III 
clinical trial is underway at NCI utilizing pancreas resection with and 
without drains (NCT01441492). Chemotherapy and radiation are 
often given together, prior to, after, or even without surgery, to slow 
pancreatic cancer’s growth.

Chemotherapy/Radiotherapy/Biologic therapy

Other treatment options range from systemic chemotherapy alone to 
combined forms of treatment with chemoradiation and chemotherapy. 
Chemotherapy treatments can be categorized as adjuvant (treatment 
after surgery), neo-adjuvant (treatment prior to surgery), and palliative. 
The most common chemotherapy drugs used to treat pancreatic cancer 
are the following: gemcitabine, 5-fluouracil, capecitabine, cisplatin, 
and oxaliplatin [20]. These drugs function on the basis of cross-linking 
mechanisms in which their reactive region interacts with the cell’s DNA 
or RNA nucleotides, thus disrupting the cell cycle progression leading 
to cancer cell apoptosis [21,22]. Chemoradiotherapy is an efficient 
therapeutic approach for pancreatic cancer patients; however, there 
are no data to support a radiotherapy alone treatment option [22]. A 
phase II clinical trial using short course radiation therapy with proton 
beam capecitabine and hydroxy chloroquine for resectable pancreatic 
cancer is underway at NCI (NCT01494155). Due to poor treatment 
options for pancreatic cancer patients, new therapeutic strategies are 
being developed using anticancer gene therapy agents and treatments 
as an alternative solution or in combination to the existing treatments. 
These strategies can be categorized as either using RNA interference or 
antisense oligonucleotides that inhibits the activated oncogenes (Kirsten 
rat sarcoma (KRAS), LSM1, Akt, and Wnt) or approaches to restore 
function of the tumor suppressor genes (p53, p16/ CDKN2A, DPC4/
SMAD4) [23]. For over a decade, gemcitabine-based therapy has been 
considered a first-line treatment for locally advanced and metastatic 
pancreatic cancer. Preference for gemcitabine over 5-fluorouracil (5-
FU) was established, when comparing gemcitabine monotherapy to 
5-FU demonstrated clinical benefit in gemcitabine-treated patients 

with advanced pancreatic cancer [5]. The value of radiotherapy in 
the management of locally advanced pancreatic cancer remains 
unclear. Several clinical trials were undertaken with gemcitabine in 
combination with 5-FU, irinotecan, oxaliplatin, pemetrexed, exatecan 
and cisplatin [24,25], all failed to show superiority over gemcitabine 
monotherapy. Capecitabine is an orally administered fluoropyrimidine 
that is metabolized in both liver and tumor cells into 5-FU, resulting in 
high intratumoral 5-FU concentrations. Clinical trial on capecitabine 
and gemcitabine combination showed significantly improved objective 
response rate and progression-free survival, but did not show superiority 
in overall survival in patients with advanced pancreatic cancer [26]. 
In addition, folfirinox (5-FU/leucovorin, irinotecan, and oxaliplatin) 
treatment of metastatic pancreatic cancer patients in a randomized 
clinical trial of folfirinox versus gemcitabine indicated that response 
rate was more than 30%. Furthermore, the median overall survival was 
11.1 months in the folfirinox group as compared with 6.8 months in 
the gemcitabine group, indicating that folfirinox is an option for the 
treatment of patients with metastatic pancreatic cancer [27].

Targeted therapies have also been tried for advanced pancreatic 
cancer. The matrix metalloproteinase inhibitors (MMPIs) marimastat 
and talomastat (BAY 12-9566) inhibit enzymes that play a key role 
in extracellular matrix (ECM) degradation, and angiogenesis. In 
clinical trial, neither marimastat monotherapy nor marimastat with 
gemcitabine improved overall survival compared with gemcitabine 
monotherapy [28]. The farnesyl transferase enzyme Kras regulator 
tipifarnib in combination with gemcitabine did not improve overall 
survival compared with gemcitabine monotherapy in a clinical trial [29]. 
Erlotinib is a small-molecule tyrosine kinase inhibitor of the human 
epidermal growth factor receptor (EGFR). A clinical trial of erlotinib 
in combination with gemcitabine, in patients with locally advanced 
or metastatic pancreatic adenocarcinoma met its primary endpoint, 
with the combination regimen being the first gemcitabine combination 
to demonstrate a statistically significant survival advantage over 
gemcitabine monotherapy and the regimen was consequently approved 
for metastatic disease [30]. Cetuximab, an anti-EGFR monoclonal 
antibody, blocks the extracellular EGFR domain, preventing ligand 
dependent or independent activation and downstream signaling. 
Unfortunately, it is failed to demonstrate a clinically significant 
advantage of the addition of cetuximab to gemcitabine for response 
and overall survival [31]. Bevacizumab is a recombinant, humanized 
IgG1 monoclonal antibody that selectively binds to vascular endothelial 
growth factor (VEGF), inhibiting its interaction with VEGF receptor-1 
and -2, on the surface of endothelial cells. Despite recently reported 
negative results, clinical studies are underway in advanced pancreatic 
cancer that includes bevacizumab and cetuximab in combination with 
other agents [32]. Finally, a wide range of molecular-targeted agents 
that interact with crucial pathways for cell survival in pancreatic 
cancer are currently being explored. These include agents that target 
polyADP-ribose polymerase, histone deacetylase (HDAC), Src/Abl 
kinases, and mammalian target of rapamycin [33]. Given the positive 
data observed in clinical trials, gemcitabine, erlotinib and capecitabine 
are likely to form the base for future treatment strategies for advanced 
pancreatic cancer. Initial chemoradiotherapy is only used in specific 
circumstances such as up-front chemoradiotherapy is used in some 
patients with borderline resectable disease [34,35]. Mesenchymal stem 
cells (MSCs) have attracted significant attention in cancer research 
as a result of their accessibility, tumororiented homing capacity, and 
the feasibility of auto-transplantation [22]. A novel strategy for using 
MSCs as means of delivering anticancer genes to the site of pancreas is 
promising.

