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I. Abstract
It is estimated that 1 in 68 men and women born today will be diagnosed with cancer of the pancreas at some point during their lifetime (2).  The average life expectancy after pancreatic cancer diagnosis is 3 to 9 months, and the five-year survival rate from point of diagnosis is less than 6%. While breast and lung cancer continue to experience dramatically improved survival rates, pancreatic cancer has not made any significant strides towards early detection methods, enhanced treatments, or extended survival rates in the last 40 years.  Although incidence rates have been stable since 1981, the rates for women have been increasing by 1.7% per year since 2000.  Based on these statistics, 5 people will be diagnosed with pancreatic cancer and approximately 4 will die due to pancreatic cancer-related complications every hour (3).  Nutrition intervention can play a key role in addressing the poor prognosis associated with pancreatic cancer and can additionally be used to facilitate recovery after surgical and non-surgical treatments.  In this case study, an 81-year-old female Caucasian was admitted to the ICU after undergoing a pancreaticoduodenectomy.  The in-hospital length of stay was 9 days, from admission and surgery day (POD 1) to the day of hospital discharge (POD 9).  Upon admission, the patient was moderately depleted in albumin with normal blood glucose and electrolyte levels.  Her levels of total and direct bilirubin, liver function tests, amylase, and lipase were all significantly elevated.  Within less than 48 hours of admission, a dietetic intern completed a comprehensive nutrition assessment on the patient that included: biochemical data; anthropometric measurements; physical exam findings; food, nutrition, and medical history; medication review; and calculation of estimated calorie and protein needs.  From the assessment, the dietitian followed the standard nutrition care practice guidelines to determine nutrition diagnosis and to implement interventions and monitoring and evaluation plans.  The patient was NPO for 3 days post-op secondary to an ileus.  A clear liquid diet was initiated on POD 4 and a full liquid diet was initiated on POD 5.  A regular-textured oral diet was achieved by POD 7 with good toleration with the exception of excessive bloating, flatus, and early satiety.  On POD 7, appetite was reported as poor (<50% intake), but by POD 8 appetite improved to fair (~ 50% intake).  Although recommended by the intern, no oral nutrition supplement was ordered.  Blood glucose remained elevated on PODs 2-5, but returned to levels as per standard for the remainder of the patient’s hospital stay.  Albumin remained moderately depleted post-op, and by POD 3, became severely depleted.  There was an electrolyte imbalance, as evidenced by decreased serum phosphorus PODs 3-5 and depleted serum potassium on PODs 5-6.  At follow-up assessments, the dietitian provided education regarding current nutrition therapy, prospective diet progression, and recommended therapeutic diet modifications (low-fat, low residue/low fiber, NCS with 6 small meals) to address post-surgical gastrointestinal anatomy changes and reported GI-related symptoms.  The patient was discharged on POD 9 with proper electrolyte balance, normal blood glucose levels, and improving appetite.  The patient’s family verbalized an understanding of the nutrition education provided in the in-patient setting.  The family agreed to help in initiating and maintaining a carbohydrate-controlled, low fat diet at home in recognition of its importance.  The purpose of this case study was to learn, through practical real-world application, the possible nutrition interventions (here, particularly nutrition education) one can make given the medical situation of a post-pancreaticoduodenectomy patient.  Critical thinking of ways to improve the nutrition interventions of this case study was done for the purpose of acknowledging other ways the dietitian can be involved in a patient’s care post-op and how such interventions may help accelerate recovery time.
II. Introduction

I chose pancreatic cancer because prior to the internship, I had never heard of the Whipple procedure, which is a surgical treatment option for some cancer patients.  The procedure was first described to me by the dietitian as a major complicated surgery that has many nutritional implications post-op.  I was intrigued to learn more about it, so I began to research.  From here, I discovered that the dietitian should play an integral role in patient care from the time of pre-op to post-operative treatment. 
In my research, I want to learn a number of different things including refreshing my memory pertaining to basic physiology and GI organ function.  By understanding the disease’s physiological background, I will be able to understand other important aspects of the disease.  For example, I will be knowledgeable enough to explore exactly why various nutritional implications exist post-up.  Secondarily, I can begin to understand the causes of the various signs and symptoms of pancreatic cancer.  In the end, I anticipate every factor relating to pancreatic cancer to “come together” so that, at last, everything makes sense.
III. The Pancreas
Pancreas Anatomy
The pancreas is an elongated, tapered organ approximately six inches long (4).  It is shaped like a thin pear lying on its side and is located deep in the abdomen, sandwiched between the stomach and the spine and lying partially behind the stomach, as depicted in figure 1 (5, 4).  
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Figure 1: The pancreas and proximity of other abdominal organs (7)
As depicted in figure 2, the pancreas is inferior to the liver, posterior to the stomach, and superior to the intestine.  The gallbladder and accompanying biliary system is located superior and to the right of the pancreas (8).

The pancreas has three regions: the head, body, and tail.  The right side of the pancreas is called the head and is the widest part of the organ, lying in the curve of the duodenum.  The tapered region that extends slightly upward and to the left from the head is called the body.  The terminating part of this extension is called the tail and is proximal to the spleen (8).
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Figure 2: The general regions of the pancreas and organ arrangement within the peritoneum (9)
The biliary system consists of the bile ducts associated with the liver and gallbladder that travel to the duodenum.  The right and left bile ducts of the liver merge to form the common hepatic duct, which exits the liver.  The cystic duct is the bile duct that exits the gallbladder.  The union of the common hepatic and cystic ducts forms the common bile duct .  The common bile duct drains into duodenum of the small intestine.  The pancreatic duct runs the across the length of the pancreas.  Not all of the bile produced by the liver runs directly into the duodenum.  About 50% is first stored in the gallbladder (8).  The biliary system is depicted in figure 3 below.  The pancreas can be further sectioned into detailed regions as depicted in figure 4.
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Figure 3: The biliary duct system (8)
______________________________________________________________________________
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Figure 4: The detailed regions of the pancreas (9)
______________________________________________________________________________

Pancreas General Function
The pancreas is considered a glandular organ because it is entirely comprised of cells that make up two types of glands: endocrine glands and exocrine glands.  The endocrine glands of the pancreas are organized into approximately one million specialized cells arranged in clusters and cords called the islets of Langerhans.  The islets synthesize and secrete various hormones into the bloodstream and are crisscrossed by a dense network of capillaries.  There are four main cell types of the islets that are classified by their secretion: α cells secrete glucagon, β cells secrete insulin, δ cells secrete somatostatin, and PP cells secrete pancreatic polypeptide (13, 9).
The islets of Langerhans are interspersed among the pancreatic acinar cells, which are the specialized cells that make up the exocrine glands.  Unlike the endocrine glands of the pancreas, the exocrine glands synthesize and store inactive forms of digestive enzymes and alkaline fluid and secrete them into the small intestine via the pancreatic duct (8).  
Pancreas Endocrine Function

The pancreas has four principal endocrine functions, all of which must be tightly controlled in order to maintain homeostasis.  Such functions are listed below.
· The α (alpha) cells secrete the hormone glucagon, which prevents hypoglycemia in order to maintain blood glucose homeostasis.

· The β (beta) cells secrete the hormone insulin, which prevents hyperglycemia in order to maintain blood glucose homeostasis.  It also secretes amylin, which regulates blood glucose spikes postprandial (4, 10).
· The δ (delta) cells secrete the hormone somatostatin, which may regulate, locally, the secretion of the other pancreatic hormones (11).
· The PP or γ (gamma) cells secrete pancreatic polypeptide, which inhibits gallbladder contraction and pancreatic enzyme secretion (12). 

For the body to function properly, its various parts and organs must communicate with each other to ensure that homeostasis is maintained.  Homeostasis is maintained when an organism is able to respond appropriately to any changes in the internal and external environments.  Two systems that work to achieve such homeostasis via communication are the nervous system and the endocrine system.  The nervous system generally allows rapid transmission of information between different body regions.  Conversely, hormonal communication, which relies on the production and release of hormones from various glands and on the transport of those hormones via the bloodstream, is better suited for situations that require more widespread and longer lasting regulatory actions.  The nervous system and endocrine functions of other organs regulate the secretory activity of the endocrine glands of the pancreas (13). 

The endocrine glands of the pancreas synthesize and secrete specifically polypeptide and protein hormones.  Because of their chemical structure, the polypeptide and protein hormones cannot enter cells.  Instead, they interact with receptors on the cell surface.  The interaction initiates biochemical changes in either targeted the cell’s membrane or interior, eventually modifying the cell’s activity or function (13).  

To maintain the body’s homeostasis and respond appropriately to changes in the environment, hormone production and secretion must be tightly controlled.  Constant feedback from the target glands to the hypothalamus and pituitary gland ensures that the activity of the pancreatic endocrine system remains within appropriate boundaries.  In other words, the pancreas is involved in feedback mechanisms, which means that hormones released by its endocrine glands are regulated by a secondary factor that in turn is affected by those same hormones, as in a cycle (13).  
As introduced above, the pancreas has four principal endocrine functions which are all tightly regulated.  First, the pancreas synthesizes and secretes insulin, which is the body’s glucose-lowering hormone.  Insulin primarily lowers blood glucose by facilitating glucose uptake from the blood into cells.  It also promotes glucose conversion into glycogen for storage, stimulates the glycolysis for energy, and inhibits gluconeogenesis.  Insulin indirectly lowers blood glucose by stimulating the transport of amino acids into cells and protein synthesis in muscle cells, thereby lowering the levels of amino acids available for gluconeogenesis in the liver.  In addition, insulin increases fat synthesis in the liver and adipose tissue, thereby lowering the levels of glycerol, which also can serve as a starting material for gluconeogenesis (13).
The secretion of insulin is controlled directly in two ways.   First, elevated blood glucose levels stimulate insulin secretion.  Second, the secretion of glucagon and its elevated levels in the blood inhibit insulin secretion, as in a negative feedback loop.  Other hormones that alter blood glucose levels such as growth hormone, glucocorticoids, and thyroid hormones can indirectly affect insulin secretion.  For instance, an increase in growth hormone leads to an increase in levels of insulin-like growth factor 1 (IGF-1).  IGF-1 has been shown in studies to be associated with decreased blood glucose levels, which in turn inhibits insulin secretion (14, 15).
Glucagon is another blood glucose regulating pancreatic hormone.  Generally opposite to the actions of insulin, glucagon increases blood glucose concentration in the blood when blood glucose levels drop.  It does so primarily by increasing glycogen breakdown in the liver.  Substrates for gluconeogenesis are the by-products of lipid and protein breakdown.  Lipid and protein breakdown are additionally upregulated by glucagon, which in turn upregulates gluconeogenesis (13).  
The secretion of glucagon is regulated by many of the same factors that control insulin secretion, but generally with the opposite effect.  An increase in blood glucose levels stimulates insulin secretion while inhibiting glucagon secretion.  The secretion of insulin itself and its elevated levels in the blood inhibit glucagon secretion.  In addition, any other hormones that alter blood glucose levels will indirectly stimulate or inhibit glucagon secretion accordingly (13).  

The regulatory processes of the endocrine system of the pancreas that involves fine-tuned balance between the activities of insulin and glucagon, as described above, are extremely important for maintaining blood glucose homeostasis and overall health.  Accordingly, disturbances of that balance, such as an insulin deficiency or an inability to respond adequately to insulin, result in serious disorders, such as diabetes mellitus (13). 
Amylin is secreted by the β -cells of the pancreas and regulates blood glucose levels both directly and indirectly.  It is co-secreted with insulin.  Amylin inhibits the secretion of glucagon.  It also slows the rate of gastric emptying, resulting in a decreased rate of glucose absorption into the blood.  Last, amylin signals a satiety signal to the brain, which prompts refraining from eating.  Through such modes of control, amylin reduces the magnitude of glucose spikes that occur post-prandial (10).
Pancreatic polypeptide (PP) release from PP cells of the pancreas is triggered by protein-rich meals, fasting, exercise, and acute hypoglycemia and is inhibited by somatostatin and blood glucose.  The exact biological role of pancreatic polypeptide remains uncertain.  The only physiological effects that are recognized are the inhibition of gallbladder contraction and pancreatic enzyme secretion.  PP’s effect is biphasic in that they initially enhance pancreatic enzyme secretion and then inhibit its secretion.  It increases gastric emptying and gut motility and relaxes the pyloric and ileocecocolic sphincters.  PPs may play a role in reducing appetite (10).  PP levels increase after ingestion of food and remain elevated from 4–8 hours (12). 
Pancreas Exocrine Function
There are two exocrine functions of the pancreas.  First, the pancreas produces and secretes digestive enzymes that are activated in the small intestine and are necessary for the chemical breakdown of dietary protein, carbohydrate, and fat.  Second, the pancreas secretes an alkalytic pancreatic juice rich in bicarbonate that neutralizes the acidic contents that passes from the stomach into the small intestine (4).  The exocrine functions of the pancreas and its role in digestion cannot be fully understood without an understanding of the digestive system and the process of macronutrient breakdown.
The gastrointestinal system is comprised of the organs and tissues of the GI tract, which includes the mouth, pharynx, esophagus, stomach, small intestine, and large intestine.  It also is comprised of accessory organs that secrete substances into the tract via connecting ducts, which includes the salivary glands, liver, gallbladder, and pancreas.  The GI system breaks down particles of ingested food both mechanically and chemically into small molecules that are then transferred to the internal environment via absorption in the intestine (12).
Mechanical and chemical digestion begins in the oral cavity.  Chewing cuts, smashes, and grinds solid food, making it easier to swallow and exposing a greater amount food surface area to digestive enzymes.  The salivary glands of the oral cavity secrete saliva, which contains slippery glycoprotein that lubricates the solid food, buffers that neutralize food acids, and antibacterial agents that kill potentially harmful bacteria.  Saliva also contains salivary alpha-amylase that begins the chemical digestion of carbohydrate by hydrolyzing starch (polysaccharides) into dextrins and disaccharides. The tongue also manipulates the food and helps shape it into a ball called a bolus.  In swallowing, the tongue propels the bolus to the back of the oral cavity and into the pharynx, triggering a swallow reflex.  Upon swallowing, the food bolus travels from the pharynx into the esophagus.  A series of contractions and relaxations of the esophageal muscles, known as peristalsis, propels the food bolus through the esophagus and into the stomach (16).  

Upon bolus arrival, the gastric glands secrete gastric juice, which is made up of mucus, enzymes, and strong acids.  Specifically, the mucous cells secrete mucous, the parietal cells secrete hydrochloric acid (HCl), and the chief cells secrete pepsinogen, an inactive form of the digestive enzyme pepsin.  HCl converts pepsinogen to pepsin.  Pepsin itself then activates more pepsinogen.  Pepsin begins the chemical digestion of protein by splitting the polypeptide chains of proteins into smaller polypeptides, which primes the proteins for further digestion in the small intestine.  Contraction of muscles in the stomach wall enhances chemical digestion by exposing more food surface area.  The stomach churns the bolus with the gastric juices, forming an acid chyme, which then passes into the duodenum of the small intestine (16).

In the small intestine, the pancreas and liver contribute to completion of digestion in the section of the small intestine known as the duodenum.  Pancreatic secretions from acinar cells are secreted into the lumen of the acinus and accumulate in intralobular ducts that drain to the main pancreatic duct.  The main pancreatic duct drains directly into the duodenum.  The pancreatic secretions, also known as pancreatic juice, are an alkaline solution rich in bicarbonate, which neutralizes acid chyme as it enters the small intestine.  The pancreas also secretes pancreatic amylase, which breaks down any remaining dextrins into disaccharides.  The enzymes maltase, sucrase, and lactase secreted from the small intestine itself break down the disaccharides maltose, sucrose, and lactose, respectively.  Maltose is broken down into two glucose molecules.  Sucrose is broken down into one molecule of glucose and one molecule of fructose.  And, lactose is broken down into one molecule of glucose and one molecule of galactose.  The chemical breakdown of disaccharides into monosaccharides completes carbohydrate digestion (16).

