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1. Introduction 

Pancreatic cancer is a malignant neoplasm originating from transformed cells arising in tissues 

forming the pancreas. The most common type of pancreatic cancer, accounting for 95% of these 

tumors, is adenocarcinoma (tumors exhibiting glandular architecture on light microscopy) arising 

within the exocrine component of the pancreas. A minority arise from islet cells, and are 

classified as neuroendocrine tumors. The signs and symptoms that eventually lead to the 

diagnosis depend on the location, the size, and the tissue type of the tumor, and may include 

abdominal pain, lower back pain, and jaundice (if the tumor compresses the bile duct), 

unexplained weight loss, and digestive problems [1]. 

Pancreatic cancer is the fourth most common cause of cancer-related deaths in the United States 

and the eighth worldwide [2]. Pancreatic cancer has an extremely poor prognosis: for all stages 

combined, the 1- and 5-year relative survival rates are 25% and 6%, respectively [3]; for local 

disease the 5-year survival is approximately 15% [3,4], while themedian survival for locally 

advanced and for metastatic disease, which collectively represent over 80% of individuals, is 

about 10 and 6 months respectively. Individuals vary, however some are only diagnosed when 

they are already terminally ill and therefore only have a few days or weeks. Others have slower 

progression and may live a couple of years even if surgery is not possible. Men are 30% more 

likely to get pancreatic cancer than are women [5-7]. 

1.1. Epidemiology 

In the United States, approximately 43,920 patients are diagnosed with cancer of the exocrine 

pancreas annually, and almost all are expected to die from the disease [8]. Pancreatic cancer is 

the fourth leading cause of cancer-related death in the United States among both men and 

women. The majority of these tumors (85 percent) are adenocarcinomas arising from the ductal 

epithelium.  

Worldwide, pancreatic cancer is the eighth leading cause of cancer deaths in men (138,100 

deaths annually) and the ninth in women (127,900 deaths annually) [9]. In general, pancreatic 

cancer affects more individuals inhabiting the Western/industrialized parts of the world; the 

highest incidence is reported among Maoris in New Zealand, native Hawaiians, and Black 
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American populations, while people living in India and Nigeria have the lowest reported 

incidence [10]. 

The disease is rare before the age of 45, but the incidence rises sharply thereafter. The incidence 

is greater in males than females (male-to-female ratio 1.3:1) and in blacks (14.8 per 100,000 in 

black males compared to 8.8 per 100,000 in the general population) [11]. 

1.2. Risk Factors 

Family History 

5-10% of pancreatic cancer patients have a family history of pancreatic cancer. The genes have 

not been identified. Pancreatic cancer has been associated with the following syndromes: 

autosomal recessive ataxia-telangiectasia and autosomal dominantly inherited mutations in the 

BRCA2 gene and PALB2 gene, Peutz-Jeghers syndrome due to mutations in the STK11 tumor 

suppressor gene, hereditary non-polyposis colon cancer (Lynch syndrome), familial 

adenomatous polyposis, and the familial atypical multiple mole melanoma-pancreatic cancer 

syndrome (FAMMM-PC) due to mutations in the CDKN2A tumor suppressor gene. There may 

also be a history of familial pancreatitis [12,13]. 

Age 

The risk of developing pancreatic cancer increases with age. Most cases occur after age 60, while 

cases before age 40 are uncommon [12]. 

ABO Blood Group  

ABO blood type is an inherited characteristic that has been associated with the risk of several 

gastrointestinal malignancies, including pancreatic cancer [14-17]. Blood type is determined by 

the presence or absence of human blood group antigens, glycoproteins that are expressed on the 

surface of red blood cells and several other types of cells, including pancreatic cancer cells. 

Overall, 17 percent of the 316 pancreatic cancer cases were attributable to inheriting a non-O 

blood type. These findings are supported by the results of a genome-wide association study that 

identified variants in the ABO locus that were associated with susceptibility to pancreatic cancer 

[18]. 
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Nonhereditary Chronic Pancreatitis  

There are some data suggesting that patients with nonhereditary chronic pancreatitis (both 

tropical and nontropical) are at increased risk of developing pancreatic cancer. In a report from 

the International Pancreatitis Study Group, for example, 2015 patients with chronic pancreatitis 

were followed for a mean of 7.4 years during which a total of 56 pancreatic cancers were 

identified [19].  

Diabetes Mellitus, Glucose Metabolism, and Insulin Resistance  

Numerous epidemiologic studies describe an association between diabetes mellitus and 

pancreatic cancer [20-27]. In a meta-analysis of 35 cohort studies (predominantly of patients 

with type 2 diabetes) the pooled relative risk (RR) for pancreatic cancer in diabetics compared to 

patients without diabetes was 1.94 [28]. 

Cigarette Smoking  

In multiple cohort and case-control studies, the relative risk for developing pancreatic cancer 

among smokers was at least 1.5 [29-37]. The risk increases with the amount of cigarettes 

consumed [34,35] and may be particularly high in heavy smokers who also have homozygous 

deletions of the gene for the carcinogen metabolizing enzyme glutathione S-transferase T1 

(GSTT1) [37]. 

Obesity and Physical Inactivity  

Several studies suggest a link between high body mass, lack of physical activity, and pancreatic 

cancer risk [38-44]. A body mass index (BMI) of at least 30 kg/m2 was associated with a 

significantly increased risk of pancreatic cancer compared with a BMI of less than 23 kg/m2 

(relative risk 1.72). Height was also associated with an increased risk (relative risk 1.81). An 

inverse relationship was also observed for moderate physical activity when comparing the 

highest versus the lowest categories (relative risk 0.45), particularly among those with a BMI of 

at least 25 kg/m2. Others have suggested that overweight and obese individuals develop 

pancreatic cancer at a younger age than do patients with a normal weight, and that they also have 

lower rates and duration of survival once pancreatic cancer is diagnosed [41]. 
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Diet  

Studies evaluating the relationship between diet and pancreatic cancer are inconclusive. A 

"Western" dietary pattern (high intake of fat and/or meat, particularly smoked or processed 

meats) has been linked to the development of pancreatic cancer in many [45-47] but not all 

studies [48,49]. Several case-control studies report a protective effect from the consumption of 

fresh fruits and vegetables, but prospective studies have not observed such an association [50-

52]. Lower serum levels of lycopene (a carotenoid present in fruits) and selenium have been 

found in subjects who subsequently developed pancreatic cancer [53]. 

Coffee and Alcohol Consumption  

Data regarding the impact of coffee and alcohol ingestion on the risk of pancreatic cancer have 

been conflicting. Two pooled analyses suggest if there is an effect, it is small and limited to 

heavy drinkers [54,55]. The relationship between alcohol use and pancreatic cancer is 

confounded by cigarette smoking. Similarly, the relationship between coffee intake and 

pancreatic cancer risk has been controversial, with some studies indicating an elevated risk with 

higher levels of consumption, and others, no relationship. A meta-analysis of 37 case-control and 

17 cohort studies concluded that the pooled relative risk (RR) of pancreatic cancer for highest 

versus lowest intake of coffee was 1.13, and it remained not statistically significant when the 

analysis was limited to those studies that adjusted for smoking [56]. 

Aspirin and NSAID Use  

Laboratory data suggest a possible inhibitory effect of aspirin and other NSAIDs on pancreatic 

tumorigenesis. However, available epidemiologic data in humans are conflicting [57-74]. In fact, 

preliminary data from the Nurses' Health study, in which 88,378 women without cancer were 

followed for up to 18 years, raise the possibility that extended regular use of aspirin might 

increase the risk of pancreatic cancer [71]. Compared to nonusers, participants who ingested 14 

or more aspirin tablets weekly (but not fewer) for four or more years had a significantly 

increased relative risk of pancreatic cancer (RR 1.86). The findings did not change appreciably 

when obesity and smoking were taken into account. Despite these data, studies of other large 

cohorts have not found any link between aspirin use and pancreatic cancer risk, even among 

individuals using aspirin ≥30 times monthly for over 20 years [73]. 
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History of Partial Gastrectomy or Cholecystectomy  

A two- to five-fold increased risk of developing pancreatic cancer 15 to 20 years after partial 

gastrectomy has been described [75]. An increased incidence has also been observed in patients 

who underwent cholecystectomy [76-78], although discordant data have been reported [79,80]. A 

possible explanation for both associations is elevated levels of circulating cholecystokinin, since 

exogenous cholecystokinin promotes the growth of transplantable human pancreatic 

adenocarcinoma cell lines [81]. 

Helicobacter Pylori  

An association between H. pylori infection and pancreatic cancer has been reported [82,83]. 

Although the mechanisms underlying the association between H pylori and increased pancreatic 

cancer risk have not been determined, a link has been proposed between H pylori infection and 

chronic hyperacidity [84]. 

Hepatitis B virus 

A case control study found an association between pancreatic cancer and serologic markers that 

indicated past exposure to hepatitis B [85].  

1.3. Types of Pancreatic Tumors 

1.3.1. Exocrine Pancreatic Cancers 

The most common form of pancreatic cancer (ductal adenocarcinoma) is typically characterized 

by moderately to poorly differentiated glandular structures on microscopic examination. 

Pancreatic cancer has an immunohistochemical profile that is similar to hepatobiliary cancers 

(e.g. cholangiocarcinoma) and some stomach cancers; thus, it may not always be possible to be 

certain that a tumor found in the pancreas arose from it. The genetic events that cause ductal 

adenocarcinoma have been well characterized. The most common are KRAS mutations (96%), 

CDKN2A mutations/deletions (75%), TP53 mutations (55%), SMAD4 deletions/mutations 

(50%), and SWI/SNF mutations/deletions (35%) [86,87]. 