http://www.cancer.gov/clinicaltrials/search/view?cdrid=751638&version=Patient&protocolsearchid=6204571
http://www.cancer.gov/clinicaltrials/search/view?cdrid=751638&version=Patient&protocolsearchid=6204571
http://www.cancer.gov/clinicaltrials/search/view?cdrid=720402&version=Patient&protocolsearchid=6204571
http://www.cancer.gov/clinicaltrials/search/view?cdrid=720402&version=Patient&protocolsearchid=6204571
http://www.cancer.gov/clinicaltrials/search/view?cdrid=720402&version=Patient&protocolsearchid=6204571
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Palliative care

Palliative treatment designed to control the symptoms of 
unresectable or recurrent pancreatic cancer can provide relief of pain, 
obstructive jaundice, gastric outlet obstruction, and pancreatic exocrine 
insufficiency. Furthermore, the incidence of venous thromboembolism 
is four- to sevenfold higher in patients with pancreatic cancer than in 
other common adenocarcinomas [36]. In addition, pancreatic cancer is 
one of the malignancies that are associated with a particularly high risk 
of depression. Up-front chemoradiotherapy is used in some patients 
and as palliative treatment in patients not deemed surgical candidates 
[37].

Options for palliation of jaundice in patients who have 
obstructive jaundice from locally advanced unresectable disease 
are surgical bypass or placement of a stent across the area of 
biliary tract obstruction. The surgical options for achieving biliary 
decompression include an anastomosis between the gallbladder and 
jejunum (cholecystojejunostomy) or common bile duct and jejunum 
(choledocho jejunostomy) [38]. Approximately 15 to 20 percent of 
patients with pancreatic cancer will develop duodenal obstruction 
leading to gastric outlet obstruction, although it is typically not present 
at diagnosis [38]. Endoscopically placed expandable metal stents 
are preferred over palliative gastrojejunostomy for patients with a 
symptomatic gastric outlet obstruction who are not undergoing an 
attempt at surgical resection. Early experience supports good symptom 
palliation and a lack of morbidity [39]. Up to 60 percent of patients with 
pancreatic cancer have slowed gastric emptying without evidence of 
gastro duodenal tumor invasion [40]. Unfortunately, vomiting is often 
difficult to control, although pro-kinetic agents such as metoclopramide 
may help [39]. Often, palliation of pain can be successfully achieved 
by opioid analgesics alone. For patients with persistent nausea and 
vomiting, for whom taking oral medications is difficult, pain, control 
may be achieved using transdermal patches. Pain can also be managed 
with celiac plexus neurolysis and radiation therapy [41]. As a general 
rule, 30,000 international units of pancreatic lipase, swallowed during 
each full meal, should suffice in reducing steatorrhea and preventing 
weight loss. Phase II trials of combination chemotherapies have shown 
encouraging palliative benefit, objective response rates, and survival 
outcomes [37]. Until ongoing phase III trials confirm these benefits, the 
current standard treatment for metastatic pancreatic adenocarcinoma 
remains single agent gemcitabine.

Clinical Trials
Clinical trials are ongoing to discover more effective ways of treating 

pancreatic cancer. Recent clinical trial shows that the combination of 
abraxane (nab-paclitaxel) with gemcitabine in metastatic pancreatic 
cancer patients had the median survival (8.5 months) which was 
almost three months less than that of FOLFIRINOX (11.1 months) 
[42,43]. Another clinical trial showed the efficacies of the novel 
capecitabine and streptozocin+/-cisplatin regimens were very similar 
in pancreatic cancer. However CapStrep was better tolerated than Cap 
Strep Cis [44]. Other study suggests that a capecitabine-based regimen 
might be preferable to a gemcitabine-based regimen in the context 
of consolidation chemoradiotherapy after a course of induction 
chemotherapy for locally advanced pancreatic cancer [45]. In a second-
line treatment for advanced pancreatic cancer the published clinical 
trials showed that patients who received treatments had a median 
overall survival of 6 months compared with 2.8 months for patients 
who received best supportive care only. The gemcitabine and platinum-
based combination provided a median progression-free survival and 

