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Epidemiology y 
Periampullaryy cancer including pancreatic, distal bile duct and ampullary cancer is a dismal disease.1 

Thee overall 5-year survival after resection ranges from 8% to 21% in pancreatic cancer, 24% to 

27%% in distal bile duct cancer and 35% to 46% in ampullary cancer.3" Since more than 60% of 

periampullaryy cancers originate from the pancreas, this thesis will be focused mainly on pancreatic 

cancerr despite the fact that some chapters concern different aspects of periampullary cancer.5 

Inn the United States approximately 31,560 newly diagnosed cases of pancreatic cancer and an 

equall number of deaths will be registered in 2004, making it the fourth leading cause of cancer 

deathh in the western world.6 The peak incidence occurs in the seventh and eighth decades of life, 

withh the average age at diagnosis being 60 to 65 years.7 

Thee survival rate of patients with pancreatic cancer is poor. For all stages combined the 1-year 

survivall rate is 19% and the 5-year survival rate is 4%.8 The 5- year survival rate after resection for 

pancreaticc cancer is 8% in the Academic Medical Center in Amsterdam and 17% in the Johns 

Hopkinss Medical Institutions in Baltimore.39 Unfortunately, most patients with a pancreatic 

adenocarcinomaa actually are not eligible for surgery, because they present with late-stage disease.'0 

Pancreaticc cancer often eludes during its formative stages due to a lack of specific symptoms and 

limitationss in diagnostic methods. Early detection seems to be the key. We therefore need new 

testss that can diagnose early pancreatic cancers or better yet the precursors to these cancers. 

Development t 
Thee past decade has witnessed an exponential growth in our understanding of the nature of 

pancreaticc cancer. It is now clear that pancreatic cancer is fundamentally a genetic disease, 

causedd by inherited an acquired mutations in cancer-related genes.1' With the help of 

immunohistochemicall techniques and a unified nomenclature system to classify the intraductal 

precursorr lesions of pancreatic ductal carcinoma, a histological and genetic progression model 

hass been developed (http://pathology.jhu.edu/pancreas/panin). Similar to the progression in 

colonn cancer from normal epithelium to adenoma to infiltrating carcinoma, pancreatic cancer 

followss a stepwise development from non-invasive intraepithelial precursor lesions termed 

pancreaticc intraepithelial neoplasms (PanlNs) (figure 1)." ' ! 

Thee histological progression from PanlN-1A (flat) via PanlN-1B (papillary) and PanlN-2 (atypical 

papillary)) to PanlN-3 (severely atypical) has been associated with the simultaneous accumulation of 

multiplee genetic alterations including activating point mutations in the K-ras oncogene, overexpression 

off Her-2/neu, and inactivation of the p16, p53, DPC4, and BRCA2 tumor-suppressor genes.12'

http://pathology.jhu.edu/pancreas/panin


Figuree 1 Progression model for pancreatic cancer. The progression from a histologically normal duct lesion to 
flatt duct lesion (PanlN-1A) to papillary duct lesion (PanlN-1B) to atypical papillary duct lesion (PanlN-2) to 
severelyy atypical duct lesion/carcinoma in situ (PanlN-3) is associated with the accumulation of specific genetic 
alterationss (with permission).1! 

Oncogenes s 
Activatingg point mutations in the K-ras oncogene are the most common genetic alteration identified 

inn more than 90% of pancreatic ductal cancers.';',8 They frequently occur early in the progression 

fromm normal duct epithelium to carcinoma. The localization of the majority of K-ras mutations to 

aa single codon makes them relatively easy to detect. This makes K-ras a potential candidate for 

thee development of a molecular-based diagnostic and screening tool for pancreatic cancer.'9Ki 

Interestingly,, mutant K-ras has been found in patients with chronic pancreatitis as well.7' Sensitivity 

andd specificity of the different K-ras mutation analyses are not yet well known, which makes 

theirr clinical use uncertain. 

Tumorr suppressor genes 
Inn contrast to the K-ras mutations causing increased functioning in cells, tumor-suppressor genes 

contributee to carcinogenesis through a loss of function. Thep76gene, located on chromosome 9p, 

iss the most commonly inactivated tumor-suppressor gene in pancreatic cancer.''4 It is inactivated in 

approximatelyy 95% of pancreatic cancers and can be detected as early as the PanlN-1A stage.16-22 

pipi 6 inhibits several growth factors leading to a relatively uncontrolled proliferation. 

Thee p53 gene, located on chromosome 17p, is the second most frequently inactivated tumor-

suppressorr gene in pancreatic cancer. Inactivation of p53 leads to the loss of two important controls 

off cell growth: regulation of cellular proliferation and the induction of cell death. Despite its frequent 

intrageneticc mutation in pancreatic cancer, inactivation of p53 is a relatively late event in the 

carcinogenesiss that typically occurs when an in situ carcinoma (PanlN-3) becomes invasive.'' 

Thee DPC4 (deleted in pancreatic cancer locus 4, SMAD4) tumor-suppressor gene, located on 

chromosomee 18q, is mutated or homozygously deleted in approximately 55% of pancreatic 



ductall cancers.23 Like in p53, DPC4 inactivation is a late event in pancreatic carcinogenesis. While 

expressionn of DPC4 is present in flat, papillary, or atypical papillary intraductal neoplasms (PaniN-

11 A, 1B and 2), it is inactivated in approximately 30% of severely atypical intraductal neoplasms 

(PanlN-3)) as demonstrated by immunohistochemical labeling.24 Loss of DPC4 function inhibits 

thee transforming growth factor-B (TGF-B) pathway, possibly affecting cell growth rate and / or 

tumorr angiogenesis." 

Genomee maintenance genes 
Genomee maintenance genes, also known as DNA mismatch repair genes, encode for proteins that 

checkk the fidelity of DNA replication. When a genome maintenance gene is dysfunctional due to 

inactivation,, errors that normally occur during DNA replication are not corrected. Mutations in 

genomee maintenance genes can result in a characteristic alteration in tumor DNA called microsatellite 

instability.. Approximately 3% of pancreatic carcinomas display microsatellite instability.25 

Theree are two important checkpoints for maintaining chromosome stability. The first is the DNA-

damagee checkpoint, which prevents cells with DNA damage from entering mitosis. BRCA2 is one 

off the genes that play a role in DNA-damage checkpoint control implicated in human 

carcinogenesis."" The BRCA2 (breast cancer 2) gene, located on chromosome 13q and frequently 

inactivatedd in breast cancer families, is mutated in approximately 7-10% of pancreatic cancers. 

BRCA2BRCA2 appears to be an inherited germ-line mutation as opposed to the acquired mutations 

commonlyy seen inp76, p53 and DPC4 and it is inactivated late in pancreatic carcinogenesis.28 Its 

proteinn is believed to function as a genomic maintenaince gene by preventing the DNA strands 

too break, which occurs during normal cell cycle division. The combination of the relatively low 

incidencee and late onset of inactivation of the BRCA2 gene makes it less suitable as a general 

candidatee tumor marker. However, it is conceivable that inactivation of the BRCA2 pathway in a 

smalll subset of pancreatic cancers conveys a favorable reaction and responsiveness of these 

tumorss to chemotherapeutic agents known as cross linkers, e.g. mitomycin C.29 

Thee second is the spindle checkpoint, which ensures that the chromatids do not separate until 

theyy are properly aligned along the mitotic spindle. Abnormalities in spindle checkpoint genes 

alsoo lead to chromosomal instability. One of the major mechanisms for the generation of 

chromosomall instability is telomeric dysfunction.30 3T Telomeres are structures present at the end 

off linear chromosomes comprising repeat sequences that prevent fusion between ends of 

chromosomes.. Telomeric fusions between chromosomal arms may occur in the presence of critically 

shortenedd telomere repeat sequences.31 



Identificationn of new genes 
Inn the past five years the development of new techniques of gene expression profiling has advanced 

ourr understanding of pancreatic carcinoma. Serial analysis of gene expression (SAGE) is one of 

thesee relatively new techniques which detects the total mRNA expression in samples of interest 

andd obtains a comprehensive profile of cellular gene expression.32 33 Neoplastic tissues are compared 

too non-neoplastic or normal tissues identifying candidate genes that are differentially expressed. 

Comparisonss of SAGE libraries derived from pancreatic carcinomas to SAGE libraries derived 

fromm normal pancreatic duct epithelium have identified several genes as highly expressed in 

pancreaticc cancers.34 Other technologies like cDNA microarrays, oligonucleotide arrays, and 

proteomicss have advanced our understanding of pancreatic cancer. All these global gene expression 

methodss have revealed an enormous amount of information providing novel insight into the 

biologyy of pancreatic cancer, which serves to generate new studies. 

Diagnosiss and staging 
Thee early symptoms of pancreatic cancer are nonspecific and become usually only specific after 

invasionn or obstruction of a nearby structure. Obstruction of the biliary tree resulting in jaundice 

iss the most common initial physical finding in pancreatic head carcinoma. Laboratory studies 

showw the accompanying nonspecific elevated serum bilirubin, alkaline phosphatase, and gamma 

glutamyll transpeptidase. The most extensively studied tumor marker CA19-9 has proven not to 

bee useful as diagnostic marker, but rather as marker for tumor recurrence.3^ 

Inn most hospitals spiral computed tomography (CT) is the primary imaging study for patients 

withh suspected periampullary cancer.36 Its sensitivity ranges from 85% to 95% and approaches 

100%% for lesions larger than 15 mm.37 Yet maximal benefit of surgical resection is to be expected 

inn patients with small lesions. For early detection, endoscopic ultrasonography (EUS) with or 

withoutt fine-needle aspiration (FNA) may be the imaging modality of choice because it detects 

smallerr pancreatic lesions.38 The finding of a combination of strictures in the extrahepatic biliary 

ductt and the pancreatic duct (double duct sign) at endoscopic retrograde cholangiopancreato-

graphyy (ERCP) is virtually pathognomonic for pancreatic adenocarcinoma.39 Moreover, cytologic 

specimenss can be obtained by brushing the distal bile duct during ERCP, which might help to 

differentiatee between malignant and benign lesions/0 Although magnetic resonance imaging 

(MRI)) offers no advantage over CT, the introduction of MR-cholangiopancreatography (MRCP) 

makess it possible to visualize both the bile duct and pancreatic duct.41 Diagnostic laparoscopy 

appearss to provide little additional information and is not warranted in patients who would 

benefitt from palliative surgery if unresectable." 

Ann accurate tissue diagnosis is helpful in determining the treatment strategy in patients with 

suspectedd pancreatic cancer. With the introduction of EUS-guided FNA an advance in tissue 



samplingg has been notable. The sensitivity and specificity of EUS-guided FNA for the diagnosis of 

adenocarcinomaa ranges from 75% to 94% and from 50% to 100%, respectively, with a diagnostic 

accuracyy between 86% and 94%.43 This variable and low sensitivity possibly caused by inadequate 

samplingg of the lesion impedes the diagnostic process. ERCP is another valuable method for 

obtainingg cytology by brushing an undiagnosed bile duct stricture in order to differentiate 

malignantt from benign lesions. Although the specificity of brush cytology for detecting malignant 

stenosess is up to 95%, its sensitivity remains low between 35% and 40%.'9 

Analysiss of the obtained cytology for the known molecular changes occurring stepwise in the 

progressionn from normal epithelium to carcinoma may improve the sensitivity for the diagnosis 

off periampullary malignancies, K-ras codon 12 point mutations have been widely studied in 

cytologyy samples, pancreatic juice and serum. Several studies have found that K-ras mutation 

analysiss may help to differentiate between malignant and benign lesions and is more accurate 

thann cytology alone."446 Unfortunately, mutant K-ras is also found in patients with chronic 

pancreatitiss without pancreatic cancer, and thus the specificity of K-ras analysis for an accurate 

diagnosiss of neoplastic disease remains a concern. However, a long follow-up period may be 

neededd to determine the true significance of these K-ras mutations found in patients without 

obviouss neoplastic disease. Several techniques for the detection of K-ras mutations have been 

developedd in other cancers. The novel amplification refractory mutation system (ARMS) assay is 

aa quantitative test for K-ras mutations and potentially should yield a specificity of a 100%.47 

Combiningg K-ras analysis with P16, P53 and DPC4 will hopefully allow higher specificity without 

losss of sensitivity. Immunohistochemical analysis for proteins of genes mutated early in pancreatic 

cancerr may be of value, particularly if combined with immunohistochemtca! analysis of other 

proteinn products. Immunohistochemistry for the DPC4 protein showed that loss of expression is 

specificc for the diagnosis of pancreatic and bile duct cancer.48 

Resection n 
Inn 1912 Kausch reported the first successful resection of a portion of the pancreas and the 

duodenumm for an ampullary cancer.d9 In 1935 Whipple and colleagues reported the first three 

pancreaticoduodenectomies.. Surgical resection has since offered the only chance for cure in 

patientss with periampullary cancer.1-50 Aithough Kausch and Whipple described the 

pancreaticoduodenectomyy with sparing of the pylorus and the entire stomach, in the 1970s 

pancreaticoduodenectomyy was most commonly performed in combination with a distal 

gastrectomy.. In 1978 Traverso and Longmire repopularized the concept of pylorus preservation 

duringg pancreaticoduodenectomy (figure 2).23' 

Todayy this is still the operation of choice in most periampullary cancers including pancreatic, 

distall bile duct and ampullary cancer. However, preoperative differentiation between benign 



Figur ee 2 Pylorus-preserving pancreaticoduodenectomy. Left : The structures resected include the duodenum, head, 
neckk and uncinate process of the pancreas with tumor (black); gallbladder; and distal extrahepatic biliary tree. 
Middle ::  The structures retained include the entire stomach, pylorus, proximal 1 to 2 cm of duodenum, body 
andd tail of the pancreas, proximal biliary tree, and jejunum distal to the ligament of Treitz. 
Right ::  The reconstruction is shown as a proximal end-to-end pancreaticojejunostomy, hepaticojejunostomy 
andd duodenojejunostomy.2 

andd malignant lesions is often difficult, while this distinction might have implications for the 

optimall treatment strategy. For example, (non-invasive) ampullary adenomas should preferably 

bee treated wi th local resection. Controversy currently exists whether the "suspicious for cancer" 

adenomass or early pT1 carcinomas can be adequately treated by local resection or should be 

treatedd by a pancreaticoduodenectomy. 

Centralization n 
Givenn the small number of long-term survivors after resection for periampullary cancer, 

minimizationn of surgery-related morbidity and mortality is imperative. Reported morbidity after 

pancreaticc resection remains substantial with percentages in literature between 30% and 50%.9-52-53 

Althoughh once associated wi th high operative mortality, pancreatic resection can now be 

performedd relatively safely at several centers wi th reported 5-year survival rates up to 40%.9 

However,, hospital mortality rates after pancreatic resection still differ considerably in statewide 

andd nationwide surveys.'" In large series from specialized centers mortality rates vary between 

0%% and 4%.? 9=s These figures are in sharp contrast wi th a large survey from the UK that revealed 

aa mortality rate of 28% in a 10-year period.1'6 Inverse relationships between hospital volume and 

mortalityy have long been recognized and are strongest in high-risk surgical procedures such as 

pancreaticc resection/' ' The "practice makes perfect" hypothesis originally proposed by Luft et al. 

inn 1979 seems to remain valid, but it is difficult to demonstrate since evidence is hard to get. The 

onlyy way to get unbiased data on mortality rates is to keep up all patients undergoing a pancreatic 

resectionn in an independent nationwide registry. 



Palliation n 

Att the time of clinical presentation approximately 80% of patients are not eligible for surgical 

resectionn because of local spread or metastatic disease found during diagnostic work-up.^ In 

casee of unresectability appropriate palliation of the major symptoms including jaundice, duodenal 

obstructionn and pain is of utmost importance. Both surgical and non-surgical strategies can be 

usedd for the relief of mentioned symptoms, but no consensus has been reached on which 

strategyy should preferably be used, nor the criteria for selection of the patients for either 

treatmentt are known.1''86' 

Aroundd 70% of the patients diagnosed with pancreatic cancer suffer from obstructive jaundice. 

Iff left untreated, this can result in progressive liver failure and early death.6-1' Biliary decompression 

cann be achieved by non-surgicai intervention with endoscopic or percutaneous transhepatic 

techniques,, or by surgical intervention. The short-term success rate of non-surgical intervention 

inn term of relief of the biliary obstruction varies between 82% and 100%."' However, stent 

obstructionn and cholangitis are seen in up to 20% to 50% of the patients who survive longer 

thann 6 months.63 In most studies, a surgical intervention by means of a bypass is associated with 

higherr mortality and morbidity rates, but less recurrent obstructive jaundice during follow-up.61 

Sincee the development of endoscopic techniques is still ongoing, the choice between non-surgical 

andd surgical management of jaundice remains under discussion. 

Thee very same discussion as in biliary obstruction accounts for the treatment options in patients 

withh duodenal obstruction. Approximately 10-20% of patients with advanced pancreatic cancer 

developp duodenal obstruction at some point before death.6'1 In several studies a correlation is 

foundd between survival and the development of duodenal obstruction: the longer the survival, 

thee higher the rate of duodenal obstruction. 

Figur ee 3 Double bypass consisting of a hepaticojejuno-
stomyy and a prophylactic gastrojejunostomy 
("withh permission - © S.M.M, de Castro) 



Painn is present in 30-40% of patients presenting with unresectable pancreatic cancer and increases 

too 90% shortly before death.65 Untreated pain significantly affects quality of life in most of these 

patients,666 Therefore, several studies have been performed addressing the different options for 

painn relief, for example intraoperative chemical splanchnicectomy,67 

Off the patients with periampullary tumors who undergo an exploratory laparotomy with the 

intentionn to perform a pancreaticoduodenectomy, still 25% to 75% prove to have unresectable 

disease.666 At that stage the obvious means for palliation of obstructive jaundice is operative 

biliaryy decompression by some form of surgical bypass, e.g. a hepaitcojejunostomy. The advice 

followingg a randomized controlled trial performed at the Johns Hopkins Medical Institutions in 

19999 was to perform a prophylactic gastrojejunostomy routinely in patients with periampullary 

cancerr found to be unresectable during laparotomy. Nevertheless, controversy still exists in general 

surgicall practice if a double bypass should be performed routinely in these patients (figure 3),6869 
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OUTLINEE OF THE THESIS 







Thee studies in this thesis discuss a wide range of different developments in the diagnosis and 

treatmentt of pancreatic cancer. Therefore this thesis is divided into two parts. In PART I -

Molecula rr  Markers , the emphasis is laid on possible ways to detect periampullary and particularly 

pancreaticc carcinomas in an early stage to increase the chance for curative resection. Since 

pancreaticc cancer is basically a disease of the genes, the optimal marker needs to be sought in 

thee molecular changes that occur relatively early in the stepwise tumor progression from normal 

epitheliumm to infiltrating carcinoma. Such molecular changes may ultimately prove to be sensible 

targetss for different treatment options. In particular for early detected lesions optimal surgical 

managementt with low mortality offers the only possibility for cure. Therefore, in PART II -

Management ,, several aspects of the management of the different periampullary cancers are 

evaluated.. Surgical procedures with curative as well as palliative intention are discussed. 

PARTT I - Molecular Markers 

Inn Chapte r 1 the detection of micrometastases in bone marrow of patients with suspected 

pancreaticc and ampullary cancer is prospectively evaluated. The predictive value of positive 

micrometastasess on the overall survival is determined. 

Finee needle aspirations of periampullary tumors are often not conclusive in their diagnosis when 

onlyy conventional cytology is performed. Since K-ras, p53 and DPC4 are genes frequently mutated 

inn the development of periampullary cancers, we used this genetic panel in Chapte r 2 to explore 

whetherr its use could improve the diagnostic yield of cytological samples interpreted as atypical, 

i.e.. suspicious but not conclusive for cancer. 

Standardd staging procedures of periampullary tumors do not identify all patients with an adverse 

outcomee despite apparently successful resection. The purpose of Chapte r 3 was to determine 

whetherr cytologic examination and K-ras mutation analysis of intraoperative abdominal washings 

obtainedd from patients with periampullary carcinoma could identify a subset of patients with a 

worsee prognosis. 

Althoughh K-ras mutation analysis is a valuable adjunct to brush cytology alone in diagnosing a 

malignantt cause of extrahepatic biliary stenosis, its specificity remains a concern. The aim of 

Chapte rr  4 was to determine whether the finding of a K-ras mutation in endobiliary brush cytology 

off patients with a clinically benign extrahepatic biliary stenosis represent an early or false-positive 

diagnosiss of cancer after long-term follow-up. 

Inn order to estimate the prevalence of K-ras codon 12 mutations in brush cytology and bile from 

patientss without clinically manifest periampullary cancer, and also not "at risk", i.e. without 

advancedd precursor lesions, the "epidemiologic necropsy" study design was used in Chapte r 5. 

Inn this design necropsies without the disease under evaluation and without risk factors for that 



diseasee are used for study. In this way it is possible to determine the prevalence of mutations in 

thee general population and therefore the specificity of the K-ras mutation analysis when used as 

aa screening test in subjects without manifest disease. 

Recently,, a novel test for K-ras mutations called the Amplification Refractory Mutation System 

(ARMS)) assay has been developed. This is a quantitative assay that in principal increases the 

specificity,, and specificity is of major importance when screening for malignant disease (see 

chapterr 4). The aim of the study described in Chapte r 6 was to assess the test characteristics and 

additionall value of the ARMS assay in diagnosing the cause of extrahepatic biliary stenosis. 

Telomericc dysfunction is a major mechanism for the generation of chromosomal instability (CIN). 

Thee timing of telomeric dysfunction has not yet been examined in the context of the multistage 

progressionn model (PanlNs) of pancreatic cancer (General introduction, figure 1). In Chapte r 7 

wee examined the telomere repeat lengths by means of a novel fluorescence in situ hybridization 

protocoll using tissue microarrays with a series of 82 PanIN lesions of all histological grades. 

Novell tumor markers for pancreatic cancer are needed for early detection and development of 

promisingg treatment modalities. The aim of Chapte r 8 was to identify genes differentially expressed 

inn pancreatic cancer. cDNA from normal pancreas and pancreatic cancer tissue was hybridized to 

thee Affymetrix Human Genome U95 GeneChip set for simultaneous analysis of 60,000 cDNA 

fragments.. Genes expressed at levels at least fivefold greater in the pancreatic cancers as compared 

too normal tissues were identified and a selection was validated. 

Thee molecular profiles of ampullary carcinoma, which has the best prognosis from all periampullary 

carcinomas,, are not yet well understood. In Chapte r 9 we utilized high-throughput gene expression 

analysiss to identify the genes differentially expressed in ampullary carcinoma. The identified 

geness might serve as diagnostic markers or a lead for further research to therapeutic targets. 

PARTT II - Management 

Ampullaryy tumors are relatively uncommon and differentiation between adenoma and carcinoma 

iss often difficult. Furthermore there is still discussion on the extent and type of surgery needed in 

thesee tumors. Short-term results and long-term survival after local and radical resection of ampullary 

adenomass and adenocarcinomas were analyzed in Chapte r 10. The aim was to identify those 

tumorss that may be treated by local resection. 

Resectionn is the only curative treatment option for pancreatic cancer. Given the small number of 

long-termm survivors, minimization of surgery-related mortality and morbidity is imperative. 

Numerouss studies have shown that several high-risk surgical procedures can be performed with 

aa lower postoperative mortality rate in high volume centers compared to low volume centers. 

Nevertheless,, centralization of pancreatic surgery is still under debate. In Chapte r 11 the effect 

off hospital volume on hospital mortality after pancreatic resection was determined by performing 



aa systematic review of the available data. 

Thee Netherlands is one of the few countries with an independent nationwide registry of the 

mortalityy data after pancreaticoduodenectomy. During the last decade a plea for centralization 

off pancreaticoduodenectomy in high-volume centers has been taken place in the Netherlands. In 

Chapte rr  12 the effect of this plea is analyzed by the evaluation of changes in mortality after 

pancreaticoduodenectomyy as well as changes in referral pattern between 1994 and 2003. 

Att time of presentation around 80% of patients with periampullary cancer is unresectable. In 

thesee patients palliation of the major symptoms such as jaundice, duodenal obstruction and 

pain,, is of major importance. Chapte r 13 summarizes the methods of surgical and non-surgical 

palliativee treatment in pancreatic cancer. 

AA minority of the patients undergoing an exploratory laparotomy with the intention to perform 

aa pancreaticoduodenectomy appears to have unresectable disease during operation. Controversy 

stilll exists whether or not a double bypass should be performed routinely in these patients. The 

randomizedd controlled trial in Chapte r 14 compares the outcome after a double bypass consisting 

off a hepaticojejunostomy and a prophylactic gastrojejunostomy with the outcome after a single 

bypasss existing of a hepticojejunostomy alone. The aim was to evaluate the effect of a prophylactic 

gastrojejunostomyy on the development of gastric outlet obstruction and quality of life in patients 

withh unresectable periampullary cancer found during exploratory laparotomy. 
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Backgroun d d 

AA lot of patients undergoing a radical resection for pancreatic cancer will ultimately suffer from distant 

metastases.metastases. Dissemination of malignant cells might have already taken place before surgery. Detection of 

thesee so-called micrometastases would improve pre-operative patient selection. This prospective study 

aimedd to evaluate the detection of micrometastases in bone marrow of patients with suspected pancreatic 

orr ampullary cancer and to determine their predictive value on overall survival. 

Method s s 

Betweenn December 1997 and December 1998, 35 patients (19 men, 42-77 years) with suspected pancreatic 

orr ampullary cancer underwent diagnostic laparoscopy as a final staging procedure before exploration. 

Bonee marrow was aspirated from the iliac crest at the beginning of laparoscopy. Mononuclear cells were 

isolatedd and stained using the specific monoclonal antibody CAM 5.2. 

Result s s 

Cytokeratin-positivee cells were detected in 12/35 (34%) of all patients. In the 31 patients with a final 

diagnosiss of carcinoma, a positive staining was found in 10/31 (32%) of the bone marrow aspirates. After 

aa median follow-up of 17 months (2-24), 15/31 (48%) patients had died: 7/10 (70%) with and 8/21 (38%) 

withoutt micrometastases (p<0.04). All four patients who turned out to have chronic pancreatitis, were alive 

withoutt malignancy. In two of these four patients distinctly cytokeratin-positive cells were seen. 

Conclusion s s 

Micrometastasess in bone marrow of patients with the final diagnosis pancreatic or ampullary carcinoma 

seemm to predict a significantly shorter survival. However, clinical use of cytokeratin markers cannot be 

recommendedd at present, because false positive staining was found. 



Thee prognosis of patients with a pancreatic carcinoma is poor: the overall 5-year survival rate is 

2%.11 Surgery is the only possible curative treatment modality.2 Still 70-80% of patients who 

undergoo a radical resection by a pylorus preserving pancreatoduodenectomy (PPPD), will suffer 

fromm an incurable locoregional relapse or distant metastases.3 Locoregional relapse is mostly 

causedd by an irradical resection, which potentially can be shown by the presence of tumor in the 

dissectionn margins of the specimen. Distant metastases ultimately depend on dissemination of 

malignantt cells, which has possibly already taken place before primary surgery. These so-called 

micrometastasess are not detectable with conventional diagnostic tools. The ability to detect 

micrometastasess would improve pre-operative patient selection and could guide future 

multimodalityy treatment.46 With the development of sensitive immunocytochemical methods, 

micrometastaticc cells can now be directly assessed. The analysis makes use of monoclonal 

antibodiesantibodies against cytokeratins, components of the cytoskeleton of all epithelial cells.7 Against 

thee exclusively mesenchymal background of the bone marrow, micrometastases of epithelial 

tumorss can be detected with great precision and sensitivity.8 In patients with breast9, colon10 and 

lung44 carcinomas, the presence of these cells influenced the prognosis. 

Feww studies concern the presence of epithelial cells in bone marrow of patients with pancreatic 

andd ampullary cancer, a tumor rarely metastasizing to the skeleton. The variation in detection 

ratee of epithelial cells which is found in these studies (19%-61%), has raised doubts about the 

significancee of the presence of such disseminated cells in pancreatic cancer. The aim of this study 

wass to evaluate the possibility to detect micrometastatic tumor cells in bone marrow of patients 

suspectedd of having a pancreatic or ampullary carcinoma, and to determine their predictive value 

onn overall survival. 

Patients s 
Betweenn December 1997 and December 1998, 35 patients who were admitted to the Academic 

Medicall Center in Amsterdam with a suspected tumor in the pancreatic head region participated 

inn this study after informed consent was obtained. A patient was included when extensive 

radiologicall staging consisting of computed tomography scans, ultrasonography combined with 

Doppler,, and endoscopic retrograde cholangiopancreatography had shown that the tumor 

probablyy was resectable.2'' A patient was excluded when preoperatively, before the laparoscopy, 

histologicallyy proven distant metastases were found. All patients underwent diagnostic laparoscopy 

ass a final staging procedure several weeks prior to a planned explorative laparotomy."'2 In two 

patientss metastases were proven during laparoscopy and the remaining 33 patients underwent 

explorationn for a pancreatic head tumor considered possibly resectable after laparoscopy. Because 



off the heterogeneity in the final diagnosis and operative treatment in this patient group, a division 

inn four subgroups was made (table 1); 

1.. Patients (n=14) who underwent a pylorus preserving pancreatoduodenectomy (PPPD) for a 

histologicallyy proven adenocarcinoma of the pancreatic head 

2.. Patients (n=13) who underwent a palliative drainage procedure by surgical bypass (n= 11) or 

stentt (n=2). Of the 11 patients who underwent a surgical bypass, 7 patients were diagnosed 

withh a pancreatic head carcinoma, and 4 patients with an ampullary carcinoma. One of the 

22 patients who underwent a stenting procedure was diagnosed with an ampullary carcinoma, 

thee other with a carcinoma of the body of the pancreas. In 9 of the 13 patients, irresectability 

off the tumour was due to local ingrowth, and in 4 patients the tumour could not be resected 

duee to the finding of distant metastases during laparoscopy (n=2) or laparotomy (n=2). In 

casee of a suspicion of local ingrowth during laparoscopy, an explorative laparotomy was still 

performedd in order to obtain histological proof for the ingrowth. 

3.. Patients (n=4) who underwent a PPPD for a histologically proven ampullary carcinoma. Because 

thiss disease is known to have a better prognosis than an adenocarcinoma of the pancreatic 

head,, we distinguished this subgroup.15:6 

4.. Patients (n=4) who underwent a PPPD for what appeared to be a benign disease after 

histopathologicall examination 

Bonee marrow samples 
Afterr the induction of general anesthesia and before the start of the laparoscopy, all patients 

weree subjected to aspiration of 10 ml bone marrow. This was obtained from the upper iliac crest 

throughh an aspiration needle (Becton-Dickinson, New Jersey, USA). The aspirates were collected 

inn heparin 100 lU/ml and mingled in a 1:1 volume with RPMI 1640 (Boehringer Ingelheim, 

Belgium).. This was centrifuged through a Ficoll-Hypaque density gradient (Pharmacia, Freiburg, 

Germany,, density 1.077 g/mol) at 600 g. for 30 minutes. Mononuclear cells were deposited on 

glasss slides (1,0x106 cells per slide) by cytocentrifugation at 1200 rpm for 5 minutes. Two cytospins 

weree stained according to the routine PAP/Giemsa method. Epithelial cells in the bone marrow 

weree identified immunocytochemically by staining ten cytospins with the mouse monoclonal 

antibodyy CAM 5.2 OgG;a, Becton-Dickinson) which is specific for intracellular cytokeratin 

componentss 8 and 18. 

Analysis s 
Thee same pathologist examined all slides by bright-field microscopy. A CAM 5.2 slide was regarded 

ass positive when specific cellular staining was seen. Because there was no background staining, 

theree were no indeterminate results. 



Tablee 1 Detection of cytokeratin (CK)-positive cells in the four subdivisions 

PPPD,, cancer pancreas 
Palliation,, cancer 
PPPD,, cancer ampulla 
PPPD.. no cancer 

CK-positiv e e 
bon ee marro w 

(n=12) ) 

44 (29%) 
44 (31%) 
22 (50%) 
22 (50%) 

CK-negativ e e 
bon ee marro w 

(n=23) ) 

10(71%) ) 
99 (69%) 
22 (50%) 
22 (50%) 

Al ll  patient s 

(n=35) ) 

14(40%) ) 
13(37%) ) 
44 (11%) 
44 (11%) 

Figuree 1 Cytospin of a typically positive bone 
marroww sample stained with CAM 5.2 
(magnificationn 10 x 160) (x5  page 257) 

n n 
3" " 

Statisticall analysis I 
Forr statistical analysis either the chi-square or, when appropriate, the Fisher's exact test was used 

too compare categorical variables. We used the Mann-Whitney U test to assess the differences in 

thee means. All tests were two-tailed and a p-value of less than 0.05 was considered as statistically _ 

significant.. Life-table curves for the 31 patients with an adenocarcinoma of the pancreas or 5 

ampullaa were constructed according to the Kaplan-Meier method. Survival distributions in the n> 
to to 

patientss with bone marrow micrometastases and those without micrometastases were compared £ 
01 01 

byy use of the log-rank statistic. The number of patients appeared to be too small to perform a {J> 

multivariatee statistical analysis. jL 
o o 

i i 
- t t 

Bonee marrow aspirates from 16 female and 19 male patients with a suspected tumor in the pancreatic

headd region and a median age of 63 (range 42-77) were examined immunocytochemically. 

Cytokeratinn (CK)-positive cells were detected in the bone marrow aspirates of 12/35 (34%) of all 

includedd patients. Table 1 shows the distribution of the cytokeratin-positive bone marrow aspirates 

inn the 4 subgroups. In the 31 patients with a final diagnosis of carcinoma, a positive staining was 

foundd in 10/31 (32%) of the bone marrow aspirates. In two of the four patients (50%) in whom 

thee final, histological diagnosis after a resection was chronic pancreatitis, distinctive staining by 

thee monoclonal antibody CAM 5.2 was seen. Figure 1 shows a positive cytospin of such patient 

withoutt a malignancy. 



Tablee 2 Clinical characteristics of the patients with a suspected tumor in the pancreatic head region, according 
too the presence or absence of occult metastatic cells in bone marrow 

CK-positivee CK-negative Al l Patients 
bon ee marro w bon e marro w 

(n=12)) (n=23) (n=35) 

Mediann age -yr * 
Sex:: F 

M M 

Treatment t 
Resectionn - R0t 
Resectionn - R,,2t 
Palliativee drainage 

Histology y 
Malignant t 
Non-malignant t 

Tumorr characteristics (UICC'97) 
Size:: T1 (<2cm) 
T22 (>2cm) 

T3 3 
T4 4 

Lymphh Node Status 
NO O 
N1 1 

Distantt Metastases (liver) 
MO O 
M1 1 

61 1 
55 (42%) 
77 (58%) 

77 (58%) 
11 (8%) 
44 (34%) 

10(83% % 
22 (17% 

(n=10) ) 
44 (40%) 
11 (10%) 
33 (30%) 
22 (20%) 

55 (50%) 
55 (50%) 

88 (80%) 
22 (20%) 

63 3 
111 (48%) 
12(52%) ) 

10(44%) ) 
44 (17%) 
99 (39%) 

211 (91%) 
22 (9%) 

(n=21) ) 
77 (33%) 
55 (24%) 
77 (33%) 
22 (10%) 

12(57%) ) 
99 (43%) 

211 (100%) 
0 0 

63 3 
16 6 
19 9 

17 7 
5 5 

13 3 

31 1 
4 4 

(n=31 1 
11 1 
6 6 

10 0 
4 4 

17 7 
14 4 

29 9 
2 2 

UICC.. International Union Against Cancer21. * Age range 42-77 years 
tt RQ: no residual disease; R.,,: microscopic/macroscopic residual disease 

Thee clinical characteristics of the study population divided in CK-positive and CK-negative bone 

marroww aspirates are shown in table 2. No differences were found between the two groups 

regardingg either tumor size (p=0.71), nodal status (p=0.77) or resection rate, respectively 8/12 

(67%)) in the CK-positive and 14/23 (61%) in the CK-negative bone marrow samples (p=1,0). The 

evaluationn of patients with radical operations (R0 resection) showed that 7/17 (41%) of the 

patientss already had micrometastatic tumor cells in the bone marrow at the time of operation. 

Liverr metastases were found in 17% (2/12) of patients with CK-positive bone marrow, whereas 

noo patients wi th CK-negative bone marrow appeared to have liver metastases. 

Afterr a median follow-up of 17 months (2-24), 15/31 (48%) patients wi th pancreatic carcinoma 

hadd died: 7/10 (70%) of the patients with, and 8/21 (38%) of the patients without micrometastases. 

Thee median survivals in the different groups are summarized in table 3. The Kaplan-Meier survival 

analysiss of the 31 patients wi th carcinoma of either pancreas or ampulla showed that cytokeratin 



Tablee 3 Overall survival in the different groups comparing patients with and without CK-positive cells in their 
bonee marrow aspirates 

PPPD,, cancer pancreas 
CK-positivee bone marrow (n= 4) 
CK-negativee bone marrow (n=10) 

Palliation,, cancer 
CK-positivee bone marrow (n= 4) 
CK-negativee bone marrow (n= 9) 

PPPD,, cancer ampulla 
CK-positivee bone marrow (n= 2) 
CK-negativee bone marrow (n= 2) 

PPPD,, no cancer 
CK-positivee bone marrow (n= 2) 
CK-negativee bone marrow (n= 2) 

Mediann surviva l 
(months ) ) 

15.6 6 
19.1 1 

5.9 9 
14.8 8 

16.3 3 
22.8 8 

22.1 1 
22.8 8 

n n 

1000 -, 

60 0 

40 0 

20 0 

r~ ~ 
I I 
\ \ 

[[ p < 0.04 

"" 1 
~ 1 1 

1 1 

~*7 ~*7 
" " - I I 

L. . 

CKK negative (n = 21) 

CKK positive (n = 10) 

+ + 

66 12 1! 

Timee (months) 

24 4 

Figur ee 2 Overall survival rate in patients 
withh adenocarcinoma of the pancreas or 
ampullaa after resection or palliative 
proceduree with or without cytokeratin 
positivityy in bone marrow 

positivee patients had a reduced overall survival (p<0.04) (figure 2). Including the four patients 

wi thh a carcinoma of the ampulla does not influence the significant reduced survival. A comparison 

inn survival in those 18 patients who underwent a PPPD for carcinoma, reveals a significantly 

worsee prognosis in the patients with than in the patients without cytokeratin positive cells (p=0.04). 

Regardingg the three subgroups wi th pancreatic carcinoma separately, a trend is seen in the 

correlationn between the presence of cytokeratin positive cells and the survival, although no 

significancee is reached. The four patients wi th a histologically proven benign disease of the 

pancreass were still alive after a median fol low up of 22 months without signs of a malignancy. 



Thee present study provides evidence that the finding of occult micrometastases, which can be 

detectedd in bone marrow by immunocytochemical analysis, may be a prognostic factor for survival 

inn patients with pancreatic and ampullary cancer. It also indicates that the results must be 

interpretedd with caution since specific positive staining by the monoclonal antibody CAM 5.2 

wass seen in two patients who turned out to have a pancreatitis without malignancy. 

Althoughh it has been suggested that surgery is clearly palliative in essentially all patients with a 

pancreaticc or ampullary carcinoma, at this moment resection offers the only hope on long-term 

survival.. The high incidence of metastatic spread at the time of diagnosis not only shows the need 

forr additional therapy,'7 but also the importance of recognition of disseminated cancer cells in an 

earlyy stage of the disease. Immunocytological techniques have made this early detection possible in 

thee bone marrow of various cancer patients/10 Bone marrow is an optimal site to look for 

micrometastasess because of its large blood supply, rich cellular repository, and mesenchymal nature, 

inn which CK-positive cells are easily identifiable.8 Prognostic relevance of these cells has been shown 

mostlyy in studies performed with breast cancer patients using one or various specific antibodies for 

epitheliall cells to detect dissemination of tumour in the bone marrow at the time of operation.9-u 

Soo far, only few studies investigated the prognostic value of epithelial cells in the bone marrow of 

peri-pancreaticc cancer and their detection rate varies widely from 19%-61%. , ; l9'21 Although Juhl et 

al.211 found CK- positive bone marrow aspirations in 61% of pancreatic carcinoma patients, they did 

nott find a significant correlation with the survival, probably partly due to the short follow up period 

off 12 months (p=0.17). In only two studies survival analyses revealed that the presence of cytokeratin-

positivee cells in bone marrow was associated with a reduced overall survival.'"''19 

Althoughh in our study the number of patients is relatively small and the follow-up period (median 

177 months) limited, a significantly worse prognosis is found for patients with CK-positive cells in 

theirr bone marrow, considering all 31 peri-pancreatic cancer patients as well as those (n=18) 

whoo underwent a PPPD for carcinoma. This possibility of detecting micrometastases, assuming 

CK-positivee cells are, could improve patient selection for surgery in general and for resection in 

particular.. The lack of a correlation between respectively tumour size, nodal status, resection rate 

andd the incidence of CK-positive cells in our study can be explained by the small sample size, or 

byy the suggestion by Pantel et al.23 that cells are kept in a dormant state for years, but still have 

thee potential to develop distant metastases. Similar behaviour of tumour cells has been found for 

otherr epithelial tumours, such as non-small-cell lung cancers.23 

Falsee positive findings of micrometastases in bone marrow however have also been reported. An 

explanationn could be that CK-positive cells are morphologically sometimes undistinguishable from 

hematopoieticc bone marrow cells.""' Juhl et al. detected in 9/28 patients (32%) without a 

malignancyy a positive staining by the cytokeratin marker C54-0." In a more recent study from 



thee same institution with an identical panel of six different antibodies and a higher number of 

patients,, false positive findings in the control group were found in 4%.'9 This illustrates a large 

variationn in the detection of false positive samples. 

Thee controversy over the prognostic relevance of the presence or absence of cytokeratin-positive 

cellss in the marrow18 may also be explained by the use of different antibodies, staining techniques 

andd criteria for defining positively stained cells.9 Considering this last issue, our criterion for 

positivity,, i.e. specific cellular staining, does not influence the amount of false positive findings, 

orr consequently the prognostic relevance. After all, in our study distinctly cellular staining was 

seenn in a patient with pancreatitis (figure 1). Currently, a prospective, stratified trial is performed 

inn our clinic to look for micrometastases in bone marrow of a control group, consisting of patients 

withh a haematological disorder without evidence of malignancy. The detection rate of CK-positive 

bonee marrow and consequently its prognostic relevance also seem to be influenced by the site of 

aspiration.. This is described in a recent study on micrometastases in esophagogastric cancer, 

wheree the presence of stained cells in the marrow taken from rib segments was five times as 

highh as from the iliac crest.24 This may relate to the quality of marrow obtained," to the foregut 

sitee of the primary tumor,'4 but probably may also be attributed to other variables, such as the 

amountt of marrow obtained and the different staining techniques that were used. 

Besidee the importance of the sensitivity of an immunocytochemical marker for detection, the 

specificityy is at least as important concerning its clinical implication in the future. The advantage 

off early detection of micrometastases in bone marrow of patients having a pancreatic or 

ampullaryy tumour, could be better patient selection for a major operation like the PPPD, which 

stilll is the only possibly curative option, or for down-staging the tumour by preoperative 

chemotherapy.. Therefore the consequence of false positive findings could be enormous -

withholdingg the patient's chance of cure. 

Inn conclusion, like previous studies, our data suggest that, by using an immunocytotogical approach, 

CK-positivee cells become frequently detectable in the bone marrow of patients who are suspected 

off having a pancreatic or ampullary carcinoma. The occurrence of these micrometastases in patients 

withh a final diagnosis of a malignancy correlates significantly with a shorter survival. As such, the 

detectionn of CK-positive cells defines a new risk category of pancreatic and ampullary cancer patients 

andd may be useful in the decision whether systemic treatment is required and in monitoring its 

therapeuticc efficacy. Another message that can be concluded from our study, is that clinical use of 

cytokeratinn markers cannot be recommended in patients with suspected pancreatic cancer at present, 

becausee distinctive staining was seen in the bone marrow aspirate of patients with a pancreatitis. 

Thee results of this small and preliminary study need to be interpreted with caution and a more 

definitee study would require a greater number of patients and longer follow-up. 
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Backgroun d d 

Althoughh fine-needle aspiration is a useful technique in the diagnosis of pancreatic cancer, a significant 

numberr of cytological specimens cannot definitively diagnose or completely rule out adenocarcinoma. 

Becausee most pancreatic adenocarcinomas show alterations in the K-ras, p53, and DPC4 genes, we 

hypothesizedd that a genetic panel of these three genes may supplement traditional cytological analysis. 

Method s s 

Betweenn January 1997 and February 2000, 101 fine-needle aspirates of the pancreas were prospectively 

collected.. After a cytologic diagnosis was made, possible molecular alterations were determined on the 

944 aspirates with adequate tissue using a panel consisting of the K-ras, p53, and DPC4 {MAD4) genes. 

Result s s 

Off the included 94 fine-needle aspirates of the pancreas, 48 (51%) were diagnostic of adenocarcinoma, 

199 (20%) were atypical (suggestive of, but not diagnostic of, adenocarcinoma), 25 (27%) were negative 

forr adenocarcinoma, and 2 (2%) were diagnostic of a neoplasm other than adenocarcinoma. Clinical 

follow-upp revealed that three patients (12%) with negative cytologic diagnoses and 12 patients (63%) 

withh atypical cytologic diagnoses had adenocarcinoma. Of 63 with a final diagnosis of adenocarcinoma, 

422 (67%) had an alteration in at least one of the genes analyzed. In contrast, only 2 (6%) of 31 patients 

withoutt adenocarcinoma had an alteration in one gene of the panel. Overall, the molecular analyses 

supportedd the diagnosis of adenocarcinoma in 6 (32%) of 19 aspirates originally diagnosed as atypical by 

cytologyy alone. 

Conclusion s s 

AA molecular panel that includes the K-ras, p53, and DPC4 (MAD4) genes correlates with and can supplement 

traditionall cytologic diagnosis of pancreatic fine-needle aspirates. 



Pancreaticc cancer is a genetic disease with a characteristic molecular genetic profile.' The genetic 

alterationss in pancreatic cancer include the activation of an oncogene, K-ras, and inactivation of 

tumor-suppressorr genes, including p53 and DPC4 (MAD4).2 K-ras is activated in approximately 

95%% of pancreatic ductal adenocarcinomas, and the p53 and DPC4 (MAD4) genes are inactivated 

inn 70% and 55% of cases, respectively.2 '3 While alterations in K-ras and p53 occur often in many 

otherr types of neoplasms, inactivation of the DPC4 (MAD4) tumor-suppressor gene is relatively 

specificc for ductal adenocarcinoma of the pancreas.1' 

Activationn of the K-ras gene is easily assessed genetically, because the vast majority of mutations 

occurr in codon 12.3'4'8The p53 and DPC4 (MAD4) genes are harder to study genetically. This is 

becausee they are /nactivated in cancer, either by intragenic mutation in one allele coupled with 

losss of the second allele (loss of heterozygosity) or by deletion of both alleles (homozygous 

deletion).. Because pancreatic adenocarcinomas evoke intense nonneoplastic desmoplastic 

responses,, most of the DNA contained in a tumor is actually nonneoplastic DNA. This intimate 

admixturee of normal and neoplastic tissues can mask the loss of a p53 or DPC4 {MAD4) allele in 

aa cancer. A simple way to overcome this problem is to study these genes immunohistochemically. 

Immunohistochemicall stains for the p53 and DPC4 (MAD4) proteins have recently become 

available,, and, thus, alterations in these genes have become much easier to recognize. i 8 l 9 3 2 

Thus,, genetic and immunohistochemical techniques have provided much information about the 

molecularr biology of pancreatic ductal adenocarcinoma. However, there have been only a few 

studiess examining the diagnostic usefulness of detecting these molecular changes in fine-needle 

aspiratess of the pancreas.'9'313340In addition, while K-ras and p53 alterations have been identified 

inn fine-needle aspirates of the pancreas,19-313340no group has yet studied inactivation of the DPC4 

{MAD4){MAD4) gene in these specimens. Therefore, we set out to assess K-ras, p53, and DPC4 (MAD4) 

alterationss in fine-needle aspiration specimens of the pancreas. We did this with two goals in 

mind:: (1) to determine whether this molecular panel correlates with cytologic diagnosis and (2) 

too explore whether the use of this molecular panel could support the diagnosis of cancer in 

cytologicc samples interpreted as atypical (suggestive of, but not diagnostic of, adenocarcinoma). 

Inn cases of atypical cytology, additional diagnostics, such as biopsy or laparotomy, are necessary 

too exclude a carcinoma. The morbidity and mortality attending additional diagnostics could be 

avoidedd if the use of a molecular panel could help support a benign or malignant diagnosis in 

patientss who have atypical aspirates. 



Specimenn selection 
Betweenn mid-January 1997 and mid-February 2000, 101 fine-needle aspirates of the pancreas, 

eachh from a different patient, were obtained prospectively at Oregon Health Sciences University, 

Portland.. A routine clinical diagnosis was made on each of these cases at the time of the procedure 

byy one of a group of pathologists at this institution. These cases were then collected and rereviewed 

byy one cytopathologist (AER). Based on diagnoses made on rereview of Papanicolaou- and rapid 

Romanowsky-stainedd smears and H&E-stained cell-block sections, each specimen was grouped 

intoo one of four categories: (1) diagnostic for adenocarcinoma, (2) suggestive of adenocarcinoma, (3) 

noo evidence of malignancy, and (4) diagnostic of neoplasm other than adenocarcinoma (figure 1). 

Thiss categorization was performed before molecular analysis began. 



Dataa procurement and statistical analysis 
Clinicall and pathologic data for each case were obtained from patients' medical records and the 

Sociall Security Death Index database {available at http://www.ancestry.com). Once these data 

weree acquired for each case, each specimen was given a unique identification number that could 

nott be traced to the original cytology specimen number. Thus, molecular analysis was performed 

inn a blinded manner, without connection to patient identifiers. This protocol was reviewed and 

approvedd by the Oregon Health Sciences University Institutional Review Board. Cross-tabulations 

weree analyzed with the chi-square or Fisher exact test, where appropriate. Means were compared 

withh the ttest. Each of these tests was 2-tailed. 

K-rasK-ras gene analysis 

Sixx unstained 5-um slides were cut from cell blocks corresponding to each specimen. In 7 cases 

theree were not enough cells present for subsequent analysis on some or all of the slides. These 

casess were excluded from the study, so 94 fine-needle aspirates remained to be studied. One of 

thee six unstained slides was stained with H&E for comparison with the original cell-block slide on 

whichh a diagnosis had been made. From one to three of the unstained slides, depending on the 

numberr of cells on each slide, cells were scraped off and used for independent K-ras gene analyses. 

Twoo of the remaining slides were used for p53 and DPC4 (M>4D4J immunohistochemical analysis. 

Thee microdissected tissue for K-ras gene analysis was placed in 50-uL DNA isolation buffer (10-

mmol/LL concentration of tris(hydroxymethyl)aminomethane hydrochloride at pH = 8, 0.2% 

polysorbatee 20, and 100 ug/mL of Proteinase K). The mixture was incubated at C for 16 to 18 

hours,, and the Proteinase was inactivated at C for 10 minutes. The mixture was stored at -

CC until use. The mixtures were screened for point mutations in codon 12 of the K-ras gene, 

accordingg to a modification of a previously described protocol.3'" First, DNA from each specimen 

wass amplified by polymerase chain reaction (PCR) for 15 cycles with primers 1 (5' ACT GAA TAT 

AAAA CTT GTC GTA GTT GGA CCT 3') and 2 (5' TCA TGA AAA TGG TCA GAG AAA CC 3'). The PCR 

productt was then split into two equal portions. One of the two portions was digested with Mva\ 

(Boehringer-Mannheim,, Mannheim, Germany). Both portions then were amplified with primers 

11 and 3 (5' TCA AAG AAT GGT CCT GGA CC 3'). Because Mva\ cleaves wild-type but not mutant 

K-ras,, an unenriched sample and a sample enriched for mutant K-ras were produced. Finally, 

eachh set of PCR products was denatured at C for 10 minutes, spotted onto 7 different nylon 

membraness (Gene-Screen Plus, NEN Research Products, Boston, MA), and hybridized to each of 

77 phosphorus 32-labeled, sequence-specific oligodeoxynucleotide probes.42 A final stringency 

washh at C and autoradiography were carried out. PCR products amplified from plasmid clones 

containingg each of 7 possible sequences at codon 12 were used as positive controls on the 

hybridizationn filters. Negative control samples (water only) were included throughout the series. 

http://www.ancestry.com


p53p53 and DPC4 (MAD4) immunohistochemica! analysis 
Twoo unstained 5-|jm slides were deparaffinized by routine techniques. The slides were treated with 

sodiumm citrate buffer (diluted to 1 * from 10* HIER buffer, Ventana-Bio Tek Solutions, Tucson, A2) 

andd then steamed for 20 minutes at C After cooling for 5 minutes, one slide was labeled with 

monoclonall antibody to p53 (antibody DO-7, 1:500 dilution, DAKO, Carpinteria, CA), and the second 

slidee was labeled with monoclonal antibody to DPC4 (MAD4) (clone B8, 1:100 dilution, Santa Cruz, 

Santaa Cruz, CA). A Bio Tek-Mate 1000 automated stainer (Ventana-Bio Tek Solutions) was used to 

performm the labeling. The antibodies were detected by adding biotinylated secondary antibodies, 

avidin-biotinn complex, and 3,3'-diaminobenzidine. Sections were counterstained with hematoxylin. 

Fourr of us (NTvH, GJAO, RHH, REW) evaluated the immunohistochemica! labeling in each of the 

cases.. The labeling in each case was scored as "positive" or "negative." Because mutations in the 

p53p53 protein result in longer-lived proteins, positive labeling for p53 suggests a p53 alteration.26 

Casess were scored as showing positive labeling for p53 when there was unequivocal and specific 

nuclearr expression of p53 in one or more cells. Because mutations in or deletions of DPC4 (MAD4) 

usuallyy result in the truncation or absence of the protein, loss of labeling for DPC4 (MAD4) 

indicatess a DPC4 (MAD4) alteration.u Cases scored as showing loss of labeling for DPC4 (MAD4) 

hadd complete loss of labeling in both the cytoplasm and nuclei of cells, compared with other 

positivee cells on the slide, which served as internal controls. Thus, because one looks for 

overexpressionn of protein in the p53 assay, all of the cells on a given slide were evaluated for 

p53.p53. In contrast, in the Dpc4 assay, only cells with epithelial atypia, as compared with normal-

appearingg positive controls, were evaluated for Dpc4 loss. The interpretation of immuno-

histochemicall labeling of the cancers was highly robust, with agreement among the observers in 

alll cases. Sections of normal pancreas, which show negative p53 and positive DPC4 (MAD4) 

staining,, served as positive controls in each immunohistochemical run. 

Cytologyy and patient characteristics 
Basedd on the initial review of the cytologic material, 48 (51%) of the 94 fine-needle aspirates 

includedd in this study were diagnostic of adenocarcinoma, 19 (20%) were suggestive of 

adenocarcinoma,, 25 (27%) were negative for malignancy, and 2 (2%) were diagnostic of a neoplasm 

otherr than adenocarcinoma {table 1). One tumor in the latter category was a solid-pseudopapillary 

neoplasm;; this patient was alive 11 months after her diagnosis was made. The other tumor was 

diagnosedd on cytology as "consistent with either mucinous cystic neoplasm or intraductal papillary 

mucinouss neoplasm"; the patient with this mucinous tumor died four months after his initial diagnosis. 

Thee 94 patients included in the study were followed up for median and mean periods of 15 and 

166 months, respectively. The follow-up data were obtained by reviewing the patients' medical 



Tabl ee 1 Correlation between cytologic and molecular diagnoses' 

Molecula rr  diagnosi s 

Cytologi cc  diagnosi s Mutan t K-ras p53 Labelin g Loss of Dpc4  Labelin g 

Diagnosticc for adenocarcinoma (n = 48) 24(50) 2b (52) 11(23) 

Suggestivee of adenocarcinoma (n = 19) 3(16) 5(26) 2(11) 
Negativee for malignancy (n = 25) 1(4) 1(4) 0(0) 
Diagnosticc for neoplasm, not adenocarcinoma (n = 2) 0 (0) 0 (0) 0 (0) 

** Data are given as number (percentage) 

recordss and verifying their survival status with the Social Security Death Index database. Clinical 

follow-upp revealed that all of the 48 patients with malignant cytologic diagnoses had evidence of 

adenocarcinoma,, while 3 (12%) of the 25 patients with negative cytologic diagnoses had 

adenocarcinoma.. In the former group, 16 patients had histologic confirmation of their diagnoses 

byy biopsy or Whipple resection, while 32 were shown to have adenocarcinoma by radiology 

(computedd tomography scan, magnetic resonance imaging, arteriogram, or endoscopic ultrasound). 

Inn the latter group, 6 patients had their diagnoses confirmed by biopsy or Whipple resection, and 

199 had them supported by radiology. 

Thee 19 patients with atypical fine-needle aspirates were followed up carefully. Twelve of these 

patientss were shown to have evidence of malignancy. Three of these 12 patients underwent a 

Whipplee resection (pancreaticoduodenectomy) for their disease. Of the 7 patients who had atypical 

aspiratess and who never developed adenocarcinoma clinically, 4 underwent a resection or biopsy 

thatt showed either chronic pancreatitis (n=3) or a serous cystadenoma (n=1). Therefore, with clinical 

follow-upp information added to the cytologic diagnoses, 63 patients (67%) in this study had 

adenocarcinomaa of the pancreas, by cytology and/or clinical follow-up (48 with positive cytologic 

diagnoses,, 3 with false-negative cytologic diagnoses, and 12 with atypical cytologic diagnoses who 

developedd adenocarcinoma), and 31 (33%) did not have adenocarcinoma of the pancreas. 

Theree were no significant differences in clinical charac-teristics among patients in each of the 

fourr cytologic groups (p=1.000 for age; p=0.193 for sex). 