Pancreatic carcinoma is thought to arise from progressive tissue changes. Three types of 

precancerous lesion are recognised: pancreatic intraepithelial neoplasia- a microscopic lesions of 
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the pancreas, intraductal papillary mucinous neoplasms and mucinous cystic neoplasms both of 

which are macroscopic lesions. The cellular origin of these lesions is debated. The second most 

common type of exocrine pancreas cancer is mucinous. The prognosis is slightly better. Other 

exocrine cancers include adenosquamous carcinomas, signet ring cell carcinomas, hepatoid 

carcinomas, colloid carcinomas, undifferentiated carcinomas, and undifferentiated carcinomas 

with osteoclast-like giant cells [88]. (Figure 1-3) 

 

 

Figure 1. Axial CT image with IV contrast. Macrocystic adenocarcinoma of the pancreatic head (88) 
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Figure 2. Micrograph of pancreatic ductal adenocarcinoma (H&E stain) (88) 

 

 

Figure 3. Cross section of a human liver, taken at autopsy examination, showing multiple large pale tumor deposits. 
The tumor is an adenocarcinoma derived from a primary lesion in the body of the pancreas (88) 
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1.3.2. Pancreatic Neuroendocrine Tumors 

Endocrine pancreatic tumors have been variously called islet cell tumors, pancreas endocrine 

tumors (PETs), and pancreatic neuroendocrine tumors (PNETs). The annual clinically 

recognized incidence is low, about five per one million person-years. However, autopsy studies 

incidentally identify PETs in up to 1.5% most of which would remain inert and asymptomatic 

[89]. 

The majority of PNETs are usually categorized as benign, but the definition of malignancy in 

pancreas endocrine tumors has been ambiguous. A small subset of endocrine pancreatic tumors 

are incontrovertible pancreatic endocrine cancers, that make up about 1% of pancreas cancers. 

Low- to intermediate-grade neuroendocrine carcinomas of the pancreas may be called islet cell 

tumors. Some sources have also termed these pancreatic carcinoid, a practice that has sometimes 

been strongly condemned. Definitional migration has caused some complexity of PNET 

classification, which has adversely affected what is known about the epidemiology and natural 

history of these tumors. The more aggressive endocrine pancreatic cancers are known as 

pancreatic neuroendocrine carcinomas (PNEC). Similarly, there has likely been a degree of 

admixture of PNEC and extrapulmonary small cell carcinoma [89-92].  
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2. Study Results 

2.1. New Treatments of Exocrine Pancreatic Cancers 

2.1.1. Systemic Chemotherapy 

The purpose of systemic chemotherapy is to relieve symptoms, improve the quality of life and 

prolong survival. 

2.1.1.1. Chemotherapy 

Compared with no chemotherapy or best supportive care, the combination of 5-fluorouracil (5-

FU) with other drugs shows survival benefit in patients with pancreatic cancer. However, a 

retrospective study involving 5365 patients with pancreatic cancer showed no difference in 

survival between 5-FU combination therapy and 5-FU monotherapy [93]. 

Gemcitabine (GEM) is a metabolic anti-tumor drug and has been approved by the United States 

Food and Drug Administration as the standard treatment for pancreatic cancer. The use of 

gemcitabine-cisplatin (GC) or capecitabine shows superiority over GEM monotherapy, while 

studies comparing GEM plus irinotecan or fluorouracil with GEM monotherapy show conflicting 

results. In studies of GC therapy, partial response (PR) was 10-30%, time to tumor progression 

(TTP) was 2.8-7 months, and median survival time (MST) was 5.6-8.1 months [94]. In studies of 

GEM in combination with capecitabine therapy, PR was 8.9%, stable disease (SD) was 42%, 

TTP was 6.5 mo, overall survival (OS) was 8 mo, one-year survival rate was 34.8%, 53% of the 

patients experienced less pain, 44% of the patients reduced the dosage of analgesic, and 36% of 

the patients gained weight [95]. 

Capecitabine is an orally-administered prodrug that is enzymatically converted to 5-FU. When 

used as firstline drug in patients with pancreatic cancer, its response rate (RR) is 24%. Therefore, 

it is recommended as the second-line drug for pancreatic cancer patients who failed GEM. 

Capecitabine monotherapy as second-line treatment for pancreatic cancer has only been studied 

in phase II trials, which showed that RR was 37%, TTP was 2.2 mo, and MST was 7.5 mo [96]. 

In studies of capecitabine plus oxaliplatin plus capecitabine as secondline treatment for advanced 

pancreatic cancer, RR was 28.2%, TTP was 9.9 wk, MST was 23 wk. The main side effect was 

fatigue and there were no severe hematological or nervous system side effects [97]. Capecitabine 
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in combination with docetaxel showed a RR of 50-83%, but showed no survival benefit because 

of frequent side effects such as grade 3-4 neutropenia, gastrointestinal reaction, and hand-foot 

syndrome [98]. Phase II clinical trials of capecitabine in combination with celecoxib as second-

line treatment for pancreatic and bile duct cancer showed RR was 30% and MST was 16 wk 

[99]. The addition of cetuximab to adjuvant gemcitabine was investigated in an open label, 

multi-center, phase II trial reported by Fensterer et al [96]. Patients underwent R0 or R1 

resection for pancreatic cancer, and were then treated with adjuvant chemotherapy consisting of 

6 cycles of gemcitabine with weekly cetuximab for 24 wk. Of 76 patients enrolled, 73 patients 

received at least one dose of cetuximab. Median disease free survival (DFS) was 11.9 mo, and 

the DFS rate at 18 mo was 33.5%, failing to exceed the 35% level hypothesized by the authors. 

Median OS was 21.5 mo. Grade 3 or 4 toxicities were neutropenia in 11% of patients, 

thrombocytopenia in 8.2%, dermatological reaction in 6.9%, and allergic reaction in 6.9%. The 

authors concluded that the addition of cetuximab to gemcitabine in the adjuvant treatment of 

pancreatic cancer does not improve DFS compared with the use of gemcitabine alone [96]. 

S-1 and Tegafur are also orally-administered 5-FU prodrugs. Studies of tegafur as first-line 

monotherapy or combination therapy for advanced pancreatic cancer are ongoing. S-1 is a new 

orally-administered chemotherapy drug that combines tegafur with 5-chloro-2,4-

dihydroxypyridine and oteracil at the ratio 1:0.4:1. Currently, its main use is in treating 

progressive stomach cancer. GEM in combination with S-1 was well tolerated and highly 

effective in patients with advanced pancreatic cancer in a phase Ⅰ study. PR was 44%, SD was 

48%, OS was 10.1 mo, and one-year survival rate was 33%. The side effects were acceptable and 

neutropenia was the most common, with an incidence rate of 80% [100]. Currently, the use of 

camptothecins is limited in patients with pancreatic cancer. In studies of irinotecan monotherapy 

as second-line treatment for pancreatic cancer, RR was 48%, MST was 6.6 mo. Severe nausea 

occurred in 64% of the patients, and diarrhea occurred in 36%. When used as second-line drug, 

camptothecins showed no survival benefit and demonstrated severe side effects [101]. 

Rubitecan, an orally-administered camptothecin analog, failed to show positive effects. In a 

openlabel phase II trial, RR of rubitecan monotherapy was only 7%, and MST was 3 mo [102]. 

In studies of paclitaxel monotherapy, RR was 6% and MST was 17.5 wk. It was well tolerated, 

with mild gastrointestinal reaction and hematological side effects. In studies of pemetrexed 
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monotherapy and raltitrexed monotherapy as second-line treatment for patients who failed GEM, 

RR was very low (0-3.8%), MST was 18-20 wk. When used in combination with oxaliplatin or 

irinotecan, MST was 21-26 wk and showed more grade III-IV side effects [103]. 

2.1.1.2. Adjuvant and Neoadjuvant Therapy 

Early stage pancreatic cancer is generally asymptomatic. As a result, the disease is often locally 

advanced or metastatic at the time of diagnosis, meaning that surgical treatment can only be 

performed in a minority of the cases. Furthermore, recurrence may occur after resection. 

Therefore, adjuvant chemotherapy and radiotherapy are very important for the treatment of this 

disease. 5-FU or GEM in combination with radiotherapy are widely used and have been showed 

to significantly increase the quality of life and prolong survival [104].   

Adjuvant chemotherapy has shown a trend towards improved OS. Comparison of use of 

gemcitabine vs 5-FU was explored in the ESPAC-3 trial, which demonstrated equivalent survival 

for both treatments, but a more favorable safety profile with gemcitabine. There was also a trend 

toward improved survival in the gemcitabine arm in patients with node positive disease or those 

with positive resection margins [105].  

Kwon et al. [106] conducted a phase II trial of adjuvant gemcitabine and cisplatin chemotherapy 

followed by chemoradiation with gemcitabine and 5040 cGy of radiation, then 4 cycles of 

maintenance gemcitabine. Of the patients enrolled, 57 completed chemotherapy followed by 

chemoradiation. One-year DFS rate was 62.1%, median DFS was 17.4 mo, and median OS was 

33.6 mo. The majority of recurrences (66.2%) were distant metastases. Later disease stage and 

involved lymph nodes were associated with reduced DFS (P < 0.001 and P=0.01, respectively). 

These finding suggest promising efficacy with acceptable toxicity for adjuvant multimodality 

therapy [106]. 