The pancreas and duodenum secrete several hydrolytic enzymes that completely dismantle the polypeptides of protein into amino acids.  Trypsin and chymotrypsin from the pancreas break polypeptides into shorter chains.  Carboxypeptidase from the pancreas and aminopeptidase from the intestinal epithelium split off one amino acid at a time, working from the ends of the polypeptides.  Dipeptidase hydrolyzes fragments of only two to three amino acids long.  The breaking down of protein into free amino acids completes protein digestion (16).  

The liver produces bile and stores excess bile in the gallbladder.  The bile is released from the liver and gallbladder via two individual ducts that meet at the common bile duct that drains into the duodenum.  The bile contains bile salts that, with the help of the contractile activity of the GI tract, emulsify fat globules into smaller fat droplets.  The emulsification makes fat globules more susceptible to enzymatic attack.  Pancreatic colipase binds water-soluble pancreatic lipase to the lipid surface of the fat droplets.  Pancreatic lipase breaks down the fat droplets into fatty acids and glycerol, completing fat digestion (16).
Nucleases from the pancreas hydrolyze nucleic acids in foods, DNA and RNA, into their component nucleotides.  The nucleotides are then broken down into nitrogenous bases, saccharides, and phosphates by other enzymes produced by duodenal cells (16).
In summary, carbohydrate digestion begins in the oral cavity and protein digestion begins in the stomach.  However, dietary fat remains completely undigested until it reaches the duodenum of the small intestine.  The completion of the digestion of all macronutrients takes place in the duodenum, and the remaining regions of the small intestine are adapted for the absorption of nutrients (16).
IV. Pancreatic Cancer
Prevalence 

Based on 2011 statistics, pancreatic cancer accounts for an estimated 44,000 newly diagnosed medical cases and 33,000 deaths in the US annually.  Although the incidence rates have been essentially stable for men, the rates for women have been increasing by 1.7% per year since 2000.  Pancreatic cancer is the fourth most common cause of death from cancer in men and the fifth in women, primarily occurring between the ages of 65 and 79 (3, 17).  
As mentioned previously, the pancreas consists of exocrine pancreas cells and endocrine pancreas cells.  About 95% of pancreatic cancers begin in exocrine cells.  The tumor site at time of diagnosis is usually in the head of the pancreas as an adenocarcinoma.  Figure 5 compares the incidence of different sites of origin and compares the incidence of different tissue histology (6, 18). 
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Figure 5: Comparison of percent of incidences of tumor site origins and percent of incidences of tumor histology for pancreatic cancer.

NOS: not otherwise specified; NET: neuroendocrine tumors (18)
Prognosis

The prognosis for pancreatic cancer is usually poor since it is often advanced at the time of diagnosis.  The average life expectancy after diagnosis is 3 to 9 months.  By comparison, the average 5-year survival rate of breast cancer is 83% versus pancreatic cancer at 6% (22, 3).
Late diagnoses are due to a lack of early symptoms, symptoms that mimic other medical conditions, and rapid metastasis (17).  
The prognosis depends generally on the following factors:

· Whether or not the tumor can be removed by surgery: resectable versus non-resectable
· The stage of the cancer: the size of the tumor and whether the cancer has spread 
· The patient's general health
· Whether the cancer has just been diagnosed or has recurred 

Pancreatic cancer is usually well-controlled if it has not metastasized.  However, if the cancer has spread, palliative treatment can improve the patient's quality of life by mediating symptoms and addressing complications (6).
Etiology & Risk Factors
Pancreatic cancer is caused by a mutation in DNA, resulting in a concurrence of three factors: an upregulation of antiapoptostic proteins, a downregulation of proapoptotic proteins, and mutations of apoptotic proteins.  This causes a normal cell to become a cancer cell.  The cancer cell can grow more cancer cells, increasing tumor size and potentially spreading to other areas of the body (19).
While it is virtually impossible to determine an exact cause of the development of pancreatic cancer in a person, there are several risk factors that are associated with its incidence (17).  
Inherited DNA changes are thought to cause as many as 10% of pancreatic cancers.  The cancer can be initially caused by the inheritance of one of the copies of genes from a parent that contains a mutation.  Overtime and with aging, damage to the normal copy of the gene can occur in a pancreatic cell, resulting in two mutant copies of the gene instead of just one.  As a result, that cell in the pancreas grows into a cancer (23, 20).  

About one-third of pancreatic cancer cases are diagnosed in patients with a history of cigarette smoking.  Carcinogens in cigarette smoke can mutate DNA.  If the carcinogens lead to the damage of a gene in a pancreatic cell, then that cell may grow into a cancer.  There is also the chance that the DNA-copying machinery can spontaneously make a mistake without any known etiology (20). 

The risk of pancreatic cancer increases with age.  Over 80% of the cases develop between the ages of 60 and 80.  It is more common in men and African Americans, which is likely to be associated with the fact men and African Americans are more likely to smoke than women and other nationalities, respectively.  Pancreatic cancer is also more common in people who are obese and in people with a history of chronic pancreatitis, long-standing diabetics, and chronic alcohol use (17, 18).  

Diets that are high in red meat, cholesterol, saturated and polyunsaturated fat, fried foods, and nitrosamines may increase risk while a diet high in fruits and vegetables may reduce risk of developing pancreatic cancer.  A large study on the relationship between fruit and vegetable consumption and pancreatic cancer risk was published in September 2005 in the Journal of Cancer Epidemiology, Biomarkers & Prevention.  This study involved analyzing the dietary habits of 532 individuals diagnosed with pancreatic cancer and comparing them to 1,701 healthy individuals (18, 21).  
After controlling for age at time of diagnosis, gender, and total calories consumed per day, those in the highest quartile for vegetable consumption had a 55% reduced chance of developing pancreatic cancer compared to those in the lowest quartile of vegetable consumption.  Those in the highest quartile of fruit and fruit juice consumption had a 28% reduced chance of developing pancreatic cancer compared to those in the lowest quartile of fruit consumption.  Furthermore, those who consumed more than nine servings of fruit and vegetables a day had a 51% reduced chance of pancreatic cancer compared to those eating less than five servings of fruit and vegetables.  The vegetables that appeared to provide the greatest reduction in pancreatic cancer were dark green vegetables.  Yellow vegetables, carrots, beans, onions, garlic, and cruciferous vegetables were also strongly correlated with a reduction in pancreatic cancer risk.  Potatoes, tomatoes, and light green vegetables were not associated with a reduction in pancreatic cancer risk.  Raw vegetables appeared to reduce pancreatic cancer risk more than cooked vegetables.  Cooking vegetables in animal fat was associated with an increased risk of pancreatic cancer compared to those who did not cook vegetables in animal fat.  Figure 6 summarizes the results of this study (21).
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Figure 6: Risk of pancreatic cancer in relation to level of fruit and vegetable consumption.  
Quartiles refer to the level of fruit and vegetable consumption: the lower the quartile, the lesser the fruit and vegetable consumption, and the higher the quartile, the greater the fruit and vegetable consumption.  Published September 2005 in the Journal of Cancer Epidemiology, Biomarkers & Prevention and conducted by researchers at the Department of Epidemiology and Biostatistics at the University of California (21).
Types of pancreatic tumors and related signs and symptoms
Most pancreatic cancers are exocrine tumors that develop from ductal and acinar cells, known as pancreatic duct carcinoma and adenocarcinoma, respectively, and accounting for 85% of pancreatic cancer cases.  The most common of symptoms include poor appetite and anorexia, weight loss, abdominal pain or back pain, GI disturbances, gallbladder enlargement, jaundice, and diabetes.  Blood clots or fatty tissue abnormalities are also a common symptom of exocrine tumors.  The Trousseau sign is indicative of pancreatic cancer and is marked by the condition of thrombophlebitis, which is a spontaneous blood clot in the portal vein (18, 22, 17).  
Most of the signs and symptoms of pancreatic neuroendocrine tumors (NETs) are attributed by excess hormones that the tumors release into the bloodstream.  Different types of tumors make different hormones.  Types of NETs include gastrinomas, glucagonomas, insulinomas, somatostatinomas, VIPomas, PPomas, carcinoid tumors, and non-functioning tumors (23).  

Gastrinomas are tumors that produce the hormone gastrin and in most cases are malignant.  The additional gastrin release from gastrinomas causes the stomach to make too much acid.  This leads to Zollinger-Ellison syndrome, a condition characterized by symptoms associated with the development of stomach ulcers.  Such symptoms include pain, nausea, and decreased appetite.  If the ulcer is severe, it may start bleeding.  If the bleeding is mild, anemia develops, causing excessive tiredness and exercise-induced shortness of breath.  If the bleeding is more severe, it can cause the stool to become black and tarry and can be potentially life-threatening.  The excessive acid in the stomach can also leak into the small intestine, causing damage to the cells of the intestinal lining and breaking down digestive enzymes before they have a chance to digest food.  This can cause diarrhea and weight loss (23).

Glucagonomas are tumors that make glucagon and are in most cases malignant.  Excess glucagon can cause blood glucose to increase, increasing risk of diabetes.  Patients also have problems with diarrhea, weight loss, and malnutrition.  The nutrition problems can lead to symptoms such as glossitis and angular cheilosis. Most of the symptoms that can be caused by a glucagonoma are mild and more often are found to be caused by something else.  A rash known as necrolytic migratory erythema is the most distinctive feature of glucagonoma.  It is a red rash with swelling and blisters, often traveling place to place on the skin (23).
Insulinomas are tumors that make insulin and are benign.  Too much insulin leads to hypoglycemia and the associated symptoms such as weakness, confusion, sweating, and tachycardia.  More serious consequences of hypoglycemia include coma and seizures.  Symptoms improve if the patient receives glucose orally or intravenously (23).

Somatostatinomas are tumors that make somatostatin and are malignant.  The most common symptoms of this type of tumor include diarrhea, diabetes, and gallbladder problems. The problems with the gallbladder can lead to abdominal pain, nausea, poor appetite, and jaundice.  Since symptoms of a somatostatinoma tend to be mild and are more often caused by other things, these tumors tend to be diagnosed at an advanced stage.  Often, they are not found until they spread to the liver (23). 
VIPomas are tumors that produce vasoactive intestinal peptide (VIP) and are malignant.  VIP plays a role in water transport in the intestine and its excessive production predominately causes diarrhea, commonly resulting in hypokalemia.  The diarrhea may be mild at first, but gets worse over time.  By the time they are diagnosed, most patients have severe, watery diarrhea, with as many as twenty bowel movements per day.  Patients also have low levels of acid in their stomachs, leading to problems digesting food.  They also may have hyperglycemia (23).  

PPoma are tumors that make pancreatic polypeptide and are in most cases malignant.  They most commonly cause abdominal pain and enlarge the liver.  Some patients also get watery diarrhea (23).

Carcinoid tumors are tumors that make serotonin or its precursor 5-HTP.  When these substances are produced, they first travel to the liver. The liver breaks down these substances before they can reach the rest of the body and cause problems.  This explains why carcinoid tumors may not cause symptoms until it metastasizes.  Carcinoid tumors most commonly spread to the liver, causing the serotonin and 5-HTP to be released from the cancer cells directly into the blood leaving the liver. This causes the carcinoid syndrome, which is characterized by flushing, diarrhea, wheezing, and a tachycardia.  These symptoms often occur in episodes, and between episodes the patient may feel fine.  Over a long time, these hormone-like substances can damage heart valves, causing shortness of breath, weakness, and heart murmurs (23).

Non-functioning tumors are tumors that are neither exocrine or endocrine tumors and do not cause symptoms in early stages.  Most of these are malignant and start to cause problems as they get larger or spread outside the pancreas (23).

Metastatic pancreatic NETs most often spread first to the liver.  This can cause hepatitis, which can cause pain and a poor appetite.  It can also interfere with the liver function, commonly leading to jaundice and elevated liver function tests.  Although these cancers often first spread to the liver, they can go on to spread to other organs and tissues.  The symptoms depend on where the cancer is growing.  For example, cancer spread to the lungs can cause problems breathing and a cough (23).
Staging


There are three ways that cancer spreads in the body.  One way is through invasion of surrounding normal tissue.  Another is through invasion of the lymph system, allowing the cancer to travel through the lymph vessels to other places in the body.  A last route of metastasis is through the blood.  Cancer can invade the veins and capillaries and travel through the blood to other areas in the body (6).

When cancer metastasizes, cancer cells break away from the primary tumor and spread through the lymph, blood, or regional areas to other places in the body, forming a secondary tumor.  The secondary metastatic tumor remains as the same type of cancer as the primary tumor.  For example, if pancreatic cancer spreads to the liver, the cancer cells in the liver are actually pancreatic cancer cells.  In this case, the medical diagnosis is “pancreatic cancer with metastasis to the liver” (6).

The TNM staging system is the most widely used of cancer staging systems.  It is based on the extent of the tumor (T), the extent of spread to the lymph nodes (N), and the presence of distant metastasis (M).  A number is added to each letter to indicate the size or extent of the primary tumor and the extent of cancer spread (24).  The system is summarized in Table 1.
	Table 1: The TNM staging system (24)

	Primary tumor (T)

	Tx
	Primary tumor cannot be evaluated

	To
	No evidence of primary tumor

	Tis
	Carcinoma in situ (CIS; abnormal cells are present but have not spread to neighboring tissue; although not cancer, CIS may become cancer and is sometimes called preinvasive cancer)

	T1, T2, T3, T4
	Size and/or extent of the primary tumor

	Regional lymph nodes (N)

	Nx
	Regional lymph nodes cannot be evaluated

	No
	No regional lymph node involvement

	N1, N2, N3
	Involvement of regional lymph nodes (number of lymph nodes and/or extent of spread)

	Distant Metastasis (M)

	Mx
	Distant metastasis cannot be evaluated

	Mo
	No distant metastasis

	M1
	Distant metastasis is present



The TNM staging system is also simplified to one of five stages, unique to the type of cancer.  The stages of pancreatic cancer range from O to IV, which is directly proportional to the increase in severity of disease (6).  
Stage 0 pancreatic cancer, also known as carcinoma in situ, is abnormal cells that are found in the lining of the pancreas.  These benign cells have the chance of becoming malignant and spreading into nearby normal tissue (6). 
In stage I, cancer is formed; however, the malignant cells are exclusive to the pancreas.  Stage I is divided into stage IA and stage IB, based on the size of the tumor.  The relative sizes of stage IA tumors and stage IB tumors are compared in Table 2.  Stage IA tumors are 2 centimeters or smaller, or are usually about the size of a pea.  Stage IB tumors are larger than 2 centimeters and are at least the size of a peanut.  Stage IB tumors can grow larger, such as to the size of a lime (6).
	Table 2: Stage IA tumor size versus stage IB tumor size (6)

	Stage IA
	Stage IB
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In stage II, cancer has spread to either nearby tissue and organs or to the lymph nodes near the pancreas.  Stage II is divided into stage IIA and stage IIB, based on where the cancer has spread.  Stage IIA cancers are cancers that have spread to nearby tissue and organs but have not spread to nearby lymph nodes.  Stage IIB cancers are cancers that have spread to nearby lymph nodes and may have spread to nearby tissue and organs (6).
Stage III cancers are cancers that have spread to the major blood vessels near the pancreas and may have spread to nearby lymph nodes (6). 
Stage IV cancers are cancers that may be of any size and have spread to distant organs, such as the liver, lung, and peritoneal cavity.  It may have also spread to organs and tissues near the pancreas or to lymph nodes (6). 
In order to plan treatment, it is important to know the stage of pancreatic cancer.  In addition to its use in determining treatment plans, staging is also useful in understanding a patient’s general prognosis.  Table 3 presents survival statistics that are based on 5-year relative survival rates from data collected from 2002-2008.  Relative survival measures the survival of the cancer patients in comparison to the general population to estimate the effect of cancer (2).

