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GENERALL  INTRODUCTION : 

Ductall  adenocarcinoma of the pancreas is among the leading causes of cancer-related death in 

thee Western countries '. The incidence of pancreatic carcinoma in Europe is low, 10-15 per 

100.0000 2, 3 Although pancreatic cancer accounts for only about 2% of all malignant tumors, 

itt nevertheless represents the fifth most common cause of death due to cancer. The overall 5-

yearr survival of pancreatic adenocarcinoma is very poor, approximately 2-5% '~4. The dismal 

prognosiss is largely a reflection of the late diagnosis in combination with the aggressive growth 

off  the disease. For pancreatic cancer patients the only option for cure is radical resection of 

thee tumor, but more than 85% of patients have a carcinoma extending beyond the pancreas at 

thee time of diagnosis, and only 10 to 20% of patients have lesions that are resectable ^ $. 

Thee diagnosis is partly hampered by the lack of specific symptoms attributable to early 

malignantt disease. Patients generally show non-specific symptoms, such as anorexia, weight 

loss,, and nausea, and more specific symptoms are jaundice, pruritus, pancreatic exocrine and 

endocrinee dysfunction and back pain. However, these symptoms can also be caused by benign 

diseasess in the pancreatic head region ". In case of a clinical suspicion of a periampullary 

malignancy,, ultrasonography with Doppler flow measurements and (intravenous contrast 

enhanced)) spiral CT scan are generally used to exclude stone disease, detect a mass in that 

region,, determine the presence and level of bile duct obstruction, visualize liver metastases 

(largerr than 1-2 cm), determine the involvement of the major vessels, and detect presence of 

ascitess (a sign of peritoneal metastases). 

Anotherr useful technique to visualize the presence and the level of bile duct stenosis is 

endoscopicc retrograde cholangiopancreaticography (ERCP) 7, 8. 

Inn some cases a cytological or histological confirmation of the cause of the disease is indicated, 

notablyy when this knowledge will affect treatment. In these cases a fine needle biopsy (FNA) or 

brushingss of the distal common bile duct can be performed 9"! 1. Although these techniques are 

highlyy specific, the sensitivity remains low; for brush cytology obtained during ERCP the 

sensitivityy is only 30-40% 12, 13 j\^Q relatively low sensitivity of the ERCP brush cytology 

iss partly a result of the low yield of malignant cells during this procedure. 

8 8 
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Tumorr  progression 

Morphologicc and molecular studies have demonstrated that pancreatic cancer is the ultimate 

resultt of a stepwise progression from normal cuboidal duct epithelium via flat duct lesions 

withoutt atypia (PanIN-lA), papillary duct lesions without atypia (PanIN-lB), papillary duct 

lesionss with atypia (PanIN-2), to carcinoma in situ (PanlN-3), and finally invasive ductal 

carcinomaa 14-16 PanlN stands for pancreatic intraepithelial neoplasia. These consecutive 

histologicall  precursor stages are associated with an accumulation of specific and generalized 

molecularr genetic alterations affecting a variety of cancer-causing genes ' '-24 (figure 1). 

Becausee these genetic alterations occur when the neoplasm is still non-invasive, and before it 

hass spread beyond the pancreas, these molecular changes can potentially be utilized in a 

varietyy of clinical applications, including screening of patients at risk, improvement of 

diagnosis,, optimalization of staging procedures, characterization of the genetic make up of 

unusuall  pancreatic neoplasms, and prognostication of tumors with distinctive molecular 

features. . 

Geness involved in tumor progression of pancreatic carcinogenesis 

Oncogenes Oncogenes 

Geness with a function in the growth of normal cells, so-called proto-oncogenes, can become 

activatedd by point mutation, by gene amplification, or by fusion to other genes and their 

regulatoryy elements, and will then act as oncogenes. In pancreatic cancer the most intensively 

studiedd oncogene is the K-ras oncogene. 

TheThe K-ras oncogene 

Thee K-ras oncogene is mutationally activated in 80-90% of pancreatic carcinomas 25, 26 By 

farr the most mutations detected in pancreatic cancer occur in codon 12 of the K-ras oncogene. 

Theyy typically involve a single base pair change of the GGT sequence (glycine) and sensitive 

polymerasee chain reaction (PCR)-based assays can detect these mutations easily and reliably 

26-28. . 

9 9 
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K-rasK-ras codon 12 mutations are a very early event in the pancreatic tumor progression model. In 

fact,, it has been shown that the K-ras oncogene can already be mutated in pancreatic duct 

epitheliumm that microscopically appears normal 19, 29-32 

Thee high incidence and early occurrence of K-ras alterations suggest that K-ras mutations 

mightt serve as a qualitative marker for this disease, but at the same time indicate that 

specificityy could be a concern. Therefore, many studies have focussed on the detection of K-

rasras mutations in secondary sources, including fine-needle aspirates (FNA), ERCP brush 

cytology,, pancreatic juice, bile, duodenal aspirates, blood and stool samples 27, 28, 33-37 

HER-2/neu HER-2/neu 

HER-2/neuHER-2/neu is a member of the epidermal growth factor receptor family 38. Between 20-70% 

off  pancreatic carcinomas show overexpression of HER-2/neu 17, 38-40 Overexpression of 

HER-2/neuHER-2/neu is also considered as an early genetic event in pancreatic carcinogenesis. HER-

2/neu2/neu is virtually not expressed in normal pancreatic duct epithelium, whereas 82% of the flat 

ductt lesions (PanIN-la en lb) and 92% of the atypical papillary duct lesions (PanIN-2) show 

expressionn 17, n is not well estasblished what causes that the gene is overexpressed, but 

unlikee breast carcinoma gene amplification does not seem to be the underlying mechanism 40 

TumorTumor suppressor genes 

Tumorr suppressor genes normally suppress cell growth by multiple mechanisms, including 

celll  cycle control, transcription regulation and induction of apoptosis. Whereas an activating 

mutationn in one of the two copies of an oncogene is sufficient for their oncogenic activivity, 

inn contrast, inactivating mutations of both alleles of a tumor suppressor gene are needed to 

disruptt their normal suppression of the cell growth. The tumor suppressor gene that mostly is 

inactivatedd in pancreatic cancer is the MTS-1 (multiple tumor suppressor gene) or pi6 gene on 

chromosomee 9p. 

TheThe pi6 gene 

Thee pi 6/MTS-l/lNK4a tumor suppressor gene is an inhibitor of cyclin-dependent kinase 4 

(CDK.4)) and CDK6. CDK.4 in combination with cyclin Dl phosphorylates the retinoblastoma 

10 0 
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genee Rb, after which the cell can proceed through the Gl phase to the S-phase 41, 42 jfe 

pl6/Rbb pathway is inactivated in virtually 100% of pancreatic tumors studied. Mechanisms by 

whichh the pi 6 gene is inactivated include homozygous deletion (40%), intragenic mutation 

coupledd with loss of the wild type allele (40%), and in approximately 15% of the cases the 

pipi 6 gene is inactivated by hypermethylation of its promotor region 43. 

Germlinee mutations in thep/<5 gene cause the familial atypical multiple mole melanoma 

(FAMMM )) syndrome, and patients carrying this germline mutation have an increased risk for 

bothh melanoma and pancreatic cancer 44. 

Inactivationn of the pi 6 tumor suppressor gene appears to occur slightly later than alterations 

inn the K-ras and HER-2/neu oncogenes 22 16 

TheThe p53 gene 

Thee p53 tumor suppressor gene is a transcription factor activated in response to DNA damage 

45.. Activation ofp53 can induce apoptosis and Gl cell cycle arrest. Moreover, thep53 gene is 

directlyy involved in DNA repair itself 46. Thus, inactivation of the p53 tumor suppressor gene 

leadss to the loss of three important cell cycle controls. The gene is inactivated in 50-10% of 

pancreaticc carcinomas 1 8, 47-49 ancj  ̂ j s believed to be a relatively late event in pancreatic 

carcinogenesis.. Mutations of the p53 gene are typically found at the stage of carcinoma in situ 

orr invasive carcinoma 18. The detection of p53 mutations is facilitated by the prolonged half-

lif ee of the mutant protein due to conformational changes of the protein product caused by 

mostt of the mutations ^0 Although not a perfect surrogate for mutational sequence analysis, 

immunohistochemistryy can detect mutated and therefore accumulated p53 protein with a 

sensitivityy of 65-70% and 90% specificity 51. 

TheThe DPC4 gene 

Thee DPC4 tumor-suppressor gene is located on chromosome 18q and is inactivated in 

approximatelyy 55% of infiltrating pancreatic carcinomas 52-55 DpC4 is a phosphoprotein with 

sequence-specificc DNA binding properties and it is able to form complexes with various 

phosphorylatedd Smad proteins. These activated complexes are translocated to the nucleus 

wheree their binding to DNA stimulates the transcription of genes 56 (figure 2). Germline DPC4 

11 1 
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genee mutations cause juvenile polyposis57. Loss of DPC4 expression is a biologically late 

eventt in the pancreatic progression model and is only encountered at the stage of carcinoma in 

situsitu or invasive carcinoma. Using a sensitive and specific antibody against Dpc4 protein it 

wass shown that DPC4 expression was lost in 9 of 29 (31%) PanIN-3 lesions, but was present 

inn all of the 159 lower grade PanlNs (PanIN-1 and PanlN-2) 23> 55. 

TheThe BRCA2 gene 

Thee BRCA2 gene is thought to prevent DNA strand breaks that occur during normal cell 

divisionn 58, 59 A potentially significant therapeutic consequence of disrupted BRCA2 

functionn is the associated increased radio-sensitivity of BRCA2 deficient cells that has been 

observedd in vitro and in animal models 58, 59 

Itt is estimated that approximately 5-10% of patients with clinically sporadic pancreatic cancer 

harborr germline mutations of the BRCA2 gene 60, 61 Patients with a germline mutation in the 

BRCA2BRCA2 gene have an increased lifetime risk of breast, ovarian and pancreatic cancer 60-63 

Thee prevalence of biallelic inactivation of the BRCA2 gene in precursor lesions of patients 

withh a germline mutation who developed pancreatic cancer has been investigated. Biallelic 

inactivationn was observed in one high-grade PanIN (PanIN 3), but in none of the 13 low-grade 

PanINN lesions (PanIN 1), suggesting that BRCA2 gene inactivation is a late event in pancreatic 

carcinogenesiss 21. 

TheThe STK11/LKB1 gene 

Germlinee mutations in the STK11/LKB1 gene are the cause of the Peutz-Jeghers syndrome 

(PJS),, which is an autosomal dominant condition characterized by multiple gastrointestinal 

hamartomatouss polyps and the presence of pigmented lesions on the lips and oral mucosa 64, 

Patientss with Peutz-Jeghers syndrome have an increased risk for developing pancreatic cancer 

65.. The STK11/LKB1 gene is somatically inactivated in 4% of sporadic pancreatic cancers. Of 

533 PJS patients analyzed in four independent studies, 11%> developed pancreatic 

adenocarcinomaa 66 

OtherOther genes 

Otherr genes that are responsible for familial syndromes associated with increased risk of 

pancreaticc cancer include the cationic tripsinogen gene, PRSS1, responsible for hereditary 
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pancreatitis.. Carriers of a germline mutation in this gene have a lifetime risk of pancreatic 

cancerr approaching 50% 67, 68 

Thee mitogen-activated protein kinase (MAPK) kinase 4 (MKK4) gene encodes a protein which 

iss a component of a stress and cytokine-induced signal transduction pathway involving 

MAPKK proteins. MKK4 is a target of inactivation in a small percentage of pancreatic cancers 

69. . 

Thee TGFB type I receptor gene, ALK-5, was homozygously deleted in 1 out of 97 pancreatic 

carcinomas.. Somatic alterations of the TGF B type II receptor gene were found in 4 out of 97 

(4.1%)) pancreatic carcinomas 70, 

MismatchMismatch repair genes 

Sixx human mismatch repair genes have been identified to date and they include hMSH2, 

hMLHl,hMLHl, hPMSl,hPMS2, hMSH6/GTBP and HMSH3. Once a mismatch repair gene is 

inactivated,, de novo mutations are not repaired properly, and this results in increased genetic 

instability,, and a basis on which carcinomas can evolve relatively rapidly 71, 72 

Approximatelyy 4% of pancreatic cancers show microsatellite instability and those tumors 

havee a different clinicopathological phenotype than conventional pancreatic adenocarcinomas, 

withh similarities to colorectal carcinomas showing microsatellite instability, including a 

medullary-typee growth pattern, a better prognosis and a distinct mutational spectrum 73-75 

Riskk factors 

Forr prevention purposes it is crucial to focus on the identification of individuals at-risk and to 

detectt cancers arising in such individuals at an early disease stage. Several risk factors for 

pancreaticc carcinoma have been described. 

Pancreaticc cancer is rare before the age of 40 and the majority of cases occur between age 60 

andd 80 yrs and slightly more often in men than in women 1. Cigarette smoking is strongly 

relatedd to pancreatic cancer: smokers have about a 2- to 3- fold increased risk of pancreatic 

cancer,, and as is the case in lung cancer, the risk of pancreatic cancer increases with the 

numberr of pack-years of exposure 76, 77 Also dietary factors have been associated with the 

developmentt of pancreatic cancer. A high intake of fat and meat and a low intake of fiber are 

13 3 
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associatedd with an increased pancreatic cancer risk, whereas a diet rich in fruit and vegetables 

appearss to be protective 78-81 Furthermore, chronic pancreatitis causes about a 15-fold 

increasedd risk of pancreatic cancer 82. For patients with hereditary pancreatitis, a rare familial 

formm of pancreatitis caused by germline mutations in the cationic trypsinogen gene, PRSS1, 

locatedd at chromosome 7q35, the estimated life-time risk of pancreatic cancer is about 50% 

67,, 68. 

Severall  other genetic disorders are also accompanied by an increased risk of pancreatic 

cancer,, such as hereditary non-polyposis colon cancer (HNPCC) syndrome, caused by a 

germlinee mutation in one of the DNA mismatch repair genes °->, and the familial 

adenomatouss polyposis syndrome (FAP), caused by a germline mutation in the adenomatous 

polyposiss coli (APC) gene 84. 

Inn some studies diabetes emerged as a risk factor for pancreatic cancer, but the relationship is 

uncertain,, since diabetes can be an early symptom in the development of pancreatic cancer 85, 

86. . 

Furthermore,, patients who underwent peptic ulcer surgery appear at higher risk for developing 

subsequentt pancreatic cancer, especially after a prolonged postoperative interval 80, 87, 88 

14 4 
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Figuress 1 and 2. 

-**  Her-2/neit *» -*  pit * - -*  p5i *
K.-ra.vv D/>C4 

J8C,(.' ' 

Figuree 1. Progression model for pancreatic cancer. The progression from histologically normal epithelium to 

low-gradee PanIN to high-grade PanIN (left to right) is associated with the accumulation of specific genetic 

alterations. . 

Figuree 2. Upon binding to one of the ligands, the TGF-(3 receptor I (Rl) is sequestered into the complex and is 

phosphorylatedd by TGF-p receptor II (R2). Subsequently, Rl sends downstream signals for gene activation 

(throughh phosphorylation events) that directly phosphorylates SMAD2. which forms a complex with 

DPC4/SMAD4.. The complex enters the nucleus and acts as a transcriptional activator of genes involved in TGF-

PP function, such as growth inhibition. 
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OUTLIN EE OF THE THESIS 

Ass mentioned earlier, many genetic alterations are required for the development pancreatic 

cancer.. Bringing the knowledge of cancer genetics into clinical practice may have 

implicationss for screening, prognosis and therapeutic decision making. Identification of 

patientss at increased risk for pancreatic carcinoma, assessment of molecular markers for early 

detectionn and more accurate diagnosis, and investigation of the utility of molecular genetic 

testss for staging and prognostication is therefore of upmost importance. 

Thee identification of individuals at increased risk for pancreatic cancer is essential for (future) 

surveillancee programs. For example, family members of known hereditary syndromes, such as 

thee familial breast cancer syndrome due to a germline BRCA2 mutation and patients with 

hereditaryy pancreatitis due to PRSSJ germline mutation, carry a higher risk for pancreatic 

cancerr than the general population and could be candidates for screening. In chapter  2 a 

revieww is presented on the familial segregation of pancreatic carcinoma. 

Postgastrectomyy patients may constitute another risk group for pancreatic carcinoma and 

thereforee a population with an increased index of suspicion. In chapter  3 the long-term risk of 

pancreaticc cancer development was assessed in a cohort of patients who underwent a 

gastrectomyy for benign peptic ulcer disease. 

Inn chapter  4 the literature is reviewed with regard to the role of molecular-based diagnostic 

testss applied to sources other than pancreatic tissue itself, including ERCP-samples, blood and 

stool,, with emphasis on the detection of K-ras mutations and mutant p53 gene product. In 

chapterr  5 the possible diagnostic use of p53 immunocytochemistry in ERCP brush cytology 

specimenss is evalutated. 

Inn chapters 6 and 7 the diagnostic and prognostic value of DPC4 immunohistochemistry is 

evaluated.. In chapter  8 a rare form of pancreatic cancer, pancreatic mucinous cystic 

neoplasmss with sarcomatous stroma, is described and the question regarding the clonal origin 

off  the two components in this tumor is addressed by means of molecular analysis. Chapter  9 

providess a summary and general discussion of the main findings of these studies. 
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1.. Introductio n 

Althoughh pancreatic cancer accounts for only 2% of 
neww cancer cases, it is the fifth leading cause of cancer-
relatedd death in Western countries. The high mortality 
ratee is mainly caused hy the fact that most cases are de-
tectedd at a stage when curable resection is not an option 
anymoree and prognosis is poor [45,55]. 

Thee etiology of pancreatic cancer is poorly un-
derstood.. Several putative risk factors have been de-
scribed,, such as cigarette smoking, high-fat diet, 
chronicc pancreatitis, diabetes mellitus and remote his-
toryy of partial gastrectomy [3,20,23,28,36,38,52,59], 
Off  these cigarette smoking has the strongest positive 
associationn with pancreatic cancer. 

Recently,, it has been suggested that a family his-
toryy of pancreatic cancer is a risk factor for pancreatic 
cancer,, and Henry Lynch has estimated that as many 
ass 10% of pancreatic cancers are familial [32]. There 
havee been a number of isolated case reports of the ag-
gregationn of pancreatic cancer in families suggesting 
aa hereditary susceptibility for pancreatic cancer, how-
everr chance aggregations or shared environmental ex-
posuree could also cause this clustering [8,35,44], 
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familiall  than you 

Inn order to overcome the problems caused by the 
smalll  numbers inherent to case reports, several groups 
havee studied extended families with pancreatic cancer 
clusteringg and these studies have suggested an auto-
somall  dominant pattern of inheritance to the pancre-
aticc cancers in some of these families [1,7,18,32,34], 
Thee pathology, sex-ratio, age of onset and prognosis of 
thesee patients were comparable to patients with spo-
radicc pancreatic cancer [34], 

Inn addition, several registries have been established 
too learn more about the role of inheritance in the eti-
ologyy of pancreatic cancer. These include the National 
Familiall  Pancreatic Tumor Registry (NFPTR), estab-
lishedd at The Johns Hopkins University, Baltimore, 
USAA in 1994 (http://pathology.jhu.edu/pancreas), and 
thee European Registry for Hereditary Pancreatitis and 
Pancreaticc Cancer (EUROPAC) of the European Study 
Groupp for Pancreatic Cancer (ESPAC) [11,18]. 

Detailedd examination of the pancreatic cancer-prone 
familiess in these registries has yielded important infor-
mationn on the epidemiology and genetics of this dis-
ease.. DNA from these individuals can be used for ge-
neticc linkage, molecular genetics and finally cloning of 
aa putative cancer causing gene. If a gene is identified as 
responsiblee for the familial aggregation of pancreatic 
cancer,, it could form the basis for the development of 
aa screening program for pancreatic cancer and eventu-
allyy gene-based therapies. 