The aim of neoadjuvant therapy is to turn the tumor from unresectable to resectable by reducing 

the volume. However, studies of neoadjuvant therapy in patients with pancreatic cancer at 

different stages showed conflicting results. Neoadjuvant 5-FU-based chemotherapy showed 

modest effects for resectable tumors. 5-FU plus platinum anticancer drugs showed significantly 

improved effects. Trials of GEM as neoadjuvant therapy showed improvement in MST. 

However, a recently published retrospective analysis showed conflicting conclusions. Some 
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studies indicated that neoadjuvant therapy for resectable tumor helped to improve CR, reduce the 

recurrence rate, and improve survival rate, while others suggested that neoadjuvant therapy 

showed no survival benefit and increased postoperative complications. Neoadjuvant therapy for 

resectable pancreatic tumor is still at the experimental stage and is not recommended as standard 

treatment. The current neoadjuvant therapy for advanced local tumors is concurrent 

chemoradiotherapy. Studies of this therapy have demonstrated significant variation in its curative 

effects. This may be owing to the difference in the definition of “unresectable”. Moreover, such 

retrospective studies may have sample selection bias [107]. 

2.1.1.3. Molecular Targeted Therapies 

These therapies are based on molecular biological differences between tumor and normal cells. 

They can inhibit the proliferation of tumor cells and promote their apoptosis by blocking signal 

transduction and prevent tumor angiogenesis. They interfere with specific targeted molecules 

needed for carcinogenesis and tumor growth, so they are more effective than conventional 

chemotherapy and less harmful to normal cells [107]. 

Epidermal growth factor receptor-targeted drugs: Epidermal growth factor (EGF) and 

epidermal growth factor receptor (EGFR) are overexpressed in the cells of pancreatic tumors, 

and are indicators of high aggressiveness and poor prognosis. Therefore, EGFR-targeted therapy 

is a promising strategy for the treatment of pancreatic tumor [108]. 

Cetuximab (C-225) is a chimeric monoclonal antibody, which is an inhibitor of EGFR. It 

prevents the growth of tumor cells by binding to the extracellular domain of EGFR, inhibiting 

phosphorylation caused by receptor-ligand binding, and blocking the EGFR-mediated signaling 

pathway. At the same time, it inhibits tumor angiogenesis and metastasis by reducing essential 

factors such as vascular endothelial growth factor (VEGF). Cetuximab in combination with 

GEM showed additive effects in patients with advanced pancreatic cancer [108]. Phase I trials 

showed that cetuximab was well tolerated when used either as monotherapy or in combination 

with other cytotoxic drugs or chemotherapy. Cetuximab in combination with 5-FU, GEM, 

carboplatin or cisplatin demonstrated no drug interaction. Phase II trials indicated that cetuximab 

in combination with GEM was effective in advanced pancreatic cancer although further clinical 

trials are needed [109]. 
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Erlotinib, an EGFR tyrosine kinase inhibitor, is a small molecule compound that targets EGFR 

tyrosine kinase by blocking autophosphorylation and the downstream signal transduction 

pathway. According to results published at the 2005 American Society of Clinical Oncology 

annual meeting, GEM in combination with erlotinib showed longer one-year survival than GEM 

monotherapy. Therefore, GEM in combination with erlotinib is the only Food and Drug 

Administration approved combination therapy for unresectable or metastatic pancreatic cancer 

[110]. Moreover, a study of erlotinib plus capecitabine in 30 patients who failed GEM-based 

therapy showed that the combination therapy was well tolerated and that the outcome was 

positive. No significant positive effects were observed in clinical trials of gefitinib [111]. 

ErbB-2 is a member of the receptor tyrosine kinase family and is over-expressed in cells of 

pancreatic tumors. Herceptin is a monoclonal antibody that suppresses proliferation of tumor 

cells with ErbB-2 overexpression. A study of GEM plus Herceptin showed RR was 6%, MST 

was 7 mo, and one-year survival rate was 19%, which was similar to results from GEM 

monotherapy [111]. 

VEGF receptor inhibitors: VEGF stimulates endothelial cell proliferation and angiogenesis, 

inhibits endothelial cells apoptosis by activating HSP90 and Bcl-2 expression, increases 

intercellular gaps and vascular permeability by making endothelial cells produce nitric oxide. It 

thus promotes tumor migration, activates kinase activity by autophosphorylation, triggers signal 

transduction, and stimulates tumor angiogenesis [112]. 

Bevacizumab is a humanized monoclonal antibody that recognizes and blocks VEGF-A. It 

blocks the chemical signal that stimulates the growth of new blood vessels and inhibits tumor 

angiogenesis and tumor cell proliferation. A study of bevacizumab in combination with GEM 

showed PR was 21% (11 patients), SD was 46% (24 patients), six-month survival rate was 77%, 

MST was 8.8 mo, and side effects included increased blood pressure (19%), thrombosis (13%), 

perforation of abdominal viscera (8%) and hemorrhage (2%). A multicenter phase II trial of 

GEM in combination with bevacizumab in pancreatic cancer demonstrated encouraging results, 

giving rise to optimism for further research on bevacizumab in combination with chemotherapy 

[112]. 
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AEE788 is a new molecular-targeted drug and kinase inhibitor with potent inhibitory activity 

against ErbB and the VEGF receptor family of tyrosine kinases. It inhibits EGFR overexpression 

and VEGF-mediated growth of vascular endothelial cells. In animal experiments, AEE788 in 

combination with GEM showed higher control rate (95%), increased cell apoptosis, reduced 

angiogenesis, and extended survival in mice with transplanted pancreatic tumors. Relevant phase 

I trials are underway [113]. 

Matrix metalloproteinases inhibitors: Matrix metalloproteinases (MMPs) promote tumor cell 

invasion and migration, and stimulate tumor angiogenesis by degrading extracellular matrix and 

basement membrane, thereby regulating cell adhesion. Marimastat is an orally administered 

broad-spectrum MMP inhibitor. It was well tolerated and showed a similar survival rate (19-

20%) to GEM monotherapy in patients with advanced pancreatic cancer [114]. There was no that 

its therapeutic effect may improve when used in combination with other drugs. 

Prostaglandin synthase: Cyclooxygenase-2 (COX-2) plays an important role in the development 

and progression of tumors. It activates epithelial cell proliferation, inhibits tumor cell apoptosis, 

stimulates tumor angiogenesis, improves tumor cell invasion, and induces immunosuppression 

and mutation, in which angiogenesis is closely associated with malignant tumor growth, invasion 

and migration. Celecoxib is a highly selective COX-2 inhibitor. In a clinical trial involving 42 

patients with advanced pancreatic cancer, celecoxib in combination with GEM showed CBR of 

54.7%, MST of 9.1 mo, and only mild side effects [115]. However, no improved therapeutic 

effect or survival benefit (MST was 5.8 mo) was observed in studies of celecoxib plus GEM and 

DDP. 

Farnesyl protein transferase inhibitors: Farnesyl protein transferase (FPT) is a critical enzyme 

for Ras protein synthesis. Therefore, inhibiting FPT and the activity of Ras gene may be a means 

to treat pancreatic cancer. FPT inhibitors include lonafarnib (SCH66336) and tipifarnib, BMS-

214662. However, phase I and phase II trials of tipifarnib monotherapy in patients with advanced 

pancreatic cancer showed disappointing results [116]. 

2.1.1.4. Discussion 

The anatomical structure of the pancreas is very complicated. The high interstitial tension and 

inadequate blood perfusion of solid tumors, especially pancreatic tumors, give them extreme 
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resistance to most chemotherapy drugs. Consequently, conventional systemic intravenous 

chemotherapy often fail to reach effective concentration [117]. Large dosages may cause severe 

adverse reactions, thus impairing the immune system and therapeutic effect. GEM has replaced 

5-FU as the most widely used drug in advanced pancreatic cancer. GEM and GEM-based 

combination therapies are recommended as standard for advanced pancreatic cancer by National 

Comprehensive Cancer Network. Several combination therapies based on GEM and 5-FU have 

been developed, although their therapeutic effects are still unknown. So far, they have mainly 

demonstrated improvement in the control of tumor growth and it remains unclear whether or not 

they have survival benefits [118]. 

No randomized controlled prospective study of neoadjuvant therapy for pancreatic cancer has 

been conducted and, therefore, cannot be recommended as treatment for pancreatic cancer, other 

than in clinical trials. As the molecular pathway of tumor cellular differentiation, migration, 

apoptosis and metabolism are not clear, targeted cancer therapies still lack specificity [95-108] 

(Figure 4). 
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Figure 4. Immune response pathways induced following cytotoxic therapy (106) 

 

In order to minimize the side effects of combination therapy, more data from phase  

II trials of monotherapy and combination therapy should be collected. More clinical trials of 

topical medication, such as regional perfusion chemotherapy should be conducted. The arterial 

blood supply of the pancreas is from the common hepatic artery (division of the celiac artery), 

splenic artery, and superior mesenteric artery. Anti-tumor drugs infused through celiac artery or 

superior mesenteric artery can reach the whole pancreas. Hepatic artery infusion is also effective 

in pancreatic cancer metastices in the liver. The commonly used drugs include 5-FU, cisplatin, 

epirubicin, mitomycin and GEM. Regional perfusion significantly increases drug concentration 

within the pancreas, prolongs the presence of the drug in the body, and causes fewer side effects 

on other important organs, indicating its effectiveness in pancreatic cancer. Infusion via cannula 
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of embolic agents into arteries that supply blood to the pancreas prolongs the presence of the 

drug in the body, reduces blood supply to the tumor, increases the cytotoxicity of the drug, and 

leads to necrosis of tumor cells. Studies showed that local ischemia inhibited the synthesis of 

DNA and protein of tumor cells, thereby inhibiting the growth of transplanted pancreatic tumors 

in mice [102-110]. 