overall survival of 4 and 6 months compared with 1.6 and 5.3 for the rest 
of the regimens and 2.9 and 5.7 for the combination of 5-fluorouracil 
and platinum agents [46]. Another clinical trial compared the long-
term clinical efficacy of chemotherapy plus radiotherapy (CRT) with 
that of radiotherapy alone (RT) or chemotherapy alone (CT) for locally 
advanced pancreatic carcinoma (LAPC). Compared with CT or RT, 
CRT can benefit the long-term survival of LAPC patients, although 
it may also increase treatment-related toxicities [47]. The efficacy of 
nimotuzumab plus gemcitabine usage as first-line treatment in patients 
with advanced pancreatic cancer has also been reported [48]. Another 
Phase I/II study showed the efficacy of the natural compound curcumin 
when combined with gemcitabine in pancreatic cancer patients [49]. 
There are several phase I/II trials are being evaluated in pancreatic 
cancer patients using HDAC inhibitors in combination with chemo or 
radiation therapies such as SAHA [50], FK228 [50,51], VPA [51], 4-PB 
[52], CI-994 [53,54] and MGCD0103 [55]. Currently a phase II clinical 
trial is underway using the combination of irinotecan, oxaliplatin and 
cetuximab for locally advanced or metastatic pancreatic cancer at NCI 
(NCT00871169). A phase II clinical trial using cisplatin, metronomic 
low-dose interferon alfa, gemcitabine, and fever-range whole-body 
hyperthermia in treating patients with inoperable or metastatic 
pancreatic cancer is active at NCI (NCT00082862). A phase III clinical 
trial of 90Y-clivatuzumab tetraxetan and gemcitabine versus placebo 
and gemcitabine in metastatic pancreatic cancer is investigated at NCI 
(NCT01956812).

Under immunotherapy clinical trials patients with resected 
pancreatic cancers harboring KRAS mutations at codon 12 were 
vaccinated once monthly for 3 months.  The median recurrence-free 
survival time was 8.6 months and median overall survival time was 20.3 
months [56]. KRAS-targeting vaccines proved to be well tolerated by 
patients with resectable pancreatic cancer. The telomerase-targeting 
vaccine (GV1001) clinical study in non-resectable pancreatic cancer 
was well tolerated by the patients with prolonged survival. However 
recent phase III trial investigated the efficacy of GV1001 in sequential 
combination with gemcitabine versus gemcitabine alone in subjects 
with locally advanced and metastatic adenocarcinoma of the pancreas. 
The results demonstrated no survival benefit for the combination of 
GV1001 and gemcitabine as compared with gemcitabine alone [57]. 
In a multi-institutional, double-blinded, placebo-controlled clinical 
trial, the administration of a gastrin-based vaccine to chemotherapy-
refractory advanced-stage cancer patients resulted in a nearly 2-fold 
increase in median overall survival, as compared with placebo [58]. 
Gastrin-based vaccines are well tolerated and could represent a new 
therapeutic option for pancreatic cancer. A dendritic cell (DC)-based 
vaccine alone or combined with lymphokine-activated killer (LAK) 
cells was administered together with gemcitabine to inoperable 
pancreatic cancer patients [59]. The median survival of these 
individuals was 360 d, which was longer than with gemcitabine. Thus, 
the combination of DC-based immunotherapy and chemotherapy was 
well tolerated by advanced pancreatic cancer patients and warrants 
further investigation. Allogeneic GM-CSF-secreting vaccine (GVAX) 
was tested in patients with metastatic pancreatic cancer under phase II 
trial along with cyclophosphamide. The median overall survival was 3.4 
months [60]. A recent clinical study investigating the clinical profile of 
immune checkpoint inhibitor (ipilimumab) plus GVAX as compared 
with ipilimumab alone in previously treated locally advanced or 
metastatic pancreatic cancer patients [61]. The median overall survival 
in Ipilimumab alone was 3.3 months whereas median overall survival 
in Ipilimumab plus GVAX was 5.5 months. Currently a phase III 
clinical trial using gemcitabine with or without erlotinib followed by 

http://www.cancer.gov/clinicaltrials/search/view?cdrid=360863&version=Patient&protocolsearchid=6390493
http://www.cancer.gov/clinicaltrials/search/view?cdrid=360863&version=Patient&protocolsearchid=6390493
http://www.cancer.gov/clinicaltrials/search/view?cdrid=360863&version=Patient&protocolsearchid=6390493
http://www.cancer.gov/clinicaltrials/search/view?cdrid=360863&version=Patient&protocolsearchid=6390493
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the same chemotherapy regimen with or without radiation therapy and 
capecitabine or fluorouracil in treating patients with pancreatic cancer 
that has been removed by surgery is underway at NCI (NCT01013649). 
Another phase I/II clinical trials using gemcitabine + nab-paclitaxel 
with LDE-225 (Hedgehog inhibitor) as neo-adjuvant therapy for 
pancreatic adenocarcinoma are active at NCI (NCT01431794). A 
phase II clinical trial using combination chemotherapy with or without 
oregovomab and stereotactic radiotherapy together with nelfinavir in 
treating patients with localized or locally advanced pancreatic cancer 
is going on at NCI (NCT01959672). Using natural plant products a 
phase I/II clinical trial are being evaluated in resectable pancreatic 
cancer patients using natural vitamin E compound delta-tocotrienol at 
NCI (NCT00985777). However ongoing phase I/II/III trials in patients 
with pancreatic cancer are needed to discover more effective ways of 
treating advanced pancreatic cancer.

Conclusion
Over the last few years, the availability of a wide variety of 

different therapeutic agents and the ongoing clinical trails using 
combination of vaccines and standard chemotherapy proved patient 
outcomes. However, more sophisticated understanding of the biology 
of pancreatic cancer as well as deployment of more precise drugs 
combinations specifically vaccines predicts the effective treatment of 
this deadly malignancy.