2.. The National Familial Pancreatic Tumor 
Registryy (NFPTR) 

Too date, more than 446 families have been registered 
inn the NFPTR. In this registry "familial pancreatic can-
cer""  is defined as pedigrees in which two or more first 
degreee relatives are affected with pancreatic cancer. 
Thee term "sporadic pancreatic cancer" is used to des-
ignatee those families without two affected first-degTee 
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relatives.. In a preliminary analysis, we prospectively 
followedd 153 familial pancreatic cancer families from 
thiss registry looking at new cancers in family members 
whoo were healthy at the time of entry into the registry 
[41].. Remarkably, we observed a ! 8-fold increased risk 
off  pancreatic cancer in the 1100 first degree relatives 
off  patients with pancreatic cancer. This risk of appar-
entlyy healthy family members prospectively develop-
ingg pancreatic cancer increased to 57-fold if three or 
moree family members had pancreatic cancer at the time 
off  entry into the registry. 

Theree was no obvious relationship with smoking be-
haviour. . 

Thiss preliminary analysis shows that the risk of pan-
creaticc cancer is indeed considerably increased among 
firstfirst degree relatives in families in which at least two 
firstfirst degree relatives had previously developed pancre-
aticc cancer. Moreover, the incidence of non-pancreatic 
cancer,, such as breast, colon and lung cancer, also 
appearss to be increased in these families [18]. In a 
recentt report Vaittinen et al. confirmed the above-
mentionedd association between pancreatic cancer and 
variouss other cancers in an analysis of familial risks in 
discordantt cancers of offspring and parents using the 
Swedishh nation-wide Family-Cancer Database [54], 

Importantly,, these data strongly support the hypoth-
esiss that there is a genetic basis for the aggregation of 
pancreaticc cancer in some families. 

3.. Genetic alterations in sporadic pancreatic 
cancer r 

AA large number of genes have been identified which 
playy a role in the formation of sporadic pancreatic can-
cer.. These genes are important for our understanding 
off  familial pancreatic cancer, because, as Knudson de-
scribedd years ago for retinoblastoma, the same genes 
aree often responsible for familial and sporadic forms 
off  a cancer [24,25]. Germline mutations in some of the 
geness that are known to play a role in the sporadic pan-
creaticc carcinogenesis appear to play a role in the de-
velopmentt of some familial pancreatic cancers. 

Thee genes which have been shown to play a role 
inn the development of sporadic pancreatic cancer in-
cludee oncogenes, tumor suppressor genes and DNA 
mismatchh repair genes. Activating point mutations in 
thee K-ras oncogene are one of the most common ge-
neticc alteration in sporadic pancreatic cancer, 80-90% 
off  the sporadic pancreatic cancers harbour activating 
pointt mutations in the K-ras oncogene [19]. 

Severall  tumor suppressor genes have also been de-
scribedd to be inactivated in sporadic pancreatic cancer. 
Thee p53 tumor suppressor is inactivated in 50-70%, 
thee deleted in pancreatic cancer 4 {DPC4/SMAD4) 
genee is inactivated in approximately 55%, and the 
p]6/MTS-lp]6/MTS-l gene is inactivated in approximately 95% 
off  pancreatic cancers [9,46,47]. The BRCA2 gene is 
inactivatedd in a small fraction (5-10%) of apparently 
sporadicc pancreatic cancers, and the STKll gene, re-
sponsiblee for the Peutz-Jeghers syndrome, and the 
MKK4MKK4 gene are inactivated in a small (approximately 
4%)) proportion of pancreatic cancers [13,15,39,50]. 

Finally,, DNA mismatch repair genes appear to 
bee inactivated in a small fraction (~4%) of pancre-
aticc cancers. These cancers are remarkable because 
theyy appear to have a distinct histologic appearance 
("medullaryy phenotype") and they are often wild-type 
forr the K-ras gene [14]. 

4.. Genetic alterations in familial pancreatic cancer 

Somee of the genetic alterations responsible for the 
aggregationn of pancreatic cancer in families have al-
readyy been identified and in all cases the genes known 
too be targeted are the same genes targeted in sporadic 
pancreaticc cancer. These genetic alterations establish a 
geneticc basis for the familial aggregation of pancreatic 
cancerr and other tumor types in some families. 

4.1.4.1. PI6/MTS-1 gene 

Ass mentioned above, the p/<5 tumor suppressor gene 
iss inactivated in a very high percentage (~95%) of spo-
radicc pancreatic cancers. In these sporadic cancers the 
pipi 6 gene is inactivated either by homozygous deletions 
(inn 40% of the carcinomas), by mutation of one allele 
combinedd with loss of the other allele (in 40%), or by 
hypermethylationn of the pi6 promotor region (~15%) 
[47]. . 

Germlinee mutations in the pi6 gene are responsible 
forr the development of the Familial Atypical Multiple 
Molee Melanoma (FAMMM) syndrome, a rare disor-
derr which predisposes affected patients to the develop-
mentt of multiple nevi, melanomas and pancreatic can-
cerr [16,33,34]. Goldstein et al. [16] have demonstrated 
thatt germline mutations in the pl6 gene, which im-
pairedd the pJ6 protein function in in vitro assays, are 
associatedd with a 22-fold increased risk of developing 
pancreaticc cancer in melanoma-prone families. 
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Moskalukk et al. [37] have recently postulated that 
mutationss affecting the C-terminal end of the pl6 pro-
teinn are associated with a higher penetrance of pan-
creaticc cancer. Now that the gene responsible for the 
clusteringg of melanoma and pancreatic cancer in some 
familiess has been identified, families with a strong ag-
gregationn of pancreatic cancer and melanoma can be 
testedd for germline mutations in the pI6 gene. Care-
full  surveillance of those members with a germline mu-
tationn in the pl6 gene should stimulate the develop-
mentt of techniques for early diagnosis for this high risk 
groupp and thereby improving survival. 

4.2.4.2. STKU/LKB1 gene 

Germlinee mutations in the STKll/LKBJ gene have 
recentlyy been shown to cause the Peutz-Jeghers syn-
dromee (PJS) [17,22]. PJS is a rare syndrome charac-
terizedd by hamartomatous polyposis of the gastroin-
testinall  tract and by the occurrence of melanin spots 
onn the buccal mucosa and on the lips [21,42]. The 
Peutz-Jegherss syndrome has been associated with an 
increasedd risk of developing cancer, including pancre-
aticc cancer [13]. 

Suu et al. recently reported inactivation of the STK11/ 
LKB1LKB1 gene in 5-6% of the 135 sporadic pancreatic 
andd biliary carcinomas they analyzed. In these can-
cers,, the STK11/LKB1 gene was inactivated by ei-
therr homozygous deletions or intragenic sequence mu-
tationss combined with loss of the other allele [51]. 
Theyy also studied a pancreatic cancer obtained from a 
PJSS patient who died from pancreatic cancer and they 
demonstratedd a germline splice site mutation in the 
STK11/LKBISTK11/LKBI gene in the patient's germline DNA and 
aa loss of the wild type allele in the patient's pancreatic 
cancer.. The STKI1/LKB1 gene was thereby inactivated 
inn this patient's cancer. Thus, just as is true forp/ó, ge-
neticc alterations in the STKU/LKBJ gene contribute to 
thee development of sporadic cancer, and when present 
inn the germline, these alterations may also play a role 
inn the development of familial pancreatic cancer. 

4.3.4.3. BRCA2gene 

Ass mentioned previously, an increased risk for de-
velopingg breast cancer has been observed in families 
inn which there is an aggregation of pancreatic cancer 
[18].. Conversely, it is shown that, in families of pa-
tientss with breast cancer there is an increased risk of 
developingg pancreatic cancer [53]. 
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Germlinee mutations in the BRCA2 gene may ex-
plainn these associations. Indeed, pancreatic cancers 
havee been reported in many of the BRCA2 kindred [2, 
39].. The increased risk of pancreatic cancer caused 
byy BRCA2 is not limited, however, to these classical 
BRCA2BRCA2 kindred. 

Approximatelyy 7% of the patients with apparently 
sporadicc pancreatic cancers analyzed by Goggins et al. 
hadd a germline mutation in the BRCA2 gene, and Gog-
ginss et al. demonstrated that the remaining wild-type 
allelee was lost in the pancreatic cancers that developed 
inn these patients. Remarkably, only one of the five pa-
tientss with pancreatic cancer and germline BRCA2 mu-
tationss had a family history positive for breast cancer 
andd none of them had a positive family history of pan-
creaticc cancer [15]. The penetrancee of this trait is there-
foree probably low and the inherited basis for some pa-
tientss with pancreatic cancer would be missed if it were 
nott for our knowledge of this gene. 

Too date these germline mutations in the BRCA2 gene 
aree the most frequent described cause of an inherited 
predispositionn to pancreatic cancer. It may prove use-
full  to screen members of families in which there is 
ann aggregation of breast and pancreatic cancer for the 
presencee of germline mutations in the BRCA2 gene. 
Thosee found to carry a germline mutation may benefit 
off  breast cancer screening. 

4.4.4.4. Cationic trypsinogen gene 

Pancreaticc cancer clustering is also seen in families 
withh a hereditary form of pancreatitis [6,10]. Hered-
itaryy pancreatitis is an autosomal dominant disorder 
causedd by point mutations in the cationic trypsino-
genn gene, PRSSI, on chromosome 7q35 [56,57]. These 
mutationss result in a cationic trypsinogen protein 
whichh is resistant to auto-inactivation, ultimately re-
sultingg in autodigestion of the pancreas. Affected pa-
tientss have recurrent episodes of pancreatitis that of-
tenn begin during childhood. Compared with the gen-
erall  population and patients who have chronic pancre-
atitiss of common etiologies who have a somewhat in-
creasedd cancer risk, patients with hereditary pancreati-
tiss have a cumulative risk of developing pancreatic car-
cinomaa that approaches 40% by the age of 70. The rel-
ativee risk for the development of pancreatic carcinoma 
iss approximately 50-fold, and the average age of onset 
iss dramatically reduced to 39 years [29]. 

Consideringg the high lifetime risk of pancreatic can-
cerr in this group, it is important to recognize patients 
withh hereditary pancreatitis in an early stage, making 
surveillancee of these patients and maybe even prophy-
lacticc pancreatectomy an option. 
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4.5.4.5. The Hereditary Non-Polyposis Colorectal 
CancerCancer Syndrome (HNPCC) 

Thee Hereditary Non-Polyposis Syndrome (HNPCC) 
iss the result of a germline mutation in one of the 
DNAA mismatch repair genes [12,14,26,27,40,49]. Tu-
morss which develop in patients who have a germline 
mutationn in one of the DNA mismatch repair genes 
showw microsatellite instability, which is a change in 
lengthh of repeated DNA sequences. In a study per-
formedd by Gogginsetal. [14] approximately 4% of the 
822 analyzed pancreatic cancers showed microsatellite 
instability;; these pancreatic cancers appeared to have 
aa distinct, medullary histology. Wilentz et al. [58] fol-
lowedd up on the report by Goggins et al. and demon-
stratedd that pancreatic cancers with a medullary phe-
notypee type were significantly associated with a fam-
ilyy history of any cancer in a first-degree relative. Of 
note,, one of the patients included in this study had syn-
chronouss pancreatic and colon cancers, which showed 
microsatellitee instability, suggesting that he has HN-
PCC.. Together with the finding that in familial pan-
creaticc cancer kindreds there is an increased risk of 
colonn cancer, these data indicate that HNPCC can be 
thee cause of pancreatic cancer in at least some of the 
kindredss in which there is a clustering of colon and 
pancreaticc cancer [18]. 

4.6.4.6. Other syndromes 

Severall  other inherited syndromes have been sug-
gestedd to be associated with pancreatic cancer. These 
includee the familial adenomatous polyposis syndrome 
(FAP),, ataxia telangiectasia, Multiple Endocrine Neo-
plasiaa 1 (MEN1) syndrome, and glucanoma syndrome 
[4,31,44,48]. . 

5.. Conclusion 

Thiss last decade has seen a dramatic advance in 
ourr understanding of familial pancreatic cancer. The 
prospectivee development of new pancreatic cancers in 
familiall  pancreatic kindred firmly establishes that "fa-
miliall  pancreatic cancer" is a real entity, and a number 
off  the genes responsible for the familial aggregation 
off  pancreatic cancer have already been identified. Fur-
thermore,, as our experience with BRCA2 has taught us, 
evenn some pancreatic cancers which appear sporadic, 
mayy in fact be caused by inherited genetic defects. 

Thee genetic alterations which have been associated 
withh familial pancreatic cancer include germline muta-
tionss in pi6, STKI1, BRCA2, PRSS1, and in the DNA 
mismatchh repair genes. Screening of individuals for the 
presencee of one of these germline mutation can now be 
performedd when indicated by the family cancer history. 

Memberss of families in which there is an aggrega-
tionn of pancreatic cancer will also benefit from efforts 
too develop a new screening test for early pancreatic 
cancer.. At present, screening for familial pancreatic 
cancerr can be approached only at a clinical level. The 
usee of endoscopic ultrasound (EUS), magnetic reso-
nancee imaging (MRI), ERCP, and even molecular anal-
ysiss of brush cytology and pancreatic juice obtained 
duringg ERCP may al! be of value, but the efficiency of 
eachh technique needs to be established in this patient 
populationn [5]. 

References s 

[1]]  C.E. Aston. M.G. Banke, P.J. McNamara e( al., Segregation 
analysiss of pancreatic cancer (Abstract), Am. J. Hum. Genet. 61 
(1997),, A194 

[2]]  D.B. Berman, J. Costalas, DC. Schultz, G.Grana, M. Daly and 
A.K.. Godwin, A common mutation in BRCA2 that predisposes 
too a variety of cancers is found in both Jewish Ashkenazi and 
non-Jewishh individuals, Cancer Res. 56 (1996), 3409-3414. 

[3]]  M. Binstock, D. Krakow, J. Slamler, J. ReifT, V. Persky, K. Liu 
andd D. Moss, Coffee and pancreatic cancer: An analysis of in-
ternationall  mortality data, Am J Epidemiol. 118 (1983), 630-
640. . 

[4]]  G. Boden and O.E. Owen. Familial hypergluconemia, an un-
usuall  dominant disorder, N. Engl. J. Med. 296 (1977), 634-638. 

[5]]  T.A. Brentnall, M.P. Bronner, DR. Byrd, R.C. Hadgitt and 
MB .. Kimmey, Early diagnosis and treatment of pancreatic 
dysplasiaa in patients with a family history of pancreatic cancer, 
Ann.Ann. Intern. Med. 131 (1999), 247-255. 

[6]]  M W. Comfort and AG. Steinberg, Pedigree of a family with 
hereditaryy chronic relapsing pancreatitis, Gastroenterol. 21 
(1952),, 54-63. 

[7]]  K E. Crowley et al., Familial aggregation of other cancers in 
familiess with pancreatic cancer (Abstract), Am. J. Hum. Genet. 
61(!997),, AI96. 

[8]]  N. Dat and S. Sontag, Pancreatic carcinoma in brothers, Ann 
InternIntern Med. 97 (1982), 282. 

[9]]  J.A. DiGiuseppe, R.H, Hruban. S.N. Goodman, M. Polak, 
F.M.. van den Berg, DC. Allison, J.L. Cameron and G.J. Offer-
haus,, Overexpression of p53 protein in adenocarci noma of the 
pancreas,, Am. J. Clin. Pathol. 101 (1994), 684-688. 

[10]]  M. de la Garza, ID . Hill , E. Lebenthal, V.L.W. Go, E.P Di-
Mango,, J.D. Gardner, E. Lebenth, A. Scheele, eds. The Pan-
creas:creas: Biology. Pathobiology. and Disease, 2nd edn, Raven, 
Neww York, NY, 1993, p. 1095. 

29 9 



ChapterChapter 2 

[11]]  M D . Finch, N. Howes, I. Ellis, R Mounlford, R. Sutton, 
M.. Raraty and J.P Neoptolemos, Hereditary pancreatitis and 
familiall  pancreatic cancer. Digestion 58 (1997), 564-569 

[12]]  R. Fishel, M.K. Lescoe, M.R.S. Rao, N.G. Copeland, 
N.A.. Jenkins, J. Garber, M. Kane and R. Kolodner, The human 
mutatorr gene homolog MSH2 and its asociation with heredi-
taryy nonpolyposis colon cancer. Cell 75 (1993), 1027-1038. 

[13]]  F.M. Giardiello. S B. Welsh, S.R. Hamilton, G.J. Offerhaus, 
A.M.. Gittelsohn, S.V. Booker, A.J. Krush, J.H. Yardley and 
G.D.. Luk, Increased risk of cancer in Peutz-Jeghers syndrome, 
N.N. Engl. J Med. 316 (1987), 1511-1514. 

[14]]  M. Goggins. G.J.A. Offerhaus, W Hilger, C.A. Griffin, 
M.. Shekher, D. Tang, T.A. Sohn, C.J Yeo, S.E. Kern and 
R.H.. Hruban, Pancreatic adenocarcinomas with DNA replica-
tionn errors (RER+) are associated with wild-type K-ras and 
characteristicc histopathology: poor differentiation, a syncytial 
growthh pattern, and pushing borders suggest RER+, Am J. 
PatholPathol 152(1998), 1501-1507. 

[15]]  M. Goggins, M. Schutte, J. Lu, C.A. Moskaluk, C.L. We-
instein,, G.M. Petersen, C.J. Yeo. C E Jackson, H.T. Lynch, 
R.H.. Hruban and SE. Kern, Germline BRCA2 gene muta-
tionss in patients with apparently sporadic pancreatic carcino-
mas,, Cancer Res. 56 (1996), 5360-5364. 

[16]]  A.M. Goldstein et al.. Increased risk of pancreatic cancer in 
melanoma-pronee kindreds with pl6INK4 mutations, N. Engl. 
JJ Med. 333 (1995), 970-974. 

[17]]  A. Hemminki et a l, A serine/threonine kinase gene defective 
inn Peutz-Jeghers syndrome, Nature 391 (1998), 184-187. 

[18]]  R.H. Hruban, G.M. Petersen, P.K. Ha and S.E. Kern, Genetics 
off  pancreatic cancer. From genes to families, Surg. Oncnt Clin. 
N.Am.. 7(1998), 1-23. 

[19]]  R.H. Hruban, AD . van Mansfeld, G.J. Offerhaus. D.H. van 
Weering,, DC Allison, S.N. Goodman, T.W. Kensler, 
K.KK Bose, J.L. Cameron and J.L. Bos, K-ras oncogene ac-
tivationn in adenocarcinoma of the human pancreas. A study 
off  82 carcinomas using a combination of mutant-enriched 
polymerasee chain reaction analysis and allele-specific oligonu-
cleotidee hybridization. Am. J. Path. 143 (1993), 545-554. 

[20]]  International Agency for Research on Cancer 1ARC Mono-
graphss of the Evaluation of the Carcinogenic Risk of Chemi-
calss to Man, Tobacco Smoking, Vol. 38, I ARC, Lyon, France, 
1986,, pp, 279-282 

[21]]  H. Jeghers, V.A. McKusick and K H Katz, Generalized intesti-
nall  polyposis and melanin spots of the oral mucosa, lips and 
digits,, N. Engl. J. Med. 241 (1949), 993-1031. 

[22]]  D.E. Jenne. H. Reimann, J. Nezu, W. Friedel, S. Loff, 
R.. Jeschke, O. Muller, W. Back and M. Zimmer, Peutz-Jeghers 
syndromee is caused by mutations in a novel serine threonine 
kinase,, Nat. Genet. 18 (1998), 38^*3. 

[23]]  A. Karmody and J. Kyle, The association between carcinoma 

off  the pancreas and diabetes mellitus, Br. J. Surg. 56 (1969), 

362-364. . 

[24]]  A.G. Knudson, Hereditary cancer, oncogenes, and antionco-

genes.. Cancer Res. 45 (1985), 1437-1443. 

[25]]  A.G. Knudson, Hereditary cancer: two hits revisited, J. Cancer 

Res.Res. Clin. Oncol. 122(1996), 135-140. 

[26]]  T.A. Kunkel, Slippery DNA and diseases, Nature 365 (1993), 

207-208. . 

[27]]  F.S. Leach et al.. Mutations of a mutS homolog in hereditary 
nonpolyposiss colorectal cancer. Cell 75 (1993), 1215-1236. 