K-rass mutations 
Twenty-eightt (30%) of the 94 specimens harbored an activating point mutation at codon 12 of 

thee K-ras gene. Only 3 of the 6 previously identified different activating mutations at codon 12 

weree seen among the 28 positive cases: 12 (43%) were GGT (Gly) to GTT (Val) mutations, 11 

(39%)) GGT to GAT (Asp) mutations, and 5 (18%) GGT to CGT (Arg) mutations. No activating 

pointt mutations to TGT (Cys), AGT (Ser), or GCT (Ala) were identified (figure 2). 

Thee presence of a K-ras mutation was analyzed with respect to original cytologic diagnosis. 

Twenty-fourr (50%) of 48 samples diagnostic of adenocarcinoma harbored K-ras mutations, while 

33 (16%) of 19 samples suggestive of adenocarcinoma contained K-ras mutations. In contrast, 
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Figur ee 2 An autoradiogram of K-ras mutational analysis 
inn fine-needle aspirates of the pancreas. Seven nylon 
membranes,, each hybridized with a different radioactively 
labeledd oligonucleotide specific for the sequence of the 
wild-typee codon 12 (left) and the 6 possible mutations. 
Onn each membrane in the left lane are the unenriched 

33 # « m polymerase chain reaction (PCR) products; the right lane 
containss the mutant-enriched PCR products. A mutant 

^^  specimen should create a weak signal in the unenriched 

55  *  and a strong signal in the enriched columns, because 
66 # # enrichment increases the proportion of mutant DNA. Row 

77 ^ 1 contains the hybridization controls, DNA complementary 

^ ** to the labeled oligonucleotides. Rows 2 and 6 show 
00  «  samples that were negative for malignancy. Rows 3 and 
gg (Qu 5 contain samples diagnosed by cytology as suggestive, 

.4QQ ^ _ but not diagnostic, of malignancy. They harbor Gly(GGT) 

55 " to Asp (GAT) and Val (GTT) mutations at codon 12 of 

^ **  the K-ras gene, respectively. Rows 4, 7,8, and 9 represent 
122 samples that were diagnostic of adenocarcinoma. Rows 
AA ^ | ^ _ 10 and 11 are positive controls showing 1 cell with mutant 

codonn 12, coding for the amino acid valine, mixed in 100 
andd 1,000 cells with wild-type codon 12, respectively. 
Roww 12 is a contamination control sample (water only). 
Roww 13 is an amplification control sample (placenta DNA). 
Ala,, alanine; Arg, arginine; Asp, aspartic acid; Cys, 
cysteine;; Ser, serine; Val, valine; WT, wild-type = glycine. 

on l yy o n e nega t i ve c y t o l o g i c samp le h a r b o r e d a K-ras m u t a t i o n (GTT, Val ) . This nega t i ve samp le 

w i t hh a K-ras m u t a t i o n d i d n o t o r i g i na te in o n e o f t he t h r e e p a t i e n t s w i t h fa lse-negat ive c y t o l o g i c 

d i a g n o s e s .. The t w o samp les d i a g n o s e d as neop lasms o t h e r t h a n a d e n o c a r c i n o m a d id n o t have 

K-rass m u t a t i o n s ( t a b l e 1) . T h e d i f f e r e n c e s in p r e v a l e n c e o f K-ras 

m u t a t i o n ss a m o n g all o f t h e s e d i a g n o s t i c c a t e g o r i e s w e r e h i g h l y 

s ta t is t ica l lyy s ign i f i can t (p < 0 . 0 0 1 ) . 

Thee t h ree pa t ien ts w i t h a typ ica l cy to log ic samples t h a t also had K-ras Cytology 
K-ras s 

m u t a t i o n ss w e r e s t ud i ed . Clinical f o l l o w - u p s h o w e d t h a t each o f these 053 

t h reee pat ients had adenocarc inoma of the pancreas. The cy to log ic samples _ .. , \ 
rr r J s r Entire panel, 1 mutation 

f r o mm t w o of t h e pa t ien ts also s h o w e d a l te ra t ions in t h e p53 and DPC4 Cytology and entire pane 

(MAD4)(MAD4) genes , and these t w o pa t ien ts d ied 3 and 4 m o n t h s a f te r the i r 

init iall cy to log ica l d iagnoses. The pat ient w h o s e cy to logy sample s h o w e d a K-ras m u t a t i o n bu t no 

o the rr molecular change w a s a 70-year-old m a n w h o w a s alive 23 m o n t h s af ter his init ial d iagnosis. 

Off t he 16 pat ients w i t h atypical aspirates t ha t d id n o t s h o w K-ras mu ta t i ons , 9 had adenocarc inoma 

off the pancreas o n clinical fo l low-up. Therefore, c o m p a r e d w i t h cy to log ic eva luat ion alone, a posit ive 

K-rass test ident i f ied th ree add i t iona l pat ients w h o had pancreat ic adenocarc inoma. The absence of 

aa m u t a t i o n (ie, a w i ld - type K-ras gene) d id not , howeve r , exc lude the diagnosis of cancer. 

Thus,, 27 (43%) of 63 pat ients w i t h pancreat ic cancer o n cy to logy or f o l l ow -up had a posit ive K-ras 

tes tt result , w h i l e 30 ( 9 7 % ) of 31 pat ients w i t h o u t pancreat ic adenoca rc inoma by cy to logy and 



follow-upp had a negative K-ras test result. These numbers reflect the sensitivity and specificity of K-

rasras mutations for the diagnosis of pancreatic ductal adenocarcinoma in fine-needle aspirates, 

respectivelyy (table 2, 3, and 4). The differences in prevalence of K-ras mutations between patients 

withh and without final diagnoses of adenocarcinoma were highly statistically significant (p < 0.001). 

Tablee 4 summarizes the test characteristics of the K-ras assay. 

Tablee 2 Correlation between final clinical  cytologic diagnosis and molecular diagnosis' 
Molecula rr  diagnosi s 

Fina ll  diagnosi s Mutan t K-ras P53 labelin g Loss of DPC4 Entir e panel , 
labelin gg 1 mutatio n 

Adenocarcinomaa (n = 63) 27(43) 30(48) 13(21) 42(67) 
Negativee for adenocarcinoma (n = 31) 1(3) 1(3) 0(0) 2(6) 

** Data are given as number (percentage). 

Tabl ee 3 Correlation between final clinical - cytologic diagnosis and number of positive molecular test results" 

Nonee 1 2 3 Tota l 

Adenocarcinoma a 
Negativee for adenocarcinoma 
Total l 

211 (33) 
299 (94) 

50 0 

244 (38) 
2(6) ) 
26 6 

8(13) ) 
0(0) ) 

8 8 

10(16) ) 
0(0) ) 

10 0 

63 3 
31 1 
94 4 

766 (68-85) 
433 (33-53) 
488 (38-58) 
211 (12-29) 
677 (57-76) 
866 (79-93) 

811 (73-89) 
977 (93-100) 
977 (93-100) 

100 0 
944 (89-99) 
944 (89-99) 

899 (83-95) 
96(93-100) ) 
97(93-100) ) 

100 0 
95(91-100) ) 
96(93-100) ) 

633 (53-72) 
455 (35-56) 
488 (38-58) 
388 (28-48) 
588 (48-68) 
766 (68-85) 

jgativ e e 

0.30 0 
0.59 9 
0.54 4 

--
0.36 6 
0.15 5 

Prevalenc e e 

677 (58-77) 
677 (58-77) 
677 (58-77) 
677 (58-77) 
677 (58-77) 
677 (58-77) 

** Data are given as number (percentage). 

Tabl ee 4 Test characteristics of cytology and molecular markers in all included fine-needle aspirates (n = 94) ' 

Likelihoo dd rati o 

Sensitivit yy  Specificit y PPV NPV Positiv e 

3.94 4 
13.29 9 
14.76 6 

10.33 3 
13.29 9 

NPV,, negative predictive value; PPV, positive predictive value. * Data are given as percentages except for the 
likelihoodd ratios. The 95% confidence intervals are given in parentheses. Prevalence is the proportion of patients 
wi thh malignancy 

P533 immunohistochemical analysis 
Off the 94 cases, 31 (33%) showed nuclear labeling for (figure 3). In 21 (68%) of these 31 cases, 

theree were more than 50 cells showing nuclear labeling for p53. In 10 cases (32%), there were 

fewerr than 50 positive cells within the cytology sample, with a range from 5 cells (2 cases) to 25 

cellss (1 case). The remaining cases contained 6 (2 cases), 10 (2 cases), 15(1 case), 20(1 case), 

andd 24 (1 case) cells that labeled for p53. 



Figuree 3 Examples of p53 immunohistochemical assays. (A)This specimen read as diagnostic of adenocarcinoma 
showss overexpression of the p53 protein. (B) This specimen read as negative for malignancy does not show 
p533 overexpression. (x400) {x^- page 257) 

Twenty-fivee (52%) of the 48 cases that were cytologi-cally diagnostic of adenocarcinoma labeled, 

ass did 5 (26%) of the 19 atypical samples. In contrast, only one (4%) of the 25 negative 

sampless stained for p53. The negative sample containing aberrant p53 expression did not 

originatee in one of the three patients wi th false-negative cytologic diagnoses. The two neoplasms 

thatt were not adenocarcinomas were negative for p53. Table 1 summarizes the results of p53 

immunohistochemicall analysis on the fine-needle aspiration samples. The differences in 

prevalencee of p53 immunoreactivity among all of these diagnostic categories were highly 

statisticallyy significant (p < .001). 

Thee five atypical cytologic samples that also had p53 protein expression were analyzed. The 

cytologicc samples from two of the five patients also showed alterations in the K-ras and DPC4 

(MAD4)(MAD4) genes. Clinical follow-up showed that each of the five patients wi th atypical cytology 

thatt harbored p53 overexpression had adenocarcinoma of the pancreas. Of the 14 patients wi th 

atypicall aspirates that did not show p53 overexpression, 7 had adenocarcinoma of the pancreas 

onn clinical follow-up. Therefore, compared wi th cytologic evaluation alone, a positive p53 test 

resultt identified five additional patients who had pancreatic adenocarcinoma. Again, the absence 

off a detected p53 abnormality could not be used to exclude the diagnosis of carcinoma. 

Thus,, 30 (48%) of 63 patients with pancreatic cancer on cytology or follow-up had a positive p53 

testt result, while 30 (97%) of 31 patients without pancreatic adenocarcinoma by cytology and 

follow-upp had a negative p53 test result. These numbers reflect the sensitivity and specificity of p53 

immunohistochemicall analysis for the diagnosis of pancre-atic ductal adenocarcinoma in fine-needle 

aspirates,, respectively (tables 2 - 4). The differences in prevalence of p53 immunoreactivity between 

patientss with and without a final diagnosis of adenocarcinoma were highly statistically signifi-cant 

(pp < .001). Table 4 summarizes the test characteristics of the p53 assay. 



DPC4DPC4 (MAD4) immunohistochemical analysis 
Off the 94 fine-needle aspirates, 13 (14%) showed loss of DPC4 (MAD4) expression (figure 4). 

Elevenn (23%) of the 48 samples that were diagnostic of adenocarcinoma showed loss of DPC4 

(MAD4)(MAD4) expression, as did two (11%) of the 19 that were suggestive of adenocarcinoma. None 

off the samples showing either no evidence for malignancy or a neoplasm other than 

adenocarcinomaa showed loss of DPC4 (MAD4) (table 1). The differences in prevalence of loss of Q 

Dpc44 labeling among all of these diagnostic categories were statistically significant (P = .020). "5 

Thee two atypical cytologic samples that also showed DPC4 (MAD4) loss were from the two M 

patientss whose cytology also had K-ras and p53 alterations. As discussed in the "K-ras mutations" 

section,, these patients both had pancreatic adenocarcinomas; they died 3 and 4 months after 

theirr initial cytologic diagnoses. Of the 17 patients with atypical aspirates that did not show ^ 

Figuree 4 Examples of Dpc4 immunohistochemical assays. (A) This specimen read as negative for malignancy 
showss intact expression of the Dpc4 protein. (B) This aspiration was diagnostic of adenocarcinoma; Dpc4 
expressionn is lost. (*400) (_t>, page 257) 

DPC4DPC4 (MAD4) loss, 10 had adenocarcinoma of the pancreas on clinical follow-up. Thus, compared 

wi thh cytologic evaluation alone, a positive DPC4 (MAD4) test result (actually a loss of Dpc4 

[Mad4][Mad4] expression) identified two additional patients who had pancreatic adenocarcinoma. 

Therefore,, 13(21 %) of 63 patients wi th pancreatic cancer on cytology or follow-up had a positive 

DPC4DPC4 (MAD4) test result, while 31(100%) of 31 patients without pancreatic adenocarcinoma by 

cytologyy and follow-up had a negative DPC4 (MAD4) test result. These numbers reflect the 

sensitivityy and specificity of DPC4 (MAD4) immunohistochemical analysis for the diagnosis of 

pancreaticc ductal adenocarcinoma in fine-needle aspirates, respectively (tables 2 and 4). The 

differencess in prevalence of loss of Dpc4 labeling between patients wi th and wi thout a final 

diagnosiss of adenocarcinoma were statistically significant (p=0.004). Table 4 summarizes the 

testt characteristics of the DPC4 (MAD4) assay. 



Summaryy of molecular and cytologic findings 
Eachh of the cytologic samples was evaluated with respect to the entire panel of molecular markers. 

Off the 48 aspirates cytologically diagnosed as diagnostic for malignancy, 12 showed no molecular 

alterations,, 20 showed one molecular alteration, eight showed two molecular alterations, and 

eightt showed three molecular alterations (i.e. 36/48 samples (75%) showed at least one molecular 

alteration).. Of the 19 aspirates that were suggestive of malignancy, 13 showed no molecular 

alterations,, four showed one molecular alteration, none showed two molecular alterations, and 

twoo showed three molecular alterations. Twenty-three (92%) of the 25 negative aspirates contained 

noo molecular alterations; two of these samples, however, harbored one molecular alteration 

each.. Neither of these samples with a molecular alteration came from any of the three patients 

withh false-negative cytologic diagnoses. Both of the samples recorded as diagnostic of neoplasm 

otherr than adenocarcinoma were negative for all of the molecular markers. 

Thee 19 patients with atypical cytologic diagnoses were studied in more detail. Of the 13 patients 

withh cytologic samples showing no molecular alterations, six had pancreatic adenocarcinoma on 

follow-up.. Five of these six patients died, with an average survival time of 8.0 months; the remaining 

patientt was alive 14 months after cytologic diagnosis. Of the six patients with at least one molecular 

alteration,, all six had pancreatic adenocarcinoma. As discussed in the "K-ras mutations" and "p53 

Immunohistochemicall Analysis" sections, three of four patients with one molecular alteration had 

p53p53 overexpression in their aspirates, while one had a K-ras mutation. The other two had alterations 

inn each of the three molecular markers. Therefore, a panel of K-ras, p53, and DPC4 (MAD4) molecular 

alterationss identified six additional patients who had pancreatic adenocarcinoma but whose cytologic 

specimenss were not diagnostic of adenocarcinoma. The test characteristics of the molecular markers 

inn the subgroup of samples with "suspicious" cytologic findings are summarized in table 5. 

Thus,, considering the entire panel of tests together, 42 (67%) of 63 patients with pancreatic 

cancerr on cytology and/or follow-up had at least one positive molecular test result, while 29 

(94%)) of 31 patients without pancreatic adenocarcinoma by cytology and follow-up did not have 

anyy positive molecular test results. This difference in the presence of at least one positive molecular 

Tabl ee 5 Tost characteristics of molecular markers in the subgroup of samples with "suspicious" cytologic 
findingss (n=19) * 

Likelihoo dd rati o 

Sensitivit yy  Specificit y PPV NPV Positiv e Negativ e Prevalenc e 

K-rass 25(6-44) 100 100 44(21-66) 63(41-85) 

p53p53 42(19-64) 100 100 50(28-72) 63(41-85) 
DPC4(Mad4)DPC4(Mad4) 17(0-33) 100 100 41(19-63) 63(41-85) 
Entiree panel, 1 mutation 50(28-72) 100 100 54(31-76) 63(41-85) 

NPV,, negative predictive value; PPV, positive predictive value. 
** Data are given as percentages. The 95% confidence intervals are given in parentheses. Prevalence is the 

proportionn of patients wi th malignancy 



testt was highly statistically significant between these two groups (p < 0.001). These numbers 

alsoo reflect the sensitivity and specificity of at least one positive molecular test result in diagnosing 

pancreaticc ductal adenocarcinoma in fine-needle aspirates, respectively (tables 2-4). Table 4 

summarizess the test characteristics of the three molecular assays. 

Fine-needlee aspiration is a useful technique in the diagnosis of pancreatic ductal adenocarcinoma. 

Whilee most aspi-rates are diagnostic of a malignant or benign condition, a substantial minority is 

atypicall and cannot adequately rule in or rule out the presence of an adenocarcinoma. If ancillary 

techniquess could help determine which of these atypical biopsy specimens were in actuality 

benignn or malignant, patients would be saved additional procedures, which could result in 

decreasedd morbidity and mortality. 

Inn the present study, we took advantage of the fact that pancreatic ductal adenocarcinoma is a 

geneticc disease. Because most adenocarcinomas harbor alterations in the K-ras, p53, and DPC4 

{MAD4){MAD4) genes, the presence of such alterations could suggest the presence of an adenocarcinoma, 

evenn if a cytologic sample were only suggestive of malignancy.-'3 If molecular markers could 

identifyy or rule out malignancy in patients who did or did not have adenocarcinomas of the 

pancreas,, additional tests would not be needed. The technique chosen for each of the molecular 

markerss in this study—a dot-blot assay for the K-ras gene and immunohistochemical analysis for 

thee p53 and DPC4 (MAD4) proteins-was easy to perform and interpret.35-8,01932'4'43 

Molecularr techniques already have been used on various samples, including cytologic ones, in 

makingg definitive diagnoses. For example, it can be very difficult to distinguish a benign bile duct 

proliferation,, such as a bile duct adenoma, from a well-differentiated pancreatic adenocarcinoma 

metastasiss in the liver on histologic grounds alone/4 However, virtually every liver metastasis of 

ductall adenocarcinoma harbors an activating point mutation in K-ras, but only a minority of 

benignn bile duct proliferations do/'4Therefore, the presence of a K-ras mutation can help establish 

thee diagnosis of pancreatic ductal adenocarcinoma metastatic to the liver. 

Inn addition, several groups have used K-ras and p53 mutational status to help in the diagnosis on 

cytologicc specimens.'9-31'33'40 However, no group has yet used a panel of molecular changes that 

hass included the DPC4 {MAD4) gene to assess malignancy on cytologic specimens. This is an 

importantt omission because, unlike alterations in the K-ras and p53 genes, DPC4 (MAD4) mutations 

andd deletions are relatively specific for pancreatic adenocarcinoma." 13d5-50 

Inn the present study, we showed that a panel of molecular-based tests can correlate with and 

supplementt cytologic diagnosis in fine-needle aspirates of the pancreas. Seventy-five percent of 

alll fine-needle aspirates diagnostic of adenocarcinoma had at least one molecular alteration, 

whilee 23 (92%) of 25 fine-needle aspirates read as negative for malignancy contained none of 



thee molecular alterations assayed in this study. In addition, in 6 of 12 aspirates diagnosed as 

atypicall that came from patients who had evidence of a malignancy, at least one positive molecular 

markerr was identified. None of the patients who had atypical aspirates but did not have evidence 

off malignancy on follow-up had a positive molecular marker. 

Withh respect to the three genes in this study, alterations in the p53 and K-ras genes seem to be 

moree sensitive for detecting adenocarcinoma within fine-needle aspirates of the pancreas. Close 

too half of the cases diagnostic for adenocarcinoma contained a p53 or a K-ras alteration each. In 

contrast,, only one fifth of the cases diagnostic of adenocarcinoma showed loss of the DPC4 

(MAD4)(MAD4) protein. 

Thee sensitivities for all three of these genes, however, are lower than expected, given the known 

ratess of molecular alterations in pancreatic adenocarcinomas. The lower rates produced in this 

studyy are most likely due to sampling error. For example, nonneoplastic cells on the p53 or DPC4 

(MAD4)(MAD4) immunohistochemical slides may have obscured the labeling in rare cancer cells and, 

thereby,, may have resulted in a false-negative result. This is especially true with DPC4 (MAD4) 

labeling,, in which only one admixed cell that labeled for DPC4 (MAD4) could obscure the loss of 

labelingg in other cells. 

Withh respect to specificity, the DPC4 (MAD4) assay is better than the K-ras or p53 assays. While 

thee latter tests were each positive on one sample that was negative for malignancy, there was 

neverr a loss of the DPC4 (MAD4) protein in a sample clinically diagnosed as negative for adenocarci-

noma.. These results are in keeping with the findings of previous molecular studies, which have 

shownn that DPC4 (MAD4) loss is never present in benign pancreatic tissue.2425Therefore, the 

strengthh of the DPC4 (MAD4) labeling technique lies in its specificity, which is an important test 

characteristicc for clinical practice. 

Onee problem with this study is the low number of patients who had histologic confirmation of 

theirr cancers. It is not in dispute that these patients indeed had cancer, because radiologic and 

clinicall follow-up showed progression of disease in these cases. However, it is possible that these 

patientss had cancers other than pancreatic ductal adenocarcinomas, for example, other primary 

pancreaticc neoplasms, periampullary carcinomas, lymphomas, or metastases. These cancers are 

capablee of mimicking pancreatic ductal adenocarcinoma both clinically and radiologically, and 

thesee neoplasms may have different molecular profiles from pancreatic adenocarcinoma. This 

mayy contribute to the low sensitivity of our molecular panel in that we assumed that all patients 

withh the clinical and radiologic appearance of pancreatic cancer had pancreatic ductal 

adenocarcinoma.. It is important to note, however, that a screening test for pancreatic cancer 

wouldd be most valuable if it could identify patients with any type of cancer involving the pancreas, 

sincee the Whipple procedure is the treatment for all of these neoplasms. It is therefore valid, and 

indeedd preferable, to include all patients with cancer in the pancreas and periampullary region, 



whetherr pancreatic ductal adenocarcinoma or not, in calculating test characteristics for the 

molecularr panel used in this study. 

Anotherr problem with this study is the use of radiology as a surrogate for histologic confirmation, 

evenn in patients without cancer and even with only a 16-month follow-up. We believe that this is 

nott particularly troublesome because the overwhelming majority of patients with pancreatic 

ductall adenocarcinoma will have had progression of their disease by 16 months of follow-up. 

Thus,, patients who have pancreatic ductal adenocarcinoma but who have a false-negative cytologic 

diagnosiss most likely would have evidence of disease progression by 16 months of follow-up 

time.. Therefore, radiology is a valid way to support the diagnosis of benignancy (or at least 

"negativityy for adenocarcinoma") in this particular situation. Indeed, it is "negativity for (ductal) 

adenocarcinoma"" that is important in this study, since we presume that the molecular panel used 

inn this study is targeted toward patients with ductal adenocarcinoma of the pancreas. 

Therefore,, taken together, a panel of molecular markers is an excellent way to identify some 

patientss who have adenocarcinoma of the pancreas but whose cytologic specimens are not 

diagnosticc of malignancy. Each of the molecular tests in this panel is easy to perform and inter-

pret.. A molecular panel may clarify a diagnosis in patients who have atypical aspirates, and its 

usee may lead to earlier and less invasive diagnosis. Therefore, a panel of molecular markers may 

bee an excellent supplement to traditional cytology. 
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Backgroun d d 

Standardd staging procedures of periampullary tumors do not identify all patients with an adverse outcome 

despitee apparently successful resection. The purpose of this study was to determine whether cytologic 

examinationn and K-ras mutation analysis of intraoperative abdominal washings obtained from patients 

withh periampullary carcinoma could identify a subset of patients with a worse prognosis. 

Method s s 

Betweenn May 1998 and May 1999 136 patients with a periampullary tumor underwent exploration with 

intentt to undergo surgical resection. Abdominal washings were obtained prior to (n=134) and following 

(n=83)) surgical resection. The washing fluid was evaluated by conventional cytology and for mutations in 

thee K-ras oncogene mutation analysis using a PCR and ASO hybridization based methodology. The results 

weree correlated with the final diagnoses and survival of the patients. 

Result s s 

Off the 136 patients, 94 underwent a pancreaticoduodenectomy and 42 a palliative surgical procedure. In 

total,, eight of the 134 (6%) pre-manipulation washings were positive for malignancy by cytology, 13 

(10%)) were atypical, and 111 (84%) were negative. Four of 134(3%) pre-manipulation washings harbored 

K-rass gene mutations and 2 of these 4 were positive by cytology. Two (2%) of the 83 post-resection 

washingss were positive for malignancy by cytology, 8 (10%) were atypical, and 71 (88%) were negative. 

Twoo (2%) of the 83 post-resection washings harbored K-ras gene mutations, both negative for malignancy 

byy cytology. While patients with a positive cytology had a significantly shorter survival than patients with 

aa negative cytology, no survival differences based on cytology were found within the resected and 

unresectedd subgroups. Patients with a positive cytologic abdominal washing were significantly more 

oftenn found to be unresectable than patients with an atypical or a negative abdominal cytologic washing. 

Conclusion s s 

Positivee peritoneal cytology in intraoperative abdominal washings from patients who undergo explorative 

laparotomyy for periampullary cancer is rare. The overall value of positive peritoneal cytology was low in 

thiss relatively small series. However when it is present it does convey a bad prognosis and often indicates 

advancedd disease characterized by unresectability. K-ras gene mutation analysis was of no additional 

valuee in this regard. 



Periampullaryy cancer comprises pancreatic cancer, distal common bile duct cancer and ampullary 

cancer,, all for which resection is the only curative opt ion. ' Pancreatic cancer ranks fifth in cancer-

relatedd mortality in men and women.7 The treatment of invasive pancreatic cancer has progressed 

substantiallyy in the last three decades, however the overall national 5-year survival rate has remained 

low,, being 3% in 1974 and rising only to 4 % in 1995.2 3 Survival for pancreatic cancer depends 5 
0) ) 

onn stage and extent of disease. Analysis of a series of 616 patients undergoing resection for 'S 

pancreaticc cancer at The Johns Hopkins Hospital revealed an overall 5-year survival of 17%c Yet, w 

aa subset of these patients wi th localized small tumors and negative lymph nodes were found to 

havee a 5-year survival rate of 4 0 % fol lowing resection. 

Givenn the critical role of accurate staging in determining prognosis, and the f inding that standard > 
a-a-

stagingg procedures do not identify all patients who ultimately succumb despite apparently % 

successfull resection, there is a need to identify factors that predict adverse outcome in resected 5" 

patients.. Such data would identify those patients who might benefit f rom more aggressive g 

adjunctivee therapy, or potentially should not be resected.b-14 Important prognostic features for !r 
3 3 

patientss wi th pancreatic adenocarcinoma include tumor size, margin and node positivity, degree 'S 
off differentiation and DNA ploidy.4 '3-l5-21 Several studies have found that positive peritoneal ^ 

(T> > 

cytologyy obtained during preoperative laparoscopy was associated both w i th metastatic disease
att the time of resection and a worse prognosis if resected.5  22-24-29 in one of the studies conducted -o 
att the Massachusetts General Hospital the survival of 15 patients wi th positive peritoneal cytology üj" 

>< < 
andd no visible metastases was compared to a treatment-matched control group. They found a £ 

3 3 

markedlyy decreased survival in the presence of positive cytology and conclude that a positive S 

cytology,, even wi thout visible metastases, contraindicates further surgery or irradiation.2" 

Thee goal of this study was to evaluate the results of cytologic analysis in abdominal washings and 

too extend the work of the other groups by determining whether molecular analysis for activating 

pointt mutations in the K-ras gene would increase the sensitivity of cytologic examination of 

peripancreaticc washes obtained f rom patients w i th periampullary cancer. Activating point 

mutationss in codon 12 of the K-ras oncogene have been identified in 80-90% of pancreatic 

carcinomass making K-ras gene mutations a potentially sensitive marker for cells shed from 

pancreaticc cancer." 26 The identification of neoplastic cells in abdominal washing fluid by cytology 

orr the presence of mutant DNA could indicate more extensive disease than that detected by 

conventionall means. 



Patients s 
Betweenn May 1998 and May 1999 136 patients underwent exploratory laparotomy for possible 

pancreaticoduodenectomyy for a periampullary tumor. One hundred and thirty-four patients 

participatedd in this study after giving appropriate informed consent as approved by the Johns 

Hopkinss Joint Committee for Clinical Investigation. Preoperative evaluation in patients with 

suspectedd periampullary adenocarcinoma consisted of abdominal computed tomography scanning, 

cholangiography,, and magnetic resonance imaging as clinically indicated. Diagnostic laparoscopy 

wass not used in any of the patients. 

Specimenn collection 

Immediatelyy upon entering the peritoneum at laparotomy 200 ml_ of normal saline was introduced 

intoo the peripancreatic area and gently agitated. After ten minutes dwell time the entire volume 

wass collected from the subphrenic area prior to tumor manipulation. Subsequently, any suspicious 

sitess of liver metastases or peritoneal implants were biopsied and frozen section diagnosis was 

obtained.. If after complete evaluation the tumor was found to be resectable, pancreatico-

duodenectomyy was completed. After resection, the peritoneal washing procedure was repeated. 

Cytologicc evaluation 
Thee collected specimens were submitted for cytologic evaluation, 200 cc was spun down for 10 

minutes,, and four cytospin slides were prepared. Two were stained using the conventional 

Giemsaa and Papanicolaou methods, and were evaluated by a staff pathologist from the Johns 

Hopkinss Medical Institutions (RHH) and a staff pathologist from the Academic Medical Center 

Amsterdamm (GJAO). The cytologic criteria utilized to declare a specimen positive, negative or 

atypical,, respectively, were as follows. In a "positive" or malignant sample the cells are disordered 

andd crowded with loss of polarity and cell cohesion with sometimes acinar groups. The nuclei are 

conspicuouslyy enlarged and show anisokaryosis, chromatin clumping and an irregular nuclear 

membranee (figure 1). In a "negative" or benign sample the cells are typically grouped in monolayers 

orr palissading strips with a low nucleus cell ratio, demonstrating no atypia. The nuclei have a fine 

chromatinn pattern and smooth nuclear membranes (figure 2). In an "atypical", indefinite or 

suspiciouss sample the cells show some of the malignant features mentioned above, but only in a 

feww single cells or insufficiently outspoken (figure 3). The other two slides were airdried for K-ras 

genee analysis on material equivalent to that examined morphologically. The results of the 

abdominall washings were not used to plan further treatment. 
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Figur ee 1 
(A)) Periampullary wash positive for adenocarcinoma with crowded tissue fragments and marked pleomorphism 
(B)) Corresponding pathology of the resection specimen showing pancreatic adenocarcinoma (35- page 258) 
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Figur ee 2 
(A)) Periampullary wash negative for adenocarcinoma with a low nuclear: cytoplasmic ratio, smooth nuclear 

borders,, and lack of tissue fragments 
(B)) Corresponding pathology of the resection specimen showing pancreatic adenocarcinoma (^5- page 258) 
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Figuree 3 
(A)) Periampullary wash atypical for adenocarcinoma with crowded tissue fragments and irregular nuclear 

borders s 
(B)) Corresponding pathology of the resection specimen showing pancreatic adenocarcinoma ( x > page 258) 



Clinicall data 

Tumorr type and size, margin and lymph node positivity were determined by standard pathologic 

analysis.. Follow-up information including survival, recurrence, and death was collected f rom the 

prospectivelyy collected pancreaticoduodenectomy database from the Department of Surgery at 

thee Johns Hopkins Medical Institutions. 

K-rass gene mutation analysis 

Pointt mutations in rodon 12 of the K-ras oncogene were detected by mutant-enriched polymerase 

chainn reaction (PCR) and allele-specific oligonucleotide (ASO) hybridization as described previously.'9 

Extractedd DNA from two cytospin slides were subjected to PCR amplification using primers centered 

aroundd codon 12. One of the primers introduces a restriction site in the PCR products derived 

f romm wild-type codon 12 alleles but not in those derived from mutant codon 12 alleles. Digestion 

off the PCR products was followed by a second round of PCR amplification which yields a PCR 

productt enriched for K-ras codon 12 mutations. The resulting PCR products were denatured and 

dot-blottedd onto nylon membranes. On each membrane the non-enriched PCR products were 

representedd in the left lane and the mutant-enriched PCR products in the right lane. The membranes 

weree then subjected to ASO hybridization wi th radioactive labeled probes, specific for the wild 

typee codon 12 and the six possible K-ras codon 12 mutations, followed by autoradiography 

(figuree 4). The above mutational analysis has been validated through comparison wi th sequence 

analysiss in a previous study.27 The K-ras gene mutations in the intraoperative cytology were 

Figuree 4 Autoradiograph of a K-ras codon 12 point 
mutationn analysis performed in a pre-manipulation 
peritoneall washing. Four nylon membranes, each 
hybridizedd with a different radioactive labeled 
oligonucleotidee specific for the sequence of the wild 
typee codon 12 (left) and six possible mutations (3 of 
themm depicted). On each membrane the left lane 
representss the non-enriched PCR products and the right 
lanee the mutant-enriched PCR products, 
co:: hybridization controls, on each membrane cloned 
DNAA fragments with a known codon 12 sequence 
complementaryy to the labeled oligonucleotides are used 
forr the hybridization of that membrane. 
1-6.. DNA isolated from abdominal washings, all 
containingg wild type codon 12 sequence, except for 
numberr 5 which has a mutation (GGT to GTT) resulting 
inn an ammo acid change from glycine to valine 

6#« « 

confirmedd in the primary tumor if resected. 

WTT Arg Val Asp 
coo  # m 

33

4 # * * 



Statisticall analysis 
Resultss of the peritoneal washings were related to the final diagnoses and the patients' follow-

up.. Chi-square and Fisher exact tests were performed to determine whether there were associations 

amongg the results in cytology, K-ras, resectability, positive nodes, and positive margins at surgery. 

Kaplan-Meierr survival analyses were performed to determine whether the following factors affected 

survival:: positive margins at surgery; positive nodes at surgery; positive cytology and/or K-ras 

genee mutation. Log-rank statistics were computed to determine whether differences in survival 

weree significant. All data were analyzed with SPSS version 10.0 for Windows. 

Off the 136 patients, 94 patients (69%) underwent pancreaticoduodenectomy. Final histologic 

analysiss showed that two (2%) patients were resected for a benign disease which appeared to 

bee pancreatitis. From the 92 patients resected for a malignancy, 65 patients were margin negative 

andd 22 patients were lymph node negative. The final diagnoses in the 94 resected patients are 

listedd in table 1. Forty-two (31%) patients were unresectable. The reasons for unresectability 

weree local invasion of major visceral vessels in 29 (69%) patients, liver metastases in 9 (21%) 

patients,, and peritoneal metastases in 4 patients (10%). 

Tablee 1 Final pathologic diagnoses of the 94 resected patients with the concomitant findings of positive 
cytologyy and K-ras mutations 

Numbe rr  of patient s (%) 

tota ll  (100%) 

Pancreaticc adenocarcinoma 53 (56%) 
Distall common bile duct adenocarcinoma 20 (22%) 
Ampullaryy adenocarcinoma 18 (19%) 
Duodenall adenocarcinoma 1 (1%) 
Benignn disease (pancreatitis) 2 (2%) 

positiv ee cytolog y K-rass mutatio n 

pre-- post - pre- post-
resectionn resection resection resection 

11 (2%) 
0 0 

11 (5%) 
0 0 
nd d 

11 (2%) 
11 (5%) 

0 0 
0 0 
nd d 

0 0 
0 0 
0 0 
0 0 
nd d 

11 (2% 
11 (5% 

0 0 
0 0 
nd d 

AA total of 217 specimens underwent cytologic analysis, of which 134 specimens were obtained 

fromm the original washings prior to tumor manipulation, and 83 specimens were obtained after 

thee resection was completed. In total, 10 (5%) specimens were cytologically positive for malignant 

cellss (8 pre-manipulation, 2 post-resection) belonging to four patients wi th stage II disease, to 

twoo patients wi th stage III disease and to four patients wi th stage IV disease who were found to 

bee unresectable during laparotomy.28 

Off the 134 pre-manipulation washings, eight (6%) were positive for malignancy by cytology, 13 

(10%)) were atypical, and 111 (84%) were negative (table 2). Analysis of the eight patients wi th 



Tablee 2 Results of conventional cytology and K-ras codon 12 mutation analysis in abdominal washings of all 
patients s 

Pre-manipulatio nn washing s (n=134) 

Positiv ee cytolog y Atypica l cytolog y Negativ e cytolog y 

K-rass codon 12 mutation 2 0 2 
K-rasK-ras codon 12 WT 6 13 113 

Post-resectio nn washing s (n=83) 

Positiv ee cytolog y Atypica l cytolog y Negativ e cytolog y 

K-rass codon 12 mutation 0 0 2 
K-rass codon 12 WT 2 8 71 

aa positive pre-manipulation washing showed that 6 (75%) were unresectable. Pre-manipulation 

cytologyy was positive in 3 of 9 patients (33%) wi th liver metastases, 1 of 4 patients (25%) with 

peritoneall metastases, and 2 of 29 patients (7%) wi th local visceral vessel invasion. The final 

pathologicall diagnoses in the two resectable patients wi th positive pre-manipulation cytology 

weree pancreatic carcinoma and ampullary carcinoma, both moderately differentiated, margin 

negativee stage II tumors. 

Off the 83 post-resection washings, two (2%) were positive for malignancy by cytology. In neither 

casee was the pre-manipulation cytology positive. The final diagnoses in these patients were a 

poorlyy differentiated distal common bile duct carcinoma and a moderately differentiated pancreatic 

headd carcinoma, both margin positive stage II tumors. 

Off the original 217 cytologic specimens tested for K-ras gene mutations, six (3%) demonstrated 

mutations.. Of these six specimens, four were obtained from the 134 pre-manipulation washings 

(3%),, and two were obtained from the 83 post-resection washings (2%) (table 2). One sample 

didd not amplify, and the remaining 210 samples were K-ras wild type. Of the 80 cases with both 

pre-- and post-resection washings, four cases showed a positive cytology (n=2) or a K-ras gene 

mutationn (n=2) in the post-resection washings only. 

Fivee of the K-ras mutation positive specimens were negative on all cytologic analyses, whether 

f romm pre- or post-resection washings. Only two patients wi th a positive K-ras gene mutation 

underwentt surgical resection. Both patients are alive wi thout evidence of disease at 52 and 56 

months'' follow-up. The other three patients were found to be unresectable and underwent 

palliativee surgery and died of their disease at 8, 11 and 11 months after diagnosis. 

Analysiss of the subgroup of 53 resected patients with a final histologic diagnosis of pancreatic 

carcinomaa revealed that of the pre manipulation washings one (2%) was positive for malignancy 

byy cytology, three (6%) were atypical, and 49 (92%) were negative. None of the pre-resection 

washingss showed a K-ras gene mutation. Of the 38 post-resection washings, one (3%) was 

positivee for malignancy by cytology, 5 (13%) were atypical, and 32 (84%) were negative. One 



(3%)) of the post-resection washings showed a K-ras gene mutation, belonging to the patient still 

alivee after 52 months. 

Off 22 patients with negative nodes after surgical resection, none showed K-ras gene mutations, 

andd none was cytologically positive on pre- or post-resection washings (table 3). By contrast, of 

700 resected patients with positive nodes at surgery, two patients showed a K-ras gene mutation 

inn pre-resection washings, and two patients showed a K-ras gene mutation in post-resection $ 

washings.. Two patients were cytologically positive on pre-resection washings, and two were "S 

cytologicallyy positive on post-resection washings (table 3). Zi 

Tablee 3 Results of K-ras codon 12 mutation analysis and conventional cytology compared to node status in the 
922 resected patients with a periampullary carcinoma 

Pre-manipulationPre-manipulation  washing s (n=92) j , 

Q. . 

Nodee postiv e (n=70) Node negativ e (n=22) § 

K-rass mutation 
K-rass WT 

Positive e 
cytology y 

0 0 
2 2 

Atypical l 
cytology y 

0 0 
9 9 

Negative e 
cytology y 

2 2 
57 7 

Positive e 
cytology y 

0 0 
0 0 

Atypical l 
cytology y 

0 0 
1 1 

Negative e 
cytology y 

0 0 
21 1 

Post-resectio nn washing s (n=78) 

Nodee postiv e (n=59) Node negativ e (n=19) 

K-rass mutation 
K-rass WT 

Positive e 
cytology y 

0 0 
2 2 

Atypical l 
cytology y 

0 0 
6 6 

Negative e 
cytology y 

2 2 
49 9 

Positive e 
cytology y 

0 0 
0 0 

Atypical l 
cytology y 

0 0 
2 2 

Negative e 
cytology y 

0 0 
17 7 

Sixx primary tumors were available after either biopsy (n=4) or resection (n=2) from patients with 

aa K-ras gene mutation in their peritoneal washing. In 5 of the 6 cases the mutation found in the 

peritoneall washing was identified in the primary tumor, in the sixth case the primary tumor was 

wildd type at K-ras codon 12. 

Inn the total group of 134 included patients, 2 of 8 periampullary cancers (25%) with positive 

cytologyy taken prior to resection were resectable as compared to 90 of 124 patients (73%) with 

negativee or atypical cytology (Chi-Square p=0.011). There was also an association between K-ras 

codonn 12 mutation and the resectability (Fisher's Exact test, p=0.007). In the resected group of 

944 patients there were no associations found, especially not between cytology or K-ras gene 

mutationn and margin status (Fisher's Exact test, p=1.0). 

Survivall analysis of all 132 patients with a periampullary carcinoma and available pre-manipulation 

cytologicc data demonstrated median survival of 13, 15, and 6 months for patients with cytologically 

negative,, atypical, and positive washings, respectively. Overall, these survival functions differed 

significantlyy (log rank=10.09, p=0.006) (figure 5). Given the equality in survival times for the 
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Figur ee 5 Survival curves for all patients with a periampullary carcinoma (n=134) with negative, atypical, and 
positivee cytological examination of pre-manipulation specimens 
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Figur ee 6 Survival curves for the resected patients with a periampullary carcinoma (n=92) with negative 
atypical,, and positive cytological examination of pre-manipulation specimens 



cytologicallyy negative and atypical groups, the statistical significance of the differences in estimated 

survivall times for the negative/atypical group, and for the positive group is more evident (log 

rank=10.14,, p=0.0015). There was, however, no statistical difference in survival based on post-

resectionn washings (p=0.33). 

Survivall analysis of the 92 patients with a periampullary carcinoma who underwent 

pancreaticoduodenall resection demonstrated median survival of 20, 20, and 6 months for patients ? 

withh cytologically negative, atypical and positive pre-resection washings, respectively. The two patients "S 

inn the resected group with a positive peritoneal cytology had a median survival of 6 and 12 months. w 

Althoughh a trend was seen towards a worse survival for patients with positive peritoneal cytology, 

thee survival functions did neither differ significantly overall (log rank=3.75, p=0.15) (figure 6), nor 

differr significantly after combining the negative and atypical groups (log rank=3.67, p=0.055). The > 
tr r 

smalll number of samples harboring a K-ras gene mutation precluded survival analysis based on this o" 

factorr alone. In particular, we could not demonstrate that positive K-ras mutation analysis significantly 5' 

increasedd the predictive value of cytological examination when the two were combined. This finding g 

iss confirmed qualitatively by our observation that two out of five patients with K-ras gene mutations a; 

andd negative cytologic evaluation were still alive at latest follow-up. 'S 

Histologicall grade of the carcinoma, size of the primary tumor, number of positive nodes, and status ^ 

off surgical margins were examined for their prognostic significance. A significantly better prognosis -

wass found in resected patients with negative surgical margins (log rank=10.78, p=0.001)and negative t> 

lymphh nodes (log rank=3.69, p=0.05). SJ 

Thiss study shows that the incidence of a positive cytology for malignancy in perioperative peritoneal 

washingss in patients who undergo an exploratory laparotomy for a periampullary tumor is low. But 

whenn it is present it does convey a bad prognosis. Six of the eight (75%) patients with a positive 

peritoneall cytology were found to be unresectable, and the other two (25%) patients did poorly 

withh a median survival of 6 and 14 months. Regarding all 132 specimens taken prior to manipulation, 

thee median survival was significantly longer in patients with a cytologically negative (13 months) or 

atypicall washing (15 months) compared to patients with a cytologically positive washing (6 months). 

Regardingg the subgroup of 92 specimens taken prior to manipulation from patients with a 

periampullaryy carcinoma that underwent resection, the median survival was, although not statistically, 

longerr in patients with a cytologically negative (20 months) or atypical washing (20 months) compared 

too patients with a cytologically positive washing (6 months). 

Malignantt cells were found in 6% of 134 pre-manipulation washings, which is similar to the 

prevalencee of 3% to 7% described in some series where peritoneal washing was performed 

duringg staging laparoscopy.1- 29 However, other studies have described a prevalence of 17% to 



Tablee 4 Overview of published series on the diagnostic use of peritoneal cytologic washings in patients with 
periampullaryy cancer 

Series s 

Meszoelyy et al.37 

Yachidaetal." " 
Konishii et al.30 

Jiminezz et al.'3 

Vann Eijck et al.39 

Nakaoo et al.32 

Merchantt et al.3* 
Vann Dijkum et al.29 

Leachh et al.'3 

Fernandez-dell Castillo et al.38 

Ralletal." " 
Leii et al.8 

Warshaw^ ^ 
Martinn & Goellner'0 

Currentt study 

Year r 

2004 4 
2002 2 
2002 2 
2000 0 
2000 0 
1999 9 
1999 9 
1998 8 
1995 5 
1995 5 
1995 5 
1994 4 
1991 1 
1986 6 

2004 4 

Patient s s 
(n) ) 

168 8 
251 1 
151 1 
117 7 
50 0 
66 6 

228 8 
449 9 

60 0 
94 4 
24 4 
36 6 
40 0 
23 3 

132 2 

Positiv ee cytolog y 

27 7 
53 3 
36 6 
24 4 
10 0 
5 5 

34 4 
28 8 
4 4 

16 6 
3 3 
3 3 

12 2 
5 5 

8 8 

(%) ) 

(16) ) 
(21) ) 
(24) ) 
(21) ) 
(20) ) 
(8) (8) 

(15) ) 
(6) (6) 
(7) (7) 

(17) ) 
(12) ) 

(8) (8) 
(30) ) 
(22) ) 

(6) (6) 

Prognosti cc  significanc e 
(independent ) ) 

yes(no) ) 
noo (no) 
yes(no) ) 
yes(n/a) ) 
yes(no) ) 
noo (no) 
yes(no) ) 
yes(no) ) 

n/a a 
n/a a 
n/a a 

yes(n/a) ) 
yess (n/a) 

n/a a 
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29%% of malignant cells in patients wi th pancreatic head malignancies found during diagnostic 

laparoscopy>222 Table 4 summarizes the published data on peritoneal cytology in periampullary 

cancer.^8'10-- '3- K22-29_34 Several studies are performed at the same institution but nevertheless do 

havee differences in published percentages of positive cytology. This is not surprising regarding 

thee varying circumstances under which peritoneal cytology was performed (during laparotomy 

orr laparoscopy), the different years of publication (between 1991 and 2000) and the different 

groupss and number of patients studied. The reported differences in incidence of positive cytology 

mayy reflect different standards for peritoneal cytology collection and examination, different 

specimen-preparationn methods, and different patient-selection criteria. For example, 57% of 

includedd patients in current study had a final diagnosis of pancreatic head adenocarcinoma, 

whilee most publications on this issue concern patients wi th pancreatic head carcinoma only. 

InIn our study examination of peritoneal cytology, in particular f rom preoperative washings, could 

identifyy a subset of periampullary cancer patients wi th decreased life expectancy. Furthermore, 

cytologyy findings provided an additional index of resectability. This finding confirms the results 

fromm other studies on the impact of cytological examination of abdominal washings on prognosis 

forr periampullary cancer patients.' niA The lack of statistical significance in the survival difference 

betweenn resected patients with a positive cytology and resected patients wi th a negative or atypical 

cytologyy is probably due to a type II error. The trends seen are identical with those in literature and 

ourr findings may only represent the small number of patients in the individual subgroups. 

Fromm all other factors examined, only the margin and lymph node status provided prognostic 

informationn in the resected patients, as has been noted in our previous reports/ Once the margin 



statuss is known for a particular patient, knowledge of the other factors does not yield additional 

prognosticc significance regarding life expectancy for the subjects in this study. 

Forty-twoo of the 136 (31%) included patients appeared to be unresectable during explorative 

laparotomy.. Although all patients underwent an extensive preoperative workup consisting among 

otherr things of abdominal computed tomography, local invasion of major visceral vessels was 

thee predominant cause for unresectability in the majority of 29 (69%) unresectable patients. This 

iss a feature that should and probably coutd have been anticipated with more rigorous preoperative 

evaluation.. In a recent study from our institution we evaluated the impact of preoperative 3D-

computedd tomography (3D-CT) in determining the resectability of patients with periampullary 

tumors.. It turned out that 3D-CT was 95% accurate in determining cancer invasion of the superior 

mesentericc vessels.3S 

Thee finding of a mutation in codon 12 of the K-ras gene in peritoneal cytology is scarce, even in 

aa large series of 213 specimens. Molecular analysis for Kras did identify five cytologically negative 

patientss with mutant DNA present in abdominal washing fluid. However, due to the small number 

off cytology samples that were positive by molecular analysis we could not determine whether or 

howw the presence of a K-ras gene mutation would have an effect on the prognosis, either alone 

orr in conjunction with conventional cytotogical analysis of washings. 

Itt is important to note that there were two conversions of K-ras wild type in pre-manipulation 

washingss to K-ras mutant in post-resection washings, raising the possibility of intraoperative 

spillagee of mutant DNA into the abdominal fluid. The primary tumors of these two cases contained 

thee same mutation in the K-ras codon 12 gene as were found in the post-resection washings of 

thesee patients. Since these patients were still alive at latest follow-up at 52 and 56 months after 

resection,, if intraoperative DNA spillage did occur, at least it did not appear to affect survival in 

thiss limited analysis. Six primary tumors were available from patients with a K-ras gene mutation 

inn their peritoneal washing. Five of the six K-ras mutations found in the peritoneal washing were 

confirmedd in the primary tumor. The wild type K-ras codon 12 demonstrated in the sixth primary 

tumorr might be due to sampling error. In one of the largest series known on K-ras mutational 

analysiss by mutant-enriched PCR and ASO hybridization on cytology specimens a sampling error 

wass seen in 7 out of 312 cytology specimens.36 Whether a sampling error was involved or not we 

doo think that K-ras mutational analysis of peritoneal cytology in patients undergoing an exploratory 

laparotomyy for a periampullary tumor is of dubious value. 

Wee have demonstrated similar life expectancies for patients with negative and atypical cytology 

inn pre-manipulation washings. This finding may reflect a conservative system for interpreting 

cytologyy specimens, with strict standards for identifying a specimen as negative (i.e. completely 

normal)) or positive (i.e. definitely malignant), and a third, intermediate category reflecting failure 

too meet these strict criteria. It appears that the prognosis of patients with atypical specimens will 



bee comparable to the prognosis of their counterparts with negative specimens. 

Inn conclusion, this study demonstrates the low rate of malignant cells in perioperative peritoneal 

washingss from patients undergoing an exploratory laparotomy for a periampullary tumor. However, 

malignantt cells in perioperative washings do convey a bad prognosis and patients with a positive 

cytologyy have a shorter median survival than patients with an atypical or negative cytology. The 

ratee of K-ras codon 12 mutations in peritoneal cytology is even lower, and the mutational status 

didd not always correlate with the primary tumor. These data suggest little role for standard 

conventionall cytology or K-ras mutation analysis of peritoneal fluid in patients with potentially 

resectablee periampullary malignancies. 
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Backgroun d d 

K-rass mutations in endobiliary brush cytology are an early event in carcinogenesis and justify a suspicion 

off malignancy in patients with extrahepatic biliary stenosis. However, K-ras mutations have been detected 

inn specimens obtained by brushing of clinically benign extrahepatic biliary stenosis. The aim of this study 

wass to determine whether these findings represent an early or false-positive diagnosis of cancer. 

Method s s 

Cytologicc specimens were obtained by brushing in 312 consecutive patients with extra-hepatic biliary 

stenosis.. Mutations in the K-ras oncogene were detected by an enriched polymerase chain reaction and 

allele-specificc oligonucleotide hybridization assay. Eight patients with a K-ras mutation and a clinically 

benignn extrahepatic biliary stenosis were followed. 

Result s s 

Afterr a median follow-up of 65 months, 6 of the 8 patients were alive without evidence of malignancy. 

Onee patient died of congestive heart failure. The other patient died 60 months after the specimen was 

obtained,, possibly because of chronic pancreatitis, although previously there had been suspicion of 

malignancy.. Biopsy specimens from the papilla were negative for neoplasia and the K-ras analysis harbored 

thee same mutation as previously found in the brush specimen. 

Conclusion s s 

Basedd on long-term follow-up, the K-ras mutations in all 8 patients with a clinically benign extrahepatic 

biliaryy stenosis must be considered as confirmed false-positives. Nevertheless, a false-positive result is 

infrequent.. Therefore, patients with a positive K-ras mutation in biliary cytologic specimens obtained by 

brushingg still require careful, continuing follow-up. 



!Nii Rt  M n o r 
Treatmentt strategy for stenosis of the extrahepatic bile duct is based on the determination of 

etiology,, whether benign or malignant. A malignant stenosis is diagnosed by identification of 

tumorr cells in tissue samples obtained by various means. One of the best methods for obtaining 

materiall from an undiagnosed bile duct stenosis and for differentiating malignant from benign 

causess is endoscopic retrograde cholangiopancreatography (ERCP).' Cytologic confirmation is 

mandatoryy in making therapeutic decisions. Although the specificity of brush cytology for detecting 

malignantt stenoses is high, reportedly up to 100%, its sensitivity remains low, in most studies 

rangingg from 35% to 40%.1 ' Relatively new methods, such as molecular techniques, are required 

too improve the differential diagnosis of benign and malignant bile duct stenoses. 

K-rass codon 12 mutations are an early and the most common event in carcinogenesis in the 

regionn of the head of the pancreas and can be detected in small samples.34 Several studies have 

foundd that K-ras codon 12 mutational analysis of cytologic specimens obtained by brushing at 

ERCPP may help to differentiate between malignant and benign stenoses, and that this method is 

moree accurate than conventional cytologic evaluation alone.'2-5-6 However, the reported specificity 

off K-ras mutational analysis in cytologic brushings varies widely, which leaves its value open to 

question.. 6 ,  In a large prospective study in our institution, K-ras mutations were detected in 11% 

off the patients with a clinically benign extrahepatic biliary stenosis (EBS).2 On one hand, this finding 

mayy indicate early detection of an incipient neoplastic lesion, as yet not otherwise evident; on the 

other,, this result could be a true false-positive. Long-term follow-up of patients with clinically benign 

EBSS and K-ras mutations in cytologic specimens from the bile duct is therefore needed to clarify this 

contradictoryy situation. This is a follow-up study of 8 patients with clinically benign EBS who harbored 

K-rass codon 12 mutations in their brush cytology specimens. 

Patients s 
Fromm 312 previously described, consecutive patients with EBS, endobiliary brush cytology specimens 

weree obtained prospectively at ERCP from January 1993 until February 1996.2 The results of 

conventionall cytologic evaluation by light microscopy and K-ras codon 12 mutational analysis 

weree compared and evaluated in relation to the final diagnosis based on histologic and/or clinical 

findingss (table 1, figure 1). A final diagnosis could be made in 294 patients, of which 220 (75%) 

hadd a malignant and 74 (25%) a benign stenosis (figure 1). For this initial study all patients were 

followedd for at least 12 months. 

Eightt of the 74 patients felt to have a clinically benign stricture had a K-ras codon 12 mutation 

identifiedd in the cytologic specimen obtained by brushing. The current study concerns the follow-

upp of these 8 patients (table 1). Two patients had a diagnosis of chronic pancreatitis, 3 had a 



Tissuee Dx 
Resection n 
Autopsy y 
Biopsy y 

Clinicall Dx 
Progressive e disease e 

nn =116 
nn = 42 
nn = 7 
nn = 67 

nn =104 

MALIGNAN TT STENOSIS 
nn  = 220 

Pancreaticc carcinoma n = 96 
Bilee duct carcinoma n = 73 
Galll bladder carcinoma n = 7 
Ampullaryy carcinoma n = 8 
Lymphh node metastasis n = 10 
Lymphomaa n = 1 
Unspecifiedd n = 25 

Tissuee Dx 
Resection n 

Clinicall Dx 
Stablee disease 

nn = 10 

nn = 64 
BENIGNN STENOSIS 

nn  = 74 

Chronicc pancreatitis 
Cholelithiasis s 
Mirizzii syndrome' 
PSO O 
Postsurgical l 
Unspecified d 

nn = 
nn = 
nn = 
nn = 
nn = 
nn = 

26 6 
3 3 
1 1 

26 6 
13 3 
5 5 

UNKNOWN N 
nn = 18 

TOTAL L 
nn = 312 

Figur ee 1 Established final diagnosis, either clinical or tissue, in 294 of the 312 patients evaluated for extrahepatic 
biliaryy stenosis. 1: Gallstone in the gallbladder causing extrahepatic bile duct obstruction by external compression. 
2:: PSC, primary selerosing cholangitis 

postsurgicall stenosis, and 3 patients had primary sclerosing cholangitis. Six patients had a mutation 

forr aspartic acid (nucleotide sequence GAT) at codon 12, the other 2 for alanine (GGT). Two of 

thee 8 patients wi th a clinically benign stenosis harboring a K-ras mutation, both with a diagnosis 

off postsurgical stenosis, also had a positive cytology. At the time, these were felt to represent 

false-positivee cytologic diagnoses because the two patients were not suspected clinically of 

harboringg malignancy, and an explanation was sought in the repetitive stent insertion procedures 

inn these patients. The cytologic specimens from all 8 patients were reevaluated by an outside 

independentt expert cytopathologist who was unaware of the study results. For the current study, 

thee observation period was from the point at which the initial brush specimen was obtained until 

Decemberr 3 1 , 2000 (median 65 months, range 57-90 months). Patients were fol lowed by 

contactingg their primary care physicians for recent information on their health. When a patient 

wass hospitalized during follow-up, all the data from the medical record were retrieved and 

scrutinizedd wi th emphasis on a putative diagnosis of malignancy. Both the former and the present 

studyy were approved by the Medical Ethical Review Committee of our institution. All participating 

patientss provided informed consent. 