	Table 3: 5-Year Relative Survival by Stage at Diagnosis for 2002-2008, All Races, Both Sexes (2)

	Stage at Diagnosis
	5-year Relative Survival (%)

	Localized (confined to primary site)
	23.3

	Regional (spread to regional lymph nodes or blood vessels)
	8.9

	Distant (spread to other organs/tissues)
	1.8

	Unknown (unstaged)
	3.9


Diagnosis
The diagnosis of pancreatic cancer is a process and involves testing and examinations and patient interviews.  The process of diagnosis usually proceeds with physical examination and an interview of the patient’s medical and symptom history.  Tests include imaging tests, blood tests, and biopsy.  Pancreatic cancer diagnostic procedures also involve staging, which is a process used to find out if cancer cells have spread within and around the pancreas (23, 6).  
A thorough medical history is taken to check for any pancreatic cancer risk factors, and to collect information about symptoms.  If pain is one of the problems, the medical professional will inquire about how long it has been present, its severity, its location, and what makes it worse or better.  Other questions are usually related to appetite, weight loss, and tiredness, along with other symptoms (23).
An exam of the body to check general signs of health, including checking for signs of disease, such as lumps or anything else that seems unusual, is an important component of the diagnostic process.  A thorough physical exam will focus mostly on the abdomen to check for any masses or fluid buildup.  The skin and the white part of the eyes will be checked for yellowing to determine if the patient is jaundiced.  Cancers that block the bile duct may cause gallbladder enlargement, which can sometimes be felt on physical exam.  Areas such as just above the collarbone and the abdominal area are examined for swelling as they may indicate the spread of cancer (23).

A computed tomography (CT, CAT) scan is an x-ray procedure that produces detailed cross-sectional images of the body and is the most commonly used tool for pancreatic cancer diagnosis.  CT scans show the pancreas fairly clearly and often can confirm the location of the cancer.  CT scans can also show the organs near the pancreas, as well as lymph nodes and distant organs where the cancer might have spread.  Therefore, they are often used to diagnose pancreatic cancer, are helpful in staging the cancer, and can help determine whether surgery is a good treatment option.  CT scans can additionally be used to guide a biopsy needle precisely into a suspected area of spread in a procedure known as a CT-guided needle biopsy (23).   
Magnetic resonance imaging, also known as an MRI scan uses radio waves and strong magnets instead of x-rays to retrieve a computer-derived detailed image of parts of the body. An MRI scan not only produces cross-sectional slices of the body like a CT scan but also produces slices that are parallel with the length of the body.  CT scans are often the preferred method to examine the pancreas, but an MRI is sometimes necessary to provide more information (23).
Magnetic resonance cholangiopancreatography (MRCP) is a special type of MRI.  It uses computer software that specifically images pancreatic and bile ducts.  Fluid naturally present in the ducts serves as a contrast substance (23).  

MRCP produces images similar to an ERCP but is less invasive.  It may be used in place of ERCP for diagnostic purposes if therapeutic interventions, such as stent placement to alleviate jaundice, are not required.  MRCP is an excellent tool for visualizing blockages in the ducts and pancreatic cysts.  It may be used to diagnose an alternative cause of jaundice or elevated liver function test such as bile duct stones or tumors in the small bowel near the opening of the bile and pancreatic duct (23).
Somatostatin receptor scintigraphy (SRS), also known as OctreoScan, can be very helpful in diagnosing particularly pancreatic NETs.  In this test, a small amount of a substance containing a hormone-like substance called octreotide that has been bound to a radioactive agent is injected.  Octreotide travels through the blood and will be attracted to the proteins located on the cells of NETs if this type of cancer is present.  About 4 hours after the injection, a special camera can be used to show where the radioactivity has collected in the body (23).  
In a positron emission tomography (PET) scan, a form of radioactive glucose known as fluorodeoxyglucose or FDG is injected into the blood.  Because cancer cells in the body are growing quickly, they absorb large amounts of the radioactive glucose. After about an hour, a special camera creates a picture of areas of radioactivity in the body. The picture is not finely detailed like a CT or MRI scan, but it can provide helpful information about the whole body.  This test is useful to look for spread from exocrine pancreatic cancers, but because NETs grow slowly, they do not show up well on PET (23).

PET/CT scans combine a CT scan and a PET scan to better pinpoint the location and spread of a tumor.  This test may be especially useful for spotting pancreatic exocrine cancer that has spread beyond the pancreas and wouldn't be treatable by surgery.  It may be a useful test for staging the cancer.  It may even be able to spot early cancers (23).
Ultrasonography (ultrasound or US) uses sound waves to produce images of internal organs such as the pancreas.  In an abdominal US, a transducer placed on the skin of the abdomen emits sound waves and detects the echoes as they bounce off internal organs.  The pattern of echoes is processed by a computer to produce an image on a screen.  The echoes made by most pancreatic tumors differ from those of normal pancreas tissue.  Different echo patterns can help distinguish some types of pancreatic tumors from one another (23).

If signs and symptoms indicate that pancreatic cancer is likely, a CT scan is often more useful than abdominal US for an accurate diagnosis.  However, US may be done to rule out if other diseases account for a patient’s signs and symptoms.  It is also commonly used to look at the liver, and may be used if someone has symptoms that point to a liver problem (23).

Endoscopic ultrasound is more accurate than abdominal ultrasound and is probably the best way to diagnose pancreatic cancer.  This test is done with an ultrasound probe that is attached to an endoscope.  It is passed through the mouth or nose, through the esophagus and stomach, and into the first part of the small intestine.  The probe can then be pointed toward the pancreas since the organ is positioned next to the small intestine.  Pictures can be taken of the tumor with very close proximity.  Endoscopic ultrasounds are better than CT scans for spotting small tumors.  If a tumor is seen, it can be biopsied during this procedure.  Although this test is not used to screen the general public, it may be used for someone with a strong family history of pancreatic cancer.  By using endoscopic ultrasound, doctors have been able to find early, treatable pancreatic cancers in some members of high-risk families (23).
In an endoscopic retrograde cholangiopancreatography (ERCP), an endoscope is passed down through the esophagus and stomach and into the first part of the small intestine.  Through the endoscope, the ampulla of Vater, where the common bile duct connects to the small intestine, can be found.  Then, a catheter is guided from the end of the endoscope into the common bile duct.  A small amount of dye (contrast material) is injected through the tube into the common bile duct and x-rays are taken.  The dye outlines the bile duct and pancreatic duct.  The x-ray images can show narrowing or blockage in these ducts that might be due to pancreatic cancer.  A small brush can also be passed through the tube to remove cells for a biopsy.  ERCP can also be used to place a stent into the bile duct to keep it open if a nearby tumor is pressing on it (23). 
Angiography is an x-ray procedure that involves arterial injection of a small amount of contrast material.  This outlines the blood vessels for x-rays.  Angiography can show if blood flow in a particular area is blocked or compressed by a tumor. It can also show any abnormal blood vessels in a tumor area, such as blood vessels feeding into a tumor.  This test can be useful in finding out if a pancreatic cancer has grown through the walls of certain blood vessels.  By determining the tumors location and proximity of blood vessels, a decision can be made regarding whether the cancer can be completely removed without damaging vital blood vessels (23).
Angiography can also be used to look for pancreatic NETs that are too small to be seen on other imaging tests.  These tumors cause the body to make more blood vessels to "feed" the tumor.  These extra blood vessels can be seen on angiography (23).
Serology may be used to help diagnose pancreatic cancer and the source of related complications.  Serology may also be used to help determine treatment options if cancer is found.  Elevated blood levels of the tumor markers may point to a diagnosis of exocrine pancreatic cancer, but these tests aren't always accurate.  One such tumor marker, CA 19-9, is released into the blood by exocrine pancreatic cancer cells.  By the time CA 19-9 levels are high enough in the blood to be consistently detected, the cancer is no longer in its early stages.  Therefore, the test is not recommended for routine screening of people without symptoms or a known diagnosis of cancer.  However, testing for CA 19-9 in the blood can sometimes be useful during treatment to determine if the therapy is working or after treatment to see if the cancer has recurred.  Another tumor marker, carcinoembryonic antigen (CEA), can help detect advanced pancreatic cancer in some people.  However, like CA 19-9, it is not sensitive enough to find the cancer early and is not recommended as a screening test (23).

Other important laboratory tests are commonly done to assess and monitor pancreatic sufficiency.  Pancreatic insufficiency can be evidenced by tests that suggest that enzyme transport to the small intestine is inadequate for proper food digestion.  Symptoms of pancreatic insufficiency include persistent diarrhea, foul-smelling bulky greasy stools, stomach pain, cramps, bloating, gas, weight loss, malnutrition, and fat-soluble vitamin deficiency (25).  Laboratory tests used to assess pancreas function are summarized in Table 4 below.

	Table 4: Non-diagnostic laboratory tests to assess pancreatic sufficiency

Laboratory tests commonly completed with pancreatic cancer patients.  The laboratory values may be assessed as a value (elevated, normal, decreased) or as a presence (+) or absence (-).  Not all patients with pancreatic cancer have such abnormal laboratory results.  Therefore, these tests are not diagnostic of pancreatic cancer.  However, some pancreatic cancer patients present altered lab values and abnormalities secondary to pancreatic cancer either directly or indirectly (25).  



	Test
	Function/Definition
	Level
	Etiology

	Serum Amylase
	Secreted by the pancreas through the pancreatic duct into the duodenum, where it helps break down dietary carbohydrates; usually present in the blood in small quantities
	Elevated
	When cells in the pancreas are injured or the pancreatic duct is blocked by a pancreatic tumor, increased amounts of amylase escape into the bloodstream, increasing concentration in the blood.

	Serum Lipase
	Produced by the pancreas and transported through the pancreatic duct and into the duodenum, where it helps break down dietary triglycerides; usually present in the blood in small quantities


	Elevated
	When cells in the pancreas are injured or the pancreatic duct is blocked by a by a pancreatic tumor, increased amounts of lipase enter the bloodstream, increasing its blood concentrations.

	Fecal Fat Test
	Measures the amount of fat in a stool sample; normally, there is less than 7g of fat in a 24-h stool collection 
	Excess
	When there is not enough bile or pancreatic enzymes available in the small intestine, then dietary fat cannot be properly digested, causing excess fat to be present in the stool. 

	Stool Trypsin/Chymotrypsin & Serum Trypsinogen
	Precursor trypsinogen, produced in the pancreas, is activated and converted to into trypsin in the small intestine; trypsin converts chymotrypsinogen into chymotrypsin; trypsin and chymotrypsin work together to digest dietary proteins in the small intestine; it is normal to have trypsin and chymotrypsin in the stool; it is normal to have small quantities of trypsinogen in the blood.
	Stool Trypsin & Chymotrypsin: Absence

Serum Trypsinogen: Elevated
	When cells of the pancreas are injured or when pancreatic ducts are blocked by a pancreatic tumor, increased amounts of trypsinogen escape into the bloodstream, increasing its concentration in the blood.  Since trypsinogen cannot enter the small intestine for activation and conversion into trypsin, trypsin and chymotrypsin is absent in the stool.


In addition to the laboratory tests listed above, other laboratory tests can help evaluate a patient's general state of health, such as liver, kidney, and bone marrow function.  These tests can also help determine whether the patient will be able to withstand the stress of a major operation (23).  

The most common laboratory test routinely done to assess multiple organ system functions is a complete metabolic panel (CMP).  A CMP is a group of blood tests that includes 14 laboratory values: glucose, calcium, total protein, albumin, sodium, potassium, CO2, chloride, BUN, creatinine, ALP, ALT, AST, and bilirubin.  CMPs are especially useful since they provide data that can be used to assess different organs and organ systems, such as liver and kidney function, along with determining if there is a disruption in homeostasis, such as acid/base balance, electrolyte levels, and blood glucose control (25).  
A patient's history, physical exam, and imaging test results may strongly suggest pancreatic cancer, but the only way to be sure is to do a biopsy.  There are several types of biopsies.  The procedure used most often to diagnose pancreatic cancer is called a fine needle aspiration (FNA) biopsy, where a thin needle is inserted through the skin and into the pancreas.  CT scan images or endoscopic ultrasonography is used to view the position of the needle and confirm it is in the tumor.  Biopsy of the tumor can also be done during an endoscopic ultrasound.  Whichever way the tumor tissue is accessed, a small tissue sample is removed through the needle and can be examined under the microscope (23). 

Surgical biopsies were commonly performed in the past.  However, the popularity of this method has declined due to increased need for general anesthesia and need to remain in the hospital for a period of time to recover.  A surgical biopsy is often preformed while completing another procedure and is often collected laparoscopically.  In this procedure, several small incisions in the abdomen and small telescope-like instruments, one of which is connected to a video monitor, are inserted into the abdominal cavity.  On the video monitor, the size of the tumor can be assessed, along with its location and whether it has spread, along with the benefit doing a biopsy (23).
As mentioned above, inherited DNA changes are thought to cause as many as 10% of pancreatic cancers.  Determining if a patient's relatives have an increased risk is difficult because inherited cases are sometimes linked with other cancers.  When there is a strong family history of cancer, genetic testing may be an appropriate measure to help prevent late diagnoses.  Genetic testing requires health care professionals with experience in hereditary cancer syndromes such as a genetic counselor, geneticist, or an oncologist.  In addition, interested families may wish to participate in ongoing research studies aimed at investigating the genetic factors and possible role of screening methods in those with a family history of the disease (23).
Despite modern technology, pancreatic cancer remains difficult to detect and diagnose.   There are not any noticeable signs or symptoms in the early stages of pancreatic cancer.  Therefore, one can be with pancreatic cancer for a significant time before they are diagnosed, affording the cancer a chance to grow and increasing risk of metastasis.  When signs of pancreatic cancer are present, they are similar to the signs of many other illnesses.  Thus, several tests are usually done before making an official diagnosis in order to rule out other abnormal conditions associated with the symptoms.  The location of the pancreas complicates the diagnosis process.  It is hidden behind other organs such as the stomach, small intestine, liver, gallbladder, spleen, and bile ducts (6).
Treatment
Approximately $1.9 billion dollars are spent in the U.S. each year for pancreatic cancer treatment.  Standard treatment can involve chemotherapy, radiation therapy, chemoradiation therapy, targeted therapy, and surgery.  Treatment also may involve methods to address symptoms of cancer.  There are also clinical trial treatments that may be available and completed as part of research study.  The appropriate method(s) of treatment are based upon various factors, such as tumor size, location, stage, the patient’s health, and the patient’s/family’s decision related to the degree of aggressiveness of medical intervention.  For example, whether or not a tumor is resectable depends on its size and location, whether it has spread to other parts of the body, and on if a person is healthy enough for surgery.  If the cancer is considered restectable, surgery can be a treatment option (18, 6).  Factors that can affect method of treatment are summarized in Table 5.  
	Table 5: Factors to consider when deciding method of treatment (6)

	· Endocrine vs. exocrine cancer

· Stage of cancer: tumor size, metastatic versus non-metastatic, benign versus malignant
· Tumor location within the pancreas
· Whether the cancer was has just been diagnosed or is recurrent

· Patient’s health, such as co-morbidities, age, and nutritional status
· Patient’s/family’s decision
· Treatment-related factors such as side effects, benefits versus complications, length of treatment, and surgery expectations 



If non-surgical treatment is an option, patients and families should inquire about the goals of treatment, how long the treatment will take per session and overtime, and the potential short- and long-term side-effects.  Knowing what to expect before treatment begins helps reduce any fear and anxiety associated with the cancer treatment plan (26).

Radiation Therapy

Radiation therapy is a cancer treatment that uses high-energy x-rays or other types of radiation to kill cancer cells or inhibit them from growing.  There are two types of radiation therapy: external radiation therapy and internal radiation therapy.  External radiation therapy uses a machine outside the body to send radiation toward the cancer.  Internal radiation therapy uses a radioactive substance sealed in needles, seeds, wires, or catheters that are placed directly into or near the cancer.  The type of radiation therapy chosen depends on the type and stage of the cancer being treated (6).
Radiation therapy is considered a local treatment, as it only affects one part of the body. The goals of radiation therapy include shrinking the tumor before surgery, keeping the tumor from returning after surgery, and relieving pain (26).