[28]]  A.B. Lowenfels, P. Maisonneuve, G. Cavallini, R.W. Ammann, 
P.G.. Lankisch, JR. Andersen, E.P. Dimagno, A. Andren-
Sandbergg and L. Domellof, Pancreatitis and the risk of pancre-
aticc cancer. International Pancreatitis Study Group, N Engl. J 
Med.Med. 328(1993). 1433-1437. 

[29]]  A.B. Lowenfells, P Maisonneuve, E.P. DiMagno, Y Elitsur, 
L.K.. Gates, Jr., J. Perrault and DC. Whitcomb. Hereditary pan-
creatitiss and the risk of pancreatic cancer: International Hered-
itaryy Pancreatitis Study Group, J. Natl. Cancer. Inst. 89 (1997). 
442-446. . 

[30]]  J.A. Lumadue, C.A. Griffin, M. Osman and R.H. Hruban, Fa-
miliall  pancreatic cancer and the genetics of pancreatic cancer, 
SurgSurg Clin North. Am. 75 (1995). 845-855. 

[31]]  H.T. Lynch, Genetics and pancreatic cancer, Arch. Surg 129 
(1994).. 266-268. 

[32]]  H.T. Lynch, ML . Fitzsimmons, T.C. Smyrk. S.J. Lanspa. 
P.. Watson, J. McClellan and J.F Lynch, Familial pancreatic 
cancer:: clinicopathologic study of 18 nuclear families, Am. J. 
GastroenterolGastroenterol 85 (1990), 54-60. 

[33]]  H.T. Lynch and R.M. Fusaro, Pancreatic cancer and the familial 
atypicall  multiple mole melanoma (FAMMM ) syndrome, ftin-
crea.(6(1991).. 127-131. 

[34]]  H.T. Lynch, T. Smyrk, S.E Kern, R.H, Hruban, C.J. Light-
dale,, S.J. Lemon, J.F. Lynch, L.R. Fusaro, R.M. Fusaro and 
P.. Ghadirian, Familial pancreatic cancer: A review, Semin, On-
col.col. 23(1996),251-275. 

[35]]  R P. MacDermott and P. Kramer, Adenocarcinoma of the pan-
creass in four siblings, Gastroenterol. 65 (1973), 137-139. 

[36]]  A. Marble, Diabetes and cancer, N. Engl. J. Med. 211 (1954), 
339-349. . 

[37]]  C.A. Moskaluk, R.H. Hruban, A Lietman, T Smyrk, L. Fusa-
ro,, R. Fusaro, J. Lynch, C.J. Yeo, C.E. Jackson, H.T. Lynch and 
S.E.. Kern, Low prevalence of pl6, nk4a and CDK4 mutations in 
familiall  pancreatic carcinoma, Hum Mul 12 (1998), 70 

[38]]  G J. Offerhaus, F.M. Giardiello, G W. Moore and AC. 
Tersmette,, Partial gastrecto my: A risk factor for carcinoma of 
thee pancreas?, Hum. Pathol. 18 (1987), 285-288. 

[39]]  H. Ozcelik, Germline BRCA2 6174delT mutations in Ashke-
nazii  Jewish pancreatic cancer patients, Nat. Genetics 16 
(1997),, 17-18. 

[40]]  R. Parsons, G.-M. Li . M.J. Longley, W.-H. Fang, N. Pa-
padopoulos,, J. Jen, A. de la Chapelle, K.W. Kinzier, B. Vogel-
stem,, P. Modrich, Hypermutability and mis match repair defi-
ciencyy in RER+ tumor celts. Cell 75 (1993), 1227-1236. 

[41]]  G.M. Petersen, AC. Tersmette, F. Falatko et al.. High rate of 
incidentt pancreatic cancers among at-risk relatives in famil-
iall  pancreatic cancer, Presented at 7th SPORE Investigator's 
Workshop,Workshop, July 11-13, 1999, Rockville. MD, 1999, unpub-
lished d 

[42]]  J.L.A. Peutz, Over een zeer merkwaardige, gecombineerde fa-
miliairee polyposis van de slijmvliezen van den tractus intesti-
nalismett die van de neuskeelholte en gepaard met eigenaardige 
pigmetatiess van de huid en slijmvliezen, Nederlands Maand-
schriftschrift voor Geneeskunde 10 (1921), 134-136. 

30 0 



PancreaticPancreatic cancer-More familial than yog thought 

[43]]  M. Pipeleers-Marichal et al.. Gastrinomas in the duodenum 
off  patients with multiple endocrine neoplasia type 1 and the 
Zollinger-EUisonn syndrome, N. Engl. J. Med. 322 (1990), 723-
727. . 

[44]]  R. Reimer, J F. Fraumeni, Jr, R.F Ozols and R. Bender, Pan-
creaticc cancer in father and son, Lancet 1 (1977), 911-912 

[45]]  S. Rosewicz and B. Wiedenmann, Pancreatic carcinoma, The 
LancetLancet 349 (1997), 485^189. 

[46]]  E. Rozenblum, M. Schutte, M. Goggins, S.A. Hahn, S. Panzer. 
MM Zahurak, S.N. Goodman, T.A. Sohn, R.H. Hruban, C.J. Yeo 
andd S.E. Kern, Tumorsuppressive pathways in pancreatic car-
cinoma,, Cancer Res. 57 (1997), 1731-1734. 

[47]]  M. Schutte, R.H. Hruban, J. Geradts, R. Maynard, W. Hilgers, 
S.K.. Rabindran, C.A. Moskaluk, S.A. Hahn, I. Schwarte-
WaldhofT,, W. Schmiegel, S B. Baylin, S.E. Kern and J G Her-
man,, Abrogation of the Rb/pl6 tumor-suppressive pathway in 
virtuallyy all pancreatic carcinomas. Cancer Res. 57 (1997), 
3126-3130. . 

[48]]  A.D. Spigelman, K.C. Farmer, M. James, P.I. Richman and 
R.K.. Phillips, Tumours of the liver, bile ducts, pancreas and 
duodenumm in a single patient with familial adenomatous poly-
posis,, Br. J. Surg. 78 (1991), 979-980. 

[49]]  M. Strand, T.A. Prolla, R.M. Liskay and T.D. Petes, Destabi-
lizationn of tracts of simple repetitive DNA in yeast by muta-
tionss affecting DNA mismatch, Lett. Nat. 365 (1993), 274-276, 

[50]]  G.H. Su, W. Hilgers, M.C. Shekher, D.J. Tang, C.J. Yeo, R.H. 
Hrubann and S.E. Kern, Alterations in pancreatic, biliary and 
breastt carcinomas support MKK 4 as a genetically targeted tu-
morr suppressor gene. Cancer Res. 58 (1998), 2339-2342. 

[51]]  G.H Su, R.H. Hruban, R.K. Bansal, G S. Bova, D.J. Tang, 
M.C.. Shekher, A.M. Westerman, M.M. Entius, M. Goggins, 

C.J.. Yeo and S.E. Kern, Germline and somatic mutations of 
thee STK11/LKB1 Peutz-Jeghers gene in pancreatic and biliary 
cancers,, Am. J. Pathol. 154(1999), 1835-1840. 

[52]]  AC. Tersmette, G.J.A. Offerhaus, P.M. Giardiello, K.W.F. 
Tersmette,, J.P. Vanderbroucke and G.N.J. Tytgat, Occurrence 
off  non-gastric cancer in the digestive tract after remote partial 
gastrectomy:: analysis of an Amsterdam cohort, Int. J. Cancer 
46(1990),, 792-795. 

[53]]  H. Tulinius, G.H. Olafsdottir, H. Sigvaldason, L. Tryggvadottir, 
K.. Bjarnadottir, Neoplastic diseases in families of breast cancer 
patients,, J. Med. Genet. 31 (1994), 618-621. 

[54]]  P. Vaittinen and K. Hemminki, Familial cancer risks in off-
springg from discordant parental cancers. Int. J. Cancer 81 
(1999),, 12-19. 

[55]]  AL . Warshaw and C. Fernandez-Del Castillo, Pancreatic car-
cinoma,, N. Engl. J. Med. 326 (1992), 455-465. 

[56]]  DC. Whitcomb et al., Hereditary pancreatitis is caused by 
aa mutation in the cationic trypsinogen gene, Nat. Genet. 14 
(1996),, 141-145. 

[57]]  D.C. Whitcomb et a l, A gene for hereditary pancreatitis maps 
too chromosome 7q35, Gastroenterol. 110(19%), 1975-1980. 

[58]]  RE. Wilentz et al.. Genetic, immunohistochemical, and clini-
call  features of medullary carcinomas of the pancreas: a newly 
describedd and characterized entity, Am. J. Pathol. (2000), in 
press. . 

[59]]  EL. Wynder, K. Mabuchi, N. Maruchi and J.G. Former, Epi-
demiologyy of cancer of the pancreas, J. Natl. Cancer Inst. 50 
(1973),, 645-667. 

31 1 





Chapterr  3 

Pancreaticc Cancer  after  Remote Peptic Ulcer  Surgery 

M.Tascilar',, B.P. van Rees1, P.D.J. Sturm1, G.N.J. Tytgat2, R.H. Hruban3, S.N. Goodman4 

F.M.. Giardiello5, G.J.A. Offerhaus1, A.C. Tersmette1. 

FromFrom the Departments of Pathology and Gastroenterology , Academic Medical Center, 
Amsterdam,Amsterdam, The Netherlands; 

,, Oncology4 and Gastroenterology5, Tl 
Medicine,Medicine, Baltimore, Maryland, USA 

Amsterdam,Amsterdam, The Netherlands; 
DepartmentsDepartments of Pathology2', Oncology4 and Gastroenterology5, The Johns Hopkins School of 

JournalJournal of Clinical Pathology, 2002 fin press] 



ChapterChapter 3 

ABSTRACT T 

Background d 

Pepticc ulcer surgery may carry an increased risk for pancreatic cancer development. 

Molecularr analysis of K-ras codon 12, frequently mutated in conventional pancreatic cancers, 

mightt provide insight into etiologic mechanisms. 

Methods s 

Thee relative risk of pancreatic cancer was computed by multivariate and person-year analysis 

inn a cohort of 2633 postgastrectomy patients. Lung cancer risk was analyzed to indirectly 

assesss smoking behaviour. K-ras codon 12 mutational analysis was performed on 15 

postgastrectomyy pancreatic cancers. 

Results s 

Theree was an overall increased risk of pancreatic carcinoma of 1.8 (95% C.I. 1.3-2.6) 5-59 yrs 

postoperativelyy that gradually increased to 3.6 after 35 years or more postoperatively (Chi-

squaree test for trend, p<0.05). Multivariate analysis indicated that parameters other than 

postoperativee interval did not influence the risk. Lung cancer risk was significantly increased 

afterr surgery, but no time trend was observed. The spectrum and prevalence of K-ras codon 

122 mutations were comparable to conventional pancreatic cancer. 

Conclusions s 

Remotee partial gastrectomy is associated with an increased risk of pancreatic cancer. 

Postgastrectomyy and non-postgastrectomy pancreatic cancers may share similar etiologic 

factors,, like smoking. However, the neoplastic process in operated patients appears to be 

acceleratedd by factors related to the surgery itself. 

Keyy words: pancreas cancer, postgastrectomy, peptic ulcer, epidemiology, K-ras codon 12 
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INTRODUCTIO N N 

Pancreaticc cancer is the fifth leading cause of cancer-related death. This is mainly due to an 

extremelyy poor prognosis, because most cases are detected late in the course of the disease 

whenn the neoplasm has spread and curable resection is no longer possible 1 2 The 

identificationn of patients with an increased risk of pancreatic cancer may lead to a higher 

indexx of suspicion and to early detection when curative resection is still possible. 

Patientss with a remote partial gastrectomy for benign ulcer disease may constitute a high-risk 

groupp for pancreatic cancer 3"9, although reports are conflicting 10-14. The mechanism by 

whichh partial gastrectomy may contribute to the development of pancreatic cancer is unclear, 

butt an increased production of N-nitroso compounds and nitrosamines in the operated 

stomachh is believed to play a role ^ . These carcinogens may not only act locally, but also at 

sitess distant from the stomach, and N-nitroso compounds and nitrosamines have been shown 

too produce adenocarcinomas of the pancreatic duct in animal models '"  In addition, 

increasedd levels of cholecystokinin after partial gastrectomy may also mediate pancreatic 

carcinogenesiss ^ . Finally, smoking is a major risk factor for both the development of 

pancreaticc adenocarcinoma and for peptic ulcer disease 4 * 19-24? anc| peptic ulcer patients 

aree smokers who continue to smoke after surgery 7. 

Activatingg point mutations in codon 12 of the K-ras oncogene are among the most frequent 

geneticc alterations in pancreatic carcinoma 25 26 Interestingly, K-ras codon 12 mutations 

appearr more common in pancreatic carcinomas from smokers than in pancreatic carcinomas 

fromm patients who never smoked 26. Tobacco-specific nitrosamines induce carcinomas of the 

pancreass in rat models and generate G to A transitions at the second G of a GG pair of the ras 

oncogene,, which is the predominant type of mutation found in pancreatic cancers in humans 

277 28 Thus, analysis of the prevalence and type of K-ras codon 12 mutations in pancreatic 

carcinomaa occurring after remote peptic ulcer surgery may provide etiologic clues. 

Wee have been following a cohort of 2633 postgastrectomy patients who underwent surgery 

betweenn 1931-1960, and in a preliminary analysis we observed an almost twofold increased 

riskk for pancreatic cancer in these patients 20 years or more after their surgery 8. Follow-up of 
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thiss cohort is still complete and 82 % of the cohort has now died. Therefore, the present 

analysiss was performed to investigate whether the previously suggested increasing trend for 

pancreaticc cancer risk after peptic ulcer surgery could be further evaluated and definitively 

established.. Specifically, we were interested in seeing if the longest survivors had a 

particularlyy high risk for pancreatic cancer. Furthermore, we performed analysis of codon 12 

off  the K-ras oncogene in 15 postgastrectomy pancreatic carcinomas in order to compare these 

molecularr genetic alterations with the mutations encountered in conventional pancreatic 

cancerr in non-operated patients. 

MATERIAL SS AND METHOD S 

Studyy population: 

Thee characteristics of the study population have been described previously 8. Briefly, the 

studyy population consisted of 2633 postgastrectomy patients who underwent surgery for 

benignn conditions in the Academic Medical Center of the University of Amsterdam between 

19311 and 1960. There were 2300 men and 333 women; 207 patients had a Billroth I, and 2343 

aa Billroth II and in 83 patients the type of gastrectomy was not specified. The indication for 

operationn was a duodenal ulcer in 1683 patients, a gastric ulcer in 807 patients and was not 

specifiedd in 143 patients. Patient data were collected in 1975 by a review of records of the 

departmentss of Pathology and Surgery. Surgical specimens of all partial gastrectomies were 

routinelyy examined by the pathologist. Therefore, this dual department review of records is 

thoughtt to have yielded a virtually complete data set. Patients were traced using the Dutch 

populationn register system, in which every citizen has a unique registration card. This allows 

onee to determine the underlying cause of death (in International Classification of Diseases 

codes)) as registered on the official death certificate from the Netherlands Central Bureau of 

Vitall  Statistics 2 9. 

Statisticall  analysis: 

Thee computation of person-years at risk for pancreatic cancer started on January 1, 1935 

ecausee population mortality rates for pancreatic cancer were only reliably available after that 

date.. The observation time was time from initial surgery to date of death, date of emigration, 

datee of loss to follow-up, or to December 31, 1995, the closing date of the study. Person-years 

att risk according to sex and 5-years age categories from 10 years of age onwards were 
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calculatedd using a Fortran computer program for cohort analysis 30, At 85 years of age 

patientss were censored from the study because causes of death above this age were considered 

tooo inaccurate for comparison 31. Expected deaths were calculated by multiplying the number 

off  person-years for each 5-year age and sex by the corresponding age-, sex-, and calendar 

time-specificc death rates. These death rates were obtained from the Netherlands Central 

Bureauu of Vital Statistics, the same source that provided the official cause of death for the 

deceasedd in the cohort. Pancreatic cancer deaths during the first 5 postoperative years were 

excludedd because they might have included pancreatic cancer cases missed at the time of 

surgery.. Standardized mortality ratios of observed over expected pancreatic cancer deaths, 

andd 95% Confidence Intervals were calculated for each postoperative interval. One person 

lesss than 10 years of age and 5 persons who died at the time of operation were excluded. 

Multivariatee analysis of the risk of pancreatic cancer in the cohort according to postoperative 

interval,, sex, diagnosis and age at the time of surgery, and type of surgery, was performed 

assumingg a Poisson distribution as described previously 32. 

Sincee smoking is relatedd to peptic ulcer (surgery) and pancreatic carcinoma, it is a potential 

confoundingg variable. Patient data of the postgastrectomy cohort were collected by review of 

thee reports from the departments of Pathology and Surgery and information on smoking 

behaviorr was not reliably available from these sources. Therefore, the effect of smoking was 

indirectlyy assessed in the study population by computing the observed over expected mortality 

forr lung cancer, as described above for pancreatic carcinoma. 

AA chi square test for trend was performed to estimate the change in relative risk for lung 

cancerr and pancreatic cancer during the observation time since initial peptic ulcer surgery 31. 

Molecularr  analysis: 

Fifteenn postgastrectomy pancreatic carcinomas were available for molecular analysis. These 

carcinomass were obtained from the archives of the Academic Medical Center and other 

hospitalss in The Netherlands; some of the cases were obtained from The Johns Hopkins 

Hospitall  in Baltimore, USA. All tumors were primary cancers, the diagnosis was 

histologicallyy proven in all cases. Tumor tissue was carefully microdissected from archival 5  5 

umm H&E stained sections providing a sample in which at least 50% of the cells comprised the 

tissuee of interest. DNA was extracted as described previously 33. 
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Thee protocol for the K-ras codon 12 mutational analysis was described earlier . DNA is 

subjectedd to PCR amplification using primers centered around codon 12. One of the primers 

introducess a restriction site in the PCR products derived from wild-type codon 12 alleles but 

nott in those derived from mutant codon 12 alleles. Digestion of the PCR products is followed 

byy a second round of PCR amplification, which then yields a PCR product enriched for K-ras 

codonn 12 mutations. The resulting DNA products are denatured and dot-blotted onto nylon 

membraness and subjected to allele-specific oligonucleotide (ASO) hybridization with 

radioactivee labeled probes, specific for each possible K-ras codon 12 mutation, followed by 

autoradiography. . 

Celll  suspensions with mutant:wild type ratios of 1:100 and 1:1000 were used as positive 

controless in every PCR procedure. The suspensions were made of the human colon cancer 

celll  line SW 480 with a homozygous GGT to GTT mutation at codon 12 of K-ras and the 

humann colon cancer cell line HT 29 with wild type K-ras. Water was used as a control for 

contamination,, placental DNA for non-specific hybridization. All PCR products were 

hybridizedd with oligonucleotides with the wild type sequence to control for amplification of 

thee DNA samples. Enriched and non-enriched PCR products were dot-blotted next to each 

otherr to check for the digestion and the mutant-enrichment. We have previously validated the 

abovee mutant enriched PCR with ASO hybridization through comparison with sequence 

analysiss ->4. 
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RESULTS S 

Duringg the eight additional years of follow up since the previous analysis, another 361 

patientss died, two more patients emigrated (treated as censored data), while four other 

formerlyy emigrated patients returned to the Netherlands (included in the present analysis). At 

thee closing date of the study (January 1, 1996) 462 patients were still alive. The official cause 

off  death was obtained from all the 361 deceased patients. Eight additional patients died of 

pancreaticc cancer totaling 39 pancreatic cancer deaths. Importantly, follow-up was complete 

forr all but 8 patients who were excluded from the analysis. 

Detailedd results from the person-year analysis are listed in Table 1. 