Tablee 1 Results of cytology and K-ras mutational analysis with reference to final diagnosis 

Definitiv ee diagnosi s 

Cytolog y y 

Positive e 
Negative e 
Suspect t 
Insufficient t 

35 5 
39 9 
14 4 
4 4 

Malignan tt  stenosi s 

K-rass positiv e K-ras negativ e 

44 4 
65 5 
16 6 
3 3 

Benig nn stenosi s 

K-rass positiv e K-ras negativ e Tota l l 

0 0 
60 0 
5 5 
1 1 

81 1 
170 0 
35 5 
8 8 

Total l 92 2 128 8 66 6 294 4 
Alll patients were followed for 12 months.*Current studied group of patients 

Materials s 
Cytologicc specimens were obtained from the bile duct stenoses wi th a brush (GRBH-230-3-3.5, 

Wilson-Cookk Medical Inc., Winston-Salem, N.C.). Four cytology smears f rom each patient were 

stainedd for routine cytologic evaluation. The remainder of the brush cytology specimen was 

suspendedd in 10 mL DNA buffer and fixed with 10 m l 100% ethanol. The suspensions were 

storedd at C for subsequent K-ras mutational analysis. 

Methods s 
DNAA isolation: One mL of each brush cytology suspension was used for DNA isolation. The 

protocoll for extraction of DNA and the K-ras codon 12 mutational analysis has been described." 

K-rass mutational analysis: In this assay," DNA is subjected to polymerase chain reaction (PCR) 

amplificationn by using primers around codon 12. One of the primers generates a restriction 

enzymee recognition site wi th the wild type codon 12 sequence but not wi th the mutant codon 

122 sequence. Digestion of the PCR products wi th the restriction enzyme is followed by a second 

roundd of amplification that then yields a PCR product enriched for K-ras codon 12 mutations. The 

resultingg DNA fragments are denaturated and dot-blotted onto nylon membranes and subjected 

too allele-specific oligonucleotide (ASO) hybridization wi th radioactive labeled probes, specific for 

eachh possible K-ras codon 12 mutation, followed by autoradiography. 

Celll suspensions wi th mutant to wild-type ratios of 1:100 and 1:1000 were used as positive 

controlss in every PCR procedure. The suspensions were made of the human colon cancer cell line 

SWW 480 wi th a homozygous GGT to GTT mutation at codon 12 of K-ras, and the human colon 

cancerr cell line HT 29 wi th wild-type K-ras. Water was used as a control for contamination, 

placentall DNA for nonspecific hybridization, and cloned DNA fragments wi th the 6 different K-

rasras codon 12 mutations and the wild-type codon 12 for specific hybridization. The above mutational 

analysiss has been validated though comparison wi th sequence analysis.5 

in' ' 
3 3 



Thee K-ras mutational analysis results were evaluated without reference to any information regarding 

thee patient. All mutational analyses were performed in duplicate in separate experiments. In case 

off a discrepancy, a third analysis was performed. A result was called K-ras mutant positive if 

identicall mutations were found in the duplicate analysis, and when the enrichment step for the 

mutat ionn had been successful; that is, intensity of the "mutant" dot had increased after the 

digestion,, whereas the wild-type dot had diminished or disappeared (figure 2). The sensitivity 

andd specificity of this assay, assessed in a previous study, were, respectively, 4 2 % (92/220) and 

89%,, and the positive and negative predictive values were, respectively, 9 2 % and 34% (table 1). 

Onn the available material from the biliary tract of the 8 study patients obtained during prolonged 

follow-up,, K-ras mutational analysis was performed wi th the same assay. 

WTT Cys Ser A rg Val A s p Ala 

11
22

33
4 4 

55

66

77

Figuree 2 Example of an autoradiogram of the K-ras mutational analysis of endobiliary brush cytology specimen 
obtainedd during ERCP: 7 nyion membranes, each hybridized with a different radioactive labeled oligonucleotide 
specificc for the sequence of the wild-type codon 12 (left) and the 6 possible mutations. For each membrane, 
leftt lane is nonenriched PCR products and right lane mutant-enriched PCR products. A mutant specimen should 
createe a weak signal in the nonenriched and a strong signal in the enriched columns because enrichment 
increasess the proportion of mutant DNA. WT, Wild-type = glycine; Cys, cysteine; Ser, serine; Mg, argmine; Val, 
valine;; Asp, aspartic acid; Ala, alanine. Row 1 contains the hybridization controls, DNA complementary to the 
labeledd oligonucleotides. Rows 2 and 3 contain samples of, respectively, 1 and 5 ul of the microdissected 
materiall obtained by papillotomy of the patient who was suspected of having a pancreatic carcinoma They 
harborr a gly (GGT) to asp (GAT) mutation at codon 12 of the K-ras gene. Row 4 is the control for contamination, 
water.. Rows 5 and 6 are positive controls showing 1 cell with mutant codon 12, coding for the amino acid 
valine,, mixed in 100, respectively, 1000 cells with wild-type codon 12 (1:100, respectively 11000). Row 7 is 
thee control for amplification, placenta DNA 



Off the 8 patients with a K-ras mutation in the cytologic specimens obtained by brushing of a 

benignn EBS, 6 were still alive without evidence of malignancy after a median follow-up of 68 

months.. These patients had been seen regularly by their primary care physicians who confirmed 

thatt none had any symptoms of obstructive biliary disease. The median overall survival of all 8 

patientss was 65 months. 

Onee patient died in hospital of congestive heart failure without a evidence of malignancy 56 

monthss after the cytologic specimen had been taken and the final diagnosis of primary sclerosing 

cholangitiss (PSC) was confirmed by obtaining biopsy specimens of the stenotic lesion. Autopsy 

wass not performed. 

Thee other patient died 60 months after the initial brush cytology was obtained. He had insulin 

dependentt diabetes mellitus and intermittent episodes of jaundice with concomitant pain, 

presumablyy from chronic alcoholinduced pancreatitis. A lesion was found in the head of the 

pancreass on transabdominal US and EUS, but the results of fine needle aspiration (FNA) were 

repeatedlyy negative. A biliary stent was inserted endoscopically and exchanged repeatedly. 

Histopathologicc evaluation of the most recent available material obtained at papillotomy 11 

monthss before death revealed inflammation but not infiltrating carcinoma. The K-ras codon 12 

mutationall analysis performed on this tissue showed a mutation to aspartic acid (GAT), which 

wass concordant with the mutation previously found in the brush cytology specimen (figure 2). 

Sixx months before death this patient was hospitalized because of severe vomiting and weight 

loss.. At endoscopy, it was impossible to pass the endoscope through the pylorus. Subsequent CT 

clearlyy demonstrated a stenosis in the duodenum with a small, deformed bulb, probably caused 

byy recurrent duodenal ulcers in the past. Surgical exploration revealed portal hypertension with 

liverr cirrhosis and chronic pancreatitis, but despite the suspicion of malignancy, there was no 

signn of a tumor. Subsequently, a gastroenterostomy and a choledochojejunostomy with a Braun's 

anastomosiss were performed without resections. During the last months before his death, the 

patientt again developed jaundice with concomitant weight loss, tiredness, and abdominal pain. 

Besidee a cirrhotic liver and massive ascites, CT again demonstrated a mass in the pancreas. 

Becausee of the patient's poor general condition, there were no remaining therapeutic options 

otherr than palliative measures. The official registered cause of death was "a benign disease, 

probablyy chronic pancreatitis." Autopsy was not performed. 

Re-evaluationn of the cytology results for all 8 patients revealed the same findings: 2 of the 8 

patientss with a clinically benign stenosis harboring a K-ras mutation also had a positive cytology, 

whereass in the remaining 6 patients cytologic evaluation was negative. 



Thiss follow-up study demonstrated that K-ras codon 12 mutations found in cytologic specimens 

obtainedd by brushing at ERCP in 8 patients with clinically benign EBS should be considered confirmed 

false-positivee results. After a median follow-up of more than 5 years, none of the 8 patients was 

provenn to have malignancy. The overall 5-year survival in patients with pancreatic carcinoma is only 

2%.122 Thus, any intervention based on the sole finding of a positive K-ras mutation in this group of 

patientss with clinically benign disease would have been unjustified. Nevertheless, considering the 

completee series of 312 consecutive patients, although false-positive K-ras mutations may occur, 

theyy are infrequent; the positive predictive value of the test remains 92% and the specificity 89%. 

K-rass mutational codon 12 analysis can be conisidered supplementary to conventional light 

microscopyy evaluation of brush cytology specimens obtained at ERCP for the diagnosis of malignant 

extrahepaticc biliary stenoses, particularly those caused by pancreatic cancer.2'315 Hyperplastic 

ductt lesions are frequently found together with cancer in the pancreas, and indeed there is 

evidencee that ductal hyperplasia can progress to infiltrating carcinoma, that this lesion is a precursor 

too cancer, even though its natural history is unknown.'c' '8 This implies that K-ras mutational analysis 

cann be used for the early detection of pancreaticobiliary carcinogenesis. Brat et al.'" reported 3 

patientss with precursor duct lesions who developed pancreatic cancer after intervals of 17 months 

too 10 years. In a study by Berthelemy etal.20 two patients developed pancreatic cancer, respectively, 

188 and 40 months after the finding of a K-ras mutation in their pancreatic juice. In these patients 

thee initial diagnosis was pancreatitis, a disease considered to commonly harbor precursor duct 

lesionss and to be a condition that predisposes to pancreatic carcinoma.2' 

Thee K-ras gene probably does not represent the unique link between chronic pancreatitis and 

pancreaticc cancer.''6822-23 Although K-ras mutational analysis is a valuable adjunct to brush cytology, 

theree is a wide variation in reported specificity. The specificity of 89% in our studies, based on 

dataa from as many as 312 consecutive patients with EBS, is one of the highest reported. The 

proceduree that was used can therefore be considered as relatively reliable. Nevertheless, a 

diagnosticc test with a specificity of 89% remains suboptimal, particularly in view of the major 

therapeuticc consequences in case of a diagnosis of malignancy. Most false-positive results are 

describedd in studies of patients with chronic pancreatitis.68'0 

Thee clinical relevance of mutant K-ras in pancreatitis is presently still unknown. A longer follow-

upp period is needed to determine its significance because the cumulative risk of pancreatic cancer 

200 years after the diagnosis of chronic pancreatitis is 4.0%.2' Although the follow-up period in 

thee present study is 5 years, better test specificity could not be obtained by prolonging the 

follow-upp for another 15 years because only 1 of the 2 patients with pancreatitis is still alive. In 

vieww of the cumulative risk of cancer after a diagnosis of chronic pancreatitis as mentioned 

above,, it is debatable whether it was too early to conclude that the K-ras mutation found in the 



patientt with chronic pancreatitis who had died 60 months after the specimen was obtained is a 

confirmedd false-positive result.2' The final clinical diagnosis of benign disease was based on the 

repeatedlyy negative fine needle aspirations, which revealed inflammation but not infiltrating 

carcinoma,, and survival of more than 5 years after the K-ras positive brush specimen was taken. 

Althoughh autopsy would have provided ultimate proof, in our opinion there is enough evidence 

too regard the K-ras mutation in this patient as a confirmed false-positive. The finding of the same 

K-rass mutation in material from the papillotomy site and the first brush cytology specimen does 

neverthelesss underscore the reliability of the assay used (figure 2). 

Twoo of the 3 patients with a clinically benign post-surgical stenosis and a K-ras mutation detected 

inn the endobiliary brush specimen also had repeatedly positive cytologic findings for malignancy. 

Ass described in the initial study, despite a positive cytology these patients did not undergo resection. 

Althoughh this is uncommon, the combination of a clinically benign course of the disease and the 

repeatedd exchange of stents in both patients, led to the decision against surgery. After 60 and 

900 months both were still alive without evidence of malignancy. These were the only 2 patients 

withh false-positive cytopathologic readings in the previous study of 312 consecutive patients 

withh EBS, which made the specificity of this conventional test alone 98%. This is concordant with 

thee reported specificity for definitive cytologic diagnosis.1-224-" Although it may not be possible 

too differentiate high-grade dysplasia from malignancy by cytology, it becomes less likely that 

thesee positive cytologic specimens came from pancreatic duct lesions with high-grade dysplasia 

orr in situ carcinoma, considering the length of follow-up. However, neither the length of time 

requiredd for high-grade dysplasia to progress to cancer nor the proportion of lesions that undergo 

thiss transformation are known. 

Itt is clear that duct hyperplasia does not always progress to invasive carcinoma during the life span 

off an average patient.91026 For example, hyperplastic duct cells are found in the pancreas in the 

absencee of cancer or chronic pancreatitis, that is, in the elderly as shown in autopsy studies. In the 

studyy of Tada et al.,9 mutations found in these duct lesions differed from those found in pancreatic 

cancer.. This does not correspond to our experience and it is our belief that the number of mutant 

alleless in the specimen may be more informative. A quantitative test for K-ras mutations has been 

developedd and tested in lung tumor DNA samples.27 In this test ARMS allele specific amplification is 

coupledd with real-time fluorescent detection of PCR products. The quantitative nature of the test 

makess it possible to set a threshold above which the specificity of the test is 100% for that particular 

patientt cohort. This test may be more promising for clinical application in the future. 

Inn conclusion, this follow-up study emphasizes that the results of K-ras analyses on endobiliary 

specimenss obtained by brushing should be interpreted with caution. In all 8 patients with a 

clinicallyy benign biliary stenosis followed long-term, the K-ras mutation in the endobiliary brush 

cytologyy specimen must be considered as confirmed false-positives. Nevertheless our reported 



positivee predictive value of 92%, and specificity of 89% in a consecutive series of 312 patients is 

relativelyy high. Therefore, patients with a positive K-ras codon 12 mutation require careful, 

continuingg follow-up. 
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Backgroun d d 

Pancreaticc cancer is often diagnosed late and therefore has a poor prognosis. Surgical resection and 

Surveillancee of subjects at risk for pancreatic cancer and surgery at an early stage of the disease are 

preconditionss for cure. Although the K-ras oncogene is mutated in >90% of pancreatic cancers and is a 

potentiallyy useful marker, its specificity for screening purposes remains a concern. The aim of this study 

wass to estimate the prevalence of K-ras mutations in brush cytology and bile in the non-diseased general 

populationn by using the "epidemiologic necropsy" study design. 

Method s s 

Alll necropsies performed at the Academic Medical Center in Amsterdam and the Pathologisch Anatomisch 

Laboratoriumm in Enschede in the Netherlands between March 1996 and March 1997 were prospectively 

includedd and categorized by age group, gender and cause of death. After squeezing the gallbladder for bile 

andd brushing the distal common bile duct for cytology, the underlying pancreatic tissue was resected. DNA 

wass isolated from brush, bile and tissue, and subjected to PCR amplification for K-ras codon 12 mutations. 

Randomlyy selected pancreatic tissue was analyzed for the presence of pancreatic intraepithelial neoplasia 

(PanIN)) lesions. Excluding the autopsies with risk factors for pancreatic cancer the prevalence of K-ras 

mutationss in brush and bile from necropsies was translated towards the general population by direct 

standardizationn using the demographics of the Dutch population in 2000. 

Result s s 

Afterr exclusion of 14 necropsies for related disease, 317 necropsies consisting of 187 men and 130 

womenn were available for analysis. K-ras mutations were detected in 78/317 (25%) brush cytology 

specimenss and 18/317 (5.7%) bile specimens. The prevalence of K-ras mutations in the general population 

couldd be estimated at 14% in brush cytology and 3% in bile. K-ras mutations were only detected in 

pancreaticc tissue carrying PanlN-1A and PanlN-1B lesions, which were present in 95% of the cases. 

Conclusion s s 

Givenn the prevalence of K-ras mutations in brush cytology and bile in the non-diseased population and 

thee high rate of mutations in the commonly detectable PanlN-1A and PanlN-1B the concerns regarding 

specificityy of K-ras mutation analysis seem justified. Certainly as a screening test in the population not at 

riskk this method cannot be used. 



Pancreaticc cancer is the fourth leading cause of cancer-related death in the Western world.1 The 

overalll 5-year survival is less than 4% and has hardly improved over the last two decades.? The 

majorr cause of this poor prognosis is its relatively late detection. Around 80% of patients presenting 

withh pancreatic carcinoma have locally spread or metastasized disease, which makes a curative 

resectionn impossible. A successful pancreatico-duodenectomy improves the 5-year survival rate 

too percentages varying from 8 to 21 %.3 A subset of the operable patients with favorable prognostic 

factorss such as negative lymph nodes, negative margins, and tumors smaller than 3 cm even 

havee a 40% chance to survive the first 5 years after surgery.4'6 

Likee in other cancer types, early detection of pancreatic carcinoma is therefore crucial for a better 

patientt survival. Early detection is hampered mostly by the late presentation of non-specific 

symptoms.. Optimizing existing diagnostic methods using specific molecular genetic alterations 

accompanyingg pancreatic carcinogenesis and surveillance of patients at risk for developing 

pancreaticc carcinoma are potential ways to advance the diagnosis. 

Thee K-ras oncogene is mutated in more than 90% of pancreatic carcinomas. Since virtually all K-

rasras mutations are confined to codon 12, they are relatively easy to detect.79 Therefore several 

studiess have focused on the clinical utility of K-ras mutations in the early detection of pancreatic 

carcinoma.100 '8 In a previous study we evaluated the additional diagnostic value of K-ras codon 12 

mutationss in brush cytology specimens obtained during endoscopic retrograde cholangio-

pancreatographyy (ERCP) from 312 consecutive patients with an extrahepatic biliary stenosis 

suspiciouss for cancer.13 In that study, K-ras codon 12 mutation analysis proved to be a useful 

methodd to improve the diagnostic sensitivity of conventional cytology to detect malignancy. The 

sensitivityy increased from 36% for conventional cytology alone, to 62% for conventional cytology 

inn combination with K-ras mutation analysis. Thus, K-ras mutations could be an attractive tumor 

markerr and may be useful for future screening purposes. 

However,, in that same study eight of the 312 (2.6%) patients harbored a K-ras mutation while 

malignancyy as the cause of the extrahepatic biliary stenosis could not be confirmed. Also after a 

mediann follow-up of 65 months these patients had to be considered as true false positives.19 

Althoughh a false-positive result might be infrequent, the specificity of the K-ras mutation analysis 

remainss a concern, because the consequences of unnecessary surgical resection are unacceptable. 

K-rass mutations have also been reported in the precursor lesions of pancreatic cancer, the so-

calledd pancreatic intraepithelial neoplasia (PanIN) lesions.70'19 The presence of K-ras mutations in 

brushh cytology and bile from patients without a pancreatic or other periampullary neoplastic 

diseasee could hinder its diagnostic use. However, patients who underwent an ERCP for periampullary 

diseasee suspicious for cancer will introduce a selection bias when used as study population to 

evaluatee K-ras mutations, even if these patients do not have malignancy; this method does not 



providee an estimate about prevalence of K-ras mutations in the non-diseased general population, 

i.e.. specificity. The techniques required to obtain brush cytology or bile are invasive and not without 

risks,, and therefore not suitable to perform in a normal healthy control group. 

Thee so-called "epidemiological necropsy" study design provides a way to estimate trends and 

occurrencee of non-manifest disease or undetected abnormalities in the general population and 

cann be regarded as a screening survey to assess the reservoir of abnormalities indicative for a 

certainn disease among persons in whom this particular disease is not expected. The main principle 

off this design is to investigate necropsies without the disease under study and without risk 

factorss for that particular disease, hereby avoiding selection bias.30 Bias due to the nature of a 

hospitall population is avoided by using incidental data from necropsies carried out for unrelated 

disease.5'' Meanwhile, standardization by age, gender, and co-morbidity reduces demographic 

bias.. This is a potentially valuable method not only to help distinguish the true occurrence rates 

off disease from the changes attributable to improved diagnostic detection, but also to determine 

thee specificity of clinical analyses. 

Thee aim of the current study was to estimate the prevalence of K-ras mutations in brush cytology 

andd bile in the general population in order to enhance the understanding of its utility as a 

molecularr marker for periampullary cancer by using the "epidemiologic necropsy" study design. 

Studyy group 
Alll necropsies of patients older than one year performed at the Academic Medical Center in 

Amsterdamm between March 1996 and March 1997, and at the Pathologisch Anatomisch 

Laboratoriumm (PAL) in Enschede between March and September 1996 were prospectively included. 

Clinicall and pathology data were retrieved including patient characteristics, general medical history, 

historyy of cancer, smoking and drinking habits when available, reason for admission, clinical cause 

off death and all pathology investigations performed. According to the "epidemiologic necropsy" 

studyy design all necropsies with evidence or suspicion of the studied disease before death were 

excludedd from this study. Therefore the following two exclusion criteria were used: (1) necropsies 

onn patients with a history of pancreatic cancer or pancreatitis, and (2) necropsies on patients who 

weree referred to hospital for analysis of symptoms that could be indicative for pancreatic disease. 

Patientss were categorized by location of necropsy, gender, age group and cause of death. 

Collectionn of material 
Att necropsy, the stomach, duodenum, liver, biliary tract, pancreas and spleen were resected "en 

bloc".. After opening the duodenum, the Ampulla of Vater was localized. By squeezing the gall 

bladderr the bile present in the distal common bile duct was collected. After bile collection the 



firstt two centimeters of the distal common bile duct was brushed with an endocervical brush 

(Cervibrush+TU,, CellPath, Heme! Hempstead, UK) through the Ampulla of Vater. Bite and brush 

cytologyy specimens were collected in 10 ml of a buffered saline solution (pH 7.0-8.0), fixed by 

addingg 10ml ethanol, and stored at C until further analysis. 

Thee brushed part of the distal common bile duct and the underlying pancreatic tissue was resected. 

Thiss tissue was partly paraffin-embedded after formalin fixation and partly fresh-frozen and stored 

att . 

Isolationn of DNA 

AA sample of 1 ml of both bile and brush cytology collections was used for DNA isolation. The 

sampless were spinned, the supernatant was removed, and the cell-pellet was incubated with 

proteinasee K at C for at least one hour. Proteinase K was inactivated by heating the samples 

att 96CC. Pancreatic tissue was micro-dissected with a fine needle for DNA isolation. 

K-rasK-ras codon 12 mutation analysis 

DNAA was subjected to PCR amplification using primers centered around codon 12. One of the 

primerss introduces a restriction site in the PCR products derived from wild-type codon 12 alleles 

butt not in those derived from mutant codon 12 alleles. After digestion of the PCR products, a 

secondd round of PCR amplification is performed, yielding a PCR product enriched for K-ras codon 

122 mutations. The resulting DNA products are denatured and dot-blotted onto nylon membranes 

andd subjected to allefe-specific oligonucleotide (ASO) hybrid-ization with radioactive labeled probes, 

specificc for each possible K-ras codon 12 mutation, followed by autoradiography. Cell suspensions 

withh mutant:wild type ratios of 1:100 and 1:1000 were used as positive controls in every PCR 

procedure.. The cell suspensions were made of the human colon cancer cell line SW 480 with a 

homozygouss GGT to GTT mutation at codon 12 of K-ras and the human colon cancer cell line HT 

299 with wild type K-ras. Water was used as a negative control, placental DNA for non-specific 

hybridization.. All PCR products were hybridized with olignucleotides with the wild type sequence 

too control for amplification of the DNA samples. Enriched and non-enriched PCR products were 

dot-blottedd next to each other to check for the digestion and the mutant-enrichment. We previously 

validatedd this method using mutant enriched PCR with ASO hybridization by comparing it with 

sequencee analysis.32 

Histologicall analysis 

Randomlyy selected pancreata were analyzed for the presence of pancreatic intraepithelial neoplasia 

{PanlN)) lesions in the pancreatic head. For the classification of PanlN lesions the progression 

modell for pancreatic cancer was used which was unanimously agreed upon during the "Pancreas 



Cancerr Think Tank" sponsored by the National Cancer Institute held in Park City in Utah in 

1999.333 It shows the progression from a histologically normal duct to flat duct lesion (PanlN-IA) 

too papillary duct lesion (PanlN-lB) to atypical papillary duct lesion (PanlN-2) to severely atypical 

ductt lesion or carcinoma in situ (PanlN-3). When PanIN lesions were present in the analyzed 

pancreaticc sections, the ducts with the highest grade precursor lesions were microdissected for 

DNAA extraction and subsequent K-ras codon 12 mutation analysis as described. A random section 

off pancreatic tissue from the patients with a K-ras mutation in brush cytology or bile was 

microdissectedd and analyzed for K-ras mutations, regardless of the presence of PanIN lesions. 

Thee K-ras codon 12 mutations found in brush cytology or bile were compared to the mutations 

foundd in the duct lesions of corresponding pancreata. 

Computations s 
Inn order to estimate the prevalence in the general population, the percentages of positives were 

translatedd towards the general population by direct standardization using the vital statistics and 

demographicss of the Dutch population in 2000. The prevalence in the study population was 

calculatedd for age- and sex-specific strata (alt patients were Caucasian whites), using the age 

categoriess < 20 years, 20-40 years, 40-65 years, 65-80 years and 65 years or more. These figures 

weree then multiplied by the numbers of subjects in those specific strata in the 2000 general 

populationn according to the bureau of vital statistics (CBS) in The Netherlands (www.cbs.nl) in 

orderr to arrive at an estimate of the prevalence of K-ras mutations in the non-diseased Dutch 

population. . 

Al!! 331 necropsies performed in the described time period were initially eligible, of which 161 

camee from the Academic Medical Center Amsterdam in Amsterdam and 170 from the Pathologisch 

Anatomischh Laboratorium in Enschede, The Netherlands. The patients consisted of 197 men and 

1344 women, and the mean age at death was 68 (21 -96) years. Thirteen necropsies were excluded 

becausee of a history of pancreaticobiliary disease: chronic pancreatitis in two, acute pancreatitis 

inn one, mucinous cystadenoma in two, carcinoid of the pancreas in one, Klatskin cancer in one, 

andd panceatic cancer in six patients. One necropsy with a history of HIV infection was excluded 

forr precaution measures considering the risk for the collector of brush cytology and bile. The 

causess of death of the remaining 317 necropsies consisting of 187 men and 130 women are 

summarizedd in table 1. 

Brushh cytology 
Brushh cytology was not available in two necropsies, thus remaining 315 brush cytology samples 

http://www.cbs.nl


Tablee 1 Causes of death in the 317 included necropsies 

Causee of Death 

Cardiovascular r 
Cancerr (no pancreatobiliary cancer) 
Respiratoryy (pneumonia, embolus) 
Sepsis s 
Otherr (neurological, renal) 

Total l 

Numbe rr  (percentag e of total ) 

129(41%) ) 
118(37%) ) 
255 (8%) 
299 (9%) 
16(5%) ) 

3177 (100%) 

too be analyzed. Seventy-eight of 315 (24.8%) brush cytology samples contained one or more K-

rasras codon 12 mutations. The most frequently detected K-ras mutation in brush cytology was the 

GGTT to GAT mutation in 40 of 78 (51%) positive samples, followed by the GGT to GTT mutation 

inn 31 of 78 (40%) positive samples. Two different K-ras mutations were found in the same brush 

cytologyy of 13 necropsies. The frequencies and type of mutations detected in the brush cytologies 

aree shown in table 2. 

Tablee 2 Frequency and type of mutations found in the brush cytology from 315 necropsies 

Typee of mutatio n Amin o acid Frequenc y (percentag e of total ) 

TGT T 
AGT T 
CGT T 
CGTT and GTT 
CGTT and GAT 
GTT T 
GTTT and GAT 
GAT T 
GATT and GCT 
GCT T 
Nott available 
GGTT (wild type) 

Total l 

cysteine e 
serine e 
arginine e 
argininee and valine 
argininee and aspartic acid 
valine e 
valinee and aspartic acid 
asparticc acid 
asparticc acid and alanine 
alanine e 

glycine e 

11 (0.3%) 
11 (0.3%) 
88 (2.5%) 
33 (0.9%) 
22 (0.6%) 

211 (6.6%) 
77 (2.2%) 

300 (9.5%) 
11 (0.3%) 
44 (1.3%) 
22 (0.6%) 

2377 (74.8%) 

3177 (100%) 

Bile e 

Bilee was not available in 31 necropsies and DNA could not be amplified from 14 necropsies, thus 

leavingg 286 bile samples to be analyzed. Eighteen of 286 (6.3%) contained one or more K-ras codon 

122 mutations. The most frequently detected K-ras mutation in bile was the GGT to GAT mutation in 

77 of 18 (39%o) cases. Two different K-ras mutations were detected in the same bile of four necropsies. 

Thee frequencies and type of mutations detected in the bile samples are listed in table 3. 

InIn 16 necropsies both brush and bile contained one or more K-ras mutations, of which fifteen 

weree concordant. In ten necropsies the mutations detected in brush cytology were concordant 



Tablee 3 Frequencies and type of mutations found in bile from 272 necropsies 

Typee of mutatio n 

TGT T 
AGT T 
CGT T 
CGTT and GTT 
GTT T 
GTTT and GAT 
GAT T 
GCT T 
Nott amplified 
Nott available 
Wildd type (GGT) 

Total l 

Amin oo acid 

cysteine e 
serine e 
arginine e 
argininee and valine 
valine e 
valinee and aspartic acid 
asparticc acid 
alanine e 
--
--
glycine e 

Frequenc y y 
(percentag ee of total ) 

1 1 
2 2 
1 1 
2 2 
4 4 
2 2 
5 5 
1 1 

14 4 
31 1 

254 4 

317 7 

(0.3%) ) 
(0.6%) ) 
(0.3%) ) 
(0.6%) ) 
(1.3%) ) 
(0.6%) ) 
(1.6%) ) 
(0.3%) ) 
(4.4%) ) 
(9.8%) ) 
(80.1%) ) 

(100%) ) 

Tablee 4 Frequency, type of mutations and characteristics of the 16 necropsies with a K-ras codon 12 mutation 
inn brush cytology and bile. In 15 necropsies at least one mutation in brush and bile was concordant. 

Brush h 

TGT T 
AGT T 
CGT T 
CGT T 
GTT/GAT T 
GTT T 

GTT/GAT T 

GTT/GAT T 
GAT T 

CGT/GAT T 
GCT T 
GAT T 

Bile e 

TGT T 
AGT T 
CGT T 
CGT/GTT T 
CGT/GAT T 
GTT T 

GTT T 

GTT/GAT T 
GAT T 

GAT T 
GCT T 
AGT T 

Frequenc y y 

1 1 
1 1 
1 1 
1 1 
1 1 
2 2 

2 2 

1 1 
3 3 

1 1 
1 1 
1 1 

Causee of death 

cancerr (non-Hodgkin lymphoma) 
cancerr (colon carcinoma) 
cancerr (esophageal carcinoma) 
cancerr (prostate carcinoma) 
cancerr (Grawitz tumor) 
cancerr (cervical carcinoma) 
cardiovascularr disease 
cancerr (myeloproliferative disease) 
cardiovascularr disease 
sepsis s 
sepsis s 
cardiovascularr disease 
respiratoryy disease 
cancerr (small cell lung carcinoma) 
cancerr (chronic lymphoid leukemia) 
cancerr (cervical carcinoma) 

Age e 

56 6 
54 4 
60 0 
70 0 
93 3 
74 4 
71 1 
84 4 
71 1 
77 7 
66 6 
84 4 
75 5 
63 3 
57 7 
44 4 

Sex x 

M M 
F F 
M M 
M M 
M M 
F F 
F F 
F F 
M M 
F F 
M M 
F F 
M M 
M M 
M M 
F F 

wi thh the mutations in bile, while in five necropsies one of the two mutations in brush cytology 

wass concordant wi th the mutations in bile. In one necropsy the mutations detected in brush and 

bilee were not concordant (table 4). Ten of 16 (62%) patients with mutations in both brush and 

bilee died of cancer (mortality due to cancer in the total group was 112 of 317 (37%)). 

PanINN lesions 
Sixty-threee from the 66 (95%) randomly selected pancreata showed the presence of PanIN lesions. 

Forty-onee of 63 (65%) pancreata contained flat mucinous ductal hyperplasia, corresponding to 

PanlN-1AA lesions. Twenty-two of 63 (35%) pancreata contained papillary duct lesion wi thout 

atypia,, corresponding to PanlN-1B lesions. PanlN-2 and PanlN-3 lesions were not encountered. 



InIn 11 of 66 (17%) analyzed pancreata a K-ras codon 12 mutation was detected, of which four 

weree found in PanIN-1A lesions and 7 in PanlN-1 B lesions. Two of the 3 pancreata without PanIN 

lesionss in the analyzed sections did not contain K-ras mutations. The DNA of the third pancreas 

couldd not be amplified. 

Inn five of 11 (45%) pancreata the K-ras mutations detected in the PanIN lesions were completely 

orr partially (one of the two mutations) concordant wi th mutations detected in brush cytology or $ 

bile.. In 26 of 66 (39%) pancreata no K-ras mutations were detected in the analyzed sections of S 
fD D 

thee pancreatic head, while they were detected in brush cytology or bile. The most frequently ^ 

detectedd K-ras mutation found in the pancreas was a GGT to GAT mutation in 7 of 11 positive 

samples,, followed by the GGT to GTT mutation in six of 11 positive samples. In 5 pancreata two 

differentt K-ras mutations were detected. The frequency and spectrum of mutations found in the * 

PanINN lesions are summarized in table 5. 5! 
3 3 
c c 

Tablee 5 Frequency, type of mutations and characteristics of all patients with a K-ras codon 12 mutation % 
detectedd in PanIN lesions in relation with the K-ras mutation analysis in corresponding brush cytology and bile 2 

PanIN N 

1A A 
1A A 
1A A 
1A A 

1B B 
1B B 
1B B 

1B B 
1B B 
1B B 

IB B 

K-rass in PanIN 

GAT,, CGT 
GTT T 
GTT T 

GAT T 
GAT,, CGT 
GTT T 
GTT,, CGT 
GTT,, GAT 

GTT,, GAT 

GAT T 
GAT T 

K-rass in brus h 

GAT T 
GAT T 
WT T 

GTT T 
WT T 

GAT, , 
GAT, , 
GTT T 

GAT T 
GAT T 

WT T 

GTT T 
GTT T 

K-rass in bil e 

WT T 

NAM M 
WT T 

Nott amplified 
WT T 
WT T 

GAT/GTT T 
WT T 

WT T 
GAT T 
WT T 

Causee of deat h 

cardiovascular r 

cardiovascular r 

cancerr (lung) 
sepsis s 
cardiovascular r 

cardiovascular r 
sepsis s 
cancerr (lung) 
cardiovascular r 

cardiovascular r 
cardiovascular r 

Ag e e 

72 2 

69 9 
81 1 
76 6 
77 7 

96 6 
77 7 
67 7 

88 8 
84 4 
82 2 

Sex x 

F F 
M M 
F F 

F F 
F F 
F F 

F F 

M M 
F F 
F F 
M M 

3 3 

(O O 

3 3 

S_ _ 
a a 

o o 
o o 
ai i 

5 5 
3 3 

Age-- and sex-specific frequency distributions and estimate of prevalence 
Thee majority of necropsies, 139/317 (44%), fell into the age category 65-80 years (table 6). In 

thiss age category 38/139 (27%) necropsies showed a K-ras mutation in brush cytology, while 

10/139(7.2%)) necropsies showed a K-ras mutation in the bile. When multiplied by the 1,649,851 

subjectss in the age category 65-80 years in the general population of the year 2000, estimates of 

aa prevalence of 451,038 subjects with a K-ras mutation in brush cytology and 118,694 subjects 

wi thh a K-ras mutation in bile can be made. The estimated prevalence of K-ras mutat ion in brush 

cytologyy and bile is highest in the largest age category 40-64 years wi th 1,054,849 and 329,641 

subjects,, respectively. By adding up the calculated prevalences in the different age categories, 

thee prevalence of K-ras mutations in the total, non-diseased general population of almost 16 

millionn people in The Netherlands in the year 2000 can be estimated at 2.2 million (14%) in brush 

cytologyy and almost half a million (3%) in bile (table 6). 



Thee total of 78/317 (25%) brush cytologies with a K-ras mutation consisted of 44/187 (24%) men 

andd 34/130 (26%) women (p=0.8). The 18/317 (5.7%) bile cytologies with a K-ras mutation consisted 

off 9/187 (4.8%) men and 9/130 (6.9%) women (p=0.4). The general Dutch population in the year 

20000 consisted of 7,846,317 men and 8,017,633 women. Since the male/female distribution is 

nott provided for the different age categories in the total Dutch population in 2000 (www.cbs.nl), 

thee prevalence of K-ras mutations in brush and bile could not be estimated based on gender, but in 

vieww of the above calculations a significant difference between genders seems unlikely. 

Tablee 6. Prevalence of K-ras mutations in the study population divided over the different age categories and 
estimatee of the prevalence of K-ras mutations in the non-diseased population using data from the general 
populationn in 2000 

Agee grou p Populatio n Necropsie s Brus h Bil e Prevalenc e Prevalenc e 
yearr  2000* K-ras + K-ras + K-ras brus h K-ras bil e 

<< 20 3,870,804 0 0 0 0 0 
20-400 4,759,185 25 3 0 12% (571,102) 0 

0 0 
25 5 
77 7 

139 9 
76 6 

0 0 
3 3 

16 6 
38 8 
21 1 

40-655 5,076,464 77 16 5 2 1 % (1,054,849) 6.5% (329,641) 
65-800 1,649.851 139 38 10 27% (451,038) 7.2% (118,694) 

>800 507,646 76 21 3 28% (140,270) 4.0% (20,039) 

Totall 15,863,950 317 78 18 14% (2,217,259) 3.0% (468,374) 

'' from the bureau of vital statistics (CBS) in The Netherlands (www.cbs.nl) 

Thee present study shows that K-ras codon 12 mutations can be encountered in necropsies from 

patientss without clinically manifest periampullary cancer and wi thout related disease. One or 

moree K-ras mutations were detected in 80 of 317 (25%) evaluated brush cytology and/or bile 

specimenss obtained from the necropsies, and the prevalence of mutations in brush and bile in 

thee non-diseased Dutch population could be estimated at 14% and 3% respectively. Because 

95%% of randomly selected pancreata contained the earliest precursor lesions PanlN-1 A and PanlN-

1B,, and the pancreatic tissue in which K-ras mutations were detected all corresponded to PanlN-

1AA or PanlN-1B lesions, K-ras mutation analysis does not seem suitable for the identification of 

patientss with advanced precursor lesions or early cancer. 

Givenn the high prevalence of PanIN lesions in the pancreata (95%) and K-ras mutations in brush 

cytologyy or bile (25%), the prevalence of K-ras mutations detected in pancreatic tissue (17%) 

wouldd be expectedly higher. An explanation for the relatively low frequency of K-ras mutations in 

pancreaticc tissue could be that only the pancreatic head region was analyzed. As a consequence 

wee might have missed the for K-ras mutation positive PanIN lesions localized in the body and tail of 

thee pancreas. Although pancreatic carcinoma preferentially occurs in the head of the pancreas, 

multiplee studies show that precursor lesions in the disease-free pancreas are evenly distributed 

http://www.cbs.nl
http://www.cbs.nl


throughoutt the pancreas.23M Furthermore, K-ras codon 12 mutations are also encountered in distal 

bilee duct carcinoma." If these mutations also represent a very early event in bile duct carcinogenesis, 

theyy might account partially for the mutations detected in brush cytology and bile. Finally, circulating 

mutationss from cancers at other sites than pancreatobiliary such as lung, intestinal and so forth 

mayy be picked up. 

Thee high prevalence of PanIN lesions in the disease-free pancreas in our study is comparable to 

findingss from other institutions.2 " The spectrum of K-ras codon 12 mutations detected in the 

PanINN lesions in present study are in line with the spectrum of mutations observed in pancreatic 

carcinoma,, predominantly GGT to GAT and GGT to GTT mutations.7'8 This is in contrast with the 

findingss of a study performed by Tada et al. in 1995.2' They reported high frequencies of GGT to 

TGT{37%)) and GGT to AGT(16%) mutations in "hyperplastic duct epithelium" from disease-free 

pancreata,, while these are very rare in pancreatic carcinoma.7 The authors conclude that these 

typess of K-ras mutations have low potential for malignant transformation and that hyperplastic 

lesionss containing these mutations normally do not progress to invasive carcinoma. However, 

geographicall influence as well as methodological flaws are also known to account for the 

differencess in prevailing K-ras mutations.2436 

Twoo different mutations in the same sample were encountered in five pancreata, 13 brush 

cytologiess and four bile specimens. During microdissection the PanIN lesions were pooled, which 

mightt explain the occurrence of more than one mutation in the same sample. Different PanIN 

lesionss can contain different K-ras codon 12 mutations, although this has been described for one 

andd he same PanIN lesion as well.37 Moreover, in 23 of 66 (35%) analyzed pancreata a K-ras 

mutationn was detected in the corresponding brush cytology or bile specimens while no mutation 

wass detected in the matching pancreatic tissue. 

Thee "PanIN - pancreatic carcinoma" sequence shares similarities with the well-established adenoma-

carcinomaa sequence proposed for the development of colorectal cancer.3839 In both tumor 

progressionn models precursor lesions are more prevalent in the older population. An age-related 

increasee of PanIN lesions, formerly called pancreatic duct hyperplasia, in the pancreas has long 

beenn recognized.23J,0'!1 Furthermore, as described for the adenomaHcarcinoma sequence in the 

colorectum,, the progression from histologically normal pancreatic duct epithelium to invasive 

pancreaticc carcinoma is associated with an accumulation of genetic alterations.28'2933 However, 

thee risk for progression to malignancy posed by the various pancreatic duct lesions remains yet 

too be answered. The difference between the prevalence of early PanIN lesions {1A and 1B) in 

benignn conditions and the prevalence of pancreatic carcinoma suggests that only a very few 

PanlN-lAandd -1B lesions acquire the growth advantage necessary to progress to more advanced 

PanINN lesions and subsequently to invasive pancreatic carcinoma. Case reports have shown that 

thee progression from hyperplastic or atypical duct lesions to invasive carcinoma may take several 



years.26-422 Probably, the earliest PanIN lesions represent precursor lesions but not necessarily 

premalignantt lesions in sensu strictu; i.e. in order to become a cancer a lesion will go through the 

PanlN-11 stage, but the majority of PanlN-1 lesions will not become cancer. High grade PanIN 

lesionss in contrast really are premalignant and will become carcinoma unless removed.'53 

Inn view of the high prevalence of K-ras mutations in this necropsy study and the natural history of 

thee early PanlN-1 lesions, K-ras codon 12 mutation analysis in brush cytology obtained by ERCP 

doess not seem suitable for screening purposes. In previous studies we discussed K-ras codon 12 

mutationn analysis as diagnostic adjunct of brush cytology to the diagnosis of pancreatic 

cancer.13-'9-444 Although the sensitivity of brush cytology substantially increases by adding K-ras 

mutationn analysis, specificity remains a concern as reported by others as well.13-37,45-46 This study 

showss that K-ras mutations also lack specificity for the more advanced PanIN lesions and infiltrating 

carcinoma,, and a high percentage of false positive results can be expected in a screening setting. 

Ass suggested in a previous study, K-ras codon 12 mutation analysis can be of value in establishing 

aa diagnosis of pancreatic carcinoma in a selected group of symptomatic patients with a high a 

prioripriori chance.13 The optimal molecular screening marker should have the quality of only identifying 

patientss with advanced PanIN lesions before invasive carcinoma has developed. Advanced PanIN 

lesionss imply a high risk for progression to carcinoma and curative surgery is still feasible in this 

pre-cancerouss phase.43'4743 Consequently, a gene or a panel of genes which are mutated later in 

thee pancreatic tumor progression model might be more effective as screening tool. 

Inn conclusion, this study shows that K-ras codon 12 mutations can be expected in 14% of brush 

cytologyy and 3% of bile specimens from the non-diseased general population. In the autopsy 

populationn that served as study population for this estimate the K-ras mutations were all 

encounteredd in PanlN-1A or PanlN-1B lesions, which were present in 95% of randomly selected 

pancreata.. This suggests limited use of K-ras mutation analysis in the surveillance of patients at 

highh risk for periampullary cancer. 
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Backgroun d d 

Extrahepaticc biliary stenosis (EBS) can be caused by malignant and benign diseases. Patients with EBS 

comprisee a group of patients at risk for having or developing a malignancy. There is a need for accurate 

diagnosticc tests for early detection and surveillance. The sensitivity of biliary cytology for a malignancy is 

relativelyy low. K-ras mutation analysis on brush cytology is a valuable adjunct, but the specificity remains 

aa concern. A novel quantitative test for K-ras mutations has been developed: the Amplification Refractory 

Mutationn System (ARMS) assay. The aim of this study was to assess the test characteristics and additional 

valuee of the ARMS assay in diagnosing the cause of EBS. 

Method s s 

Brushh samples obtained during endoscopic retrograde cholangiopancreatography (ERCP) were prospectively 

collectedd from 312 consecutive patients with EBS. K-ras mutation analysis was performed using the 

ARMSS assay, in which allele specific amplification was coupled with real time fluorescent detection of PCR 

products.. The results were compared to both conventional cytology and K-ras mutation analysis using 

Allelee Specific Oligonucleotide (ASO) hybridization, and evaluated in view of the final diagnosis. 

Result s s 

Thee test characteristics of the ARMS and ASO assays were largely in agreement. The sensitivity for detecting 

aa malignancy was 49% and 42%, the specificity 93% and 89%, and the positive predictive value 96% and 

92%,, respectively. The sensitivity of the ARMS assay and cytology combined was 7 1 % with a positive 

predictivee value of 93%. The specificity of the quantitative ARMS assay could be increased to 100% by 

settingg limits for the false positives. This reduced the sensitivity of ARMS from 49% to 43%. 

Conclusion s s 

ARMSS can be considered supplementary to conventional cytology, and comparable to ASO in diagnosing 

patientss with malignant EBS. Additionally, a specificity of 100% can be acquired with ARMS. The ARMS 

assayy deserves also consideration as an adjunct in the surveillance of patients at risk for pancreatic cancer. 



Differentiationn between malignant and benign causes of extrahepatic biliary stenosis (EBS) is often 

difficult,, but very important.15 Patients with EBS comprise a group at risk for having or developing 

pancreaticc cancer. Another group at risk are family members of patients with pancreatic cancer, 

whichh was been recognized for decades. Both groups have an increased risk of developing pancreatic 

cancer,, and the application of a screening test for early detection would therefore be very helpful. 

Sincee the incidence of pancreatic cancer in the general population is relatively low, screening tests 

willl be limited to selected groups that carry an increased risk, as mentioned above. 

Althoughh the specificity of brush cytology for a malignant cause of EBS obtained during endoscopic 

retrogradee cholangiopancreatography (ERCP) is high,68 its sensitivity is relatively low.9 Previously 

wee showed that the addition of a K-ras mutation analysis using Allele Specific Oligonucleotide 

(ASO)) hybridization to brush cytology improved the sensitivity for diagnosing a malignancy.7 

Brushh sampling during ERCP has a high probability of yielding sufficient cells for DNA analysis 

andd may contain mutations that originated in malignant cells preferentially shed from pancreatic 

ducts.. This sample location also raises the possibility of detecting cells originating from other 

malignantt causes of EBS such as distal bile duct carcinoma, in which K-ras mutations have been 

reportedd as well.10 The 89% specificity of K-ras mutation analysis based on data from as many as 

3122 consecutive patients with EBS reported in our studies, is one of the highest. Nevertheless, a 

diagnosticc test with a specificity of 89% remains sub-optimal, especially considering the major 

therapeuticc consequences in case of a malignant diagnosis.7" 

Despitee its limitations we think that K-ras still can be a promising marker in the diagnostic procedure 

off EBS. After all, the cause of malignant EBS is mostly pancreatic head carcinoma, which has the 

highestt incidence of RAS mutations in human tumors identified to date.'' '4 Furthermore, the 

localizationn of the majority of K-ras mutations to the single codon 12 makes them relatively easy 

too detect.'5 '6 Dependent on the used technique the reported frequencies of codon 12 mutations 

rangee from 20% to 100% and occur as early events in the tumor progression model.1213 '7 '8 

Recently,, a novel quantitative real-time assay for K-ras mutations has been developed: the 

Amplificationn Refractory Mutation System (ARMS) assay.'9-20 The real-time quantitative approach 

off this assay with its sensitive detection and mutant sequence quantification allows the 

determinationn of the true detection limit in any clinical application.;" It routinely provides 

quantitativee data relating to the amount of K-ras mutations in positive samples. In this way a 

thresholdd can be set above which the specificity will be a 100%. 

Thee ARMS assay might be a valuable adjunct to early detection in patients with EBS, and also to 

sensiblee surveillance strategies in family members of patients with pancreatic cancer. The genetic 

transmissionn of pancreatic cancer in hereditary familial syndromes and the patients at high risk 

aree increasingly better defined.'' There is a need for a molecular diagnostic test in members from 



familiess with certain pancreatic cancer syndromes, which should be able to translate recent 

molecularr genetic discoveries into improved surveillance measures. The ARMS assay for K-ras 

mutat ionn analysis might be such a test. 

Thee aim of this study was to assess the value of the quantitative ARMS assay for K-ras mutations 

comparedd to conventional cytopathology and the established enriched PCR-ASO assay for the 

diagnosiss of a malignancy in patients wi th EBS in a large series of consecutive patients wi th 

completee follow-up. 

Patients s 
Twoo earlier studies have been published on the same patient cohort.7 i ; The study population 

consistedd of 312 consecutive patients who underwent ERCP with endobiliary brush cytology for 

thee evaluation of EBS at the Academic Medical Center in Amsterdam from January 1993 to 

Februaryy 1996. The mean age of the 312 included patients was 63 (19-99) years and the male : 

femalee ratio was 173 : 139. The follow-up was updated and four additional final diagnoses were 

encounteredd that were previously unspecified. For this study a final diagnosis could be made in 

2988 patients, of which 223 (75%) had a malignant and 75 (25%) a benign stenosis. The spectrum 

off the different etiologies of EBS is given in table 1. 

Tablee 1 Spectrum of the different causes of EBS in 298 patients with a final diagnosis 

Etiolog yy Numbe r of patient s (n = 298) 

Malignan tt  stenosi s 223 (75%) 
Pancreaticc carcinoma 98 
Bilee duct carcinoma 73 
Galll bladder carcinoma 7 
Ampullaryy carcinoma 8 
Lymphh node metastasis 11 
Lymphomaa 1 
Unspecifiedd 25 

Benig nn stenosi s 75 (25%) 
Inflammatory y 

Chronicc pancreatitis 27 
Cholelithiasiss 3 

Mirizzii syndrome 1 
Primaryy sclerosing cholangitis 26 
Postsurgicall 13 
Unspecifiedd 5 

Sampless and DNA isolation 
Thee methods for collecting the required samples and isolating the DNA have been described 

previously.'' In summary: after brushing of the EBS four cytology smears f rom each patient were 



stainedd by conventional Giemsa and Papanicolaou and independently evaluated by an experienced 

cytopathologist.. The following diagnostic categories were used: positive for carcinoma, negative 

forr carcinoma, suspect for carcinoma, and material insufficient or not suitable for diagnosis. The 

remainingg brush specimen was suspended in 10 m! of DNA buffer, fixed with 10 ml 100% 

ethanol,, and stored at 4"C for subsequent K-ras mutation analysis. The archival tissue blocks, 

availablee from 71 patients with a malignant EBS and 10 patients with a benign EBS, were analyzed 

forr K-ras mutations. 

Onee ml. of each brush cytology suspension was used for DNA isolation. Careful microdissection 

off the tissue blocks was performed to ascertain a sample of which at least 50% of the cells 

comprisedd the tissue of interest. DNA was extracted as described previously." 

K-rasK-ras mutation analyses 
Twoo different methods were used for K-ras mutation analysis: the PCR-ASO hybridization based 

assayy and the novel ARMS allele-specific amplification assay. 

Thee protocol for the first method has been described and validated previously.''22-23 With this 

assay,, DNA is subjected to PCR amplification using primers around codon 12. Digestion of the 

PCRR products with a restriction enzyme is followed by a second round of amplification, which 

yieldss a PCR product enriched for K-ras codon 12 mutations. The resulting DNA fragments are 

denaturedd and dot-blotted onto nylon membranes and subjected to allele-specific oligonucleotide 

hybridizationn with radioactively labeled probes specific for each possible K-ras codon 12 mutation, 

followedd by autoradiography. Controls for positive and negative outcomes, contamination, specific 

andd non-specific hybridization were employed. Both enriched and non-enriched PCR products 

weree dot-blotted next to each other to check the digestion and mutant enrichment. 

Thee second method was based on ARMS allele specific amplification for mutant K-ras sequence 

discrimination.. This was undertaken using the ABI 7700 machine (PE Applied Biosystems, Foster 

Cityy CA, USA) to detect amplification products by fluorescence in real time. This assay has been 

describedd in detail.19-20 In summary: 5ml of each of the 11 brush cytology DNA samples were 

addedd to each of 7 ARMS reactions and a control reaction for DNA amount in a 96 tube format. 

Ann additional control reaction without DNA for each ARMS mix was included to detect possible 

contamination.. The control reaction amplified all K-ras exon 1 sequences irrespective of mutational 

status,, in order to quantify the total amount of DNA in each sample. Reactions were thermocycled 

inn the ABI 7700 and the relative fluorescence (Rn) was measured after each cycle. The point at 

whichh it exceeded a threshold baseline signal was called the threshold cycle (CT). CT values from 

thee control and ARMS reactions were plotted against statistically validated data obtained using 

wildd type K-ras exon 1. These data were obtained to establish background signal resulting from 

wildd type K-ras exon 1 over a wide dynamic range of starting DNA concentration (100 fold). The 



dynamicc range of starting DNA concentrations (6-600ng DNA) was chosen in relation to the yield 

off DNA typically obtained in 5ml of DNA solution extracted f rom all clinical samples (tissue and 

celll suspensions in bodily fluids) entering our laboratory. Any clinical sample giving a signal 

abovee background in an ARMS reaction had a <1 % probability of containing wild type sequence 

alonee and was therefore interpreted as positive for that mutat ion. A similar collection of data 

wass obtained using each of the 7 mutant K-ras sequences over the same concentration range. In 

thiss way the amount of K-ras mutant sequence in each positive sample could be calculated as a 

proportionn of the total amount of K-ras exon 1 in that particular sample. 

Definitionss of test characteristics 
Sensitivityy was defined as the percentage of patients wi th malignancy and positive test results. 

Specificityy was defined as the percentage of patients without malignancy and negative test 

results.. Positive predictive value was defined as the percentage of patients wi th positive test 

resultss who had a malignancy. Negative predictive value was defined as the percentage of patients 

wi thh negative test results who did not have a malignancy. 

Eighty-onee of 223 (36%) patients with malignant EBS were detected as positive by cytology 

alone.. By combining the suspicious cytology results wi th the positive cytology results, 111 of 223 

(50%)) malignancies could be detected. Ninety-four of 223(42%) patients wi th malignant EBS 

weree detected by K-ras analysis using the enriched PCR-ASO assay alone, and 109 (49%) were 

detectedd by ARMS alone. A summary of the test results is listed in table 2. When the results from 

ARMSS assay and cytology were combined, 129 of 223 (58%) and 159 of 223 (71%) confirmed 

malignanciess were detected, depending on whether the cytology results were restricted to the 

positivee samples or included the suspicious samples, respectively. 

Tablee 2 Distribution of ERCP cytology samples based on diagnostic procedure results and final diagnosis of 
malignancy* * 

Diagnosti cc  procedur e Diagnosti c resul t 

Cytology y 

ASO O 

ARMS S 

positive positive 
negative negative 
suspicious suspicious 
insufficientinsufficient material 
positive positive 
negative negative 
positive positive 
negative negative 

Malignanc yy presen t 

81/2233 (36%) 
105/2233 (47%) 
30/2233 (14%) 
7/2233 (3%) 

94/2233 (42%) 
129/2233 (58%) 
109/2233 (49%) 
114/2233 (51%) 

Malignanc yy absen t 

2/755 (3%) 
67/755 (89%) 

5/755 (7%) 
1/755 (1%) 
9/755 (12%) 

66/755 (89%) 
5/755 (7%) 

70/755 (93%) 

** Final diagnosis of malignancy was established by histological and/or clinical findings (symptomatology, imaging 
studiess and course of the disease) 



Figur ee 1 Distribution of K-ras mutations detected 
byy enriched PCR-ASO and by real time ARMS allele 
specificc amplification. Bars representing the 
frequencyy of appearance of each mutation in the 
studyy are shown. Results from the enriched PCR-
ASOO assay are shown in black and the real time 
ARMSS assay in grey. *There was no enriched PCR-
ASOO assay for the codon 13 Gly to Asp mutation 
andd a zero result is displayed. 

Alaa Arg Asp Cys Ser Val Asp 13* 

Thee ability of the two different methods to detect K-ras mutations, the enriched PCR-ASO assay 

andd the ARMS assay, were largely in agreement. The frequency of occurrence of each mutation 

detectedd by the two assays is visualized in figure 1. The most frequently observed mutations in 

bothh assays resulted in the codon 12 Gly-to-Asp and Gly-to-Val amino acid substitutions. No 

mutationss were detected in the codon 12 Gly-to-Ser test by enriched PCR-ASO. An additional test 

forr the codon 13 Gly-to-Asp mutation in the ARMS assay detected 8 mutations. There was no 

equivalentt test in the enriched PCR-ASO assay and a zero was recorded for this mutat ion. 