Side-effects of radiation therapy vary from person to person and with the type and location of cancer, the treatment dose, and the person's health.  For some people radiation therapy causes few or no side effects.  For others, the side effects are more severe.  The reactions often begin by the second or third week of treatment and may last for several weeks after the final radiation treatment (26). 
Side effects associated with radiation therapy may occur because the high doses of radiation used to kill cancer cells can also damage healthy cells around the treatment area. However, major improvements in radiation technology have made it more precise, resulting in fewer side effects.  The most common side-effects of radiation to the abdominal area are nausea, vomiting, and diarrhea (26).  The potential side-effects of radiation therapy are summarized in Table 6.
	Table 6: Potential side-effects of radiation therapy (26)

	· Skin problems: dryness, itching, blistering, peeling

· Fatigue: a feeling of exhaustion that does not improve with rest

· Diarrhea

· Nausea

· Vomiting

· Dry mouth

· Trouble swallowing

· Swelling 

· Hair loss 

· Sexual problems

· Urinary and bladder changes




Although most side effects go away after treatment, some long-term side effects may occur months or even years after treatment.  The risk of developing a secondary cancer because of radiation therapy is low.  The risk of radiation therapy causing a secondary cancer is generally outweighed by the benefit of treating the primary, existing cancer (26).
Chemotherapy

Chemotherapy is a cancer treatment that uses drugs to stop the growth of cancer cells, either by killing the cells or by stopping them from dividing.  There are three types of chemotherapy: systemic chemotherapy, regional chemotherapy, and combination chemotherapy.  In systemic chemotherapy, chemotherapy is taken orally or via injection.  The drugs enter the bloodstream and can reach cancer cells throughout the body, lending a systemic effect.  In regional chemotherapy, chemotherapy is injected directly into the cerebrospinal fluid, an organ, or a body cavity such as the abdomen.  The drugs mainly affect cancer cells in the targeted area.  Combination chemotherapy is treatment using more than one anticancer drug.  As with radiation therapy, the way the chemotherapy is given depends on the type and stage of the cancer being treated (6).
There are more than 100 chemo drugs used today.  The type of drug chosen as part of the treatment plan is based on the kind of cancer present and its stage (19).  The most commonly used drugs for pancreatic cancer approved by the Food and Drug Administration are listed in Table 7.

	Table 7: FDA-approved most common chemotherapy drugs (4)

	Brand name
	Generic name

	Adrucil 
	Fluorouracil

	Efudex 
	Fluorouracil

	Erlotinib Hydrochloride
	Erlotinib Hydrochloride

	Fluoroplex 
	Fluorouracil

	Fluorouracil
	Fluorouracil

	Gemcitabine Hydrochloride
	Gemcitabine Hydrochloride

	Gemzar

	Gemcitabine Hydrochloride

	Mitomycin C
	Mitomycin C

	Mitozytrex
	Mitomycin C

	Mutamycin
	Mitomycin C

	Tarceva
	Erlotinib Hydrochloride


The goals of chemotherapy may include keeping the cancer from spreading, slowing the cancer’s growth, killing cancer cells that may have spread to other parts of the body, relieving symptoms such as pain or blockages caused by cancer, and curing cancer.  Chemotherapy may also be used to shrink tumors before surgery or radiation or to kill any cancer cells that are left after surgery or radiation therapy (19).  
Since chemotherapy drugs are very strong, they kill any cell that is growing fast, even if it’s not a cancer cell.  As a result, some of the normal, healthy cells that grow quickly can also be damaged quickly.  The consequent side-effects are experienced in most, but not all, chemotherapy-treated patients.  For most, side effects will go away once chemotherapy treatment is discontinued (19).  The most common side effects of chemotherapy are summarized in Table 8.
	Table 8: Potential side effects of chemotherapy (19)

	· Nausea

· Vomiting

· Fatigue

· Hair loss

· Bone marrow changes, lowering red blood cell, white blood cell, and platelet counts causing anemia, decreased ability to fight off infection, and blood clotting problems
· Skin changes: redness, itching, peeling, dryness, acne

· Mouth/throat changes: stomatitis, tender gums, sore throat
· Sexual problems

· Decreased memory 
· Long-term damage to heart, lungs, kidneys, and reproductive organs




Chemoradiation therapy

Chemoradiation therapy combines chemotherapy and radiation therapy to increase the effects of both (6).
Targeted therapy

Targeted therapy is a type of treatment that uses drugs or other substances that identify and interfere with specific molecules involved in tumor growth and progression.  Therefore, targeted therapy drugs are sometimes called “molecularly targeted drugs” (27).  
Targeted cancer therapies interfere with cancer cell proliferation and spread in different ways.  Many of these therapies focus on proteins that are involved in cell signaling pathways, which form a complex communication system that governs basic cellular functions and activities, such as cell division, cell movement, cell responses to specific external stimuli, and even cell death.  By blocking signals that tell cancer cells to grow and divide uncontrollably, targeted cancer therapies can help stop cancer progression and may induce cancer cell death through a process known as apoptosis.  Other targeted therapies can cause cancer cell death directly, by specifically inducing apoptosis, or indirectly, by stimulating the immune system to recognize and destroy cancer cells and/or by delivering toxic substances directly to the cancer cells.  The development of targeted therapies requires the identification of targets that are known to play a key role in cancer cell growth and survival.  Once a target has been identified, a therapy must be developed. Most targeted therapies are either small-molecule drugs or monoclonal antibodies (27). 
Tyrosine kinase inhibitors (TKIs) are growth signal inhibitors that can be used to treat pancreatic cancer that cannot be removed by surgery or has metastasized.  They act by blocking signals needed for tumors to grow.  The TKI medication currently used in targeted therapy for pancreatic cancer is Erlotinib (Tarceva).  It is small-molecule drug that inhibits the tyrosine kinase activity of epidermal growth factor receptor (EGFR) protein, which tells the cancer cells to grow and divide (6, 27). 
In contrast to chemotherapy and radiation therapy, targeted therapy does not harm normal, healthy cells.  Despite this, targeted therapy still may cause side effects.  The most common problem associated with pancreatic cancer targeted therapy treatment and the use of Erlotinib is skin dryness and other skin changes.  This is because normal skin cells also have a lot of EGFR to facilitate quick growth to maintain the skin’s epidermis.  Erlotinib blocks EGFR, turning off the signal for skin growth and making it harder for it skin to retain its moisture (19, 27).  
 Targeted therapy is still relatively new, not being extensively used until the late 1990s.  Since many targeted therapy drugs have not been around for a long time, it is hard to confirm the long-term side effects (19).
Surgery
Surgery for pancreatic cancer can be classified into two categories: potentially curative surgery and palliative surgery.  Potentially curative surgery is used when imaging tests suggest that it is possible to remove all the cancer.  For intense, if an imaging test reveals pancreatic cancer that appears to be surgically removable, a biopsy does not need to be performed.  The possibility of surgery can then be discussed with the patient and/or family (23). 
If it is found during surgery that the cancer has spread too far to be removed completely, only a biopsy is preformed to confirm the diagnosis, and the rest of the planned operation will be stopped unless palliative surgery is authorized.  Palliative surgery is also an option when imaging tests show that the tumor is too widespread to be completely removed.  This classification of surgery does not completely remove all of the cancer and is done to relieve symptoms or to prevent certain complications like a blocked bile duct or intestinal tract.  Although symptoms and complications can be addressed by palliative surgery, several studies have shown that removing only part of the cancer does not help patients with metastasized cancer live longer (23).
Pancreatic cancer surgery is considered one of the most difficult operations for surgeons to complete.  It is also one of the hardest for patients.  There may be complications and it may take several weeks for patients to recover (23).  Therefore, patients play a center role in the method of treatment.  The goal is to keep the patient well-informed and allow the patient to weigh the potential benefits and the risks of surgery carefully. Some examples of some topics to discuss with the patient and/or family before a final decision is made are listed in Table 9.
	Table 9: Topics to discuss with patient and family when considering surgery (23)

	Surgery 
· What will be done in the OR before surgery

· Pre-op instructions 

· Length of time in surgery

· Potential complications 

· Potential benefits

· Success rate/prognosis

· Post-op instructions + in-patient hospital plans 

· Hospital discharge plans/out-patient plans


	No surgery
· Prognosis

· Hospital discharge plans

· Other options for treatment


Most curative surgery is designed to treat cancers at the head of the pancreas.  Since these cancers are near the bile duct, some of them cause jaundice and are found early enough to be removed.  Curative surgery for other parts of the pancreas can be done when the cancer is resectable.  There are three main procedures used to remove tumors of the pancreas: pancreaticoduodenectomy, distal pancreatectomy, and total pancreatectomy (23).  
Surgery: Pancreaticoduodenectomy

A pancreaticoduodenectomy is commonly referred to as the Whipple procedure and is indicated for patients with resectable cancer in the head of the pancreas, duodenum, and/or distal bile duct.  It involves the removal of the head of the pancreas, all of the duodenum, part of the stomach, and the lymph nodes near the pancreas.  In addition, the gallbladder and part of the common bile duct are removed and the remaining bile duct is attached to the small intestine so that bile from the liver can continue to enter the small intestine.  The body and tail of the pancreas are left in order to preserve the body’s ability to produce pancreatic digestive juices and insulin (23, 6).  
In some cases, the tumor has grown into the portal vein.  In selected patients, a segment of the vein can be removed along with the tumor. The vein can be replaced using the internal jugular vein from the neck (28).
Candidacy for the Whipple procedure is extremely difficult due to late diagnosis.  At the time of diagnosis, only about 10% of cancers of the pancreas appear to be contained entirely within the pancreas.  And, only about half of these turn out to be truly resectable once the surgery is started.  Although surgery offers the only real chance to cure exocrine pancreatic cancer, it doesn’t always lead to a cure.  Even if the entire visible tumor is removed, often some cancer cells have already spread to other parts of the body.  These cells eventually grow into new tumors.  Therefore, the risk of cancer returning is often high.  Often the cancer comes back later in most patients who had surgery that appeared to completely remove a cancer of the exocrine pancreas (23). 
The Whipple procedure is contradicted when the tumor is too large to be surgically removed.  Although traditionally practiced to treat cancer, the surgery can sometimes be completed as part of palliative care (29). 

Prior to the procedure, the patient is required to complete a series of steps as part of a preliminary process.  First, various blood tests must be obtained, analyzed by a lab, and assessed to determine appropriateness for the procedure and gage current health status.  A chest x-ray must also be obtained.  An EKG and cardiologist evaluation may also be required given the patient’s medical condition.  If treatment, such as chemotherapy or radiation, is planned before surgery, a biopsy is needed first to be sure of the diagnosis.  Once all completed and if the patient is deemed medically-appropriate, the patient can schedule for date of surgery.  Usually, the patient is admitted to the hospital on the same day as the scheduled surgery.  Under certain circumstances, the patient may be admitted to the hospital the day before surgery.  The patient must sign informed consent understanding complications of procedure.  In addition, the patient must complete a “bowel prep” one day prior to surgery.  A “bowel prep” involves restricting solid food, drinking only clear liquids, and taking meds in order to eliminate any contents in digestive tract (29, 23).
The Whipple procedure involves three general steps: preliminary laparotomy/laparoscopy, large incision and removal of organs and tissues, and reconnection.  Once the patient is under anesthesia, the surgeon will commence by cutting laparoscopically.  If there is further need to investigate the pancreatic mass, a laparoscope may be fed through the small incisions.  A picture is then projected on a TV screen for the surgeon to view and determine if there is spread of cancer to other parts of the pancreas or other areas of the abdominal cavity.  In the event that the cancer is visible in other areas, tissue samples can be taken for biopsy through the laparoscope from suspected areas.  If cancer is not visible in other areas, the surgeon will make a large incision in the abdomen and will remove the head of the pancreas, the duodenum, a portion of the common bile duct, the gallbladder, and sometimes a portion of the stomach.  Last, the remaining portions of the pancreas, bile duct, and stomach are reconnected to the jejunum through the processes of a pancreatico-jejunostomy, hepatico-jejunostomy, and gastro-jejunostomy, respectively.  The duration of operation is 5-8 hours (29).  Figure 7 depicts the organ system and reconnections following a standard Whipple procedure.
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Figure 7: The Whipple procedure: before resection and after reconstruction (31)
During the Whipple procedure, the pylorus of the stomach can be preserved.  This is known as a pylorus-preserving.  Reconnection between the stomach and the jejunum involves the pylorus region of the stomach instead of the body.  Figure 8 depicts the GI tract and reconnections following a standard Whipple versus a pylorus-preserving Whipple procedure (30).   

After a standard Whipple
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After a pylorus-preserving Whipple
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Figure 8: Comparison of GI tract organ arrangement and reconnections after a standard Whipple procedure versus a pylorus-preserving Whipple procedure (30)
The patient is in recovery for first 2-4 hours post-op, followed by admittance to ICU for close monitoring.  Nursing staff will monitor vital signs (temperature, pulse, respiratory rate, and blood pressure) every 15-60 minutes.  This is tapered gradually throughout hospital stay.  The nursing staff will also monitor urine output via a foley catheter (29).

One or two intravenous (IV) catheters are placed to administer IV fluids and medications.  And, later and when appropriate, medications can be given by mouth.  Common medications include pain medications, antibiotics, and medications and method that help prevent the formation of blood clots in legs.  A JP drain will be inserted into the abdomen to drain abdominal fluids.  A nasogastric (NG) tube is placed through the nose into stomach to suction any stomach contents, which helps prevent post-op vomiting.  A jejunostomy tube (J-tube) may be placed in the small intestine for feeding while recovering from surgery.  Deep breathing is encouraged to prevent post-op pneumonia, and the use of an incentive spirometer may be recommended.  Daily lab values are obtained.  Chest x-ray and other radiology exams may be performed as needed.  The patient is expected to be in the hospital at least 7 days post-op (29).

Following discharge from the hospital, the patient should see a surgeon within 3 to10 days.  Further follow-ups with a medical oncologist and radiation oncologist should be scheduled to determine if all the cancer was removed and if further treatment is necessary.  The patient is instructed to avoid heavy lifting or straining for 6-8 weeks and to take meds as prescribed.  Without complication, the patient should be able to return to work within 2 to 3 months (29).

The Whipple procedure is complex operation that requires surgical skill and experience.  It carries a relatively high risk of complications that may even be fatal.  The mortality rate of the Whipple procedure is less than 10% while the morbidity rate is greater than 50%.  When the operation is done in small hospitals or by doctors with less experience, more than 15% of patients may die as a result of surgical complications.  In contrast, when this operation is performed in cancer centers by surgeons experienced in the procedure, less than 5% of patients die as a direct result of complications from surgery.  However, even when completed by experienced, well-qualified surgeons, patients are still at risk for surgery-related complications.  Because success rates are related to degree of experience and skill, people having this type of surgery do better when it is performed at a hospital that does at least twenty Whipple procedures per year (23).  

The most common complication is leaking of pancreatic juices from the pancreaticojujenostomy.  If this occurs, a drain may be inserted through the skin to allow drainage for several weeks after surgery (31).  The potential complications are summarized in Table 10.
	Table 10: Potential complications of the Whipple procedure (31, 23, 29)

	· Leaking reconnection sites (fistulas)
· Infection

· Bleeding

· Trouble with the stomach emptying itself after eating

· Abscess inside the abdomen

· Pancreatitis

· Organ failure, such as heart, lung, kidney, and liver (31, 23,29)



Long-term effects may additionally include decreased appetite with consequent unintended weight loss, decreased ability to digest fats sufficiently, risk of “dumping syndrome”, and a 15-25% increased risk of becoming diabetic and requiring insulin injections (29).
The long-term success rates for post-operatively for patients with pancreatic endocrine cancer are much better than those for patients with pancreatic exocrine cancer due to decreased risk of returning cancer and spread (23).
Surgery: Distal pancreatectomy

A distal pancreatectomy is a procedure most often used for treatment of islet cell tumors of endocrine cancer are found in the tail and body of the pancreas.  It is seldom used to treat cancers of the exocrine pancreas because these tumors have usually already spread by the time they are found.  The procedure involves the removal of only the tail of the pancreas or the tail and a portion of the body or all of the body of the pancreas.  It also includes removal of associated lymph nodes.  Ninety-five percent of distal pancreatectomy surgeries entail also the removal of the spleen.  Splenic preservation is attempted, but often fails.  Since pancreatic cancer is likely to cause some degree of pancreatic inflammation, dissection of splenic vessels from a pancreas is extremely difficult (23, 32).  Figure 9 depicts a distal pancreatectomy with spleen removal.
____________________________________________________________________________
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Figure 9: Distal Pancreatectomy (32)
_____________________________________________________________________________
Surgery: Total pancreatectomy

A total pancreatectomy is an operation used for tumors in the body or head of the pancreas.  It involves the removal the entire pancreas, duodenum, part of the stomach, gallbladder, part of the common bile duct, nearby lymph nodes, and spleen.  It is now seldom used to treat exocrine cancers of the pancreas because there is little benefit and many complications associated in removing the whole pancreas.  It is possible to live without a pancreas. But when the entire pancreas is removed, people are left without any islet cells.  Consequently, they cannot produce any insulin to help manage blood glucose.  These people develop diabetes, which can be hard to manage because they become totally dependent on subcutaneous administration of insulin and must monitor their blood glucose levels frequently throughout the day (6, 23).  The procedure is depicted in Figure 10.
______________________________________________________________________________
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Figure 10: Total pancreatectomy (33) __________________________________________________________________

Enucleation
Enucletion, as a less extensive procedure than the surgeries mentioned above, may be more appropriate to remove neuroendocrine tumors (23).