References

1.	 Hidalgo M (2010) Pancreatic cancer. N Engl J Med 362: 1605-1617.

2.	 Siegel R, Naishadham D, Jemal A (2013) Cancer statistics, 2013. CA: A 
Cancer Journal for Clinicians 63:11-30.

3.	 Michaud DS (2004) Epidemiology of pancreatic cancer. Minerva Chir 59: 99-
111.

4.	 Siegel R, Naishadham D, Jemal A (2012) Cancer statistics, 2012. A Cancer 
Journal for Clinicians 62:10-29.

5.	 Iovanna J, Mallmann MC, Gonçalves A, Turrini O, Dagorn JC (2012) Current 
knowledge on pancreatic cancer. Front Oncol 2: 6.

6.	 Iacobuzio-Donahue CA (2012) Genetic evolution of pancreatic cancer: lessons 
learnt from the pancreatic cancer genome sequencing project. Gut 61: 1085-
1094.

7.	 Iacobuzio-Donahue CA, Velculescu VE, Wolfgang CL, Hruban RH (2012) 
Genetic basis of pancreas cancer development and progression: insights from 
whole-exome and whole-genome sequencing. Clin Cancer Res 18: 4257-4265.

8.	 Jones S, Zhang X, Parsons DW, Lin JC, Leary RJ, et al. (2008) Core signaling 
pathways in human pancreatic cancers revealed by global genomic analyses. 
Science 321: 1801-1806.

9.	 Aparicio S, Caldas C (2013) The implications of clonal genome evolution for 
cancer medicine. N Engl J Med 368: 842-851.

10.	Wu X, Lippman SM (2011) An intermittent approach for cancer chemoprevention. 
Nat Rev Cancer 11: 879-885.

11.	Röder C, Trauzold A, Kalthoff H (2011) Impact of death receptor signaling on 
the malignancy of pancreatic ductal adenocarcinoma. Eur J Cell Biol 90: 450-
455.

12.	Werner K, Rückert F, Saeger HD, Grützmann R, Pilarsky C (2011) Recent 
patents concerning targeted therapy of apoptosis resistance in pancreatic 
cancer. Recent Pat DNA Gene Seq 5: 28-34.

13.	Neesse A, Gress TM, Michl P (2012) Therapeutic targeting of apoptotic 
pathways: novel aspects in pancreatic cancer. Curr Pharm Biotechnol 13: 
2273-2282.

14.	Stan SD, Singh SV, Brand RE (2010) Chemoprevention strategies for 
pancreatic cancer. Nat Rev Gastroenterol Hepatol 7: 347-356.

15.	Sporn MB (2011) Perspective: The big C - for Chemoprevention. Nature 471: 
S10-11.

16.	Wagner M, Redaelli C, Lietz M, Seiler CA, Friess H, et al. (2004) Curative 
resection is the single most important factor determining outcome in patients 
with pancreatic adenocarcinoma. Br J Surg 91: 586-594.

17.	Loos M, Kleeff J, Friess H, Büchler MW (2008) Surgical treatment of pancreatic 
cancer. Ann N Y Acad Sci 1138: 169-180.

18.	Xu X, Zhang H, Zhou P, Chen L (2013) Meta-analysis of the efficacy of 
pancreatoduodenectomy with extended lymphadenectomy in the treatment of 
pancreatic cancer. World J Surg Oncol 11: 311.

19.	Arvold ND, Ryan DP, Niemierko A, Blaszkowsky LS, Kwak EL, et al. (2012) 
Long-term outcomes of neoadjuvant chemotherapy before chemoradiation for 
locally advanced pancreatic cancer. Cancer 118: 3026-3035.

20.	Mahalingam D, Kelly KR, Swords RT, Carew J, Nawrocki ST, Giles FJ (2009) 
Emerging drugs in the treatment of pancreatic cancer. Expert Opin Emerg 
Drugs 14: 311-328.

21.	Barton-Burke M (1999) Gemcitabine: a pharmacologic and clinical overview. 
Cancer Nurs 22: 176-183.

22.	Moniri MR1, Dai LJ2, Warnock GL1 (2014) The challenge of pancreatic cancer 
therapy and novel treatment strategy using engineered mesenchymal stem 
cells. Cancer Gene Ther 21: 12-23.

23.	Bhattacharyya M, Lemoine NR (2006) Gene therapy developments for 
pancreatic cancer. Best Pract Res Clin Gastroenterol 20: 285-298.

24.	Smeenk HG, de Castro SM, Jeekel JJ, Kazemier G, Busch OR, et al. (2005) 
Locally advanced pancreatic cancer treated with radiation and 5-fluorouracil: a 
first step to neoadjuvant treatment? Dig Surg 22: 191-197.

25.	Li J, Wientjes MG, Au JL (2010) Pancreatic cancer: pathobiology, treatment 
options, and drug delivery. AAPS J 12: 223-232.

26.	Cunningham D, Chau I, Stocken DD, Valle JW, Smith D, et al. (2009) Phase III 
randomized comparison of gemcitabine versus gemcitabine plus capecitabine 
in patients with advanced pancreatic cancer. J Clin Oncol 27: 5513-5518.

27.	Conroy T, Desseigne F, Ychou M, Bouché O, Guimbaud R, et al. (2011) 
FOLFIRINOX versus gemcitabine for metastatic pancreatic cancer. N Engl J 
Med 364: 1817-1825.