Representationn of the ARMS assay with data from K-ras point mutations in a hundred ERCP 

Tablee 3 Summary of results for the 15 non-malignant* samples which gave positive results by cytology, PCF 
ASOO or ARMS 

Patien t t 
Sexx  - Age 

Femalee - 31 
Malee - 60 
Malee - 43 
Malee - 46 
Femalee - 85 
Femalee - 44 
Femalee - 54 
Malee - 72 
Male-41 1 
Male-38 8 
Malee - 44 
Femalee - 60 
Malee - 55 
Male-51 1 
Femalee - 40 

Cytolog y y 
positiv e e 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

V V 
X X 

Cytolog y y 
suspiciou s s 

X X 

X X 

X X 

X X 

V V 
X X 

X X 

X X 

X X 

X X 

X X 

ASO O 
positiv e e 

122 Asp 
122 Asp 

Ala a 
X X 

Cys s 
X X 

X X 

X X 

122 Asp 
Ala a 

X X 

122 Asp 
Val l 
X X 

122 Asp 

ARMS S 
positive * * 

X X 

X X 

Alaa (9%) 
X X 

X X 

X X 

Cyss (1.25%) 
X X 

X X 

Alaa (12.5%) 
X X 

122 Asp (0.95% 
X X 

X X 

Vall (0.24%) 

** Based on a final diagnosis of malignancy which was established by histological and/or clinical findings 
(symptomatology,, imaging studies and course of the disease) 
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sampless is shown in figure 2. Representation 

byy this means has been described previously in 

lungg cancer.70 The majority of samples in each 

testt are negative for K-ras mutations. The data 

pointss appear above the 98% CI established 

usingg wild-type K-ras exon 1, or fail to give ARMS 

productss during cycling and are recorded as 50 

cycles.. Samples appearing below the lower limit 

off the 98% CI have a <1% chance of containing 

wild-typee sequence alone and are therefore 

recordedd as positive. Duplicate analysis using 

thee same DNA samples confirmed the samples 

appearingg as positives (data not shown). 

Alll three diagnostic methods gave positive 

resultss in cases of confirmed non-malignancy. 

False-positivityy was 7% (5/75) for the ARMS 

assay,, 12% (9/75) for the PCR-ASO assay, and 

3%% (2/75) to 7% (5/75) for conventional 

cytologyy (table 2). Table 3 summarizes the 

resultss for the 1 5 samples that had any false-

positivee diagnostic test. Since the results of the 

ARMSS assay were quantitative, cut-off limits 

weree set for each of the four mutations found. 

Thesee were 12.5%, 0.95%, 1.25% and 0.24% 

forr the codon 12 Gly-to-Ala, -Asp, -Cys and -Val 

Figur ee 2 This figure shows the real time ARMS analysis 
off a hundred ERCP brush cytology samples for K-ras 
mutationss Appearance of products in the ARMS and 
controll reactions (CT) for each cytology sample were 
plottedd against data obtained from wild type control 
DNA.. ERCP samples were analyzed in each of 7 K-ras 
tests:: (A) codon 12 GGT to GCT (Gly to Ala); (B) codon 
122 GGT to CGT (Gly to Arg); (C) codon 12 GGT to GAT 
(Glyy to Asp); (D) codon 13 GGC to GAC (Gly to Asp); 
(E)) codon 12 GGT to TGT (Gly to Cys); (F) codon 12 
GGTT to AGT (Gly to Ser);and (G) codon 12 GGT to GTT 
(Glyy to Val). ERCP DNA samples are labeled as either 
mutationn positive ( ) or negative . The 2 regression 
liness represent mean Yi (—) and the 9 9% confidence 
limitt for Yi data (...). 



Tablee 4 Summary of the diagnostic specificity and sensitivity of cytology, PCR-ASO and ARMS in relation to 
malignancy.. Abbreviations used in the table are: pos= positive for malignancy by cytology; susp=suspicious for 
malignancyy by cytology; adj= adjusted ARMS results based on quantities of K-ras mutant sequence in confirmed 
non-malignantt samples 

Diagnosti c c 
tes tt  resul t 

Cytologyy (pos & susp) 
Cytologyy (pos) 
PCR-ASO O 
ARMS S 
ARMSS (adj) 
Cytology(pos)) and ARMS 

Sensitivit y y 

50% % 
36% % 
42% % 
49% % 
43% % 
58% % 

Cytology(poss and susp) and ARMS 71 % 

Specificit y y 

91% % 
97% % 
89% % 
93% % 
100% % 
92% % 
84% % 

Positiv e e 
predictiv e e 

valu e e 

94% % 
98% % 
92% % 
96% % 
100% % 
96% % 
93% % 

Negativ e e 
predictiv e e 

valu e e 

35% % 
39% % 
34% % 
38% % 
37% % 
44% % 
53% % 

n n 

ID D 

O l l 

> > 
pa a 

tests,, respectively. This means that a specificity of 100% was established for diagnosis of 

malignancyy using the adjusted ARMS assay. This reduced the sensitivity of the assay f rom 49% to 

43%,, because mutations were detected at equivalent or lower levels in samples from patients 

wi thh clinically confirmed malignancy. Results of sensitivity, specificity, positive predictive values 

andd negative predictive values for all of the methods used are summarized in table 4. The biggest 

problemm with any of the approaches used in isolation is that their negative predictive values are 

loww and they simply do not detect enough malignancies. When ARMS and cytology were 

combined,, however, they were able to detect 159 of 223 (71%) malignancies wi th a positive 

predictivee value of 93%. Individually they detected 109 of 223 (49%) and 111 of 223 (50%) 

malignancies,, with positive predictive values of 96% and 94%, respectively. 

Thiss study shows that the novel quantitative ARMS assay for K-ras mutation analysis is a valuable 

adjunctt to conventional cytology and non-quantitative PCR-ASO assay in diagnosing EBS. By 

settingg cut-off limits, the ARMS assay was 100% specific and 43% sensitive in diagnosing a 

malignantt cause in 312 consecutive endobiliary brush samples obtained from patients wi th EBS. 

Furthermore,, a diagnostic combination of conventional cytology and the ARMS assay was able 

too predict a malignant cause in 93%. 

Cytologyy is highly specific in diagnosing the cause of EBS, but its sensitivity is routinely low.9-2" 

Althoughh it has been suggested that repeated brushings increase the sensitivity/- cytology alone 

iss not good enough to differentiate between malignant and benign EBS. Our study population 

comprisess patients at risk for having or developing a malignancy, mostly pancreatic or distal bile 

ductt carcinoma.2628 So far, early detection of pancreatic cancer is the only realistic option for 

cure.. Although it is unlikely that screening for pancreatic cancer in the general population would 

bee justified at this moment, there is certainly a need for accurate diagnostic tests in families wi th 



geneticc disorders known to predispose to pancreatic cancer.21 Sensitive molecular assays offer 

thee chance to improve test characteristics when used as an addition to cytology. Of course this 

largelyy depends on the prevalence of the candidate marker in the disease and the technique 

usedd for detection of molecular changes. 

K-rasK-ras mutations are highly prevalentin pancreatic carcinoma'3 and common in bile duct carcinoma, 

thee two main malignant causes of EBS.2628 K-ras encodes a protein located on the inner side of 

thee plasma membranes, which have intrinsic GTPase activity. A mutation in the K-ras gene at 

codonn 12 or 13 results in inappropriate growth signal.29 Several studies have been conducted to 

elucidatee the clinical utility of K-ras mutation analysis in the diagnostic and therapeutic process of 

EBS.. Reported rates of K-ras mutations and outcomes of the numerous studies vary widely. For 

example,, Ponsioen et al. could not demonstrate any additional value of K-ras mutation analysis in 

discriminatingg between benign and malignant strictures from patients with primary sclerosing 

cholangitis.300 We showed in previous studies, however, that K-ras codon 12 mutation analysis 

couldd be considered supplementary to light microscopy evaluation of ERCP brush cytology 

specimenss for the diagnosis of malignant EBS.7 ' 

Variationss in reported diagnostic K-ras mutations can be attributed to the nature of the clinical 

materiall being investigated and the sensitivity and specificity of the used assay. In a previous 

studyy we used the established fine needle aspiration (FNA) of pancreatic or duodenal juice to 

demonstratee that a molecular panel including the K-ras, p53, and DPC4 (MAD4) genes can 

supplementsupplement traditional cytologic diagnosis.3' FNA has the potential advantage of the ability to 

enrichh for malignant cells.32 When secretin is administered as part of an exocrine function test 

priorr to sampling, K-ras mutations can be prevalent in juice samples obtained from patients with 

benignn disease."3" In current study we used brush samples obtained during ERCP, performed 

routinelyy in patients with EBS in our institution, as an indirect sampling method to reduce the 

chancee of detecting cells from benign tissue. There are a number of theories as to why this type 

off sampling may be beneficial. One theory is that malignant cells, growing uncontrollably in the 

pancreaticc ducts, are more likely to be shed from their site of origin than benign cells. Cancer 

cellss can therefore be detected at a distant site. Another theory is that all cells are shed with 

equall likelihood into the ductal system but malignant cells are more likely to remain intact, 

becausee they have reduced apoptotic potential and consequently less degradation of DNA 

comparedd to normal cells. Either theory means that a molecular assay for K-ras oncogene mutations 

wouldd be of limited use in direct sampling of pancreatic tissue. 

Unfortunately,, mutations in the K-ras oncogene also occur in non-malignant pancreatic tissue.!8 ^ 

K-rass gene mutations have been observed in premalignant disease states such as PanIN lesions 

andd chronic pancreatitis.16 In the recently developed progression mode! for pancreatic ductal 

adenocarcinoma,, mutations in the K-ras oncogene seem to be an early event in the series of 



architecturall and cytological changes.36'38 In a previous study on the same 312 consecutive patients, 

wee performed a long-term follow-up of the eight patients with a K-ras mutation detected in 

brushingss of clinically benign EBS.11 After a median follow-up of 65 months all these eight had to 

bee considered as confirmed false-positives. Few publications exist on patients who developed 

pancreaticc cancer after an even longer interval than 65 months.3940 Although a false-positive 

resultt was infrequent and in theory these eight patients still couid develop a malignancy, a 

diagnosticc test with a specificity of 89% remains sub-optimal. 

Thee novel real-time ARMS assay used in current study provided quantitative data allowing 

determinationn of the true detection limit above which the specificity was 100%.2D It is a convenient 

andd homogeneous method, which facilitates high-throughput sample analysis for a range of 

clinicall materials. The enriched PCR-ASO assay requires separate amplification steps and will 

alwayss carry the risk of PCR contamination. In contrast, the ARMS assay is "closed-tube" and the 

amplificationn products can be disposed with a vastly reduced risk of contamination. The additional 

dataa provided by this sensitive technique used in conjunction with cytology increased the detection 

off clinically confirmed malignancy from 111/223 (50%) to 159/223(71%). The 100% specificity 

inn the 298 ERCP samples analyzed by ARMS alone was based on the appearance of false positives 

inn the clinically confirmed non-malignant cases. Occurrence of mutations in subsequent samples 

takenn from patients with a clinical diagnosis of non-malignant stenosis will redefine the cut-off 

limitss depending on the quantities of mutation. This raises questions about the significance of 

mutationss detected at equivalent or lower levels in confirmed malignant patients. However, the 

intentionn with any diagnostic assay is to achieve the highest specificity when distinguishing between 

twoo clinical scenarios, whilst maintaining a reasonable sensitivity. 

Knowledgee about well-defined high-risk groups that might benefit from sensible surveillance 

strategiess is rapidly increasing.4' Particularly noteworthy in this regard are the hereditary syndromes 

thatt include pancreatic cancer.4142 In order to determine which unaffected relatives in the direct 

cancer-pronee lineage are at an increased risk of pancreatic cancer, a genetic marker of sufficiently 

highh sensitivity and specificity is required.43 The ARMS assay could be a valuable adjunct in this 

category,, since it can be set to a specificity of 100%. Members of pancreatic cancer families are felt 

too be at high risk for the development of pancreatic cancer and therefore ideal candidates for 

surveillance.444 We believe that a symptomatic kindred of patients with a mutation known to be 

associatedd with familial susceptibility warrant an aggressive approach that incorporates our growing 

knowledgee of the genetics of pancreatic cancer. The goal for surveillance of familial pancreatic 

cancerr patients is to diagnose them in the dysplasia or carcinoma in situ stage, before the development 

off invasive cancer. Some authors even advise to perform a complete pancreaticoduodenectomy in 

thesee patients.4S It has already been shown that thorough screening of patients with a family 

historyy of pancreatic cancer is feasible.46 In the near future, the ARMS assay for K-ras mutation 



analysiss on brush cytology could form a suitable diagnostic panel with other molecular markers in 

pancreaticc cancer recently discovered by global gene expression technology.4'' 

Inn conclusion, this study shows that the novel, real-time ARMS assay for K-ras mutations can be 

consideredd supplementary to conventional cytology and the non-quantitative PCR-ASO assay in 

diagnosingg patients with malignant EBS. The quantitative nature of the ARMS assay makes it 

possiblee to diagnose a malignant stenosis with a specificity of 100%. We believe that in the near 

futuree the ARMS assay could become of additional value in the surveillance strategy of pre-

symptomaticc patients at risk for hereditary pancreatic cancer. 
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Backgroun d d 

AA multistep model of carcinogenesis has recently been proposed for pancreatic ductal adenocarcinomas. 

InIn this model, noninvasive precursor lesions in the pancreatic ductules accumulate genetic alterations in 

cancerassociatedd genes eventually leading to the development of an invasive cancer. The nomenclature 

forr these precursor lesions has been standardized as pancreatic intraepithelial neoplasia or PanlN. Despite 

thee substantial advances made in understanding the biology of invasive pancreatic adenocarcinomas, 

littlee is known about the initiating genetic events in the pancreatic ductal epithelium that facilitates its 

progressionn to cancer. Telomeres are distinctive structures at the ends of chromosomes that protect 

againstt chromosomal breakage fusion-bridge cycles in dividing cells. Critically shortened telomeres can 

causee chromosomal instability, a sine qua non of most human epithelial cancers. Although evidence for 

telomericc dysfunction has been demonstrated in invasive pancreatic cancer, the onset of this phenomenon 

hass not been elucidated in the context of non-invasive precursor lesions. 

Method s s 

Wee used a recently described in situ hybridization technique in archival samples for assessment of telomere 

lengthh in tissue microarrays containing a variety of noninvasive pancreatic ductal lesions. These included 82 

PanlNN lesions of all histological grades (24 PanlN-1A, 23 PanlNMB. 24 PanlN-2 , and 11 PanlN-3) that were 

selectedd from pancreatectomy specimens for either adenocarcinoma or chronic pancreatitis. Telomere 

fluorescencee intensities in PanlN lesions were compared with adjacent normal pancreatic ductal epithelium 

andd acini (62 of 82 lesions , 76%), or with stromal fibroblasts and islets of Langerhans (20 of 82 lesions, 

24%). . 

Result s s 

Telomeree signals were strikingly reduced in 79 (96%) of 82 PanlNs compared to adjacent normal structures. 

Notably,, even PanlN-1A , the earliest putative precursor lesion, demonstrated a dramatic reduction of 

telomeree fluorescence intensity in 21 (91%) of 23 foci examined. In chronic pancreatitis, reduction of 

telomeree signal was observed in all PanlN lesions, whereas atrophic and inflammatory ductal lesions 

retainedd normal telomere length. Telomere fluorescence intensity in PanlN lesions did not correlate with 

proliferationn measured by quantitative Ki-67-labeling index or topoisomerase Hot expression. 

Conclusion s s 

Telomeree shortening is by far the most common early genetic abnormality recognized to date in the 

progressionn model of pancreatic adenocarcinomas. Telomeres may be an essential gatekeeper for 

maintainingg chromosomal integrity, and thus, normal cellular physiology in pancreatic ductal epithelium. 

AA critical shortening of telomere length in PanlNs may predispose these noninvasive ductal lesions to 

accumulatee progressive chromosomal abnormalities and to develop toward the stage of invasive carcinoma. 



Thee 5-year survival rate of patients with ductal adenocarcinoma of the pancreas is 4%, one of the 

lowestt of any neoplasm. Each year, nearly 29,000 patients are diagnosed with pancreatic cancer 

inn the United States, and almost all will succumb to their disease.' Currently, surgery, with or 

withoutt adjuvant therapy, is the only acceptable therapeutic option, although most patients tend 

too present with advanced, unresectable disease. Thus, either primary prevention or early detection 

remainss the best chance for cure from this lethal neoplasm.2 However, to detect pancreas cancer 

att an early, potentially curative stage, it is critical that we understand the biology of precursors to 

pancreaticc neoplasia. 

Similarr to the adenoma-carcinoma sequence in the colon,3 there is histological and molecular 

evidencee to suggest a multistep progression model for the development of pancreatic cancer.4 In 

thee pancreas, the noninvasive precursor lesions are called pancreatic intraepithelial neoplasia or 

PanlN.ss PanlNs are believed to progress from flat and papillary without dysplasia, to papillary 

withh dysplasia, to carcinoma in situ (PanlN-1A to PanlN-1B to PanlN-2 to PanlN-3) (additional 

detailss are available at http://www.pathology.jhu.edu/pancreas_panin). This unification of 

terminologyy and diagnostic criteria is a critical first step toward a better understanding of the 

precursorss to invasive pancreatic cancer, which have been studied for more than 100 years.6 

Thee strongest evidence in favor of the PanlN-ductal adenocarcinoma sequence in the pancreas 

comess from genetic analyses of these precursor lesions. PanlNs share many of the molecular 

abnormalitiess seen in invasive cancer. For example, alterations in the KRAS2, CDKN2A/p16INK4A, 

BRCA2,BRCA2, TP53, and MADH4 {SMAD4, DPC4) genes have all been reported in PanlNs.7 :| However, 

exceptt for activating mutations of the K-ras oncogene, most genetic abnormalities are observed 

inn the histologically more advanced PanlNs, ie, PanlN-2 and PanlN-3. Unlike the loss of an essential 

gatekeeperr - the APC gene function - in the vast majority of colorectal adenomas,'no single 

overridingg genetic abnormality has been detected in early PanlNs. The initiating event(s) in 

neoplasticc progression within the pancreatic ducts, therefore, remains primarily unknown. 

Telomeress are structures present at the ends of linear chromosomes, comprising hexameric DNA 

repeatt sequences (TTAGGG) in association with telomere-binding proteins. 1!'Telomeric repeat 

sequencess prevent fusion between ends of chromosomes, and telomeric dysfunction is a major 

mechanismm for the generation of chromosomal instability (CIN).1'"16 Telomeric fusions between 

chromosomall arms may occur in the presence of critically shortened telomere repeat sequences; 

suchh fusions lead to ring and dicentric chromosomes that form so-called anaphase bridges during 

mitosis.155 Breakage of anaphase bridges generates highly recombinogenic free DNA ends, with 

fusionn of broken ends resulting in novel chromosomal rearrangements. Some of these abnormal 

chromosomess may, in turn, form bridges during the next cell division, setting in motion a 

selfperpetuatingg breakage-fusion-bridge cycle.,315'7The presence of unbalanced chromosomal 

http://www.pathology.jhu.edu/pancreas_panin


rearrangementss is a sine qua non of most human epithelial cancers. Specifically, pancreatic 

adenocarcinomas,, which are remarkable for their highly complex karyotypes, numerous 

chromosomall abnormalities, and multiple deletions on allelotyping,'8 ̂ demonstrate chromosome 

endss lacking telomeric repeat sequences in the majority of cases.15Thus, telomeric dysfunction 

withh resultant CIN may be a key driving force in pancreatic carcinogenesis. 

Thee timing of telomeric dysfunction has not been examined in the context of the multistage 

progressionn model of pancreatic adenocarcinomas. A fluorescence in situ hybridization protocol 

hass recently been described for assessment of telomere repeat lengths in archival tissues/' We 

examinedd the telomere repeat lengths in a series of 82 PanIN lesions of all histological grades, 

usingg tissue microarrays (TMAs) containing a variety of noninvasive ductal lesions. Our results 

indicatee that telomeric dysfunction is one of the most common early genetic aberrations observed 

inn PanlNs and may facilitate the progression of the pancreatic ductal epithelium toward cancer. 

Archivall tissue samples 
Tissuee samples were obtained from the surgical pathology archives of the Department of Pathology 

att the Johns Hopkins University School of Medicine. Formalin-fixed paraffin-embedded blocks 

weree retrieved from 44 patients who underwent pancreaticoduodenectomy (Whipple resection) 

forr pancreatic ductal adenocarcinoma, and from 32 patients who underwent surgery for chronic 

pancreatitis.. Two TMAs were constructed, the first (TMA 1) containing PanIN lesions adjacent to 

pancreaticc adenocarcinoma specimens, and the second (TMA 2), containing a mixture of PanIN, 

atrophic,, and inflammatory duct lesions from the chronic pancreatitis specimens, respectively. 

PanINN lesions were selected by three authors (NTvH, RHH, and AM), and classified into PanIN-1 A, 

PanIN-1B,, PanlN-2, and PanlN-3 by using previously described criteria.5 Inflammatory duct lesions 

inn chronic pancreatitis were defined by extensive periductal and/or intraepithelial inflammation, 

usuallyy mononuclear in nature. For the TMA construction, representative areas containing 

morphologicallyy defined PanlNs were circled on the glass slides and used as a template. TMAs 

weree constructed using a manual Tissue Puncher/Arrayer (Beecher Instruments, Silver Spring, 

MD)) as previously described.?:' For each selected lesion, a 1.4-mm core was punched from the 

donorr block to ensure that the entire duct lesion and adequate surrounding tissue could be 

incorporatedd into the spot. A total of 99 cores (72 PanIN lesions and 27 tissue cores from a 

varietyy of extra-pancreatic tissues) were arrayed on the TMA 1 recipient block; similarly, 99 cores 

(63(63 pancreatic duct lesions and 36 miscellaneous extra-pancreatic tissue cores) were arrayed on 

thee TMA 2 recipient block. Four serial sections were cut from both TMAs, of which one was 

stainedd with hematoxylin and eosin (H&E) as a reference. Overall, 66 PanIN foci of all histological 

gradess (15 PanlN-1A, 18 PanlN-1B, 22 PanlN-2, and 11 PanlN-3) were adequate for evaluation 



usingg te I o me re-specific peptide nucleic acid fluorescence in situ hybridization (TEL-FISH) and 

immunohistochemistryy in TMA 1; 16 PanIN lesions (8 PaniN-IA, 5 PanlN-1B, and 3 PanlN-2), 10 

atrophicc duct lesions, 6 inflammatory duct lesions, and 21 cores with normal pancreatic ducts 

weree adequate for evaluation on TMA 2. 

TEL-FISH H 

Thee protocol for combined staining of telomeres and DNA was performed without protease digestion, 

ass previously described.;' Briefly, the deparaffinized tissue array slides underwent steam heating in 

citratee buffer, followed by hybridization with a Cy3-!abeled TEL-F!SH probe, and processed for 

indirectt immunofluorescence and counterstaining with DAPI (4-6-diamidino-2-phenylindole). 

Microscopyy and image analysis 

Thee TEL-FISH fluorescence microscopy was performed by three authors on the panel (NTvH, 

AKM,, and AM). A serial H&E-stained reference slide was examined concurrently on a light 

microscopee as a guide. Slides were imaged with a Zeiss Axioskop epifluorescence microscope 

(Carll Zeiss inc, Thornwood, NY) equipped with appropriate fluorescence filter sets (Omega Optical, 

Brattleboro,, VT). Telomere signals were visually evaluated in real-time by qualitative comparison 

off pixel intensity of the TEL-FISH probe in the PanlNs with adjacent normal structures. Telomere 

lengthss in PanIN lesions were compared with adjacent normal pancreatic ductal epithelium and 

acinii (62 of 82 lesions, 76%), or with stromal fibroblasts and islets of Langerhans (20 of 82 

lesions,, 24%). Inflammatory and atrophic ducts in chronic pancreatitis were compared with residual 

acini,, islets of Langerhans, or stromal fibroblasts. The telomere fluorescence results in the PanlNs 

weree classified as greater than, less than, or equal to the normal structures. 

Inn addition, 10 nuclei each from one representative PanIN lesion from the four histological 

categoriess {PanlN-1 A, PanIN-1B, PanlN-2, and PanlN-3) and corresponding 10 nuclei from normal 

ductss from the same case were quantified as described.r' In this method, the sum of pixel intensities 

forr the telomere signals in the Cy3 channel for a given cell nucleus is normalized to the total DAPI 

signal,, such that the normalized telomere signals are linearly proportional to the mean telomere 

lengthh as assessed independently by Southern blotting.2' For each patient sample, comparisons 

off the mean ratios of teiomeric signal to DAPI between the various cell types were done using 

thee paired Mest with STATA 6.0 for Microsoft Windows (Stata Corp., College Station, TX); a p 

valuee of 0.05 was considered statistically significant. 

Ki-677 and Topoisomerase Ilex immunolabeling 

Forr detection of Ki-67 and topoisomerase Met, immediately adjacent serial sections from TMA 1 

weree steamed for 20 minutes in sodium citrate buffer (diluted to 1 from 10 heat-induced epitope 



retrievall buffer; Ventana-Bio Tek solutions, Tucson, AZ). After cooling for 5 minutes, slides were 

labeledd with a 1:100 dilution of mouse monoclonal antibody against Ki-67 (MIB-1; Immunotech, 

West-brook,, ME) or a 1:3200 dilution of mouse monoclonal antibody against topoisomerase Ilex 

(clonee TG100; Neo-markers, Freemont, CA) using the Bio Tek 1000 auto-mated stainer (Ventana). 

Labelingg was detected by addition of biotinylated secondary antibodies, avidin-biotin complex, 

andd 3,3'-diaminobenzidine. All sections were counterstained with hematoxylin. Labeling was 

evaluatedd by two of the authors (NTvH, AM). Both Ki-67 and topoisomerase Mot are nuclear, and 

labelingg of >10% of nuclei was considered positive and <10% cells was considered negative. 

Qualitativee assessment versus histology 
Microscopicc examination demonstrated numerous intense fluorescence labeling spots in the nuclei 

off normal ductal epithelium, pancreatic acini, fibroblasts, and islets of Langerhans. In general, 

thee intensities for TEL-FISH were comparable between the four reference control structures. Even 

atrophicc ducts, which are characteristically abundant in the nonneoplastic pancreas adjacent to 

adenocarcinomas,, contained intense TEL-FISH signals. No observable differences in telomere 

signall intensities were seen in the normal tissues obtained from patients with chronic pancreatitis 

versusversus those from patients harboring adenocarcinomas. The highest intensity of fluorescence, 

however,, was seen in the lymphocytes, consistent with the long telomeric repeats that these 

cellss are known to possess;23 lymphocytes were therefore not used as a control for comparison of 

telomeree lengths. In contrast to the reference normal cell types, telomeric repeat fluorescent 

signalss were strikingly less intense with scattered weak to absent signals in the PanIN nuclei 

(figuree 1A, B, and C) in 63 (95%) of 66 PanIN foci examined on TMA 1, and 16 (100%) of 16 

PanINN foci on TMA 2. Thus, overall, 79 (96%) of 82 PanlNs examined demonstrated reduction in 

telomeree signal intensities, and no obvious difference in telomere intensities was seen between 

PanINN lesions adjacent to adenocarcinomas versus PanIN lesions arising in the context of chronic 

pancreatitis.. When classified by histological subtype, 21 (91%) of 23 PanlN-1A. 23 (100%) of 23 

PanIN-11 B, 24 (96%) of 25 PanlN-2, and 11 (100%) of 11 PanlN-3 had unambiguous reduction in 

telomeree repeat signals. There were no readily observable qualitative differences between telomere 

repeatt lengths in PanlNs of various histological grades, which were also borne out by the 

quantitativee assessment (see below). In all but one PanIN lesion, signal reduction was seen in 

nucleii throughout the lesion; in a single PanlN-2, heterogeneity of signal intensities was observed 

withh approximately half the lesional nuclei demonstrating signal reduction compared to normal. 

Often,, a sharp demarcation associated with a dramatic reduction in telomere signal could be 

observedd in the histological transition between PanlNs and normal ductal epithelium, and this 

phenomenonn was observed independent of the histological grade of the PanIN. In occasional 



Figuree 1 TEL-FISH for assessment of telomere repeat lengths performed on PanIN lesions adjacent to pancreatic 
adenocarcinoma.. The telomeres are stained with Cy3-labeled anti-telomeric probe and are colored red; the 
DNAA is counterstained with DAPI and colored blue. (A) Low-grade PanIN (PanlN-1A) demonstrates weak 
telomericc signals in the nuclei (double arrows), while intense telomeric signals are retained in the subjacent 
normall epithelium (arrow) and the stromal fibroblasts. (B) Low-grade PanIN (PanlN-1B) demonstrates weak 
telomericc signals in the papillary tufts (double arrows); in contrast, intense telomeric signals are retained in the 
stripp of retained normal epithelium (arrow). (C) High-grade PanIN (PanlN-3) with weak telomeric signals (double 
arrows);; in contrast, there is a sharp transition with the normal epithelium demonstrating intense telomeric 
fluorescencee (arrow). (D) Weak telomeric fluorescence in cancerized ducts (double arrows); the interspersed 
brightt signals (arrow) are lymphocytes within and surrounding the cancerized ducts. DAPI counterstain; original 
magnifications:: x40 (A, B); 100 (C, D) ( x j - page 259) 

cores,, cancerization of ducts (replacement of ductal epithelium by infiltrating adenocarcinoma, 

simulatingg carcinoma in situ) could be seen, and in all instances, the cancerized ducts demonstrated 

markedd signal reduction, as did infiltrating adenocarcinoma (figure 1D). In contrast to unequivocal 

reductionn in telomere fluorescence intensities in PanIN lesions, intense fluorescence labeling was 

observedd in 10 atrophic and 6 inflammatory ducts in chronic pancreatitis. 

Quantitativee assessment versus histology 

Tenn nuclei each from one representative example of the four histological grades of PanIN were 

quantifiedd for telomeric repeat length in conjunction with 10 nuclei from normal ductal epithelium 

forr the same case, by TEL-FISH. The average telomeric repeat lengths in the four PanIN lesions 



Tabl ee 1 Quantitative assessment of telomere lengths in PanlNs compared wi th normal pancreatic ducts from 
thee PanIN TMA 

PanIN-- PanIN PanIN PanIN Norma l Norma l Norma l P (PanIN 
lesio nn nucle i mean SD nucle i mean SD versus 

(n)) (n) normal ) 

1A A 
1B B 
2 2 
3 3 

10 0 
10 0 
10 0 
10 0 

57.5 5 
32.6 6 
90.7 7 
89.7 7 

32.8 8 
24.0 0 
51.8 8 
57.7 7 

10 0 
10 0 
10 0 
10 0 

134.8 8 
156.9 9 
233.1 1 
247.2 2 

37.0 0 
53.8 8 
74.1 1 
61.7 7 

0.002 2 
<0.001 1 
0.002 2 

O.001 1 

andd corresponding normal ducts are tabulated in table 1; telomere repeat lengths were significantly 

shorterr in all histological grades of PanlNs compared to the normal pancreatic ducts. Quantification 

off the telomere signals, however, demonstrated no statistically significant differences in telomere 

repeatt lengths between the PanlN-1A, the earliest precursor lesion, and histologically more 

advancedd PanlNs (PanlN-1B, PanlN-2, and PanlN-3). 

Assessmentt of proliferation in PanIN lesions 
Proliferationn in PanIN lesions was assessed by Ki-67 and topoisomerase Ilex nuclear immunolabeling 

onn the TMA 1. In 11 of (100%) 11 PanlN-3 lesions, >10% of nuclei labeled for both Ki-67 and 

topoisomerasee Mot, whereas 3 (14%) of 22 PanlN-2 were positive for Ki-67, but not topoisomerase 

Ilex.. In contrast, none of the PanlN-1A, PanlN-1B, or remaining 19 (86%) of 22 PanlN-2 lesions 

wass positive for either protein. 

Functionall telomeres protect chromosome ends from recombination and fusion and are therefore 

essentiall for maintaining chromosomal stability.12~"öTelomere shortening has been suggested to 

bee an important biological factor in aging, cellular senescence, cell immortality, and transformation 

too cancer; the last two are associated with reactivation of the enzyme telomerase in cells with 

criticallyy shortened telomeres.24 In the presence of shortened telomere repeat fragments, the 

endss of linear chromosomes may undergo so-called anomalous bridge-fusion-breakage events 

thatt result in both structural and numerical chromosomal abnormalities.nn-,s,7Thus, the genesis 

off unbalanced chromosomal translocations, a sine qua non of most human epithelial malignancies, 

mayy rely, at least in part, on the presence of shortened telomeres. The consequences of CIN are 

manifold,, because breakage and fusion may disrupt critical genes involved in cell regulation, 

DNAA repair, and apoptosis, setting in motion an autonomous proliferation of genetically disrupted 

cellss that characterizes the essence of cancer.25 The importance of CIN as an early driving force in 

carcinogenesiss has been demonstrated in epithelial malignancies, such as colorectal cancers, in 

whichh anaphase bridges and allelic imbalance can be seen at the adenoma stage, which are the 

precursorss to invasive cancer.'226 Although there are many potential causes for CIN, critical telomere 



shorteningg may be the most important mechanism for its occurrence, and therefore, it is postulated 

thatt CIN in colorectal adenomas is a consequence of telomere dysfunction. The demonstration of 

CINN in preneoplastic lesions has been greatly facilitated by the recent description of a fluorescence 

inin situ hybridization methodology that is applicable to archival tissue samples.71 Using this innovative 

technique,, Meeker and colleagues" have reported the presence of strikingly shortened telomere 

repeatt segments in the vast majority of high-grade prostatic intraepithelial neoplasia, the precursors 

too prostate cancer. 

AA growing body of morphological, clinical, and molecular evidence supports the hypothesis for a 

multistagee progression model of pancreas cancer43-28 In this progression model, invasive pancreatic 

adenocarcinomaa is preceded by the sequential appearance of morphologically recognizable 

noninvasivee ductal lesions known as PanlNs.5 PanlNs, especially the intermediate and higher grade 

lesions,, share many of the genetic abnormalities observed in invasive cancers, which is compelling 

evidencee for their neoplastic potential. Despite substantial progress made in understanding the 

molecularr abnormalities during progression of pancreatic adenocarcinomas, the initiating genetic 

eventss remain primarily unknown. Invasive pancreatic adenocarcinomas have a remarkable degree 

off CIN, manifested as bizarre nonreciprocal translocations and numerical abnormalities.18'19 It has 

beenn postulated that CIN in pancreas cancers, similar to other epithelial malignancies, is a 

manifestationn of telomere dysfunction.15 Although shortened telomere repeat lengths have been 

reportedd in the majority of cancer cases,15the onset of telomere dysfunction has not been studied 

inn the context of the progression model of pancreas cancer. Were telomere shortening to occur 

ass an early event, it would imply that the CIN observed in invasive cancers had its origins in the 

precursorr ductal lesions that precede invasive adenocarcinoma. It would also suggest that CIN-

inducedd abrogation of gene function might be a key mechanism driving the ductal epithelium 

towardd neoplastic transformation. We therefore combined TMAs of noninvasive pancreatic ductal 

lesionss with a recently described technique for telomere length assessment in archival tissues to 

studyy PanlNs. We found reduction in telomere fluorescence intensity to be nearly universal in all 

histologicall grades of PanlN lesions [79 (96%) of 82], when compared to normal pancreatic 

ducts,, acini, islets, or stromal fibroblasts. Even PanlN-1 A, the lowest grade precursor lesion classified 

inn the pancreatic cancer progression model, demonstrated strikingly reduced telomere signals in 

211 (91%) of 23 foci compared to normal ductal epithelium. In almost all instances, an abrupt 

transitionn in telomere length was seen between normal ductal epithelium and the adjacent PanlN 

lesion,, irrespective of the histological grade of the PanlN (figure 1A, B and C). In contrast, no 

readilyy observable differences were seen in telomere length between histologically low-grade 

andd high-grade PanlN lesions or between PanlN and invasive adenocarcinoma (figure 1D). 

Becausee it is well known that genetic similarities exist between invasive pancreatic adenocarcinomas 

andd their adjacent noninvasive precursor lesions, we also determined the telomere signals in 



PanINN lesions from histologically documented benign pancreata with chronic pancreatitis only. 

Alll 16 PanIN lesions demonstrated a striking reduction, whereas the 10 atrophic and 6 inflammatory 

ductt lesions retained normal telomere signal intensities (data not shown). There were no observable 

differencess seen in the intensity of telomere signals between PanIN lesions adjacent to 

adenocarcinomass versus those arising in chronic pancreatitis. Therefore, on the basis of nearly 

universall telomere dysfunction, we believe that there are no benign PanIN lesions, and as implied 

byy their nomenclature, PanlNs are true noninvasive neoplasms of the pancreatic ductal epithelium. 

Inn contrast, based on currently available data, atrophic and inflammatory duct lesions in chronic 

pancreatitiss are unlikely to harbor a significant neoplastic potential. 

Thus,, telomere dysfunction is by far the most common early genetic abnormality reported to 

datee in the progression model of pancreatic adenocarcinoma, with the frequency of telomere 

lengthh shortening (96%) exceeding the reported frequencies of K-ras oncogene activation (50%), 

losss of p i6 expression (30%), and inactivation of DPC4, BRCA2, and p53 (all 0%) in low-grade 

PanINN lesions (PanIN-1A and PanlN-1 B).7-929 In addition, unlike other genetic alterations previously 

described,, the frequency of telomere length alterations seems to be independent of the histological 

gradee of PanIN, because a readily observable progressive shortening of telomere length was not 

seenn in the transition from PanIN-1A to PanlN-3. It may be conceivably argued that shortening of 

telomeree length is a consequence of increased proliferation within PanIN lesions, a manifestation 

off the so-called "end replication" problem in telomerase-negative cells that are dividing.10 30 

However,, early and intermediate PanlNs have a relatively low proliferation rate, as demonstrated 

inn this and other studies.3' Thus, although we cannot rule out the possibility that telomere 

shorteningg occurred as a result of a remote proliferative burst in the ductal epithelium {perhaps 

duringg repeated episodes of injury and repair), it seems to be independent of ongoing proliferation. 

Thee genesis of telomere shortening in PanIN lesions remains a matter of speculation; postulated 

mechanismss include a role for reactive oxidant species," or inactivation of one or more 

telomerebindingg proteins that maintain telomere lengths,33"35 and additional studies may be able 

too elucidate this issue further. 

Itt is unlikely that shortening of telomeres is, in and of itself, sufficient to induce neoplasia. However, 

shortenedd telomeres could open the gates, setting the stage for acquiring progressive chromosomal 

abnormalities,, even in the absence of excessive proliferation in early-grade PanlNs. This model is 

alsoo compatible with previous observations in the natural history of PanlNs, including the presence 

off allelic imbalance (loss of heterozygosity) before intragenic mutation,36 which is as expected 

weree C!N an early phenomenon in the ductal epithelium in this neoplastic progression model. 

Inn conclusion, we report that telomere shortening is one of the earliest demonstrable genetic 

aberrationss in the precursor lesions of invasive pancreatic cancer and is nearly universal in all 

histologicall grades of PanlNs. Telomere shortening is unlikely to provide any direct growth 



advantagee to the ductal epithelial cells, but it presumably leads to the acquisition of chromosomal 

abnormalitiess that facilitates the progression of these cells toward invasive cancer. The 

demonstrationn of strikingly shortened telomeres in even the PanlN-1A lesions also provides 

compellingg evidence that these earliest of non-invasive ductal lesions are integral to the progression 

modell of pancreatic adenocarcinoma. 
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Backgroun d d 

Despitee several advances in our basic understanding and in the clinical management of pancreatic cancer, 

virtuallyy all patients who will be diagnosed with pancreatic cancer will die from this disease. The high 

mortalityy of pancreatic cancer is predominantly because of diagnosis at an advanced stage of disease and 

aa lack of effective treatments. We used the Gene Logic Inc. BioExpress platform and Affymetrix GeneChip 

arrayss to identify genes differentially expressed in pancreatic cancer. 

Methods s 

cDNAA was prepared from samples of normal pancreas (n=11), normal gastrointestinal mucosa (n=22), 

resectedd pancreas cancer tissues (n=14), and pancreas cancer cell lines (n=8), and was hybridized to the 

completee Affymetrix Human Genome U95 GeneChip set (arrays U95 A, B, C, D, and E) for simultaneous 

analysiss of 60,000 cDNA fragments, with 12,000 fragments covering full-length genes and 48,000 

fragmentss covering expressed sequence tags (ESTs). Genes expressed at levels at least fivefold greater in 

thee pancreatic cancers as compared to normal tissues were identified. Serial analysis of gene expression 

(SAGE)) libraries (http://www.ncbi.nlm.nih.gov/SAGE/) of two normal pancreatic ductal cell cultures (HX 

andd H126) were used to exclude genes expressed in the normal ducts (more than five tags per library). 

Differentiall expression of selected candidate genes was validated by immunohistochemical analysis (n=3), 

byy in situ hybridization (n=1), and by reverse transcriptase-polymerase chain reaction (n=8). 

Results s 

Onee hundred eighty fragments were identified as having fivefold or greater expression levels in pancreas 

cancerr specimens as compared to normal tissue, of which 124 corresponded to known genes and 56 to 

ESTs.. Of these 124 fragments, 10 genes were represented by two or more fragments, resulting in 107 

knownn genes identified as differentially expressed in pancreatic cancer. An additional 10 genes were 

expressedd in the SAGE libraries of normal pancreatic duct epithelium, and were excluded from further 

analysis.. A literature search indicated that 28 of the remaining 97 genes have been reported in association 

withh pancreatic cancer, validating this approach. The remaining 69 genes have not been implicated in 

pancreaticc cancer before. 

Conclusion s s 

Usingg global gene expression technology 97 differentially expressed genes in infiltrating pancreatic cancer 

weree identified. These genes provide insights into the biology of pancreatic cancer and might have 

immediatee potential as novel therapeutic targets and tumor markers. 

http://www.ncbi.nlm.nih.gov/SAGE/
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Pancreaticc cancer continues to have one of the highest mortality rates of any malignancy. Each 

year,, 28,000 patients are diagnosed wi th pancreatic cancer, and nearly 28,000 will die of their 

disease.11 The vast majority of patients are diagnosed at an advanced stage of disease because 

currentlyy no tumor markers are known that allow reliable screening for pancreatic cancer at an 

earlier,, potentially curative stage. This is a particular problem for those patients wi th a strong $ 

familiall history of pancreatic cancer, who may have up to a 57-fold greater risk of developing "S 

pancreaticc cancer in their l i fetime/' New tumor markers of pancreatic cancer are urgently needed. w 

Thee utility of RNA-based global gene expression profiling biotechniques in identifying new markers 

off cancer is established.3-4 For example, we have identified two new potential markers of pancreatic 

carcinoma,, mesothelin and prostate stem cell antigen, using serial analysis of gene expression n 

(SAGE).566 Both markers are expressed specifically by the neoplastic epithelium of infiltrating §• 

carcinomass of the pancreas as compared to normal duct epithelium, and both offer new possibilities * 

forr the development of screening markers and therapeutic targets. » 
(0 0 

InIn an effort to identify additional potential markers of pancreatic carcinoma, we used the Gene "§ 
n n 

Logicc Inc. Bio-Express platform and Affymetrix GeneChip arrays to identify genes differentially K 
o o 

expressedd in a large series of pancreatic cancers. Biocomputational tools were used to determine J 
in n 

thosee genes most highly expressed within pancreatic cancer samples compared to normal pancreatic 3-

tissue.. Genes found to be significantly expressed in SAGE libraries of normal pancreatic ductal cells g* 
ua a 

weree excluded, and the expression of selected genes was confirmed by immunohistochemical f . 
3 3 

labeling,, in situ hybridization and reverse transcriptase-polymerase chain reaction (RT-PCR). Here "g 

wee report 97 genes differentially overexpressed in pancreatic cancer, 69 of which are novel. 5 

Tissues s 

Sampless (0.5 g) of normal pancreas (n=11); normal duodenal, jejunal, or colonic mucosa (n=22); 

orr infiltrating pancreatic adenocarcinoma (n=14) were collected from surgical specimens from 

patientss at The Johns Hopkins Hospital. In each case, the specimens were harvested within 10 

minutess of resection from the patient and snap-frozen in liquid nitrogen before storage at . 

Thee resected cancers were not microdissected because we were interested in not only identifying 

thee genes expressed by neoplastic epithelial calls, but also the genes expressed as a result of the 

neoplasticc cell-stroma interaction. Hematoxylin and eosin-stained sections of adjacent sections of 

thee tissue were prepared before snap-freezing to confirm the diagnosis. The neoplastic cellularity 

off these tissue samples ranged from 5 to 55%. Normal gastrointestinal mucosa was included in 

thee analyses to facilitate the identification of markers of pancreatic cancer that would be useful 

inn screening secondary sources, such as in duodenal fluid samples. 



Celll lines 
Humann pancreatic cancer cell lines AsPcl, BxPc3, CAPAN1, CAPAN2, CFPAC1, COL0357, Hs766T, 

MiaPaCa2,, Pand, and Su86.86, and human pancreatic normal duct epithelial line HPDE6, were 

obtainedd from the American Type Culture Collection, Rockville, MD. PL cell lines (PL1-6, PL8-14) 

weree low-passage pancreatic carcinoma cell lines kindly provided by Dr. Elizabeth Jaffee from the 

Departmentt of Oncology, The Johns Hopkins Hospital, Baltimore, MD.7Cell lines were cultured in 

Dutbecco'ss modified Eagle's medium supplemented with 10% fetal bovine serum and antibiotics 

(1000 U/ml penicillin and 100 ng/ml streptomycin). CAPAN1 and CAPAN2 cell lines were cultured 

inn RPMI 1640 medium (Life Technologies, Inc., Gaithersburg, MD) supplemented with 10% fetal 

bovinee serum and antibiotics (100 U/ml penicillin and 100 (ig/ml streptomycin), respectively. Use 

off different media minimized the variance in growth rates that would otherwise be exaggerated 

withh a single medium. Cells were incubated at C in a humidified atmosphere of 5% C02 in air. 

mRNAA Extractions and Affymetrix GeneChip hybridization 
Samplee preparation and processing procedure was performed as described in the Affymetrix 

GeneChipp Expression Analysis Manual (Santa Clara, CA). Briefly, each frozen tissue was crushed 

too powder by using the Spex Certiprep 6800 Freezer Mill (Metuchen, NJ). Total RNA was then 

extractedd from the crushed normal and neoplastic tissues or cell pellets (BxPC3, COL0357, Hs766T, 

MiaPaCa2,, Pand, PL3, PL4, PL8) using TRIzol (Life Technologies, Inc., Rockville, MD) and cleaned 

usingg RNeasy columns according to the manufacturer's protocol (Qiagen, Valencia, CA). Using 5 

too 40 g of total RNA, double-stranded cDNA was synthesized following Super-Script Choice system 

(Lifee Technologies, Inc., Rockville, MD). T7-(dT24) oligomer was used for priming the first-strand 

cDNAA synthesis. The resultant cDNA was purified using Phase Lock Gel, phenol/chloroform 

extraction,, and precipitated with ethanol. The cDNA pellet was collected and dissolved in 

appropriatee volume. Using cDNA as template, cRNA was synthesized using a T7 MegaScript In 

VitroVitro Transcription (IVT) Kit (Ambion, Austin, TX). Biotinylate-11-CTP and 16-UTP ribonucleotides 

(Enzoo Diagnostics Inc., Farmingdale, NY) were added to the reaction as labeling reagents. IVT 

reactionss were performed at C for 6 hours and, the labeled cRNA obtained was purified using 

RNeasyy columns (Qiagen, Valencia, CA). The cRNA was fragmented in fragmentation buffer (40 

mmol/LL Tris-Acetate, pH 8.1, 100 mmol/L KOAc, 30 mmol/L MgOAc) for 35 minutes at 94aC 

Fragmentedd cRNA prepared from each sample (10 to 11 ug/probe array) was hybridized to the 

humann GeneChip set (HGJJ95 A, B, C, D, and E) noncompetitive^ at C for 24 hours in a 

hybridizationn oven with constant rotation (60 rpm). Fragmented cRNAs are hybridized to the 

Gene-Chipp set by way of multiple 20 to 25 oligonucleotide probes specific for each gene, with 

eachh probe corresponding to a different region of the mRNA of interest. The probes specific for 

eachh mRNA are scattered across the surface of each GeneChip to control for technical issues that 



occurr with each hybridization. The chips were washed and stained using Affymetrix fluidics stations. 

Stainingg was performed using streptavidin-phycoerythrin conjugate (SAPE; Molecular Probes, 

Eugene,, OR), followed by the addition of biotinylated antibody to streptavidin {Vector Laboratories, 

Burlingame,, CA), and finally with streptavidin-phycoerythrin conjugate. Probe arrays was scanned 

usingg fluorometric scanners (Hewlett Packard Gene Array Scanner; Hewlett Packard Corporation, 

Paloo Alto, CA). 

Thee scanned images were inspected and analyzed using established quality control measures, 

withh the hybridization intensities reflecting in a linear manner the mRNA expression in the tissues 

orr cells being assayed. Hybridization was controlled for each probe by the use of a mismatch 

controll that has a single base mismatch. This mismatch control is analyzed using the GeneLogic 

informaticss filter that compares the hybridization intensity of mismatched to perfect matched 

probess (to eliminate those that are nonspecific over a specified threshold) as well as different 

probess to the same gene. 

Statisticall data analysis 

Thee GeneExpress Software System Fold Change Analysis tool was used to identify genes expressed 

att least fivefold greater in the pancreatic cancers compared to normal tissues. For each gene 

fragment,, the ratio of the geometric means of the expression intensities in the normal control 

tissuess and the pancreas cancer samples was calculated, and the fold change then calculated on 

aa per fragment basis. Confidence limits were calculated using a two-sided Welch modified f-test 

onn the difference of the means of the logs of the intensities. 

SAGE E 

Short-termm cultures of nonneoplastic pancreatic ductal epithelial cells (HX and H126) were prepared 

ass described and validated as having the characteristics of ductal epithelium.8 SAGE libraries were 

previouslyy constructed as described by Ryu and colleagues,910 and sequencing was performed by 

thee CGAP SAGE consortium at the Lawrence Livermore National Laboratories and Washington 

Universityy Human Genome Center (St. Louis, MO). SAGE library data from the short-term cultures 

off nonneoplastic pancreatic duct epithelial cells have been posted on the CGAP web site as part 

off the SAGEmap database (http://www.ncbi. nlm.nih.gov/SAGE). 

InIn situ hybridization 

Preparationn of digoxigenin-labeled sense and antisense riboprobes and in situ hybridization were 

performedd as previously described in detail.'1 

http://www.ncbi
http://nlm.nih.gov/SAGE


RT-PCR R 

Totall RNA was isolated from cultured cells by using TRIzol reagent (Life Technologies, Inc.)- Cell 

liness used for RT-PCR were PL1-6, PL8-14, CAPAN1, CFPAC, AsPd, BxPC3, Hs766T, MiaPaCa2, 

Pand,, and HPDE6. An aliquot of 1 u.g of total RNA from each sample was reverse-transcribed to 

cDNAA using the Superscript II kit (Life Technologies, Inc.) according to the manufacturer's 

instructions,, with oltgo(dT)12-18 primer. PCR primers were designed to amplify cDNA fragments 

withh various sizes using standard PCR conditions. The PCR reaction products were resolved by 

electrophoresiss in a 3% agarose gel and stained with ethidium bromide. Loading was controlled 

byy the simultaneous PCR of g!yceraldehyde-3-phosphate dehydrogenase cDNA. 

Immunohistochemistry y 
Sectionss of infiltrating primary ductal adenocarcinoma of the pancreas were formalin-fixed and 

paraffin-embedded,, and unstained 4-u.m sections were then cut from the paraffin blocks. For 

detectionn of heat shock protein 47 (hsp47), sections were deparaffinized by routine techniques 

beforee placing in 200 ml of Target Retrieval Solution, pH 6.0 (Envision Plus Detection kit, DAKO, 

Carpinteria,, CA) for 20 minutes at C After cooling for 20 minutes, slides were quenched 

withh 3% H202 for 5 minutes, before incubating with a 1:800 dilution of monoclonal antibody 

(colliginn ml 6.10A1) against heat shock protein 47 (Stressgen Biotechnologies, Victoria, BC, Canada) 

forr 30 minutes using the DAKO Autostainer. Labeling was detected with the DAKO Envision 

systemm following the manufacturer's protocol. For detection of topoisomerase Hot and fascin, 

slidess were steamed for 20 minutes in sodium citrate buffer (diluted to 1 x from 10x heat-induced 

epitopee retrieval buffer; Ventana-Bio Tek Solutions, Tucson, AZ). After cooling for 5 minutes, 

slidess were labeled with a 1:3200 dilution of mouse monoclonal antibody against topoisomerase 

III (clone TG100; Neomarkers, Freemont,CA) or a 1:500 dilution of mouse monoclonal antibody 

againstt fascin (DAKO) using the Bio Tek 1000 automated stainer (Ventana). Labeling was detected 

byy adding biotinylated secondary antibodies, avidin-biotin complex, and 3,3'-diaminobenzidine. 

Alll sections were counterstained with hematoxylin, and staining was evaluated by three of the 

authorss (CID, AM, and RHH) with agreement in all cases evaluated. Staining was considered 

positivee if at least 10% of the cells showed immunolabeling. 

Dataa filtering 
RNAA samples were hybridized to the complete Affymetrix Human Genome U95 GeneChip set 

(arrayss U95 A, B, C, D, and E) for simultaneous analysis of 60,000 fragments, with 12,000 fragments 

coveringg full-length genes and 48,000 fragments covering ESTs. Affymetrix GeneChips were analyzed 

forr ail genes with a fivefold or greater increase in expression in the pancreatic adenocarcinoma 



tumorr tissues or cell lines compared to all normal tissues, using a 95% confidence limit. We identified 

1800 fragments expressed at least fivefold greater in pancreatic cancer samples as compared to 

normall tissues, 12 of which were expressed greater than 10-fold. The level of significance for each 

genee fragment ranged from less than p=0.00001 to p=0.01 (modified Welch (test). 

Identificationn of highly expressed genes in pancreatic cancer 
Characterizationn of the 180 fragments identified revealed that 56 fragments corresponded to 

ESTs,, and 124 fragments corresponded to known genes. Among these 124 fragments, 10 genes 

weree represented by two or more fragments, resulting in 107 known genes identified as expressed 

att least fivefold or greater in pancreatic cancers as compared to normal (table 1). 

Thee GeneExpress platform allows for an e-Northern analysis of Affymetrix fragments to estimate 

thee levels of expression of any fragment among the normal and cancer samples analyzed. An 

e-Northernn was then generated for each of the 124 Affymetrix fragments to determine levels of 

expressionn of each fragment within the normal tissues, pancreas cancer cell lines, and pancreas 

cancerr tumor tissues studied. Two prominent patterns of expression were identified (figure 1). 

Thee first pattern (the A or cancer-specific pattern) demonstrated elevated expression of the 

fragmentt in both pancreas cancer cell lines and in resected pancreatic cancer tissues compared 

too normal tissues. Ninety-five fragments showed this pattern. The second pattern (the B or invasion-

specificc pattern) showed elevated expression of the fragment in the resected pancreatic cancer 

tissuess only, but not in the cancer cell lines or normal tissues. This B pattern was observed for 29 

fragments.. Genes that were represented by more than one fragment showed the same e-Northern 

patternn for each fragment analyzed. 

Thee normal pancreas contains a predominance of acinar cells and islets relative to norma! duct 

epithelium.. The normal pancreatic duct epithelium is therefore underrepresented in gene expression 

analysess of bulk normal pancreas. Therefore, the candidate genes identified by Affymetrix 

GeneChipp were further refined to exclude genes highly expressed in cultures of normal pancreatic 

ductall epithelial cells. For each gene identified as differentially expressed by Affymetrix GeneChip, 

thee corresponding SAGE tag was identified, and the total number of SAGE tags present in the 

SAGEmapp database (http:// www.ncbi.nlm.nih.gov/SAGE/) of normal pancreas duct epithelium 

librariess HX and H126 was determined. Any gene having more than five tags in at least one of 

thesee two SAGE libraries was then excluded from further analysis. Using this approach, 10 genes 

weree identified as having high levels of expression in normal pancreatic duct epithelium (DEAD/ 

HH box polypeptide 21, EphA2, FXYD domain-containing ion transport regulator 5, KiAA1577 

protein,, methylene tetrahydrofolate dehy-drogenase, serine/cysteine proteinase inhibitor, clade 

E1,, TIMP1, transglutaminase 2, transmembrane 4 superfamily member 1, and tumor-suppressing 

subtransferablee candidate 3). These genes were excluded, leaving 97 remaining differentially 

http://
http://www.ncbi.nlm.nih.gov/SAGE/


expressedd genes (table 1). Thus, based on the initial results of e-Northern analysis and SAGE 

filtering,, 97 candidate genes were identified as differentially overexpressed in pancreatic cancer. 

Literaturee search of genes highly expressed in pancreatic cancer 
Forr each of the 97 genes identified, a search was performed using the online NCBi database 

PubMedd using the known gene name together with the terms "pancreas" or "pancreas cancer." 

Off the 97 genes analyzed, 28 genes were previously reported to be associated with pancreatic 

cancer,, whereas 69 genes were not (table 1). Of these 69 genes not identified in this PubMed 

searchh as having been reported in pancreatic cancer, 21 have been reported before in association 

withh tumor types other than pancreatic cancer, whereas 48 genes have not been reported in 

associationn with any neoplasm. 

Thesee 97 candidate tumor markers of pancreatic cancer represented a variety of cellular functions. 