If the tumor is small and has not spread, the tumor itself is removed a surgical technique known as enucleation, which is the surgical removal of a mass without cutting into or dissecting it organ tissue.  The operation is done using a laparoscope, so that only a few small incisions are needed.  This operation may be all that is needed to treat an insulinoma, since this type of tumor is often benign (23).  

Palliative surgery

Palliative surgery for cancer is any surgery intended to relieve or prevent symptoms, but not essentially remove all of the cancer in the body.  A cancer with metastatic cancer that has spread too far to be completely removed can be a candidate for palliative surgery.  However, most doctors do not recommend surgery for palliation.  This is due to the fact that metastatic cancer is fatal regardless of medical or surgical intervention and progresses quickly.  In other words, a patient who opts for palliative surgery can still pass away at the same time as if they did not get the surgery.  Therefore, there is no guarantee that palliative surgery will help extend life (23). 

None the less, sometimes surgery may begin with the hope it will cure the patient despite tests and images that prove otherwise.  When it is discovered that curative surgery is not possible, the surgeon may continue the operation as a palliative procedure to relieve or prevent symptoms (23).
Symptom Treatment

Severe abdominal and back pain can occur when the tumor presses on the nerves or other organs near the pancreas.  When oral pain medication is not sufficient enough for pain relief, treatments can be initiated to directly act on the nerves in the abdomen to relieve the pain (6).  
Medicine can be directly injected into the area around affected nerves.  Also, pain pumps can also be inserted.  Such pumps may be placed for continuous release of pain medication in the epidural space around the spinal cord for continuous pain medication administration for chronic pain.  Narcotic medications in various forms such as patches and sentinel patches may also provide some pain relief in some patients (34).
The nerves around the pancreas can also be destroyed to manage pain.  In a procedure known as percutaneous celiac nerve block, a needle is inserted into the nerves around the pancreas, utilizing images from the CT scan for guidance.  Then, alcohol is injected into the nerves to destroy the nerves.  In another procedure known as celiac nerve blockade, the nerves behind the pancreas are destroyed by alcohol injection with the assistance of images obtained from endoscopic ultrasonography (34).
  Radiation therapy with or without chemotherapy can also help relieve pain by shrinking the tumor (6).  
Surgery to remove all or a portion of the pancreas may interfere with the production of pancreatic enzymes that help to digest food.  As a result, patients may have problems digesting food, particularly high fat foods, and absorbing nutrients into the body, particularly fat soluble vitamins. To prevent malnutrition, the doctor may prescribe medicines that replace these enzymes (6).
Biologic therapy, also known as biotherapy or immunotherapy, is a treatment that uses the patient's immune system to fight cancer.  Substances made by the body or made in a laboratory are used to boost, direct, or restore the body's natural defenses against cancer (6).
Symptoms related to bile duct blockage are commonly addressed by palliative surgery.  Cancers in the head of the pancreas can block the common bile duct as it passes through this part of the pancreas.  Because the bile cannot exit the duct and enter the intestine, pain and digestive problems result.  There are two options for relieving bile duct blockage: surgical reroute or non-surgical stent placement (23).
In surgery, the flow of bile from the common bile duct can be rerouted directly into the small intestine, bypassing the pancreas.  This requires a large incision in the abdomen, and it may take weeks to completely recover (23).

There are some advantages of surgical rerouting the common bile duct.  During this procedure, the surgeon may be able to cut the nerves leading to the pancreas or inject them with alcohol. This may reduce or get rid of any pain that may be caused by the cancer.  Sometimes, the stomach connection to the duodenum is rerouted at this time as well.  Often, late in the course of pancreatic cancer, the duodenum becomes blocked by cancer, which can cause pain and vomiting that requires surgery.  Bypassing the duodenum before this happens can help avoid a second operation (23).

A second approach to relieving a blocked bile duct does not involve surgery.  Instead, a stent is placed in the duct to keep it open. This is usually done through an endoscope while the patient is sedated.  The doctor passes the endoscope down the patient's throat and all the way into the small intestine.  The doctor can then insert the stent into the bile duct through the endoscope.  The stent, which is usually made of metal, helps keep the bile duct open and resists compression from the surrounding cancer.  After several months, the stent may become clogged and may need to be cleared.  Larger stents are also used to keep the duodenum open if it is in danger of being blocked (23).

In general, the use of endoscopically placed stents has replaced surgery to relieve bile duct obstruction. Stents can also be placed before surgery to relieve jaundice before the pancreas is removed (23).
Clinical Trials & Current Research

For some patients, taking part in a clinical trial may be the best treatment choice.  Patients can enter clinical trials before, during, or after starting their cancer treatment, depending on the type of clinical trial.  Clinical trials are part of the cancer research process and are done to find out if new cancer treatments are safe and effective or better than the standard treatment (6).
Many of today's standard treatments for cancer are based on earlier clinical trials.  Some trials introduce new treatments.  Others re-visit standard treatments to assess factors such as maximum dosage, success rates, and prevalence of associated side effects.  Therefore, patients who take part in a clinical trial may receive the standard treatment or be among the first to receive a new treatment (6).

As subjects, patients who take part in clinical trials help improve the way cancer will be treated in the future.  Even when clinical trials do not lead to effective new treatments, they often answer important questions and help move research forward (6).
There are many clinical trials available.  The most popular clinical trials are listed in table below in the “Treatment by Stage” subsection.

Treatment by Stage

As mentioned above, the method of treatment chosen for pancreatic cancer depends on various factors including the stage of the cancer.  Table 11 summarizes the appropriate treatments available given the stage, along with most effective treatments for recurrent pancreatic cancer patients.  Although many treatments are appropriate given the stage of cancer, other factors, such as the patient’s health status and whether the cancer is recurrent versus newly diagnosed, are taken into consideration in order to determine which treatment provides the most prospective benefit to the patient (6).  
	Table 11: Treatment options by stage (6)

	Cancer stage/type
	Treatment options

	I & II
	· Surgery with or without chemotherapy

· Surgery with chemotherapy and radiation

· Clinical trial: combination chemotherapy

· Clinical trial: chemotherapy and targeted therapy with or without chemoradiation

· Clinical trial: chemotherapy and/or radiation before surgery

	III
	· Palliative surgery or stent placement to bypass blocked areas in ducts or the small intestine
· Chemotherapy with or without targeted therapy 

· Combination chemotherapy
· Chemoradiation followed by chemotherapy

· Chemotherapy followed by chemoradiation, for cancer that has not spread to other parts of the body

· Clinical trial: new anticancer therapies together with chemotherapy or chemoradiation.

· Clinical trial: radiation therapy given during surgery or internal radiation therapy

	IV
	· Chemotherapy with or without targeted therapy 

· Combination chemotherapy
· Palliative treatments for pain and other supportive care
· Palliative surgery or stent placement to bypass blocked areas in ducts or the small intestine
· Clinical trials: new anticancer agents with or without chemotherapy

	Recurrent
	· Chemotherapy
· Palliative surgery or stent placement to bypass blocked areas in ducts or the small intestine
· Palliative radiation therapy
· Other palliative medical care to reduce symptoms
· Clinical trials of chemotherapy, new anticancer therapies, or biologic therapy 


Pancreatic Adenocarcinoma
Prevalence
Adenocarcinomas, which originate in the epithelium of glandular tissue, arise from duct cells or acinar cells in the exocrine pancreas as opposed to the islet cells of the endocrine pancreas.  They arise nine times more often in the duct cells than the acinar cells.  And, 80% of them occur in the head of the pancreas as opposed to the tail or body.  Adenocarcinomas appear at a mean age of 55 years and occur 1.5 to 2 times more often in men (22).  
Prognosis
Survival rates have improved over the years secondary to increased utilization of surgical intervention.  Despite the improvement, mortality rates still remain relatively high.  Approximately 30% of pancreatic adenocarcinoma patients survive beyond three years, and less than 5% of patients survive beyond five years following diagnosis and treatment (17).  
Etiology & Risk Factors
Prominent risk factors include smoking, a history of chronic pancreatitis, and long-standing diabetes mellitus.  Heredity may also play a role (22).
Signs & Symptoms
Symptoms of adenocarcinoma occur late.  By diagnosis, 90% of patients have locally advanced tumors that have retroperitoneal structures, spread to regional lymph nodes, or metastasized to the liver or lung.  Once metastasized, a distinctive sign is severe upper abdominal pain with weight loss.  Adenocarcinomas cause diabetes in 25-50% of patients, leading to glucose intolerance.  About 50-70% of adenocarcinomas originate in the head of the pancreas, which is associated with cholangitis, nausea, anorexia, weight loss, new-onset diabetes, light-colored stools, dark urine, steatorrhea, and pruritus.  In addition, obstructive jaundice occurs in 80-90% of patients with adenocarcinoma in the head of the pancreas.  A total of 50% of cases include the body and tail alone or in addition to cancer in the head and are associated with abdominal pain, dyspepsia, nausea, intermittent diarrhea, new-onset diabetes, and constant back pain.  Cancer of the body and/or tail can also cause splenic vein obstruction, resulting in splenomegaly, gastric and esophageal varices, and GI hemorrhage (22).  

Diagnosis
Techniques for diagnosis most commonly involve CT and/or MRCP.  If CT or MRCP show apparent unresectable or metastatic disease, a percutaneous needle aspiration of an accessible lesion might be appropriate to obtain a biopsy.  If CT shows a potentially resectable tumor or no tumor, MRCP or endoscopic ultrasound may be used to stage the disease or to detect small tumors not visible with CT.  Patients with obstructive jaundice may have ERCP as the first diagnostic procedure (22).  
Labs
Routine laboratory tests should be ordered to assist in diagnosis.  An elevation of alkaline phosphatase and bilirubin indicate bile duct obstruction or liver metastases.  Pancreatic amylase and lipase levels usually remain normal unless there is obstruction in the pancreatic duct.  
Duct obstruction is relatively less common since most pancreatic adenocarcinoma occur in the acinar cells instead of the duct cells.  CA 19-9 RIA (Radioimmunoassay) may additionally be ordered to determine if tumor-associated antigens, known as CA 19-9 antigens, are in the bloodstream, and, if so, at what level.  Subsequent increases in such antigens are indicative of progression of carcinoma (22). 
Treatments
There are various forms of treatment that may be used alone or in combination given the nature of the adenocarcinoma which include chemotherapy, radiation therapy, targeted therapy, and surgery, along with method for symptom control (17).  
Since 80-90% of adenocarcinomas are surgically unresectable at time of diagnosis because of metastases or invasion of major blood vessels due to large size, methods to control symptoms as part of palliative care is the most common mode of treatment.  For example, in patients with inoperable lesions and jaundice, endoscopic biliary stents are typically placed.  Medications to mitigate abdominal pain and GI-distress are commonly apart of the daily treatment plan (16, 5).
When an adenocarcinoma is resectable, the procedure of choice is the Whipple procedure.  As mentioned above, this procedure is the surgical removal of the entire duodenum, gallbladder, part of the common bile duct, the head of the pancreas, the lymph nodes near the pancreas, and sometimes a portion of the stomach.  The remaining bile duct is attached to the small intestine so that bile from the liver can continue to enter the small intestine.  The body and tail of the pancreas are left in order to preserve the body’s ability to produce pancreatic digestive juices and insulin.  The spleen may also be removed during surgery (6, 23).   

Since only 20% of pancreatic cancer patients have resectable forms, adjuvant treatments to increase surgical candidacy are commonly used.  Such treatments include chemotherapy and radiation, which can help decrease the size of an unresectable, localized tumor or delay, stop, or destroy the spread to other areas of the body (17, 22).  
Medications
There are many approved chemotherapy drugs, as listed previously.  However, no drug or combination is clearly superior in prolonging survival.  Erlotinib is usually combined with chemotherapy for advanced pancreatic cancer (22).
Symptomatic treatment is important since most patients at near end of life experience pain.  Patients with moderate to severe pain should receive an oral opioid in doses adequate to provide relief.  For chronic pain, long-acting preparations such as fentanyl, oxycodone, and oxymorphone) are usually more appropriate.  Antiemetics are often prescribed to address vomiting symptoms and to prevent dehydration, increase comfort, and contribute to improvement of appetite.  Additionally, appetite stimulants, such as Marinol (Dronabinol) and Megace (Megestrol acetate), may also be prescribed to improve oral intake.  Some medications work have a duel effect, such as Remeron (Mirtazapine), that serves as an anti-depressant as well as an appetite stimulant, which can be doubly helpful in improving appetite.  Calcium carbonate may be prescribed twice daily to help bulk loose stools.  Guar gum and psyllium can be used to add soluble fiber (22, 17).
Exocrine pancreatic insufficiency is treated with oral porcine pancreatic enzymes, pancrelipase and pancreatin, which should be taken before each meal or snack and swallowed whole.  Each meal typically requires 16,000 to as much as 30,000 units of lipase.  Snacks usually require about 10,000 units of lipase.  Since a pH of 8 is indicated for optimal enzyme function, a proton pump inhibitor or H2 blocker may also be prescribed.  If the patient has diabetes or glucose intolerance, blood glucose must be closely monitored and controlled hypoglycemic medications (22, 17).
Herbs and botanical supplements should not be used without discussing it with a physician.  Since there are potential drug-nutrient interactions with the use of EPA fish oil supplements, its use is not recommended for pancreatic patients (17).

V. Medical Nutrition Therapy
Purpose of MNT and Role of the RD
Medical nutrition therapy (MNT) is a practice leaded by the RD and assisted ideally by a multi-disciplinary team.  As part of MNT, the RD develops individualized nutrition plans designed to prevent malnutrition and help patients improve quality of life.  A patient with pancreatic cancer should be proactively and continually be monitored regarding nutrition status so that modifications can be made to the personalized cancer nutrition plan as needed.  There are five components to MNT used in nutrition care process: Assessment (A), Diagnosis (D), Intervention (I), Monitoring (M), and Evaluation (E) (35, 36).
Assessment
When meeting a pancreatic cancer patient for the first time, a registered dietitian should complete a comprehensive nutrition assessment.  Data collection from medical records and patient interview should include information regarding the following:

· Anthropometric data: height, weight, BMI, IBW, weight history
· Labs, especially include blood glucose, lipase, amylase, LFTs, and electrolytes
· Home and in-hospital medications 

· Use of herbal, vitamin, and/or mineral supplements

· Skin integrity

· Scheduled tests/procedures

· Diet history

· Appetite and current oral intake percentage

· Physical signs, especially of malnutrition
· Reported symptoms (17)
Assessment also involves determining patient needs.  Based on the Capital Health Clinical Nutrition Practice Guidelines, oncology patients, needs are as follows:

Calorie Needs

25-30 kcal/kg for maintenance

30-35+ for repletion

Protein Needs

1.0-1.2 g/kg for maintenance
1.2-2.0 g/kg for repletion  

Diagnosis

Based on the nutrition care process, nutrition diagnoses should have specific definitions, unique etiologies, and unique signs and symptoms.  The diagnosis typically is resolved following intervention by the RD.  Once the RD decides an appropriate nutrition diagnosis, the term is incorporated into a nutrition diagnosis statement or PES statement composed of three parts: a problem (P), etiology (E), and signs and symptoms (S).  The etiology is the root cause of the nutrition problem that may be improved or eliminated with the nutrition intervention.  The signs and symptoms are monitored by the RD to determine progress toward resolving the nutrition diagnosis (35).