Tabell  1.Observed and expected numbers of pancreatic cancer deaths in an Amsterdam cohort of 2633 
postgastrectomyy patients in consecutive postoperative intervals compared with the general Dutch 
population. . 
Thee period of follow up is 1935-1995, the age range of the patients is 10-84 years. 

yearss since 
gastrectomy y 

Number r 
i n n 

group p 

observed d 
pancreatic c 

cancer r 
deathss (o) 

expected d 
pancreatic c 

cancer r 
deathsdeaths (e) 

ratio o 
o/e e 

95% % 
Confidence e 

Interval l 

pp value 
(22 sided) 

menn and women 

0-4 4 

5-14 4 

15-24 4 

25-34 4 

35-59 9 

5-59 9 

2619 9 

2511 1 

2087 7 

1474 4 

825 5 

2511 1 

4 4 

5 5 

8 8 

11 1 

11 1 

35 5 

0.90 0 

3.9 9 

6.1 1 

5.9 9 

3.1 1 

19.0 0 

4.4 4 

1.3 3 

1.3 3 

1.9 9 

3.6 6 

1.8 8 

1.2-11.4 4 

0.42-3.0 0 

0.56-2.6 6 

0.93-3.3 3 

1.8-6.4 4 

1.3-2.6 6 

<0.05 5 

0.68 8 

0.54 4 

0.08 8 

O.01 1 

<0.01 1 

AA total of 35 pancreatic cancer deaths were observed 5 years or more after peptic ulcer 

surgery.. The overall risk was statistically significantly increased for the complete 5-59 years 

postoperativee interval (RR 1.8; 95% C.I. 1.3-2.6). The risk of developing pancreatic cancer 

increasedd continuously with increasing time since surgery, reaching a statistically significant 

levell  35-59 years postoperatively. The trend test indicated a statistically significant increasing 
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trendd (Chi square, 1 df=4.80 p<0.05). Data for both sexes were combined, because no 

interactionss by sex were noted, and the number of women was too small to make a 

meaningfull  statement about them separately. The multivariate analysis indicated that 

parameterss other than postoperative interval, such as gender, type of surgical procedure, and 

indicationn for the operation, did not contribute to the risk of pancreatic cancer. The observed 

overr expected mortality for lung cancer was increased in all post-operative intervals and the 

overalll  mortality was also statistically significantly increased (Table 2). 

Tabell  2. Observed and expected numbers of lung cancer  deaths in an Amsterdam cohort of 2633 
postgastrectomyy patients in consecutive postoperative intervals compared with the general Dutch 
population. . 
Thee period of follow up is 1935-1995, the age range of the patients is 10-84 years. 

yearss since 
gastrectomy y 

number r 
i n n 

group p 

observed d 
lung g 

cancer r 
deathsdeaths (o) 

expected d 
lung g 

cancer r 
deathss (e) 

ratio ratio 
o/e e 

95% % 
Confidence e 

Interval l 

pp value 
(22 sided) 

menn and women 

0-4 4 

5-14 4 

15-24 4 

25-34 4 

35-59 9 

5-59 9 

2619 9 

2511 1 

2087 7 

1474 4 

825 5 

2511 1 

8 8 

47 7 

78 8 

80 0 

49 9 

254 4 

7.3 3 

29.5 5 

47.4 4 

48.9 9 

27.2 2 

152.9 9 

1.1 1 

1.6 6 

1.6 6 

1.6 6 

1.8 8 

1.7 7 

0.5-2.2 2 

1.2-2.1 1 

1.3-2.1 1 

1.3-2.1 1 

1.3-2.4 4 

1.5-1.9 9 

>0.05 5 

<0.01 1 

<0.001 1 

<0.001 1 

<0.001 1 

<0.001 1 
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Thee trend test, however, was not significant (Chi square 1 df= 0.31 p>0.25). Figure 1 

visualizess the pattern of change of the relative risk of lung cancer and pancreatic cancer 

duringg the follow-up period. 

Figuree 1. 

Bar-diagramm of the relative risks for pancreatic and lung cancer among postgastrectomy patients for different 

postoperativee intervals. Trend test for pancreatic cancer is significant (Chi square, 1 df 4.80; p<0.05), whereas 

trendd test for lung cancer is not (Chi square, 1 df 0.31; p>0.25). 

Fig.. 1 Relative risks of postgastrectomy pancreatic cancer  and lung cancer 

5-144 yr s 15-24 yr s 25-34 yrs 35-59 yrs 

postoperativee intervals 

•• pancreatic 
cancer r 

DD lung cancer 

P<0.05 5 
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Molecularr analysis: 

Off  the fifteen postgastrectomy pancreatic carcinomas analyzed 10 (66%) showed a mutation 

inn codon 12 of the K-ras oncogene, four were wild type and one could not be amplified. In 6 

(60%)) of the 10 mutations the normal GGT sequence (glycine) was mutated to GAT (aspartic 

acid).. In 3 (30%) of the 10 mutations, it was mutated to GTT (valine) and in 1 (10%) it was 

mutatedd to CGT (arginine). (Figure 2). 

Figuree 2. 

Representativee autoradiograph of the K-ras codon 12 point mutation analysis. 

Fourr nylon membranes, each hybridized with a different radioactive labelled oligonucleotide specific for the 

sequencee of the wild type codon 12 (left) and the six possible mutations (3 of them depicted). On each 

membranee in the left lane the non-enriched PCR products are represented and in the right lane the mutant-

enrichedd PCR products, co: hybridization controls, on each membrane cloned DNA fragments with a known 

codonn 12 sequence complementary to the labelled oligonucleotides are used for the hybridization of that 

membrane.. H20: negative water control, pla: placenta DNA. 1 to 5: DNA isolated from postgastrectomy 

pancreaticc cancers with mutations resulting in an amino acid change; sample 2: glycine to valine, samples 1, 3 

andd 4: glycine to aspartic acid, sample 5 has a wild type K-ras codon 12 sequence. 
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DISCUSSION N 

Thee increase in pancreatic cancer risk after gastric surgery for benign conditions is not well 

established.. Several investigators have observed an increased risk of pancreatic cancer after 

gastrectomyy for benign gastroduodenal disease 3-9̂  whereas others have not 10-14 j ^ n 

observationn time of at least 20 years since initial peptic ulcer surgery appears to be the 

discriminatingg factor between these positive and negative studies. 

Inn the present analysis the overall (5-59 years postoperative) pancreatic cancer risk of 1.8 

(95%% C.I. 1.3 to 2.6) confirms the prior preliminary results observed in our cohort 8. 

Furthermore,, the present analysis provides insight into the pancreatic cancer risk after a 

longtermm postoperative interval, i.e. more than 25 years after the initial surgery. The 

additionall  8 pancreatic cancer deaths observed since our previous analysis all occurred 30 

yearss or more after peptic ulcer surgery. 

Theree is a trend of increasing pancreatic cancer risk with increasing time since surgery; in our 

cohortt the risk gradually increases to a statistically significantly 3.6 fold of the expected rate 

afterr 35 years or more postoperatively. Multivariate analysis indicated that variables other 

thann postoperative interval had no significant influence on the pancreatic cancer risk. 

Theree are several putative mechanisms through which gastric surgery might enhance 

pancreaticc cancer risk. The hypochlorhydric postoperative stomach provides an environment 

inn which nitrate reducing bacteria can proliferate. This leads to an increased formation of 

carcinogenss such as nitrosamines and N-nitroso compounds, which can produce 

adenocarcinomass of the pancreatic duct in animal models 16 17 Interestingly, an increased 

pancreaticc cancer risk was also observed in a cohort of patients with pernicious anemia, and 

atrophicc gastritis, both conditions are accompanied by high gastric pH 35. Hepatic excretion 

off  carcinogens into the bile and subsequent bile reflux into the pancreatic duct may lead to 

topicall  exposure to the carcinogens 36. Duodenogastric reflux appears to enhance pancreatic 

carcinogenesiss in animal models 9 18 37 38 \ n increased production of the polypeptide 

hormonee cholecystokinin (CCK) may have a promoting effect under these circumstances. In 

thee rat-azaserine model, CCK stimulates pancreatic carcinogenesis 39. in man, the CCK 

responsee to oral fat is increased in postgastrectomy patients compared to normal controls 40 
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Althoughh H.Pylori infection as a cause for peptic ulcer disease is firmly established 41, it is 

unlikelyy that this microorganism plays a direct causative role in the carcinogenesis of the 

pancreass after peptic ulcer surgery. Recently, the presence of Helicobacter DNA in the bile of 

humanss obtained by percutaneous transhepatic bile drainage was demonstrated 42, in another 

studyy comparable seroprevalence rates for H.Pylori were found in both pancreatic cancer and 

gastricc cancer patients, and were significantly higher than the seroprevalence in the control 

groupss (colorectal cancer patients and healthy individuals) 43, However, in a large proportion, 

att least 50%, of peptic ulcer patients H.Pylori is eradicated after peptic ulcer surgery, due to 

thee bile reflux 44 45 Alternatively, factors other than those directly related to the gastric 

surgeryy itself could play a role in the increased pancreatic cancer risk. Peptic ulcer patients in 

generall  are smokers and few quit smoking after surgery 7. Smoking of cigarettes is the 

strongestt established risk factor for conventional pancreatic cancer 4 5 19-24 Unfortunately, 

detailedd information on smoking behaviour in our study population is not available. 

Nevertheless,, the observed increased lung cancer risk indicates that smoking in our cohort 

wass more common than in the general Dutch population. The pattern in lung cancer risk after 

gastrectomyy is, however, markedly different from the steadily increasing trend observed for 

pancreaticc cancer risk (fig.1). 

Forr lung cancer, the risk is increased after surgery from the beginning and remains constant 

throughoutt the postoperative observation period. Thus, although smoking may contribute to 

thee increased pancreatic cancer risk after gastric surgery, the findings in our study suggest that 

factorss related to the surgery itself may accelerate the neoplastic process subsequent to the 

surgicall  procedure. Indeed, Mill s et al. (1988) observed a significant association between risk 

forr pancreatic cancer and a history of peptic ulcer surgery among adventists in a study that 

controlledd for smoking. In a previous autopsy study with adjustment for smoking, we also 

observedd a statistically significant association between pancreatic cancer risk and remote 

gastricc surgery 6. 

Thee results of the molecular analysis in this study support the role of smoking as a 

contributingg factor to postgastrectomy pancreatic cancer 28. 

Thee frequency and specific types of K-ras codon 12 mutations in the 15 postgastrectomy 

pancreaticc cancer samples is comparable with the frequency and types of mutations found in 
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non-postgastrectomyy pancreatic cancer 25 26 46-52 j ^ g similarities in prevalence and types 

off  mutation in the two groups suggest that similar carcinogens are etiologically important in 

both.. Further analysis would be required to investigate whether the other genes involved in 

thee development of pancreatic cancer also play a role in pancreatic cancers which develop 

afterr remote partial gastrectomy for ulcer disease. 

Pancreaticc intraepithelial neoplastic lesions were also observed in the tissue surrounding the 

pancreaticc carcinomas in the postgastrectomy cases (figure 3). 

Figuree 3. 

Examplee of a pancreatic intraepithelial neoplastic lesion, in this case papillary hyperplasia without atypia, 

observedd in the tissue surrounding a pancreatic carcinoma in one of the postgastrectomy cases. 

Thiss indirectly supports a similar pathway for the development of infiltrating pancreatic 

adenocarcinomaa in the postgastrectomy patients as the one postulated for conventional 

pancreaticc cancer 53. An increased index of suspicion in the long-term postgastrecomy 

patientt is therefore important. 
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Inn conclusion, an increased risk for pancreatic cancer exists in the postgastrectomy patients, 

particularlyy after a long-term postoperative interval. The underlying etiologic factors may be 

similarr to those which play a role in the development of non-postgastrectomy pancreatic 

cancer,, but the neoplastic process apparently takes place at an accelerated rate. 
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Summary y 

Background:Background: Unresectability at the time of' presentation is the 
mostt important reason for the poor survival rate of pancreatic 
carcinoma.. Molecular-based tests might improve the early 
detectionn of pancreatic cancer at a time when surgical resection is 
stilll  an option for cure. 
Methods:TheMethods:The literature was reviewed concerning the role of 

molecular-basedd tests applied to sources other than pancreatic 
tissuee itself, including ERCP-samples. blood and stool, with 
emphasiss on the detection of K-ras mutations and mutant p53 
genee product. 
Results:K-rasResults:K-ras mutations have been succesfully detected in 

ERCPP brush samples, leading to an increase of the sensitivity and 
improvementt of the diagnostic yield. When pancreatic juice and 
duodenall  fluid are tested for K-ras mutations, the yield is less. K-

Introduction n 

Pancreaticc cancer is the fifth leading cause of cancer-
relatedd death.This is mainly because pancreatic cancer 
usuallyy is diagnosed late in the course of the disease, when 
thee tumor has spread locally or metastasized, and curable 
resectionn is no longer possible. The overall 5-yr survival 
forr patients with pancreatic cancer is only 3% [1,2]. 
However,, after a succesful pancreaticoduodenectomy the 
5-yrr survival approaches 20% overall, and patients with a 
smalll  tumor (<3cm), negative lymph nodes and negative 
resectionn margins have a 40% chance to survive 5 years 
[3-4].. Thus, early detection of pancreatic cancer, when 
resectionn is still an option, is crucial for a better patient 
outcome. . 
Byy the time a tumor is clinically detectable, an 
accumulationn of generalized and specific molecular 
geneticc alterations has already taken place in the tumor. 
Molecular-basedd tests to identify these genetic mutations 
cann be used to enhance the early detection of pancreatic 
cancer. . 

Pancreaticc cancer development 

Pancreaticc ducts and ductules adjacent to infiltrating 
cancerss show hyperplasias and pancreatic intraepithelial 
neoplasiass which are the precursor lesions to pancreatic 

rass mutations can also be detected in the blood, especially in 
patientss with larger tumors. The presence of K-ras mutations 
provedd also to be useful in discriminating benign and malignant 
liverr nodules, i.e. when during surgery there is suspicion of liver 
metastasess of pancreatic cancer.The accumulation of p53 gene 
productt to immunochemically detectable levels in ERCP brush 
sampless also increases the sensitivity of conventional light 
microscopy.. Other molecular markers such as telomerase and 
T1MP-11 may prove to be useful too. but await more extensive 
evaluation. . 
Conclusion.Conclusion.Molecular-basedMolecular-based tests may be of value in the early 

detectionn of pancreatic cancer and might therefore contribute to a 
betterr patient survival rate 

Keyy words: diagnosis. K-ras. molecular markers, pancreas 
cancer.. p5J. screening 

cancerss [5-7], Similar to the tumor progression model 
describedd for colorectal cancer, in the pancreas the normal 
cuboidall  epithelium undergoes stepwise changes from flat 
mucinouss duct lesions, to papillary duct lesions without 
atypia,, to papillary duct lesions with atypia, and finally to 
infiltratingg carcinoma [5-81. These early tumor stages are 
alreadyy accompanied by an accumulation of molecular 
geneticc alterations.The specific genes associated with the 
developmentt of panceatic cancer can be divided into three 
genee classes: oncogenes, tumor suppressor genes and 
DNAA mismatch repair genes. 

Oncogenes Oncogenes 
Activatingg point mutation in the K-ras oncogene is by far 
thee most common genetic alteration in pancreatic cancer 
[9].. Mutation of the K-ras oncogene impairs the intrinsic 
GTPasee activity of the K-ras gene product leading to a 
proteinn that is constitutively active in signal transduction, 
whichh results in transformation of the cell. The vast 
majorityy (-90%) of the pancreatic cancers harbour point 
mutationss in the K-ras oncogene [9-12]. 

TumorTumor suppressor genes 
Thee p53 tumor suppressor gene is inactivated in 50-70% 
off  the pancreatic carcinomas [13-16]. In most cases this 
genee is inactivated by loss of one allele accompanied by an 
intragenicc mutation of the other allele. This results in the 
losss of important controls of cell growth: cell cycle 
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regulationn and induction of apoptosis |17.18|. 
Thee Deleted in Pancreatic Carcinoma 4 {DPC4) tumor 
suppressorr gene is inactivated in 50% of pancreatic 
carcinomass [16,19,20]. The gene has homology to a group 
off  genes known as the "Smad" genes, which play a role in 
thee TGF B receptor II signal transduction pathway [21-23]. 
Thee p!6 (Multiple Tumor Suppressor 1) gene is 
inactivatedd in approximately 95% of pancreatic cancers 
[24-26].. The p 16 gene product is an inhibitor of the 
cyclin-dependentt kinase (CDK) 4 that promotes 
progressionn of the cell division cycle [27|. Inactivation 
occurss in 15% of the cancers through methylation of its 
promotorr region. The remaining cases show homozygous 
deletionss (40%) or deletions accompanied by intragenic 
mutationss in the other allele (40%) [28], 
Otherr tumor suppressor genes which have been described, 
suchh as BRCA2, Rb, MKK4 and STKII are inactivated at a 
muchh lower frequency in pancreatic cancer than p!6. p53 
andd DPC4 [29-34]. 

MismatchMismatch repair genes 
Mismatchh repair genes (hMSH2, hMLHl, hPMSl, hPMS2, 
HMSH6/GTBPHMSH6/GTBP and hMSH3) repair single based pair 
changess and small insertions/deletions that occur during 
DNAA replication [35-38]. Inactivation of one of these 
geness leads to accumulation of mutations in microsatellite 
repeats,, a phenotype called microsatellite instability. In 
hereditaryy non-polyposis colorectal cancer (HNPCC) 
germlinee mutations occur in one of the mismatch repair 
geness [38-40], Microsatellite instability has been shown in 
aa variety of cancers including endometrium, stomach and 
lungg [39-43]. In a recent study microsatellite instability 
hass also been reported in pancreatic cancer [35]. Of the 82 
pancreaticc carcinomas analyzed three showed 
microsatellitee instability. Interestingly, these three 
carcinomass had a specific "medullary" histologic 
appearance,, very similar to the one reported in colon 
cancerss with microsatellite instability [35,40]. 

Geneticc alterations as a diagnostic tool 

Mutationss of the K-ras oncogene and p5J alterations are 
thee most widely studied neoplastic markers in the 
pancreas.. Because these alterations occur in a relatively 
earlyy stage of pancreatic carcinogenesis, at a high 
frequencyy and most importantly, because they can be 
detectedd by easy and sensitive methods. 
K-rasK-ras oncogene: 
Activatingg point mutations in codon 12 of K-ras are an 
attractivee target, since they are present in almost all cases 
off  pancreatic cancer [9-12]. Importantly, most of the 
alterationss are restricted to one codon, [9] which greatly 
facilitatess their detection. Furthermore, mutations in Kras 
codonn 12 are an early event in pancreatic carcinogenesis; 
K-rass mutations have been described in the early 
pancreaticc precursor lesions [44-46]. 
MolecularMolecular detection of K-ras mutations: 
Thee technique for detecting K-ras mutations has improved 
dramaticallyy since Almoguera et al. (1988) first described 

K-ra.vv mutations in pancreatic carcinomas |47). In 
part icular,, hybr id izat ion with al lele-specif ic 
oligonucleotidee (ASO) and enrichment of PCR products 
forr mutant sequences (mutant-enriched PCR) by digesting 
thee wild-type sequences after introducing an artificially 
createdd restriction site, have made it possible to detect 
smalll  numbers of cells with mutant K-ras even when they 
aree admixed with an excess of cells containing wild type 
K-ra.vv [9,48-50]. 
Inn addition to the pancreatic tissue itself, K-ras mutations 
havee been detected in several secondary sources including 
pancreaticc juice, endoscopic retrograde cholangio-
pancreatographyy (ERCP) brush samples, duodenal fluid, 
stooll  and blood [ 10,12,51 -56]. The identification of 
mutationss in ERCP brush samples in combination with 
conventionall  cytology improves the sensitivity of 
diagnosingg cancer over cytology alone, in our studies from 
766 to 89% (in a pilot study of 17 patients) and in a large 
groupp of 312 consecutive patients from 36% to 62% 
[54,55]. . 
Detectionn of K-ra.v mutations in duodenal fluid, stool and 
bloodd might also be attractive as a screening method since 
thee collection of these materials, especially stool and 
blood,, is less invasive than the ERCP procedure. Yamada 
etet al. (1998) could detect K-ra.v mutations in the plasma in 
60%>> (9 of 15) of the patients with pancreatic carcinomas 
harboringg K-ras gene mutations. They also found a 
significantt correlation between the presence of detectable 
K-ra.vv mutation in the plasma and tumor size. When blood 
sampless were positive for K-ras mutations, tumors were 
lesss likely to be resectable [56]. In postoperatively 
obtainedd duodenal fluid, K-ras mutations were detectable 
inn 25 % of the patients with periampullary cancer, but the 
negativee predictive value was low (22%): 32 of 41 patients 
withh wild-type duodenal fluids had cancer [51]. Iguchi et 
al.al. (1996) examined preoperativê obtained duodenal 
fluidd of patients who underwent a secretin test for 
stimulationn and found K-ra.v mutations in 63% of the 
patientss with pancreatic cancer. Only 1 of the 41 patients 
withh a benign pancreatic disorder had a K-ras mutation in 
thee duodenal fluid |58]. Caldas et al. (1994) reported that 
K-ra\\ mutations can also be detected in the stool; in 6 of 
111 patients (55%) with pancreatic adenocarcinoma K-ra.v 
mutationss were detected [10). 