Intra-tumor injection of chemotherapy drugs can break the blood-pancreatic barrier, increase 

drug concentration within the tumor, and causes fewer sides effects than systemic chemotherapy. 

This is a good option for patients with unresectable pancreatic tumors. We need to identify the 

molecular pathway of pancreatic cancer and look for highly specific targets. For example, S100P 

may reduce the side effects of chemotherapy drugs, breast cancer type 2 susceptibility protein 

may enhance pancreatic cancer’s sensitivity to mitomycin, and human equilibrative transporter 1 

overexpression can improve the survival rate of patients received GEM therapy This may be 

helpful to the future treatment for pancreatic cancer. Pancreatic cancer cells are resistant to 

conventional treatments because they carry mutations which inhibit the activation of apoptosis. 

Therefore, developing a molecular targeted drug that inhibits mutation may be a solution [109-

118]. 

2.1.2. Radiotherapy 

2.1.2.1. Recent Developments 

In recent years, the development of radiotherapy techniques, knowledge about the localization of 

tumor and radiation dosage have provided new and effective treatment for pancreatic cancer. 

X knife: This is a linear accelerator delivering high energy X-rays to the region of the patient’s 

tumor. Only a few cases of pancreatic cancer treated with the X knife have been reported. The X 

knife is only good option for pancreatic cancer treatment in patients diagnosed with early stage 

of the disease [119]. 

Three-dimensional conformal radiotherapy: The profile of each radiation beam is shaped to fit 

the profile of the target from a beam’s eye view, using lead or a multi leaf collimator and a 

variable number of beams. When the treatment volume conforms to the shape of the tumor, the 

relative toxicity of radiation to the surrounding normal tissues is reduced, allowing a higher dose 
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of radiation to be delivered to the tumor than when using conventional techniques. This is the 

most widely used radiotherapy technique for pancreatic cancer. Studies showed that it relieved 

jaundice in patients with carcinoma of the pancreatic head, and one-year and two-year survival 

rates were 60-90% and 25-70%, respectively. A recent study showed one-year and two-year 

survival rates of 55.6% and 27.8% respectively, significantly higher than the 33% and 9.4% of 

traditional radiotherapy. Therefore, 3-dimensional conformal radiotherapy for local advanced 

pancreatic cancer will be the focus of future research [120]. 

Intensity modulated radiation therapy: This technique allows high radiation doses to be focused 

on regions within the tumor while minimizing the dose to surrounding normal critical structures, 

especially the dose to the duodenum. Therefore, higher and more effective radiation doses can 

safely be delivered to tumors with fewer side effects compared with conventional radiotherapy 

techniques. This may make it be a suitable radical treatment for early stage local pancreatic 

cancer. Further clinical researches on this therapy are of great significance [121].  

Precision radiation therapy: This method delivers a single high-dose of precisely-targeted 

radiation using highly focused gamma-ray beams that converge on the specific area where the 

tumor or other abnormality resides. In advanced pancreatic cancer patients who are not suitable 

for surgery, stereotactic radiotherapy may help control the growth of tumor, reduce jaundice, 

relieve symptoms, improve appetite, and improve the quality of life. “Gamma knife” is 

abbreviation of “gamma knife stereotactic radiosurgery system”, and is composed of a 

radioactive source, collimator and movable treatment couch. The treatment couch can move in 

three (x, y, z) directions. Radiation can be delivered to the tumor from any angle by rotating the 

gantry and moving the treatment couch [122]. 

2.1.2.2. Discussion 

Radiotherapy is a treatment option for pancreatic cancer patients who don’t have heart, liver, or 

kidney dysfunctions or distant metastasis and whose predicted survival is more than 3 mo. Of the 

pancreatic cancer patients that seek radiotherapy, most have locally advanced unresectable 

tumors which are large and of irregular shape. It is difficult to give proper radiation doses to such 

tumors. Pancreatic tumors have low radiosensitivity and, in order to inhibit or kill tumor cells, 

large doses are of radiation are needed. However, the pancreas is located behind the peritoneum 
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and near vital organs and important blood vessels such as stomach, intestines, liver, kidney, 

spinal cord, etc. These tissues are very sensitive to radiation and damage to them may lead to 

serious consequences. The application of radiotherapy is limited by the high cost and difficult 

operation of radiotherapy equipment. It is still unknown whether the benefits of this technique 

outweigh its high cost in patients with locally advanced pancreatic cancer. In future, we should 

be able to take precise images of pancreatic tumors by nanotechnology and perform conformal 

radiotherapy using such images. It will also be advantageous to develop more selective 

radioactive elements, such as radioactive elements against tumor cells or tumor stem cells, and to 

determine more accurate radiation dosage using biological equivalent dose, hyperfractionation, 

accelerated hyperfractionation and hypofractionation so as to achieve greater benefit [119-122]. 

2.1.3. Interventional Therapy 

2.1.3.1. Actualities 

Transvascular therapy: As well as regional perfusion of chemotherapy drugs, radiation sources 

are also used. They are implanted into the tumor to deliver beams of radiation. Studies showed 

that this method improved therapeutic effect with a total effective rate of 70% (CR+ PR), and 

MST of more than 10 mo. Injection of colloidal phosphorus (P) into solid tumors helped to kill 

tumor cells and reduced the blood flow to the tumor [123]. 

Percutaneous puncture (or non-puncture) therapy: Injection of absolute ethanol into tumors is 

an adjuvant therapy that inhibits the progression of tumor. It is safe and convenient and has led to 

better prognosis in pancreatic cancer patients whose primary tumor is relatively small but cannot 

tolerate major surgery [124]. 

To puncture the pancreatic tumor under the guidance of computer tomography (CT) or B type 

ultrasound, and utilize multi-stage radio frequency or microwave coagulation to dissolve tumor 

itself was safe, effective and minimally invasive. Resecting or dissolving a tumor or injecting 

drugs into a tumor could also be performed under endoscopy [125]. 

2.1.3.2. Discussion 

It is difficult to perform interventional therapy in patients with pancreatic cancer. Most 

pancreatic tumors have decreased blood flow. They are supplied by several small blood vessels. 
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The embolic agents often cannot reach the nidus. Collateral circulation may appear near the 

embolized vessel after embolization which makes it difficult to kill the tumor cells. If peripheral 

vascular embolization material is used, it may enter normal pancreatic tissues through a 

communicating branch and lead to a disastrous result. CT-guided injection is only suitable for a 

nidus that can be visualized by CT. It cannot be used in a nidus that has the same density as 

normal tissue. Moreover, the relationship between the dosage of drug and the size of the tumor 

has not been standardized. Percutaneous puncture may cause damage to the normal organs and 

may lead to massive hemorrhage if the nidus is located on the edge of the organ or near main 

vessels. Perfusion chemotherapy is far less effective than arterial perfusion plus embolization. 

Although images taken immediately after embolization show that tumor vessels are blocked and 

the tumor blood supply cut off, images taken later may show some of the vessels become 

unobstructed or new vessels emerge, indicating the tumor is growing or recurring. In most cases, 

arterial embolization needs to be performed for at least twice. Biological therapies mainly 

include gene therapy, immunotherapy and therapies that induce tumor cell apoptosis or inhibit 

tumor angiogenesis. Gene therapy inserts normal tumor suppressor genes into the patient’s tumor 

cells and replaces deleterious mutant alleles to treat cancer. It is a new treatment option for 

patients besides surgery, chemotherapy, and radiotherapy. With the use of endosonography, gene 

therapy or cell-targeted therapy can be performed [125]. 

With the help of a robot, rather than physician alone, puncture is performed more quickly and 

accurately, which causes less damage to the surrounding tissues. Performing interventional 

therapy under the guaidance of magnetic resonance imaging may avoid the influence of 

radioactive rays on patients and healthcare workers and minimize the CT scan error on tissues 

with the same density. Micro catheter with a laser or catheter ablation system helps to avoid 

damage caused by percutaneous puncture. Photodynamic therapy is a medical treatment that 

administers a photosensitizing drug to the patient and the tissue to be treated is exposed to light 

suitable for exciting the photosensitizer. The result is an activated oxygen molecule that can 

destroy nearby cells. It can damage endothelial cells of the tumor vessel, and lead to vascular 

thrombosis, microcirculatory disturbances, ischemia and necrosis of the tumor [126]. 

Nanopolymers can be used to wrap chemotherapy drugs, radioactive particles, or biological 

agents into microspheres, which can be administered into the pancreatic tumor by percutaneous 
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puncture under the guidance of CT or B type ultrasound. Nanoparticles are slowly released and 

reach a high concentration in the tumor, killing tumor cells and minimizing the damage to the 

normal tissues [119-122]. 