A nutrition diagnosis should be made with possible interventions in mind and involves critical thinking regarding what types of nutrition intervention will be most effective in resolving the problem.  Patients with pancreatic cancer often have increased calorie and protein needs secondary to the cancer’s effect on the body’s ability to digest and absorb vital nutrients from food.  This can cause nausea, taste changes, weight loss, fatigue, decreased appetite, fullness, pain, gas, diarrhea, and constipation.  Over time, these symptoms can put patients at risk for malnutrition (36).  Many potential diagnoses can be made given the medical situation and the patient’s nutritional status.  However, some other common diagnoses are: inadequate oral or energy intake, unintended weight loss, and altered GI function.
Interventions & Monitoring/Evaluation: Pancreatic Cancer
The nutrition intervention is defined as a specific action that remedies a nutrition diagnosis and consists of two components: the plan and the implementation.  The monitoring and evaluation step of the nutrition care process is defined as the review and measurement of the patient’s status at a scheduled or preplanned follow-up point with regard to the nutrition diagnosis, intervention/plans, goals, and outcomes (35).  
Interventions are patient-specific and are centered on realistic and attainable goals.  Nutrition interventions address the P and/or the E of the PES statement and, of this, can address issues such as symptoms, abnormal lab values, increased nutrient needs, food-medication interactions, and nutrition knowledge deficits.  Some of the most common goals of interventions for pancreatic cancer patients are listed below.
· Reduce and control nausea and vomiting.

· Prevent or correct weight loss and restore lean body mass.

· Control side effects of therapies and the disease such as diabetes, anemia, pancreatic fistula, wound infection, bile leak, cholangitis, dumping syndrome, weight loss, and lactose intolerance.

· Provide foods and/or supplements that include all necessary nutrients to meet ~100% needs.  This is best done by first assessing oral intake and diet.  Recommendations should include nutrition interventions to correct anemia.

· Monitor for depression and associated disordered or inadequate eating habits.  Discuss with appropriate medical staff medication plans regarding antidepressants that can help with appetite.

· Address micronutrient deficiencies given labs.  Vitamin B12 malabsorption is often experienced by pancreatic cancer patients (17).
Patients with pancreatic cancer are at increased risk for nutritional depletion since various symptoms often have a significant effect on nutrition status.  Such symptoms include abdominal pain, nausea, and vomiting, often resulting in decreased appetite and oral intake and consequent unintended weight loss.  To prevent or address weight loss, interventions should be focused on resolving the symptoms that have a negative impact on appetite and oral intake (37).  
To address nausea and vomiting, patients are encouraged to eat six to eight small meals a day, instead of three large meals, for better tolerance.  The smaller meals may help ease abdominal pain.  Meals should be spaced out 2 to 3 hours apart to maximize comfort.  Foods that are very sweet, fatty, and greasy can aggravate nausea and should be limited in the diet.  Patients should avoid foods with a strong odor, such as eggs, and foods that are hot and spicy, such as chili.  In replacement of such foods, patients should consume bland foods, foods served cool or at room temperature, and dry foods.  Examples include crackers, dry toast, breadsticks, cold sandwiches, and unseasoned rice.  A relaxed atmosphere without any time constraints and pressure to eat a pre-defined quantity can also help promote oral intake.  Hard candies, such as peppermints, lemon drops, and root beer barrels, and mouthwash can relieve nausea and get rid of the bad taste in the mouth.  Patients should caution with mouthwashes that contain alcohol as they may exacerbate dehydration.  An example of a good homemade mouthwash solution is one that contains 1 teaspoon of baking soda, ¾ teaspoon of salt, and 1 quart of warm or cool water.  If the patient is vomiting, he/she is at series risk for dehydration.  For this reason, patients are encouraged to drink clear liquids as often as possible during this time.  The liquids should be without caffeine or alcohol.  A general guideline is to drink adequate fluid with an additional ½ cup to 1 cup liquid for each episode of vomiting (37). 
Patients experiencing symptoms of cancer often have difficulty meeting nutrition needs simply because they are not eating enough.  Therefore, ways to increase calories and protein in the diet can help in weight loss prevention or reversal while helping patients return to a better nutrition status.  Patients should always eat when they are hungry and when they have the greatest appetite.  Snacks should be nutritious in order to meet vitamin, mineral, and fiber needs, such as raisins, peanuts, and vegetables and other kinds of fruits.  A calorie- and protein-rich supplement can additionally help patients meet their nutrition needs.  Patients should drink most fluids between meals instead of with meals in order to save space in the stomach for solid foods that are often more calorie- and nutrient-dense (37).

Intervention & Monitoring/Evaluation: Pre-op Whipple

The goal of MNT prior to the Whipple procedure is to attain the highest achievable nutrition status prior to surgery to improve outcome.  Patients should be encouraged to liberalize the diet and to eat at least three times a day without skipping meals (17).
Intervention & Monitoring/Evaluation: Post-op Whipple
After the Whipple procedure, patients should gradually progress back to an oral diet of solid foods with small, frequent meals to prevent feeling overly full and for easier digestion.  The general recommendation is 5-8 small meals and snacks daily, with spacing of meals 2-3 hours apart.  The timing of diet progression varies from individual to individual (38).  
Macronutrients
A low fat diet of 40-60 grams of fat per day is recommended once oral intake resumes and may be necessary on a long-term basis.  Therefore, patients should limit high-fat, greasy, and fried foods (38).  
Patients should also avoid eating concentrated simple sugars if symptoms of glucose intolerance or dumping are present.  Glucose intolerance symptoms include increased thirst, frequent urination, blurry vision, and fatigue.  Blood glucose lab values can also be monitored.  Dumping symptoms usually occur within 2 hours after eating and include flushed skin, dizziness/lightheadedness, weakness, abdominal pain, nausea, vomiting, and diarrhea (38).
Patients should increase intake of nutrient-dense foods to compensate for decreased oral intake post-op in order to meet nutrition needs.  Energy and protein intake should be increased in order to restore any lost weight, while addressing the conditions of hyperglycemia and compromised liver function, if present, with appropriate therapeutic diets (17).  
Patients should temporarily avoid roughage in the diet, including raw fruits and vegetables and nuts and seeds in order to allow time for the digestive system to recuperate (17).

Micronutrients
Vitamin and mineral supplementation can help prevent micronutrient depletion and maintain and restore nutrition status.  Calcium, selenium, zinc, iron, and fat-soluble vitamin supplementation should be considered, especially if the patient is experiencing steatorherea and when there is any degree of pancreatic enzyme deficiency.  All forms of vitamin supplementation should be approved by a medical doctor prior to administration.  Adequate energy intake is necessary for optimal micronutrient absorption (38, 17).
Fluids

Patients should drink at least 8 cups of fluid ounces each day to prevent dehydration and the consequent symptoms of fatigue, lightheadedness, and nausea.  Small sips can be taken with meals.  However, large amounts of fluids taken with meals leave little room for solid foods that are rich in calories and nutrients.  Therefore, large volumes should not be consumed within an hour pre- and post-prandial in order to prevent early satiety (38).  

Patients should include daily beverages that contain calories, nutrients, and protein, especially when solid food intake is not well tolerated.  Beverages can include juices, smoothies, or fluid nutrition supplements that are low in fat and, ideally, low in sugar.  Consumption of calorie, nutrient, and protein-dense beverages can help patients in meeting their nutrition needs (38).  
The general dietary recommendations for post-op Whipple patients are summarized in Table 12.
	Table 12: Dietary Recommendations for Post-op Whipple Patients (38)

	· Small, frequent meals

· Low fat diet (40-60 g/day)

· NCS if experiencing glucose intolerance and/or dumping syndrome

· Low-fiber diet 1-2 weeks post-op 

· Multi-vitamin supplementation 

· At least 64 fluid ounces of fluids per day; 

· Avoid fluid consumption 1 hour pre- and post-prandial 



Additional comments
Following surgery, patients may be prescribed pancreatic enzyme replacement products since the remaining portion of the pancreas may produce little or no enzymes to digest carbohydrates, proteins, and fats.  The prescribed amount of pancreatic enzyme replacement products should be taken with all meals and snacks (38).  

Patients are encouraged to keep a daily journal of the patient’s diet after surgery, including the foods and the amounts eaten.  Following discharge, daily weights, amount of pancreatic enzymes used, frequency and consistency of bowel movements, and blood glucose readings (if applicable) can also be of benefit.  This information can be useful in tracking nutritional progress and can help the doctor or dietitian make further recommendations (38).
Nutrition Support for Whipple patients
Route
Enteral nutrition is the nutrition support method of choice postoperatively.  A jejunostomy tube (j-tube) may be temporarily inserted into the digestive tract during surgery to help maintain and restore optimal nutrition.  EN patients can be successfully weaned off tube feedings when oral intake is improved and gastroparesis is resolved (38).
Formulas
Numerous enteral formulas are available today to meet various needs.  They are generally classified as elemental (monomeric), semi-elemental (oligomeric), polymeric or specialized formulas.  All of these formulas contain varying concentrations of proteins, carbohydrates, and fats, depending on the patient’s disease state.  A number of factors such as paralytic ileus, glucose intolerance, fat intolerance, and pancreatic enzyme deficiency, should be considered when selecting the enteral products for patients with pancreatic cancer (39).  
Considering the metabolic features of pancreatic cancers and post-surgical complications, elemental formulas should be considered as the first option.  Although there is some variation among products, most elemental formulas are nearly fat-free (only 2%-3% of calories are derived from long-chain fat) and contain protein almost entirely in the form of individual amino acids.  Examples include Precision HN (1.3% calories as fat), Criticare HN (3% calories as fat), and Vivonex High Nitrogen (0.87% calories as fat).  These formulas cause less stimulation of pancreatic exocrine secretion than standard formulas and require less pancreatic activity, which can benefit pancreatic cancer patients (39).

There is rational for use of semi-elemental formulas because the nutrients are more easily absorbed in the absence of digestive enzymes.  Some studies evidence that protein in the form of small peptide chains (as in the form in semi-elemental formulas) may be absorbed more efficiently than individual amino acids.  Although semi-elemental formulas usually contain a higher percentage of fat calories than the elemental formulas, only a small percentage is composed of long-chain fat.  Most of the fat is in the form of medium-chain triglycerides, which can be directly absorbed across the small intestinal mucosa into the portal vein in the absence of lipase or bile salts.  Semi-elemental formulas that may be effectively used in clinical practice include: such as Criticare HN (5% of calories as fat), Pepti-2000 (10% of calories as fat), and Vital HN (11% of calories as fat) (39).
IMF for post-operative Whipple


Standard of care regarding surgical nutrition intervention has been assessed by many studies with the goal to optimize nutrition care.  One topic of interest is the induced state of arginine deficiency secondary to surgery and trauma.  According to a lecture presented by Jennifer Brock, RD, LDN, CNSC (May 2012), when major physical injury is inflicted upon a patient, cytokines activate Arginase-1 in myeloid derived suppressor cells, which are immature cells made in the bone marrow that regulate arginine availability and control T-lymphocyte function.  Arginase-1 breaks down arginine within the cell, causing an arginine deficiency that is directly proportional to severity of injury.  Since arginine is essential for normal T-cell proliferation, the deficiency results in T-lymphocyte dysfunction.  The clinical consequences include increased susceptibility to infections, poor microcirculation, and poor wound healing.  Therefore, intervention for surgery and trauma patients should include nutrient supplementation to prevent and correct arginine deficiencies.  


The lecture reviewed one recent study that assessed the benefits of using immunomodulating formulas (IMFs) in enteral feedings as part of peri-operative care.  Randomized trials that included 2,305 patients consisting of trauma patients and patients undergoing GI, cardiac, or head/neck surgery, revealed that using IMFs vs. standard control formulas in enteral feedings significantly reduced hospital-acquired infections by 51%, wound complications by 40%, and hospital length of stay by an average of 3 days.  The IMF used in the study contained both arginine and fish oil (omega-3 fatty acids), and the enteral feedings were initiated at least 5 days prior to surgery and continued post-op when feasible.  Sub-analyses were completed to further assess immunonutrition benefits and addressed various topics as listed in Table 13 below.
	Table 13: Topics of Sub-analyses of Immunonutrition Study

	· GI surgery vs. Other

· Upper GI vs. Lower GI

· Formula with Arg + FO + nucleotides vs. Other IMF formula

· Pre-operatively vs. Post-operatively or Peri-operatively

Arg: arginine, FO: fish oil, IMF: immunomodulating formula (26).





An IMF containing arginine, nucleic acids, and essential fatty acids particularly showed the most benefit for malnourished patients undergoing major cancer operations, particularly for upper GI surgery patients.  Upper GI surgery includes surgeries done on the esophagus, stomach, pancreas, and/or small intestine.  The most benefit was observed when initiated at least 5 days preoperatively at an infusion volume of 500-1000mL/day and when continuing at least 5 days postoperatively if feasible with a minimum of 1000 kcal of formula/day.

Based on 2010 costs, the estimated cost per hospital stay for GI cancer surgery patients without complications is $19,629 and with complications, $41.119.  Annually, 28-33 billion dollars is added to hospital costs due to hospital-acquired infections.  Reductions in infections, wound complications, and length of stay results in better outcomes for not only the patients but also clinicians, institutions, and the healthcare system.

Initiating enteral nutrition with IMFs can significantly improve the nutrition status of malnourished patients scheduled to undergo the Whipple procedure.  In addition to repletion by meeting calorie, macronutrient, and micronutrient needs, IMFs provide the patient with arginine which often becomes conditionally essential following surgery.  By correcting and preventing arginine deficiencies in Whipple patients peri-operatively, the risk of complications and recovery time can be dramatically reduced all the while saving money spent on medical costs.
VI. Presentation of the Patient
Description of the Patient

· Patient Initials: E.C.

· Code Status: AND

· NKFA

· Demographics

· Age: 81 years old

· Sex: female

· Caucasian

· Social History
· Retired 1/1/1992

· Employed part time at Macy’s in sales
· Lives with daughter who helps with meal preparation periodically Denies alcohol or illicit drug use

· History of cigarette smoking (1/2 PPD x10 years, quit in 1964)
· Family history of cancer
· Father died at 60 years old from gastric cancer
· Sister died at 71 years old from liver cancer)

· Past medical history & medical tests/procedures
· Hyperlipidemia 

· GERD 

· Colon cancer (1986) 

· Pancreatic cancer (2012) 

· Depression 

· Diverticulitis (2006)

· Colectomy, ileostomy (1986) 

· Stoma reversed (1986) 

· Open cholecystectomy (1986)

· Chemotherapy (completed > 6 months)

· Right inguinal hernia repair (x2 6/2006, 8/2006)

· Ultrasound, MRI, endoscopy (3/2012)

· Whipple (4/30/12)

Patient Timeline: PTA to present 
January 2012: Patient went to general practitioner for routine blood work that is done every 3 months.  Only abnormal lab value indicated was an elevation in cholesterol.  Patient was asymptomatic.

February 22, 2012: Patient vomited x3 after dinner.  Patient had no recent h/o of vomiting, thus causing concern.  The patient’s daughter drove her to the hospital.  The hospital preformed a CT scan.  There were no signs of abnormality.  Patient was treated with medication and sent home with unknown etiology of vomiting.