28.	Bramhall SR, Schulz J, Nemunaitis J, Brown PD, Baillet M, et al. (2002) A 
double-blind placebo-controlled, randomised study comparing gemcitabine and 
marimastat with gemcitabine and placebo as first line therapy in patients with 
advanced pancreatic cancer. Br J Cancer 87: 161-167.

29.	 Van Cutsem E, van de Velde H, Karasek P, Oettle H, Vervenne WL, et al. 
(2004) Phase III trial of gemcitabine plus tipifarnib compared with gemcitabine 
plus placebo in advanced pancreatic cancer. J Clin Oncol 22: 1430-1438.

30.	Moore MJ, Goldstein D, Hamm J, Figer A, Hecht JR, et al. (2007) Erlotinib 
plus gemcitabine compared with gemcitabine alone in patients with advanced 
pancreatic cancer: a phase III trial of the National Cancer Institute of Canada 
Clinical Trials Group. J Clin Oncol 25: 1960-1966.

31.	Isacoff WH, Bendetti JK, Barstis JJ, Jazieh AR, Macdonald JS, et al. (2007) 
Phase II trial of infusional fluorouracil, leucovorin, mitomycin, and dipyridamole 
in locally advanced unresectable pancreatic adenocarcinoma: SWOG S9700. 
J Clin Oncol 25: 1665-1669.

32.	Kindler HL (2007) Pancreatic cancer: an update. Curr Oncol Rep 9: 170-176.

33.	Rocha-Lima CM (2008) New directions in the management of advanced 
pancreatic cancer: a review. Anticancer Drugs 19: 435-446.

34.	Colbert LE, Fisher SB, Hardy CW, Hall WA, Saka B, et al. (2013) Pronecrotic 
mixed lineage kinase domain-like protein expression is a prognostic biomarker 
in patients with early-stage resected pancreatic adenocarcinoma. Cancer 119: 
3148-3155.

35.	Hall WA, Colbert LE, Liu Y, Gillespie T, Lipscomb J, et al. (2013) The influence 
of adjuvant radiotherapy dose on overall survival in patients with resected 
pancreatic adenocarcinoma. Cancer 119: 2350-2357.

36.	Nakakura EK, Warren RS (2007) Palliative care for patients with advanced 
pancreatic and biliary cancers. Surg Oncol 16: 293-297.

37.	Wiebe LA (2012) A Myriad of Symptoms: New Approaches to Optimizing 
Palliative Care of Patients with Advanced Pancreatic Cancer. Am Soc Clin 
Oncol Educ Book 32: 243-248.

38.	Singh SM, Longmire WP Jr, Reber HA (1990) Surgical palliation for pancreatic 
cancer. The UCLA experience. Ann Surg 212: 132-139.