2.1.4. Immunotherapy 

2.1.4.1. Recent Developments 

Monoclonal antibody therapies: Therapies include pure antibody therapy and conjugated 

antibody therapy. The former is the use of monoclonal antibodies to bind specifically to tumor 

antigens, leading to antibody dependent cell-mediated cytotoxicity and complement dependent 

cytotoxicity. In conjugated antibody therapy biological engineering technology is used to link the 

monoclonal antibody with drugs, toxins, radionuclides or enzyme prodrugs to create an entity to 

kill tumor cells. MAb 17-1A is an IgG2a antibody created by immunizing mice with the SW1038 

colorectal cancer cell line. It binds to the tumor cell surface, activates T-cells and kills tumor 

cells, as proved in animal experiments. MAb BW-494 is an IgG1 antibody created by 

immunizing mice with the BALB/C colorectal cancer cell line. It can mediate human monocytes 

and induce antibody dependent cellular cytotoxicity against 51Cr labeled pancreatic cells. 131I 

labeled MAb BW-494 can inhibit the growth of tumor cells in mice with transplanted human 

pancreatic tumors. MAb YPC3 is an IgG1 antibody created by cell hybridization. Either MAb 

YPC3 or YPC3-mediated LAK can inhibit the growth of tumors. MAb C017-1A or the C017-1A 

analog bind the GA 733 antigen expressed in pancreatic tumor cells and induce cytotoxic 

immune response by antigen-specific proliferation, T cells and delayed-type hypersensitivity. 

Culture of antinuclear antibody P and several pancreatic tumor cell lines together and the 

antibody has been found to significantly inhibit the proliferation of pancreatic tumor cells, 

promote their apoptosis and reduce the tumor size. 425(scFv)-pseudomonas exotoxin A (ETA), a 

recombinant immunotoxin generated by fusing the anti-EGFR single chain variable fragment 

425(scFv) to a truncated mutant of ETA, can significantly reduce the risk of pancreatic cancer 

metastasis to the lungs in mice. Trials of MAb in combination with chemotherapy showed large 

doses of chimeric MAb or humanized MAb were well tolerated by patients. Cytokine 

immunotherapy: In exogenous cytokine therapy an antitumor cytokine is inserted into the tumor. 

interleukin (IL)-12 is an important anti-tumor cytokine. Injection of adenovirus encoding IL-12 
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plus adenovirus encoding MIP3a into tumors induces the generation of cytotoxic T lymphocytes 

and causes damage to the tumor cells in several ways. Tumor cell apoptosis is induced via Fas-

pShutle, although the recurrence rate is very high. Giving IL-2 to patients with pancreatic cancer 

via subcutaneous injection before surgery showed improved two-year survival rate compared 

with the control group [127].  

The IL-2 gene plus interferon-γ can increase the total amount of CD4+, CD8+ lymphocytes, and 

induce anti-tumor immune response. In cytokine-directed therapy, cytokines are conjugated with 

a toxin, radionuclide, or chemotherapy drug and act on the tumor cells that express the relevant 

cytokine receptor. IL-13 cytotoxin, composed of IL-13 and ETA, demonstrated antitumor 

activity in studies of many kinds of tumors. However, IL-13 is differently expressed in various 

kinds of tumors and its effects is not consistent. Tumor cells that express type I IL-13R may be 

more sensitive to IL-13 cytotoxin. In cytokine gene therapy a cytokine gene is inserted into 

tumor cells resulting in production of cytokine which combats the tumor. After ras17 peptide 

vaccine combined with granulocyte-macrophage colony-stimulating factor was administered to 

patients with pancreatic cancer via subcutaneous injection, specific CD8 cytotoxic T-

lymphocytes that could kill pancreatic tumor cells were detected in peripheral blood 

mononuclear cells [128]. MALP-2 is a synthetic lipopeptide that can inhibits tumor cells by 

inducing the synthesis of cytokines and chemokines, as well as the maturation of dendritic cells 

by toll-like receptor 2 and toll-like receptor 6 [129]. 

2.1.4.2. Discussion 

Because pancreatic tumor-specific antigens have not yet been discovered, antigen 

immunotherapy lacks of specificity. Besides of this, immune escape mechanisms of tumors add 

to the obstacles to successful immunotherapy. Possible changes in tumor antigens are as follows: 

defects in tumor antigen and antigen modulation, blocking or coverage of tumor antigens, 

disorders of tumor antigen processing and presentation, underexpression or missing of major 

histocompatibility complex (MHC)-1 molecules, dendritic cell dysfunction, abnormal expression 

of tumor cell costimulatory molecules, overexpression of FasL in tumor cells, induction of 

CD4＋CD25＋ T cells and suppression of antitumor immune response (Figure 5). The effects of 

monoclonal antibodies and cytokines have not been fully confirmed and high doses of them may 

not be tolerated by patients [127-129]. 
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Figure 5. Strategies for anticancer vaccination. Anticancer immunotherapy aims at harnessing the natural ability of 
the immune system to recognize and react against potentially TAA s. DNA-, peptide-, or protein-based vaccines rely 
on identified immunodominant TAA epitopes to stimulate antitumor T-cell responses. DC-based vaccines attempt to 
exploit the pronounced ability of DCs to operate as antigen-presenting cells by isolating them, loading them with 
TAA s or tumorderived mRNA ex vivo, and subsequently re-infusing them in patients. Whole cancer cell-based 
vaccines circumvent the for targeting specific TAA s because they rely on irradiated malignant cells as a whole. 
Immunotherapeutic strategies that inhibit immune checkpoints such as those mediated by CTLA4 and PD-1 reduce 
the barriers that vaccines must overcome to trigger therapeutically relevant anticancer immune responses (128) 

 

Adoptive cellular immunotherapy: This kind of treatment is used to help the immune system 

fight against cancer by giving cancer-specific T cells to the patient. It is seldomly used in 

pancreatic cancer and its therapeutic effect is not confirmed [130].  

Adoptive transfer of dendritic cells: In the presence of granulocyte-macrophage colony-

stimulating factor, dendritic cells are separated from peripheral blood mononuclear cells of 

patients with metastatic pancreas cancer, pulsed with supernatant of tumor cells, and 

administered to the patient by subcutaneous injection. Antitumor T-cells are produced, indicating 

the significant inhibition of tumors by this therapy [131]. GEM can induce the differentiation of 

CD14+ and CD11c+ DC and improve the therapeutic effect of GEM in combination with other 

therapies [132]. 
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Adoptive transfer of lymphocytes: Allogeneic mixed lymphocytes cultured in vitro are injected 

into pancreatic tumors under the guidance of endoscopic ultrasound. The therapy is found to be 

effective and has no significant toxicity although controlled studies that involve more samples 

are needed. Through in vitro modification and immunostimulation, lymphocytes may be used as 

antigen presenting cells to treat pancreatic tumor cells with p21 and p53 mutations [131]. 

Active immunotherapy: Tumor vaccination may activate or strengthen specific anti-tumor 

immune response, prevent the growth, spread and recurrence of tumor cells. Tumor vaccines 

include cell vaccines, peptide vaccines and DNA vaccines [130]. 

Tumor cell vaccine technology: These vaccines are produced from actual cancer cells that have 

been removed during surgery. The cells are treated in the lab, usually with radiation, or modified 

by albumin. They are then injected into the patient. The immune system recognizes antigens on 

these cells, then seeks out and attacks any other cells with these antigens that are still in the body. 

Overexpression of heat shock protein in pancreatic tumors can inhibit the apoptosis of tumor 

cells. Quercetin is a HSP70 inhibitor which inhibits HSP70 in pancreatic tumor cells but not in 

normal pancreatic cells. Isolated HSP can bind to MHC-l molecules and can be recognized by 

the immune system. Thus, it can be used as tumor cell vaccine [133]. 

Molecular vaccine technology: Tumor antigen peptide is synthesized by genetic engineering 

techniques and combined with the MHC-1 molecule, making it recognizable by antigen 

presenting cells [127]. 

Idiotype antibodies: Primary antibodies, obtained by using tumor antigens to immunize other 

animals, are utilized to create secondary antibodies, which can be used to activate anti-tumor 

activity of the immune system [130] 

Suicide genes: Suicide gene therapy is also called drug sensitivity gene therapy, or virus-directed 

enzyme prodrug therapy. Suicide genes are prodrug converting genes or cytotoxic factor receptor 

genes from prokaryotes or lower organisms. In animal experiments, suicide genes introduced 

into tumor cells killed these cells by converting non-toxic or low-toxic prodrugs into toxic 

metabolites [131]. 
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2.1.5. Surgery 

2.1.5.1. Early Results 

Within the past decade, one of the key bench marks for assessing surgical achievement, namely, 

operative mortality, has come down to below 5% in centers of pancreatic surgery all over the 

world. The reasons for this are by no means clear. Improved instruments and suture material, 

reduction of blood loss and replacement, and improved perioperative care all have at best only a 

marginal influence on results. The same remarkable improvement is also mirrored in other fields 

of human achievement: in open heart surgery, for instance, and also in Himalayan 

mountaineering [134]. 

Perhaps the explanation is that more of these operations are being performed by surgeons with a 

specific interest in the field, resulting in standardization of technique. This has indeed led to an 

increasing number of reports on long consecutive series of Whipple procedures without any 

mortality at all. The fact that two of these series date back 20-30 years supports this explanation. 

Resections for severe and complicated chronic pancreatitis are included, since these can be as 

technically demanding (or more so) than resections for cancer. It may be pointed out that the 

operative and hospitalmortality in this series has not changed significantly in the course of these 

25 years. It was 2.7% in the 1970s and 2.5% in the 1980s. Perioperative mortality is not the only 

bench mark when assessing early results. Postoperative complications are another. The two 

complications that are feared most are pancreatic leaks and haemorrhage. Complications at or 

around the pancreatic anastomosis range from a harmless fistula (that might well remain 

undiscovered) to an overt leak leading to sepsis, haemorrhage, and death. It seems that they must 

still be reckoned with in about 13% of cases and that they will be fatal in 17% of those afflicted. 