K-ra.vv mutation analysis also proved to be useful in 
distinguishingg between benign bile duct proliferations and 
pancreaticc cancer metastases in the liver, when during 
laparotomyy a suspicious lesion in the liver was seen [57). 
Inn short, K-ra.v mutations detected in secondary sources 
mayy contribute to early detection and diagnostic accuracy 
byy differentiating pancreatic cancer from benign lesions. 

P53 P53 
Anotherr attractive target for the detection of pancreatic 
cancerr is the p53 tumor suppresor gene. This gene is also 
frequentlyy altered in pancreatic adenocarcinomas [13-15|. 
Inn contrast with the K-ras oncogene, p53 mutations are not 
concentratedd at one locus |59), which makes mutation 
analysiss laborious. The use of indirect markers helps to 
overcomee the technical difficulty in searching for p53 
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mutations.. Immunochemical staining for the p53 protein as 
aa detection method for mutant p53 is a feasible alternative, 
sincee a p53 mutation often results in a more stable protein 
thann the wild type p53 protein. Mutant p53 gene product is 
thereforee more l i ke l y to accumu la te to 
immunohistochemicall  detectable levels. [59-61]. Although 
p53p53 mutations occur in pancreatic carcinoma in situ, p53 
mutationss are more common in invasive cancer [61.62], 
Upp to now, no immunohistochemical detection of p53 is 
describedd in normal pancreatic tissue [49.61,62]. 
Wee found that immunocytochemical staining for p53 
mutationss of cytology samples in cytologic analysis 
increasess the sensitivity of identifying cancer |53,54]. In a 
recentt study the diagnostic value of p53 immunocytology 
wass evaluated on endobiliary brush cytology specimens of 
533 patients; the sensitivity increased from 28% for 
cytologyy alone to 43<# for cytology in combination with 
p533 immunocytology [63]. particularly for distal bile duct 
carcinomas.. Using cell specimens from selective 
pancreaticc duct brushings, which is a laborious technique, 
p533 immunocytochemistry increased the sensitivity from 
aboutt 60% for Papanicolaou staining alone to 9i)c/c for the 
combinationn of Papanicolaou staining and p53 
immunocytochemistryy 164,65]. 

P!6P!6 gene 
Recently.. Wilentz et ul. (1998) immunohistochemically 
stainedd a large group of pancreatic precursor lesions and 
showedd that loss of p/6 gene product is important in the 
progressionn of pancreatic cancer [66]. Despite the high 
frequencyy of inactivation of pl6 and the development of 
immunochemistryy against the p/6 gene product, the 
interpretationn of the immunochemical results is difficult, 
sincee negative immunostaining means that the cells have 
inactivatedd the gene [651. Especially the interpretation of 
cytologyy samples is difficult , since in contrast to tissue 
samples,, there are often not enough malignant cells to 
distinguishh between positive, negative and background 
staining.. However. Belinsky et at. (1998) showed that the 
aberrantt mcthylation of the pl6 promotor region can be 
usedd for detection of this change in secondary sources 
(67|.. Although hypermethylation of the pi6 gene occurs in 
onlyy 15% of pancreatic cancer, it is a potential target for 
detectingg pancreatic cancer cells. 

MismatchMismatch repair genes 
Microsatellitcc instability has been used in other organs on 
cellularr specimens for the detection of cancer, such as 
bladderr cancer, but the frequency of this alteration in 
pancreaticc cancers {~4c/<)  is presumably too low to use it 
forr diagnostic purposes [35.68]. 

Conclusion n 

Inn the future molecular-based tests wil l play an 
increasinglyy important role in the clinical setting. As 
shownn above the assessment of molecular changes in 
humann tissues can be useful in consolidating a diagnosis in 
thosee cases in which morphology alone can not give 

conclusivee information. Using current techniques, 
molecularr analysis of genetic changes in secondary 
sourcess including blood, stool and pancreatic juice can be 
usedd to detect a neoplasm in a preclinical stage. 
Importantly,, individually sub-optimal markers can be 
combinedd to yield higher sensitivity and specificity for 
cancerr [691. 
However,, the molecular-based tests should be interpreted 
withh caution, since genetic alterations occurring very early 
inn the pancreatic carcinogenesis do not necessarily prove 
thatt a patient wil l develop invasive malignancy. 
Furthermore,, the genetic changes found in sources other 
thann the pancreas itself (blood, stool) should be evaluated 
prudently,, since, for example, K-ras mutations are also 
frequentlyy encountered in other carcinomas, like colorectal 
carcinoma.. Therefore, the origin of the cells containing the 
geneticc alteration should be carefully determined. 
Neww molecular markers such as "tissue inhibitor of 
metalloproteinasee type 1" (TIMP-1) and (clomerase arc 
currentlyy under investigation and may prove to be useful 
inn the early detection of pancreatic cancer [69,70], 
Inn conclusion, the determination of molecular alterations 
cann serve as a valuable supplement in the diagnosis of 
pancreaticc cancer and can improve the early diagnosis of 
pancreaticc cancer, which is crucial for a better patient 
survivall  rate. 
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Diagnosti cc p53 Immunostainin g of Endobiliar y Brus h 
Cytolog y y 
PreoperativePreoperative  Cytology  Compared  with  the Surgical  Specimen 

BACKGROUND:: Endobiliary brush cytology is important in the distinction of malig-
nantt and benign causes of extrahepatic bile duct obstruction. The additional 
diagnosticc value of p53 immunostaining on these cytology specimens was as-
sessed. . 
METHODS:: All patients with extrahepatic bile duct obstruction who underwent 
endoscopicc retrograde cholangiopancreatography (ERCP) with endobiliary brush 
cytologyy and subsequent surgery at the Academic Medical Center in Amsterdam 
duringg a 3 -year period were studied. p53 Immunocytology was compared with the 
correspondingg conventional light microscopic cytology and p53 immunostaining 
off  the subsequent surgical specimen. 

RESULTS:: Fifty-three patients with the following diagnoses were included: pancre-
aticc carcinoma (23), bile duct carcinoma (15), ampullary carcinoma (5), lymph 
nodee metastases (2), carcinoma of unknown origin (4), chronic pancreatitis (3), 
andd primary sclerosing cholangitis (1). Fifty-one percent of the carcinomas showed 
positivee p53 immunostaining; all four surgical specimens without carcinoma were 
negative.. The sensitivities of conventional light microscopic cytology, p53 immu-
nocytology,, and both tests combined were 29%, 24%, and 43%, respectively. These 
sensitivitiess were higher in cases of bile duct carcinoma (46%, 40%, and 66%) 
comparedd with cases of pancreatic carcinoma (13%, 9%, and 22%). Specificities of 
bothh tests were 100%. 

CONCLUSIONS:: p53 Immunostaining on endobiliary brush cytology may be helpful 
inn the diagnosis of malignant extrahepatic bile duct stenosis, especially in patients 
withh bile duct carcinoma. Cancer (Cancer Cytopathol) 1999;87:306-11. 
©© 1999 American Cancer Society. 

KEYWORDS::  ERCP, brus h cytology , p5 3 immunocytochemistry , bil e duc t stenosis , 

pancreati cc  cancer , bil e duc t carcinoma . 

Extrahepaticc bile duct stenosis is caused by a variety of benign and 
malignantt diseases. Symptomatology and diagnostic imaging 

techniquess cannot readily differentiate between the two. Light micro-
scopicc tissue examination is needed to reach an unequivocal diagno-
siss of the cause of such an obstruction. For this purpose, brush 
cytologyy can be obtained during endoscopic retrograde cholangio-
pancreatographyy (ERCP). Unfortunately, although the specificity is 
almostt 100%, the sensitivity of light microscopic evaluation of en-
dobiliaryy brush cytology is only 30 to 40%.12 The relatively low sen-
sitivityy is caused by the limited yield of material suitable for investi-
gation,, the difficulty in distinguishing epithelial cells with reactive 
changess from neoplastic cells, and the difficulty in distinguishing 
normall  duct epithelium from highly differentiated carcinoma cells. 
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Neww potentially promising tumor markers detect-
ablee in brush cytology specimens come from molecu-
larr genetic cancer research. Various genetic alterations 
importantt in carcinogenesis have now been described, 
off  which alterations in the ras oncogenes and the p53 
tumorr suppressor gene are the most common. The 
diagnosticc use of detection of K-ras mutations in bil-
iaryy cytology has been reported with variable results, 
andd it may be helpful in the diagnosis of malignant 
bilee duct stenosis.̂~IS In contrast, the diagnostic use of 
detectionn of p53 alterations in these cytology speci-
menss has received only limited attention, mainly in 
pilott experiments.16-18 Nevertheless, p53 is a poten-
tiallyy useful target for diagnostic purposes. 

Thee p53 tumor suppressor gene is located on 
chromosomee 17p and encodes for a nuclear transcrip-
tionn factor. The p53 protein prevents the cell cycle 
fromm proceeding from G, to S-phase in cells with DNA 
damage,, allowing DNA repair. The p53 protein also 
playss a role in DNA repair itself and in apoptosis.19 21 

Thus,, the cell loses three important controls of the cell 
lif ee cycle when the p53 protein is non-functional. Usu-
ally,, loss of one allele and mutation of the other inac-
tivatee the p53 tumor suppressor gene. 

Alterationss in the p53 gene are attractive as a 
tumorr marker in the diagnosis of malignant bile duct 
stenosiss for the following reasons. Firstly, p53 alter-
ationss are among the most frequent genetic alter-
ationss in human malignancies, including neoplasms 
causingg bile duct stenosis.22 The prevalence of p53 
mutationss in carcinomas of the pancreas, bile duct, 
andd ampulla of Vater is between 50 and 70%.23"25 

Secondly,, p53 immunochemistry (p53-IC) can be used 
ass a surrogate test for time-consuming and cumber-
somee sequence analysis to detect mutations. Muta-
tionss in p53 mostly lead to a conformational change of 
thee protein product that has a prolonged half-life.26 

Thee mutant p53 protein product accumulates in the 
nucleus,, where it can be detected with simple, quick, 
andd cheap immunochemical techniques available in 
routinee laboratories. Immunostaining to detect p53 is 
estimatedd to be 65 to 70% sensitive and 90% specific.27 

Finally,, when immunocytochemical detection of p53 
mutationss is used, the (cyto)pathological features re-
mainn intact for evaluation. 

Inn this study we determined the diagnostic value of 
p533 immunostaining of endobiliary brush cytology as an 
adjunctt to conventional light microscopic cytology for 
thee diagnosis of malignant extrahepatic bile duct steno-
sis.. Brush cytology outcomes were compared with the 
resultss of the definitive surgical tissue specimens to eval-
uatee possible reasons for discrepancies. 

p53p53 immunostaining ofERCP brush samples 

MATERIALSS AND METHODS 
Patient s s 
Alll  consecutive patients who underwent ERCP with 
brushh cytology for the evaluation of an extrahepatic 
bilee duct stenosis between 1993 and 1996 at the Aca-
demicc Medical Center, Amsterdam, and who under-
wentt subsequent surgery with resection of the stenotic 
lesionn or biopsy of metastases were included if cytol-
ogyy smears and tissue of the surgical specimens were 
availablee for p53 immunostaining. 

MATERIALS S 
Brushingss of the bile duct were performed with the 
GRBH-230-3-3.55 brush (Wilson-Cook Medical, Inc., 
Winston-Salem,, NC). The brushes were washed in Ro-
swell  Park Memorial Institute (RPMI) 1640 (GibcoBRL, 
Rockville,, MD) medium and immediately transported 
too the cytology laboratory. Four cytology smears or 
cytospinss were made and stained with Giemsa and 
Papanicolaouu for routine cytopathological diagnosis. 
Additionall  cytology smears were made, fixed with Pro-
Fixxx (Lerner-Laboratories, Pittsburgh, PA), wrapped in 
aluminiumm foil, and stored at -20 "C for subsequent 
p533 immunostaining. 

Fivee jim sections of formalin-fixed, paraffin-embed-
dedd tissue blocks were used for p53 immunostaining. 

p533 Immunostainin g 
Brushh cytology smears were rinsed thoroughly in 
gradedd ethanol and distilled water. After endogenous 
peroxidasee was blocked by methanol containing 0.3% 
peroxide,, the slides were incubated in a 0.01 M natri-
um-citratee solution, pH 6.0, in a microwave oven set at 
1000 °C. After a 10-minute incubation period, the sec-
tionss were allowed to cool for 30 minutes. After being 
rinsedd twice in distilled water and phosphate-buffered 
salinee (PBS), sections were treated by 20 minutes of 
incubationn in 10% normal goat serum in PBS. The 
slidess were then incubated 60 minutes in a 1:1000 
solutionn of CM1, a rabbit polyclonal antibody against 
thee p53 protein (Novocastra, Newcastle upon Tyne, 
UK).. Biotinylated swine anti-rabbit immunoglobulins 
weree used as secondary antibody and were applied in 
aa 1:400 solution with 10% pooled human AB-serum for 
300 minutes. The next step contained streptavidin (1: 
200)) with biotinylated horseradish peroxidase (1:200, 
Dakopatt,, Denmark) in PBS with 10% pooled human 
AB-serum,, which was applied for 30 minutes. Chro-
mogenn was 5% diaminobenzidine (DAB) and substrate 
wass 0.03% peroxide in TRIS (tris-hydroxymefhyl-
aminoo methane)-HCl 0.05M, pH 7.8. A 10-minute in-
cubationn time resulted in a brown precipitate in the 
nucleii  of cells from a colon carcinoma with a known 
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FIGUREE 1 . Positive p53 immuno-

stainingg of endobiliary brush cytol-

ogy;; note the specific staining of the 

malignantt cells (A; X100). (B) A 

positivee result of conventional light 

microscopyy (Papanicolaou staining, 

X160). . 

p53p53 mutation that was used as a positive control. 
Nuclearr counterstaining was done with hematoxylin. 
Ass a negative control, part of each specimen followed 
thee whole procedure leaving out the primary anti-
serum. . 

Tumorr sections were mounted on organosilan-
coatedd glass slides (Menzel-Glaser, Germany) and 
driedd overnight at 37 °C. Sections were dewaxed in 
xylenee and graded ethanol, after which they were 
placedd in a coplin jar filled with 0.3% peroxide in 
methanol.. Subsequently, the slides were processed as 
describedd above. 

Alll  cytological and histological samples were 
codedd and evaluated independently by two observers. 
Brushh cytology specimens were considered p53 im-
munocytochemical-positivee if one or more cells, 
recognizablee as epithelial cells, showed unequivocal 
nuclearr staining. Tissue was considered p53 immuno-
histochemical-positivee if at least 10% of the tumor cells 
showedd specific nuclear staining25 (Figs. 1A and 2). 

Ligh tt  Microscop y 
Thee routine diagnostic cytology smears were coded 
andd reviewed (Fig. IB). For the purpose of this study 
theyy were reclassified as positive for malignancy, neg-
ativee for malignancy, suspicious for malignancy, or 
nott suitable/insufficient for diagnosis. For the pur-
posee of this study we have deliberately avoided the 
termm "atypical" in the classification, because it is a 
descriptivee light microscopic term that can be applied 
bothh for reactive and neoplastic atypia, and it is there-
foree not unambiguous. Thus, we classified the cytol-
ogyy results either as positive, when the atypia was 
indicativee of malignancy, or as negative, when the 
atypiaa was interpreted as consistent with reactive 
cells.. In those cases in which there was uncertainty 
whetherr the atypia should be considered as neoplastic 
orr reactive, we classified them as suspicious. 

FIGUREE 2 . Positive p53 immunohistochemistry of the bile duct carcinoma 

correspondingg to Figure 1. 

RESULTS S 
Fifty-threee patients were included in the study (Table 
1).. The mean age was 58 years, and 32 were males. The 
finalfinal histological diagnoses were as follows: 23 pan-
creaticc carcinomas, 15 bile duct carcinomas, 5 amp-
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TABLEE 1 
Diagnosis,, p53 Immunostaining of Surgical Specimens, p53 Immunocytology, and Conventional Cytology in 53 Patients 
withh Extrahepatic Bile Duct Stenosis 

Diagnosis s 

Pancreaticc carcinoma 

Bilee duct carcinoma 

Ampullaryy carcinoma 

Lymphh node metastasis 

Carcinomaa unspecified 

Chronicc pancreatitis 

Primaryy sclerosing cholangitis 

Number r 

23 3 
15 5 
5 5 
2 2 
4 4 
3 3 
1 1 

p53-lC-posltlve e 

surgical l 

specimenss (%) 

111 (48) 

8(53) ) 

2(40) ) 

2(100) ) 

2(50) ) 

— — 
--

Positive e 

conventional l 

cytologyy (%) 

3(13) ) 

7(46) ) 

1(20) ) 

1(50) ) 

2(50) ) 

— — 
--

p533 1C-posltlve 

cytologyy (%) 

2(9) ) 

6(40) ) 

— — 
2(100) ) 

22 150) 

_ _ 
--

Positivee conventional 
cytologyy and/or 

p53-IC-positive e 

cytologyy (%) 

5(22) ) 

10(66) ) 

1(20) ) 

2(100) ) 

3(75) ) 

--

TABLEE 2 
p533 Immunochemistry Results of Surgical Specimens (Histology) and 
Cytologyy Specimens Compared with Conventional Cytology Results in 
thee 49 Patients With Malignant Extrahepatic Bile Duct Stenosis 

p53-ICC results 

Histology+/cytology» » 

Histology-/cytology+ + 

HH istol ogy+/ cytology -

Histology-/cytology--

Total l 

No.. of 

patients s 

9 9 

3 3 

16 6 

21 1 

49 9 

Conventionall cytology results 

Positive e 

4 4 

1 1 

2 2 

7 7 

14 4 

Negative e 

4 4 

1 1 

B B 

12 2 

25 5 

Suspicious s 

1 1 

1 1 

6 6 

2 2 

10 0 

66%)) compared with pancreatic carcinoma (13%, 9%, 
andd 22%). None of the cytology specimens from the 
fourr patients with benign bile duct stenoses had pos-
itivee results for conventional cytology or p53 immu-
nocytochemistryy (specificity 100%). 

Thee p53 immunochemistry results of the cytology 
specimenss and the surgical specimens were concor-
dantt in 34 (64%) patients, including the 4 patients with 
benignn stenoses. Sixteen patients with p53-IC-positive 
carcinomass had negative p53 immunocytology results, 
andd 3 patients with p53-IC-negative carcinomas had 
positivee p53 immunocytology results (Table 2). 

ullaryy carcinomas, 2 lymph node metastases (1 lung 
carcinomaa and 1 rectal carcinoma), 3 chronic pancre-
atitis,, and 1 primary sclerosing cholangitis. Four pa-
tientss were diagnosed with "unspecified carcinoma." 
Inn these patients biopsies from the metastases only 
weree obtained, and thus no specific diagnosis as to the 
tissuee of origin could be established. 