http://www.cancer.gov/clinicaltrials/search/view?cdrid=711935&version=Patient&protocolsearchid=6204571
http://www.cancer.gov/clinicaltrials/search/view?cdrid=711935&version=Patient&protocolsearchid=6204571
http://www.cancer.gov/clinicaltrials/search/view?cdrid=711935&version=Patient&protocolsearchid=6204571
http://www.ncbi.nlm.nih.gov/pubmed/20427809
http://onlinelibrary.wiley.com/doi/10.3322/caac.21166/pdf
http://onlinelibrary.wiley.com/doi/10.3322/caac.21166/pdf
http://www.ncbi.nlm.nih.gov/pubmed/15238885
http://www.ncbi.nlm.nih.gov/pubmed/15238885
http://onlinelibrary.wiley.com/doi/10.3322/caac.20138/full
http://onlinelibrary.wiley.com/doi/10.3322/caac.20138/full
http://www.ncbi.nlm.nih.gov/pubmed/22655256
http://www.ncbi.nlm.nih.gov/pubmed/22655256
http://www.ncbi.nlm.nih.gov/pubmed/21749982
http://www.ncbi.nlm.nih.gov/pubmed/21749982
http://www.ncbi.nlm.nih.gov/pubmed/21749982
http://www.ncbi.nlm.nih.gov/pubmed/22896692
http://www.ncbi.nlm.nih.gov/pubmed/22896692
http://www.ncbi.nlm.nih.gov/pubmed/22896692
http://www.ncbi.nlm.nih.gov/pubmed/18772397
http://www.ncbi.nlm.nih.gov/pubmed/18772397
http://www.ncbi.nlm.nih.gov/pubmed/18772397
http://www.ncbi.nlm.nih.gov/pubmed/23445095
http://www.ncbi.nlm.nih.gov/pubmed/23445095
http://www.ncbi.nlm.nih.gov/pubmed/22071977
http://www.ncbi.nlm.nih.gov/pubmed/22071977
http://www.ncbi.nlm.nih.gov/pubmed/21129814
http://www.ncbi.nlm.nih.gov/pubmed/21129814
http://www.ncbi.nlm.nih.gov/pubmed/21129814
http://www.ncbi.nlm.nih.gov/pubmed/21194411
http://www.ncbi.nlm.nih.gov/pubmed/21194411
http://www.ncbi.nlm.nih.gov/pubmed/21194411
http://www.ncbi.nlm.nih.gov/pubmed/21605073
http://www.ncbi.nlm.nih.gov/pubmed/21605073
http://www.ncbi.nlm.nih.gov/pubmed/21605073
http://www.ncbi.nlm.nih.gov/pubmed/20440279
http://www.ncbi.nlm.nih.gov/pubmed/20440279
http://www.ncbi.nlm.nih.gov/pubmed/21430710
http://www.ncbi.nlm.nih.gov/pubmed/21430710
http://www.ncbi.nlm.nih.gov/pubmed/15122610
http://www.ncbi.nlm.nih.gov/pubmed/15122610
http://www.ncbi.nlm.nih.gov/pubmed/15122610
http://www.ncbi.nlm.nih.gov/pubmed/18837898
http://www.ncbi.nlm.nih.gov/pubmed/18837898
http://www.ncbi.nlm.nih.gov/pubmed/24321394
http://www.ncbi.nlm.nih.gov/pubmed/24321394
http://www.ncbi.nlm.nih.gov/pubmed/24321394
http://www.ncbi.nlm.nih.gov/pubmed/22020923
http://www.ncbi.nlm.nih.gov/pubmed/22020923
http://www.ncbi.nlm.nih.gov/pubmed/22020923
http://www.ncbi.nlm.nih.gov/pubmed/19466902
http://www.ncbi.nlm.nih.gov/pubmed/19466902
http://www.ncbi.nlm.nih.gov/pubmed/19466902
http://www.ncbi.nlm.nih.gov/pubmed/10217035
http://www.ncbi.nlm.nih.gov/pubmed/10217035
http://www.ncbi.nlm.nih.gov/pubmed/24384772
http://www.ncbi.nlm.nih.gov/pubmed/24384772
http://www.ncbi.nlm.nih.gov/pubmed/24384772
http://www.ncbi.nlm.nih.gov/pubmed/16549328
http://www.ncbi.nlm.nih.gov/pubmed/16549328
http://www.ncbi.nlm.nih.gov/pubmed/16137997
http://www.ncbi.nlm.nih.gov/pubmed/16137997
http://www.ncbi.nlm.nih.gov/pubmed/16137997
http://www.ncbi.nlm.nih.gov/pubmed/20198462
http://www.ncbi.nlm.nih.gov/pubmed/20198462
http://www.ncbi.nlm.nih.gov/pubmed/19858379
http://www.ncbi.nlm.nih.gov/pubmed/19858379
http://www.ncbi.nlm.nih.gov/pubmed/19858379
http://www.ncbi.nlm.nih.gov/pubmed/21561347
http://www.ncbi.nlm.nih.gov/pubmed/21561347
http://www.ncbi.nlm.nih.gov/pubmed/21561347
http://www.ncbi.nlm.nih.gov/pubmed/12107836
http://www.ncbi.nlm.nih.gov/pubmed/12107836
http://www.ncbi.nlm.nih.gov/pubmed/12107836
http://www.ncbi.nlm.nih.gov/pubmed/12107836
http://www.ncbi.nlm.nih.gov/pubmed/15084616
http://www.ncbi.nlm.nih.gov/pubmed/15084616
http://www.ncbi.nlm.nih.gov/pubmed/15084616
http://www.ncbi.nlm.nih.gov/pubmed/17452677
http://www.ncbi.nlm.nih.gov/pubmed/17452677
http://www.ncbi.nlm.nih.gov/pubmed/17452677
http://www.ncbi.nlm.nih.gov/pubmed/17452677
http://www.ncbi.nlm.nih.gov/pubmed/17470859
http://www.ncbi.nlm.nih.gov/pubmed/17470859
http://www.ncbi.nlm.nih.gov/pubmed/17470859
http://www.ncbi.nlm.nih.gov/pubmed/17470859
http://www.ncbi.nlm.nih.gov/pubmed/17430687
http://www.ncbi.nlm.nih.gov/pubmed/18418211
http://www.ncbi.nlm.nih.gov/pubmed/18418211
http://www.ncbi.nlm.nih.gov/pubmed/23720157
http://www.ncbi.nlm.nih.gov/pubmed/23720157
http://www.ncbi.nlm.nih.gov/pubmed/23720157
http://www.ncbi.nlm.nih.gov/pubmed/23720157
http://www.ncbi.nlm.nih.gov/pubmed/23625519
http://www.ncbi.nlm.nih.gov/pubmed/23625519
http://www.ncbi.nlm.nih.gov/pubmed/23625519
http://www.ncbi.nlm.nih.gov/pubmed/17855076
http://www.ncbi.nlm.nih.gov/pubmed/17855076
http://www.ncbi.nlm.nih.gov/pubmed/24451742
http://www.ncbi.nlm.nih.gov/pubmed/24451742
http://www.ncbi.nlm.nih.gov/pubmed/24451742
http://www.ncbi.nlm.nih.gov/pubmed/1695834
http://www.ncbi.nlm.nih.gov/pubmed/1695834


Citation: Husain K (2014) Pancreatic Cancer Treatment. J Drug Metab Toxicol 5: 162. doi:10.4172/2157-7609.1000162

Page 5 of 5

Volume 5 • Issue 1 • 1000162
J Drug Metab Toxicol
ISSN: 2157-7609 JDMT, an open access journal

39.	Saif MW (2011) Palliative care of pancreatic cancer. Highlights from the “2011
ASCO Annual Meeting”. Chicago, IL, USA; June 3-7, 2011. JOP 12: 355-357.

40.	Fazal S, Saif MW (2007) Supportive and palliative care of pancreatic cancer.
JOP 8: 240-253.

41.	Erdek MA, King LM, Ellsworth SG (2013) Pain management and palliative care 
in pancreatic cancer. Curr Probl Cancer 37: 266-272.