In Mannheim there were 52 such complications in 557 consecutive Whipple operations. Apart 

from 1.6% bland fistulae and 3.2% cases of postoperative acute pancreatitis, there were 4.4% 

serious anastomotic leaks. Therefore, this catastrophe occurred in less than 5% of cases, but 

when it did occur, it was fatal in 24%. The key to successful treatment of anastomotic leakage is 

early diagnosis. The clinical signs elicited by close observation of the patient in the surgical ICU 

are often more decisive than time-consuming laboratory or imaging procedures. 

However, access for direct imaging of the pancreatic anastomosis is provided by the Völker tube 

routinely placed in the draining jejunal loop (Figure 6).  
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Figure 6. Technique of draining the end-to-side pancreatojejunostomy and hepaticojejunostomy by means of a 
Völker drain placed in the draining jejunal loop (135) 
 

This is intended to protect the pancreatic and biliary anastomoses by decompressing this jejunal 

loop. It also serves as a port for radiological control. Contrast injection into this tube (with the 

patient lying on the left side) will opacify both the biliary and pancreatic anastomoses and may 

detect a leak (Figure 7). 
 

 
Figure 7. 23.5 Clinically “silent” leak of the pancreatojejunostomy demonstrated by instilling contrast medium into 
the Völker drain; 2.6 The radiographic control shows that the fistula has almost closed; 16.6 Final radiographic 
control no longer shows any lead (note that in this case the anastomosis was an end-to-end telescope 
pancreatojejunostomy and the Völker drain was placed into the bile-duct through the hepaticojejunostomy) (136) 
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Of course prevention of this catastrophe is better than cure and there is no lack of suggested 

technical variations to protect that pancreatojejunal anastomosis. The very length of this list 

seems to support our view that the actual technique used is of less importance than the 

meticulousness with which it is performed. Nor are we convinced that this problem can be solved 

by medication, in spite of some reports showing a slight reduction of leaks using prophylactic 

octreotide [135]. 

Bleeding is a close second to anastomotic dehiscence in the list of dangerous complications. 

Experience with postoperative haemorrhage from several large centers shows that it occurs in 

some 10% of cases and that it will be fatal in one third of these. It is important to distinguish 

between gastrointestinal (that is, intraluminal) bleeding and haemorrhage from the 

retroperitoneal operative field. In 4.1% cases, gastrointestinal haemorrhage can be diagnosed and 

treated effectively in two thirds of patients by immediate endoscopy. Significant haemorrhage 

from the operative site of course invariably requires reoperation. A dangerous combination of 

these two types of haemorrhage manifests itself quite typically by a “sentinel bleed”. If, after an 

uneventful course, the patient’s temperature increases and he experiences minor abdominal pain 

and he then passes some blood in his stools, chances are that a pancreatic leak with infection has 

led to erosion of a retropancreatic vessel with bleeding back into the jejuna loop. Immediate 

endoscopy may rarely locate the bleed directly. Often, though, it will at least exclude other more 

proximal sources of bleeding and so direct the surgeon towards relaparotomy with suture ligature 

of the bleeding vessel and drainage of the abscess. The pancreatic remnant is then best removed 

(completion pancreatectomy) [136]. 
2.1.5.2. Late Results 

After mortality and morbidity rates, long-term survival is the third bench mark in assessing 

surgical achievement. Given that more than 95% of patients with resectable pancreatic cancer 

will survive the operation, one would have hoped that more would survive for 5 years or even 

longer. So far this progress has been slow in materializing but it is beginning to show in many 

American and European centers and of course for the small tumors collected from over 400 

Japanese units. These 5-year-survival figures of 20-30% reported recently approach those for 

oesophageal or bronchial carcinoma and they do represent some progress in comparison to the 

4% long-term survivors stipulated by Gudjonsson and others [137].  
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There are two approaches to measuring long-term survival. In a recent study, both to those 251 

patients who had resected adenocarcinoma of the head of the pancreas. The findings showed for 

the 98 patients in whom micro- (or even macro-)scopic residual tumor was left in the body, 

median survival is only 10 months and the curve ends at around 2 years. However, low mortality 

and morbidity, together with the improved quality of life of these patients, make pancreatic 

resection appear worthwhile, even in a palliative setting [138]. This supports this view that, if 

removal is technically possible, a pancreatic tumor should be resected, even if cure is unlikely. 

For the 153 patients with apparent R0-resections, the curve crosses the magic 5-year-survival 

line at just under 30%. Actuarial survival curves tend to carry the stigma of statistical error. 

Therefore, if the numbers are large and the observation period long enough, it is preferable to 

arrive at the actual survival rate. Thus it’s looked at the fate of those 109 patients with 

adenocarcinoma of the head of the pancreas whose pancreatectomy (partial or total) was 

performed more than 5 years ago, that is, before January 1992. Of these, 29 crossed the 5-year-

survival line. This is 27% actual (not actuarial) survival achieved by surgery alone. But survival 

is not cure. Of course the surgical achievements in the treatment of pancreatic cancer are not 

solely confined to pancreatoduodenectomy, the Kausch-Whipple operation. Pylorus-preserving 

pancreatoduodenectomy (PPPD), reintroduced by Traverso and Longmire in 1978, has found its 

place not only for the resection of benign lesions [139]. It has two advantages, one practical and 

one theoretical. The practical advantage is a saving in operating time since antrectomy is avoided 

[140]. The second advantage- a “more physiological gastrojejunal food passage”- appears to be 

mainly theoretical and has not been substantiated convincingly so far, even by the protagonists of 

this variant [141, 142].  

But it is the disadvantages of PPPD that have prevented its universal acceptance. Delay in gastric 

emptying and jejunal ulceration are significantly more troublesome in PPPD than after standard 

pancreatoduodenectomy [143, 144]. The third drawback, that of compromised radicality, has 

probably been overrated, considering that the long-term results of standard resection are poor in 

any case and so far could not be improved by extending radicality [145]. Nevertheless, surveys 

of pancreatic surgeons in both Germany and the United States have shown that the majority of 

patients (78-89%) with an operable cancer of the head of the pancreas are being treated with the 

standard Kausch-Whiple operation [146].  
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At the other end of the scale, there are the more radical resections: total or regional 

pancreatectomy as suggested by Fortner [147, 148] as well as extended retroperitoneal 

lymphadenectomy, mainly propagated by Japanese surgeons [149-151]. So far, none of these has 

even come close to the results (however poor) of the standard Kausch-Whipple procedure [152-

154]. Suffice it to say that total pancreatectomy has its place in the resection of tumors of the 

body of the pancreas or of those in the head, if these reach close to the plane of a potential 

Kausch-Whipple resection. Regional pancreatectomy- when it involves en bloc resection of the 

large retropancreatic veins- may well be performed out of necessity (not on principle!) if that is 

the only way to remove an otherwise inoperable tumor [155, 156]. 
2.1.5.3. Disscusion 

Advances in the surgical resection of pancreatic cancer are encouraging. However, it appears that 

the results of surgical treatment alone have reached their limits, as regards postoperative 

morbidity and mortality and long-term survival. It remains to be seen what the other modalities 

of oncological therapy- radio-chemotherapy and hormonal or genetic manipulation- are able to 

contribute. All of these have shown some promising experimental results but none have so far 

succeeded convincingly when applied in clinical practice [135,136,140,141]. 

2.2. New Treatments of Pancreatic Neuroendocrine Tumors 

2.2.1. Introduction 

Pancreatic neuroendocrine tumors (pNETs) are neuroendocrine tumors (NETs) that are found 

primarily in the pancreas and upper small intestine and are frequently also referred to as 

pancreatic endocrine tumors (PETs) [157,158]. Although diverse in clinical presentation and 

aspects of treatment, all of the subtypes of pNETs share many common features including their 

pathology, most features of their biologic behavior, characteristics of their advanced disease 

states and many aspects of their treatment, especially in patients with advanced metastatic 

disease [159-162]. Because of this they are generally considered together. Although they share 

many features with gastrointestinal carcinoids (GI-NETs) including aspects of their pathology 

[both express neuroendocrine markers (chromogranin A (CgA), neuron specific enolase, 

synaptophysin), overexpress somatostatin receptors], their biological behavior in that both can be 

associated with functional syndromes or can be nonfunctional, localization methods used for 

both and aspects of the treatment of patients with advanced disease, and both are classified now 

as gastrointestinal neuroendocrine tumors (NETs), pNETs and GI-NETs (carcinoids) are 
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generally considered separately [162-164]. This occurs not only because of their different 

functional syndromes (carcinoids syndrome vs. pNETs syndromes), but also recent studies show 

they have a different molecular pathogenesis, differences in certain aspects of their biological 

behaviors, and they respond differently to different antitumor treatments (chemotherapy, 

everolimus) in patients with advanced disease [163-165]. 