Fifty-onee percent of the surgical specimens with 
carcinomaa were p53-IC-positive: 48% of the pancre-
aticc carcinomas, 53% of the bile duct carcinomas, 40% 
off  the ampullary carcinomas, 50% of the unspecified 
carcinomas,, and both the lymph node metastases. Ail 
fourr surgical specimens from patients with benign 
stenosess were p53-IC negative. 

Off  the 49 patients with malignant bile duct steno-
sis,, 14 were accurately diagnosed with conventional 
cytologyy (positive cytology, suspicious not included), 
andd 12 were diagnosed with p53 immunocytochemis-
tryy (positive p53 immunocytochemistry). Of the 12 
diagnosedd by p53 immunocytochemistry, 7 were not 
accuratelyy diagnosed with conventional cytology (Ta-
blee 2). Sensitivities of conventional cytology, p53 im-
munocytochemistry,, and both tests combined were 
29%,, 24%, and 43%, respectively. The sensitivities 
weree higher for bile duct carcinoma (46%, 40%, and 

DISCUSSION N 
Thee detection of cancer-specific molecular alterations 
ass a diagnostic adjunct to diagnostic cytology speci-
menss is attractive because of the often low sensitivity 
off  conventional light microscopic examinations. Pre-
requisitess for a successful diagnostic marker are a high 
prevalencee of the genetic alteration in the specific 
neoplasmm and a detection method that is relatively 
simple.. Both prerequisites hold true for p53 alterations 
inn malignancies causing bile duct stenosis: the p53 
genee is mutated in 50 to 70% of these malignancies, 
andd the detection of the mutant p53 protein product 
withh standard immunocytochemical procedures is in 
generall  representative for mutations in P5323'27. 

Thee frequency of positive p53 immunohistochem-
istryy for the different carcinomas corresponds with 
thatt of previous reports23"25, indicating that our study 
groupp is representative. The sensitivity of conven-
tionall  cytology was 29%, which is also in line with 
previouss large studies on endobiliary brush cytolo-
gy1,2.. The sensitivity of p53 immunocytochemistry 
alonee was 24%, which is relatively low. However, the 
combinedd sensitivity of both tests was 43%, an in-
creasee of 14% above that of the conventional cytology 
alone.. Thus, although of limited diagnostic value, p53 
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immunocytochemistryy certainly adds to conventional 
methodology.. The specificity of both tests was 100%, 
butt the number of patients without malignancy was 
small.. Mutations of p53 are not described in non-
malignantt lesions, but false-positive p53 immuno-
stainingg may occur29,29. 

Absencee of p53 overexpression in the primary tu-
morr was the major cause for the limited diagnostic 
valuee of p53 immunocytochemistry (21 cases). An-
otherr cause was sampling error, i.e., the absence of 
tumorr cells in the cytology specimens as reflected by 
thee negative or inconclusive conventional cytology re-
sultss in 14 of the 16 patients with p53-IC-positive 
tumorss who had negative p53 immunocytology. The 
twoo patients with negative p53 immunocytology but 
p53-IC-positivee tumors and positive conventional cy-
tologyy results can be considered to have "true" false-
negativee staining of the cytology samples. This may be 
thee result of enzymatic influences of bile products, or 
itt may be because of technical error29. Intratumor 
heterogeneityy may be an alternative explanation for 
thesee discrepancies. 

Intratumorr heterogeneity has been demonstrated 
inn many tumors, not only as far as morphological 
characteristicss are concerned but also regarding cyto-
geneticc aberrations ranging from large chromosomal 
abnormalitiess to point mutations in genes such as 
p53i4,30~36.. The three cases with the discrepant find-
ingss of a p53-IC-negative tumor and p53-IC-positive 
cytologyy may also be explained by the presence of 
intratumorr heterogeneity for p53 overexpression. Un-
fortunately,, there was no additional tissue of the pri-
maryy tumor available for immunostaining to explore 
whetherr this was indeed the case. However, in a pre-
viouss study we were able to demonstrate that intratu-
morr heterogeneity for p53 immunohistochemical 
stainingg may account for non-concordant p53 immu-
nocytologyy results14. 

Higherr sensitivities than were found in this study 
havee been reported for both conventional cytology 
andd p53 immunocytology for the diagnosis of pancre-
aticc cancer1718. This can be explained by selection 
resultingg from different inclusion criteria used in these 
studies.. The authors examined a series of patients with 
pancreaticc carcinoma or chronic pancreatitis in whom 
selectivee brushing of the pancreatic duct stenosis was 
performed.. Thus, patients were selected on the basis 
off  an established diagnosis and the ability to pass the 
brushingg device through the pancreatic duct, which 
cann be difficult in certain cases. Our study is essen-
tiallyy different. It included a consecutive series of pa-
tientss each with a prominent extrahepatic bile duct 
stenosiss from which endobiliary brush cytology was 
obtainedd preoperatively to differentiate between a 

malignantt or benign cause of the bile duct stenosis. 
Thiss is, in fact, the clinical setting most often encoun-
teredd and for which additional molecular markers 
wouldd be of great importance. 

Inn cases of pancreatic carcinoma, the bile duct 
stenosiss may be caused by external compression from 
thee tumor rather than by direct transmural growth. As 
aa result, in pancreatic cancers the tumor is not 
brushedd directly, in contrast to what occurs with bile 
ductt carcinomas, and the yield of tumor cells is low. 
Bothh conventional cytology and p53 immunocytology 
dependd on the yield of malignant cells and the quality 
off  these cells in the brush cytology specimens. This is 
illustratedd by the higher sensitivity of conventional 
cytologyy and p53 immunocytology for the diagnosis of 
carcinomaa arising from the bile duct itself compared 
withh the diagnosis of pancreatic carcinoma37. Forty 
percentt of the bile duct carcinomas were diagnosed 
withh p53 immunocytology versus 9% of the pancreatic 
carcinomas.. Also, the additional diagnostic value was 
higherr in bile duct carcinoma than in pancreatic can-
cer,, 20% versus 9%. 

Moree sensitive polymerase chain reaction-based 
techniquess to detect cancer-specific molecular alter-
ationss probably have more potential to increase the 
diagnosticc yield of cytology specimens, but most of 
thesee techniques are still too complicated to use on a 
largee scale within a routine clinical setting. In individ-
uall  cases, additional p53 immunocytochemical stain-
ingg performed on endobiliary brush cytology speci-
menss may certainly be helpful in determining further 
diagnosticc or therapeutic strategies in patients with 
extrahepaticc bile duct stenoses, particularly in pa-
tientss with bile duct carcinoma. 
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A b s t r a c t t 

WeWe immunohistochemicaliy labeled 72 biopsy 
specimensspecimens from the extrahepatic biliary tree and 
pancreaspancreas for Dpc4 protein and correlated expression 
withwith histologic diagnosis and patient follow-up. 
SpecimensSpecimens were classified histologically as follows: 
nonneoplastic,nonneoplastic, 35; neoplastic, 22; atypical, 15. Loss of 
expressionexpression of Dpc4 protein was identified in 12 
specimens;specimens; 11 were histologically diagnostic of 
carcinoma.carcinoma. The 12th specimen was from a patient 
whosewhose biopsy specimen initially was diagnosed as 
"atypical,""atypical," but clinical follow-up revealed 
adenocarcinoma.adenocarcinoma. Of the 12 atypical biopsy specimens 
withwith intact expression for Dpc4, follow-up later 
revealedrevealed that 10 were adenocarcinoma. Loss of 
expressionexpression ofDpc4 protein was never identified in a 
benignbenign specimen. 

ImmunohistochemicalImmunohistochemical labeling for the Dpc4 gene 
productproduct is a specific marker of carcinoma in biopsy 
specimensspecimens of the pancreas and extrahepatic bile ducts 
andand is marginally helpful in classifying atypical 
specimens.specimens. The sensitivity for carcinoma is low. This 
latterlatter finding is not unexpected, because the DPC4 
tumortumor suppressor gene is inactivated in only about half 
ofof pancreatic and biliary malignant neoplasms. 
Importantly,Importantly, loss ofDpc4 expression has been reported 
inin in situ carcinomas, suggesting that loss of expression 
shouldshould not be equated with invasive carcinoma. 

Thee DPC4 gene is inactivated in approximately 55% of 
pancreaticc ductal adenocarcinomas and in 15% to 55% of 
extrahepaticc biliary adenocarcinomas.1"5 Inactivation occurs 
byy 1 of 2 mechanisms: (1) intragenic mutation in one allele 
coupledd with loss of the other allele (loss of heterozygosity) 
orr (2) deletion in both alleles (homozygous deletion).6 

Homozygouss deletion inactivates the gene in 35% of pancre-
aticc adenocarcinomas, and intragenic mutation coupled with 
losss of the second allele inactivates it in another 20%.'"5 

Comparedd with other genetic changes that occur in pancreas 
cancer,, inactivation of the DPC4 gene is relatively specific 
forfor the disease.1"" 

Unfortunately,, searching primary tumor tissue geneti-
callyy for deletions can be difficult, especially in a neoplasm 
likee pancreatic adenocarcinoma. This is because pancreatic 
adenocarcinomass evoke intense desmoplastic responses, and, 
ass a result, most of the DNA obtained from tumor samples is 
actuallyy nonneoplastic DNA. Immunohistochemical analysis 
cann overcome this problem because it is performed in situ, 
andd the histologic features of the tissue are preserved. In 
addition,, it can be applied to formalin-fixed tissues processed 
inn a routine manner. Indeed, Wilentz et al12 have recently 
shownn that immunohistochemical analysis for the Dpc4 
proteinn performed on pancreatic resection specimens is an 
extremelyy sensitive and specific technique to classify DPC4 
genee status. 

Althoughh immunohistochemical analysis is an accurate 
wayy to identify inactivation of the DPC4 gene, this technique 
hass not been validated as a diagnostic tool. One excellent way 
too test this technique's usefulness is to study it in a set of 
biopsyy specimens from the pancreas and extrahepatic bile 
ductss from patients with detailed clinical follow-up. This 

68 8 



DPC-4DPC-4 in pancreatic and biliary biopsy specimens 

studyy would help determine whether this technique could be 
usedd diagnostically in small tissue samples and could estab-
lishh a malignant diagnosis in specimens suggestive but not 
diagnosticc of carcinoma by examination of histologic 
featuress alone. Patient follow-up would be used as the "gold 
standard""  to verify all patients' diagnoses. 

Iff  Dpc4 immunohistochemical analysis could help 
establishh malignant diagnoses in even a fraction of the 
biopsyy specimens not quite diagnostic of carcinoma by histo-
logicc features alone, patients would benefit greatly. This is so 
becausee in these cases, additional diagnostic procedures, 
suchh as repeated imaging, further biopsies, endoscopic ultra-
sound,, and even laparotomy, often are necessary to diagnose 
aa carcinoma. The morbidity and mortality attending addi-
tionall  diagnostic procedures could be avoided if the use of 
immunohistochemicall  analysis could establish a diagnosis. 

Material ss  and Method s 

Specimenn Selection 

Wee included 72 biopsy specimens from the pancreas 
andd extrahepatic bile ducts, obtained from 63 patients, in the 
study.. These specimens represented cases of pancreatic and 
biliaryy tract biopsies performed between September 1996 
andd February 1999 at the Johns Hopkins Hospital, Balti-
more,, MD. Although 125 biopsy specimens originally were 
availablee for study, the paraffin blocks from 53 biopsy speci-
menss produced slides that failed to react with the antibody (n 
== 11) or that did not contain enough tissue to attempt 
immunohistochemicall  analysis (n = 42). 

Thee 72 specimens were obtained from patients under-
goingg endoscopic retrograde cholangiopancreatography, 
openn laparotomy, or radiologically guided percutaneous 
biopsy.. Thirty-six were from the pancreas, and 36 were 
fromm the extrahepatic biliary tree. Of the latter group, 18 
weree from the distal common bile duct, 9 were from the 
proximall  common bile duct, and 9 were from the common, 
right,, or left hepatic ducts. Thirteen patients had resections 
off  their pancreatic or biliary masses after biopsy (10 
Whipplee resections, 3 distal pancreatectomies). Tissue 
blockss of tumor from 6 of these resection specimens were 
availablee for study. 

Dataa Procurement 

Clinicall  and pathologic data for the 72 cases were 
obtainedd from patients' medical records, the Johns Hopkins 
Oncologyy Center information system database, and the 
Johnss Hopkins Hospital Surgical Pathology files. Clinical 
andd pathologic characteristics studied included sex, race, 
andd age. 

Immunohistochemicall Analysis 
Unstainedd 4-um sections were cut from the paraffin 

blockk of each case and deparaffinized by routine techniques. 
Thee slides were treated with sodium citrate buffer (diluted to 
l xx from lOx heat-induced epitope retrieval buffer, Ventana 
BioTekk Solutions, Tucson, AZ) and then steamed for 20 
minutess at 80°C. After cooling for 5 minutes, the slides 
weree labeled with monoclonal antibody to Dpc4 (clone B8, 
Santaa Cruz Biotechnology, Santa Cruz, CA) using the 
BioTek-Matee 1000 automated stainer (Ventana BioTek 
Solutions).. Each slide was labeled with a 1:100 dilution of 
thee antibody. The anti-Dpc4 antibody was detected by 
addingg biotinylated secondary antibodies, avidin-biotin 
complex,, and 3,3'-diaminobenzidine. Sections were counter-
stainedd with hematoxylin. 

Twoo of us (M.T., R.E.W.) simultaneously evaluated the 
immunohistochemicall  labeling of the biopsy specimens. We 
weree unaware of the previously made diagnosis on the origi-
nallyy cut H&E-stained slides for each biopsy specimen. The 
labelingg in each case was scored as positive or negative. 
Positivee labeling was defined as strong and uniform expres-
sionn of Dpc4 in the cytoplasm of cells, with at least focal 
expressionn of Dpc4 in nuclei. Cases were regarded as nega-
tivee only when no expression of Dpc4 was seen in the cyto-
plasmicc or nuclear compartments of cells. In the 6 resection 
specimenss studied, the staining category of "focally positive" 
alsoo was used when a tumor contained 2 distinct populations 
off  cells, those that labeled with the antibody to Dpc4 and 
thosee that did not. The interpretation of immunohistochem-
icall  labeling was highly reproducible, with agreement 
betweenn both observers in all cases. 

Normall  ductal epithelium, islets of Langerhans, pancre-
aticc acini, lymphocytes, and stromal fibroblasts, which 
uniformlyy show moderate to strong expression of the Dpc4 
genee product, served as positive internal controls in each of 
thee sections. 

Statisticall Analysis 

Crosss tabulations were analyzed with chi-square tests. 
Meanss were compared with the Wilcoxon signed rank test. 
Eachh test was 2-tailed. 

Result s s 

Histologicc Diagnoses on the Biopsy Specimens 

Wee included 72 biopsy specimens from the pancreas 
andd extrahepatic biliary tree in the study. Thirty-six speci-
menss originated in the pancreata of 33 patients Hmage II. 
Seventeenn biopsy specimens were diagnosed as a neoplasm 
(155 adenocarcinomas, 1 adenosquamous carcinoma, and 1 
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Hmagee I I Pancreatic biopsy specimen. A, Malignant glands infiltrating stroma (H&E, x160). B, An immunohistochemical stain 

againstt the Dpc4 protein is negative (x160). Intervening nonneoplastic ducts served as a positive internal control. 

islett cell tumor). Fourteen were interpreted as nonneoplastic. 
Finally,, 5 of the specimens were suggestive but not diag-
nosticc of carcinoma. These 5 atypical biopsy specimens were 
fromm 5 different patients. 

Thirty-sixx biopsy specimens from 30 patients origi-
natedd in the extrahepatic biliary tree. Of these, 18 were from 
thee distal common bile duct, 9 were from the proximal 
commonn bile duct, and 9 were from the common, right, or 
leftt hepatic ducts. Of the 18 distal common bile duct speci-
mens,, 4 were diagnostic of adenocarcinoma, 10 were 

nonneoplastic,, and 4 were atypical Hmage 21, Hmage 31. 
Fourr of the proximal common bile duct biopsy specimens 
weree nonneoplastic, and 5 were atypical. There were 7 
nonneoplasticc hepatic duct specimens; 1 of the hepatic duct 
specimenss was diagnosed as adenocarcinoma, and 1 was 
suggestivee of adenocarcinoma. Therefore, among the extra-
hepaticc biliary tract biopsy specimens, 5 contained adeno-
carcinoma,, 21 showed no evidence of malignancy, and 10 
weree atypical. The 10 atypical biopsy specimens were from 
77 different patients. 
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ee 21 Distal common bile duct biopsy specimen that was suggestive but not diagnostic of adenocarcinoma (A), but it 

showedd loss of Dpc4 expression (B. arrow), supporting a diagnosis of adenocarcinoma. Entrapped nonneoplastic gland formed 

aa positive internal control (arrowhead). (H&E, x160) 
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ee 31 Nonneoplastic distal common bile duct biopsy specimen (A) (H&E, x160) displays intact expression of the Dpc4 

proteinn by immunohistochemical analysis (B) (x160). 

Patientt Diagnoses After Follow-up 

Eachh of the 63 patients was followed up clinically after 
hiss or her original biopsy diagnosis. For the 22 patients who 
hadd at least 1 biopsy specimen diagnostic of a neoplasm, 
diagnosess were confirmed by clinical and radiologic follow-
upp (n = 19) or histologic examination of a resection spec-
imenn (n = 3). Of the 30 patients without evidence of malig-
nancyy on any of their 33 biopsy specimens, 11 subsequently 
weree proved to have a malignant neoplasm, most likely 
missedd by sampling error in the biopsy. These malignant 
neoplasmss were verified by clinical follow-up (n = 7) or by 
histologicc examination of a subsequent resection specimen 
(nn = 4). One of these malignant neoplasms actually was renal 
celll  carcinoma metastatic to the pancreas, confirmed on 
examinationn of a Whipple specimen. 

Thee 12 patients with biopsies interpreted as "atypical" 
alsoo were carefully followed up. Two of these patients had 
noo evidence of cancer, even after close clinical follow-up for 
455 months (n = 1) or a Whipple resection (n = 1). However, 
100 of the patients did have cancer, diagnosed by clinical 
follow-upp (n = 6), histologic examination of a Whipple 
resectionn specimen (n = 3), or a synchronous diagnostic 
biopsyy (n = 1). Nine of the 10 cancers were primary carci-
nomas;; 1 patient with a biopsy interpreted as atypical actu-
allyy had a colon cancer metastatic to the distal common bile 
duct.. One of the 9 primary carcinomas was an invasive 
adenocarcinomaa that arose in association with an intraductal 
papillaryy mucinous neoplasm. Finally, I patient had 4 sepa-
ratee biopsy specimens suggestive but not diagnostic of 
cancer;; this patient was 1 of the 6 found to have adenocarci-
nomaa on clinical follow-up. 

Inn summary, 42 patients had evidence of a neoplasm. In 
alll  cases but 3 (islet cell tumor, metastatic colon cancer, 
metastaticc renal cell carcinoma), the neoplasm was a primary 
pancreaticc or biliary adenocarcinoma or variant (adenosqua-
mouss carcinoma). However, for 11 patients with a malignant 
neoplasm,, the cancer was missed by biopsy, and another 9 
biopsyy specimens were interpreted as atypical, never accom-
paniedd by a biopsy diagnostic of cancer. Twenty-one patients 
hadd no definitive evidence of malignant neoplasm revealed 
byy biopsy, clinical follow-up, or examination of a subsequent 
resectionn specimen. 

Immunohistochemicall Analysis 

Twelvee (17%) of 72 biopsy specimens included in the 
studyy showed loss of Dpc4 expression. Eleven (52%) of 21 
biopsyy specimens diagnostic of adenocarcinoma showed loss 
off  Dpc4 expression. In addition, 1 (7%) of the 15 biopsy 
specimenss suggestive but not diagnostic of adenocarcinoma 
wass negative for Dpc4. None of the 35 nonneoplastic biopsy 
specimenss showed loss of Dpc4 expression. ITable II 
summarizess these immunohistochemical data. 