42.	Saif MW (2013) Advancements in the management of pancreatic cancer: 2013. 
JOP 14: 112-118.

43.	Von Hoff DD, Ervin T, Arena FP, Chiorean EG, Infante J, et al. (2013) Increased 
survival in pancreatic cancer with nab-paclitaxel plus gemcitabine. N Engl J
Med 369: 1691-1703.

44.	Meyer T1, Qian W2, Caplin ME3, Armstrong G4, Lao-Sirieix SH4, et al. (2014) 
Capecitabine and streptozocin±cisplatin in advanced gastroenteropancreatic
neuroendocrine tumours. Eur J Cancer .

45.	Mukherjee S, Hurt CN, Bridgewater J, Falk S, Cummins S, et al. (2013)
Gemcitabine-based or capecitabine-based chemoradiotherapy for locally
advanced pancreatic cancer (SCALOP): a multicentre, randomised, phase 2
trial. Lancet Oncol 14: 317-326.

46.	Rahma OE, Duffy A, Liewehr DJ, Steinberg SM, Greten TF (2013) Second-
line treatment in advanced pancreatic cancer: a comprehensive analysis of
published clinical trials. Ann Oncol 24: 1972-1979.

47.	Chen Y, Sun XJ, Jiang TH, Mao AW (2013) Combined radiochemotherapy
in patients with locally advanced pancreatic cancer: a meta-analysis. World J
Gastroenterol 19: 7461-7471.

48.	Su D, Jiao SC, Wang LJ, Shi WW, Long YY, et al. (2013) Efficacy of 
nimotuzumab plus gemcitabine usage as first-line treatment in patients with 
advanced pancreatic cancer. Tumour Biol .

49.	Kanai M, Yoshimura K, Asada M, Imaizumi A, Suzuki C, et al. (2011) A phase
I/II study of gemcitabine-based chemotherapy plus curcumin for patients with
gemcitabine-resistant pancreatic cancer. Cancer Chemother Pharmacol 68:
157-164.

50.	Koutsounas I, Giaginis C, Theocharis S (2013) Histone deacetylase inhibitors
and pancreatic cancer: are there any promising clinical trials? World J 
Gastroenterol 19: 1173-1181.

51.	Münster P, Marchion D, Bicaku E, Schmitt M, Lee JH, et al. (2007) Phase I trial 
of histone deacetylase inhibition by valproic acid followed by the topoisomerase 
II inhibitor epirubicin in advanced solid tumors: a clinical and translational study. 
J Clin Oncol 25: 1979-1985.

52.	Rocha Lima CM, Green MR, Rotche R, Miller WH Jr, Jeffrey GM, et al. (2004)
Irinotecan plus gemcitabine results in no survival advantage compared with
gemcitabine monotherapy in patients with locally advanced or metastatic
pancreatic cancer despite increased tumor response rate. J Clin Oncol 22:
3776-3783.

53.	Pauer LR, Olivares J, Cunningham C, Williams A, Grove W, et al. (2004) Phase 
I study of oral CI-994 in combination with carboplatin and paclitaxel in the
treatment of patients with advanced solid tumors. Cancer Invest 22: 886-896.

54.	Richards DA, Boehm KA, Waterhouse DM, Wagener DJ, Krishnamurthi SS,
et al. (2006) Gemcitabine plus CI-994 offers no advantage over gemcitabine
alone in the treatment of patients with advanced pancreatic cancer: results of a 
phase II randomized, double-blind, placebo-controlled, multicenter study. Ann
Oncol 17: 1096-1102.

55.	Siu LL, Pili R, Duran I, Messersmith WA, Chen EX, et al. (2008) Phase I study
of MGCD0103 given as a three-times-per-week oral dose in patients with
advanced solid tumors. J Clin Oncol 26: 1940-1947.

56.	Abou-Alfa GK, Chapman PB, Feilchenfeldt J, Brennan MF, Capanu M, et
al. (2011) Targeting mutated K-ras in pancreatic adenocarcinoma using an
adjuvant vaccine. Am J Clin Oncol 34: 321-325.

57.	Gunturu KS, Rossi GR, Saif MW (2013) Immunotherapy updates in pancreatic 
cancer: are we there yet? Ther Adv Med Oncol 5: 81-89.

58.	Gilliam AD, Broome P, Topuzov EG, Garin AM, Pulay I, et al. (2012) An
international multicenter randomized controlled trial of G17DT in patients with
pancreatic cancer. Pancreas 41: 374-379.

59.	Kimura Y, Tsukada J, Tomoda T, Takahashi H, Imai K, et al. (2012) Clinical and 
immunologic evaluation of dendritic cell-based immunotherapy in combination
with gemcitabine and/or S-1 in patients with advanced pancreatic carcinoma.
Pancreas 41: 195-205.

60.	Lutz E, Yeo CJ, Lillemoe KD, Biedrzycki B, Kobrin B, et al. (2011) A lethally
irradiated allogeneic granulocyte-macrophage colony stimulating factor-
secreting tumor vaccine for pancreatic adenocarcinoma. A Phase II trial of
safety, efficacy, and immune activation. Ann Surg 253: 328-335.