Geness identified included those involved in cell membrane junctions (claudin 1, connexin 26),1213 

signall transduction (tumor-associated calcium signal transducer 2r ras GTPase-activating 

proteinlike),144 '-calcium homeostasis(S100calcium-binding protein P),16cytoske!etatassembly (fascin, 

keratinn 7, rabkinesin6 and pleckstrin),,7~2Dcell surface adhesion and recognition (integrin 0-like I ) / 1 

DNAA transcription (topoisomerase Ha, transcription factor BMAL2, and AML1),22~K DNA repair 

(ATDC),"orr extracellular matrix remodeling and function (collagens 1cc1, 1cc2, and Xlocl, heat 

shockk protein 47, MMP14, and MMP7)."-76-17 The cellular localization of the corresponding gene 

productss was aiso determined using the online database OMIM available through the NCBI web 

sitee {http://www.ncbi.nlm.nih.gov/entrez/query). Genes were found to encode membrane-bound 

proteinss {prostate stem cell antigen, OB-cadherin), cytoplasmic proteins (fascin, ATDC), nuclear 

proteinss (topoisomerase lla, paraneoplastic antigen MA1), as well as extracellular proteins, such 

ass those involved in extracellular matrix homeostasis (hsp47, thrombospondin 2) or secreted 

proteinn products (osteopontin). 

Verificationn of selected candidate tumor markers 
Candidatee genes were selected for verification of expression in samples of pancreatic cancer 

tissuess or cell lines (figures 2 and 3). Four genes were selected for analysis by immunohistochemical 

orr in situ hybridization techniques: fascin, topoisomerase lla, hsp47, and pleckstrin. 

Fascinn and topoisomerase II both showed an A pattern of expression on e-Northern, corresponding 

too elevated expression in both the resected neoplastic tissues and cancer cell lines. 

Immunohistochemicall labeling of fascin showed intensely positive cytoplasmic labeling of the 

neoplasticc epithelium in eight of eight samples of paraffin-embedded pancreatic duct 

adenocarcinomass studied (100%). In all cases, normal duct epithelium and desmoplastic stroma 

didd not express fascin protein (figure 2A). 

http://%7bhttp://www.ncbi.nlm.nih.gov/entrez/query


Tabl ee 1 Highly expressed genes identified in pancreatic cancer cell lines and tissues 

Foldd P value  eNorther n SAGE Reporte d Ref. Cellula r 
chang ee pattern * norma l in location 5 

tags'' pancrea s 

Affymetri xx  Know n gene name 
fragmen t t 
name e 

39829_at t 
37403_at t 
89917_at t 
88518_at t 
1898_at t 

91017_at t 
74989_at t 
36976_at t 

38391_at t 

74707_at t 

53708_at t 

339_at t 
2036_s_at t 
89856_at t 

ADP-ribosylationn factor-like 7 
Annexinn A1 
Apolipoproteinn C-l 
Aspartatee beta-hydroxylase 
Ataxia-telangiectasiaa group 
D-associatedd protein 
Baculovirall IAP repeat-containing 3 
Biglycan n 
Cadhennn 11. type 2, OB-cadherin 
(osteoblast) ) 
Cappingg protein (actin filament), 
gelsolin-like e 
Cappingg protein (actin filament), 
gelsolin-like e 
Cation-chloridee cotransporter-
interactingg protein 
Caveolinn 2 
CD444 antigen 
CD833 antigen 

38112_g_att Chondroitin sulfate proteoglycan 2 

46260_at t 
35474_s_at t 
32305_at t 
32306_g_a a 
63596_f_at t 
60071_s_at t 
37892_at t 
73132_r_at t 
40490_at t 

73128_at t 
39959_at t 
48740_s_at t 
37981_at t 
1379_at t 
56226_at t 

34678_at t 
39945_at t 
311_s_at t 
65830_at t 

91306_s_at t 

91309_r_at t 

89908_f_at t 
40365_at t 

43366_at t 
43963_at t 
58235_at t 
44062_at t 
85285_at t 
54030_at t 
47427_at t 
74810_s_at t 
75276_at t 

37558_at t 

(versican) ) 
Claudinn 1 
Collagen,, type I, alpha 1 
Collagen,, type I, alpha 2 
Collagen,, type I, alpha 2 
Collagen,, type I, alpha 2 
Collagen,, type I, alpha 2 
Collagen,, type XI, alpha 1 
Cyclin-dependentt kinase inhibitor 
2AA (p16) DEAD/H (Asp-Glu-Ala-
Asp/His)) box polypeptide 21 
Dihydropyrimidinase-likee 3 
Diubiquitin n 
DKFZP564G0133 protein 
Drehrinn 1 
EphA2 2 
Eukaryoticc translation initiation 
factorr 2C, 2 
fer-11 (C. elegans)-like 3 (myoferlin) 
Fibroblastt activation protein, alpha 
Fibronectinn 1 
FXYDD domain-containing ion 
transportt regulator 5 
Gapp junction protein, beta 2, 26kD 
(connexinn 26) 
Gapp junction protein, beta 2, 26kD 
(connexinn 26) 
GDPP dissociation inhibitor 1 
Guaninee nucleotide binding protein 
(GG protein), alpha 15 
Hypotheticall protein FU10261 
Hypotheticall protein FLJ10261 
Hypotheticall protein FLJ 10540 
Hypotheticall protein FU10849 
Hypotheticall protein FU11183 
Hypotheticall protein FU20373 
Hypotheticall protein FU20539 
Hypotheticall protein FU22569 
Hypoxia-induciblee factor 1, alpha 
subunit t 
IGF-III mRNA-binding protein 3 

77 17 
5.66 6 
8.09 9 
5.59 9 
5.21 1 

7.5 5 
12.27 7 
5.93 3 

5.08 8 

11.66 6 

5.42 2 

5.95 5 
5.3 3 

6.51 1 
5.04 4 

5.61 1 
77 07 
8.84 4 
5.3 3 

5,69 9 
5.18 8 
6.88 8 
5.87 7 
8.31 1 

8.33 3 
5.49 9 
6.61 1 
5.24 4 
5.07 7 
5.84 4 

9.03 3 
5.57 7 
6.53 3 
8.69 9 

7.32 2 

5.37 7 

7.58 8 
5.18 8 

5.61 1 
66 35 
5.45 5 
5.59 9 
5.6 6 

77 08 
5.8 8 

13.05 5 
5.66 6 

5.91 1 

0.00001 1 
0.00001 1 
0.00008 8 
0.00001 1 
0.00001 1 

0.00001 1 
00 00011 
0.00001 1 

0.00001 1 

0.00001 1 

0.00001 1 

0.00001 1 
0.00001 1 
0.00001 1 
0.00009 9 

0.00001 1 
0.00002 2 
0.00001 1 
0,00128 8 
0.00286 6 
0.0048 8 
0.00001 1 
0.00001 1 
0.00001 1 

0.00001 1 
00 00001 
0.00001 1 
0.00001 1 
0.00001 1 
0.00001 1 

0.00001 1 
0.00001 1 
0.00005 5 
0.00001 1 

0.00001 1 

000001 1 

yO.00001 1 
0.00001 1 

0.00001 1 
0.00001 1 
0.00001 1 
0.00001 1 
0.00001 1 
00 00001 
0.00001 1 
00 00001 
0.00001 1 

0.00001 1 

A A 
A A 
B B 
A A 
A A 

A A 
B B 
B B 

B B 

B B 

A A 

A A 
A A 
B B 
B B 

A A 
B B 
B B 
B B 
B B 
B B 
B B 
A A 
A A 

B B 
B B 
A A 
A A 
A A 
A A 

A A 
B B 
B B 
A A 

A A 

A A 

A A 
A A 

A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 

A A 

0 0 
1 1 

1,1 1 
1,2 2 
0 0 

0 0 
0 0 
0 0 

4,1 1 

4,1 1 

2 2 

0 0 
0,2 2 
0 0 
0 0 

0 0 
1,1 1 
4,2 2 
4,2 2 
4,2 2 
4,2 2 
0 0 
0 0 

8,9J J 

1 1 
0 0 
0 0 

0,1 1 
7,6} } 
1,1 1 

0 0 
0 0 

2,1 1 
5,7* * 

0 0 

0 0 

0,1 1 
0 0 

0,1 1 
0,1 1 
0 0 

2.1 1 
0 0 

1,1 1 
0 0 
2 2 
1 1 

1.1 1 

no o 
no o 
yes s 
no o 
no o 

no o 
yes s 
no o 

no o 

no o 

no o 

no o 
yes s 
no o 
no o 

no o 
yes s 
yes s 
yes s 
yes s 
yes s 
yes s 
yes s 
no o 

no o 
no o 
no o 
no o 
no o 
no o 

no o 
no o 
no o 
no o 

yes s 

yes s 

yes s 
no o 

no o 
no o 
no o 
no o 
no o 
no o 
no o 
no o 
yes s 

yes s 

11 1 

36 6 

37 7 

9 9 
9 9 
9 9 
9 9 
9 9 
9 9 

10 0 
10 0 
10 0 
10 0 
10 0 
10 0 

38 8 

39 9 

39 9 

40 0 

41 1 

42 2 

C C 
C C 

EM.M M 
C C 
C C 

EM M 
M M 

C C 

C C 

M M 

C C 
M M 
M M 

EM M 

M M 
EM M 
EM M 
EM M 
EM M 
EM M 
EM M 
C C 

C C 

C C 
M M 
C C 

M M 
M M 

M,EM M 

M M 

M M 

C C 

C C 

o o 

m m 
x x 

•a a 

(Table(Table continues) 



Tabl ee 1 Continued 

Affymetri xx  Know n gene name 
fragmen t t 
name e 

Fold d 
chang e e 

PP valu e eNorther n n 
patter n n 

SAGE E 
norma l l 

tags s 

Reporte d d 
in n 

pancrea s s 

Ref. . Cellula r r 
locatio n n 

88957_att Integrin, beta-like 1 (with EGF-like 
repeatt domains) 

89882_att Interferon induced transmembrane 
proteinn 1 (9-27) 

35372_r_att lnterleukin-8 
1369_s_att lnterleukin-8 
41294_att Keratin 7 
33893_r_att KIAA0470 gene product 
35832_att KIAA1077 protein 
57215_att KIAA1078 protein 
36070_att KIAA1199 protein 
50402_att KIAA 1265 protein 
60289_att KIAA1323 protein 
77022_att KIAA1363 protein 
41438_att KIAA1451 protein 
75014_i_att KIAA1533 protein 
78484_att KIAA1577 protein 
74535_att Lamin B2 
35280_att Laminin, gamma 2 
91124_i_att Leukemia-associated 

phosphoproteinn p18 (stathmm) 
32821_att Lipocalin 2 (oncogene 24p3) 
73002_att Matrix metalloproteinase 14 

(membrane-inserted) ) 
668_s_att Matrix metalloproteinase 7 

(matrilysin,, uterine) 
75026_s_att Methylene tetrahydrofolate 

dehydrogenase e 
35694_att Mitogen-activated protein kinase 

kinasee kinase kinase 4 
38272_att MKP-1 like protein tyrosine 

phosphatase e 
37032_att Nicotinamide N-methyltransferase 
78518_att Nuclear receptor subfamily 2, 

groupp F, member 1 
75321_f_att Nucleosome assembly protein 1 -tike 
73229_att Nucleosome assembly protein 1 -like 
91187_s_att Nucleosome assembly protein 1-like 
91189_r_att Nucleosome assembly protein 1-like 
91546_r_att Nucleosome assembly protein 1-like 
1451_s_att Osteoblast specific factor 2 

(fasciclinn Mike) 
78711_att Paraneoplastic antigen MA1 
81926_att Peptidylarginme deiminase type I 
37310_att Plasminogen activator, urokinase 
189_s_att Plasminogen activator, urokinase 

receptor r 
74696_r_att PDGF receptor, beta polypeptide 
91311_att Pleckstrin homology-like domain, 

familyy A, member 1 
90442_att Plectin 1, intermediate 

filamentt binding protein, 500kD 
49666_s_att PR01073 protein 
63958_att Prostate stem cell antigen 
40078_att Protease, serine, 23 
40079_att Protease, serine, 23 
80688_att Protein kinase C-like 1 
80463_att Putative protein 
46683_att RAB6 interacting, kinesin-like 

(rabkinesin6) ) 
49125_att Ras GTPase activating protein-like 

7.49 9 

6.51 1 

6.69 9 

0.00001 1 

0.00001 1 

0,0 0 

0.0 0 yes s 

0.00015 5 

6.27 7 
5.34 4 
5.62 2 
7.07 7 
5.23 3 
5.05 5 
5.09 9 

yO.00001 1 
0.00001 1 
0.00001 1 
0.00001 1 
0.00001 1 
0.00001 1 
0.00001 1 

A A 
8 8 
A A 
A A 
A A 
A A 
A A 

1,5 5 
0,0 0 
0,0 0 
0,0 0 
0,1 1 
0,2 2 
0,0 0 

no o 
yes s 
yes s 
yes s 
yes s 
no o 
no o 

43 3 

6.53 3 
5.14 4 
10.77 7 
5.45 5 
6.99 9 
5.3 3 
5.61 1 
5.05 5 
5.18 8 

5 5 
5.83 3 
6.22 2 
5.36 6 
11.53 3 
5,28 8 
6.69 9 

8.86 6 
7.27 7 

8.79 9 

5.97 7 

5.6 6 

5.63 3 

5.04 4 
7.48 8 

15.4 4 
16.29 9 
18.57 7 
18.48 8 
17.54 4 

5.3 3 

5.49 9 
5.87 7 
5.71 1 
6.18 8 

6.14 4 
14.66 6 

<0.00001 1 
0.00004 4 
0.00001 1 
0.00001 1 
0.00001 1 
0.00001 1 
0.00001 1 
0.00001 1 
0.00001 1 
0.00001 1 
0.00001 1 
0.00002 2 
0.00001 1 
<0.00001 1 
000001 1 
0.00001 1 

0.00001 1 
0.00003 3 

0.00001 1 

0.00001 1 

0.00001 1 

0.00001 1 

0.00056 6 
<0.00001 1 

0.00001 1 
000001 1 
0.00001 1 
0.00001 1 
0.00001 1 
0.00025 5 

0.00001 1 
0.00001 1 
O.00001 1 
0.00001 1 

0.00005 5 
0.00001 1 

A A 
A A 
A A 
A A 
B B 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 

A A 
B B 

B B 

A A 

A A 

B B 

A A 
A A 

A A 
A A 
A A 
A A 
A A 
B B 

A A 
A A 
A A 
A A 

B B 
A A 

0,0 0 
0,0 0 
2,4 4 
0,0 0 
0.0 0 
1,1 1 
1.2 2 
0,0 0 
0,0 0 
0,0 0 
0,1 1 

93,123$ $ 
0,0 0 
0,0 0 
0,0 0 
5,3 3 

5,2 2 
0,0 0 

0,0 0 

14,14$ $ 

0,0 0 

0,0 0 

0,2 2 
0,0 0 

0,3 3 
0,3 3 
0,3 3 
0,3 3 
0,3 3 
0,0 0 

0,1 1 
0.0 0 
1.2 2 
0,1 1 

0,0 0 
5,2 2 

yes s 
yes s 
yes s 
no o 
no o 
no o 
no o 
no o 
no o 
no o 
no o 
no o 
no o 
no o 
yes s 
no o 

yes s 
yes s 

yes s 

no o 

no o 

no o 

no o 
no o 

no o 
no o 
no o 
no o 
no o 
no o 

no o 
no o 
yes s 
yes s 

yes s 
no o 

35 5 
35 5 
18 8 

44 4 

45 5 
11 1 

9 9 

46 6 
46 6 

47 7 

C C 
C C 
C C 

N N 
EM M 

S S 
M M 

S S 

C C 

c c 

c c 
c c 

c c 
c c 
c c 
c c 
c c 

N N 

s s 
M M 

M M 

49 9 

7.01 1 0.00001 1 4,4 4 

(Table(Table continues) 



Tablee 1 Continued 

Affymetri x x 
fragmen t t 
name e 

49125_at t 
33730_at t 
57027_at t 
52123_at t 

89969_at t 
74736_f_at t 

39421_at t 

34319_at t 
74815_at t 
38125_at t 

39166_s_a a 
41544_at t 
39070_at t 

33143_s_a1 1 
87860_s_a a 
32186_at t 
658_at t 
659_g_at t 
43353_at t 
43353_at t 

74096_at t 

69053_at t 
231_at t 
41531_at t 

892_at t 

46644_at t 

Know nn gene name 

Rass GTPase activating protein-like 
Retinoicc acid induced 3 
Retinoicc acid induced 3 
Rhoo guanine nucleotide exchange 
factorr (GEF) 1 
Ribosomall protein SI5a 
RNAA binding motif, single 
strandedd interacting protein 1 
Runt-relatedd transcription factor 1 
(amlll oncogene) 
SI000 calcium-binding protein P 
Secretedd phosphoprotein 1 
(osteopontin)) Serine (or cysteine) 

Fold d 
chang e e 

7.01 1 
5.53 3 
9.25 5 
5.35 5 

5.55 5 
9.41 1 

5.92 2 

8.73 3 
7.98 8 
6.68 8 

proteinasee inhibitor, clade E, member 1 
Heatt shock protein 47 
Serum-induciblee kinase 
Singedd (Drosophila)-like 
(seaa urchin fascin homolog like) 
Solutee carrier family 16, member 3 
Solutee carrier family 21, member 12 
Solutee carrier family 7, member 5 
Thrombospondinn 2 
Thrombospondinn 2 
Thrombospondinn 2 
Tissuee inhibitor of 
metalloproteinasee 1 
Topoisomerasee (DNA) II alpha 
(170kD) ) 
Transcriptionn factor BMAL2 
Transglutaminasee 2 
Transmembranee 4 superfamily 
memberr 1 
Transmembranee 4 superfamily 
memberr 1 
Transmembrane,, prostate androger 
inducedd RNA 

91095_s_att Transmembrane, prostate androger 
inducedd RNA 

31888_s_att Tumor suppressing subtransferable 

291_s_at t 

82782_at t 

candidatee 3 
Tumor-associatedd calcium signal 
transducerr 2 
Zincc finger protein 267 

6.41 1 
6.23 3 
13.31 1 

8.23 3 
8.92 2 
627 7 
6.94 4 
9.92 2 
5.37 7 
8.14 4 

5.28 8 

7.03 3 
5.22 2 
6.19 9 

6.22 2 

55 33 

9.54 4 

5.99 9 

9.29 9 

5.53 3 

PP valu e 

0.00001 1 
0.00001 1 
0.00001 1 
0.00001 1 

0.00001 1 
000001 1 

0.00001 1 

<0.00001 1 
0.01276 6 
0.00001 1 

0.00001 1 
0.00001 1 
0.00001 1 

0.00001 1 
0.00001 1 
0.00001 1 
0.00001 1 
0.00001 1 
0.00006 6 
0.00001 1 

0.00001 1 

0.00001 1 
0.00001 1 
0.00001 1 

0.00001 1 

0.00001 1 

0.00001 1 

0.00001 1 

0.00001 1 

0.00001 1 

eNorther n n 
patter n n 

A A 
A A 
A A 
A A 

A A 
A A 

A A 

A A 
B B 
A A 

B B 
A A 
A A 

A A 
A A 
A A 
B B 
B B 
B B 
A A 

A A 

A A 
A A 
A A 

A A 

A. . 

A A 

A A 

A A 

A A 

SAGE E 
norma l l 

tags* tags* 

4,4 4 
3,1 1 
3,1 1 
0.0 0 

0,0 0 
0,0 0 

0,4 4 

0,0 0 
0,0 0 

10,10}. . 

1.4 4 
0,0 0 
1,1 1 

0,0 0 
0,0 0 
0,0 0 
0,0 0 
0,0 0 
0,0 0 

22.24J J 

1,0/2,0 0 

0,0 0 

5.m m 
7.5$ $ 

7,5} } 

1,2 2 

1,2 2 

9,114: : 

0.0 0 

0,0 0 

Reporte d d 
in n 

pancrea s s 

no o 
no o 
no o 
no o 

no o 
no o 

no o 

no o 
no o 
yes s 

no o 
no o 
no o 

no o 
no o 
no o 
no o 
no o 
no o 
yes s 

no o 

no o 
yes s 
no o 

no o 

no o 

no o 

no o 

yes s 

no o 

Ref.. Cellula r 
location * * 

M M 
M M 
C C 

c c 
N N 

N N 

N N 
S S 

27 7 

C C 

M M 

M M 
EM M 
EM M 
EM M 

288 S 

N N 

N N 
500 C 

M M 

M M 

C C 

100 M 

C C 

n n 
3 " " 
HI I 

r + + 
ID D 

0 0 0 

o o 
o o 
5L L 

I Q Q 
rt> rt> 
3 3 
IT) ) 

fD D 
X X 

" U U 

fD D 
i n n 

5 5 
3 3 

fD D 
n n 
3 " " 
3 3 
0 _ _ 

o o 
i a a < < 
3 ' ' 

"a a 
3 3 
n n 

0) ) 

n ' ' 

n n 
CD D 
3 3 

a> > 

*A,, elevated expression in cell lines and tumor tissues; B, elevated expression in tumor tissues only. 'Values 
listedd are the total number of tags present in the two SAGE libraries of normal pancreatic duct epithelium (HX 
andd H126) for each known gene identified. Genes with 5 tags present in at least one of the two libraries are 
indicatedd by an *, and were excluded from further analyses. ^Putative location C, cytoplasmic; M, cell membrane; 
EM,, extracellular matrix; N, nuclear; S, secreted. 



Figur ee 1 e-Northern analysis of highly 
expressedd Affymetrix gene fragments 
identifiedd by the GeneExpress platform. 
(A)) Affymetrix fragment for sea urchin 
fascinn homolog, highly expressed in both 
pancreass cancer cell lines and tumor tissues 
comparedd to normal (A pattern). 
(B)) Affymetrix fragment for heat shock 
proteinn 47, specifically overexpressed in 
pancreass cancer tumor tissues but not 
pancreass cancer cell lines or normal tissues 
(BB pattern). 

S ^ ï S s S I s s l ? ? 

Topoisomerasee Hot showed strong positive nuclear immunolabeling within eight of eight pancreatic 

ductt adenocarcinomas studied (100%). Normal duct epithelium and the surrounding desmoplastic 

stromaa did not express detectable levels of topoisomerase Ha (figure 2B). 

InIn contrast to fascin and topoisomerase Ilex, hsp47 showed a B pattern of expression on e-Northern, 

indicatingg elevated expression of hsp47 in the resected neoplastic tissues only, but not in the 

cancerr cell lines or normal tissues (figure 2C). In concordance wi th this pattern, immunolabeling 

forr hsp47 showed strong labeling of the desmoplastic stroma within the invasive cancer in eight 

off eight pancreatic duct adenocarcinomas studied (100%). In one of the eight cases, the neoplastic 

epitheliumm also labeled. No expression of hsp47 was detected within normal pancreatic duct 

epitheliumm or within the intralobular stroma of normal pancreas tissue within the same paraffin-

embeddedd tissue sections. 

Pleckstrinn was also identified as differentially expressed in pancreatic cancer and displayed an A 

patternn of expression by e-Northern. No commercially available antibody for pleckstrin was 

available.. Therefore, a digoxigenin-labeled probe was generated to match the coding region of 

thee pleckstrin gene for use in in situ hybridization. In situ hybridization using the anti-sense probe 

showedd expression within the neoplastic epithelium in all eight cases (100%), seen as variably 

sizedd granules throughout the cytoplasm of the neoplastic epithelium, in contrast to normal duct 

epitheliumm or the surrounding desmoplastic stroma, which did not express this gene (figure 3D) 
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iss noted within the neoplastic epithelium, in contrast to the normal pancreatic duct epithelium and desmoplastic *> 
stromaa that are negative. (C) Heat shock protein 47. Strong immunolabeling is noted of the desmoplastic stroma of Q 
thee tumor, in contrast to the neoplastic epithelium that is negative. (D) Pleckstrin. mRNA expression is detected 2 
withinn the neoplastic epithelium by in situ hybridization, in contrast to the surrounding desmoplastic stroma that is £ 
negative.. The nonneoplastic epithelium did not label either. ( x > page 260) £ 

Eightt additional genes were selected for validation by an RT-PCR study of 20 pancreas cancer cell 

liness and the immortal human pancreatic ductal epithelial cell line (HPDE6) (figure 3). Genes 

selectedd for validation using RT-PCR were claudin 1, S100 calcium-binding protein P (S100P), 

interferon-inducedd transmembrane protein 1 (IFITM1), lamin B2, DKFZP564G013 protein, 

KIAA04700 gene product, KIAA1265 protein, and KIAA1363 protein. Expression of these eight 

geness were detected in 19 of the 20 cell lines analyzed, in support of their initial identification as 

differentiallyy expressed genes by Affymetrix GeneChip. 

Thee 5-year-survival rate of patients with ductal adenocarcinoma of the pancreas is 4%, one of the 

lowestt of any neoplasm/ Unfortunately, most patients are diagnosed at an advanced stage of 

diseasee that is incurable wi th existing therapy. The identification of genes differentially expressed 



pancreaticc cancer cell lines 
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Figuree 3. Validation of gene expression by RT-PCR in 20 pancreatic cancer cell lines, an immortal human 
pancreaticc ductal epithelial cell line (HPDE6), and a water control. Glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH)) serves as an RNA control. Lamin B2 is overexpressed in 19 of the 20 pancreatic cancer cell lines. 

inn pancreatic cancer is critical to the development of novel therapeutics and new markers to 

detectt this disease at an earlier, potentially curable stage. We used the Gene Logic Inc. BioExpress 

platformm and Affymetrix GeneChip arrays to identify 97 genes differentially expressed in pancreatic 

carcinoma.. The differential expression of 12 selected genes was confirmed by in situ hybridization, 

immunohistochemicall labeling, or RT-PCR. These 97 genes may form the basis for the development 

off screening methods, diagnostic markers, and therapeutic targets for this highly lethal cancer. 

Thee finding of 97 genes significantly overexpressed in infiltrating pancreatic duct carcinomas has 

immediatee diagnostic potential. Overexpression of these novel tumor markers of pancreatic cancer 

cann be used to differentiate infiltrating pancreatic duct adenocarcinoma from chronic pancreatitis, 

particularlyy in small tissue samples or cytological material. Our initial studies to validate these 

markerss support this possibility. Immunohistochemical and in situ labeling for these differentially 

expressedd genes, including fascin, topoisomerase Hot, and pleckstrin, specifically label the neoplastic 

epitheliumm of infiltrating pancreatic duct adenocarcinomas, but not by normal duct epithelium 

includedd in the same tissue sections. 

Thesee 97 differentially expressed markers of pancreatic cancer also have potential for the 

developmentt of new screening tests for pancreatic cancer. For example, the development of 

taggedd antibodies to one or more of these genes may be useful in the diagnostic radiological 

imagingg of small primary pancreatic cancers or metastases before they become clinically apparent. 

Severall of these genes were found to be membranous or secreted proteins, suggesting they may 

bee shed into the blood or pancreatic secretions. If so, these proteins may also serve as diagnostic 

markerss in such specimens, not only for identification of primary pancreatic cancers at an earlier 

stage,, but also for the identification of recurrent disease at an earlier phase when it may be more 

responsivee to adjuvant therapies. In addition, whereas use of any one marker individually may 

havee a limited sensitivity or specificity in detecting pancreatic cancer, the development of a panel 

off markers may significantly increase the specificity of detecting clinically inapparent pancreatic 

cancerss without decreasing the sensitivity.28 

Thee identification of these differentially expressed genes in pancreatic cancer also has important 

therapeuticc applications for pancreatic cancer. For example, Jaffee and colleagues75 have recently 



shownn that cell-mediated immunotherapy can be both safe and effective in patients with pancreatic 

cancer,, and each of the differentially expressed genes represents a potential target for the 

developmentt of a ceil-mediated vaccine. Similarly, as a number of the genes identified were found 

too encode for cell surface proteins (i.e. OB-cadherin, CD83, claudin 1, prostate stem cell antigen, 

andd retinoic acid-induced 3), these proteins hold promise for the development of antibody-based 

immunotherapyy against pancreatic carcinoma.7-30 In addition, signal transduction pathways in which 

thesee differentially expressed genes may function are potential targets for molecular therapeutics. 

Overexpressionn of several of the genes found in pancreatic duct adenocarcinomas, such as ataxia-

telangiectasiaa group D-associated protein (ATDC), topoisomerase Ma (TOP2A), and 

transglutaminasee II (TGM2), may offer new insights into the biology of pancreatic cancer. ATDC 

proteinn has been shown to be induced by ionizing radiation and to suppress the radiosensitivity 

off ataxia telangiectasia (A-T) fibroblast cell lines.3' The overexpression of ATDC in pancreatic 

cancerss may therefore contribute to the radioresistance often observed for this tumor type.32 

Cheimotherapeuticc resistance in pancreatic cancers may also, in part, be contributed to by genes 

suchh as TOP2A or TGM2.22TOP2A is a target for several chemotherapeutic agents, including 

doxorubicin,, that have been used for treatment of advanced pancreatic cancer.33The high levels 

off TOP2A expression in some pancreatic cancers might indicate amplification of this gene, an 

occurrencee that contributes to the ineffectiveness of this chemotherapeutic agent in other tumor 

types."-333 Similarly, the overexpression of TGM2 has also been associated with drug resistance.34 

Otherr highly expressed genes in pancreatic cancer, such as interleukin-8 (IL-8) or the AML1 

oncogene,, may contribute to the aggressiveness of this tumor by alternative mechanisms. IL-8 

overexpressionn in pancreatic cancers is thought to result from low oxygen tension and hypoxia of 

thee tumor microenvironment. Consequently, IL-8 overexpression is thought to contribute to the 

aggressivenesss of pancreatic cancer by inducing angiogenesis and promoting tumor metastasis.35 

Thee AML1 oncogene is a transcription factor that is commonly overexpressed by translocation in 

acutee myeloid leukemias.24The overexpression of AML1 in pancreatic cancer suggests that this 

genee may also play a role in the pathogenesis of this tumor type. Thus, our finding of differentially 

expressedd genes related to the aggressiveness of pancreatic cancers may be used to develop 

moree effective therapeutic protocols for this tumor type. 

Invasivee pancreatic cancers represent an aggregate of diverse cell types, such as invasive neoplastic 

epitheliall cells, fibroblasts, inflammatory cells, smooth muscle cells, endothelial cells, and cells of 

residuall nonneoplastic pancreatic parenchyma.3Thus, comparative studies of gene expression in 

pancreaticc cancer tissues and cell cultures provide valuable information of gene expression by 

thee different cellular compartments of the neoplasm. By e-Northern analysis, we found that 29 

geness were overexpressed in pancreas cancer tumor tissues only, as compared to cancer cell 

liness or normal tissues. Studies suggest that most of these genes are likely to be expressed by the 



nonneoplasticc host stromal response to the neoplasm." Genes with this pattern of expression (B 

patternn on e-Northern), which included hsp47; apolipoprotein C-1; collagens type 1a1, 1a2, and 

Xlo1;; osteopontm, and thrombospondin 2, highlight the prominent host stromal response 

characteristicc of infiltrating pancreatic duct adenocarcinomas. In some instances, however, the 

genee expression identified in association with pancreas cancer tumor tissues does not always indicate 

stromall gene expression, but instead may reflect the gene expression of epithelial cells only when 

suchh cells are within a tumor in vivo (as opposed to the environment of cell culture).'' Prostate stem 

celll antigen exemplifies this observation. It had a B pattern of expression by e-Northern analysis 

(tablee 1), and a striking epithelial-specific pattern of expression by immunohisto-chemical labeling 

inn a majority of resected infiltrating pancreatic cancers.6 

Inn summary, we have identified 97 differentially expressed genes in infiltrating pancreatic cancer, 

alll with immediate potential utility for the development of screening tools, radiological imaging 

techniques,, or therapies for pancreatic cancer. Approximately one-third of these 97 known genes 

havee previously been reported in association with pancreatic cancer, and an additional 12 genes 

weree confirmed by immunohistochemical labeling, in situ hybridization, or RT-PCR, thus validating 

ourr approach in identifying these new markers. These genes not only provide insights into the 

complexx cellular biology of pancreatic duct adenocarcinoma, but also represent novel clinical 

targetss for this tumor type. 
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Backgroun d d 

Ampullaryy adenocarcinoma is an aggressive cancer with a poor prognosis. Without surgical resection, 

ampullaryy adenocarcinomas can be difficult to distinguish from ampullary adenomas. The aim of this 

studyy was to identify differentially expressed genes in ampullary adenocarcinoma in order to identify 

candidatee markers of the disease. 

Method s s 

Thee Affymetrix Human Genome U133 GeneChip set (HG-U133A and HG-U133B) was used to obtain 

genee expression profiles of 5 ampullary adenocarcinomas and 10 normal duodenal samples. Genes 

expressedd at levels at least fivefold greater in the adenocarcinomas as compared to normal duodenum 

weree identified and some of them confirmed. 

Result s s 

Usingg fold change analysis we identified 235 fragments expressed at least fivefold higher in ampullary 

cancerss than in normal duodenum. The expression profiles of eight candidate overexpressed genes 

(osteopontin,, mesothelin, tissue inhibitor of metalloproteinases 1, mucin-1, mucin-5, fascin, heat shock 

proteinn 47, fibronectin 1) were confirmed by immunohistochemistry or in situ hybridization on tissue 

microarrayss (TMA) containing 54 ampullary adenocarcinomas. One of these genes, osteopontin, was 

expressedd at 27-fold higher levels in ampullary adenocarcinomas compared to normal duodenum by 

genechipp analysis. We therefore determined serum osteopontin levels in patients with ampullary neoplasms, 

patientss with other periampullary diseases and in normal controls. Mean pre-operative serum osteopontin 

levelss as measured by competitive ELISA were 906  268 ng/ml in patients with ampullary cancer, 867

160160 ng/ml in patients with an ampullary adenoma, 327.1 6 ng/ml in patients with non-malignant 

periampullaryy diseases and 204 + 65 ng/ml in age-matched healthy controls (pO.001). 

Conclusio n n 

Measurementt of markers of ampullary cancer such as osteopontin may aid in the early detection and 

differentiall diagnosis of patients with periampullary lesions. 



Ampullaryy adenocarcinomas comprise approximately 6% of the cancers arising in the region of 

thee head of the pancreas.' The overall 5-year survival of patients with ampullary adenocarcinomas 

afterr radical resection is better than that of other periampullary neoplasms and ranges from 30% 

too 50%.M A possible explanation may be that even small lesions growing in the ampulla can 

causee obstruction of the bile duct, leading to early jaundice, and therefore early presentation.1 In 

addition,, differences in tumor biology may also be an explanation for the relatively good survival 

off patients with this disease.'3 

Thee biological characteristics of ampullary adenocarcinoma have not been extensively studied. 

Geneticc alterations of the K-ras oncogenes,68 and the  p 16,"-'2 and Smad4 {DPC4) tumor 

suppressorr genes,n all commonly altered in pancreatic cancer,""6 have also been described in 

ampullaryy cancer, although at lower frequencies.'7 Perhaps reflecting its intestinal origin, ampullary 

cancerss are thought to arise from adenomas and are known to inactivate the APC gene.'620 

Pancreaticoduodenectomyy is the treatment of choice for patients with an ampullary 

adenocarcinomaa whereas ampullary adenomas should preferably be treated with local resection. 

Unfortunately,, differentiating ampullary adenomas from adenocarcinomas pre-operatively is 

difficultt histologically, but it is possible that with a better understanding of the molecular profiles 

off ampullary cancer immunohistochemical or serum markers could be developed that help 

distinguishh ampullary adenocarcinomas from ampullary adenomas. 

Severall patient groups are at risk developing ampullary neoplasms including patients with polyposis 

syndromess as well as patients with a history of ampullary neoplasms. Such patients would likely 

benefitt from a serum marker that could predict the presence of primary or recurrent ampullary cancer. 

Too better understand the molecular profiles of ampullary adenocarcinoma, and to search for 

potentiall markers of the disease, we utilized high-throughput gene expression analysis to identify 

thee genes differentially expressed in ampullary carcinomas compared to normal duodenum. 

Materialss and M . ds 
Patientss and Tissues 

Tissuee samples (0.5 g) of ampullary adenocarcinoma (n=5) and normal duodenal mucosa (n=10) 

surgicallyy resected specimens from patients undergoing treatment at The Johns Hopkins Hospital 

weree harvested within 10 minutes after resection, and snap-frozen in liquid nitrogen, and stored 

att . Bulk ampullary cancer tissue was used so that we could not only identify genes expressed 

byy neoplastic epithelial cells but also identify genes expressed in the stromal compartment as a 

resultt of tumor-stromal interactions. All snap-frozen neoplasms were examined prior to gene 

expressionn profiling to confirm the presence of cancer in the specimen. 

Too confirm the differential expression of genes identified by oligonucleotide microarray analysis, 



Fold d 
chang e e 

10.15 5 
12.02 2 

9.78 8 
20.27 7 
11.56 6 
26.95 5 

21.23 3 
7.34 4 

PP valu e 

0.00273 3 
0.00002 2 

0.10139 9 
0.0052 2 
0.1123 3 

0.00197 7 

0.00613 3 
0.001 1 

Tablee 1 Genechip data for the eight candidate genes selected for validation 

Fragmen tt  Know n gene name 
name e 

211738_x_att fibronectin 1 
209386_att hypothetical protein MGC4655, singed-like (fascin homolog, 

seaa urchin) (Drosophila) 
205753_att mesothelm 
205509_att mucin 1, transmembrane 
205421_att mucin 5, subtype B, tracheobronchial 
202628_s_att secreted phosphoprotein 1 (osteopontin, bone sialoprotein I, 

earlyy T-lymnhocyte activation 1) 
202363_att serine (or cysteine) proteinase inhibitor, dade H (heat shock protein 47) 
201564_s_att tissue inhibitor of metalloproteinase 1 (erythroid potentiating activity, 

collagenasee inhibitor) 

Tablee 2 Immunohistochemical and in situ hybridization* profiles of genes identified as overexpressed in 

ampullaryy cancers by oligonucleotide microarray 

Genee % Positiv e (foca l / diffuse ) 

Fascinn  77 (28/49) 
Fibronecti nn  86 
HSPP 47 8 5 

Mesotheli nn  66 (42/24) 
Mucin ll  66 (30/36) 
Mucin 55 68 (39/29) 
T i m p l ** 2 2 

Osteopontin ** 1 0 0 

tissuee microarrays (TMAs) of ampullary adenocarcinoma and normal duodenal ampulla were 

createdd from formalin-fixed paraffin-embedded tumor blocks of 54 patients who previously 

underwentt pylorus preserving pancreaticoduodenectomy (PPPD) for an infiltrating ampullary 

adenocarcinomaa at the Johns Hopkins Hospital. The paraffin blocks were obtained from the 

surgicall pathology archives of the Department of Pathology at the Johns Hopkins Hospital. Areas 

off ampullary cancer, and adjacent normal ampullary and stromal tissue were arrayed onto 3 

TMAA blocks. TMAs were constructed using a manual Tissue Puncher/Arrayer (Beecher Instruments, 

Silverr Spring, MD) as previously described/" For each selected lesion, a 1.4mm core was punched 

fromm the donor block to ensure that an adequate section of ampullary cancer and surrounding 

tissuee could be incorporated into each spot. From each case four cores of ampullary cancer wi th 

matchingg normal ampulla, as well as control tissue cores from various organs were arrayed on 

onee of the three ampullary adenocarcinoma recipient blocks. A total of 99 cores (72 cores of 

ampullaryy cancer with matching normal ampulla as well as 27 control tissue cores from various 

organs)) were arrayed on each ampullary adenocarcinoma recipient block. Serial sections were 

cutt from all three TMAs for immunostaining or in situ hybridization, and one was stained wi th 

hematoxylinn and eosin (H&E) as a reference. 



Figuree 1 Expression patterns of candidate overexpressed genes in ampullary adenocarcinoma. (A) Fascin 
iss overexpressed in the neoplastic epithelium, but not in adjacent normal epithelium (B) Mucin 5 is 
overexpressedd in the neoplastic epithelium, but no expression is seen in retained strips of normal epithelium 
(arrows).. (C) Fibronectin is overexpressed in the neoplastic stromal desmoplastic component; in contrast, 
thee neoplastic epithelium is non-reactive (D) In situ hybridization demonstrates intense expression of 
tissuee inhibitor of metalloproteinase-1 transcripts in neoplastic epithelium and adjacent desmoplastic stroma 3 
(xs*(xs* page 261) c_ 

57 7 
•< < 

Forr the analysis of osteopontin, preoperative sera from patients wi th ampullary adenocarcinoma 2 

(n=28)) and ampullary adenoma (n=6) undergoing pancreaticoduodenectomy (Whipple procedure) Ü> 

betweenn 1998 and 2002 in the Johns Hopkins Hospital were collected after informed consent as 

partt of an ongoing IRB-approved observational study. The diagnosis of ampullary neoplasm was 

confirmedd for each patient by histopathological examination of the resection specimen. Sera 

f romm patients wi th pancreatic and periampullary diseases who had undergone surgical resection 

usuallyy to rule out malignancy were also included in the serum osteopontin analysis including 6 

patientss with intraductal papillary mucinous neoplasms, 5 wi th mucinous cystic neoplasms, 3 

withh non-neoplastic pancreatic cysts, 11 wi th neuroendocrine neoplasms of the pancreas, and 6 

withh miscellaneous diseases (one each of those with cholangitis, omental fat necrosis, choledochal 

cyst,, and pancreatic intraepithelial neoplasias (PanlNs, n=3), Sera f rom healthy individuals (n=22) 

weree obtained from the Johns Hopkins Bayview Medical Center General Clinical Research Center. 

Alll of these analyses were performed with approval of the Institutional Review Board. 



Figuree 2 Osteopontin (OPN) expression in ampullary 
adenocarcinoma.. (A) in situ hybridization for OPN 
(antisensee probe) demonstrates intense expression 
inn intratumoral macrophages, while the neoplastic 
epitheliumm is negative. (B) sense probe is non-reactive 
inn the macrophages, confirming the specificity of 
signall (C) a CD68 stain demonstrates that the cells 
withh OPN expression are macrophages (23* page 
261) ) 

mRNAA Extractions and Affymetrix GeneChip hybridization 
Samplee preparation and processing were performed using the Affymetrix GeneChip Expression 

Analysiss Manual (Santa Clara, CA), and was described previously by lacobuzio-Donahue et al..22 

Immunohistochemistry y 
Immunohistochemicall labeling was performed on the 54 ampullary cancers arrayed onto three 

ampullaryy TMAs to validate the translation and differential expression of selected genes in archival 

tissuee sections of ampullary adenocarcinomas. For each antibody immunolabeling was performed 

ass previously described.'4-2M9 The epitopes analyzed, and the antibodies used with their dilutions 

weree as follows: fascin, DAKO Carpinteria, CA, dilution 1:3200;23 fibronectin, DAKO Carpinteria, CA, 

dilutionn 1:1200;24 heat shock protein 47 (hsp 47), Stressgen Biotechnologies, San Diego, CA, dilution 

1:800;;** mesothelin, Novocastra Laboratories, Newcastle upon Tyne, UK, clone 5B2, dilution 1:800 



Figuree 3 OPN serum levels in patients with 
ampullaryy carcinomas (AMPCA), ampullary 
adenomass (AMPAD),, non-malignant periampullary 
diseasess (controls) and in healthy controls 
(normals),, plotted in a scattergram 

AMPCAA AMPAD CONTR NORML 

Dx x 

(14);; mucin 1 and mucin 5, Vector Laboratories, Burlingame, CA, clone nd 695, dilution 1:100, and 

clonee CLH2, dilution 1:50, respectively.252S Staining was evaluated by two of the authors (NTvH and 

AM).. The extent of immunolabeling was categorized into three groups: negative, focal positive, 

andd diffuse positive. Negative labeling meant a virtual absence of labeling (<5% of neoplastic cells) 

onn the tissue section. Diffusely positive labeling was present when at least 25% of the neoplastic 

cellss were clearly positive and focally positive, if between 5-25% of cells labeled. If the antibody 

labeledd only stromal cells, labeling was invariably diffuse. 

InIn situ hybridization 

Thee mRNA transcripts analyzed by in situ hybridization were tissue inhibitor of metalloproteinases 

11 (timp-1) and osteopontin (OPN). Preparation of digoxigenin-labeled sense and antisense 

riboprobess were performed based on previously performed protocol.30 In brief: riboprobes were 

preparedd by in vitro transcription from appropriate I.M.A.G.E. clones (Resgen, Birmingham, 

Alabama).. For the in situ hybridization of formalin fixed tissue, sections were deparaffinized in 

xylenee for 5 minutes, followed by hydration in graded ethanols for 5 minutes each. Next, sections 

weree digested with Proteinase K (15-pg/ml) at C for 20 minutes (timp-1) and 40 minutes 

(OPN),, respectively. This was followed by hybridization overnight with a 300 ng/ml concentration 

off antisense or sense riboprobes in mRNA hybridization buffer, at 49DC for timp-1 and at C 

forr OPN. The following day, sections were washed in 2x standard saline citrate (SSC) at C for 

timp-11 and at C for OPN, followed by incubation with a 1/35 dilution of RNase A cocktail 

(Ambion,, Austin, TX) in 10 mmol/L Tris, 500 mmol/L NaCI, 1 mmol/L ethylenediaminetetraacetic 

acid,, pH 7.5, for 1 hour at . Next, slides were washed twice in 2x SSC/50% formamide at 

,, followed by one wash at 0.08x SSC also at C Signal amplification was achieved by 



incubationn of sections with biotinyl-tyramide, followed by secondary streptavidin complex (GenPoint 

kit,, DAKO). The final signal was developed with diaminobenzidine chromagen (GenPoint kit, DAKO). 

AA tissue section was considered positive if any portion of the section labeled with the probe. 

Osteopontinn serum ELISA 
AA modified competitive serum ELISA procedure for OPN has been developed by one of the 

authorss (NF) and performed as described previously.3' In brief: serum samples (100 ml) were 

dilutedd 1:10 in a 50% formamide-40 mM phosphate buffer (pH 7.4) and were reduced with 2 

mMM DTT at C for 5 min to disrupt the binding of OPN by complement factor H in serum. 

Residuall reducing agent and formamide were removed by strong anion exchange column 

chromatographyy (ToyoPearl QAE resin; TosoHaas, Montgomeryville, PA). After loading the 1.0-

mll sample, the column was washed with 6x column volumes of TBS-T solution. OPN was eluted 

withh TBS-T containing 1.0 M NaCI. For the competitive ELISA Greiner high-binding plates (USA 

Scientific,, Inc., Ocala, FL) were coated with 20 ng/well OPN overnight in 50 mM carbonate 

bufferr (pH 8.0). The standard curves for OPN were constructed using recombinant protein. Samples 

andd standards (100-ul volume) were incubated for 2 h with shaking at room temperature with 

1000 pi of a 1:100,000 of LF-124 antibody in TBS-T in polypropylene 96-well plates (USA Scientific, 

Inc.),, and the antigen-coated plate blocked with TBS + 5% powdered milk. Antigen-coated plate 

wass then rinsed three times with TBS-T, and the antibody-sample solution was added to the 

wells.. After a second incubation for 1 h at room temperature with shaking, the plate was washed 

threee times with TBS-T. A secondary antibody of goat antirabbit peroxidase-labeled antibody 

conjugate,, human serum adsorbed (Kirkegaard & Perry, Gaithersburg, MD) at 1:2000 was then 

added,, and the plates were incubated for 1 h. After three washes with TBS-T, substrate (TMB 

microwelll peroxidase substrate; BioFX Laboratories) was added and after a final 20-min incubation, 

thee color reaction was stopped by the addition of 25 ul of 1 N H2S04. Absorbance was read at 

4500 nm. Serum CA 19-9 CA 19-9 levels in serum (25 ml) were measured by ELISA (Alpha Diagnostics 

Inc.,, San Antonio, TX) according to the manufacturer's recommendations. 

Statisticall data analysis 
Thee GeneExpress Software System Fold Change Analysis tool from Genelogic was used to identify 

geness expressed at least fivefold greater in the ampullary cancers compared to normal tissues. For 

eachh gene fragment, the ratio of the geometric means of the expression intensities in the normal 

controll tissues and the ampullary cancer samples was calculated, and the fold change then calculated 

onn a per fragment basis. We used a cut off of at least fivefold overexpression in the cancer compared 

too normal tissues as the bulk tissues analyzed contain different proportions of epithelial and other 

cellss types. Thus, many modest changes in gene expression identified by comparison of bulk tissues 



mayy not represent true differences in tissue expression. Confidence limits were calculated using a 

two-sidedd Welch modified f-test on the difference of the means of the logs of the intensities. 

Meanss of the OPN sera levels were compared using the independent samples T-test with SPSS 

10.00 for Windows; a p value of <0.05 was considered statistically significant. 

Dataa filtering 

RNAA samples were hybridized to the complete Affymetrix Human Genome U133 GeneChip set 

(HG-U133AA and HG-U133B) for simultaneous analysis of over 39,000 transcript variants, which 

inn turn represent greater than 33,000 well-substantiated human genes. The Genelogic GeneExpress 

Softwaree System Fold Change Analysis tool identified 235 fragments expressed at levels at least 

fivefoldd greater in ampullary cancer samples than in normal duodenal tissues. 

Identificationn of highly expressed genes in ampullary cancer 

Thee 235 overexpressed fragments included fragments corresponding to ESTs and fragments 

correspondingg to known genes. Among these fragments were genes represented by two or 

moree fragments, leaving the number of known genes identified as expressed at least fivefold or 

greaterr in ampullary cancer as compared to normal duodenum at 189 (the top 50 of which are 

listedd at http://pathology2.jhu.edu/pancreas/ampullarytable.htm. These 189 genes represented 

aa variety of functional groups, including genes involved in cell membrane junctions (claudin 1, 

claudinn 18), signal transduction (hepatocyte nuclear factor 3, beta),32 calcium homeostasis (S100 

calcium-bindingg protein P),33 cytoskeletal assembly (keratin 7, and pleckstrin),34 cell surface adhesion 

andd recognition (integrin B-like 1 ),3i DNA transcription (topoisomerase (DNA) I),35 and extracellular 

matrixx remodeling and function (collagens 1a1, 1a2, and X1a1, heat shock protein 47, MMP14, 

andd MMP7).3739 Many of the genes identified as overexpressed have been similarly identified in 

otherr cancers and in addition to the above include genes such as mesothelin, osteopontin, TIMP-

1,, inhibin Beta A, interleukin 8, several kallikreins and spare. 

Verificationn of selected candidate tumor markers by 
immunohistochemistryy and in situ hybridization 
Fromm the list of 189 genes we selected eight candidate genes (osteopontin, mesothelin, timp-1, 

mucin-!,mucin-!, mucin-5, fascin, heat shock protein 47, fibronectin 1) chosen based on the availability 

off antibodies suitable for immunohistochemistry (6 genes) as well as biological interest and 

verifiedd their expression patterns in formalin fixed paraffin embedded primary ampullary tissues 

(tablee 1). The expression patterns of two additional genes (Timp-1 and OPN) were analyzed by in 

situsitu hybridizaton (table 2). 

http://pathology2.jhu.edu/pancreas/ampullarytable.htm


Ann example of immunohistochemical labeling patterns for each marker is shown in figure 1. 

Stainingg for Fascin showed intensely positive cytoplasmic labeling of the neoplastic epithelium in 

76%% cases: 28% focal, and 48% diffuse. In all cases, normal duct epithelium did not express 

fascinn protein (figure 1 A). An example of in situ hybridization labeling patterns is shown in figure 

2AA and 2B, respectively. A strong OPN mRNA signal was identified in tumor-infiltrating cells with 

morphologicc characteristics of monocytes/macrophages. This pattern was found in all examined 

tissuee microarray cores. Immunohistochemistry for CD68 on the same tissue microarrays confirmed 

thee macrophage origin of these cells expressing OPN. Interestingly, only the macrophages that 

directlyy infiltrated the tumor tissue expressed osteopontin. Macrophages in adjacent normal tissue 

weree not positive for osteopontin mRNA by in situ hybridization (figure 2B). 

Serumm osteopontin and Cal9-9 
Meann serum osteopontin levels were significantly higher in patients with ampullary adeno-

carcinomaa (n=28)(905  268 ng/ml), and in patients with ampullary adenomas (n=6) (866  160 

ng/ml)) than in healthy individuals (n=22) (204  65 ng/ml) (p<0.001)(figure 3). Using a cutoff 

levell for osteopontin of 334 ng/ml (2 standard deviations above the mean of the healthy controls), 

seraa from patients with an ampullary neoplasm could be distinguished from the healthy controls 

withh a sensitivity of 100% and specificity of 95%. Osteopontin levels were also higher in patients 

withh ampullary neoplasms than in a disease control group consisting of those with other benign 

pancreaticc neoplasms such as intraductal papillary mucinous neoplasms (mean 348  185 ng/mt), 

mucinouss cystadenomas (mean 275+ 222 ng/ml), and neuroendocrine tumors {mean 426  278 

ng/ml)) and non-neoplastic pancreatic diseases such as pancreatic cysts (mean 370  33 ng/ml) 

andd other miscellaneous periampullary diseases (mean 217 ng/ml). The mean osteopontin level 

inn this disease control group was 327.1  195.6 ng/ml (figure 3). Surprisingly, there were no 

significantt differences in the mean osteopontin level between patients with an ampullary 

adenocarcinomaa and those with an ampullary adenoma. Primary ampullary adenocarcinoma 

tissuess were available for osteopontin expression analysis on the tissue microarray for 7 of the 28 

patientss with ampullary carcinoma whose osteopontin serum levels were determined. All seven 

patientss with an elevated serum osteopontin level by ELISA displayed overexpression of osteopontin 

inn their ampullary carcinoma by in situ hybridization. There was no correlation between pre-

operativee serum bilirubin and OPN levels in the 15 patients from whom preoperative serum 

bilirubinn was available. There was also no correlation between TNM status and the serum 

osteopontinn level. 

Sincee Ca 19-9 levels are often used to as a tumor marker in patients with periampullary neoplasms, 

wee compared Ca 19-9 levels with those of osteopontin. Ca 19-9 levels had been measured prior to 

surgeryy in 17 patients with ampullary adenocarcinoma and from all 6 patients with ampullary 



adenoma.. Using a cutoff level of 70 U/ml, four of the 17 patients with ampullary carcinomas and 

twoo of the six with ampullary adenomas had elevated Cal9-9, corresponding to a sensitivity of 

serumm Ca19-9 for the identification of patients with an ampullary neoplasm of 26%. 

Inn this study we have identified multiple genes that are overexpressed in primary ampullary 

adenocarcinomas.. We were able to confirm the overexpression patterns of all eight genes selected 

forr confirmation using either immunohistochemistry or in situ hybridization. One of the most 

usefull applications of global gene expression profiling is in the identification of overexpressed 

geness that could serve as diagnostic markers. In this regard, we were able to identify a potential 

serumm marker of ampullary neoplasms, namely osteopontin. Serum osteopontin levels were 

elevatedd approximately fourfold in the serum of patients with an ampullary adenoma or carcinoma 

comparedd to healthy controls, corresponding to a diagnostic sensitivity of 100% and a specificity 

off 95% in this small sample set. In comparison, serum Ca 19-9 levels were elevated in only 26% of 

thee patients with an ampullary neoplasm. These results suggest that patients at risk of developing 

ampullaryy cancer such as patients who have had a previous resection of an ampullary neoplasm 

ass well as patients with familial cancer syndromes such as familial adenomatous polyposis and 

thee Peutz-Jeghers syndrome could potentially benefit from surveillance measurements of serum 

osteopontinn in addition to standard cancer surveillance tests. 

Osteopontinn is a member of the small integrin-binding ligand N-linked glycoprotein (SIBLING) family 

off proteins and is a secreted glycophosphoprotein of 55-80kD that is bound to complement factor 

HH in serum.40 Osteopontin is expressed in mineralized tissue, in apical surfaces of epithelia and in 

macrophages,, and binds to collagen and integrins. Furthermore, osteopontin is known to be 

expressedd in several malignant tissues including pancreatic/1 breast,""5 prostate/6 thyroid, "7 and 

skinn cancers48 often within the tumor-infiltrating macrophages as we found for ampullary 

neoplasms.47•48-499 And as we found for patients with ampullary cancers, patients with other cancers 

suchh as pancreatic, ovarian, colon, breast, and prostate cancer have all been shown to have elevations 

off serum osteopontin.31-41-sa51 However, because osteopontin is expressed in macrophages and in 

otherr non-neoplastic cells, elevations of osteopontin have been described in other inflammatory 

conditionss such as atherosclerosis." The degree of osteopontin elevation in patients with 

atherosclerosiss was mild compared to what we observed in patients with ampullary neoplasms and 

similarr in magnitude to the mild elevations we observed in patients with non-neoplastic periampullary 

diseases.. Thus, osteopontin is not a specific marker of ampullary neoplasms but is elevated in a 

varietyy of cancers. Nor is osteopontin a specific cancer marker, future studies will likely demonstrate 

thatt certain severe inflammatory conditions will cause serum elevations of osteopontin. However, 

ourr results also show that several periampullary non-malignant conditions only cause modest 



elevationss of osteopontin compared to that seen in patients with ampuliary neoplasms. 

Manyy other genes were identified as overexpressed in ampuliary cancer including several genes 

identifiedd previously as overexpressed in pancreatic cancer. One such gene is mesothelin, which 

iss consistently and highly overexpressed in virtually all pancreatic adenocarcinomas at both the 

mRNAA and protein levels.14 Mesothelin is one of several genes identified as overexpressed in 

ampuliaryy adenocarcinomas that have been shown to function as a tumor antigen (others include 

severall cancer-testis antigens, see online table 1 (http://pathology2.jhmi.edu/ampullary). 

Mesothelinn is a cell surface glycoprotein known to be overexpressed in several malignancies,'4 " 

butt its biological function is not known. However, low concentrations of an immunotoxin targeting 

mesothelinappearr to be cytotoxic to mesothelin-expressing human tumors by inducing apoptosis. 