2.2.2. Specific-pNET syndromes 
2.2.2.1. Insulinoma 

The treatment of choice for insulinomas is surgical resection which is successful in >95% of 

cases because insulinomas are rarely malignant (<10%), usually not multiple except in patients 

with MEN1 [166] and most can be localized preoperatively with conventional imaging studies, 

endoscopic ultrasound or in a very select few, insulin gradient sampling from hepatic veins after 

selective intra-arterial injection of calcium [167,168]. Each of these aspects are dealt with in 

separate chapters in this volume so they will not be dealt with further here. Preoperatively and 

for the small group of patients with unresectable insulinomas, medical treatment is needed. In 

addition to small frequent feedings, diazoxide, a benzothiadiazide that directly inhibits insulin 

release, is generally the initial drug used [169]. Diazoxide controls the hypoglycemia in 50-60% 

of patients and has been effect for >20 yrs in some insulinoma patients. Diazoxide treatment 

causes fluid retention in approximately one-half the patients which is usually managed with 

diuretics and is not troublesome, however it can also cause hirsutism and nausea. Various long-

acting somatostatin analogues (octreotide, lanreotide) can also be used to control the 

hypoglycemia in patients with insulinomas and are effective in 35-50% of patients, however they 

need to be used with caution, because in some patients they can make the hypoglycemia worse, 

by inhibiting counter-regulatory mechanisms [170]. Recently the mTOR inhibitor, everolimus is 

reported to be effective in controlling the hypoglycemia in patients with malignant insulinomas 

or who cannot undergo surgical resection [171,172]. Other newer methods which are reported to 

be effect at controlling the hypoglycemia in insulinoma patients where complete surgical 

resection can’t be performed either because of advanced disease or the patient’s condition, 

include ethanol ablation of the insulinoma or the use of peptide radioreceptor therapy using 

radiolabeled somatostatin analogues [173]. In patients with advanced disease with malignant 

insulinomas, treatments directed against the tumor itself may help control the hypoglycemia, but 
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they are not discussed further here as they are dealt with in separate chapters in this volume 

[159]. 
2.2.2.2. Zollinger-Ellison syndrome (ZES) (Gastrinoma) 

Medical treatment of ZES involves treatment of the 

gastric acid hypersectrory state (acute, chronic), treatment of endocrinopathies that develop in 

MEN1/ZES patients, treatment of effects of long-term hypergastrinemia (gastric carcinoids in 

MEN1/ZES patients); treatment of other hormonal syndromes that may develop and antitumor 

treatment of advanced metastatic disease [174,175]. The later is covered in separate chapters in 

this volume and will not be dealt with further here. The drugs of choice to control the gastric acid 

hypersecretion both acutely and long-term are the PPIs (omeprazole, lansoprazole, rabeprazole, 

esomeprazole, pantoprazole), because of their potency and long durations of action that allow 

once or twice a day dosing in almost every patient. Histamine H2 receptor antagonists 

(cimetidine, ranitidine, nizatidine, famotidine) (H2-R blockers) are also effective, however high, 

frequent (every 4-6 hrs) dosing is usually required [176]. Patients have been treated for longer 

than 20 years with PPIs and >10 years with H2R blockers and these drugs have continued to 

remain effective. On the average 1 dose change per year is need with H2R-blockers, whereas the 

dosing with PPIs generally remains stable or in some cases can even be decreased with time. 

Patients with complicated ZES (moderate-severe GERD, MEN1/ZES or post Billroth 2 

resections) characteristically require both higher doses of PPIs and more frequent dosing (usually 

BID, occasional TID) [174,177]. Long-term treatment with PPIs has proved safe with the only 

side effects due to PPI-induced achlorhydria, which can result in vitamin B12 deficiency [178]. 

Although recent studies report in populations taking chronically taking PPIs an increased 

incidence of bone fractures, at present there are no such reports in ZES patients [179]. One 

potential side-effects is that, similar to seen in animal studies, chronic PPI treatment might 

increase the possibility of developing gastric carcinoids, which ZES patients are already 

predisposed to, because most have life-long hypergastrinemia, became surgical cure is only 

possible in <50% of patients with sporadic ZES and almost no patients with MEN1/ZES [180]. 

Although studies show chronic hypergastrinemia induces gastric ECL cell hyperplasia in almost 

all patients with ZES, that it is more severe in patients with MEN1/ZES than sporadic ZES, that 

gastric carcinoids develop in 20-30% of MEN1/ZES patients and <1% of sporadic ZES, there is 

no evidence that suggests the use of PPIs accelerates their development [181,182]. Some patients 
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in their disease course are unable to take oral gastric antisecretory agents and (surgery, 

chemotherapy, other antitumor treatments) and parenteral administration is required. Both 

intravenous PPIs such as with pantoprazole or with H2-blockers such as ranitidine or cimetidine 

have been shown to be effective for prolonged periods of time [179]. The intravenous 

administration of PPIs is the preferred treatment because it can be administered every 8-12 hours 

intermittently and relatively low doses are effective, whereas with H2-blockers such as ranitidine 

or cimetidine a continuous infusion of relatively high doses is required [183]. 

Patients with MEN1/ZES almost invariably develop other functional endocrinopathies with 

hyperparathyroidism being the most common, occurring in almost every patient [184]. The 

hyperparathyroidism is due to parathyroid hyperplasia and requires a 3.5 gland or 4-gland 

resection with an implant and even then is frequently recurrent [185]. Most patients receive 

repeat parathyroidectomies, although now medical treatment has become a possibility with the 

availability of cincalcet, a calcium sensing receptor allosteric modulator, which has successfully 

controlled the hyperparathyroidism in a small number of MEN1 patients [186]. Also patients 

with both sporadic ZES and MEN1/ZES can develop other functional pNET/endocrine 

syndromes including Cushing’s syndrome (usually due to ectopic ACTH secretion by the pNET 

in sporadic and to a pituitary adenoma in MEN/ZES) [187], as well as other functional pNET 

syndromes, especially those patients with MEN1/ZES (insulinoma, occasional glucagonoma, 

carcinoid syndrome) [175]. Cushings disease in MEN1/ZES patients is usually treated with 

pituitary surgery, whereas the ACTHoma in sporadic cases is treated medically initially and then 

frequently with adrenalectomy, as covered in the later section on treatment of ACTHomas [184]. 

Other functional pNETs are treated surgically if possible, but if advanced metastatic disease is 

present they are treated with long acting somatostatin analogues (octreotide-LAR, lanreotide-

autogel) to control the hormonal symptoms and antitumor agents to control the tumor growth 

[176]. 
2.2.2.3. VIPoma 

It is essential to control the high volume diarrhea of VIPomas because it can lead to dehydration, 

severe electrolyte abnormalities, renal failure and death. In addition to fluid and electrolyte 

replacement, long-acting somatostatin analogues (octreotide-LAR, lanreotide-autogel) are now 

the drugs of choice and will control the diarrhea in >90% of patients. Other drugs that can be 

effective in some patients and that were used prior to the availability of long acting somatostatin 
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analogues include glucocorticoids, clonidine, metoclopramide, loperamide, and lidamidine. In 

some patients surgical debulking of the tumor has been claimed to facilitate medical treatments 

and be beneficial, as well as other antitumor treatments, which are considered in other chapters 

in this volume [188]. 
2.2.2.4. Glucagonoma 

The symptoms of gluconoma are now primarily treated with the use of somatostatin analogues 

(octreotide-LAR, lanreotideautogel). Using these analogues the rash, NME, is controlled in 50-

90%, and weight loss, abdominal pain and diarrhea are usually improved, however, the diabetes 

mellitus generally does not improve Because of the cachexia, hypoaminoacidemia, and weight 

loss, parenteral nutrition is frequently used and is reported to have markedly improve the NME 

in some patients. Similar to patients with VIPomas, these patients characteristically have 

advanced metastatic disease at presentation, and therefore in most patients anti-tumor therapies 

need to be started and even consideration to cytoreductive surgery, which is reported to be 

helpful in these patients. Each of these issues is considered in separate chapters in this volume 

[158,188]. 
2.2.2.5. Somatostatinomas (SSomas) 

Patients with SSoma syndrome frequently require nutrition support or hyperalimentation. 

Treatment with the long-acting somatostatin analogues (octreotide-LAR, lanreotide-autogel) has 

been successful in a few cases in the literature [158,188]. 
2.2.2.6. GRFomas 

To control the hormone-excess state, long-acting somatostatin analogues (octreotide-LAR, 

lanreotide-autogel) are the drugs of choice. Surgical resection of the primary pNET should be 

done whenever possible but unfortunately metastases are already present at diagnosis in 30-50%, 

so anti-tumor treatments may be needed, as outline in separate chapters in this volume [189]. 
2.2.2.7. Nonfunctional pNETs (NF-pNETs) 

NF-pNETs because they have no functional syndrome are treated medically only for an anti-

tumor effect which is covered by other chapters in this volume [188]. 
2.2.2.8. Discussion 

All functional pNETs have two treatment problems: treatment is required of the hormoneexcess 

state and treatment needs to be directed at the pNET itself, because similar to NFpNETs, in all 

cases except for insulinomas (<10% malignant) the pNET show malignant behavior in >50% 

(Table-1). In older studies where effective treatments did not exist, many patients with functional 
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pNETs died of the uncontrolled hormone-excess state, demonstrating the importance of control 

of this state both acutely and long-term. Increasingly, at present pNET patients are dying of the 

malignant behavior of these tumors, demonstrating the importance of surgical removal of a 

pNET, whenever possible and effective control of the tumor in patients with advanced malignant 

disease. Unfortunately, in many cases the diagnosis is delayed and the patients already present 

with advanced metastatic disease making surgical cure impossible [159]. 
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3. Conclusions 

The incidence of pancreatic cancer increases with age with 60% of patients presenting over the 

age of 65. While surgery is the only treatment offering the possibility of cure, only 9-15% of 

patients are eligible for potentially curative resection [190]. Chemotherapy and/or radiotherapy 

are often the treatment of choice for patients with locally advanced or metastatic disease that is 

not amenable to surgical resection. Very elderly patients, however, may have significant 

comorbidities that preclude surgery, chemotherapy, or a protracted course of external beam 

radiation therapy. For these patients, radiotherapy is emerging as a promising new modality. 