Al ll  21 patients with biopsy specimens diagnostic of 
adenocarcinomaa were verified to have adenocarcinoma on 
follow-up.. Therefore, using histologic features as the gold 
standard,, the sensitivity of Dpc4 immunohistochemical 
analysiss in identifying adenocarcinoma on biopsy was 52%. 
Sincee none of the benign biopsy specimens in the study 
showedd loss of Dpc4 expression, the specificity of the tech-
niquee was 100%. 

Thee atypical biopsy specimen showing loss of Dpc4 
expressionn originally was diagnosed as atypical because 
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cc I I 
Correlationn Between Pathological Diagnosis and Dpc4 Status 
off Biopsy Specimens From the Pancreas and Extrahepalic 
Bilee Ducts 

Histologi cc  Diagnosi s 

Diagnosticc of adenocarcinoma' 
Diagnosticc of islet cell neoplasm 
Suggestivee but not diagnostic 

off adenocarcinoma 
Negativee for malignancy 
Total l 

Immunohistochemica l l 
Expressio nn of Dpc4 

Intact * * 

100 (48) 
11 (100) 

144 (93) 
355 (100) 
600 (83) 

Lost * * 

111 (52) 
00 (0) 

11 (7) 
00 (0) 

122 (17) 

Tota l l 

21 1 
1 1 

15 5 
35 5 
72 2 

**  Data arc given i 
ii This category ir 

,, number (percentage). 
:ludess 1 biopsy specimen showing adenosquamous 

significantt crush artifact precluded a definitive diagnosis of 
cancerr (Image 2). The biopsy came from a 52-year-old 
Hispanicc man who later was clinically shown to have adeno-
carcinomaa of the distal common bile duct. This patient died 5 
monthss after his biopsy. It is important to note that this patient 
didd not have any simultaneous biopsy samples that were diag-
nosticc of a malignancy. Therefore, immunohistochemical 
analysiss helped establish a subsequently proven diagnosis of 
adenocarcinomaa in 1 patient whose biopsy was not diagnostic 
off  adenocarcinoma by histologic features alone. 

Immunohistochemicall Analysis of Resection Specimens 

Tissuee blocks from 1 distal pancreatectomy and 5 
Whipplee specimens performed after biopsies were taken 
weree available for immunolabeling and comparison with the 
biopsyy material. The Dpc4 status in slides from each resec-
tionn specimen matched that in the corresponding original 
biopsyy specimen. For example, the islet cell tumor seen both 

withinn the distal pancreatectomy and the corresponding orig-
inall  biopsy specimen expressed the Dpc4 protein.13 Two 
adenocarcinomass of the distal common bile duct witli intact 
Dpc44 expression were identified within Whipple resections 
thatt were performed after benign diagnoses were made on 
biopsy;; these benign biopsy specimens of course showed 
intactt Dpc4 expression. 

Threee Whipple resections completed after the identifica-
tionn of atypical cells in biopsy specimens also were concor-
dantt with their corresponding Dpc4-positive biopsy speci-
mens.. In 2 of these Whipple resection specimens, both areas 
off  in situ and infiltrating adenocarcinoma were diffusely 
positivee with the Dpc4 stain. In the other resection specimen, 
thee invasive adenocarcinoma of the pancreas was only 
locallyy positive, with some areas showing intact expression 
andd other areas showing loss of Dpc4 expression. 

Clinicall Characteristics 

Thee clinical characteristics of patients with malignant 
biopsyy specimens that showed intact Dpc4 expression, 
malignantt biopsy specimens that showed loss of Dpc4 
expression,, atypical biopsy specimens, and benign biopsy 
specimenss were compared. These characteristics are summa-
rizedd in ITable 21. There were no significant differences 
amongg these 4 groups with respect to age (P = 1.000, 
Wilcoxonn signed rank test), sex (P = .205, chi-square test), or 
racee (P = .338, chi-square test). 

Discussion n 

Approximatelyy half of the adenocarcinomas of the 
pancreass and extrahepatic biliary tree have inactivated DPC4 
genes.5-66 Inactivation occurs by deletion of both DPC4 

ITablee 21 
Characteristicss of Patients Within Histologic and Immunohistochemical Diagnostic Groups* 

Meann age (y) 
M e n n 
Race e 

Whi te e 
Black k 
Asian n 
Hispanic c 

Diagnosti c c 

Intac tt  Dpc 4 Expressio n 
(111 Patients , 11 

Biops yy Specimens ) 

69.2 2 
88 (73) 

111 (100) 
00 (0) 
00 (0) 
00 (0) 

off  Neoplas m 

Losss of Dpc4 Expressio n 
(111 Patients , 11 

Biops yy Specimens ) 

64,7 7 
55 (45) 

88 (73) 
22 (18) 
00 (0) 
11 (9) 

Negativ ee fo r Malignanc y 
(322 Patients , 35 

Biops yy Specimens ) 

59.6 6 
155 (47) 

255 (78) 
44 (12) 
22 (6) 
11 (3! 

Suggestiv ee bu t Not Diagnosti c 
off  Adenocarcinom a (12 Patients , 

155 Biops y Specimens ) 

57.6 6 
99 (75) 

100 (83) 
11 (8) 
00 (0) 
11 (8) 

Dalaa arc pu-n as number (percentage) unless otherwise indicated. The inial numbers of patients and biopsy specimens do not always match the numbers in the ten, bee; 
somee patients had multiple specimens that did not always have the same diagnosis. In the tent, patients are classified according to their most 'serious" leg. malignant or 
atypical)) diagnosis 

**  This category includes I patient with adenosquamous carcinoma and I with islet cell tumor: both showed intact Dpc4 expression. 
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allelesalleles (homozygous deletion) or by mutation in one allele 
combinedd with loss of the other allele (loss of heterozy-
gosity).66 lnactivation of the DPC4 gene is important in these 
cancerss because compared with alterations in other genes, 
suchh as K-rcw, pl6, and p53, changes in DPC4 are relatively 
specificc for pancreatic adenocarcinoma.'3-71014 

Thee genetic analysis of the DNA from an infiltrating 
cancerr for DPC4 alterations can be greatly limited by low 
neoplasticc cellularity. Because it is technically less cumber-
somee and more widely available than are genetic assays, 
immunohistochemicall  analysis of the gene product is an 
excellentt way to avoid this problem. Indeed, in a recent 
study,, Wilentz et al12 found that immunohistochemical 
analysiss for the Dpc4 gene product is a highly specific and 
sensitivee marker for DPC4 gene inactivation. 

However,, even though the technique is highly sensitive 
andd specific, the role of Dpc4 immunohistochemical analysis 
inn clinical diagnosis has yet to be proven. We undertook this 
projectt to determine whether this technique is valuable diag-
nosticallyy by studying it in a frequently encountered difficult 
clinicall  setting. By studying Dpc4 immunohistochemical 
analysiss in benign, malignant, and atypical biopsy specimens 
off  the pancreas and extrahepatic biliary tree, we hoped to 
showw that Dpc4 immunohistochemical analysis can be a 
valuablee adjunct to routine histologic examination in estab-
lishingg the diagnosis of cancer in small tissue samples, espe-
ciallyy those suggestive but not diagnostic of carcinoma by 
histologicc examination alone. 

Indeed,, we showed in this study that immunohistochem-
icall  labeling for Dpc4 is a valuable technique in the diag-
nosiss of adenocarcinoma in biopsy specimens from the 
pancreass and extrahepatic biliary tree. Importantly, the tech-
niquee is 100% specific. In contrast, immunohistochemical 
analysiss is only 52% sensitive. This low sensitivity is not 
surprising,, given that only half of all pancreatic and biliary 
adenocarcinomass actually show inactivation of the DPC4 
gene.. More important, however, is that immunohistochem-
icall  analysis for Dpc4 successfully established the diagnosis 
off  adenocarcinoma in a patient whose distal common bile 
ductt biopsy specimen was suggestive but not diagnostic of 
adenocarcinomaa by histologic examination alone. The pres-
encee of adenocarcinoma in this patient was verified by clin-
icall  follow-up. 

Therefore,, this study leads to two important conclusions 
aboutt Dpc4 immunohistochemical analysis in biopsy speci-
menss from the pancreas and biliary tract. First, the technique 
iss a specific marker for adenocarcinoma of the pancreas and 
biliaryy tract. Thus, loss of Dpc4 expression in a biopsy of the 
pancreass or biliary tract helps establish the diagnosis of 
cancer.. Furthermore, because Dpc4 inactivation is relatively 
specificc for periampullary cancer, loss of Dpc4 expression 
signalss the probability that the cancer is primary to the 

44 in pancreatic and biliary biopsy specimens 

pancreass or biliary tree. It is important to note, however, that 
becausee biopsy specimens represent only part of a lesion, 
samplingg error may be an issue. For example, atypical biliary 
orr pancreatic epithelium showing loss of Dpc4 on biopsy 
mayy originate in a lesion showing focal positivity for Dpc4, 
seenn only when the entire lesion is examined. This would 
meann that the lesion could not be definitively diagnosed as 
malignant,, even though it may indeed be malignant (as 
approximatelyy half of all pancreatic and biliary carcinomas 
stainn for Dpc4 and as a minority of these do so in a focal 
pattern12).. It is just as important to note, though, that in our 
experience,, we have never identified a benign lesion that was 
evenn focally negative for Dpc4, although the possibility that 
thiss occurs certainly exists. 

Second,, this technique may be a valuable adjunct to 
histologicc examination for establishing the diagnosis of 
cancerr in patients with biopsy specimens that are only 
suggestivee of cancer by histologic examination. In the 
presentt study, one patient's biopsy specimen that was 
suggestivee but not diagnostic of adenocarcinoma showed 
losss of Dpc4 expression. Because loss of Dpc4 expression 
wass never found in benign biopsy specimens, Dpc4 immuno-
histochemicall  analysis helped establish the definitive diag-
nosiss of cancer in this case. It is important to note, however, 
thatt while Dpc4 loss may establish the diagnosis of cancer, it 
doess not necessarily imply invasive adenocarcinoma. 
Wilentzz et al15 have previously shown that Dpc4 loss occurs 
inn a subset of in situ carcinomas of the pancreas. However, 
thee clinical importance of this distinction may be nil, since 
thee appropriate treatment for any localized invasive or in situ 
tumorr would be the same, namely resection. 

Becausee of its simplicity and availability, immunohisto-
chemicall  labeling for Dpc4 in biopsy specimens from the 
pancreass and extrahepatic biliary tree has direct clinical 
applications.. For example, labeling for Dpc4 may help to 
distinguishh trapped glands in chronic pancreatitis (which 
shouldd express Dpc4) from infiltrating adenocarcinomas of 
thee pancreas (half of which will not express Dpc4). The use 
off  this immunohistochemical technique may lead to quicker 
andd more accurate diagnosis of cancers of the pancreas and 
extrahepaticc biliary tree. Although the improvement over 
routinee histologic examination is only marginal, the use of 
immunohistochemicall  analysis for Dpc4 may, nevertheless, 
bee of value, because patients may be spared additional diag-
nosticc procedures and the morbidity and mortality that 
accompanyy these procedures. 
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ABSTRACT T 
Purpose:Purpose: SMAD4 (also called Dpc4) is a tumor suppres

sorr in the TGF-P signaling' pathway that is genetically 
inactivatedd in —55% of all pancreatic adenocarcinomas. 
Wee investigated whether prognosis after surgical resection 
forr invasive pancreatic adenocarcinoma is influenced by 
SMAD44 status. 

ExperimentalExperimental Design: Using immunohistochemistry, we 
characterizedd the SMAD4 protein status of 249 pancreatic 
adenocarcinomass resected from patients who underwent 
pancreaticoduodenectomypancreaticoduodenectomy (Whipple resection) at The Johns 
Hopkinss Hospital, Baltimore, MD, between 1990 and 1997. 
Thee SMAD4 gene status of 56 of 249 (22%) pancreatic 
carcinomass was also determined. A multivariate Cox pro
portionall hazards model assessed the relative risk of mor
talityy associated with SMAD4 status, adjusting for known 
prognosticc variables. 

Results:Results: Patients with pancreatic adenocarcinomas with 
SMAD44 protein expression had significantly longer survival 
(unadjustedd median survival was 19.2 months as compared 
withh 14.7 months in patients with pancreatic cancers lacking 
SMAD44 protein expression; P = 0.03). This SMAD4 survival 
benefitt persisted after adjustment for prognostic factors in-
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eludingg tumor size, margins, lymph node status, pathological 
stage,, blood loss, and use of adjuvant chemoradiotherapy. The 
relativee hazard of mortality for cancers lacking SMAD4 after 
adjustingg for other prognostic factors was 1.36 (95% confi
dencee interval, 1.01nl.83; P = 0.04). 

Conclusion:Conclusion: Patients undergoing Whipple resection for 
pancreaticc adenocarcinoma survive longer if their cancers 
expresss SMAD4. 

INTRODUCTION N 
Pancreaticc carcinoma is a deadly disease with a 5-year 

survivall  of 3-5% (1). Currently, long-term survival from pan-
creaticc cancer is best achieved through surgical resection, which 
iss associated with 5-year survival rates of 15-20% (range, 
7-24%;; Refs. 2, 3). Survival is best among resected patients 
withh small carcinomas (<3 cm), negative lymph nodes, and 
negativee resection margins; this subgroup of patients has a 
5-yearr survival rate approaching 40% (1. 4). Adjuvant chemo-
radiotherapyy seems to further improve survival, although the 
optimall  regimens are still under investigation (2, 5-10). Despite 
recentt improvements in survival, most patients who undergo 
surgicall  resection ultimately die of their disease. Current prog-
nosticc indicators such as tumor size, margin status, and lymph 
nodee involvement do not accurately predict response to treat-
mentt (1, 4. 5. 11). Apart from DNA index (12, 13), molecular 
alterationss common to pancreatic carcinoma have not yet been 
shownn to independently predict prognosis after surgical resec-
tionn once established prognostic markers are taken into account 
(14-18).. In addition to improving prognostication, new molec-
ularr prognostic markers would help to more accurately estimate 
responsess to investigative treatments and may identify the bio-
logicall  factors within pancreatic carcinomas that most influence 
survival. . 

Pancreaticc carcinoma is a genetic disease characterized by 
somaticc mutations of multiple genes, including the K-ras onco-
genee and the tumor suppressor genes pló, p53, and SMAD4 
(19).. SMAD4 is a tumor suppressor gene that is inactivated in 
—— 55% of pancreatic adenocarcinomas, either by the intragenic 
mutationn of one allele in combination with the loss of the other 
allelee or by homozygous deletion of both alleles (20). In the 
cytoplasm.. SMAD4 protein mediates signals from a family of 
TGF-PP ligands and their transmembrane receptors through 
phosphorylationn of SMAD proteins, which heterodimerize with 
SMAD4.. This SMAD4/SMAD complex transmits upstream sig-
nalss by translocating to the nucleus, binding to specific DNA 
sequences,, and activating gene transcription (see Fig. 1). Many 
off  the functions of TGF-fl and its related ligands, such as growth 
suppressionn and apoptosis, are abrogated by inactivation of 
SMAD4SMAD4 (21). 

Wee hypothesized that pancreatic adenocarcinomas with 
inactivationn of SMAD4 would behave more aggressively than 
thosee with intact SMAD4. To evaluate the clinical significance 
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Fig.Fig. I The TGF-3/SMAD4 (Dpc4) signal transduction pathway. 

off  SMAD4 inactivation in pancreatic adenocarcinoma, we eval-
uatedd the SMAD4 status of pancreatic adenocarcinomas in 249 
patientss who underwent potentially curative Whipple resection 
betweenn 1990 and 1997. 

PATIENTSS AND METHODS 
Patientss and Tumor Specimens. Two hundred and fif-

ty-threee formalin-fixed, paraffin-embedded pancreatic adeno-
carcinomass from patients who underwent Whipple resection 
weree obtained from the archival tumor banks of The Johns 
Hopkinss Hospital, Baltimore, MD, from 1990 to 1997. The 
clinicall  and pathological data from this patient population were 
readilyy available from pathology reports and a regularly updated 
clinicall  database. Patients are monitored by reviewing the pa-
tients'' records and contacting the patients, or by their physicians 
annually,, with 94% follow-up until July 15, 2000. 

Patientss with mucinous cystic and medullary adenocarci-
nomass and IPMNs were not included in this series because 
IPMNss with adenocarcinoma have a better prognosis and much 
lowerr rates of SMAD4 loss than ductal adenocarcinomas, and 
initiall  reports of medullary carcinoma suggested an improved 
prognosiss and a lower rate of SMAD4 inactivation (22, 23). 
Threee of 253 cancers were not " usual" adenocarcinomas (two 
weree mucinous cystic adenocarcinomas, and one was an IPMN). 
Onee patient died within a few days of surgery. Four of 253 
patientss were therefore excluded from the survival analysis 
(theirr removal did not significantly alter the prognostic signifi-
cancee of SMAD4 expression). 

Immunohistochemicall Analysis. SMAD4 immunolabel-
ingg was performed as reported previously (24). H&E-stained 
slidess from each case were screened by light microscopy for 
blockss containing adenocarcinoma and adjacent normal pan-
creas.. Antigen retrieval was achieved by steaming at 80°C for 
200 min, after which the slides were allowed to cool for 5 min. 
AA 1:100 dilution of monoclonal antibody to SMAD4 protein 
(clonee B8; Santa Cruz Biotechnology, Santa Cruz, CA) was 
thenn applied using the Bio Tek-Mate 1000 automated stainer 
(Ventanaa Bio Tek Solutions). The anti-SMAD4 antibody was 
detectedd by adding biotinylated secondary antibodies, avidin-
biotinn complex and 3,3'-diaminobenzidine chromagens. 
Hematoxylinn was used to counterstain the nuclei. A pancre-
aticc ductal adenocarcinoma with a known homozygous dele-

tionn of SMAD4 served as a negative control. Normal pancreas 
inn the selected tissue specimens served as an internal positive 
control.. The SMAD4 immunolabeling concurs with >90% 
concordancee with the genetic status of SMAD4 (24). 

Immunohistochemicall Evaluation. Immunohistochem-
icall  labeling of SMAD4 was simultaneously evaluated by four 
off  the authors (M. T., R. H. H., G. J. O., and R. W.) with agree-
mentt in all cases examined. The labeling in each case was 
scoredd as "negative" when absolutely no cytoplasmic nor nu-
clearr staining in the neoplastic cells was visible; as "trace 
positive""  when neoplastic cells showed a very weak, barely 
perceptiblee labeling that at low-power magnification appeared 
negative,, and only on very close inspection at high power was 
faintt labeling seen; as "positive" when neoplastic cells were 
clearlyy positive with a staining intensity comparable with the 
surroundingg normal pancreas; and as " focally positive" when 
thee tumor contained two distinct populations of cells, those that 
labeledd with the antibody to SMAD4 and those that did not. 

Wee interpreted a barely detectable level of immuno-
rcactivityy (trace positive) for SMAD4 when compared with 
surroundingg normal pancreas to indicate a virtual lack of 
SMAD44 protein expression. The absolute level of other 
SMADD proteins has a bearing on the transcription of down-
streamm genes (25); hence, these adenocarcinomas were 
groupedd together as negative with those that showed an 
absencee of SMAD4 immunolabeling. The few pancreatic 
adenocarcinomass with focally positive SMAD4 expression 
weree also categorized as negative for prognostic purposes, 
becausee we hypothesized that its more abnormal clone (the 
onee lacking SMAD4 expression) would dictate the prognosis 
off  such cancers. 

Geneticc Analysis of SMAD4. The SMAD4 gene status 
wass characterized in 56 of 249 pancreatic adenocarcinomas by 
homozygouss deletion analysis and cycle sequencing of PCR 
productss on pancreatic cancer xenograft DNA generated by 
implantationn of primary adenocarcinoma into athymic nude 
micee as reported previously (20). The enrichment for neoplastic 
cellss achieved with xenografting allows one to detect homo-
zygouss deletions which account for —30% of the genetic alter-
ationss of SMAD4. Homozygous deletions are usually not detect-
ablee in the primary adenocarcinoma because cancer cells are 
typicallyy intimately intermixed with nonneoplastic stroma. The 
566 cancers characterized for SMAD4 alterations included all 
casess for which xenograft DNA was available. The results of 
SMAD4SMAD4 gene status on 23 of these 56 pancreatic adenocarcino-
mass have been reported previously (20). Genetic and immuno-
labelingg assays of SMAD4 were performed independently of 
eachh other with investigators blinded to the results of the com-
plementaryy test. 