Clinicall trials with a recombinant antimesothelin immunotoxin have already been initiated for 

treatmentt of patients with mesothelin expressing malignancies.5" 

Histologyy and preoperative investigation cannot always differentiate adenomas from those 

destinedd to recur as invasive ampuliary adenocarcinomas. Surgical resection is the treatment of 

choicee for managing ampuliary adenocarcinomas, while many ampuliary adenomas can be treated 

byy local excision endoscopically. Ampuliary carcinomas are managed surgically with a (pylorus 

preserving)) pancreaticoduodenectomy and lymph node dissection according to the principles of 

cancerr surgery. Although adenomas can be treated with local endoscopic or surgical resection, 

locall resection may not be adequate for "suspicious" adenomas. Ampuliary adenomas often relapse 

afterr local resection, with a frequency of 0% to 42%.55 When relapse occurs after surgery, patients 

tendd to present with advanced disease. Thus, a marker of ampuliary cancer could be useful in 

identifyingg patients with relapse of their ampuliary cancer. While serum osteopontin levels do not 

appearr to be effective in distinguishing these lesions, we anticipate that several of the markers 

identifiedd as overexpressed in ampuliary cancers could help predict the biological properties of 

ampuliaryy neoplasms when histology is inconclusive for cancer. Such a marker could be readily 

appliedd to histological endoscopic biopsies of ampuliary masses. For example, mesothelin which we 

foundd to be overexpressed in ampuliary cancers is also overexpressed in pancreatic cancers,14 and 

hass been shown to be useful in predicting which pancreatic non-diagnostic cytological specimens 

aree from patients with pancreatic cancer and not from those without cancer.56 The detection of 

mesothelinn by immunohistochemistry may also prove to be useful in differentiating high grade 

ampuliaryy neoplasms from low grade adenomas, as in precancerous lesions of the pancreas, 

mesothelinn is only expressed in high grade PanlNs." 

Inn summary, using global gene expression profiling, we have identified a number of genes that 

aree overexpressed in ampuliary adenocarcinomas. One such gene, osteopontin, is overexpressed 

inn tumor-infiltrating macrophages of ampuliary neoplasms and its protein product is elevated in 

thee serum of both patients with ampuliary neoplasms. 

http://pathology2.jhmi.edu/ampullary
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Background d 

Neoplasmss of the ampulla of Vater have a better 5-year survival than pancreatic and bile duct neoplasms 

afterr resection. This study was performed to analyze the outcome after local resection (LR) and 

pancreatoduodenectomyy (PD) and to identify predictive factors for survival. 

Methods s 

Wee evaluated 145 patients (1992-2002) with a neoplasm of the ampulla of Vater from a prospective 

database.. Preoperative histology was obtained by endoscopic biopsy, and agreement between preoperative 

andd postoperative findings were evaluated. Short-term results and long-term survival after local and 

radicall resection of ampullary adenomas and carcinomas were analyzed. 

Results s 

Thee median age of the entire cohort was 66 years. Agreement between preoperative biopsies and definite 

resectionn specimen was 58% for invasive adenocarcinoma. Local resection was performed in 25 patients 

butt was an adequate therapy in only 16 patients (64%). Subsequent PD (n=9) was performed in the 

remainingg patients because of a R1 resection. The other patients (n=120) underwent an elective PD. 

Hospitall mortality was 4.0% (1/25) after LR and 5.0% (6/120) after PD. Multivariate analysis revealed 

thatt advanced invasion and nodal status were independent predictive factors for survival. The overall 5 

yearr actuarial survival of patients with adenocarcinoma after PD was 37%. 

Conclusions s 

Preoperativee biopsies have a poor diagnostic accuracy. Local resection is an adequate surgical treatment 

forr adenomas. In experienced hands, PD is the preferred treatment for patients with adenocarcinoma. 



Neoplasmss arising from the ampulla of Vater are uncommon and have a relatively good prognosis 

afterr resection. The overall 5-year survival ranges from 35% to 46%, which is better than distal 

biliaryy (5-year survival ranging from 24% to 27%) or pancreatic head adenocarcinoma (5-year 

survivall of 15%).'s Pancreatoduodenectomy (PD) is the current treatment of choice for invasive 

adenocarcinomaa of the ampulla of Vater. 

Thee preoperative diagnosis and differentiation between adenoma and adenocarcinoma has proven 

too be difficult during endoscopy, even with biopsies. Adenomas are known for their deceptive 

nature.. Adenocarcinoma is often hidden in the depths of the neoplasm as shown by studies that 

reportt a malignant transformation in up to 50% of the "suspected" adenomas.6 

Adenocarcinomaa requires resection with wide margins according to the principles of cancer 

surgeryy while adenomas should preferably be treated with local resection (LR), first described by 

Halstedd in 1899.? Controversy currently exists whether the "suspicious" adenomas or early pT1 

adenocarcinomass can be adequately treated by LR. 

Thee aim of this study was to analyze short-term outcome and long-term survival after local and 

radicall resection of ampullary adenomas and adenocarcinomas, and to identify predictive factors 

forr survival in order to evaluate which neoplasms may be treated by LR. 

DD • S 

Betweenn January 1992 and December 2002, 459 consecutive patients underwent resection for a 

pancreaticc head neoplasm at the Academic Medical Center (AMC), Amsterdam, the Netherlands. 

Alll hospital records collected during this period were entered prospectively into a database. Two 

seniorr pathologists would independently identify mucosal neoplasms originating at the ampulla 

off Vater and 145 patients (32%) were included in the present study. Patients with multiple 

adenomass and who suffer from familial adenomatous polyposis were not included. 

Preoperativee histology was obtained by multiple endoscopic biopsies in our center or from 

examinationss performed in referral centers. All biopsies taken in our center were used to analyze 

agreementt between preoperative and postoperative findings. 

Alll patients with invasive adenocarcinoma (one patient with adenocarcinoma in situ not included) 

off the ampulla of Vater (n=125) including patients who underwent LR were used to identify 

predictivee factors for survival. 

Preoperativee work-up generally consisted of a computed tomography scan followed by endoscopy 

too obtain a tissue sample. Endoscopic ultrasonography was not used regularly. Patients who 

underwentt endoscopic ampullectomy or endoluminal resection using the saline lift technique 

weree not included in the present study. 

Locall resection was performed for neoplasms, preoperatively diagnosed as small (<2cm wide) 



adenomass (including adenomas with severe dysplasia) and even small (<2cm wide) "suspicious" 

adenomas.. A PD was performed for adenocarcinoma (including in situ adenocarcinoma) or if 

ingrowthh in the pancreas was found during exploration, and for large or circumferential adenomas. 

Thee technique of LR has been described previously.8-10 In short, the abdomen is explored through 

aa right subcostal incision. An extended Kocher maneuver is performed followed by a longitudinal 

duodenotomy.. A stay suture through the neoplasm is extremely helpful to identify the local 

anatomy.. Excision of the neoplasm is undertaken with electrocautery. Circumferential stay sutures 

aree placed at the dissection margin in the duodenal wall and the pancreatic and bile duct. 

Reconstructionn is performed by re-implantation of the pancreatic and bile duct in the posterior 

walll of the duodenum or sewing of the non-separated pancreatic and bile ducts to the mucosa of 

thee duodenum. In most patients a 10 French silicone biliary drain is inserted via the cystic duct 

(afterr cholecystectomy) through the anastomosis into the duodenum. T-drains were not used. 

Pancreatoduodenectomyy was defined as en bloc resection of the duodenum and pancreatic 

headd and preferably with preservation of the pylorus as described after a consensus meeting in 

Europe".. Lymph node dissection was performed according to the same consensus of which the 

definitionn was as follows (including Japanese classification): lymph nodes surrounding the anterior 

andd posterior head (group 13 and group 17, respectively), the common and proper hepatic 

arteryy (group 8), the hepatoduodenal ligament (group 12) and lymph nodes right of the superior 

mesentericc vein (group 14).1113 More recently the para-aortal nodes (group 16) were sampled for 

stagingg studies and no action was undertaken if these nodes were positive. Reconstruction was 

performedd by a retrocolic jejunal loop with an end-to-side pancreaticojejunostomy, 

hepaticojejunostomyy and gastrojejunostomy or duodenojejunostomy. 

Alll complications were registered during hospital stay or readmission within 90 days after discharge. 

Complicationss were divided into surgical complications (intra-abdominal abscess, wound infection, 

hemorrhage,, pancreatic leakage, biliary leakage and delayed gastric emptying) and general 

postoperativee complications (urological, pulmonary and cardiac). Patient follow-up took place 

accordingg to a standardized scheme of visits at 3, 6 and 12 months for five years and yearly after 

55 years at the outpatient clinic, and patients who underwent local resection underwent endoscopic 

surveillancee every year. General practitioners were contacted for definite follow-up. Overall survival 

wass analyzed from the date of surgical resection to the date of death including patients who 

diedd after surgery. Disease specific survival was calculated by censoring all other causes of death 

exceptt for death from recurrent disease. Patients were classified according to the pTIMM staging 

(Unionn Internationale Contre le Cancer, 1997) with exception of nodal status (N2 was added to 

thee pN class and denotes patients with distant (group 16) positive lymph nodes).1415 The resection 

wass divided into R0 resection defined as macroscopically complete removal by non-contaminated 

operationn with wide or radical margin, R1 resection defined as macroscopically complete removal 



off gross disease but resection margin contains microscopic evidence of disease or R2 resection 

definedd as macroscopic tumor left in situ. 

Statisticall analysis was performed using SPSS statistical software (SPSS Inc, Chicago, IL). A p 

valuee of O.05 was considered statistically significant. The Students Mest was used to analyze 

differencess between continuous data. Pearson's chi-square test was used to test if differences 

betweenn dichotomous groups were significant. Fisher's exact test was used when a table had a cell 

withh an expected frequency of less than 5. Survival was computed by the Kaplan-Meier method. 

Univariatee analysis of specific predictive factors for survival was performed using the Log-Rank 

test.. Multivariate analysis of all significant factors was performed with the Cox proportional 

hazardss model with simultaneous inclusion of the significant predictive factors. 

Tablee 1 Patient characteristics 

Patientt characteristics 

LRR (n=25)* PD(n=120) P value 

Malee to female ratio 
Meann age ) 

Preoperativee symptoms 
Mediann duration in weeks (range) 
Jaundicee (%) 
>55 kg. weight loss (%) 
Palee stools (%) 
Recentt onset diabetes mellitus (%) 

1.3:: 1.0 
677 ) 

122 (1-40) 
177 (68) 
9(36) ) 
9(36) ) 

0 0 

1.4:: 1.0 
644 ) 

10(1-75) ) 
103(86) ) 
711 (59) 
611 (50) 
3(2.5) ) 

0.890 0 
0.229 9 

0.174 4 
0.042 2 
0.034 4 
0.177 7 
1.000 0 

Patientt characteristics •< 
Thee patients were divided in two groups (LR 25 patients vs. PD 120 patients) The patient 

characteristicss are summarized in table 1. The median age of all patients was 66 years and 

rangedd from 33 to 88 years. Mean age in years was not different between both groups (LR 

44 vs. PD . The median duration of symptoms between onset and admittance was 

111 weeks (range 1-75) for the entire cohort (n=145). Reported symptoms include at least one 

episodee of clinical jaundice in 120 patients (83%), > 5 kg. weight loss in 80 patients (55%), pale 

stoolss in 70 patients (48%), and recent onset of diabetes mellitus in 3 patients (2.1%). Jaundice 

(LRR 36% vs. PD 86%, p=0.042) and > 5kg weight loss (LR 36% vs. PD 59%, p=0.034) occurred 

significantlyy less in the LR group. 

o o 

'' Including nine patients who crossed over to the PD group after LR 



Tablee 2 Accuracy of multiple preoperative endoscopic biopsies (1992-2002, n=100) 

Preoperativee biopsy results 

Definitee pathology Normal Adenoma Adenoma Adeno- Agreement* False 
inn resection specimen epithelia with severe carcinoma negative 

dysplasia a 
n=200 n=8 n=22 n=50 

Adenocarcinoma,, n=86 19 2 15 50 58% 42% 
Adenoma,, n=14 1 6 7 93% 7% 

** Agreement is defined as percentage of all positive biopsies compared with definite pathology of resection 
specimen n 

Preoperativee histology 
Betweenn 1992 and 2002, multiple endoscopic biopsies were obtained in 100 of the 145 patients 

(69%)) at the AMC (table 2). The remaining patients either had no biopsies or biopsies taken in a 

referrall center, and these were not included in the analysis. Diagnostic agreement between 

preoperativee biopsies and definite postoperative findings for patients with histologically proven 

adenocarcinomaa (n=83) was 58% and agreement for adenoma (n=14) was 93%. 

Surgicall procedure 
Meann operation time in minutes was significantly shorter (LR 141 7 vs. PD , pO.001) 

andd postoperative hospital stay in days was also significantly shorter (LR 13 days 7 vs. PD 23 

dayss , p=0.032) for patients who underwent LR. Mortality was nearly equal in both groups 

(LRR 4.0% vs. PD 5.0%). Surgery related morbidity was significantly lower in the patients who 

underwentt LR (LR 27% vs. PD 52%, p=0.035). General postoperative complications occurred less 

oftenn in patients who underwent LR, but this was not significant (LR 12% vs. PD 23%).The 

numberr of patients who underwent relaparotomy was lower after LR, but this was not significant 

eitherr (LR 8.0% vs. PD 17%). Relaparotomy was performed for pancreatic leakage in 13 patients 

(11%)) after PD and for postoperative hemorrhage in one patient (4%) after LR. Another patient 

(4%)) suffered from colon necrosis after LR and underwent a hemicolectomy. 

Pathologyy after resection and recurrence during follow-up 
Thee majority of the patients (87%) had an adenocarcinoma of the ampulla of Vater of which one 

wass a carcinoma in situ. Definitive pathology showed an R0 resection after LR in 12 patients with 

adenomaa and 3 patients with a stage I invasive adenocarcinoma (table 3). Nine patients with a 

R11 resection after LR underwent subsequent PD and one patient with a R1 resection did not 

undergoo PD because of poor physical condition. This patient developed local recurrence at 38 

months.. The subsequent PD was performed during the same procedure (n=2) or within 7 days 

(n=7)) after LR and had a combined complication rate of 44%. Pathological evaluation of patients 



Tablee 3 Pathology after local resection (LR) and pancreatoduodenectomy (PD) and follow-up (n=145) 

1992-2002 2 

LRR (n=16) 

Adenomaa (%) 
R00 resection (%)' 
Recurrencee (%)" 

Adenocarcinomaa (%) 
R00 resection (%)' 
Recurrencee (%)' 

Meann follow-up in months (95% CI) 67 (43-92) 

122 (48) 
12(100) ) 

11 (8) 

4 ( 1 6 ) ) 

3(75) ) 
22 (50) : 

LRR 8! PD(n= 

0 0 
0 0 
0 0 

9 ( 4 4 ) ) 

8 ( 8 9 ) ) 
2 (22 ) ) 

=9) ) 

533 (38-67) 

PD(n=120) ) 

7 ( 6 ) ) 
77 (100) 

0 0 

113(94) ) 

103(86) ) 
522 (43) 

322 (27-37) 

'percentagee of subgroup, 'including one patient with non-radical resection margins 

withh an additional PD revealed that 5 patients had no residual adenocarcinoma, one patient had 

residuall adenocarcinoma and three patients had a stage III disease. All other patients underwent 

aa PD(n=120) of which 110 patients (92%) had an R0 resection and 52 patients (43%) developed 

recurrencee during follow-up. 

Survival l 
Patientss who underwent LR for adenomas had an overall 5-year actuarial survival of 92% and a 

diseasee specific survival of 100% (figure 1). The overall 5-year and disease specific survival was 

75%% for patients with an adenocarcinoma (one patient with in situ carcinoma included) after 

primaryy LR with or without subsequent PD. The overall 5-year survival after PD for adenomas and 

adenocarcinomass was 86% and 37% respectively. The disease specific 5-year survival was 100% 

andd 39% respectively. 

Procedure e 

PDD benign 

LRR & PD malignant 

PDD maiignan! 

Total l 
(n) ) 

12 2 

7 7 

13 3 

113 3 

Patientss at 
riskk after 5 years 

(n> > 

11 1 

6 6 

8 8 

24 4 

Months s 

Figuree 1 
(PD),, the 

Overalll actuarial survival for patients who underwent local resection (LR) and pancreatoduodenectomy 
pp value shown has been pooled over strata 
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Figuree 2 (A) Overall actuarial survival for patients with adenocarcinoma (n=125) stratified forT-stage according 

too the UICC (B) N-stage (C) Disease stage according to the UICC 



Predictivee factors for survival of patients with adenocarcinoma 
Univariatee analysis showed that the 5-year disease specific and overall survival were significantly 

lowerr in the patients wi th R1 and R2 resections, advanced invasion, lymph node metastasis, 

advancedd disease stage and (peri)neural ingrowth. Patients wi th (peri)vascular ingrowth had 

significantt lower 5-year disease specific survival (table 4). 

Tablee 4 Results of univariate analysis 
n n 

Variable e 

Residuall disease 
RO O 

R11 and R2 

Tumorr infiltration 
T1 1 

T2 2 

T3 3 

T4 4 

Nodall status 
NO O 

N1a a 

Nib b 

N2 2 

Stagee of disease 
1 1 

II I 

III I 

IV V 

Vasculairr ingrowth 
Negative e 

Positive e 

Neurall ingrowth 
Negative e 

Positive e 

Patients s 
(n=125) ) 

108 8 

17 7 

36 6 

31 1 

37 7 

21 1 

67 7 

20 0 

33 3 

5 5 

26 6 

33 3 

37 7 

23 3 

95 5 

30 0 

105 5 

20 0 

5-yearr disease related survival 

%% (95% CI) 

50(39-61) ) 

o(-) ) 

688 (50-86) 

555 (35-74) 

277 (4-50) 

o(-) ) 

677 (54-81) 

40(13-68) ) 

O(-) ) 

0(-) ) 

766 (57-94) 

711 (52-89) 

1212 (5-40) 

o(-) ) 

522 (40-63) 

19(1-37) ) 

477 (36-59) 

199 (0-38) 

PP value 

<0.001 1 

0.243* * 

0.045* * 

<0.001* * 

0.03* * 

<0.001* * 

0.007* * 

0.670* * 

<0.001* * 

<0.001* * 

0.026 6 

0.009 9 

5-yearr overall 

%% (95% CI) 

488 (37-59) 

O(-) ) 

622 (45-80) 

555 (35-74) 

266 (4-49) 

o(-) ) 

633 (50-76) 

40(13-68) ) 

O(-) ) 

o(-) ) 

70(51-89) ) 

699 (50-87) 

222 (4-39) 

O(-) ) 

477 (36-58) 

199 (1-37) 

455 (34-56) 

19(0-38) ) 

survival l 

PP value 

<0.001 1 

0.609* * 

0.034* * 

<0.001* * 

0.108* * 

<0.001* * 

0.012* * 

0.988* * 

<0.001* * 

<0.001* * 

0.081 1 

0.030 0 

fD D 

Q Q 

l / l l 

c c 

•< < 
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3 3 
•o o 
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3 3 

o o 

l / l l 
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PP values are paired over strata, CI denotes confidence interval 



Thee overall 5-year survival rate for patients wi th a pT1 adenocarcinoma was 62% (figure 2A). The 

5-yearr survival dropped to 55% for patients wi th a pT2 adenocarcinoma. Pathologic examinations 

showedd that 6 of the 36 patients (17%) wi th pT1 adenocarcinoma had one positive lymph node 

(pN1a)) and 4 of the 36 (11%) had two or more positive lymph nodes (pN1b). 

Patientss wi thout lymph node metastases had a 5-year overall survival rate of 63% (figure 2B). If 

onee lymph node (pN1a) was involved, the 5-year survival rate was 40%. If two or more lymph 

nodess (pN1 b) were involved the 5 year survival dropped to 0. Patients with disease stage I and II 

hadd a significantly better prognosis than patients wi th disease stage III. The overall 5-year survival 

ratee was 70%, 69% and 22% respectively (figure 2C). 

Thee final results of multivariate analysis (table 5) show that advanced invasion (pT4) and nodal 

statuss (N1b or N2) were associated wi th poor outcome and were independent predictive factors 

forr survival. Disease stage was omitted f rom analysis because it consists of a combination of 

advancedd invasion depth and lymph node status which were analyzed separately. The patient 

wi thh carcinoma in situ was also omitted because the relatively good survival would influence the 

hazardd ratio data. 

Tablee 5 Results of multivariate analysis (n=125) 

Variablee 5-year disease related survival* 

Residuall disease 

Tumorr infiltration 
T1 1 
T2 2 
T3 3 
T4 4 

Nodall status 
NO O 
Nla a 
Nib b 
N2 2 

Vasculairr ingrowth 

Neurall ingrowth 

Hazard d 
ratio o 

1.2 2 

1.0 0 
1.4 4 
1.8 8 
4.7 7 

1.0 0 
2.0 0 
5.3 3 
16.6 6 

1.1 1 

1.5 5 

(95%% CI) 

(0.3-2.1) ) 

(-) ) 
(0.5-3.4) ) 
(0.7-4.3) ) 
(1.6-14.1) ) 

(-) ) 
(0.8-5.0) ) 
(2.5-11.1) ) 
(4.6-59.3) ) 

(0.5-2.2) ) 

(0.8-3.0) ) 

PP value 

0.701 1 

0.475 5 
0.210 0 
0.005 5 

0.128 8 
<0.001 1 
<0.001 1 

0.812 2 

0.224 4 

5-yearr overall survival* 

Hazardd (95% CI) P value 
ratio o 

1.3 3 

1.33 3 

(0.4-1.7) ) 0.565 5 

1.0 0 
1.0 0 
1.5 5 
3.6 6 

1.0 0 
1.5 5 
4.1 1 
10.9 9 

(-) ) 
(0.5-2.4) ) 
(0.7-3.5) ) 
(1.4-9.6) ) 

(-) ) 
(0.7-3.5) ) 
(2.1-8.1) ) 
(3.5-34.1) ) 

0.960 0 
0.229 9 
0.009 9 

0.348 8 
<0.001 1 
<0.001 1 

(-) ) 

(0.7-2.6)) o.: 

** Analysis was performed with Cox proportional hazard model by simultaneous inclusion of all significant 
predictivee factors omitting disease stage (UICC) and patients with carcinoma in situ (n= 1), CI denotes confidence 
intervall and (-) is the reference variable 



Thee present study found that preoperative endoscopic biopsy has poor diagnostic accuracy and 

thatt LR is an adequate treatment for patients with adenomas that can easily be converted to a 

PDD without additional morbidity and mortality, if necessary. Ihe study also shows that PD is the 

treatmentt of choice for (in situ) adenocarcinoma of the ampulla of Vater with good results in 

experiencedd centers. Finally, the multivariate analysis showed that advanced invasion and nodal 

statuss are independent predictors of survival. These findings are in accordance with those from 

previouss studies from our center.8 '6 

Thee fact that preoperative biopsies are of limited value has been reported previously with a rate of 

falsee negative findings ranging from 25 to 50%.'719 The diagnosis adenoma clearly does not rule 

outt the presence of carcinoma in the deeper layers off the lesion. In a previous study we also found 

thatt endoscopic ultrasonography is not helpful to differentiate and to predict the extent of ingrowth.8 

LRR can be performed with a shorter operative time and less surgery-related morbidity compared 

withh PD, If the surgeon is confronted with an unexpected malignant neoplasm with advanced 

invasion,, the procedure can easily be converted to a PD without additional morbidity and mortality. 

Duringg the last years a frozen section of the resection specimen was performed routinely to decide 

duringg the initial exploration if PD should be performed immediately. However, it has proven to be 

difficultt to differentiate between submucosal and deeper invasion during frozen section. Nevertheless, 

wee still recommend frozen section because it is relatively easy to perform. 

Previouslyy it was already shown that submucosal invasion does not have lymph node metastases 

butt deeper invasion already might have lymph node metastases.2021 In these patients, in particular 

thee high risk patients unfit for PD, LR is a good alternative to a PD. Local resection offers a chance 

forr cure and good palliation. 

Begerr et al. recently published excellent results using the same policy, even performing LR for 

submucosall invasion.'7 Beger also included peripancreatic lymph node dissection when performing 

LR.1'' In general, we prefer a PD in fit patients, when a malignant neoplasm is found in the frozen 

sectionn independent of pT stage, because considerable staging benefit is lost when LR is performed 

forr adenocarcinomas (28% of the patients with pT1 neoplasms have positive lymph nodes). 

Comparisonn of survival after LR with survival after PD is generally unreliable because of selection 

biass and the relative small number of patients. Most series include patients with too high operative 

riskss to undergo PD. Patient selection in the present series was initially based on the preoperative 

diagnosiss of a small (<2cm) adenoma. 

Radicall resection by PD is the most accepted treatment for patients with invasive adenocarcinoma. 

Thee overall 5-year actuarial survival was 37%. This is considerably better compared with pancreatic 

adenocarcinomass (5-year survival of 15%).1J5 An explanation for the relatively good survival may 

bee partly related to the biological behavior of ampullary carcinoma compared with pancreatic 



carcinoma.. A much lower frequency of local (peri)vascular and (peri)neural invasion has been 

reported.22-33 Moreover, lesions growing into the ampulla can cause obstruction of the bile duct 

inn an early phase leading to jaundice, cholangitis and early intervention.'2-

Unfortunately,, hospital mortality in patients who underwent PD for ampullary neoplasms is higher 

comparedd with patients who underwent PD for pancreatic head carcinoma, respectively 5.3% 

andd 0 in our center during the same timeframe. The mortality in these patients is mostly attributable 

too pancreatic leakage and its consequences. A soft pancreas and a non-dilated pancreatic duct, 

oftenn associated with ampullary neoplasms, are well known risk factors for pancreatic leakage/"' 

Inn the earlier studies dating back to the 60's the operative mortality had a considerable impact on 

survival.. However, current studies report a mortality rate of less than 5% in experienced centers.,; 

Inn the present study a disease related 5-year survival of 39% was found. This only dropped to 37% 

whenn the overall survival was calculated. The overall 5-year survival of patients with stage I cancer 

wass 70%. Unfortunately, the 5 year survival of ampullary cancer drops to zero if two or more 

regionall lymph nodes are involved. These findings comply with the literature.226 Lymph node 

metastasiss proved to be extremely important in predicting the prognosis of patients with 

adenocarcinomaa of the ampulla of Vater. 

Locall recurrence is a problem often faced after LR for adenomas. A local recurrence rate ranging 

fromm 0% to 42% for adenomas has been reported in literature."29 In the present study the 

recurrencee rate was relatively low (8% after local resection). This is probably due to a relative 

shortt follow-up since other studies had a follow up of at least 10 years and noted that recurrence 

tendss to occur very late. The high recurrence rate is also attributable to inadequate resection 

marginss (R1 or R2 resection) in these studies. Broad resection margins (at least 3 mm) although 

oftenn difficult to achieve, and endoscopic surveillance after LR are very important for these patients. 

Iff local recurrence cannot be treated adequately by endoscopic removal, PD should be considered 

ass final definitive procedure. 

Inn summary, LR is an adequate procedure for patients with an adenoma of the ampulla of Vater. 

Thee use of frozen section during the procedure is advised because of poor diagnostic accuracy of 

preoperativee biopsies. Local resection for adenocarcinoma can be considered for high risk patients 

unfitt for PD. In experienced hands, PD is an adequate treatment for fit patients with adenocarcinoma, 

andd in patients who are found to have invasive adenocarcinoma during or after LR. 

11 Chareton B, Coiffic J, Landen S, Bardaxoglou E, 2 

Campionn JP, Launois B. Diagnosis and therapy for 
ampullaryy tumors: 63 cases. World J Surg 1996; 
20:707-712 2 

Roderr JD, Schneider PM, Stein HJ, Siewert JR. 
Numberr of lymph node metastases is significantly 
associatedd with survival in patients with radically 
resectedd carcinoma of the ampulla of Vater. Br J 
Suraa 1995; 82:1693-1696 



3.. Talamini MA, Moesinger RC, Pitt HA, Sohn TA, 
Hrubann RH, Lillemoe KD, Yeo CJ, Cameron JL. 
Adenocarcinomaa of the ampulla of Vater. A 28-
yearr experience. Ann Surg 1997; 225:590-599. 

4.. Yeo CJ, Sohn TA, Cameron JLr Hruban RH, 
Lillemoee KD, Pitt HA. Periampullary adenocarci-
noma:: analysis of 5-year survivors. Ann Surg 
1998;; 227:821-831. 

5.. Monson JR, Donohue JH, McEntee GP, Mcilrath 
DC,, van Heerden JA, Shorter RG, Nagorney DM, 
llstrupp DM. Radical resection for carcinoma of the 
ampullaa of Vater. Arch Surg 1991; 126:353-357. 

6.. Gibbs ER, Walton GF, Kent RB, III, Laws HL. Vil-
louss tumors of the ampulla Vater. Am Surg 
1997;; 63:467-471. 

7.. Halsted WS. Contributions to the surgery of the 
bilee passages, especially of the common bile 
duct.. Boston Med Surg J 1899; 141:645-652. 

8.. Cahen DL, Fockens P, de Wit LT, Offerhaus GJ, 
Obertopp H, Gouma DJ. Local resection or 
pancreaticoduodenectomyy for villous adenoma 
off the ampulla of Vater diagnosed before opera-
tion.. Br J Surg 1997; 84:948-951. 

9.. Farouk M, Niotis M, Branum GD, Cotton PB, 
Meyerss WC. Indications for and the technique of 
locall resection of tumors of the papilla of Vater. 
Archh Surg 1991; 126:650-652. 

10.. Kahn MB, Rush BF, Jr. The overlooked technique 
off ampullary excision. Surg Gynecol Obstet 1989; 
169:253-254. . 

11.. Gouma DJ, van Geenen RC, van Gulik TM, de 
Haann RJ, de Wit LT, Busch OR, Obertop H. Rates 
off complications and death after pancreatico-
duodenectomy:: risk factors and the impact of 
hospitall volume. Ann Surg 2000; 232:786-795. 

12.. Pedrazzoli S, Pasquali C, Sperti C. General as-
pectss of surgical treatment of pancreatic cancer. 
Digg Surg 1999; 16:265-275. 

13.. Kayahara M, Nagakawa T, Ohta T, Kitagawa H, 
Uenoo K, Tajima H, Elnemr A, Miwa K. Analysis of 
paraaorticc lymph node involvement in pancreatic 
carcinoma:: a significant indication for surgery? 
Cancerr 1999;85:583-590. 

14.. Hermanek P, Hutter RVP, Sobin LH, Wagner G, 
Wittekindd C, Kerl-Jentzsch U, Kuhn J, Hasse M. 
Tnmm Atlas: Illustrated Guide to the Tnm/Ptnm 
Classificationn of Malignant Tumours. Berlin and 
Heidelberg:: Springer-Verlag GmbH & Co. K, 2004. 

15.. Hermanek P. Staging of exocrine pancreatic carci-
noma.. Eur J Surg Oncol 1991; 17:167-172. 

16.. Allema JH, Reinders ME, van Gulik TM, Van 
Leeuwenn DJ, Verbeek PC, de Wit LT, Gouma DJ. 
Resultss of pancreaticoduodenectomy for 
ampullaryy carcinoma and analysis of prognostic 
factorss for survival. Surgery 1995; 117:247-253. 

17.. Beger HG, Treitschke F, Gansauge F, Harada f\l, 
Htkii N, Mattfeldt T. Tumor of the ampulla of 
Vater:: experience with local or radical resection 
inn 171 consecutively treated patients. Arch Surg 
1999,, 134:526-532. 

18.. Rattner DW, Fernandez-del Castillo C, Brugge 
WR,, Warshaw AL. Defining the criteria for local 
resectionn of ampullary neoplasms. Arch Surg 
1996;; 131:366-371. 

19.. Yamaguchi K, Enjoji M, Kitamura K. Endoscopic 
biopsyy has limited accuracy in diagnosis of 
ampullaryy tumors. Gastrointest Endosc 1990; 
36:588-592. . 

20.. Nakao A, Harada A, Nonami T, Kishimoto W, 
Takedaa S, Ito K, Takagï H. Prognosis of cancer of 
thee duodenal papilla of Vater in relation to clin-
icopathologicall tumor extension. 
Hepatogastroenterologyy 1994; 41:73-78. 

21 .. Yamaguchi K, Enjoji M. Carcinoma of the am-
pullaa of vater. A dinicopathologic study and 
pathologicc staging of 109 cases of carcinoma 
andd 5 cases of adenoma. Cancer 1987; 59:506-
515. . 

22.. Yamaguchi K, Enjoji M, Tsuneyoshi M. 
Pancreatoduodenall carcinoma: a dinicopatho-
logicc study of 304 patients and immunohisto-
chemicatt observation for CEA and CA19-9. J Surg 
Oncoll 1991;47:148-154. 

23.. Guo XZ, Friess H, Shao XD, Liu MP, Xia YT, Xu 
JH,, Buchler MW. KAI1 gene is differently ex-
pressedd in papillary and pancreatic cancer: influ-
encee on metastasis. World J Gastroenterol 2000; 
6:866-871. . 

24.. Roder JD, Siewert JR. [Analysis of prognosis-asso-
ciatedd factors in pancreatic head and peri-
ampullaryy cancer). Chirurg 1992, 63:410-415. 

25.. Berge Henegouwen Ml, de Wit LT, van Gulik TM, 
Obertopp H, Gouma DJ. Incidence, risk factors, 
andd treatment of pancreatic leakage after 
pancreaticoduodenectomy:: drainage versus re-
sectionn of the pancreatic remnant. J Am Coll 
Surgg 1997; 185:18-24. 

26.. Roberts RH, Krige JE, Bornman PC, Terblanche J. 
Pancreaticoduodenectomyy of ampullary carci-
noma.. Am Surg 1999; 65:1043-1048. 

27.. Schoenberg MH, Treitschke F, Harada N, Beger 
HG.. Benign tumour of the ampulla of Vater; sur-
gicall treatment and prognosis. Eur J Surg 1998; 
164:765-770. . 

28.. Galandiuk S, Hermann RE, Jagelman DG, Fazio 
VW,, Sivak MV. Villous tumors of the duodenum. 
Annn Surg 1988;207:234-239. 

29.. Farnell MB, Sakorafas GH, Sarr MG, Rowland 
CM,, Tsiotos GG, Farley DR, Nagorney DM. Villous 
tumorss of the duodenum: reappraisal of local vs. 
extendedd resection. J Gastrointest Surg 2000; 
4:13-21,, discussion. 



Submitted d 



Influencee of hospital volume on mortality after 
pancreaticc resection: a systematic review 

NN Tjarda van Heek 
Koertt FD Kuhlmann 

Rutgerr CI van Geenen 
Robb J Scholten 

Stevee MM de Castro 
Olivierr RC Busch 

Thomass M van Gulik 
Huugg Obertop 
Dirkk J Gouma 



Background d 

Centralizationn of pancreatic surgery is still under debate. The reported impact of hospital volume on the 

mortalityy rate after pancreatic resection varies widely in literature. In this study the best available evidence 

onn the effect of centralization of pancreatic surgery on hospital mortality was retrieved by performing a 

systematicc review of the available evidence. 

Methods s 

AA systematic search for studies comparing hospital mortality rates after pancreatic resection between 

highh and low volume hospitals was performed. Studies were reviewed independently for design features, 

inclusionn and exclusion criteria, cut-off values for high and low volume, and outcome. A systematic review 

off included studies was performed using four defined cut-off values for high- and low-volume hospitals; 

i.e.. 2, 5, 10, and 20 pancreatic resections per year. Primary outcome was hospital mortality. 

Results s 

Twelvee observational studies with a total number of 19,688 patients met the inclusion criteria. The 

studiess were too heterogeneous to pool the data by means of a meta-analysis, and we therefore performed 

aa systematic review. The relative risk of postoperative mortality in a high volume hospital compared to a 

loww volume hospital for the volume cut-off values of 2, 5, 10, and 20 pancreatic resections per year was 

betweenn 0.25 and 1.10. 0.29 and 0.76, 0.21 and 0.62, and 0.07 and 0.15, respectively. Eleven of the 

twelvee included studies showed a lower postoperative mortality rate in higher volume hospitals, irrespective 

off the arbitrary cut-off value. 

Conclusions s 

Thiss systematic review shows convincing evidence of an inverse relation between hospital volume and 

mortalityy after pancreatic resection and enforces the plea for centralization. 



Pancreaticc resection (PR) is the only treatment option with a curative intent for pancreatic and 

periampullaryy malignancy. Resection most commonly is performed by means of a 

pancreaticoduodenectomy,, a high-risk surgical procedure with considerable postoperative 

morbidityy and mortality. Due to early local spread and metastatic disease only a minority of 

aroundd 20% of patients are eligible for a resection at time of presentation.1 The overall 5-year 

survivall rate after PR for pancreatic carcinoma is between 8% and 17% and for ampullary carcinoma 

aroundd 38% in recent studies.2b Given the small number of long-term survivors, minimization of 

surgery-relatedd mortality and morbidity is imperative. 

Althoughh hospital mortality rates after PR have decreased during the last decades, they still vary 

considerablyy in statewide and nationwide surveys.6 In large series from specialized centers operative 

mortalityy rates vary from 0% to 4%.24 These figures are in sharp contrast with a large survey 

fromm the UK that revealed a mortality rate after PR of 28% in a 10-year period.7 These differences 

inn outcome after a relatively uncommon high-risk procedure cannot be explained by patient-

dependentt variables only. 

Overr the past two decades numerous studies have shown that several high-risk surgical procedures 

cann be performed with a lower postoperative mortality rate in high volume centers compared to 

loww volume centers.8:? Studies from the United Kingdom, Canada, the United States, Finland, 

andd the Netherlands have described this volume-outcome effect and underlined the importance 

off centralization.6'"7 Although centralization is not generally accepted in the USA,28 most states 

successfullyy do regionalize. In Maryland (US) centralization of PR increased gradually in the 90's 

andd was associated with a decrease in the statewide hospital mortality as well as the accompanying 

costs.199 This shift toward centralization was patient-driven and occurred without interference of 

healthh care providers or government.28 In Europe hardly any sign of centralization has been 

introducedd officially so far. 

Studiess that plea for centralization are received with reluctance. Many general surgeons from low 

volumee centers perform high-risk surgery without well-defined, but probably acceptable outcome, 

andd argue the scientific validity of these publications.24-2b-27-29 In their opinion most relevant publications 

reflectt a selection bias because they are based on data from large academic centers, single states or 

selectedd patients. Since randomization of patients between high and low volume hospitals is not 

feasible,, best available evidence should come from a systematic review of the data from independent 

nationall routine health registries in order to minimize the introduction of bias. 

Thee aim of this study was to determine the effect of hospital volume on hospital mortality after 

PRR by performing a systematic review of the available data. 



Studyy identification 
Wee performed a search of the medical databases Medline and Embase (1966 until 2004), and 

thee Cochrane Library (1996 until 2004). Our search algorithms combined the medical subject 

headingg (MeSH) terms and keywords "pancreaticoduodenectomy", "resection", "periampullary 

tumor",, "pancreatic cancer", "pancreatic neoplasm", "hospital mortality", and "hospital volume". 

Combinationss of these terms were used depending on the requirements of the database. We 

alsoo used the "related articles" feature of PubMed. The search was limited to English language 

publicationss on human subjects. A manual cross-reference search of the bibliographies of relevant 

paperss was carried out to identify publications for possible inclusion. No unpublished data or 

abstractss were used. 

Studyy selection 
Alll studies comparing mortality rates of patients undergoing a pancreatic resection between hospitals 

withh different volumes were considered for inclusion. Reports on data from single institutions were 

nott included. The outcome measure, hospital or 30-day mortality, was required as a dependent 

variable.. Pancreatic resection was defined as (pylorus preserving) pancreaticoduodenectomy or 

totall pancreatectomy for periampullary tumors (malignant or benign). Hospital volume had to be 

onee of the independent variables. The cut-off value used for the definition of high- and low-volume 

hospitalss was not a selection criterion, but actual cut-off numbers had to be used. 

ArticlesArticles in which raw data were not available for calculation of mortality rates were excluded, for 

examplee those using medians or quartiles as cut-off values for the different hospital volume 

groups.. Articles on benign lesions such as chronic pancreatitis were also excluded.. Only the most 

recentt publication was included when selected articles used the same or overlapping data in 

multiplee publications. 

Methodologicall quality and data-extraction 
Twoo authors (NTvH and KFDK) performed the search independently and confirmed the eligibility 

off the identified studies. Disagreements were resolved by discussion. Each individual study was 

evaluatedd to assess whether heterogeneity between patients in high and low volume hospitals 

wass addressed. The included articles were categorized according to the given cut-off values used 

ass definition for high- and low-volume. Four cut-off points were defined as I, II, III and IV 

representingg approximately 2, 5, 10 and 20 resections per year, respectively. Multiple cut-off 

pointss were analyzed from one article if data were available. 

Usingg the four cut-off points, maximally five volume groups could be analyzed: <2, 2-5, 5-10, 10-

20,, and >20 resections per year. Relative risks for mortality compared to the lowest hospital 



volumee group were calculated within each study. A forest plot was designed representing the 

relativee risks for mortality after PD in the high and low volume groups at each cut-off value. 

Statisticall analysis 

Forr each study we calculated the relative risk (RR) of hospital or 30-day mortality for high volume 

versusversus low volume hospitals. An RR of less than 1 signifies a lower risk for mortality in a high volume 

hospitall than in a low volume hospital. The Chi-square and l-square test were calculated to assess 

heterogeneityy between studies. These tests test the null hypothesis of equality of the RRs of the 

individuall studies. The significance level was set to 0.1. In case of significant heterogeneity between 

studiess it is statistically not justified to pool RRs. In case of heterogeneity we would therefore perform 

aa systematic review and not a meta-analysis. Data analysis was performed using Review Manager 4.2 

softwaree (Cochrane Collaboration, Oxford, UK; available from: www. cochrane.dk) and Statistical 

Packagee for the Social Sciences version 11.5 (SPSS®, Chicago, Illinois, USA). 

Thee initial search yielded 154 articles of which 131 did not meet the inclusion criteria. The majority 

off excluded articles described prognostic variables (n=51) without including data on hospital 

volumee or mortality, covered topics such as diagnostic modalities (n=32) and different surgical 

interventionss in pancreatic surgery (n=29), or treatment indications (n=19). Also single institution 

Initiall search 
(n=154) (n=154) 

•prognosticc variables 
(n=55 7 J 

•diagnosticc modalities 
(n=32) (n=32) 

•• different surgical interventions 
(n=29) (n=29) 

•treatmentt indications 
(n=19) (n=19) 

Furtherr evaluation 
(n=23) (n=23) 

•noo data on endpoint 
(n=6) (n=6) 

•• no actual numbers 
(n=3) (n=3) 

•overlappingg data 
(n=1) (n=1) 

•maxx HV2 PR/ year 
(n=1) (n=1) 

Figuree 1 Flow diagram. Number of articles identified and evaluated during the review process 

V V 
Finall result 

(n=12) (n=12) 
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reportss were not filtered out by the initial search. Figure 1 shows a flow chart of the articles 

identifiedd and evaluated during the review process. 

Retrievall and assessment of the remaining 23 candidate articles led to exclusion of another 11 

articles.. In six articles no exact data on the primary endpoint in-hospital or 30-day mortality were 

available.""30333 Two articles contained overlapping data (7 years overlap) from the same center, 

forr which only the article with the most recent data was included.19-23 In another article the high 

volumee hospitals performed less 2 PRs per year and was therefore excluded.20 Three articles were 

excluded,, because the range of the median hospital volume was too wide to meet one of the 

definedd cut-off points.3*36 None of the newly found references listed in the bibliographies of the 

eligiblee studies were appropriate to be considered for inclusion. 

Thee 12 included studies in the present systematic review are stated in table 1. The studied patients 

underwentt PR between 1984 and 1998. The total number of evaluated patients was 19,688, 

varyingg between 130 and 7229 patients per study. Most studies were performed in the USA, one 

inn Canada and three in Europe. Data were obtained from health insurance databases, governmental 

registriess or university hospitals. All studies except the study by Wade ef al. used the definition in-

hospitall mortality rather than 30-day mortality.'3 

Tablee 1 Characteristics of 

Reference e 

Edgee ef al. 

Liebermann ef al. 

Wadee et al. 

Glasgoww ef al. 

Imperatoo ef al. 

Yearr of 
publication n 

1993 3 

1995 5 

1996 6 

1996 6 

1996 6 
Neoptolemoss ef al. 1997 

Birkmeyerr ef al. 

Simunovicc ef al. 

Gordonn ef al. 

Goumaa etal. 
Nordbackk ef al. 

Finlaysonn ef al. 

1998 8 

1999 9 

1999 9 

2000 0 
2002 2 

2003 3 

ncludedd studies 

Study y 
period d 

1989-1990 0 

1984-1991 1 

1989-1994 4 

1990-1994 4 

1991-1994 4 
1976-1996 6 

1992-1995 5 

1988-1994 4 

1989-1997 7 

1994-1998 8 
1990-1994 4 

1995-1997 7 

Included d 
patients s 

223 3 

1972 2 

130 0 

1705 5 

579 9 
1026 6 

7229 9 

842 2 

1092 2 

1126 6 
350 0 

3414 4 

Country/State e 

USA:: 26 university 
hospitals s 
USA:: New York State 

USA:: nationwide 

USA:: California 

USA:: New York State 
Unitedd Kingdom 

USA:: nationwide 

Canada:: Ontario 

USA:: Maryland 

Netherlands:: nationwide 
Finland:: nationwide 

USA:: nationwide 

Dataa source 

Universityy Hospitals Consortium 
(UHC)) database 
Statewidee Planning and Research 
Cooperativee System by the 
Neww York State Department of 
Healthh (48% medicare) 
Departmentt of Defence, 
Automatedd Central Tumor Registry 
(ACTUR) ) 
Californiaa Office of Statewide 
Healthh Planning and Development 
(OSHPD) ) 
Medicaree database 
Dataa from surgeons belonging to 
thee Pancreatic Society of Great 
Britainn and Ireland and members 
off the UK Pancreatic Cancer Group 
Healthh Care Financing 
Administration'ss 100% MEDPAR 
file e 
Canadiann Institute for Health 
Informationn (CIHI) 
Marylandd Health Services Cost 
Revieww Commission (HSCRC) 
Nationall Medical Registry 
Nationall Hospital Discharge 
Database e 
Nationwidee Inpatient Sample (NIS) 



Thee characteristics of the populations from each study are stated in table 2. The included studies 

weree comparable regarding age and sex distribution. Although not specified in all studies, a PD 

wass performed in the majority of patients and the pathology most frequently revealed a 

Tablee 2 Characteristics of study populations 

reference e Meann age Male/ 
(years)) female 

Pathology y 
(%malignant) ) 

Procedures s 
(%PD) ) 

Volume-outcome e 
effectt present after 
adjustmentt for 
patient t 
characteristics s 

Edgee etal. 
Liebermann et al. 
Wadee er al. 
Glasgoww ef al. 
Imperatoo ef al 
Neoptolemoss ef al. 
Birkmeyerr ef al. 
Simunovicc et al. 
Gordonn ef al. 
Goumaa ef al. 
Nordbackk ef al. 
Finlaysonn ef al 

62 2 
64 4 
62 2 
65 5 
72 2 
ns s 
100% % 
63%% < 
ns s 
44%% < 
64 4 
59%% < 

<65 5 
60 0 

65 5 

65 5 

114/109 9 
1020/952 2 
ns s 
862/843 3 
278/301 1 
ns s 
3708/3521 1 
452/390 0 
ns s 
ns s 
182/168 8 
1805/1609 9 

100 0 
100 0 
100 0 
100 0 
ns s 
100 0 
88 8 
100 0 
ns s 
ns s 
77 7 
100 0 

PDD (75), TPR, PD, LR not assessed 
PDD (ns), TPR yes 
PD(100)) not assessed 
PDD (84), TPR yes 
PD(100)) yes 
PDD (84), TPR, DP. PE, LR yes 
PD(100)) yes 
PDD (ns), TPR yes 
PD(100)) yes 
PD(100)) not assessed 
PDD (99), DPR yes 
pancreaticc resection yes 
(nott specified) 

PD:: pancreaticoduodenectomy, TPR: total pancreatic resection, DP: distal pancreatectomy, LR: local resection, 
PE:: pancreatic enucleation, DPR: duodenum preserving resection, ns: not stated, strata: age distribution divided 
inn strata 

IV V 

Study y 
orr sub-category 

V/ade e 
Birkmeyer r 

Neoptolemos s 
Edge e 
Simonovic c 
Finlayson n 
Neoptolemo3 3 
Nordback k 
Gouma a 
Imperato o 
Birkmeyer r 
Glasgow w 
Simonovic c 
Lteberman n 
Edge e 

Neoptolemos s 
Lieberman n 
C ass gov. 
Nordback k 
Gouma a 
Gordon n 
Finlayson n 
Gordon n 
Gouma a 

highh volume 
n/N N 

5 / 56 6 
2 5 0 / 3 3 35 5 

5 5 / 1 0 12 2 
1 1 / 1 96 6 
4 2 / 4 38 8 

1 3 3 / 2 3 29 9 
4 2 / 8 00 0 
1 0 / 1 49 9 
4 8 / 6 63 3 

7 / 1 59 9 
6 3 / 1 5 41 1 
1 9 / 3 14 4 

7 / 2 06 6 
2 9 / 4 34 4 

6 / 1 18 8 

22 5 / 5 65 
2 1 / 3 -5 5 

5 / 1 43 3 
2 / 56 6 

2 1 / 4 53 3 
3 6 / 9 46 6 
2 8 / 1 1 19 9 
2 1 / 3 40 0 

2 / 2 23 3 

loww volume 

n/N N 

6 / 74 4 
5 5 4 / 3 8 33 3 

3 / 14 4 
22 / 2 7 

4 0 / 3 54 4 
1 4 2 / 1 0 35 5 

2 6 / 2 01 1 
7 4 / 4 63 3 
4 9 / 4 20 0 

7 4 1 / 5 6 83 3 
1 4 9 / 1 3 91 1 

" 5 / 6 36 6 
2 1 5 / 1 5 33 3 

7 / 1 05 5 

3 3 / 4 61 1 
2 2 3 / 1 5 97 7 
1 6 3 / 1 5 62 2 

3 4 / 2 94 4 
1 0 1 / 6 63 3 

2 7 / 1 46 6 

4 2 / 2 52 2 
1 2 0 / 9 03 3 

RRR (fixed) 
95%% CI 

RRR (frxec 
95%% CI 

-44 4 
.74 4 
.52 2 0 0 

0 0 
0 0 
0 0 
0 0 
0 .29 9 
0 .48 8 
0 . 76 6 
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Figuree 2 Forest plot. Individual relative risk (RR) for hospital or 30-day mortality after pancreatic resection in high 
volumee hospitals versus low volume hospitals. Categories l-IV represent the cut-off values for the volumes 2, 5, 
10,, and 20 procedures per year. N = total number of operated patients, n = number of deaths, RR = relative risk 



Tablee 3 Hospital volume data of the included studies 

Highh volume 

Reference e 

Edgee ef al. 

Liebermann et al. 

Wadee ef al. 
Glasgoww ef al. 

Imperatoo ef al. 
Neoptolemoss ef al. 

Birkmeyerr ef al. 

Simunovicc ef al. 

Gordonn ef al. 

Goumaa ef al. 

Nordbackk ef al. 

Finlaysonn ef al. 

Cut-off f 
points s 

1 1 
II I 
II I 
ill l 
1 1 
li i 
III I 
II I 
1 1 
il l 
in n 
1 1 
II I 
1 1 
li i 
III I 
IV V 
II I 
ill l 
IV V 
II I 

III I 
1 1 
III I 

Definition n 
loww and high 

volumee (proc./yr) 

<2.5and>2.5 5 
<6.55 and >6.5 

<6.255 and >6.25 
<10andd >10 

<22 and >2 
<66 and >6 

<100 and >10 
<55 and >5 
<22 and >2 
<55 and >5 

<100 and>10 
<22 and >2 
<55 and >5 

<3.144 and >3.14 
<66 and >6 

<100 and>10 
<200 and >20 

<55 and >5 
<10and>10 0 
<255 and >25 

<55 and >5 
<100 and >10 

<33 and >3 
<133 and >13 

Hospital l 
deaths s 
nn {%) 

11 1 
6 6 

29 9 
21 1 

5 5 
19 9 

5 5 
7 7 

55 5 
42 2 
25 5 

250 0 
63 3 
42 2 

7 7 
36 6 
21 1 
48 8 
21 1 

2 2 
10 0 

2 2 
133 3 

28 8 

(6) ) 
(5) ) 
(7) ) 
(6) ) 
(9) ) 
(6) ) 
(3) ) 
(4) ) 
(5) ) 
(5) ) 
(4) ) 
(7) ) 
(4) ) 
(9) ) 
(3) ) 
(4) ) 
(3) ) 
(7) ) 
(5) ) 
(1) ) 
(7) ) 
(4) ) 
(6) ) 
(3) ) 

Procedures s 

n n 

196 6 
118 8 
434 4 
375 5 

56 6 
314 4 
143 3 
159 9 

1012 2 
800 0 
565 5 

3396 6 
1541 1 
488 8 
206 6 
946 6 
840 0 
663 3 
458 8 
223 3 
149 9 

56 6 
2329 9 
1119 9 

Hospitals s 

n n 

16 6 

7 7 
3 3 
2 2 

ns s 
6 6 
2 2 
3 3 

20 0 
13 3 
6 6 

208 8 
40 0 
12 2 

2 2 
ns s 
ns s 
ns s 
ns s 
ns s 
3 3 
1 1 

108 8 
11 1 

ns:: not stated in article 

malignancy.. Table 2 also shows whether the volume-outcome effect remained present after 

adjustmentt for the patient characteristics, performed by logistic regression analysis. 

InIn table 3, the hospital volume data including number of hospital deaths, procedures, hospitals 

involvedd and definitions for high and low volume are given. At cut-off point I six studies were 

analyzedd with a cuto f f between 2 and 3.14; 7477 patients were treated in high volume centers 

andd 2108 in low volume centers and the overall mortality was 6.6% and 19.0%, respectively. At 

cut-offf point II, nine studies were analyzed which used a cut-off between 5 and 6.5; 4384 patients 

weree treated in high volume centers and 10.668 in low volume centers and the overall mortality 

wass 5.2% and 12.6%, respectively. At cut-off point III, 7 studies were analyzed which used a cut-

offf between 10 and 13; 3662 patients were treated in high volume centers and 7026 in low 

volumee center and the overall mortality was 3.8% and 11.8%, respectively. At cut-off point IV, 

twoo studies were analysed which used a cut-off between 20 and 25; 1063 patients were treated 

inn high volume centers and 1055 in low volume centers and the overall mortality was 2.2% and 

15.4%,, respectively. 

Inn the groups wi th the cut-off point of 5 and 10 resections per year the test for heterogeneity 

showedd a p-value of 0.07 and 0.03, a ChP of 14.36 and 13.67, and an I2 of 44.3% and 56 .1%, 



Loww volume 

Hospital l 

deaths s 
n n 

2 2 
7 7 

215 5 
223 3 
6 6 

149 9 
163 3 
49 9 
3 3 

16 6 
33 3 

554 4 
741 1 
40 0 
75 5 
27 7 
42 2 
74 4 

101 1 
120 0 
26 6 
34 4 

142 2 
247 7 

(%) ) 

(7) ) 
(7) ) 
(14) ) 

(14) ) 

(8) ) 
(11) ) 

(10) ) 

(12) ) 

(21) ) 

(7) ) 
(7) ) 
(14) ) 

(13) ) 

(11) ) 
(12) ) 

(18) ) 

(17) ) 

(16) ) 
(15) ) 

(13) ) 
(13) ) 

(12) ) 

(13) ) 

(11) ) 

Procedures s 

n n 

27 7 
105 5 

1538 8 

1597 7 
74 4 

1391 1 

1562 2 

420 0 
14 4 

226 6 
461 1 

3833 3 

5688 8 

354 4 
636 6 
146 6 
252 2 
463 3 
668 8 
903 3 
201 1 
294 4 

1085 5 

2295 5 

Hospitals s 

n n 

10 0 
19 9 

181 1 
182 2 

ns s 
292 2 
296 6 
114 4 

1 1 
8 8 

15 5 
1564 4 

1732 2 

56 6 
66 6 
ns s 
ns s 
ns s 
ns s 
ns s 
30 0 
32 2 

375 5 
472 2 

respectively.. Because of this significant heterogeneity between the studies in two of the four 

categories,, we did not pool the relative risks and hereby did not perform a meta-analysis. The 

forestt plot in figure 2 shows the relative risks and the 95% confidence intervals of the included 

studiess at the four cut-off points. At cut-off point I, five of the six studies showed a lower relative 

riskk of mortality in high volume hospitals of which three had statistical significance. At cut-off 

pointt II, III and IV, all studies showed a lower relative risk of mortality in high volume hospitals. At 

cut-offf point II, six of nine studies, at cut-off point III, five of 7 and in category IV, two of two 

studiess were statistically significant in favor of high volume hospitals. The range of the relative 

riskss for mortality in high volume hospitals in groups I to IV was 0.25-1.10, 0.29-0.76, 0.21-0.62 

andd 0.07-0.15, respectively. 

Withinn each individual study except for Wade et al. the RR for mortality in the defined volume groups 

decreasedd in higher volume hospitals (table 4). In nine of the eleven studies showing a volume-

outcomee effect, the effect was statistically significant according to the 95% confidence interval. 



Tablee 4 Relative risks compared to the lowest hospital volume group within each study 

RRR 95% CI Reference e 

Edgee ef al. 

Liebermann et a/. 

Wadee ef al. 

Glasgoww etai. 

Imperatoo etai 

Neoptolemoss ef al. 

Birkmeyerr ef al. 

Simonovicc et al. 

Gordonn et al. 

Goumaa ef al. 

Nordbackk ef al. 

Finlaysonn ef al. 