Multiple studies have found that age alone is not a contraindication to pancreatic resection [191-

193]; however, both morbidity and mortality rates following pancreatic resection increase with 

advanced age. Elderly pancreatic cancer patients who undergo the Whipple resection have higher 

rates of postoperative complications such as delayed gastric emptying, pancreaticojejunal leak, 

sepsis, biliary leak, gastrointestinal tract bleeding, and intra-abdominal hemorrhage [194]. One 

study found that among patients who underwent pancreaticoduodenectomy, octogenarians had a 

mortality rate of 4.1% and a complication rate of 52.8% whereas these rates were 1.7% and 

41.6%, respectively for younger patients [195]. Other conflicting studies have found that age did 

not significantly influence perioperative complications and mortality among 

pancreaticoduodenectomy patients. However, the latter findings could be influenced by the 

stringent patient selection process applied to elderly patients chosen to undergo surgical resection 

[196,197]. 

Gemcitabine has been the first-line therapy for advanced pancreatic cancer for over the past 

decade [198], and Oettle et al. have shown that postoperative gemcitabine significantly delays 

disease recurrence after complete resectionof pancreatic cancer compared with observation alone 

[199]. In a study of 68 patients, Matsumoto et al. found that low-dose gemcitabine may improve 

the prognosis of elderly patients (≥65) with unresectable pancreatic cancer compared to best 

supportive care (median survival 7.6 vs. 2.3 months) [200]. Disease progression occurred in 33% 

of patients and was stable in 53% of patients, while 15 patients had grade 3 or 4 toxicities. 

Another study of 30 patients aged ≥75 who underwent gemcitabine-based chemotherapy for 

advanced pancreatic cancer found a slightly higher median survival of 9.1 months. Disease 

control was obtained in 57% of patients, and grade 3 neutropenia was seen in 23% of patients 
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with no grade 4 toxicities [201]. The literature on the efficacy of adjuvant chemoradiation 

therapy in elderly patients is somewhat limited. One retrospective series of elderly patients 

(defined as age ≥75) with pancreatic cancer treated with chemoradiation after 

pancreaticoduodenectomy, however, did show that elderly patients had improved 2-year survival 

with trimodality therapy compared with surgery alone (49.0% vs. 31.6%) [202]. 

It sought to evaluate the clinical feasibility of radiotherapy for the treatment of advanced 

pancreatic adenocarcinoma in octogenarians. Studies from Stanford University Hospital have 

suggested that radiotherapy for unresectable pancreatic adenocarcinoma is effective for local 

control but requires caution against the associated risk of toxicity [203,204]. Chang et al. 

reported that among 77 patients with unresectable pancreatic adenocarcinoma who received 25 

Gy in 1 fraction, freedom from local progression (FFLP) rates at 6 months and 12 months were 

91%/84% and overall survival rates at 6 and 12 months were 56%/21%. Median follow-up was 6 

months and rates of grade ≥3 toxicity was 9% (7/17) [205]. Another Stanford study reported that 

among 16 patients with locally-advanced non-metastatic pancreatic adenocarcinoma, a single 

fraction of 25 Gy radiotherapy with gemcitabine resulted in good local control but significant 

late GI toxicities [206]. The overall survival at 1 year in this study was 50% with a median 

follow-up time of 9.1 months and 12.5% (2/16) grade ≥3 toxicity rate. Another series found 

radiotherapy to be feasible for the treatment of post-operative and advanced pancreatic 

adenocarcinoma with minimal grade ≥ 3 toxicity. Some studies confirm the feasibility, 

tolerability, and safety of radiotherapy for the treatment of primary or recurrent, locally-

advanced or limited metastatic and unresectable cancers in the very elderly [207-209]. 

Radiotherapy was generally well-tolerated in the studies. Only 0.65% of patients were unable to 

complete treatment due to intractable pain, and there were no acute or late ≥ grade 3 toxicities. 

No patients had stenosis, ulceration, or perforation of bowel compared with 12% ulceration, 4% 

stenosis, and 1% perforation observed by Chang et al. [210]. Schellenberg et al. observed a 

significantly higher rate of late GI toxicities, including one grade 4 duodenal perforation [206]. 

The lower toxicity rates seen in some studies could be due to the use of fractionated treatments in 

9 (35%) of the patients as opposed to the single fraction of 25 Gy that patients in Chang et al.’s 

study received, although no studies have compared single versus multiple fraction regimens. In 

addition, most of our patients did not receive chemotherapy, which could account for the 
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decreased rate of toxicity. However, since all patients died within 2 years, the assessment of late 

toxicities in our study is likely limited as there may not have been enough time for these 

toxicities to manifest. It also showed that radiotherapy is effective in achieving symptom relief. 

3/5 patients who presented with back pain reported symptom relief after radiotherapy, which is 

comparable with the 13/16 patients in Rwigema et al.’s study who presented with symptoms of 

pain and reported complete pain relief shortly after radiotherapy. In addition, we achieved 

symptom relief for most patients who presented with anorexia, weight loss, jaundice, or nausea. 

Further studies with larger sample size and longer follow-up may be warranted to perform more 

detailed assessment of pain control or symptom palliation, especially in patients treated with 

palliative intent [208]. 

Based on the experiences, patient selection for definitive radiotherapy among octogenarians 

should take into account factors such as resectability, comorbidities that may complicate surgery, 

and potential symptomatic relief. In select octogenarians who have either unresectable 

locoregional disease or resectable disease with comorbidities precluding surgery, it’s recommend 

definitive radiotherapy +/- gemcitabine. Therefore, in an elderly population with co-morbidities 

and poor performance status that frequently preclude surgical management, radiotherapy is 

feasible, safe and effective. Radiotherapy offering a more convenient treatment regimen in a 

shorter overall treatment time while being better tolerated by patients. A prospective trial is 

currently underway to assess the efficacy of this approach [207-209]. 

As previously mentioned, pancreatic cancer is a dismal disease that has a high morbidity and 

mortality, and at present there are not effective chemotherapeutic treatments, especially for 

patients with advanced and metastatic diseases. For all these reasons Alphais of prime 

importance to investigate new pancreatic cancer treatments. In this paper we have analyzed the 

various strategies of the immunotherapeutic approach, some of which are still used in animal 

models; others are already being exploited in clinical trials. Immunotherapy is certainlya 

promising treatment for pancreatic cancer, because it is highly specific for cancer cells and 

therefore without the side effects associated with traditional chemotherapy. But at the moment 

there are not antigens expressed only by PC cells; in fact the antigens used as the target of 

immunotherapic treatments are self-protein or overexpressed in tumor cells or present in 

acetylated form, with the risk of autoimmune phenomena [211-214]. However, the data obtained 
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in different clinical trials showed an increase in the survival of patients treated with PC 

immunotherapy alone or in combination with chemotherapy treatments with very minimal 

autoimmune manifestations [215-218]. In conclusion the immunotherapy may be included 

among the future treatments for pancreatic cancer, especially for inoperable patients, but for the 

effectiveness of this innovative treatment is essential to overcome some obstacles. (a) finding 

specific markers for pancreatic cancer cells, (b) mitigating the immune suppressive effects of 

tumor cells, (c) early diagnosis of the tumor so as to act in a timely manner before the cancer 

spreads in other locations [219-221]. 

To improve the targeting of new therapeutic agents to pancreatic tumor cells, the unique 

expression profile of pancreatic cancer cells can be exploited to differentiate normal, healthy 

cells from cancer cells. Liposomes, nanoparticles, and carbon nanotubes can be modified with 

monoclonal antibodies or ligands to allow the therapeutic agents to be directed towards specific 

cells, thus increasing the accumulation of drugs in the target organ and decreasing toxicity to 

normal cells. Potential targets that can be used include EGFR, urokinase plasminogen activator 

receptor (uPAR), transferrin receptor, HER-2, CA125, mesothelin, and MUC1. These potential 

delivery targets have been shown to be overexpressed in pancreatic cancer cells. However, 

because of the heterogeneity of pancreatic cancer and the variable expression profiles among 

pancreatic cancer cells, further research is warranted to identify more effective targets for drug 

delivery [222]. 

Increasing evidence suggests that the tumor microenvironment may play a critical role in 

pancreatic cancer cell resistance and explain the disparity between preclinical and clinical study 

results. Dense desmoplastic stroma and poor perfusion of the tumor prevent drugs from properly 

penetrating pancreatic tumors. Inhibition of hedgehog signaling has been found to decrease 

stromal tissue and increase perfusion of the tumor, thus improving survival in a mouse model. 

For novel therapeutics to be successful, it is likely that there will be a need for a greater 

understanding of the microenvironment and how it can be overcome for better drug delivery 

[223]. 

Recent advancements in the development of therapeutic agents and delivery modalities for 

improved targeting, efficacy, and clinical outcomes in pancreatic cancer are extremely 

promising. However, because the data are mostly preclinicaland the clinical trials are few, more 
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research is necessary to further refine these methods, confirm their safety, and improve delivery 

specificity. Even if targeted delivery is accomplished and the drug enters the cell, it is possible 

that there will be a response failure. Therefore, a greater understanding of pancreatic cell biology 

is also crucial since the presence of multiple mutations may make single-target treatments 

insufficient. Emerging targeted therapeutic approaches may be exciting, viable opportunities that 

will tangibly improve the management of this devastating disease [222,223]. 
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