March 2012: Patient returned to her general practitioner for another routine blood test.  Her lab values indicated elevated LFTs and abnormal lab values regarding pancreatic functionality.  However, the patient was asymptomatic except for the vomiting with unknown etiology in the previous month.  The patient was referred for further testing as an outpatient.  
March 29, 2012: 
· Upper endoscopic ultrasound with needle aspiration
· Findings: esophagus and stomach appeared normal; duodenal stricture; 3cm pancreatic head mass.  Biopsy results pending.  

· Impression: If cytology confirms malignancy, stage will either be T2 No Mx or T3 No Mx, depending on whether there is true duodenal invasion as evidenced by biopsy results.  

· Plan: Follow up with cytology/pathology for biopsy results and oncology surgical consultation. 
April 3, 2012: CT scan
April 12, 2012: Lexiscan stress test (method of examining the blood flow through the body via x-ray to check for coronary artery disease) (40) & echocardiogram
April 17, 2012: 

· Official medical dx: malignant neoplasm pancreas

· Papers signed for pancreaticoduodenectomy, scheduled for 5/16/2012  
April ~17-29, 2012: The patient experienced diarrhea and constipation back and forth.  She lost about 4 pounds unintentionally due to such GI disturbances (3.5% weight loss x ~13 days).  The patient’s usual oral intake was reported to be unchanged.  
April 30, 2012: Patient underwent the pancreaticoduodenectomy since a spot opened up sooner.  

April 30 – May 8, 2012: Capital Health at Hopewell hospital admission
· Admitting Dx: malignant neoplasm pancreas

· Possible pathophysiology: h/o smoking, age (81 years old), family h/o cancer 

· Admission reason: scheduled procedure on 4/30/12; s/p Whipple (1 day)
VII. Medical/Surgical/Nutritional Hospital Course

Initial Assessment (5/1/12)

· Admission date: 4/30/2012 at 8:45am to CCU
· Biochemical Data

· Labs: albumin 2.7↓, protein 5.0↓, total bilirubin 3.2↑, LFTs↑, Na 133↓, blood glucose 192↑, BUN 19↑, Ca 7.5↓

· Anthropometric Measurements
	Height
	Weight
	BMI
	IBW

	5’7 (170.18 cm)
	149.6 lbs. (68 kg)
	23.5 (LBW)
	153 – 185 lbs.


· Weight history: 3.5% unintended weight loss x ~13 days secondary to constipation and diarrhea back and forth
· Physical Exam Findings

· Patient in CCU with nasogastric suction and J-P drain in place
· Presenting anxiety and distress due to minor pain and discomfort
· Skin: intact; mid-abdominal surgical wound
· Food/Nutrition History
· No diet order since admission (NPO 1 ½ days)

· Diet recall: usual breakfast is ½ c. oatmeal, banana, and green tea; skips lunch with no snacks; dinner usually a hot meal and varies; no snacks after dinner

· Eats primarily organic foods 

· Patient lives at home with daughter.  Daughter assists with meal preparation.  

· Supplements taken at home: women’s multivitamin, Vitamin D & E, omega-3, Calcium, Vitamin B12
· Nutrition Needs

· Estimated calorie needs:  1700 – 2380 kcal/day based on 25-35 kcal/kg actual weight

· Estimated protein needs: 82 – 95g protein/day based on 1.2-1.4g protein/kg actual weight

· Meds: Nexium (daily), Lovenox (daily), Tylenol (PRN), Zofran (PRN), Benedryl (PRN) 
Assessment summary: The patient was first assessed by food and nutrition services on 5/1/12.  At this time, the patient had nasogastric aspiration suction in place to drain the gastric secretions and swallowed air via the tube.  She was NPO since admission (4/30/12).  She had no wounds besides the mid-abdominal surgical wound.  Her BMI was 23.5 (just meeting the criteria for low body weight since she is over the age of 65).  Lab values: serum protein, sodium, and calcium levels were abnormally low; albumin was moderately depleted (2.7); and serum bilirubin, LFTs, BUN, and glucose (194) were elevated.  

Nutrition Diagnosis: inadequate protein-energy intake related to altered GI function as evidenced by: s/p Whipple procedure, NPO x1½ days
Nutrition Intervention:

Nutrition Prescription: Advance from clear liquids to oral diet when medically feasible per following nutrition Rx: soft/low residue, low fat, NCS with 6 small meals – as tolerated.

If unable to tolerate oral diet within 5-7 days, consider TPN support.
Intervention #1: Modify distribution 

Goal: per Rx
Intervention #2: Nutrition education: review of current nutrition therapy (NPO) and anticipated general plan-of-action to follow.
Goal: Family verbalizes understanding
Monitoring and Evaluation:

Indicator




       

1) Initiation of oral diet                                                     

2) Labs (albumin, protein, LFTs, Na, BG, BUN, Ca)       

3) GI function   

4) Weight                                                                


Criteria________________________________    

Per Rx  

Per standard       

Toleration of oral diet with no symptoms

Stable

5) Will monitor need for oral supplement once diet is advanced

Follow-up #1: 5/3/2012
Nutrition Assessment

· Lab values: protein (4.3), Na (136), and Ca (7.3) continue to be abnormally low; PO4 (2.2) is now low as well; albumin depletion is now severe (2.1); LFTs and BG (124) remain elevated.  

· Meds remain the same. Weight: stable.

· New medical diagnosis documented 5/2/12: “post-op ileus with electrolyte imbalance”

· Patient advanced to clear liquids this morning.  Patient off NG suction with J-P drainage still in place.  Patient sleeping.  Her daughter by CCU bedside reported patient only had a little bit of breakfast (apple juice, broth, and some gelatin) and has skipped lunch because she wanted to rest.  Patient tolerated this well with no GI symptoms.  
Nutrition Diagnosis: inadequate protein-energy intake (ongoing)

Nutrition Intervention:

· Nutrition Prescription: when medically-feasible, advance to oral diet per following Rx: NCS, low-fat, low-fiber with 6 small meals.  If unable to initiate within 72 hours, consider TPN support

· Intervention #1: Modify distribution 
· Goal: per Rx

· Intervention #2: Nutrition education: review of current nutrition therapy (clear liquid) and future oral diet restrictions; written materials provided: Low-fiber Nutrition Therapy and NCS Nutrition Therapy
· Goal: Family verbalizes understanding
Monitoring and Evaluation:

Indicator




1) Oral diet vs. TPN                                               
2) Labs (albumin, protein, LFTs, Na, BG, BUN, Ca, PO4)       

3) GI function   

4) Weight   
5) Will monitor need for oral supplement once diet is advanced

6) Level of knowledge: Family continues to verbalize an understanding of current nutrition therapy
Criteria_________________________
To be initiated within 72 hours

Per standard       

Toleration of oral diet w/ no symptoms

Stable

Follow-up #2: 5/7/12
Nutrition Assessment

· Lab values: Na (138), PO4 (3.3), and BG (94) improved to standard.  Ca (7.9) remains abnormally low.  No new albumin or LFT values.

· Meds added: Reglan, Colace, Acetaminophen, D5 ½ NS @40mL/h.  Weight: stable

· Patient recently transferred to general med-surg floor.  Patient was advanced to regular diet 5/6/12 (nutrition Rx not acknowledged).  Patient sleeping.  2 daughters at bedside report that patient is tolerating oral diet well, except is experiencing early satiety due to bloating and flatus.  Additionally report that patient does not prefer any food products that contain artificial sweeteners.
Nutrition Diagnosis: inadequate protein-energy intake (resolving)
Nutrition Intervention:

· Nutrition Prescription: Low-fiber, low-fat with 6 small meals with Glucerna Shake (vanilla or strawberry) once a day (220 kcal, 9.9g pro); rec MVI daily (Note: NCS not recommended due to patient’s preference to not consume any food products containing artificial sweeteners and given ↓ oral intake and normalized BG levels)

· Intervention #1: Modify distribution/oral nutrition supplement/MVI
· Goal: per Rx
· Intervention #2: Nutrition education: review of current nutrition therapy (regular) and recommended oral diet restrictions and reasons why; discussed ways to meet calorie needs when experiencing early satiety; discussed benefits of a nutritional supplement
· Goal: Family verbalizes understanding
Monitoring/Evaluation:

Indicator


 

1) Oral diet                                               

2) Labs (albumin, protein, Ca, LFTs)       

3) GI function   

4) Weight            


Criteria__________________________
Per Rx

Per standard       

Toleration of oral diet with no symptoms

Stable

5) Oral intake

>75%

6) Oral nutrition supplement
7) Level of knowledge: Family continues to verbalize an understanding of current nutrition therapy and recommended restrictions

100% consumption

Follow-up #3: 5/8/12
Nutrition Assessment

· Lab values: Ca (7.9) remains low.  No new albumin or LFT values.

· Meds remain the same.  Weight: stable.

· Diet remains regular, with 6 small meals (nutrition Rx not acknowledged).  Patient awake with daughter at bedside.  Observed patient consumed 50% of small breakfast.  Reports of early satiety due to bloating and flatus continue.  Expecting to be discharged within a couple days
Nutrition Diagnosis: inadequate protein-energy intake (resolving)

Nutrition Intervention:

· Nutrition Prescription: Continue as ordered (regular with 6 small meals); Add Beneprotein BID (50kcal, 12g pro) mixed with applesauce (Note: Liberalized diet recommended given patient’s and family’s degree of receptiveness and verbalization of understanding of nutrition education and recommended foods vs. not recommended foods; Beneprotein instead of Glucerna recommended due to artificial sweeteners.)
· Intervention #1: oral protein supplement

· Goal: per Rx

· Intervention #2: Nutrition education: review of current nutrition therapy (regular) and recommended oral diet restrictions and reasons why; written materials provided: Low-fiber Nutrition Therapy, Low-fat Nutrition Therapy, and out-patient nutrition services through Central Scheduling

· Goal: Family verbalizes understanding
Monitoring and Evaluation:

Indicator



 
1) Nutritional supplement
2) Labs (albumin, protein, Ca, LFTs)       

3) GI function   

4) Weight            

Criteria__________________________ 

Per Rx

Per standard       

Toleration of oral diet with no symptoms

Stable

5) Oral intake

>75%

6) Oral protein supplement

100% consumption

7) Level of knowledge: Family continues to verbalize an understanding of current nutrition therapy and recommended restrictions
*Patient was discharged from the hospital 5/8/12.

VIII. Critical Comments

Estimated Needs

In the nutrition comprehensive nutrition assessment, calorie needs were estimated based on 25-35 kcal/kg to support weight maintenance and weight gain due to anthropometric data indicating that the patient was low body weight for age with previous unintended weight loss.  Using this calculation, it was estimated that the patient would require 1700-2300 kcal/day.  However, if a J-tube been placed for enteral nutrition or TPN was indicated, would this estimation of needs be the most appropriate to use in making nutrition support recommendations?  
Evidence states that the Mifflin St. Joer equation (MSJE) is more accurate than the kcal/kg calculation.  The MSJE may better estimate energy needs since it takes into account age and sex in addition to height and weight.  The MSJE may be more accurate for predicting values for patients at extreme ages, such as < 20 and > 60 years old.  Taking this into consideration, the MSJE would have likely been the more appropriate equation to use given the patient’s age.  The MSJEs are as follows:
For men: BMR = 10 * weight (kg) + 6.25 * height (cm) - 5 * age (y) + 5         
For women: BMR = 10 * weight (kg) + 6.25 * height (cm) - 5 * age (y) - 161    (41)
The Mifflin should be multiplied by a factor of 1.25; however, some evidence suggests that a factorial range, as per the dietitian’s clinical judgment, may be more realistic for calorie goals.  For the case study patient, the MSJE estimates a BMR of 1200 kcal.  Given the signs of malnutrition (low BMI, 3.5% weight loss x ~13 days, estimated energy intake from diet less than estimated calorie needs/NPO x3 days), a factorial range of 1.25-1.3 may be most appropriate.  Using the MSJE *1.25-1.3, the patient’s estimated caloric needs are: 1500-1600 kcal/day.  This range is outside the range of the estimation using the kcal/kg equation, which was 1700-2300 kcal, and estimates lower calorie needs.  If enteral nutrition or TPN were to be initiated, a recommendation using the MSJE-based calculation is likely to be more appropriate.
Based on the Capital Health Clinical Nutrition Practice Guidelines, protein needs are 0.8-1.2 g/kg for maintenance and 1.5-2.5 g/kg for repletion for geriatric patients.  For oncology patients, protein needs are 1.0-1.2 g/kg for maintenance and 1.2-2.0 g/kg for repletion.  With the geriatric population, excess protein intake beyond what is required to prevent catabolism is contraindicated when there is evidence of decreased kidney function (42).  The case study patient’s protein needs were estimated based on 1.2-1.4 g/kg, which is ~82-95 g/day.  Was this an appropriate range to use to estimate protein needs?

The patient had increased protein needs related to signs of malnutrition and low serum albumin.  And, her kidney function appeared to be adequate as evidenced by normal serum BUN and creatinine levels. Therefore, protein needs should have been for repletion.  A range of 1.5-1.8 g/kg may be more appropriate to meet her protein needs, which is 102-122 g/day.  Again, if EN via a J-tube or TPN initiation was the plan of care, the accuracy of estimated protein needs is important.
Alternative nutrition diagnosis

The nutrition diagnosis used for the case study patient at the initial assessment was: 

Inadequate protein-energy intake related to altered GI function as evidenced by s/p Whipple procedure, NPO x1½ days.

However, given the case study data, an alternative nutrition diagnosis can be:
Malnutrition related to chronic medical condition (pancreatic cancer, s/p Whipple) as evidenced by low body weight, estimated energy intake from diet less than estimated calorie needs/NPO x 1 ½ days, and 3.5% weight loss x ~ 2 weeks.
Which nutrition diagnosis is better?  With adequate nutrition, both nutrition diagnoses can be resolved.  However, the alternative nutrition diagnosis suggested offers more evidence to support it.  In addition, the factors mentioned as evidence of malnutrition specifically tie into the plan to monitor weight, instead of just oral intake and oral diet initiation.
MVI/Oral supplement/Diet recommendations

Over the course of the patient’s hospital stay the following nutrition prescriptions were recommended and diet changes made:

· Initial assessment nutrition prescription (POD 2): advance from clear liquids → full liquids → soft/low residue, low fat, NCS with 6 small meals, as tolerated when medically feasible.  If unable to tolerate oral diet within 5-7 days, consider TPN support.  
· POD 4: Clear liquids initiated 
· Follow-up nutrition prescription (POD 4): when medically-feasible, advance to NCS, low-fat, low-fiber with 6 small meals.  If unable to initiate within 72 hours, consider TPN support.

· POD 7: Regular diet initiated Follow-up nutrition prescription (POD 8): low-fiber, low-fat with 6 small meals with Glucerna Shake (vanilla or strawberry) once a day (220 kcal, 9.9g pro); rec MVI daily (Note: NCS not recommended due to patient’s preference to not consume any food products containing artificial sweeteners and considering ↓ oral intake and normalized BG levels)
· POD 8: Food and nutrition services added in 6 small meals to diet order since does not require RN/MD acknowledgment.  Diet order: Regular diet with 6 small meals.  “6 small meals” makes the kitchen aware that the patient has a need to order frequently throughout the day and to allow 6 small meals a day.