Hospitall volume 
(proc/year) ) 

<2.5 5 
2.5-6.5 5 
>6.5 5 
<6.25 5 
6.25-- 10 
>> 10 
<2 2 
2 - 5 5 
< 6 6 
6-- 10 
>> 10 
< 5 5 
> 5 5 
< 2 2 
2 - 5 5 
5-- 10 
>> 10 
<2 2 
> 5 5 
<< 3.14 
3.14-6 6 
> 6 6 
<< 10 
10-20 0 
>20 0 
< 5 5 
5 -10 0 
10-25 5 
>25 5 
< 5 5 
5-- 10 
>> 10 
< 3 3 
3-- 13 
>13 3 

Death h 
ratee (%) 

7.4 4 
6.4 4 
5.1 1 
14.0 0 
11.9 9 
5.6 6 
8.1 1 
8.9 9 
10.7 7 
8.2 2 
3.5 5 
11.7 7 
4.4 4 
21.4 4 
6.1 1 
7.2 2 
4.4 4 
14.5 5 
4.1 1 
11.3 3 
12.4 4 
3.4 4 
18.5 5 
14.4 4 
2.5 5 
16.0 0 
13.2 2 
8.1 1 
0.9 9 
12.9 9 
8.6 6 
3.6 6 
13.1 1 
8.7 7 
2.5 5 

1.00 0 
0.87 7 
0.69 9 
1.00 0 
0.85 5 
0.40 0 
1.00 0 
1.10 0 
1.00 0 
0.76 6 
0.33 3 
1.00 0 
0.38 8 
1.00 0 
0.29 9 
0.34 4 
0.21 1 
1.00 0 
0.28 8 
1.00 0 
1.10 0 
0.30 0 
1.00 0 
0.78 8 
0.14 4 
1.00 0 
0.82 2 
0.51 1 
0.06 6 
1.00 0 
0.67 7 
0.28 8 
1.00 0 
0.82 2 
0.19 9 

0.18-4,20 0 
0.15-3.22 2 

0.42-- 1.72 
0.26-0.62 2 

0.35-3.43 3 

0.45-- 1.29 
0.14-078 8 

0.17-0.82 2 

0.09-0.89 9 
0.11-1.02 2 
0.077 - 0.60 

0.22-0.36 6 

0.35-3.43 3 
0.23-0.36 6 

0.44-- 1.39 
0.08-0.23 3 

0.55-- 1.24 
0.311 -0.82 
0.011 -0.23 

0.311 - 1.41 
0.07-1.13 3 

0.68-- 1.00 
0.13-0.28 8 

RR;; relative risk, CI: confidence interval 

on on 
Thiss systematic review shows convincing evidence of an inverse relation between hospital volume 

andd mortality after pancreatic resection regardless of any cut-off value. The relative risk of mortality 

inn a high volume compared to a low volume hospital varied between 0.07 and 0.76 in 11 of the 

122 included studies. Moreover, a proportional trend was seen between the RR for hospital mortality 

andd an increasing hospital volume cut-off. 

Ourr findings were consistent with the "practice makes perfect" hypothesis originally proposed 

byy Luft et al. in 1979 . " Inverse relationships between hospital volume and mortality have long 

beenn recognized and are strongest in high-risk surgical procedures such as PR.'? Al though we 

initiallyy intended to perform a meta-analysis, we did not pool the reported data of the 12 included 



studiess because of their heterogeneity. Nevertheless we believe that this systematic review reflects 

reall differences because the effect is evident and uniform in a population of nearly 20,000 

patients.. Only one study did not point at a substantial benefit for patients undergoing a PR in 

high-volumee hospitals. This study was based on relatively small series from hospitals performing 

aroundd two resections per year,13 

Thee results of the present study should be interpreted in light of the best available evidence. For 

thee present analysis only observational data concerning the effect of hospital volume on outcome 

afterr PR could be used since RCTs are obviously not feasible. In order to make correct inferences, 

wee should carefully consider multiple explanations for volume-outcome associations. Volume is 

nott a formal indicator of quality but rather a structural characteristic.38 Selection of patients, 

preoperativee treatment, the skills of the surgical team and critical care specialists and postoperative 

caree might underlie differences in outcome. 

Inn nine of twelve individual studies logistic regression analysis showed that the hospital volume 

effectt was not caused by selection bias. The assumption that low-volume hospitals generally 

treatt older patients with an advanced tumor stage cannot be proven from the literature. One 

couldd also put forward that the more complicated patients are generally referred to specialized 

centers.211 The importance of surgeon volume in view of better outcomes has been studied in 

severall high-risk surgical procedures. In a recent study surgeon volume accounted for 55% of the 

apparentt effect of the hospital volume in pancreatic resection.33 We believe that hospital volume 

enhancess the level of all above-mentioned factors by increasing the experience of the surgical 

andd interdisciplinary treatment teams. 

Mostt included studies relied on administrative data, which could be limited by coding accuracy 

andd data entry. Some studies were based on publicly available discharge data from a single state 

inn the U.S.23or were based on information from one selected health care database (i.e. Medicare) 

off which all patients were older than 65 years.20'21 A biased view could also be generated by 

hospitalss with a small sample size because of their proper chance on low mortality rates. After 

long-termm registration best hospitals in the past might become worst hospitals in the future. 

Anotherr argument against the available evidence in favor of treatment in high-volume hospitals 

iss publication bias. To obtain methodologically better evidence data should preferably be obtained 

fromm nation-wide, independent central registries including all patients undergoing a pancreatic 

resection.. This requires a considerable effort from clinicians and is expensive. 

Thee results of this systematic review are strongly in favor of centralization of pancreatic resections, 

althoughh the consequences are unknown as well as the advised number of procedures. The 

Leapfrogg Group - a coalition of more than 150 public and private organizations that provide 

healthh care benefits in the USA - was created to reduce preventable medical deaths by launching 

thee concept of Evidence Based Hospital Referral. Safety Standards based on the Medicare database 



includingg annual hospital volume were defined for several high-risk surgical procedures. The 

recommendedd minimal hospital volume for pancreatic resection was set at 11 per year.33 39 Based 

onn our analysis a clear cut-off volume cannot be defined since there seems to be a continuous 

trendd towards better outcome in higher volumes. Ideally, the mortality data of single institutions 

shouldd be plotted to determine a true, clinically applicable cut-off value. But a recommendation 

mustt be feasible in clinical practice and the potential benefits should not be outweighed by the 

impracticalities.. Implementation of recommendations always take time but the Leapfrog Group 

suggestss that 11,200 lives per year could be saved for selected conditions and procedures.39 

Surgeonss should support the idea that in some high-risk surgical procedures like PR only the 

patientt interest is the leading factor. In some European countries like the United Kingdom and 

Germanyy there are initiatives towards regionalization of high-risk surgical procedures, but effects 

aree not noticeable yet. 

Thiss systematic review on the effect of hospital volume on mortality after pancreatic resection 

demonstratess that volume does matter, and that the relative risk of mortality decreases when 

hospitall volume increases. Our findings suggest that the concentration of pancreatic surgery in 

higher-volumee hospitals is likely to improve outcome. 
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Theree is growing evidence that centralization of high-risk surgery leads to a decrease in mortality. 

AA plea for centralization of pancreaticoduodenectomy (PD) in high-volume centers has been 

takenn place in the Netherlands, the only country with an independent nationwide registry. To 

analyzee the effect of this plea, changes in mortality after PD as well as changes in referral pattern 

weree evaluated in the Netherlands between 1994 and 2003. During nine years no change 

towardss centralization was seen. Thus, the plea for centralization of PD in the Netherlands did 

nott have the desired effect. 



Pancreaticoduodenectomyy (PD) is a high-risk procedure with better outcomes when performed 

inn high-volume hospitals.1-2 Since the start of using data from the independent, nationwide registry 

onn mortality after certain surgical procedures in 1994, there has been a continuous plea for 

centralizationn of PD in the Netherlands, a relative small country with easy access to tertiary 

referrall center. At different time points, available national and international data on the volume-

outcomee relationship were published in national and international journals and presented at 

meetingss of the Dutch Society of Surgical Oncology as well as at the Dutch Society of Gastro-

enterology.. M These presentations were followed by profound discussions on the consequences of 

centralizationn of PD in the Netherlands. Proponents were generally surgeons from high-volume 

referrall centers with low mortality rates suggesting mortality differences up to 400%. Opponents 

weree generally surgeons from low-volume community hospitals with varying results, also frequently 

suggestingg a negative influence of moving patients far from home and family. The aim of this 

evaluationn was to determine the effect of the ongoing plea for centralization among these specialists 

onn the hospital mortality after PD and the referral pattern in the Netherlands. 

Dataa from the independent, nationwide registry (Prismant, Utrecht, the Netherlands) on the 

resultss of PD including post-operative death were obtained from 1994 to 2003. The anonymously 

providedd mortality data were collected from each Dutch hospital except for two cancer institutes 

thatt performed less than 1% of the procedures. The codes used by the registry were based on 

thee International Classification of Diseases, 9,hreviston, Clinical Modification (ICD-9-CM); we 

evaluatedd only Code 5-526 (pylorus preserving pancreaticoduodenectomy) to exclude potential 

case-mix.. The parameters analyzed at regular intervals were hospital mortality, hospital volume, 

andd age. Morbidity factors were not assessed because they were not documented in detail for all 

patientss in the registry. Hospitals were arbitrarily divided into four volume categories based on 

thee number of PDs performed per year: fewer than 5, 5 to 9, 10 to 24, and 25 or more. 

Thee first evaluation over 1994 and 1995 including 428 patients showed that the mortality was 

16.1%% in hospitals performing less than 5 PDs per year compared to 1.5% in hospitals performing 

255 or more PDs per year. Mortality was higher in patients older than 70 years (16.2%) compared 

withh patients younger than 55 years (6.2%) (p<0.05).3 Consensus was reached during several 

meetingss that surgeons should as a first step at least monitor their own quality control and 

decidee themselves whether it was justified to continue pancreatic surgery. The second evaluation 

overr 1996 until 1998 showed similar results; 1 5.9% mortality in hospitals performing less than 5 

PDss per year compared to 0.6% mortality in hospitals performing 25 or more PDs per year.' No 

changee was seen in referral pattern since the first national evaluation and proponents of 

centralizationn judged this outcome as unacceptable. The generally used explanation among the 

opponentss of centralization was that the time to implement the self-monitoring strategy had 

beenn too short to detect a change in mortality and / or referral pattern. Another argument was 
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Figuree 1 Hospital mortality in the four volume categories at the different time intervals (1994-1995, 1996-
1998,, 1999-2000, 2001-2002) 

thatt surgeons from low-volume hospitals started only shortly before the second evaluation the 

implementationn of the so-called networks: surgeons from a few low volume hospitals performed 

PDss together in an attempt to improve experience. Mortality is partly caused by limited surgical 

experiencee but also by inadequate management of post-operative complications such as bleeding 

andd leakage notorious 3 to 7 days after PD. The 1999-2000 findings again showed no improvement 

inn nationwide mortality rates after PD, and an extensive discussion fol lowed at the Dutch Society 

off Surgery 100" Anniversary Meeting in 2002. However, during the following last two years 

(20011 and 2002) in which again several evaluations were presented at national meetings, no 

majorr changes in mortality or referral pattern were seen. 

Figuree 1 shows the hospital mortality in the four volume categories at the different time intervals 

betweenn 1994 and 2003. The mortality rate after PD in hospitals performing less than 5 PDs per 

yearr compared to the hospitals performing more than 24 PDs per year was 16 .1% versus 1.5% in 

19944 and did not change significantly to 14.8% versus 2.5% in 2002. Figure 2 shows the referral 

patternn to hospitals performing less than ten PDs per year over the 9-year period. During 2001 

andd 2002, still 285/501 (56.9%) patients underwent surgery in hospitals wi th a volume of less 

thann ten PDs per year, compared to 280/428 (65.4%) patients between 1994 and 1996. The 

volumee categories showed identical results. 

InIn summary, this evaluation showed that the 9-year lasting plea for centralization among the 

surgicall community did not result in a reduction of the mortality rate after PD or change in the 

referrall pattern in the Netherlands. We can conclude that the system of frequent evaluation of 

thee National Registry and nationwide discussions failed to convince surgeons to stop performing 

PDD in low-volume centers. Recently other methods such as interference by the government or 
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insurancee c o m p a n i e s have been i n t r oduced in some European coun t r i es and t h e USA t o change 

thiss p a t t e r n a n d t o achieve a s t rong pa t i en t d r i ven ac t i on t o w a r d s c e n t r a l i z a t i o n . u The D u t c h 

G o v e r n m e n tt a n d Na t iona l Heal th Counci l have m a d e a f i rst s tep recent ly t o register v o l u m e and 

o u t c o m ee of high-risk procedures, and this m i g h t be necessary t o force the Dutch surgical c o m m u n i t y 

t oo cent ra l i ze . 
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Mostly,, patients with peri-pancreatic cancer (including pancreatic, ampullary and distal bile duct carcinomas) 

aree diagnosed in a stage in which curative resection is not possible. The median survival rate of patients 

withh non resectable peri-pancreatic cancer varies between 6 and 12 months. During this period palliative 

treatmentt is necessary, which should focus on major symptoms as obstructive jaundice, duodenal 

obstructionn and pain. Controversy exists about how to provide optimal palliative treatment. 

Bothh surgical and non surgical palliative procedures equally relief obstructive jaundice. From early 

retrospectivee and prospective randomized studies it is known that in the early phase after treatment, 

moree complications are found after surgical palliation, whereas in the late phase more complications are 

seenn after endoscopic palliation. Because more recent studies clearly showed improved results after surgical 

palliation,, current recommendations probably should be that patients with a suspected poor short-term 

survivall (< 6 months) should be offered non surgical palliative therapy and those with a longer life 

expectancyy may best be treated with bypass surgery. 

Unfortunately,, valid criteria for estimating the remaining survival time are not available, except for the 

presencee of metastases. The use of a prognostic score chart might assist in estimating the prognosis. 

Literaturee does not give sufficient information to make a well deliberated (evidence based) selection 

betweenn the different types of surgical bypasses, but a choledochojejunostomy is generally preferred. 

Afterr stenting, a correlation is found between survival and the development of duodenal obstruction, 

andd between 9% and 21 % of the patients who underwent a surgical biliary bypass without a prophylactic 

gastricc bypass, will develop gastric outlet obstruction. Therefore, in patients with a relatively good prognosis 

itt is recommended to perform routinely a double - biliary and gastric -bypass. 

Painn is a frequent symptom and is related with poor survival. Pain management aside from pain medication 

cann be performed by means of a celiac plexus blockade or a thoracoscopic splanchnicectomy, and also 

radiotherapyy seems to have a positive result on pain. 



Pen-pancreaticc cancer (including pancreatic, ampullary and distal bile duct carcinomas) is the fifth 

leadingg cause of death from malignancy and its incidence is about 10 per 100.000. Surgery is the 

onlyy possible curative treatment modality. However, at the time of diagnosis, surgical resection is 

feasiblee in only 10-15% and does not guarantee satisfying long-term results, as the overall 5-year 

survivall is less than 5%.' ; Therefore, appropriate palliation of the major symptoms of peri-pancreatic 

tumors,, which are obstructive jaundice, duodenal obstruction and pain, is of major importance. 

Althoughh both surgical and non surgical strategies can be used for palliative treatment, no 

consensuss has been reached on which strategy should preferably be used, nor the criteria for 

selectionn of the patients for either treatment are known. When a patient is selected for surgical 

treatment,, still discussion remains on the type of bypass, and whether beside the biliary bypass a 

prophylacticc gastroenterostomy should be performed. For patients with persistent pain, no 

consensuss has been reached on the best way to relief it. 

Thee aim of this article is to summarize methods of surgical and non surgical palliative treatment 

off peri-pancreatic cancer. 

:: UCtK "- : 3UH: 

Obstructivee jaundice is the most important symptom in patients with peri-pancreatic cancer: 

aboutt 70% of the patients suffer from jaundice at the time of presentation. If untreated, it will 

resultt in liver failure with all concomitant symptoms in short time.1"3 Biliary drainage is essential in 

relievingg pruritus, nausea and anorexia, which are the major symptoms that patients suffer from. 

Obstructivee jaundice can be treated surgically or non surgically. Surgical options include internal 

bypasss by means of cholecystoduodenostomy, choledochoduodenostomy, choledochojejunostomy, 

orr hepaticojejunostomy. Non surgical options include the percutaneously or endoscopically inserted 

endoprostheses.. The short-term success rates of a bypass- and an endoscopical procedure in term 

off relief of the biliary obstruction varies between 75-100% and 82-100%, respectively." The application 

off either surgery or endoprostheses in the palliation of obstructive jaundice in patients with pancreatic 

cancerr has been discussed extensively in the past. 

Initially,, a surgical bypass was associated with high mortality (15% - 30%) and substantial morbidity 

(20%% - 60%), a longer hospital stay, but little recurrent obstructive jaundice.56 Biliary drainage by 

endoscopicc stenting has a lower complication rate in the early phase, but cholangitis and recurrent 

obstructivee jaundice are seen in up to 20% to 50% of the patients who survive longer than 6 

months.tjj In a retrospective study by Vd Bosch et al.,5 patients who underwent either a surgical 

biliaryy bypass (n=44) or a stenting procedure (n=63), were stratified for short (<6 months) and 

longg (>6 months) survival times. In short-term survivors, higher early morbidity rates and longer 

hospitall stays were seen in patients who had underwent a surgical bypass. In long-term survivors, 



Tablee 1 Results of the initial and late morbidity after the palliation of obstructive jaundice with endoscopic 
endoprosthesiss (stent) or surgical biliary bypass in patients with pancreatic carcinoma. Patients were stratisfied 
forr short (< 6 months) and long (> 6 months) survival times.5 

MORBIDITY Y 

Stentt (n=63) 

Bypass(n=44) ) 

Early y 
Late e 
Early y 
Late e 

Survivall < 6 months 
n=64 4 

7.5% % 
23% % 
29% % 

0 0 

Survivall > 6 months 
n=43 3 

0 0 
6 1 % % 
5% % 
0 0 

earlyy ~ < 1 week; late ~ > 1 week 

theree was no difference in the hospital stay between the two groups, but the late morbidity rate 

wass significantly higher in the endoprosthesis group, (table 1).5The authors concluded that 

endoscopicc endoprosthesis is the optimal palliation for patients surviving less than 6 months, and 

surgicall biliary bypass for those surviving more than 6 months. 

However,, the above mentioned study is retrospective, and best evidence should be obtained 

fromm randomized controlled trials. Four prospective randomized trials addressing surgical and 

nonn surgical palliative procedures have been publ ished/-7 5 Again these randomized trials 

demonstratee that there is no difference in relief of obstruction (table 2). A surgical bypass was 

associatedd wi th high mortality (15% - 30%) and morbidity rates (20% - 60%), but showed little 

recurrentt obstructive jaundice during fol low-up.4 7 9 So, the conclusion from these retrospective 

andd prospective randomized studies is that in the early phase after treatment more complications 

inn terms of morbidity and mortality are seen after surgical palliation, whereas in the late phase 

moree complications are seen after endoscopic palliation, especially recurrent jaundice, cholangitis 

andd sepsis. In more recent studies however, mortality after bypass surgery is much lower, which 

mightt be partly due to patient selection.10 '7 In a consecutive series of 124 patients who underwent 

bypasss surgery in our center, a hospital mortality of 2.5% (30 days mortality 0.8%) was found. 

Thee surgery related complication rate was 17.5% and hospital stay 17 days, which is reduced 

Tablee 2 Four prospective randomized trials addressing surgical and non surgical palliative procedures in 
obstructivee jaundice 4-79 

Bornmann 1986 Shephard 1988 Andersen 1989 Smith 1994 

stentt bypass stent bypass stent bypass stent bypass 
n=255 n=25 n=23 n=25 n=25 n=25 n=101 n=100 

Successs (%) 
Morbidityy (%) 
Mortalityy (%) 
Hospitall stay (days) 
Recurrentt jaundice (%) 
Duodenall obstruction (%) 
Survivall (weeks) 

84 4 
28 8 
8 8 
18 8 
38 8 
14 4 
19 9 

76 6 
32 2 
20 0 
24 4 
16 6 
0 0 
15 5 

80 0 
30 0 
9 9 
5 5 

30 0 
9 9 
22 2 

92 2 
56 6 
20 0 
13 3 
0 0 
4 4 
18 8 

96 6 
36 6 
20 0 
26 6 
0 0 
0 0 
12 2 

88 8 
20 0 
24 4 
27 7 
0 0 
0 0 
14 4 

94 4 
30 0 
8 8 
19 9 
36 6 
17 7 
21 1 

93 3 
58 8 
15 5 
26 6 
2 2 
7 7 
26 6 



moree recently to 10 days.'3 In selected patients bypass surgery is safe nowadays, which has also 

beenn shown in other studies. '1 ' : 

Consequently,, we advocate that surgical palliation should be preferably performed in patients 

wi thh a relatively longer survival t ime (more than 6 months), while endoscopic palliation should be 

thee optimal treatment for patients wi th a relatively short survival time (less than 6 months). 

Unfortunately,, it is still difficult to predict the remaining survival t ime of these patients. The 

identificationn of prognostic risk factors in order to predict the survival t ime has been studied 

previously. i MM '7 Presence of metastases appeared to be the only important risk factor, but the 

effectt of other identified factors such as age, sex and weight loss were inconsistent. From the 

Triple-PP Study performed of data from studies in 5 different institutions, we developed a prognostic 

scoree chart to predict survival probabilities for 3, 6 and 9 months after diagnosis. Data from all 

patientss were pooled, and the factors age, sex, metastases and a center specific effect were 

incorporatedd in the chart (table 3). For example: a 65 year old female with a pancreatic head 

carcinomaa without demonstrable metastases, admitted in a hospital with a reference 6 months 

mortalityy of 10%, will have a prognostic score of 55, and consequently a 6 months survival probability 

off 79%. Using this score chart we could select 339 patients (33%) wi th a predictive 6-month 

survivall probability of 59% or more for bypass, and 447 patients (44%) wi th a predictive 6-month 

survivall probability of 24% or less for endoscopic stenting. , ( j In patients wi th scores between 90 

andd 110, the choice of treatment should be based on other criteria. However, this score chart still 

needss to be tested prospectively to confirm which factors are of really significantly predictive value. 

Whenn surgical palliation is preferred, the questions remain which biliary bypass procedure should 

bee performed, and whether a prophylactic gastric bypass is indicated to prevent gastric outlet 

obstruction.. Several different surgical biliodigestive bypasses can be performed. The most simple 

surgicall biliary drainage procedure is a cholecystoenterostomy, which also can be performed 

Tablee 3 Chart for calculation of prognostic scores (PS) for the first 6 months after diagnosis and the observed 
survivall rates for different time periods after diagnosis '6 

Variable e 

Sex x 

Metastases s 
Centerr effect 

Malee => 
Femalee => 
yess => 
referencee mortality 

age e 
50 0 
40 0 

Oxx 50 

66 months PS 

0 0 
0 0 
0 0 
0 0 

Totall PS O n (%) 6 months 

<< 70 96 (9%) 0.79 (0.04) 
70-900 243(24%) 0.59(0.03) 

90-1100 234(23%) 0.49(0.03) 
110-1300 269(26%) 0.24(0.03) 

>> 130 178(18%) 0.15(0.02) 



laparoscopically.!88 The disadvantages of a cholecystoenterostomy are a relatively high occurrence 

off recurrent jaundice around 20%, high failure rate and postoperative complications. Whereas 

afterr choledochojejunostomy recurrent jaundice is seen in only 8%, accompanied by a lower 

failuree and complication rate.6'8 If despite these disadvantages a cholecystoenterostomy is 

considered,, in particular in the laparoscopic area, cholangiography should be performed to monitor 

thee patency of the cystic duct.'9 Most surgeons do not recommend a choledochoduodenostomy, 

becausee this procedure also leads more frequently to recurrent jaundice during follow-up caused by 

locall tumor ingrowth. However, Di Fronzo et al. recently reported 71 patients with a 

choledochoduodenostomyy who did not develop recurrent jaundice during a mean survival of 13 

months.. Gastric outlet obstruction was only found in 11 %, for which in all cases a gastroenterostomy 

wass performed.?0 There is not sufficient evidence in literature in favor of one type of bypass surgery. 

Indicationss for a prophylactic gastric bypass will be discussed in next paragraph. 

Althoughh symptoms of nausea and vomiting occur in 30-50% of the patients with peri-pancreatic 

cancer,, this is not always caused by mechanical obstruction. Approximately 10-20% of patients 

withh advanced pancreatic cancer develop duodenal obstruction at some point before death.21"23 

Afterr non surgical palliation by stenting, duodenal obstruction occurs in the early and late 

postoperativee phase. In a large retrospective series in which 691 consecutive patients receiving a 

stentt in our institution for a peri-pancreatic tumor were followed, 75 (11%) developed duodenal 

obstruction:: 9% of the patients with pancreatic cancer and 23% of the patients with ampullary 

tumors.. Median time between stenting and the moment when the diagnosis of duodenal 

obstructionn was made, was 8.5 months. Clearly, a correlation was found between survival and 

thee development of duodenal obstruction: the longer the survival, the higher the rate of duodenal 

obstructionn (table 4). A subsequent open gastroenterostomy was performed in 68 (90%) patients 

andd 24 (30%) patients also underwent a biliary bypass with a high mortality (20%) and short 

survivall (4 months).24 

Afterr surgical palliation with only a biliary bypass, gastric outlet obstruction has been described 

inn 9 - 21% of the patients.fc Therefore, a prophylactic gastroenterostomy is routinely performed 

inn a number of centers during a biliary bypass procedure.'275 The only prospective, randomized 

triall evaluating the role of prophylactic gastroenterostomy demonstrated that it significantly 

decreasedd the incidence of late gastric outlet obstruction. Moreover, because morbidity and mortality 

didd not increase by adding a gastroenterostomy to the procedure in this study, this should be the 

treatmentt of choice.25 One should realize however, that most patients in this trial underwent surgery 

inn an attempt to perform a resection, and therefore there might be a bias by patient selection. In 

earlierr studies, high morbidity and mortality up to 25% have been described following a 



Tablee 4 Duodenal obstruction after palliative endoscopic treatment of patients (n=691) with obstructive 
jaundicee due to a pancreatic head region tumor 23 

Typee of tumor 

Numberr of patients 
Duodenall obstruction 
Onsett (days) 
Survivall (months) 

Pancreaticc head 

581 1 
9% % 
206 6 

5 5 

Bilee duct 

29 9 
14% % 
293 3 
6.5 5 

Ampull l 

81 1 
23% % 
419 9 
13.5 5 

gastrojejunostomy.** Others prefer to perform selectively a gastroenterostomy depending on 

symptomss of nausea and vomiting, or evidence of duodenal obstruction by endoscopy barium 

studiess or during surgery.4 's Conclusive, in patients who have a relatively good prognosis, a double 

bypasss - a biliary and prophylactic gastric bypass - should preferably be performed. 

Painn is another major symptom in pancreatic cancer and is reported in 30-40% of patients at the 

timee of diagnosis and increases to 90% shortly before death.3 Pharmacological treatment is the 

mainstayy of pain treatment for patients wi th pancreatic cancer.'627 However, various side effects 

havee been repor ted . Non-Steroid Ant i - In f lammatory Drug (NSAID) therapy can cause 

gastrointestinall toxicity.2S Opioid treatment is generally associated wi th persistent constipation, 

andd can less frequently cause nausea, vomiting, sedation or anxiety.26-27 

InIn a prospective randomized trial it has been shown that the celiac plexus blockade with 50% 

alcoholl injection performed during surgery could markedly reduce pain in patients with pre-existing 

painn and it also reduced the need for postoperative pharmacological treatment without additional 

morbidity.288 In this study the median pain free survival after alcohol injection of the celiac plexus 

wass 3.3 months compared to 0.8 months in the placebo group. Percutaneous celiac plexus blockade 

alsoo reduces pain.2-3 ' Unfortunately, these effects of both types of celiac plexus blockade are not 

permanentt and side effects have been reported as diarrhea and orthostatic hypotension.2830 

Alternatively,, neural blockade can be performed surgically by thoracoscopic splanchnicectomy.32 

Radiotherapyy has been applied for local tumor control in an attempt to improve the survival t ime 

whilee maintaining an acceptable quality of life.33 Several studies demonstrated that radiotherapy 

(externall beam radiation, intra-operative, interstitial) resulted in reduction of pain and consumption 

off pain medication.3335 The most frequent side effects of external beam radiotherapy are nausea 

andd vomit ing.^ 

Inn a recent series of 98 patients that underwent palliative bypass surgery in the Academic Medical 

Center,, '3 mostly for unresectable disease found during exploration, pain treatment wi th a pain 

medication,, celiac plexus blockade, or radiotherapy was analyzed retrospectively. The consumption 

off pain medication increased during follow-up to 52%, 57%, and 46%, respectively, at three-



quarterr of the survival time but did not differ in the three groups. No significant differences for 

thee median (non-opioid or opioid) pain medication free survival were found between the bypass 

andd celiac plexus groups, although a lower consumption of pain medication could be expected 

afterr administration of the intraoperative celiac plexus blockade.13 

Adequatee palliative treatment is essential in patients with peri-pancreatic cancer. Current 

recommendationss probably should be that patients with a poor short-term survival time (< 6 

months)) should be offered non surgical palliative therapy, and those with a longer life expectancy 

(>> 6 months) may best be treated surgically. A choledochojejunostomy is preferred by most 

authors,, and we advise to perform a prophylactic gastroenterostomy in patients who have a 

relativelyy good prognosis. 

Painn is a frequent symptom and is related with a poor survival. Pain management aside from pain 

medicationn by means of a celiac plexus blockade has been proven to be effective, however our 

ownn data do not support these findings. Radiotherapy seems to have a positive result on pain. 
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Background d 

Severall studies including one randomized trial propagate to perform a prophylactic gastrojejunostomy 

routinelyy in patients with periampullary cancer found to be unresectable during laparotomy. Others suggest 

ann increase of postoperative complications. Controversy still exists in general surgical practice if a double 

bypasss should be performed routinely in these patients. The aim of the study was to evaluate the effect 

off a prophylactic gastrojejunostomy on the development of gastric outlet obstruction and quality of life 

inn patients with unresectable periampullary cancer found during explorative laparotomy. 

Methods s 

Betweenn December 1998 and March 2002, patients with a periampullary carcinoma who were found to 

bee unresectable during exploration were randomized to receive a double bypass (hepaticojejunostomy 

andd a retrocolic gastrojejunostomy) or a single bypass (hepaticojejunostomy). Randomization was stratified 

forr center and presence of metastases. Patients with gastrointestinal obstruction and patients treated 

endoscopicallyy for more than 3 months were excluded. Primary endpoints were development of clinical 

gastricc outlet obstruction and surgical intervention for gastric outlet obstruction. Secondary endpoints 

weree mortality, morbidity, hospital stay, survival and quality of life, measured prospectively by the EORTC-

C300 and Pan26 questionnaires. It was decided to perform an interim analysis after inclusion of 50% of 

thee patients (n=70). 

Results s 

Fivee of the 70 patients randomized were lost to follow-up. From the remaining 65 patients, 36 patients 

underwentt a double, and 29 a single bypass. There were no differences in patient demographics, 

preoperativee symptoms and surgical findings between the groups. Clinical symptoms of gastric outlet 

obstructionn (GOO) were found in two of the 36 patients (5.5%) with a double bypass, and in 12 of the 29 

patientss (41.4%) with a single bypass (p=0.001). In the double bypass group one patient (2.8%) and in 

thee single bypass group 6 patients (20.7%) required (re-) gastrojejunostomy during follow-up (p=0.04). 

Thee absolute risk reduction (ARR) for re-operation in the double bypass group was 18%, and the numbers 

neededd to treat (NNT) was 6. Postoperative morbidity rates, including delayed gastric emptying, were 

3 1 %% in the double versus 28% in the single bypass group (p=0.12). Median postoperative length of stay 

wass 11 (4-76) days in the double versus 9 (6-20) days in the single bypass group (p=0.06); median survival 

wass 7.2 months in the double versus 8.4 months in the single bypass group (p=0.15). No differences 

weree found in the quality of life between both groups. After surgery most quality of life scores deteriorated 

temporarilyy and were restored to their baseline score (t—1) within four months. 

Conclusions s 

Prophylacticc gastrojejunostomy significantly decreases the incidence of gastric outlet obstruction without 

increasingg complication rates. There were no differences in quality of life between the two groups. 

Togetherr with the previous randomized trial from the Hopkins group this study provides sufficient evidence 

too state that a double bypass consisting of a hepaticojejunostomy and a prophylactic gastrojejunostomy 

iss preferable to a single bypass consisting of only a hepaticojejunostomy in patients undergoing surgical 

palliationn for unresectable periampullary carcinoma. Therefore, the trial was stopped earlier than planned. 



Off the patients with periampullary tumors who undergo exploratory surgery with the intention 

too perform a pancreaticoduodenectomy, 25% to 75% are found to have unresectable disease.' 

'' Appropriate palliation of the main symptoms obstructive jaundice, duodenal obstruction and 

pain,, is of major importance in these patients.4 

Sincee 70% of the patients with periampullary carcinoma presents with jaundice,1 adequate biliary 

drainagee is essential for palliation.'6 Non-surgical options include the percutaneous or endoscopic 

insertionn of endoprostheses. Surgical options include internal drainage by means of a biliodigestive 

bypass,, which is suggested to be treatment of choice in patients in a reasonable to good physical 

conditionn and a life expectancy of at least 3 to 6 months.4 7 However, especially after relatively 

longg survival, 10% - 20% of patients develop gastroduodenal obstruction after a biliary-digestive 

bypasss alone, as demonstrated by retrospective reviews of surgical series.'-8-9 In a recent prospective 

randomizedd study it was even shown that patients with metastases found during explorative 

laparotomyy in patients scheduled for resection should preferably be treated with a surgical bypass 

insteadd of stenting.'c In order to prevent gastroduodenal obstruction, a prophylactic 

gastroenterostomyy has been advised during the same surgical procedure. In a prospective 

randomizedd controlled trial from the Johns Hopkins group published shortly after starting the 

presentt trial, it was concluded that a gastrojejunostomy should be performed routinely when a 

patientt is undergoing surgical palliation for unresectable periampullary carcinoma." 

However,, it can be questioned whether results from one center of excellence in a selected group 

off patients can be generalized.3 '2 Others showed disadvantages of adding a gastrojejunostomy 

too the operation.7 '3 In a study from the Netherlands it was shown that a double bypass did 

increasee morbidity and even mortality.'''' Another well known complication after prophylactic 

gastrojejunostomyy is delayed gastric emptying, varying from 2% to 14%, which might increase 

thee complication rate after a double bypass." '3 Therefore a double bypass is not yet generally 

acceptedd as standard treatment. 

Qualityy of life (QoL) was not addressed from a patient perspective by means of questionnaires in 

thee trial from Hopkins." Health-related QoL may be informative especially in trials of advanced-

stagee cancer comparing different palliative treatments with limited effects on survival gain and 

tumorr response.'517 There is accumulating evidence to suggest that QoL scores have prognostic 

value."" We have therefore conducted this randomized study with special focus on assessment of 

QoL.. The aim was to evaluate the effect of a prophylactic gastrojejunostomy in patients undergoing 

biliodigestivee anastomosis for unresectable periampullary carcinoma in a multi-center trial. Because 

thee results from the previous mentioned randomized controlled trial from the Hopkins group 

weree published shortly after the start of the present study," it was decided to perform an interim 

analysiss after the inclusion of 50% of the patients (n=70). 



Patients s 
Patientss with unresectable disease found during surgical exploration with the intention to perform 

aa resection in the Academic Medical Center Amsterdam, the University Hospital Dijkzigt in 

Rotterdam,, and two general Dutch hospitals between December 1998 and March 2002, were 

consideredd for inclusion in this trial. After perioperative finding of metastases or ingrowth in 

majorr visceral vessels they were randomized for a double bypass (hepaticojejunostomy and a 

retrocolicc gastrojejunostomy) or a single bypass (hepaticojejunostomy alone). Randomization 

wass centralized in the Academic Medical Center Amsterdam, with stratification for center and 

thee presence of metastases. 

Thee primary endpoint was signs and symptoms of GOO and surgical intervention for GOO. 

Secondaryy endpoints were mortality, morbidity including postoperative delayed gastric emptying, 

hospitall stay, survival and QoL Inclusion criteria were unresectable periampullary cancer and 

biliaryy obstruction during explorative laparotomy. Exclusion criteria were upper gastrointestinal 

surgeryy in history, endoscopic treatment for longer than 3 months, presentation with gastric or 

duodenall obstruction, no cytological or histological prove of malignancy, and tumor-positive 

ascites.. This study was approved by the Medical Ethical Committees of the Academic Medical 

Centerr Amsterdam and by the three other centers involved. Patients with a periampullary tumor 

whoo were scheduled to undergo an exploratory laparotomy with the intention to perform a 

pancreaticoduodenectomypancreaticoduodenectomy were asked written informed consent in the four participating centers. 

Thee sample size was calculated based on data from the literature. Between 20% and 30% of the 

patientss will develop GOO after biliodigestive bypass for unresectable periampullary cancer,9'18 

whereass approximately 7% of the patients that receive a biliodigestive bypass and a prophylactic 

gastrojejunostomyy for unresectable periampullary cancer will develop GOO as reported previously.1'u 

Withh an ot-0.05 and a power of 0.8 (p=0.2), the number of patients needed for each group is 62. 

Assumingg a drop out of 10%, the sample size is 140. Because the randomized controlled trial of the 

Hopkinss group was published shortly after the start of this study demonstrating a significant lower 

incidencee of late GOO in patients with a prophylactic gastrojejunostomy,11 there was an extensive 

discussionn among the participating centers if the trial should be continued. It was decided to 

continuee but to perform an interim analysis at 50% inclusion of the patients (n=70) in order to 

decidee whether continuing inclusion was justifiable. 

Definitions s 
Thee term periampullary tumors used in this study comprised pancreatic carcinoma, bile duct 

carcinoma,, and ampullary carcinoma. Unresectable cancer was defined as pathologically proven 

locall invasion of major visceral vessels or metastases shown during explorative surgery. Biliary 



obstructionn was defined as clinical jaundice with impaired liver function (>2x normal range). Gastric 

outlett obstruction (GOO) was defined as clinical symptoms of obstruction, like nausea and vomiting, 

inn combination with radiological or endoscopic proof of gastric retention or stenosis. Delayed gastric 

emptyingg was defined as stomach drainage for longer than 10 days postoperatively or intolerance 

forr normal food intake for longer than two weeks postoperatively, as reported previously.19 

Surgicall procedure 

Patientss were randomized during surgery after the surgeon found local unresectability or metastases 

withoutt the presence of imminent duodenal obstruction. Patients received either a retrocolic 

gastrojejunostomyy or no gastrojejunostomy. A hepaticojejunostomy, cholecystectomy and chemical 

splanchnicectomyy with 50% ethanol were performed routinely. Feeding jejunostomies were only 

usedd in a few patients (< 10%) with severe malnutrition. Histological confirmation of the diagnosis 

wass obtained in all patients. Postoperative chemo- and / or radiotherapy was employed selectively 

basedd on the recommendations of a multidisciplinary team from the different hospitals and the 

patient'ss preference. 

Dataa collection 

Dataa were collected prospectively on all patients, including demographics, history, physical 

examination,, surgical findings, and out-patient clinical information. Data collection and follow-

upp were completed through December 2002 on all patients, based on forms filled in during 

regularlyy scheduled visits at the outpatient clinic and interviews by telephone with the general 

physiciann or the patient's family. 

Qualityy of life 

Forr prospective measurement of QoL, the European Organization for Research and Treatment of 

Cancerr (EORTC) Quality-of-Life Questionnaire (QLQ-C30, version 2.0, EORTC Study Group on 

Qualityy of Life, Brussels, Belgium)20 and the pancreatic cancer module (QLQ-PAN26)21 were used. 

Thee validated EORTC QLQ-C30 questionnaire is developed to assess the health-related QoL of cancer 

patientss participating in international clinical trials.21 It comprises 30 items relating to symptoms, 

physicall status, working ability, and emotional, cognitive, and social functioning, as well as a global 

qualityy of life scale. The validity has been shown previously.20-22Zd The QLQ-PAN26 is a disease 

specificc module designed to administer together with the general QLQ-C30. It can be used for 

patientss at all disease stages undergoing surgical resection, palliative surgical intervention, endoscopic 

palliationn or palliative chemotherapy." This model comprises 26 questions assessing pain, dietary 

changes,, altered bowel habit, related emotional problems, and other symptoms (cachexia, indigestion, 

flatulence,, dry mouth, taste changes). These two questionnaires were prospectively assessed at 



differentt time points during the study. Baseline measurement (t = -1) was performed after admission 

inn the hospital on the day before surgery. The first postoperative questionnaire was filled in on the 

dayy of discharge (t = 0). Following questionnaires were sent monthly to the patients at home and 

returnedd by mail (t = 1, 2, 3, ...). 

AA hypothesis was formulated concerning the scales most likely to reveal an effect of two major 

endpointss GOO and DGE, and most likely to show a potential difference between both groups. 

Wee assumed that the global health status, the physical and emotional functioning and the pain 

scoree of the QLQ-C30, together with all gastrointestinal symptom scales of both the QLQ-C30 

andd the QLQ-Pan26 would give appropriate information. For this last purpose an overall digestive 

symptomss scale including the following scales was created including nausea and vomiting, appetite 

loss,, constipation, and diarrhoea from the QLQ-C30, as well as digestive, altered bowel habits, 

flatulence,, and gastrointestinal symptoms from the QLQ-Pan26. 

Statisticall analysis 
Statisticss were performed using the SPSS Base 11.0 for Windows Statistical Software Package 

(SPSS,, Chicago, IL). All results are given as mean <SD) or median and ranges. Differences between 

thee two groups were compared using the Fisher's exact test, and differences between means 

weree compared using the Student's t test. Length of survival in the two groups was compared 

usingg the log-rank test. Statistical significance was set at p < 0.05. 

Standardd scoring algorithms were followed for QLQ-C30 and QLQ-Pan26.26 We performed two 

differentt analyses. In the first analysis we used the available data only without imputing missing 

data.. In the second analysis we adopted an imputation technique carrying the last QoL value 

forwardd to the next occasion. All scores were linearly converted to a scale of 0-100. The non-

imputedd QoL scales were presented graphically for the postoperative phase up to 12 months 

afterr date of surgery. To investigate whether QoL differed for both groups shortly before death, 

ann analysis was performed as presented in the studies by Morris, in which death was considered 

timee point 0 and the questionnaires before death were renamed as last before death, second last 

beforee death and so on.27 28 The mean score, SD and comparison of the two groups were calculated 

forr each scale at each time point. 

Studyy population 
Off the 70 patients randomized at time of the interim analysis, pathology was revised in two patients 

andd three patients were lost to follow-up. In one patient definite pathology revealed a benign 

tumor.. In the other patient revision of the frozen section from a liver biopsy taken during explorative 

laparotomyy revealed active inflammation in stead of adenocarcinoma, and a pylorus preserving 



pancreaticoduodenectomyy (PPPD) was performed subsequently. From the remaining 65 patients, 

366 patients (55%) were treated by a double bypass and 29 patients (45%) by a single bypass. The 

twoo groups were comparable for patient demographics, pre- and peroperative findings, but not for 

genderr (table 1). More men than women received a double bypass for unresectable periampullary 

cancer,, while it appeared to be the opposite in the single bypass group (p=0.026). The mean age in 

bothh groups was not different, obstructive jaundice was the most common preoperative symptom 

withh 78% in the double 

Tablee 1 Patient demograr, 

Inclusion n 
Academicc centers (n=2) 
Generall centers (n=2) 

Agee (yr) 
Gender r 

Male e 
Female e 

Preoperativee symptoms 
Nauseaa / vomiting* 
Abdominall pain 
Weightt loss 

Tumorr location 
Pancreaticc head 
Distall common bile duct 
Ampulla a 

Unresectability y 
Locall vascular invasion 
Metastases s 
Both h 

** Preoperative symptoms of nausea and vomiting were not caused by gastric outlet obstruction "S 
5' ' 
3 3 

T3 3 

Basedd on preoperative evaluation and surgical findings, the head of the pancreas was the = 

predominantt site of origin of the tumor: 89% of the tumors in the double, and 86% of the ^ 

tumorss in the single bypass group. Since randomization took place for the presence of metastases, = 
IB B 

thee reason for unresectability was equally divided among both groups (table 1). 

Short-termm outcome 

Mortality,, morbidity and length of hospital stay for both treatment groups are listed in table 2. 

Theree were no perioperative deaths. A 72 year old man died in the hospital 24 days after the 

doublee bypass procedure. He had been suffering for three weeks from a iatrogenic bleeding and 

subsequentt intra-abdominal abscesses after a staging laparoscopy before exploration and a bypass 

proceduree were performed. 

Dypasss group, and 79% in the single bypass group, 

liess and preoperative and peroperative findings 

Doublee bypass 
nn = 36 

288 (78%) 
88 (22%) 
633 9 

244 (67%) 
122 (33%) 

10(28%) ) 
18(50%) ) 
244 (67%) 

322 (89%) 
4(11%) ) 

19(53%) ) 
166 (44%) 
11 (3%) 

Singlee bypass 
nn = 29 

244 (83%) 
5(17%) ) 
655 8 

111 (38%) 
188 (62%) 

77 (24%) 
15(52%) ) 
17(59%) ) 

255 (86%) 
22 (7%) 
22 (7%) 

15(52%) ) 
133 (45%) 
11 (3%) 

PP value 

0.44 4 

0.28 8 

0.026 6 

o o 
3" " 

0.74 4 
0.89 9 
0.36 6 

0.74 4 
0.68 8 
0.20 0 

1.0 0 
1.0 0 
1.0 0 

c c 

o o 
»-+ + 

=i i 

c c 

fD D 

U U 
<T T 



Tablee 2 Short-term outcome, length of hospital stay, and adjuvant therapy 

Mortality y 
ln-hospital l 

Morbidity y 
Anyy complication 
Woundd infection 
Biliaryy anastomotic leakage 
Gll leakage 
Pulmonary y 
Cardiac c 
Intra-abdominall bleeding 
Delayedd gastric emptying 

Hospitall stay (days) 
median n 
range e 

Adjuvantt therapy 
Chemo-- and radiotherapy 
Chemotherapy y 
Radiotherapy y 
None e 

Doublee bypass 
nn = 36 

11 (3%) 

111 (31%) 
33 (8%) 
11 (3%) 
11 (3%) 
11 (3%) 

4(11%) ) 
0 0 

6(17%) ) 

11 1 
4-76 6 

14(39%) ) 
4(11%) ) 

11 (3%) 
17(47%) ) 

Singlee bypass 
nn = 29 

0 0 

88 (28%) 
11 (3%) 
11 (3%) 
11 (3%) 
22 (7%) 
22 (7%) 
11 (3%) 
11 (3%) 

9 9 
6-20 0 

122 (41%) 
3(10%) ) 

11 (4%) 
133 (45%) 

PP value 

1.0 0 

0.79 9 
0.62 2 
1.0 0 
1.0 0 

0.59 9 
0.68 8 
0.45 5 
0.12 2 

0.06 6 

1.0 0 

Att least one complication was found in 11 patients (31%) after double bypass and in 8 patients 

(28%)) after single bypass. Delayed gastric emptying was the most frequent complication (17%) 

afterr double bypass, but only seen in one patient (3%) after single bypass (p=0.12). The incidence 

off biliary and gastrojejunal anastomotic leak was the same in both groups. The median 

postoperativee length of stay in hospital was 11 (4-76) days in the double bypass group, and 9 (6-

20)) days in the single bypass group (p=0.06). 

100 100 

40 0 

200 • 

singlee bypass 
doublee bypass 

66 12 18 24 
Months s 

Figuree 1 Kaplan-Meier survival curve for all 
includedd patients (n=65) with periampullary 
carcinomaa found to be unresectable during 
explorativee laparotomy. A double bypass was 
performedd in 36 patients with a median survival 
off 7.2 (1-19) months, and a single bypass was 
performedd in 29 patients with a mean survival of 
8.55 (3-20) months (p=ns) 



Survivall and long-term outcome 
Theree was no significant difference in the median s 

survivall between the double and the single bypass | 

group:: 7.2 and 8.4 months, respectively (p=0.15) i 

(figuree 1). "S. 

Duringg follow-up clinical gastric outlet obstruction 

(GOO)) was diagnosed in two of the 36 patients 

(5.5%)) after double bypass, and in 12 of the 29 § "1" j B 

patientss (41.4%) after single bypass (p=0.001). | 

Afterr double bypass one patient wi th GOO (2.8%) i 

underwentt relaparotomy and revision of the J 

gastrojejunostomy.. After single bypass 6 of the 

122 pat ients w i t h GOO (20 .7%) unde rwen t 

re laparotomyy and a gast ro je junostomy was 

performedd (p=0.04). The median time interval 1 

betweenn initial exploration and late gastrojejuno- i 

stomyy was 3.5 months. Absolute risk reduction 1 

(ARR)) for re-operation by performing a double 2 

bypasss was 18%, and the numbers needed to treat 

(NNT)) was 6. 

Qualityy of life 

Compliancee wi th questionnaire completion was 

comparablee in the double and the single bypass 

group.. The compliance rate in both groups was 

overr 90% in the first 4 months after surgery and 

decreasedd to 75% in the last two months of the 

terminall phase. Outcomes of QoL assessment 

weree independent of the analysis used. The QoL 

Figuress 2A-E QoL graphs representing the 
122 months after surgery of the patients randomized to 
receivee a double or a single bypass. Left side of graph 
representss time of operation. The non-imputated data 
off the following subscales are presented; 
(A)) Global health status 
(B)) Physical functioning 
(C)) Emotional functioning 
(D)) Pain 
(E)) Digestive symptoms 
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=!•=!• 100 

scaless based on non-imputed data are shown in y 

figuress 2A-E by means of a graph wi th error bar ~ 

(confidencee interval for mean 95%) for each scale. % 

Overall,, no major differences were seen in QoL g 

betweenn the two surgical t reatment groups. 

Patientss in both groups showed a similar course 

inn the scores for all scales and did not differ from 

eachh other significantly at most points in time, w 

Onn the day of discharge ( t=0), both groups a 

showedd a significant decrease in all functional •= 

scaless except the physical functioning compared % 

too the preoperative status. The symptom variables 

painn and digestive symptoms were significantly 

moree pronounced after both surgical procedures. 

Overall,, the QoL scores were stable over the course | 

off the study for patients in both groups. All scales i 

camee back to their original baseline score (t=-1) « 

wi th inn 4 months and remained so throughout | 

follow-up. . 

Inn figures 3A-E the terminal phase of the last 6 

monthss is represented in a graph for the five 

subscaless of QoL in both groups. The time of death 

iss on the right side of the graph. No differences in |_ 50 1 
p p 

QoLL were seen in the months before death 25 
II •*• 

betweenn the two groups. In both groups the 

globall health status and emotional functioning 

scoree decreased rapidly during the last 2 months 

beforee death. 

Figuress 3A-E QoL graphs representing the terminal phase 
(66 months before death) of the patients randomized to 
receivee a double or a single bypass. Right side of the graph 
representss death. The non-imputated data of the following 
subscaless are presented; 
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Tablee 3 Long-term outcome and survival 

Doublee bypass Single bypass P value 
nn = 36 n = 29 

Gastricc outlet obstruction 
clinicall 2(6%) 12(41%) 0.001 
re-operationn needed 1(3%) 6(21%) 0.04 

Survivall (months) 
mediann 7.2 8.4 0.15 

Thee outcome of this prospective randomized controlled trial gives further support to the strategy 

too routinely perform a retrocolic gastrojejunostomy in patients undergoing a palliative biliodigestive 

bypasss for unresectable periampullary cancer found during explorative laparotomy. Prophylactic 

gastrojejunostomyy added to a hepaticojejunostomy significantly decreases the incidence of late 

GOOO and relaparotomies without increasing the incidence of postoperative complications. Patients 

doo not report differences in QoL after receiving a double or a single bypass. Hospital stay was 

slightlyy longer for the patients with a double bypass (11 days) than for the patients wi th a single 

bypasss (9 days), although not statistically significant (p=0.06). We can conclude from this study 

thatt patients who are found to have an unresectable tumor at laparotomy for periampullary cancer 

aree preferably treated by a hepaticojejunostomy and prophylactic gastrojejunostomy compared to 

aa hepaticojejunostomy alone. 

InIn patients wi th unresectable periampullary cancer palliation of obstructive jaundice, duodenal 

obstructionn and pain is of primary importance, preferably wi th a short hospital stay, maximal 

survival,, and optimal Q o L 4 i Palliation of obstructive jaundice by nonsurgical techniques is the 

treatmentt of choice when unresectable cancer is already found during diagnostic work-up, in 

particularr in patients wi th an expected short survival. Endoscopic and percutaneous biliary stenting 

areare successful modalities, although recurrent cholangitis due to stent occlusion is a well known 

problemm despite all efforts to prevent this very common complication.-932 Fit patients will benefit 

fromm palliative surgery that allows long-lasting biliary drainage,5 -33 and biliary bypass procedures 

cann be undertaken nowadays with acceptable rates of morbidity and mortality.3436 In a trial on 

diagnosticc laparoscopy, performed before the present study, surgical palliation proved to be 

superiorr to stenting in patients wi th an unresectable tumor found during laparotomy wi th the 

intentionn to perform a resection/0 To add a "prophylactic" gastrojejunostomy to the biliary bypass 

proceduree is based on the relatively high incidence of GOO that has been reported during follow-

up. ' '' 8 The reluctance to perform a prophylactic gastroenterostomy routinely is based on the 

occurrencee of additional postoperative complications; DGE and gastrointestinal bleeding have been 



reported.399 40 In the principle of "non nocere" surgery should have a minimal risk of postoperative 

complicationss especially in these patients with palliative treatment. 

Earlierr studies on surgical gastroenterostomy reported postoperative morbidity and mortality 

ratess from 5 to 41 % and 11 % to 33% respectively.14 In one study it was stated that the need for 

aa gastrojejunostomy due to GOO was associated with a poor outcome and had little role in the 

managementt of patients with pancreatic cancer.39 However, death was their only endpoint.39 In 

aa more recent study it has been suggested that patients with unresectable periampullary cancer 

doo not survive long enough to develop a gastrointestinal obstruction and there would be no 

needd for a prophylactic gastrojejunostomy/1 In a retrospective study from the Memorial Sloan 

Ketteringg Cancer Center the perioperative morbidity rate increased significantly without prolonging 

survivall by the addition of a prophylactic gastric bypass.4; 

Moree recently, proponents of the prophylactic gastrojejunostomy observed that the concomitant 

biliaryy and gastric bypass did not increase the operative morbidity and mortality.11 3 4 3 6 4 M 5 Also 

mortalityy of subsequent gastric bypass added to initial single bypass could be as high as 25%, 

whereass the incidence of subsequent GOO in those without gastric bypass was 10%.46 

Thee Johns Hopkins group was the first to show the benefits of a routinely performed prophylactic 

gastrojejunostomyy in a randomized trial,11 but controversy still exists in general surgical practice. 

Thee fact that the study was performed in a highly specialized referral center in the United States 

iss probably a reason to doubt whether the findings in a selected group of referred patients can 

bee generalized.3 The relatively high incidence of patients with tumors located in the uncinate 

processs could also influence the occurrence of GOO because of their location related to the 

duodenum.. In the present multi-center trial 42% suffered from sumptoms of GOO and 2 1 % of 

thee patients after a single bypass and 3% of the patients after a double bypass had to undergo 

aa gastrojejunostomy in a later phase of their life. It would have been ideal to let an independent 

observerr decide whether the patient needed a re-laparotomy for GOO, however, this was not 

feasible,, and the decision was made by the local surgeons. Although late GOO could be the 

resultt of functional disturbance rather than an organic obstruction, functional outcome is the 

mostt important outcome in patients undergoing palliative surgery for periampullary cancer. Six 

patientss needed a double bypass in order to prevent one patient from undergoing a re-operation 

(ARR=18%% and NNT=6). Operative morbidity and mortality were not significantly different. The 

limited,, not significant differences in survival were probably due to the male / female ratio, a well 

knownn risk factor.47 

Ass discussed earlier, we decided immediately after the start of this study to perform an interim 

analysiss after inclusion of 50% of the patients (n=70) because of the publication of the first 

randomizedd trial from the Johns Hopkins Hospital.11 At that time (1999) there was even a discussion 

iff this second trial should be performed or stopped immediately. There was agreement to continue, 



too perform an interim analysis, and to stop if a significant difference was found in the primary 

endpointt (GOO) towards the same direction as the Hopkins trial. Because the outcome of this 

interimm analysis was comparable with the outcome of that trial, the participating centers decided to 

discontinuee the trial accordingly. 

AA statistician (Prof. dr. P.M. Bossuyt, head of the department of Clinical Epidemiology) was 

consultedd to discuss the proposal of stopping the trial. Regarding the decision in 1999 to perform 

aa interim analysis and the significant difference in primary endpoint comparable to the first 

randomizedd trial, he considered stopping the trial justified, realizing that this would reduce the 

"strength"" of the trial and could introduce a type II error. An important aspect of palliative surgery 

iss the quality of the remaining life.16 Only limited data are available with respect to QoL assessment 

inn patients after surgical palliation for unresectable periampullary cancer. No prospective study has 

beenn performed as yet in which QoL was estimated in patients who were treated by two different 

surgicall palliative strategies using a standardized questionnaire. Health-related QoL assessment 

seekss to measure the impact of the disease process on the physical, psychological and social aspects 

off the person's life and feeling of well-being.48 

Thee EORT QLQ-C30 was used as a valid and reliable instrument for assessing overall QoL in 

cancerr patients,"9 and the QLQ-Pan26 as a disease specific questionnaire." A definite conclusion 

fromm this trial is that no major differences were found in the various subscales of QoL between 

patientss after a double bypass and after a single bypass. Both groups showed a temporary 

decreasee in global health status and emotional functioning, and a temporary postoperative increase 

inn pain and digestive symptoms. In the terminal phase two months before death a decrease on 

mostt QoL scales was seen as could be expected, but no differences were found between the two 

groupss either. Recovery after both types of surgery was the same. It might be that a negative 

effectt of GOO in the single bypass group is compensated by a relatively early surgical intervention 

andd that other aspects (end stage of disease) influenced QoL more than symptoms. 