61.	Le DT, Lutz E, Uram JN, Sugar EA, Onners B, et al. (2013) Evaluation of
ipilimumab in combination with allogeneic pancreatic tumor cells transfected
with a GM-CSF gene in previously treated pancreatic cancer. J Immunother
36: 382-389.

http://www.ncbi.nlm.nih.gov/pubmed/21737895
http://www.ncbi.nlm.nih.gov/pubmed/21737895
http://www.ncbi.nlm.nih.gov/pubmed/17356251
http://www.ncbi.nlm.nih.gov/pubmed/17356251
http://www.ncbi.nlm.nih.gov/pubmed/24331181
http://www.ncbi.nlm.nih.gov/pubmed/24331181
http://www.ncbi.nlm.nih.gov/pubmed/23474549
http://www.ncbi.nlm.nih.gov/pubmed/23474549
http://www.ncbi.nlm.nih.gov/pubmed/24131140
http://www.ncbi.nlm.nih.gov/pubmed/24131140
http://www.ncbi.nlm.nih.gov/pubmed/24131140
http://www.ncbi.nlm.nih.gov/pubmed/24445147
http://www.ncbi.nlm.nih.gov/pubmed/24445147
http://www.ncbi.nlm.nih.gov/pubmed/24445147
http://www.ncbi.nlm.nih.gov/pubmed/23474363
http://www.ncbi.nlm.nih.gov/pubmed/23474363
http://www.ncbi.nlm.nih.gov/pubmed/23474363
http://www.ncbi.nlm.nih.gov/pubmed/23474363
http://www.ncbi.nlm.nih.gov/pubmed/23670093
http://www.ncbi.nlm.nih.gov/pubmed/23670093
http://www.ncbi.nlm.nih.gov/pubmed/23670093
http://www.ncbi.nlm.nih.gov/pubmed/24259979
http://www.ncbi.nlm.nih.gov/pubmed/24259979
http://www.ncbi.nlm.nih.gov/pubmed/24259979
http://www.ncbi.nlm.nih.gov/pubmed/24142531
http://www.ncbi.nlm.nih.gov/pubmed/24142531
http://www.ncbi.nlm.nih.gov/pubmed/24142531
http://www.ncbi.nlm.nih.gov/pubmed/20859741
http://www.ncbi.nlm.nih.gov/pubmed/20859741
http://www.ncbi.nlm.nih.gov/pubmed/20859741
http://www.ncbi.nlm.nih.gov/pubmed/20859741
http://www.ncbi.nlm.nih.gov/pubmed/23482354
http://www.ncbi.nlm.nih.gov/pubmed/23482354
http://www.ncbi.nlm.nih.gov/pubmed/23482354
http://www.ncbi.nlm.nih.gov/pubmed/17513804
http://www.ncbi.nlm.nih.gov/pubmed/17513804
http://www.ncbi.nlm.nih.gov/pubmed/17513804
http://www.ncbi.nlm.nih.gov/pubmed/17513804
http://www.ncbi.nlm.nih.gov/pubmed/15365074
http://www.ncbi.nlm.nih.gov/pubmed/15365074
http://www.ncbi.nlm.nih.gov/pubmed/15365074
http://www.ncbi.nlm.nih.gov/pubmed/15365074
http://www.ncbi.nlm.nih.gov/pubmed/15365074
http://www.ncbi.nlm.nih.gov/pubmed/15641487
http://www.ncbi.nlm.nih.gov/pubmed/15641487
http://www.ncbi.nlm.nih.gov/pubmed/15641487
http://www.ncbi.nlm.nih.gov/pubmed/16641168
http://www.ncbi.nlm.nih.gov/pubmed/16641168
http://www.ncbi.nlm.nih.gov/pubmed/16641168
http://www.ncbi.nlm.nih.gov/pubmed/16641168
http://www.ncbi.nlm.nih.gov/pubmed/16641168
http://www.ncbi.nlm.nih.gov/pubmed/18421048
http://www.ncbi.nlm.nih.gov/pubmed/18421048
http://www.ncbi.nlm.nih.gov/pubmed/18421048
http://www.ncbi.nlm.nih.gov/pubmed/20686403
http://www.ncbi.nlm.nih.gov/pubmed/20686403
http://www.ncbi.nlm.nih.gov/pubmed/20686403
http://www.ncbi.nlm.nih.gov/pubmed/23323149
http://www.ncbi.nlm.nih.gov/pubmed/23323149
http://www.ncbi.nlm.nih.gov/pubmed/22228104
http://www.ncbi.nlm.nih.gov/pubmed/22228104
http://www.ncbi.nlm.nih.gov/pubmed/22228104
http://www.ncbi.nlm.nih.gov/pubmed/21792083
http://www.ncbi.nlm.nih.gov/pubmed/21792083
http://www.ncbi.nlm.nih.gov/pubmed/21792083
http://www.ncbi.nlm.nih.gov/pubmed/21792083
http://www.ncbi.nlm.nih.gov/pubmed/21217520
http://www.ncbi.nlm.nih.gov/pubmed/21217520
http://www.ncbi.nlm.nih.gov/pubmed/21217520
http://www.ncbi.nlm.nih.gov/pubmed/21217520
http://www.ncbi.nlm.nih.gov/pubmed/23924790
http://www.ncbi.nlm.nih.gov/pubmed/23924790
http://www.ncbi.nlm.nih.gov/pubmed/23924790
http://www.ncbi.nlm.nih.gov/pubmed/23924790

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction 
	Surgery  
	Chemotherapy/Radiotherapy/Biologic therapy 

	Palliative care 
	Clinical Trials 
	Conclusion 
	References 