· Follow-up nutrition prescription (POD 9): continue as ordered (regular with 6 small meals); Add Beneprotein BID (50kcal, 12g pro) mixed with applesauce (Note: liberalized diet recommended given patient’s and family’s degree of receptiveness and verbalization of understanding of nutrition education and recommended foods vs. not recommended foods; Beneprotein instead of Glucerna recommended due to patient’s dislike of artificial sweeteners)

From the above information, it can be concluded that the medical doctor did not acknowledge most of the nutrition diet recommendation changes.  Since blood glucose levels had normalized, the NCS restriction was probably not acknowledged.  And, the nutrition recommendation from the intern was discontinued given the consistency of blood glucose values per standard.  The low fat restriction may have not been acknowledged based on clinical judgment to liberalize the diet due to the patient being malnourished and to improve oral intake.  No new lipase or amylase tests were collected after POD1 to suggest pancreatic enzyme sufficiency.  However, the patient was experiencing some GI symptoms that may have been related to fat malabsorption.  Perhaps if the dietetic intern communicated the changes in recommendations verbally to members of the healthcare team, such as the doctor or nurse, the changes would be acknowledged.  And, explanation could be provided to justify the nutrition recommendations if needed.  The more communication there is between the members of the healthcare team, the more effective the team is as a whole.
Bowel movements
Questions were asked regarding diarrhea and constipation at the initial assessment and at all of the follow-ups.  Although the patient and family reported normal bowel movements, they also reported flatus and bloating, which was affecting oral intake by inducing early satiety.  Steatorrhea is one of the symptoms of pancreatic insufficiency and may become a problem after pancreaticoduodenectomy.  Symptoms that can accompany steatorrhea not only include gas and bloating but also foul-smelling, bulky, and greasy stools.  Perhaps if the family was asked more about the consistency of the patient’s current bowel movements, there would be additional evidence pointing towards fat malabsorption and the need for a low fat diet. 
Perioperative/postoperative nutrition support
Malnourished patients scheduled for the Whipple procedure may benefit from nutrition support beforehand to improve post-operative recuperation by improving overall nutrition status.  The case study patient did meet the criteria for malnutrition.  Therefore, the patient may have benefited from perioperative nutrition support.  Enteral nutrition is the nutrition support method of choice postoperatively.  A j-tube may be temporarily inserted into the digestive tract before or during surgery to help maintain and restore optimal nutrition until oral intake is adequate.  
The difficulty with initiating perioperative nutrition support for patients scheduled for the Whipple procedure is that the patient often is admitted the same day as surgery, as with the case study patient.  Therefore, if nutrition support before surgery can improve health status preoperatively, it is likely to not be initiated unless the patient sees an outpatient dietitian or other medical professional who recommends it.  Should it be mandatory before surgery to see an outpatient dietitian, like with what is currently indicated for gastric bypass candidates?  If so, maybe dietitians can be more instrumental in the perioperative nutrition care of Whipple patients.
Although preoperative nutrition support is difficult to initiate unless the patient is admitted days before surgery, the dietitian can still consider postoperative nutrition support.  Was this patient a good candidate for EN via a j-tube placement?  
The j-tube would have to be surgically implanted in the jejunum laparoscopically or through an open procedure or endoscopically (PEJ).  Its placement is more difficult than other feeding placements.  The patient would be an excellent candidate for temporary j-tube placement.  However, the skill level of the doctors that would have to place it should also be taken into account since many institutions rarely have to place j-tubes.
IX. Summary
After hospital discharge, medical records indicated that the patient returned back to the hospital’s outpatient facilities.  On June 5th, 2012, a new medical diagnosis was documented: pancreatic cancer with metastasis to the liver.  A left subclavian infusaport was placed for chemotherapy.  On June 12th, 2012, the patient retuned for CA 19-9 and CMP laboratory tests.  These tests were most likely done to determine if the therapy was working.  On June 15th, 2012, the patient underwent a port flow study with a chest x-ray, and thrombolysis of the infusaport was done to address intermittent clotting in the port.  From this information, it can be postulated that not all of the pancreatic cancer was removed during surgery or that the pancreatic cancer had already spread to the liver without detection prior to the surgery.
This case study represents a traditional pancreatic cancer scenario: adenocarcinoma in the head of the pancreas with late diagnosis.  Admission labs, such as LFTs and pancreatic enzymes, were as expected for a pancreatic cancer patient.  Surgical intervention was the chosen form of treatment, and the procedure undertaken was a pancreaticoduodenectomy.  Following the procedure, the patient had a post-op ileus (POI) – severe constipation and intolerance of oral intake resulting from a non-mechanical insult that disrupts the normal coordinated propulsive motor activity of the GI tract.  General consensus among surgeons is that POI is to some degree a normal, obligatory, and physiologic response to both non-abdominal and abdominal surgery.  It is normally resolved within 72 hours.  The case study patient was gradually progressed to a regular oral diet 5 days following POI diagnosis.  The in-patient length of stay for recovery was 9 days, which is within the usual range of hospital stay post-op (7-10 days).  Since hospital discharge, the cancer has been detected to have spread to the liver.  Metastasis to the liver is common with adenocarcinoma of the head of the pancreas secondary to the close proximity.  The nutrition intervention was education, which was comprehensive and per evidenced-based recommendations.  Diet instruction was given verbally and in writing.  The family and patient verbalized understanding with a plan to adhere to diet modifications (43, 44, 23).

During this case study assignment, I have learned a lot regarding treating a patient with pancreatic cancer.  Critical thinking was implemented to reflect what was done for the patient nutritionally and what other nutrition interventions could have helped the patient improve in nutrition status.  As I continued to research, I learned some new possible nutrition interventions I may want to consider to implement when assessing a patient with pancreatic cancer and patients post-op the Whipple.  
X.  Medical Bibliography

	Table 14: Pertinent Medications (45)

	Medication

Brand name (generic name)
	Action
	Indication
	Side Effects
	Patient Education

	Nexium (esomeprazole)
	Anti-ulcer; anti-GERD

Proton-pump inhibitor: ↓ amount of acid made in stomach
	To prevent gastric acidic contents to enter upward into esophagus, especially post-op
	GI-related symptoms
	May ↓ Fe/B12 absorption; MVI recommended

	Lovenox (enoxaparin sodium)
	Low molecular weight heparin; anticoagulant

Stops formation of substances that form clots
	To prevent formation of new blood clots (especially DVTs during prolonged periods of inactivity)
	↑ K, ↓ TG, ↓ Chol, ↑ FFA, fever, upset stomach
	N/A

	Tylenol (acetaminophen) 
	Analgesic (pain reliever); antipyretic (fever reducer)
Changes the way the body senses pain & by cooling the body
	To relieve mild to moderate pain and reduce fever
	Difficulty swallowing, anemia, ↑ bil, ↑ LFTs (AST, ALT) 
	N/A

	Zofran (ondansetron)
	Serotonin receptor antagonist 

Blocks the action of serotonin (a substance that can cause nausea and vomiting)
	To prevent/treat nausea/vomiting; to secondarily prevent poor oral intake
	GI-related symptoms; ↑ LFTs (AST, ALT)
	N/A

	Benadryl (diphenhydramine)
	Antihistamine

Blocks action of histamine
	To treat/prevent inflammation; sleep aid
	GI-related symptoms
	N/A


XI. References 
1) MedicineNet, Inc. Pancreatic Cancer. Available at: http://www.medicinenet.com/pancreatic_cancer/article.htm. Accessed July 27, 2012.

2) National Cancer Institute. SEER Stat Fact Sheets: Pancreas page. Available at: http://seer.cancer.gov/statfacts/html/pancreas.html. Accessed July 24, 2012.

3) Seena Magowitz Foundation. About Pancreatic Cancer. Available at: http://www.seenamagowitzfoundation.org/pancreatic-cancer-facts.html. Accessed July 24, 2012.

4) University of Montana. Pancreas: Function page. Available at: http://www.montana.edu/wwwai/imsd/alcohol/Vanessa/vwpancreas.htm. Accessed May 29, 2012. 

5) John Hopkins University: The Sol Goldman Pancreatic Cancer Research Center. The Pancreas page and What Causes Pancreatic Cancer page. Available at: http://pathology.jhu.edu/pc/. Accessed June 9-20, 2012.

6) The University of Minnesota. Pancreatic Cancer Treatment page. Available at: http://www.cancer.umn.edu/cancerinfo/NCI/CDR62957.html. Accessed May 24, 2012.

7) The American Association of Endocrine Surgeons. Background: Neuroendocrine Tumor/Carcinoid Tumor Features page. Available at: http://endocrinediseases.org/neuroendocrine/where_neuroendocrine_tumor.shtml.Accessed May 24, 2012.

8) The Ohio State University Wexner Medical Center. Pancreas: Anatomy and Functions page and Biliary System: Anatomy and Functions page. Available at: http://medicalcenter.osu.edu/patientcare/healthcare_services/liver_biliary_pancreatic_disease/Pages/index.aspx. Accessed May 24, 2012.

9) National Cancer Institute. Anatomy of the Pancreas and Duodenum page. Available at: http://training.seer.cancer.gov/biliary/anatomy/. Accessed May 29, 2012.

10) The Saylor Foundation. Hormones of the Pancreas page. Available at: http://biology-pages.info. Accessed June 6, 2012. 

11) UC Berkeley. Endocrine Pancreas page. Available at: http://mcb.berkeley.edu/courses/mcb135e/pancreas.html. Accessed June 6, 2012.

12) Batterham RL, Le Roux CW, Cohen MA, Park AJ, Ellis SM, Patterson M, Frost GS, Ghatei MA, Bloom SR. Pancreatic polypeptide reduces appetite and food intake in humans. Journal of Clinical Endocrinology & Metabolism (serial online). 2003; 88:3989-3992. Available from HireWire Press. Accessed June 6, 2012.

13) Hiller-Sturmhöfel S, Bartke A. The endocrine system: an overview. Alcohol Health & Research World (serial online). 1998; 22:160-161. Available from: http://pubs.niaaa.nih.gov/publications/arh22-3/153.pdf. Accessed May 30, 2012. 

14) American Association for Clinical Chemistry. Lab Tests Online: IGF-1 and Pancreatic Cancer pages. Available at: http://labtestsonline.org/understanding/. Accessed May 30 & July 23, 2012. 

15) Lewitt MS, Denyer GS, Cooney GJ, Baxter RC. Insulin-like growth factor-binding protein-1 modulates blood glucose levels. Department of Endocrinology (serial online). 1991; 129:2254. Available from: Pubmed Medline. Accessed May 30, 2012.

16) Campbell NA, Reece JB, Mitchel LG, Taylor MR. Biology: Concepts and Connections. 4th ed. San Francisco, CA: Pearson Education; 2003:435-439

17) Escott-Stump, S. Nutrition and Diagnosis-Related Care. 7th ed. Baltimore, MD: Williams & Wilkins; 2012. 

18) Duke Raleigh Hospital. Pancreatic Cancer at Duke Raleigh Hospital page. Available at: http://www.dukeraleighhospital.org/healthservices/cancer-center/about/2011-reports/pancreatic-cancer-study. Accessed June 20, 2012.

19) American Cancer Society. Chemo – What is it, How I Happens page and Targeted Therapy page. Available at: http://www.cancer.org/. Accessed July 17, 2012.

20) John Hopkins University: The Sol Goldman Pancreatic Cancer Research Center. The Pancreas page and What Causes Pancreatic Cancer page. Available at: http://pathology.jhu.edu/pc/. Accessed June 9-20, 2012.

21) Cancer News, Articles & Information – Health Hubs. Fruit & Vegetable Consumption Lowers Pancreatic Cancer Risk page. Available at: http://healthhubs.net/cancer/vegetable-fruit-consumption-lowers-pancreatic-cancer-risk/. Accessed June 20, 2012. 

22) Porter RS, Kaplan JL. The Merck Manual. Whitehouse Station, NJ: Merck Sharp & Dohme Corp; 2011:196-198

23) American Cancer Society. Pancreatic Cancer page. Available at: http://www.cancer.org/Cancer/PancreaticCancer/DetailedGuide/pancreatic-cancer-diagnosis. Accessed July 10, 2012.

24) National Cancer Institute. Cancer Staging page. Available at: http://www.cancer.gov/cancertopics/factsheet/detection/staging. Accessed July, 23, 2012.

25) American Association for Clinical Chemistry. Lab Tests Online: IGF-1 and Pancreatic Cancer pages. Available at: http://labtestsonline.org/understanding/. Accessed May 30 & July 23, 2012. 

26) American Society of Clinical Oncology. Types of Treatment page. Available at: http://www.cancer.net/patient/All+About+Cancer/Treating+Cancer/Types+of+TreatmentAccessed July 17, 2012.

27) National Cancer Institute. Targeted Cancer Therapies page. Available at: http://www.cancer.gov/cancertopics/factsheet/Therapy/targeted. Accessed July 17, 2012.

28) Baylor College of Medicine: The Elkins Pancreas Center. Surgical Procedures page. Available at: http://www.bcm.edu/pancreascenter/index.cfm?pmid=10420. Accessed July 17, 2012.

29) University of Nebraska Medical Center, College Medicine, Department of Surgery. Whipple Procedure page. Available at http://www.unmc.edu/surgery/gensurgery_whipple.htm. Accessed May 24, 2012.

30) Nair RJ, Lawler L, Miller MR. Chronic Pancreatitis. American Academy of Family Physicians website. Available at: http://www.aafp.org/afp/2007/1201/p1679.html. Accessed June 19, 2012.

31) Mayo Foundation for Medical Education and Research. The Whipple Procedure page. Available at: http://www.mayoclinic.org/whipple-procedure/about.html. Accessed July 16, 2012.

32) John Hopkins University. Chronic Pancreatitis Therapy page. Available at: http://www.hopkins-gi.org/GDL_Disease.aspx?CurrentUDV=31&GDL_Cat_ID=AF793A59-B736-42CB-9E1F-E79D2B9FC358&GDL_Disease_ID=0ADCFD83-7DE7-4D53-82F5-6F0C9BFB7F14. Accessed July 16, 2012. 

33) Nair RJ, Lawler L, Miller MR. Chronic Pancreatitis. American Academy of Family Physicians website. Available at: http://www.aafp.org/afp/2007/1201/p1679.html. Accessed June 19, 2012.

34) University of Southern California, Department of Surgery: Center for Pancreatic and Biliary Diseases. Pain Management page. Available at: http://www.surgery.usc.edu/divisions/tumor/pancreasdiseases/web%20pages/general/pain%20management.html. Accessed July 17, 2012.

35) Skipper A. Applying the nutrition care process: nutrition diagnosis and intervention. Support Line (serial online). 2007; 29:12-13. Available from: ADA Evidence Library. Accessed June 23, 2012. 

36) Cancer Treatment Centers of America. Pancreatic Nutrition Therapy page. Available at: http://www.cancercenter.com/pancreatic-cancer/nutritional-therapy.cfm. Accessed June 23, 2012.

37) American Academy of Nutrition and Dietetics. Managing Nausea & Vomiting page. Pancreatitis Nutrition Therapy page. Available at: http://nutritioncaremanual.org/. Accessed June 11, 2012.

38) Pancreatic Cancer Action Network. Nutrition after a Whipple page and Diagnosis: Magnetic Resonance Cholangiopancreatography (MRCP) page. Available at: http://www.pancan.org/section_facing_pancreatic_cancer/learn_about_pan_cancer/. Accessed June 9 & 19, 2012.

39) Chen QP. Enteral nutrition and acute pancreatitis. World Journal of Gastroenterology (serial online). 2001; 7:188-189. Available from: WJD Press. Accessed July 26, 2012.

40) Danbury Hospital. What is a Lexiscan Stress test with Thallium page. Available at: http://www.danburyhospital.org/en/Patient-and-Visitor-Information/Information-Guides/~/media/Files/Patient%20Education/patiented-english/pdf_Diagnostic/LexiscanStressTest-Thallium.ashx. Accessed July 23, 2012. 
41) Academy of Nutrition and Dietetics. Table: Predictive Equations for Resting Metabolic Rate in kcal/day page. Available at: http://www.adaevidencelibrary.com/topic.cfm?cat=3209.  Accessed July 24, 2012. 

42) Padden-Jones D, Short KR, Campbell WW, Volpi E, Wolfe RR. Role of dietary protein in the sarcopenia of aging. The American Journal of Clinical Nutrition (serial online). 2009; 87:1562S. Available from: AJCN Online.  Accessed July 25, 2012.

43) Townsend CM, Beauchamp RD, Evers BM, Mattox KL. Textbook of Surgery: the biological basis of modern surgical practice, 17th ed. Elsevier Saunders; 2004. 

44) Patient Power, LLC. The Whipple Procedure page. Available at: http://www.patientpower.info/program/advances-in-the-treatment-of-pancreatic-cancer/transcript/5. Accessed July 24, 2012.

45) Pronsky ZM, Crowe JP. Food Medication Interactions. 16th ed. Birchrunville, PA: Food Medication Interactions; 2010.

31