Theree are some well-known difficulties associated with the analysis of QoL data in a progressive 

disease,, mostly because of the multidimensional and longitudinal nature of QoL data.50 In many 

trialss like this one, analysis is complex due to attrition caused by the reduction of patients numbers 

throughh death and missing data values due to patient non-compliance at the end stage of the 

disease.5'' In our study many data were missing in the postoperative follow-up of 12 months due 

too attrition, because the median survival was 8 months. We chose to report the available non-

imputedd data and not the imputed non-ignorable missing data, because both analyses revealed 

thee same outcome. Our strategy probably reports an overestimation of QoL towards the end of 

life,, since a number of patients were too weak to fill in the questionnaires at that point. Mentioned 

restrictionss however, are not of great importance for the QoL assessment of both groups, because 

thee aim was to identify differences between two palliative treatments. 



Inn conclusion, this prospective randomized controlled trial confirms that in patients with 

periampullaryy cancer found to be unresectable during explorative laparotomy with the intention 

too perform a resection, a double bypass consisting of a hepaticojejunostomy and a prophylactic 

gastrojejunostomyy is preferable to a single bypass consisting of only a hepaticojejunostomy. The 

needd for re-operation for GOO was significantly reduced without increasing complication rates. 

Thee early postoperative decreased quality of life was not additionally jeopardized by the extra 

bypass.. Therefore the trial was stopped earlier than planned. 
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Periampullaryy adenocarcinoma consisting of pancreatic, distal bile duct or ampullary carcinoma, 

iss an aggressive disease with a high mortality rate. Pancreatic carcinoma is the most common 

periampullaryy malignancy and the fourth leading cause of cancer-related death in western 

countries.. Because potentially curative surgery is restricted to small tumors without evidence of 

locall ingrowth or distant metastases, early detection is a sine qua non. The growing understanding 

off pancreatic carcinogenesis and the concomitant accumulation of genetic changes enable the 

usee of molecular markers in early detection and management. 

Givenn the limited number of candidates for resection, minimization of surgical risks is imperative. 

Aroundd 80% of patients have unresectable disease at presentation and need to get optimal 

palliationn by means of surgical or non-surgical treatment. When patients unexpectedly have i/. 

unresectablee disease at laparotomy, the best surgical palliative procedure has to be chosen in | 

orderr to optimize the quality of the remaining lifetime. J 

Thiss thesis consists of two parts: Part I entitled Molecular Markers and Part II entitled Management. = 

Thee nine studies described in Part I investigated various clinical applications of some potential 8 

geness as molecular markers encountered in pancreatic carcinogenesis. The five studies described c 

inn Part II evaluated the optimal management in patients with resectable and unresectable § 

periampullaryy cancer. 

Partt I - Molecular Markers 

AA majority of patients undergoing resection for periampullary cancer will eventually suffer from 

locoregionall relapse or distant metastases. The latter ultimately depend on dissemination of 

malignantt cells, which has possibly already taken place before primary surgery. The ability to 

detectt these so-called micrometastases would improve preoperative patient selection and could 

guidee future multimodality treatment. In Chapter 1 micrometastases were detected in bone 

marroww by immunocytochemical analysis in 12 of the 31 (39%) patients with a pancreatic or 

ampullaryy carcinoma. After a median follow-up of 17 months 15 of the 31 (48%) patients had 

died:: 7 of the 10 (70%) with and 8 of the 21 (38%) without micrometastases, indicating a 

significantlyy shorter survival in the presence of bone marrow micrometastases However, clinical 

usee of cytokeratin markers cannot be recommended at present, because positive staining was 

seenn in two patients who turned out to have pancreatitis without malignancy. 

Fine-needlee aspiration (FNA) is a useful technique in the diagnostic process of a pancreatic mass. 

Whilee most aspirates are diagnostic of a malignant or benign condition, a substantial minority is 

atypicall and cannot adequately rule out cancer. Chapter 2 shows that a molecular panel including 

thee K-ras, p53, and DPC4 genes correlates with conventional cytoloy and is able to support the 

diagnosiss of adenocarcinoma in 6 (32%) of 19 aspirates originally diagnosed as atypical by cytology 



alone.. Its use may lead to earlier and less invasive diagnosis, and may be helpful in the 

differentiationn between pancreatic cancer and pancreatitis. 

Standardd staging procedures of periampullary tumors do not identify all patients with an adverse 

outcomee despite apparently successful resection. Cytology and K-ras mutation analysis of per-

operativee peritoneal washings in patients with periampullary cancer might identify a subset of 

patientss with a worse prognosis. In Chapter 3 positive cytology for malignancy in peritoneal 

washingss obtained during exploratory laparotomy for a periampullary tumor was found in 8 of 

thee 134 (6%) patients. Although the incidence is low, when present it does convey a bad prognosis. 

Sixx of the eight (75%) patients with a positive peritoneal cytology were found to have unresectable 

cancer,, and the other two (25%) patients did poorly with a median survival of 6 and 14 months. 

Patientss with a positive cytology had a significant shorter median survival than patients with an 

atypicall or negative cytology. The rate of K-ras mutations in peritoneal cytology was even lower. 

Thesee data suggest little role for standard conventional cytology or K-ras mutation analysis of 

peritoneall fluid in patients with potentially resectable periampullary cancer. 

Endoscopicc retrograde cholangiopancreatography (ERCP) is an important diagnostic tool in patients 

withh a biliary stenosis. During ERCP cells can be collected to differentiate between a malignant 

andd a benign cause. In a previous study, brush cytology specimens from extrahepatic biliary 

stenosess were obtained during ERCP in 312 consecutive patients. Mutations in the K-ras oncogene 

weree detected by an enriched polymerase chain reaction (PCR) and an allele-specific oligonucleotide 

(ASO)) hybridization assay. Chapter 4 is a follow-up study of the eight patients with a K-ras 

mutationn and a clinically benign extrahepatic biliary stenosis. After a median follow-up of 65 

months,, six of the eight patients were alive without evidence of malignancy and two died of 

otherr causes than pancreatic cancer. Therefore the K-ras mutations in all these eight patients had 

too be considered as confirmed false-positives. Nevertheless, we think that patients with a positive 

K-rass mutation in biliary cytology require careful follow-up, because a false-positive result is 

infrequent. . 

Thee specificity of K-ras mutation analysis in brush cytology using an ASO assay remains a concern 

becausee the consequences of unnecessary surgical resection are unacceptable. In Chapter 5 the 

prevalencee of K-ras mutations in brush cytology and bile in the general population was estimated 

usingg the "epidemiologic necropsy" study design. K-ras mutations were detected in 78 of the 

3177 (25%) brush cytology specimens from autopsy patients, in 18 of the 317 (6%) bile specimens, 

andd in pancreatic tissue carrying PanlN-1 A and PanlN-1 B lesions. The prevalence of K-ras mutations 

inn the general population could be estimated at 14% in brush cytology and 3% in bile. Therefore, 

itt was concluded that K-ras mutation analysis using an ASO assay should not be used as a 

screeningg test in the general population, i.e. subjects not at risk for pancreatic cancer. 

Thee same brush samples from the 312 consecutive patients with an extrahepatic biliary stenosis 



mentionedd earlier were used to perform the K-ras mutation analysis with the novel amplification 

refractoryy mutation system (ARMS) assay described in Chapter 6. The results were compared to 

bothh conventional cytology and K-ras mutation analysis using the ASO assay, and evaluated in 

vieww of the final diagnosis. The test characteristics of the ARMS and ASO assays were largely in 

agreementt with a sensitivity for detecting a malignancy of 49% and 42%, respectively. The 

specificityy of the quantitative ARMS assay could be increased to 100% by setting limits for the 

falsee positives. This reduced the sensitivity of ARMS from 49% to 43%. It is felt that the ARMS 

assayy deserves consideration as an adjunct in the surveillance of pre-symptomatic patients at risk 

forr hereditary pancreatic cancer. 

Despitee the advances made in the understanding of pancreatic carcinogenesis, little is known 

aboutt the initiating genetic events in the pancreatic duct epithelium that facilitates its progression i* 
c c 

too cancer. Telomere shortening can cause chromosomal instability, in order to elucidate the | 

onsett of this phenomenon in the non-invasive precursor lesions, we examined in Chapter 7 the ^ 

telomeree repeat lengths in a series of 82 PanIN lesions of all histological grades. Telomeres were =_ 

strikinglyy shortened in 79 of 82 (96%) PanlNs, including 21 of 23 (91 %) PanIN-1A lesions, compared o 

too adjacent normal structures. Telomere shortening in PanIN lesions did not correlate with E" 

proliferationn measured by quantitative Ki-67-labeling index. Shortening of telomeres in PanlNs
VI I 

predisposess to the accumulation of chromosomal abnormalities and to the subsequent 

developmentt of invasive carcinoma. Telomere shortening can be regarded as the most common 

earlyy genetic abnormality in pancreatic cancer recognized to date. 

Geness differentially expressed in pancreatic cancer were evaluated in Chapter 8 by using GeneChip 

arrayss and serial analysis of gene expression (SAGE). Ninety-seven genes were identified as having 

fivefoldd or higher expression levels in pancreatic cancer as compared to normal tissue. The 

expressionn profiles of 12 genes were confirmed by immunohistochemicat labeling, in situ 

hybridization,, or RT-PCR. Sixty-nine genes were not implicated in pancreatic cancer before and 

thereforee have potential as novel tumor markers. 

Parallell to Chapter 8, we identified in Chapter 9 the genes differentially expressed in ampullary 

carcinomaa compared to normal duodenum by using global gene expression profiling. We identified 

2355 fragments expressed at least fivefold higher in ampullary carcinoma than in normal duodenum. 

Thee expression profiles of eight candidate genes were confirmed by immunohistochemistry or in 

situsitu hybridization on tissue micro arrays containing 54 ampullary cancers. The osteopontin gene 

wass expressed 27-fold higher in ampullary cancers compared to normal duodenum. Mean pre-

operativee serum osteopontin levels measured by competitive EUSA were around 900 ng/ml in 

patientss with ampullary carcinoma or ampullary adenoma, around 300 ng/ml in patients with a 

non-neoplasticc periampullary disease, and around 200 ng/ml in age-matched healthy controls 

(pO.001).. Measurement of markers of ampullary carcinoma such as osteopontin might aid in 



thee early detection and differential diagnosis of patients with ampullary lesions. 

Partt II - Management 
Consideringg all periampullary carcinomas, ampullary carcinoma has the best 5-year survival after 

resectionn compared to pancreatic and bile duct carcinoma. Controversy currently exists over 

whichh tumors should be treated by local resection. In Chapter 10 short-term results and long-

termm survival after local and radical resection of ampullary adenomas and adenocarcinomas were 

analyzedd in 145 patients. Local resection was adequate in 16 of the 25 (64%) patients, 12 

patientss with an adenoma and 4 patients with stage la adenocarcinoma. In the remaining 9 

patientss subsequent pancreaticoduodenectomy (PD) was needed for non-radical resection margins. 

Thee other 120 patients underwent an elective PD for adenoma <n=7), in situ carcinoma (n=1)or 

ampullaryy carcinoma (n=112). The 5-year survival rate in patients with an ampullary adenoma 

wass 92% after local resection and 86% after PD. The results of this study show that local resection 

iss an adequate surgical treatment for patients with an ampullary adenoma but should not be 

advisedd in patients with an ampullary carcinoma. 

Givenn the small number of long-term survivors among patients with pancreatic cancer, minimization 

off surgery-related mortality and morbidity is imperative. Nevertheless, centralization of pancreatic 

surgeryy in high-volume centers is still under debate. In Chapter 11 a systematic review was 

performedd to retrieve the best available evidence on the effect of centralization of pancreatic 

surgeryy on hospital mortality as primary outcome. The relative risk of postoperative mortality in a 

highh volume hospital compared to a low volume hospital for the volume cut-off values of 2, 5, 

10,, and 20 pancreatic resections per year was between 0.25 and 1.10, 0.29 and 0.76, 0.21 and 

0.62,, and 0.07 and 0.15, respectively. Eleven of the 12 included studies showed a lower 

postoperativee mortality rate in higher volume hospitals, irrespective of the arbitrary cut-off value. 

Thereforee it was concluded that convincing evidence of an inverse relation between hospital 

volumee and mortality after pancreatic resection does exist and that the plea for centralization 

shouldd be enforced. 

Followingg previous chapter, the effect of this plea for centralization in the Netherlands, one of 

thee few countries with an independent nationwide registry, was analyzed in Chapter 12. For this 

purposee the changes in mortality after PD as well as the changes in referral pattern were evaluated. 

Sincee the start of the independent registry in 1994, the available data on the volume-outcome 

relationshipp were published and presented, always followed by profound discussions on the 

consequencess of centralization. However, during the nine-year lasting plea for centralization of 

PDD among the surgical community no significant change was seen in either mortality or referral 

pattern.. The mortality rate in hospitals performing less than 5 PDs per year compared to the 

hospitalss performing more than 24 PDs per year was 16.1% versus 1.5% in 1994 and did not 



changee significantly to 14.8% versus 2.5% in 2002. The Dutch surgical community failed to 

reducee the overall mortality after PD and failed to change the referral pattern. 

Thee median survival rate of patients with an unresectable periampullary carcinoma varies between 

66 and 12 months. During this time frame palliation should focus on major symptoms such as 

obstructivee jaundice, duodenal obstruction and pain. In Chapter 13 current recommendations 

onn the palliative treatment of patients with unresectable periampullary cancer are summarized. 

Patientss with a life expectancy of less than 6 months should be palliated non-surgicallyr and 

thosee with a life expectancy of more than 6 months should be palliated surgically. From all 

surgicall bypasses described, the choledochojejunostomy is generally preferred. Pain is a frequent 

symptomm related to poor survival and should be treated adequately. Pain management by means 

off a celiac plexus blockade has proven to be effective. 

Whenn unresectability is detected during explorative laparotomy with the intention to perform a 

resection,, surgical palliation is preferable to non-surgical palliation. In Chapter 14 a randomized 

triall is described evaluating the role of prophylactic gastrojejunostomy for unresectable 

periampullaryy cancer found during laparotomy. Clinical symptoms of gastric outlet obstruction 

weree found in 2 of the 36 patients (5.5%) with a double bypass, and in 12 of the 29 patients 

(41.4%)) with a single bypass (p=0.001). In the double bypass group the absolute risk reduction 

(ARR)) for a relaparotomy by means of a (re-)gastrojejunostomy was 18%, and the numbers 

neededd to treat (NNT) were 6. Postoperative morbidity including delayed gastric emptying and 

lengthh of hospital stay, as well as survival and quality of life were not different in both groups. It 

wass concluded that a double bypass consisting of a hepaticojejunostomy and a prophylactic 

gastrojejunostomyy is preferable to a single bypass consisting of only a hepaticojejunostomy in 

patientss undergoing surgical palliation for unresectable periampullary carcinoma. 

Thee studies described in this thesis show that molecular markers may have a role in early detection 

off periampullary carcinoma and the identification of patients predisposed to this disease. The 

standardd diagnostic procedures used for differentiation between malignant and benign 

periampullaryy tumors may be supported by different molecular techniques. 

AA molecular panel including K-ras, p53 and DPC4 has proved to be useful in clarifying the diagnosis 

inn patients with atypical fine needle aspirates (FNA). K-ras mutation analysis is also of value in 

increasingg the sensitivity of brush cytology from a biliary stenosis obtained during endoscopic 

retrogradee cholangiopancreatography (ERCP). 

Unfortunately,, its use is hampered by the fact that the specificity of K-ras mutation analysis in 

brushh cytology using the ASO assay is not a 100%. Although this apparently indicates that benign 

lesionss with a K-ras mutation should be considered as precursor lesions, their natural history is as 



yett mostly unknown. Moreover, in our "epidemiologic necropsy" study, the prevalence of K-ras 

mutationss in brush and bile from the general population using the ASO assay could be estimated 

onn 14% and 3%, respectively, making it unsuitable as a screening test. However, by using the 

novell quantitative ARMS assay in a large consecutive series of 312 brush cytologies, the specificity 

off K-ras mutation analysis could be increased to 100%. This finding opens up new perspectives 

forr the clinical use of K-ras mutation analysis; our next study will be to determine the prevalence 

off K-ras mutations in brush and bile from necropsies using the ARMS assay. 

Novell potential tumor markers of periampullary cancer have been identified by the use of gene 

expressionn profiling. Immediate translation of these results into routine daily practice is still limited. 

Theirr suitability as marker for early detection of cancer has to be determined in future studies. 

Thee finding of telomere shortening as the earliest genetic abnormality in pancreatic carcinogenesis 

suggestss an adjustment of the pancreatic cancer progression model (figure 1). 

Locall resection is an adequate procedure for patients with an ampullary adenoma. Resection by 

Figuree 1 Proposed new progression model for pancreatic carcinoma 

meanss of a PD is generally the only curative option for periampullary malignancies including 

pancreatic,, ampullary and distal bile duct carcinoma. PD is a high-risk surgical procedure with 

considerablee morbidity and mortality, but can be performed safely in specialized centers. The 

systematicc review reveals that there is a correlation between hospital volume and hospital mortality. 

Despitee a continuous plea for centralization of PD in the Netherlands, no significant change in 

eitherr hospital mortality or referral pattern has been observed. Since centralization encounters 

emotionall and logistic problems in the Netherlands, a joint solution has to be found for the 

persistingg high hospital mortality rate after PD at low-volume hospitals. 

Mostt patients present with unresectable disease and therefore palliation features largely in the 

treatmentt of pancreatic cancer. The choice between endoscopic or surgical palliative procedures 



shouldd be based on the remaining life expectancy. In patients who are expected to live longer 

thann 6 months it is generally recommended to perform a surgical bypass for biliary and duodenal 

obstruction.. As the techniques for endoscopic palliation are improving, recommendations may 

changee over the years. 

Surgicall palliation is also preferred when a periampullary carcinoma is found to be unresectable 

duringg explorative laparotomy. The randomized controlled trial described in this thesis reveals 

thatt a prophylactic gastrojejunostomy should be performed routinely in these patients. 
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Hett periampullair adenocarcinoom bestaande uit pancreas-, papil- of distaal cholangiocarcinoom, 

iss een aggressieve ziekte met een hoge mortaliteit. Het pancreascarcinoom is de vierde oorzaak 

vann kanker-gerelateerde sterfte in de westerse wereld. De enige curatieve optie op dit moment is 

chirurgischee resectie. Omdat curatieve chirurgie is voorbehouden aan kleine tumoren zonder 

aanwijzingg voor lokale ingroei of metastasen, is vroege detectie een sine qua non. Het groeiende 

inzichtt in de pancreas carcinogenese en de hiervoor verantwoordelijke accumulatie van genetische 

veranderingenn biedt perspectieven voor de ontwikkeling van moleculaire markers voor de vroege 

detectiee en behandeling van het pancreascarcinoom. 

Slechtss ongeveer 20% van de patiënten met een pancreascarcinoom komt in aanmerking voor 

chirurgischee resectie door middel van een pancreaticoduodenectomie (PD). Mede daarom is het 

minimaliserenn van de risico's van deze grote operatie een vereiste. Bij ongeveer 80% van de 

patiëntenn wordt de diagnose pancreascarcinoom gesteld op een moment dat curatieve resectie 

niett meer mogelijk is. Optimale palliatie met behulp van chirurgische en niet-chirurgische 

behandelingenn is voor deze patiënten erg belangrijk. Ook wanneer pas tijdens laparotomie blijkt 

datt de tumor toch niet resectabel is, zal gekozen moeten worden voor een chirurgische palliatieve 

behandelingg die de kwaliteit van het resterende leven optimaliseert. 

Ditt proefschrift bestaat uit twee delen: deel I getiteld "Molecular Markers" en deel II getiteld 

"Management".. De negen studies in deel I beschrijven het onderzoek naar de verschillende 

klinischee toepassingen van genen die betrokken zijn bij de pancreas carcinogenese. De vijf studies 

inn deel II evalueren de optimale behandeling van patiënten met resectabele en niet resectabele 

periampullairee carcinomen. 

Deell I - "Molecular Markers" 

Bijnaa alle patiënten die resectie van een periampullair carcinoom ondergaan, krijgen uiteindelijk 

tochh een locoregionaal recidief of metastasen op afstand. Metastasen ontstaan door uitzaaiing 

vann maligne cellen wat waarschijnlijk vaak al onbemerkt plaatsvindt vóór de resectie. De 

mogelijkheidd om deze zogenaamde micrometastasen te detecteren zou de preoperatieve selectie 

vann patiënten verbeteren en als leidraad kunnen dienen bij toekomstige behandelstrategieën. In 

Hoofdstukk 1 wordt de klinische relevantie van immunocytochemisch gedetecteerde 

micrometastasenn in het beenmerg van patiënten met een verdenking op een pancreas- of 

papilcarcinoomm uitgezocht. Micrometastasen werden aangetoond met behulp van cytokeratine 

markerss in het beenmerg van 12 van de 31 (39%) patiënten. Na een mediane follow-up van 17 

maandenn waren 15 van de 31 (48%) patiënten overleden: 7 van de 10 (70%) mét en 8 van de 21 

(38%)) zonder micrometastasen. De aanwezigheid van deze micrometastasen voorspelde een 

significantt kortere overleving. Omdat het beenmerg ook aankleurde in twee patiënten met 



pancreatitiss zonder maligniteit, wordt de klinische toepassing van cytokeratine markers op dit 

momentt afgeraden. 

Fijnee naald aspiratie van cellen is een bruikbare techniek in de diagnostiek van een pancreas 

tumor.. Terwijl de meeste aspiraties kunnen differentiëren tussen een maligne en benigne tumor, 

iss een substantiële minderheid atypisch en niet betrouwbaar genoeg om een maligniteit uit te 

sluiten.. In Hoofdstuk 2 werd onderzocht of een moleculair panel van de genen K-ras, p53, and 

DPC4DPC4 kan helpen bij het onderscheid tussen een maligne en benigne tumor in geval van een 

atypischee cytologie. Het panel correleerde met de conventionele cytologie uitslagen en stelde de 

diagnosee adenocarcinoom in 6 van de 19 (32%) aspiraties met een atypische cytologie. Op basis 

vann deze resultaten werd geconcludeerd dat een moleculair panel van K-ras, p53, and DPC4 in 

staatt is een diagnose te stellen in patiënten met een atypische fijne naald aspiratie. Gebruik 

ervann kan wellicht leiden tot vroegere en minder invasieve diagnostiek. 

Dee huidige stagering van periampullaire tumoren is niet in staat patiënten te selecteren met een 

slechtee prognose ondanks een succesvolle resectie. In Hoofdstuk 3 wordt onderzocht of cytologie 

enn K-ras mutatie analyse van peroperatieve buikspoelingen van patiënten met een periampullair 

carcinoomm een subgroep kan identificeren met een slechtere prognose, In 8 van de 134 (6%) 

buikspoeüngenn van patiënten die een exploratieve laparotomie ondergingen voor een periampullaire 

tumorr werden maligne cellen aangetroffen. De tumor bleek irresectabel bij 6 van deze 8 (75%) 

patiënten.. Hoewel de incidentie laag is, voorspelt de aanwezigheid van maligne cellen in het buikvocht 

eenn slechte prognose. Bovendien hadden patiënten met een positieve cytologie een significant 

korteree mediane overleving dan patiënten met een negatieve cytologie. Het percentage 

gedetecteerdee K-ras mutaties was 3%. Deze data suggereren dat er slechts een kleine rol is 

weggelegdd voor conventionele cytologie of K-ras mutatie analyse van buikspoelingen in patiënten 

meteenn potentieel resectabel periampullair carcinoom. 

Endoscopischee retrograde cholangiopancreatografie (ERCP) is een belangrijk diagnostisch 

hulpmiddell in patiënten met een biliaire stenose. Tijdens ERCP kunnen cellen verzameld worden 

voorr differentiatie tussen een maligne en benigne oorzaak. In een eerdere studie hebben we van 

3122 opeenvolgende patiënten met een verdachte biliaire stenose brush cytologie afgenomen. 

Hierinn werden mutaties in het K-ras oncogen opgespoord door middel van PCR en een allel 

specifiekee oligonucleotide (ASO) hybridisatie test. Aanwezigheid van K-ras mutaties in brushes 

wijstt op een maligniteit als oorzaak van de biliaire stenose. Hoofdstuk 4 is een follow-up studie 

vann de acht van de 312 (3%) patiënten met een K-ras mutatie in een biliaire stenose die niettemin 

benignee leek. Na een mediane follow-up van 65 maanden, waren zes van de acht patiënten nog 

inn leven zonder aangetoonde maligniteit en twee waren overleden aan een niet-gerelateerde 

ziekte.. Hiermee is bevestigd dat de de K-ras mutaties in alle acht patiënten met een benigne 

biliairee stenose inderdaad fout positief waren. Toch verdienen patiënten met een positieve K-ras 



mutatiee in biliaire cytologie een zorgvuldige follow-up, omdat een fout-positieve uitslag niet vaak 

voorkomt. . 

Dee specificiteit van een K-ras mutatie analyse met een ASO test in brush cytologie blijft 

zorgwekkend,, aangezien de consequenties van onnodige resectie onacceptabel zijn. Om een 

ideee te krijgen van de prevalentie van K-ras mutaties in brush cytologie en gal van de algemene 

bevolking,, wordt in Hoofdstuk 5 een epidemiologische studie opzet gebruikt waarbij materiaal 

wordtt verkregen bij obducties. K-ras mutaties werden gevonden in 78 van de 317 (25%) brush 

cytologiee preparaten, in 18 van de 317 (6%) gal preparaten, en in het pancreasweefsel met 

PanlN-1Aenn PanIN-1B laesies. Met behulpvan gegevens van het Centraal Bureau voor Statistiek 

(CBS)) kon de prevalentie van K-ras mutaties in de algemene bevolking geschat worden op 14% 

inn brush cytologie en 3% in gal. Uit dit onderzoek werd daarom geconcludeerd dat K-ras mutatie ^ 
at at 

analysee met behulp van een ASO test niet geadviseerd kan worden als screening methode in de Ü 
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algemenee bevolking. £ 

Dee eerder genoemde brushes van de 312 patiënten met een extrahepatische biliaire stenose =' 

werdenn ook gebruikt in Hoofdstuk 6 om de K-ras mutatie analyse te verrichten met de nieuwe -S 

amplificationn refractory mutation system" (ARMS) test. The resultaten werden vergeleken met § 

zowell de conventionele cytologie als de K-ras mutatie analyse met behulp van een ASO test, en £ 

geëvalueerdd in het licht van de definitieve diagnose. The test karakteristieken van de ARMS en •" 

ASOO testen waren grotendeels gelijk met een sensitiviteit voor een maligniteit van respectievelijk 

49%% en 42%. De specificiteit van de kwantitatieve ARMS test kon verhoogd worden tot 100% 

doorr grenswaarden vast te stellen voor de fout-positieve uitslagen. Hierdoor verlaagde de 

sensitiviteitt van de ARMS test van 49% naar 43%. Het gebruik van de ARMS test valt te overwegen 

bijj de surveillance van mensen met een verhoogd risico op een pancreas carcinoom. 

Ondankss de voortgang die geboekt is in het inzicht in pancreas carcinogenese, is maar weinig 

bekendd over de genetische veranderingen die de progressie tot kanker in gang zetten. We weten 

datt verkorting van telomeren chromosomale instabiliteit kan veroorzaken. In Hoofdstuk 7 hebben 

wee onderzocht wanneer dit fenomeen plaatsvindt. Hiertoe is in een serie van 82 niet invasieve 

precursorr laesies (ook wel "pancreatic intraepithelial neoplasms" of PanIN laesies genoemd met 

dee histologische stadia PanlN-1A,1B,2 and 3) de lengte van de telomeren bepaald. De telomeren 

warenn opvallend verkort in 79 van de 82 (96%) PanIN laesies en zelfs in 21 van de 23 (91%) 

PanIN-1AA laesies vergeleken met de telomeren in de aangrenzende normale structuren. Verkorting 

vann telomeren in PanINs predisponeert tot de accumulatie van chromosomale afwijkingen en de 

daaropvolgendee ontwikkeling van invasief carcinoom. Telomeer verkorting kan beschouwd worden 

alss de meest voorkomende en vroegste genetische verandering in pancreas carcinogenese tot nu 

toee bekend. 

Inn Hoofdstuk 8 worden de genen die hoog tot expressie komen in het pancreas carcinoom 



geëvalueerdd door middel van GeneChip arrays en "Serial Analysis of Gene Expression" (SAGE). 

Hierbijj werden 97 genen geïdentificeerd die tenminste vijf maal hoger tot expressie kwamen in 

hett pancreas carcinoom dan in normaal weefsel. Twaalf genen werden bevestigd met behulp 

vann immunohistochemie, in situ hybridisatie of RT-PCR. Aangezien 69 van deze genen nog niet 

eerderr werden geassocieerd met het pancreas carcinoom kunnen ze beschouwd worden als 

nieuwee kandidaat tumor markers. 

Parallell aan Hoofdstuk 8, hebben we in Hoofdstuk 9 de genen in kaart gebracht die verhoogd 

tott expressie komen in papilcarcinomen. Hierbij werden 235 fragmenten geïdentificeerd die 

tenminstee vijf maal hoger tot expressie kwamen in papilcarcinomen dan in normaal duodenum. 

Dee typering van acht kandidaat genen werd bevestigd met behulp van immunohistochemie of in 

situsitu hybridisatie op tissue microarrays (weefsel coupes) met 54 papilcarcinomen. Eén van deze 

genen,, Osteopontin genaamd, kwam 21 keer hoger tot expressie in papilcarcinomen dan in 

normaall duodenum. Het serum Osteopontin gehalte gemeten met behulp van competitieve ELISA 

wass rond de 900 ng/ml in patiënten met een papilcarcinoom of papiladenoom, 300 ng/ml in 

patiëntenn met een niet neoplastische periampullaire aandoening, en rond de 200 ng/ml in de 

gezondee controle groep (p<0.001). Markers voor papilcarcinomen zoals Osteopontin kunnen 

betekeniss hebben in het vroeger detecteren en diagnostiseren van patiënten met een papiltumor. 

Deell II - "Management" 
Vann alle periampullaire carcinomen, heeft het papilcarcinoom de beste vijfjaarsoverleving na 

resectiee vergeleken met het pancreascarcinoom en het distaal cholangioarcinoom. Er bestaat 

discussiee over de vraag welke papiltumoren behandeld kunnen worden met een lokale resectie. 

Inn Hoofdstuk 10 worden de resultaten na lokale en radicale resectie van papiladenomen en 

papilcarcinomenn geanalyseerd in 145 patiënten. Lokale resectie was toereikend in 16 van de 25 

(64%)) patiënten, 12 met een papiladenoom en 4 met een stadium la papilcarcinoom. In de 

overigee 9 patiënten was een re-operatie in de vorm van een pancreaticoduodenectomie (PD) 

geïndiceerdd omdat de lokale resectie niet radicaal was. De andere 120 patiënten ondergingen 

eenn electieve PD voor een papiladenoom (n=7), /ns/ïu carcinoom (n=1) of papilcarcinoom (n=112). 

Dee vijfjaarsoverleving van patiënten met een papiladenoom was 92% na lokale resectie en 86% 

naa PD. De resultaten van deze studie laten zien dat lokale resectie beschouwd kan worden als 

eenn adequate behandeling van patiënten met een papiladenoom maar niet van patiënten met 

eenn papilcarcinoom. 

Hett minimaliseren van de risico's van pancreas chirurgie is belangrijk, vooral omdat maar weinig 

patiëntenn in aanmerking komen voor een curatieve resectie. Toch staat centralisatie in 

gespecialiseerdee centra van risicovolle chirurgie zoals PD nog steeds ter discussie in de meeste 

landen.. Om tot een objectief oordeel te komen over de waarde van centralisatie, wordt in 



Hoofdstukk 11 een overzicht gegeven van de literatuur waarin het effect van het aantal pancreas 

resectiess per jaar op de mortaliteit wordt bekeken. Het relatieve risico (RR) op mortaliteit in een 

ziekenhuiss dat meer dan 20 pancreas resecties per jaar doet vergeleken met een ziekenhuis dat 

minderr dan 20 pancreas resecties per jaar doet, varieert tussen de 0.07 en 0.15. Elf van de 12 

geïndudeerdee studies laten een lagere mortaliteit zien in "hoog-volume" ziekenhuizen ten opzichte 

vann "laag-volume" ziekenhuizen, onafhankelijk van de afkapwaarde. Deze resultaten leveren 

eenn overtuigend bewijs dat er een omgekeerde relatie is tussen ziekenhuis volume en mortaliteit 

naa pancreas resectie, en dat het pleidooi voor centralisatie legitiem is. 

Inn navolging van voorgaand hoofdstuk, wordt in Hoofdstuk 12 het effect van dit pleidooi voor 

centralisatiee geëvalueerd in Nederland, één van de weinige landen met een onafhankelijke 

nationalee registratie. Hiertoe werden de veranderingen in de mortaliteit na PD en het i* 

verwijspatroonn geanalyseerd over negen jaar. Vanaf het begin van de registratie in 1994 zijn de » 
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beschikbaree data over de volume-uitkomst relatie regelmatig naar buiten gebracht middels 5 

publicatiess en presentaties. Deze gaven altijd aanleiding tot discussies over de consequenties van £ 

centralisatie.. Na een negen jaar durend pleidooi is de mortaliteit in ziekenhuizen die minder dan 5 

55 PD's per jaar verrichten vergeleken met de ziekenhuizen die meer dan 24PD's per jaar verrichten § 
n n 

niett noemenswaardig veranderd van 16.1% versus 1.5% in 1994 naar 14.8% versus 2.5% in £ 
5" " 

2002.. Ook het verwijspatroon is min of meer hetzelfde gebleven. Hieruit blijkt dat de Nederlandse " 

chirurgischee gemeenschap niet in staat is geweest om collectief de mortaliteit na PD te verlagen. 

Dee mediane overleving van patiënten met een irresectabel periampullair carcinoom varieert tussen 

dee 6 en 12 maanden. Gedurende deze periode staat verlichting van de belangrijkste symptomen 

zoalss galweg obstructie, duodenum obstructie en pijn op de voorgrond. In Hoofdstuk 13 worden 

dee huidige aanbevelingen ten aanzien van de palliatie van deze patiënten samengevat. Het 

algemenee advies luidt dat patiënten met een levensverwachting van minder dan 6 maanden het 

bestee een niet-chirurgische, en patiënten met een levensverwachting van meer dan 6 maanden 

hett beste een chirurgische palliatieve behandeling kunnen ondergaan. Van alle mogelijke 

chirurgischee bypasses verdient in het algemeen een choledochojejunostomie de voorkeur. Pijn is 

eenn frequent symptoom gerelateerd aan een slechte overleving en dient aggressief bestreden te 

worden.. Naast de gebruikelijke pijnmedicatie is blokkade van de plexus coeliacus door middel 

vann injectie met 50% alcohol effectief gebleken. 

Wanneerr een periampullair carcinoom pas tijdens exploratieve laparotomie irresectabel blijkt te 

zijn,, heeft een chirurgische palliatieve behandeling de voorkeur boven een niet-chirurgische 

palliatievee behandeling. Het was tot voor kort onduidelijk of het aanleggen van een profylactische 

gastrojejunostomiee in deze patiënten voordelen heeft. Deze vraag heeft geleid tot een multi-

centerr gerandomiseerde studie beschreven in Hoofdstuk 14, waarin een dubbele bypass 

bestaandee uit een hepaticojejunostomie en een profylactische gastrojejunostomie wordt vergeleken 



mett een enkele bypass bestaande uit alleen een hepaticojejunostomie. Symptomen van 

maaguitgangsobstructiee werden gevonden in 2 van de 36 (5.5%) patiënten met een dubbele 

bypass,, en in 12 van de 29 (41%) patiënten met een enkele bypass (p=0.001). In de dubbele 

bypasss groep was de absolute risico reductie (ARR) van een relaparotomie voor het aanleggen 

vann een (re-)gastrojejunostomie 18% met een "numbers needed to treat" (NNT) van 6. Er waren 

geenn verschillen tussen beide groepen wat betreft postoperatieve morbiditeit zoals vertraagde 

maagontledigingg en aantal ligdagen, noch in overleving en kwaliteit van leven. De conclusie van 

dezee gerandomiseerde studie was dan ook dat een dubbele bypass de voorkeur verdient boven 

eenn enkele bypass in patiënten met een periampullair carcinoom dat irresectabel blijkt tijdens 

laparotomie. . 

Dee studies beschreven in dit proefschrift laten zien dat genetische markers een rol kunnen spelen 

inn de vroege detectie van periampullaire carcinomen en in de identificatie van patiënten met een 

verhoogdd risico op deze aandoening. Verschillende moleculaire technieken vormen een aanvulling 

opp de conventionele diagnostiek in de differentiatie tussen maligne en benigne periampullaire 

tumoren. . 

Eenn moleculair panel bestaande uit de genen K-ras, p53 en DPC4 helpt in het stellen van de juiste 

diagnosee in patiënten met een atypische fijne naald aspiratie (FNA). De K-ras mutatie analyse 

verhoogtt tevens de sensitiviteit van brush cytologie verkregen tijdens endoscopische retrograde 

cholangiopancreatografiee (ERCP) van een biliaire stenose. 

Helaass is de specificiteit van de K-ras mutatie analyse met behulp van een allel specifieke 

oligonucleotidee (ASO) test niet 100%: K-ras mutaties worden ook gezien in benigne aandoeningen. 

Hoewell ze beschouwd moeten worden als premaligne, is het natuurlijke beloop van deze laesies 

vooralsnogg onbekend. Bovendien wordt de prevalentie van K-ras mutaties in de brush cytologie 

enn gal van de algemene bevolking geschat op respectievelijk 14% en 3%, wat de test ongeschikt 

maaktt voor screening. Bij het gebruik van de nieuwe kwantitatieve "amplification refractory 

mutationn system" (ARMS) test, kan de specificiteit van de K-ras mutatie analyse verhoogd worden 

tott 100%. Deze bevinding opent nieuwe deuren naar het gebruik van K-ras mutatie detectie in 

dee kliniek. In een volgende studie zal de prevalentie van K-ras mutaties in brushes en gal van 

obductiepreparatenn bekeken worden met de ARMS test. 

Nieuwee potentiële tumormarkers voor periampullaire carcinomen zijn geïdentificeerd door de 

genetischee expressie van deze tumoren in kaart te brengen. De vertaling van de resultaten naar 

dee dagelijkse praktijk is nog beperkt. Eerst moet hun geschiktheid als marker voor de vroege 

detectiee van carcinomen onderzocht worden. 

Dee bevinding dat verkorting van telomeren de tot nu toe aangetoonde vroegste genetische 



Figuurr 1 Het voorgestelde nieuwe pancreascarcinoorn progressie model 

afwi jk ingg is in de pancreas carcinogenese zou kunnen leiden to t aanpassing van het 

pancreascarcinoornn progressie model (figuur 1). 

Localee resectie is een adequate behandeling voor patiënten met een papiladenoom. Resectie 

doorr middel van een pancreaticoduodenectomie (PD) is in het algemeen de enige curatieve optie 

voorr periampullaire maligniteiten zoals het pancreas-, papil, en distale cholangiocarcinoom. PD is 

eenn risicovolle ingreep met aanzienlijke morbiditeit en mortaliteit, maar kan veilig uitgevoerd 

wordenn in gespecialiseerde centra. Literatuuronderzoek laat zien dat er een correlatie bestaat 

tussenn het aantal verrichte PD's per jaar en de ziekenhuis mortaliteit. Ondanks een aanhoudend 

pleidooii voor centralisatie van pancreas chirurgie in Nederland, worden geen veranderingen 

gezienn in de landelijke ziekenhuis mortaliteit en het verwijzingspatroon. Aangezien centralisatie 

emotionelee en logistieke bezwaren kent in Nederland, zal gezamenlijk een oplossing gevonden 

moetenn worden voor de persisterend hoge mortaliteit na PD in "laag-volume" ziekenhuizen. 

Palliatiee neemt een belangrijke plaats in bij de behandeling van het periampullair carcinoom omdat 

maarr weinig patiënten in aanmerking komen voor resectie. De keuze tussen een endoscopische of 

chirurgischee palliatieve procedure kan het best gebaseerd worden op de levensverwachting. Bij een 

levensverwachtingg van langer dan 6 maanden wordt het aanleggen van een chirurgische bypass 

geadviseerd.. Aangezien op dit moment hard gewerkt wordt aan de verbetering van palliatieve 

endoscopischee technieken, kunnen de aanbevelingen met de jaren veranderen. 

Chirurgischee palliatie heeft ook de voorkeur wanneer een periampullair carcinoom pas irresectabel 

blijktt tijdens exploratieve laparotomie. De gerandomiseerde studie beschreven in dit proefschrift 

wijstt uit dat deze patiënten gebaat zijn bij het routinematig aanleggen van een profylactische 

gastrojejunostomie. . 
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Chapterr 1 -figure 1 Cytospin of a typically positive bone marrow 
samplee stained with CAM 5.2 (magnification 10 x 160) 
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Chapterr 2 - figure 1 Three representative fine-needle aspirates of the pancreas. The first (A) was diagnosed as 
"diagnosticc of adenocarcinoma," and the second (B) was "negative for malignancy." The third aspiration (C) contains 
atypicall cells that are suggestive, but not diagnostic, of malignancy. (Papanicolaou; A, *600; B and C, ><400) 
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Chapterr 2 - figure 3 Examples of p53 immunohistochemical assays. (A)This specimen read as diagnostic of 
adenocarcinomaa shows overexpression of the p53 protein. (B) This specimen read as negative for malignancy 
doess not show p53 overexpression. (*400) 

Chapterr 2 -figure 4 Examples of Dpc4 immunohistochemical assays (A) This specimen read as negative for 
malignancyy shows intact expression of the Dpc4 protein. (B) This aspiration was diagnostic of adenocarcinoma; 
Dpc44 expression is lost. (*400) 
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Chapterr 3 -figure 1 (A) Periampullary wash positive for adenocarcinoma with crowded tissue fragments 
andd marked pleomorphism; (B) Corresponding pathology of the resection specimen showing pancreatic 
adenocarcinoma a 
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Chapterr 3 - figure 2 (A) Periampullary wash negative for adenocarcinoma with a low nuclear : cytoplasmic 
ratio,, smooth nuclear borders, and lack of tissue fragments; (B) Corresponding pathology of the resection 
specimenn showing pancreatic adenocarcinoma 
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Chapterr 3 -figure 3 (A) Periampullary wash atypical for adenocarcinoma with crowded tissue fragments and 
irregularr nuclear borders; (B) Corresponding pathology of the resection specimen showing pancreatic 
adenocarcinoma a 



Chapterr 7 - figure 1 TEL-FISH for assessment of telomere repeat lengths performed on PanIN lesions adjacent 
too pancreatic adenocarcinoma. The telomeres are stained with Cy3-labeled anti-telomeric probe and are colored 
red;; the DNA is counterstained with DAPI and colored blue. (A) Low-grade PanIN (PanlN-1A) demonstrates 
weakk telomeric signals in the nuclei (double arrows), while intense telomeric signals are retained in the subjacent 
normall epithelium (arrow) and the stromal fibroblasts. (B) Low-grade PanIN (PanlN-1B) demonstrates weak 
telomericc signals in the papillary tufts (double arrows); in contrast, intense telomeric signals are retained in the 
stripp of retained normal epithelium (arrow). (C) High-grade PanIN (PanlN-3) with weak telomeric signals (double 
arrows);; in contrast, there is a sharp transition with the normal epithelium demonstrating intense telomeric 
fluorescencee (arrow). (D) Weak telomeric fluorescence in cancerized ducts (double arrows); the interspersed 
brightt signals (arrow) are lymphocytes within and surrounding the cancerized ducts. DAPI counterstain; original 
magnifications:: x40 (A, B); 100 (C, D) 



Chapterr 8 - figure 2 Validation of gene expression by immunohistochemical and in situ hybridization in primary 
pancreaticc cancers. (A) Fascin. Strong cytoplasmic immunolabeling is noted within the infiltrating neoplastic epithelium, 
inn contrast to the normal pancreatic duct epithelium that is negative. (B) Topoisomerase II. Strong nuclear 
immunolabelingg is noted within the neoplastic epithelium, in contrast to the normal pancreatic duct epithelium and 
desmoplasticc stroma that are negative. (C) Heat shock protein 47. Strong immunolabeling is noted of the desmoplastic 
stromaa of the tumor, in contrast to the neoplastic epithelium that is negative. (D) Pleckstrin. mRNA expression is 
detectedd within the neoplastic epithelium by in situ hybridization, in contrast to the surrounding desmoplastic 
stromaa that is negative. The nonneoplastic epithelium did not label either. 
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Chapterr 9 -figure 1 Expression patterns of candidate overexpressed genes in ampullary adenocarcinoma. (A) 
Fascinn is overexpressed in the neoplastic epithelium, but not in adjacent normal epithelium (B) Mucin 5 is 
overexpressedd in the neoplastic epithelium, but no expression is seen in retained strips of normal epithelium 
(arrows).. (C) Fibronectin is overexpressed in the neoplastic stromal desmoplastic component; in contrast, the 
neoplasticc epithelium is non-reactive (D) In situ hybridization demonstrates intense expression of tissue inhibitor 
off metalloproteinase-1 transcripts in neoplastic epithelium and adjacent desmoplastic stroma. 
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Chapterr 9 - figure 2 Osteopontin (OPN) 
expressionn in ampullary adenocarcinoma. (A) in 
situsitu hybridization for OPN (antisense probe) 
demonstratess intense expression in intratumoral 
macrophages,, while the neoplastic epithelium is 
negative.. (B) sense probe is non-reactive in the 
macrophages,, confirming the specificity of signal 
(C)) a CD68 stain demonstrates that the cells with 
OPNN expression are macrophages. 
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Mostt readers will remember Dr. Kenneth W. Warren as an internationally recognized surgeon 

askingg critical questions at one of the gastrointestinal or pancreatic cancer meetings he loved to 

attend.. His colleagues called him "the complete surgeon" since he combined a high degree of 

professionall skill with personal concern for each patient. He always set goals for himself, the last 

off which was to launch the Kenneth W. Warren Surgical Research Fellowship. The week before 

hee passed away on November 15 2001, he insisted on meeting the first Warren Research Fellow. 

II am honored and fortunate to be that person, and I would like to share some of the last thoughts 

andd remarks of this wonderful man with you. 

Att age 90 years, Dr. Warren was admitted to the New England Baptist Hospital where he had 

beenn Surgeon-in-Chief from 1969 to 1976, and a trustee ever since. Although we had never met, 

hee set me at ease at once with his warm-hearted personality. He was very alert in a sparkling 

way,, and his stories about life were fascinating. 

Afterr I brought in his newspaper each morning and read the sport scores to him, Dr. Warren would 

soonerr or later switch to his favorite topic: surgery. He told me amazing stories of patients, 

rememberingg names and details of their surgery, many of which were performed before I was born. 

"Surgeryy is not difficult, nor scary, it is FUN." 

"Doo you know how to prevent leakage from the pancreatic duct?" and he would order 

paperr napkins and sutures, and demonstrate the perfect anastomosis. 

"Thee most common errors in the surgical treatment of acute pancreatitis are to operate too early 



inn the course of the disease, and to do too much, or in the secondary or septic phase of the 

diseasee to operate too late and to do too little" (Surgical Clinics of North America, June 1964). 

AA tot of his surgical convictions he would express in a quotation. 

-- Every now and then he would take a nip of ginger ale -

Dr.. Warren was fascinated by the anatomy of the peritoneum and was convinced that knowledge 

off the embryology of cleavage planes is the hallmark of a capable gastrointestinal surgeon. 

"Practicee of gentleness to tissues is more important than the preaching." 

"Butt " - a word often used by Dr. Warren, in a faint Southern accent - "the technique of an 

operationn should be regarded as only a small part of the total care of a patient/' 

"Myy primary professional goal has always been: to get sick people well, and when that has 

provenn impossible, to add to their comfort until the end." 

"Tjarda,, travel the road together with your patients, don't be afraid of becoming friends with 

them,, as long as you are in charge." 

-nip-nip of ginger ale -

"Couldd you fix my glasses, please, let's see how your surgical skills are." 

Witnessingg all the different people dropping by his room, I could tell that no one had been 

beneathh his recognition. As a former trainee of Dr. Warren said: "He showed all people dignity 

andd respect, not only as a physician, but that was the person he truly was." 

Eachh nurse that walked in and out in the days I spent with him, he called his favorite. He made up 

forr his occasional grumbling by showing them a big smile and making jokes. Humor was obviously 

veryy important to him, and he believed we should criticize our own behavior every day. 

Hee encouraged me to continue practicing my pancreatic cancer research. 

"Earlyy diagnosis and treatment is the key." 

Hee explained to me his belief in the obligation of physicians and surgeons to expand the frontiers 

off their field. 

"Youngg surgeons, like you, will open the doors of the future. Be skeptical, you should remember 

thee immortal words of Alexander Pope: Be not the first by whom the new is tried, nor yet the last 

too lay the old aside." 

-- nip of ginger ale -

"itt disappoints me that you don't know anything about baseball. You Dutch only talk about 

soccer.. You should be celebrating that the Yankees lost." 



Sometimess he revealed a glimpse of his persistent character. He insisted in organizing a luncheon 

forr me with the hospital staff in the boardroom that carries his name. He got himself into a 

wheelchairr that day and gave a fabulous and funny speech, like he has obviously done many 

timess during his life. 

Att the end of the 4 days together he gave me his favorite book on the "Embryology of the 

Peritonaeum"" from 1892, his favorite pair of scissors, and a big hug. No words of good-bye were 

allowed,, he continued reading his newspaper. 

Dr.. Kenneth Warren touched my professional and personal life, as he touched many others. I will 

cherishh those days with him and continue my Fellowship in pancreatic cancer research at the 

Johnss Hopkins Hospital in his remembrance. 
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LaborLabor omnia vindt, maar dit boekje was er nooit gekomen zonder hulp van velen. Daarom wil ik 

eenn ieder bedanken die mij op welke manier dan ook gesteund heeft om dit moment te bereiken. 

Inn het bijzonder: 

Mijnn promotor Prof. dr. DJ. Gouma. Beste professor, [koema netherlands], dank voor alles! U 

hebtt me vrij gelaten in het onderzoek en vertrouwde erop dat het goed zou komen, en ik daarmee 

ook.. Uw enthousiasme is never-ending en aanstekelijk - "geen tijd voor getut". U bent de brug 

tussenn de wetenschap en de patiënt. Het is een voorrecht om uw promovendus én 

opleidingsassistentt te zijn. Ik hoop in de chirurgie nog lang door u geïnspireerd te mogen worden. 

Mijnn promotor Prof. dr. G.J.A. Off erna us Beste Johan, dank voor alle begeleiding en positieve 

kretenn gedurende de afgelopen jaren. In jouw bijzijn is geen enkel probleem onoplosbaar; het 

jaarr op Hopkins had ik niet willen missen. Ik bewonder je als professor, wetenschapper en 

leermeester,, maar misschien wel bovenal als integer mens. Ik hoop dat we contact zullen houden, 

ookk al word ik dan chirurg (v). Stijn, dank voor je warme belangstelling. 

Prof.. dr. M.G. Goggins, co-promotor. Dear Mike or MG, thank you for the wonderful time you 

offeredd me in your research group at the Johns Hopkins. Although I could not hold a pipet in the 

beginning,, you were very patient with me and taught me a lot without making me feel too stupid. 

Itt is a great honor that you are willing to be my co-promotor for the ceremony of my thesis defense. 

Geachtee leden van de promotiecommissie, het is mij een eer en waar genoegen om op voorspraak 

vann zo'n gewaardeerd gezelschap goedkeuring te mogen ontvangen, dank u. 

Prof.. dr. H. O bert op, beste professor, hartelijk dank voor uw heldere ideeën en opbouwende 

kritiekk ten aanzien van de inhoud van dit proefschrift. Ik waardeer uw openheid en betrokkenheid 

enorm.. Komend voorjaar weer Rondje Hoep? Prof. dr. F.J.W. ten Kate, beste Fiebo, dank voor 

dee leuke reactie op mijn "proef-proefschrift". Hoewel we samen weinig coupes hebben bekeken, 

wass jij altijd bereid te helpen. Ik vind het fantastisch datje zitting wilt nemen in de commissie. 

Prof.. dr. DJ, Richel, beste professor, dank voor uw belangstelling in mijn onderzoek. Prof. dr. 

K.. Huibregtse, beste professor, u bent de "koning van de ERCP". Ik ben vereerd de gelegenheid 

tee krijgen om met u van gedachten te wisselen over de inhoud van dit boekje. Prof. dr. J. Jeekel, 

bestee professor, dank u voor het kritisch beoordelen van mijn proefschrift. Ik zal niet vergeten 

hoee u mij onthaalde toen ik het langs kwam brengen in Rotterdam. Zelfs als Amsterdamse moet 

ikk toegeven dat ik erg onder de indruk ben van uw kliniek. 

Dee patiënten ben ik zeer erkentelijk voor het meewerken aan de Progastro trial. 



G44 is letterlijk en figuurlijk "the center of the AMC" waar het allemaal gebeurt: briljante ideeën, 

verhittee discussies, een lach en een traan. Alle secretaresses en in het bijzonder Trudi en Hanneke 

bedanktt voor jullie hulp. Aangezien ik vrij lang gedaan heb over dit boekje, heb ik veel collega-

onderzoekerss mee mogen maken. Dierbare oude garde van wie ik zoveel heb geleerd: Peter, 

aliass Duivedak, het briefje "Succes op deze topplek" in het bureau dat ik van je overnam heb ik 

nogg steeds; je had gelijk; Miquel, in stilte veel gedeeld; Djemilla, gelukkig toch nog een jaartje 

samen;; Rutger, Progastro en BH-80 waren machtig prachtig; Esther, ga je weer eens mee naar 

Bioemendaall aan Zee? Janneman, beetje Indo, we snappen elkaar; Mich, kom je salsa dansen 

dee 16r? Ivo, Bob, Joep, Karen, Hoks, Marloes, Dirk bedankt. Briljante postdoc en vriendin 

Irene,, in Tokyo leerde ik je pas echt kennen, je bent een mooi mens. En dan de nieuwere 

lichting:: Bas, lieve Lamme, prunussen trekken of in een cubical zitten, gedeelde smart met jou = 

veell lol; Olivier, lieve Ollie, hop-hop-hop wat een mooie tijd gaan wij krijgen in het OLVG; Caroline, 

lievee Pimmie, dispuutgenootje en ex-wetenschapsstudent, you did a great job. Roel, Cecilia, 

Chris,, Bas P, Stefan, Tim, Ping, Ties, Taco, Sjoerd, Philip, Oddeke, Lieke, Liselot, Annebeth, 

dankk voor alle gezelligheid. Mijn liefste kamergenoten, vriendjes en vertrouwetingen Steve en 

Koert.. Steve, de combi van Antilliaanse relaxed-heid en Hollandse ijver in jou vind ik geweldig. 

Wee believe in miracles. Koert, rots in de branding, jij bent de enige echte basale wetenschapper 

onderr ons. We hebben lief en leed gedeeld en ik hoop dat dat zo zal blijven. 

Allee congresgangers van heelkunde dagen, GE-dagen, IHPBA, ESA, en DDW, dank voor de mooie 

tijden;; I will always prefer the Sultan Solution. 

Chirurgenn en collega-assistenten. Elke dag ga ik met plezier naar mijn werk, we hebben een 

mooiee groep. Dank voor jullie interesse en begrip voor een drukke promovendus. Prof. dr. T.M. 

vann Gulik, beste Thomas, Amsterdam, Veldhoven of Tokyo, het was altijd goed toeven met jou 

opp een GE of HPB congres. Prof. dr. JJ. van Lanschot, beste Jan, dank voor de leuke discussies; 

Prof.. ór.  D.A. Legemate, beste Dink, je bent altijd in voor een goed gesprek. Lieve Marja 

Boermeester,, dank voor al je opbeurende woorden juist toen ik ze nodig had. Ook Olivier 

Buschh als inmiddels grootste leverancier van patiëntenmateriaal voor G4-144, wil ik bedanken. 

Lievee Jan-Willem, chirurg én niet weg te denken uit Johan's groep, dank voor de etentjes en 

goedee adviezen. 

Allee medewerkers van de afdeling Pathologie ben ik erkentelijk voor de hulp bij het hele proces 

tussenn OK en coupe of epje. Prof. dr. J.J. Weening, beste Jan, dank voor de mogelijkheid om op 

dee afdeling Pathologie onderzoek te doen. Paul Drillenburg, leuk dat we binnenkort weer 

samenn zullen werken. Eric, jouw hulp was eindeloos. De "12-year" old en sigaren wachten op je! 



Lievee Josbert, jouw vrolijkheid is niet te stuiten, wanneer schrijven we samen een stukje? Marnix, 

alss ik jou niet had gehad in Baltimore...; Metin, Bas, Patrick, Mark, Alex, Folkert, Mirjam, 

Marjon,, Marjan, Anya, Ralph, Wendy, Suzanne, Cornelis, Lodewijk, Steven, Wilfried, Frank, 

dankk voor al het werk dat jullie voor en met mij verzet hebben; gezellige dames van de cytologie, 

ikk kom snel weer eens roti eten. 

II am grateful to a lot of people from the Johns Hopkins Medical Institutions, where I discovered 

thee beauty of genetics. First of all Prof. dr. R.H. Hruban, dear Ralph, thank you so much for your 

hospitalityy and the opportunity to work at your department. I admire the way you encourage 

peoplee in their work: you get the best out everyone. It was an honor to work with you. Anirban, 

thankss for the teamwork. I admire your unequalled diligence and talent for writing. But darling, > 
n n 

stayy off the donuts Robb, Chicago was terrific Christophe, Nori, Noriyoshi, Hiro, Carmelle, £ 

Tony,, Kim, Kieran, secretaries, thanks for the support. Alan, even "counting dots" was fun m 
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