Statisticall Analysis. The main end point for this study 
wass overall survival from the date of surgery to the time of the 
lastt follow-up or death. Data on survival were censored if the 
patientt was still alive at the time of the last follow-up. Kaplan-
Meierr survival curves compared cumulative probability of sur-
vivall  on the basis of SMAD4 status and a log-rank test provided 
thee P. A Cox proportional hazards logistic regression model (13) 
assessedd the simultaneous contribution of the following baseline 
covariatess to the relative risk of mortality: (a) tumor size (>3.0 
cmm versus <3.0 cm); (b) resection margin status (positive mar-
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TableTable I Characteristics of 249 pancreatic adenocarcinoma patients whose tumors were evaluated for Dpc4 expression" 

Characteristic c 

Sex—nn (%) 
Female e 
Male e 

Agee (yr) 
Race—nn <%) 

White e 
Black k 
Other r 

Tumorr >3.0 cm—n (%) 
No o 
Yes s 

Marginss positive—n Co) 
No o 
Yes s 

TNMM stage- -n (%) 
II  and IÏ 
HII  and IV 

Nodess positive—n (%) 
00 or 1 
>l l 

Vila!!  status—n ('u) 
Aliv e e 
Dead d 

''' :̂ values arc means — SD. 
''' Nate the DPC4 positive'negative group applies to pancreatic adenocarcinomas with, without uniform Dpc4 protein expression. Dpc4 protein 

expressionn equates to wild-type DPC4 gene status (see text) 
'' P was computed using Fischer" s exact test. 
''' P was computed using Wilcoxon's rank-sum test. 

Total l 
(;ii  = 249) 

110 0 
139 9 

65.44  10.5 

228 8 
14 4 
7 7 

108 8 
141 1 

168 8 
80 0 

59 9 
190 0 

93 3 
156 6 

43 3 
206 6 

DPC44 positive'' 
(n=(n= 111) 

50(45) ) 
61(55) ) 

65.88  10.4 

98(88) ) 
9(8) ) 
4(4) ) 

511 (46) 
60(54) ) 

79(71) ) 
32(29) ) 

26(23) ) 
85(77) ) 

40(36) ) 
71(64) ) 

24(22) ) 
87(78) ) 

DPC44 negative'' 
(itt = 138) 

60(43) ) 
78(57) ) 

65.11  10.6 

130(94) ) 
5(4) ) 
3(2) ) 

57(41) ) 
81(58) ) 

89(65) ) 
48(35) ) 

33(24) ) 
105(76) ) 

533 (38) 
85(62) ) 

19(14) ) 
119(86) ) 

P P 

0.898' ' 

0.449'' ' 

0.233' ' 

0.520' ' 

0.340' ' 

1.000' ' 

0.792' ' 

0.129' ' 

ginss versus negative); (c) resected lymph node status: {d) the 
degreee of differentiation of the tumor (poorly differentiated 
versusversus well or moderately well differentiated); (e) any use of 
radiationn or chemotherapy; (ƒ) the Tumor-Node-Metastasis 
stage;; (,(?) the year of surgery: (h) patient age; (/) the amount of 
intraoperativee blood loss (per liter of blood); and (j) SMAD4 
status.. Stratification of the estimate SMAD4-associated mortal-
ityy by other baseline covariates assessed confounding and inter-
action.. Furthermore, baseline demographic and clinicopatholog-
icall  factors were compared by SMAD4 status. Student 's; test 
wass used to compare continuous values, and Fisher's exact test 
wass used to compare discrete values. Al l tests were two-tailed. 
Statisticall  analyses were carried out using STATA version 7 
(Statacorp.. College Station. TX). 

R E S U L T S S 
Characteristicss of the Patients. Table 1 lists the clinical 

characteristicss of the 249 patients whose pancreatic adenocar-
cinomass were analyzed immunohistochemically. Demographic 
factorss and tumor factors were not different by SMAD4 expres-
sionn status (Table 1). The median duration of follow-up was 17 
months.. One or more of the clinical characteristics used in the 
Coxx proportional hazards model (see below) to identify prog-
nosticc markers were not available for 29 of 249 patients. Hence, 
thee multivariate regression results are based on complete data 
fromm 220 of the 249 patients in the series. 

Immunohistochemicall Labeling. One hundred and nine 
(43%)) of pancreatic adenocarcinomas completely lacked SMAD4 
proteinn expression by immunohistochemistry, 25 (10%) were 

gradedd trace positive. 4 (2%) were graded focal positive. 111 (45%) 
weree graded positive (see Fig. 2). Twenty-five pancreatic adeno-
carcinomass were immunolabeled in duplicate with 100% concord-
ancee between results. Thus, a total of 138 (55%) of the adenocar-
cinomass were categorized as negative and 111 (45%) as positive. 

Geneticc Analysis of SMAD4 and Correlation with 
Immunohistochemistry.. Fifty-six of 249 pancreatic adeno-
carcinomass were sequenced for mutations and homozygous 
deletionss in the SMAD4 gene. A detailed description of the 
mutationss is not presented here.' The results of immunolabeling 
andd genetic analysis were concordant (SMAD4 expression in-
dicatedd a wild-type SMAD4 gene, and lack of expression was 
associatedd with genetic inactivalion of SMAD4) in 54 (97%) of 
566 cases. One pancreatic adenocarcinoma that had wild-type 
SMAD4SMAD4 coding sequence lacked SMAD4 expression, and one 
pancreaticc adenocarcinoma that was mutated (a missense muta-
tionn at the very 3' end of SMAD4) expressed SMAD4 protein. In 
addition,, two cases that were focal ly positive by immunohisto-
chemistryy were wild-type for SMAD4. This latter finding may 
havee arisen as a result of sampling the wild-type portion of the 
cancerr for xenograft propagation. Overall, these data confirm 
ourr previous findings of the close correlation that exists between 
SMAD4SMAD4 mutant genotype and the lack of immunohistochemical 

"'' Song. J.. Murphy. K... Hruban, R. H., and Kern. S. E. Structural 
mappingg of the missense cancer mutations of DPC4/MADH4/SMAD4. 
manuscriptt in preparation. 
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fe fe 
J J M M 

f'' value = 0.04 

^^ SMAD4 posilivi 

- H . . 

SMAD44 negative 

Timee Following Surgery (months) 

Fig.Fig. 3 Survival after Whipple resection stratified for the DPC4 status 
off  the pancreatic carcinoma. Kaplan-Meier survival curves compare the 
cumulativee probability of survival after Whipple resection among tu-
morss expressing Dpc4 {SMAD4 positive) to those not expressing Dpc4 
(SMAD4(SMAD4 negative). The P was computed using a log-rank test. 

atat *  '-. ) f f i ; v 'r.-f 
Fin.Fin. 2 Dpc4 immunohistochemistry in pancreatic adenocarcinoma. A 
pancreaticc adenocarcinoma expressing Dpc4 (A) compared with a pan-
creaticc adenocarcinoma that does not express Dpe4 (Ö), Dpc4 expres-
sionn is present in the surrounding normal pancreas. 

detectionn of SMAD4 (24) by observing that SMAD4 is lost in 

cancerss with a wide variety of SMAD4 mutations, including 

missensee mutations. 

Factorss Associated with Prognosis in Univariate and 
Multivariatee Analysis. In univariate analysis, SMAD4-

c.xpressingg pancreatic adenocarcinomas were associated with a 

significantlyy improved prognosis (Fig. 3). The hazard ratio for 

survivall  was 1.36 (95% CI, 1.01- 1.83; P = 0.042). The median 

survivall  of pancreatic adenocarcinoma patients with intact 

SMAD44 protein expression was 19.2 months compared with 

14.77 months among patients with pancreatic adenocarcinomas 

lackingg SMAD4. This survival advantage corresponds to a 

cumulativee 5-year survival after surgery of 20.5% for patients 

withh SMAD4-intact tumors compared with 13.7% of patients 

withh SMAD4-negative tumors. In addition, crude relative haz-

ardss for tumor size, margin status, differentiation, lymph node 

status,, amount of intraoperative blood loss, and treatment with 

chemoradiothcrapyy were all significant prognostic factors 

(Tablee 2). The tumor size that was most prognostic in single-

factorr analysis was a tumor size of <3.0 versus S:3.0 cm, 

thereforee tumor size was stratified at 3 cm. Lymph node status 

wass stratified into two groups: those with 0 -1 resected nodes 

involvedd by cancer or those with >1 node positive, as this 

stratificationn provided the most prognostic information by uni-
variatee analysis. 

Inn the multivariate Cox model, only SMAD4 status, margin 
status,, tumor size (<3 or >3 cm), the amount of intraoperative 
bloodd loss, tumor differentiation, and treatment with adjuvant che-
moradiotherapyy were independently prognostic (Table 3). Al -
thoughh the presence of lymph node metastases was prognostic, it 
wass not independently prognostic and did not confound the rela-
tionshipp between SMAD4 status and survival. SMALM status was 
alsoo independently associated with prognosis if the effect of adju-
vantt treatment was excluded from the model [hazard ratio, 1.35 
(95%% CI, 1.02-1.80: P = 0.035)]. There was no evidence for an 
interactionn between SMAD4 status and response to chemoradio-
therapy,, suggesting that SMAD4 status does not influence the 
responsee to standard adjuvant chemoradiothcrapy. Most patients in 
thiss series treated with chemoradiothcrapy received 4000-5000 
cGyy of postoperative radiotherapy in divided doses to the tumor 
bedd with cycles of 5-fluorouracil/leukovorin (5, 26). 

Amongg the 30 patients (17 with SMAD4-expressing 
cancers)) with the earliest stage pancreatic adenocarcinomas 
(cancerss 3 cm or less, with negative margins, and lymph node 
negative).. 5-year survival was 37% (95% CI, 17.2%, 57.1%) 
amongg patients whose cancers lacked SMAD4, and 46.8% (95% 
CI,, 24.7%, 66.2%) among patients with cancers expressing 
SMAD4. . 

DISCUSSION N 
Inn this study we report that among patients undergoing 

surgicall  resection of their pancreatic adenocarcinoma, the pres-

encee of SMAD4 expression in their cancer independently pre-

dictss a better outcome. The median survival of patients with 

intactt SMAD4 expression in their pancreatic cancers was 19.2 

months,, compared with 14.7 months among those lacking 

SMAD44 expression in their cancers. This survival advantage 

persistedd 5 years after surgery, with 20.5% of patients with 

SMAD4-intactt tumors surviving to this milestone compared 

withh 13.7% of patients with SMAD4-negative tumors. SMAD4 

expressionn provides additional prognostic information even 
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TableTable 2 Unadjusted Cox proportional hazards estimates of selected 
variabless in 249 pancreatic cancer patients evaluated for DPC4" 

Vann able 

Dpc44 status (negative) 
Tumorr grade (poor differentiation) 
Positivee tumor margins 
Tumorr size (2:3.0 cm) 
Receivedd chemo-radiotherapy 
Intraoperativee blood loss (per liter) 
Lymphh nodes 

Relativee hazard 
off  mortality 

(95%% CI) 

1.36(1.03-1.81) ) 
1.76(1.32-2.35) ) 
1.48(1.11-1.98) ) 
1.63(1.23-2.17) ) 
0.54(0.38-0.75) ) 
1.15(1.05-1.26) ) 
1.277 (.955-1.69) 

P P 

0.030 0 
<0.001 1 

0.007 7 
0001 1 

<0.OO0 0 
0.002 2 
o.. i oo 

""  These estimates are not adjusted for other variables 

afterr adjusting for resection margins, tumor size, lymph nodes, 
differentiation,, and operative blood loss. Furthermore, the 
SMAD44 status of pancreatic adenocarcinomas also remained 
significantt after adjustment for the effect of chemoradiotherapy. 
Inn our prognostic model, receipt of adjuvant chemoradiotherapy 
wass the strongest predictor of survival. In a large nonrandom-
izedd series from our institution, patients treated with adjuvant 
chemoradiotherapyy (4000-5000 cGy) and 5-fluorouracil/ 
leukovorinn had a significantly prolonged survival after pancre-
aticoduodenectomyy (5). It is not clear whether treatment with 
adjuvantt chemoradiotherapy is actually greatly effective, or 
whetherr there is a substantial selection bias which favors those 
patientss fit enough to receive such therapy. But those patients 
whoo receive such adjuvant chemoradiotherapy survive longer 
thann those who do not. Among patients with the earliest stage 
pancreaticc adenocarcinomas (cancers <3 cm, with negative 
margins,, and lymph node negative), 5-year survival was 47% 
amongg patients with cancers expressing SMAD4. The impres-
sivee survival of patients with "early" pancreatic carcinomas 
suggestss that survival from pancreatic adenocarcinoma could be 
improvedd if such cancers could be detected earlier. They also 
providee a rationale for investigating early detection strategies 
amongg individuals at increased risk of developing pancreatic 
adenocarcinomaa (27). 

Althoughh several molecular markers have been investi-
gatedd for their prognostic significance, including p53 gene 
statuss (28), type of K-ras oncogene mutation (17, 28, 18), 
expressionn of bcl-2 (14, 15), bax (14), and the expression of 
TGF-BB 1 (29). only DNA index has been consistently shown 
too provide prognostic information independent of standard 
pathologicall  prognostic indicators (12, 13). Although the 
immunohistochemicall  analysis of the protein products of 
tumorr suppressor genes is an attractive approach to use in 
clinicall  practice for understanding the molecular profile of 
cancers,, it has limitations. Because some cancers will inac-
tivatee tumor suppressor genes by missense mutations that still 
permitt antibody binding to the mutant protein, evidence of 
tumorr suppressor gene inactivation often cannot be reliably 
inferredd by immunohistochemical evidence for protein loss. 
Thiss is not true for SMAD4 immunolabeling. Because many 
mutantt forms of SMAD4 protein undergo degradation 
throughh the ubiquitination pathway, most mutations of 
SMAD4SMAD4 result in a loss of protein (30). In this study, we 
observedd almost 100% concordance between the genetic sta-

TableTable 3 Cox proportional hazards estimates of selected variables in 
2499 pancreatic cancer patients evaluated for DPC-t 

R R 
Variable e 

DPC44 Status (negative) 
Receivedd chemo-radiotherapy 
Positivee tumor margins 
Tumorr size (a3.0 cm) 
Tumorr grade (poor differentiation) 
Intraoperativee blood loss" 

;lativee hazard of mortality 
(95%% CT) 

1.36(1.01-1.83) ) 
0.54(0.388 0.75) 
1.32(0.96-1.82) ) 
1.311 (0.96-1.78) 
1.70(1.26-2.31) ) 
1.14(1.04-1.25) ) 

P P 

0.042 2 
<< 0.001 

0.085 5 
0.084 4 
00 001 
0.003 3 

""  Each estimate is adjusted for all other estimates in the model. 

tuss of SMAD4 and immunohistochemical detection of 
SMAD44 protein, making SMAD4 immunolabeling an ideal 
markerr in pancreatic carcinoma. 

SMAD44 inactivation seems to result in a biologically 
moree aggressive form of pancreatic adenocarcinoma. These 
resultss highlight the molecular heterogeneity of histologically 
indistinguishablee forms of pancreatic adenocarcinoma. Pre-
viouslyy we have shown that SMAD4 gene inactivation is a 
latee event in pancreatic neoplastic progression, suggesting 
thatt other genetic events must occur in a developing neo-
plasmm before loss of SMAD4 function provides a selective 
advantagee (31). It is not certain which of the biological 
effectss of SMAD4 is most important in suppressing cancer 
growth.. Although much is known about how TGF-B signals 
throughh SMAD4 to mediate transcription, the cancer suppres-
sivee functions that have been attributed to SMAD4 are those 
thatt reflect its mediation of TGF-B signals, although other 
upstreamm pathways also signal through SMAD4 (32). Acti-
vationn of the TGFB/SMAD4 pathway under certain condi-
tionss may result in apoptosis or growth arrest in the G, phase 
off  the cell cycle (33. 34). In addition, inactivation of the 
SMAD4SMAD4 gene within an evolving neoplasm may indirectly 
influencee the extracellular matrix to promote neoplastic 
growth.. Experimental SMAD4 restoration to human pancre-
aticc adenocarcinoma cells transplanted into nude mice sug-
gestss that SMAD4 can inhibit angiogenesis by decreasing 
vascularr endothelial growth factor and by increasing throm-
bospondin-11 (35). 

Forr a disease with such a poor prognosis, the median 
survivall  advantage of SMAD4-expressing pancreatic adeno-
carcinomass of —5 months is clinically significant. Because 
thee survival benefits for patients treated with chemoradio-
therapyy for pancreatic adenocarcinoma are usually measured 
inn months, the SMAD4 status of pancreatic adenocarcinomas 
couldd be used to improve the stratification of patients en-
rolledd in clinical trials for the treatment of this disease. The 
prognosticc impact of inactivating SMAD4 raises the possi-
bilit yy that in the future novel therapeutics that replace the loss 
off  SMAD4 function may have a therapeutic impact in pan-
creaticc adenocarcinoma (36). 
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Neoplasmss with mixed carcinomatous and sarco
matouss growth patterns occur in many organs and 
tissues.. The pathogenesis of these cancers is 
thoughtt to be either the result of two independent 
neoplasticc processes merging to form a single tu
mor,, or a neoplasm of monoclonal origin that de
velopss phenotypic diversity. To address this issue, 
wee characterized molecular alterations in sepa
ratelyy microdissected epithelial and sarcomatous 
areass in three cases of pancreatic mucinous cystic 
neoplasmss with sarcomatous stroma. Using micro-
satellitee markers for six chromosomal loci com
monlyy deleted in infiltrating ductal adenocarcino
mass of the pancreas, we found genetic alterations to 
bee virtually identical between the sarcomatous and 
epitheliall components of two of the three neo
plasms.. In the third neoplasm, we found allelic 
lossess and retentions to be identical at five of the six 
chromosomall loci, but at a single locus, we noted 
allelicc loss in the neoplastic epithelial component 
butt not the sarcomatous component The same 
neoplasmss were also analyzed for activating point 
mutationss in codon 12 of the K-ras gene by using 
mutant-enrichedd polymerase chain reaction and 
allele-speciflcc oligonucleotide hybridization. A 
K-rasK-ras mutation was identified in the epithelial com
ponentt of one of the three neoplasms (the same 
tumorr with an additional allelic loss in the neoplas
ticc epithelial cells), but the sarcomatous component 
off this tumor was wild-type at codon 12 of K-ras, as 
weree both components of the other two neoplasms. 

Copyrightt © 2000 by The United States and Canadian Academy of 
Pathology.. Inc. 
VOL.. 13, NO. I. P. 86, 2000 Printed in the U.S.A. 
Supportedd in part by National Institutes of Health Grant P50CA 62924 and 
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Overall,, these results suggest a monoclonal origin 
withh subsequent divergence of the neoplastic epi
theliall and sarcomatous portions of these neo
plasms. . 

KEYY WORDS: Carcinosarcoma, K-ras, Loss of het
erozygosity,, Neoplasms, Pancreas. 

Modd Pathol 2000;13(1):86-91 

Neoplasmss with mixed epithelial and sarcomatous 
differentiationn are relatively common and have 
beenn reported in a variety of organs including the 
breast,, lung, uterus, bladder, skin, head and neck, 
pancreas,, and prostate (1-12). In some of these 
neoplasms,, a transition between the epithelial and 
stromall  components can be readily recognized, 
whereass in others, the carcinomatous and sarcoma-
touss portions of the tumor are distinct. 

Thee pathogenesis of these neoplasms, particu-
larlyy those with distinct epithelial and mesenchy-
mall  components, has remained a subject of contro-
versyy (1). One possible explanation for the mixed 
growthh pattern is that two neoplasms of indepen-
dentt pathogenesis converge (collision tumor), 
whereass the more commonly held hypothesis is 
thatt a single neoplasm of monoclonal origin devel-
opss divergent patterns of gene expression during 
thee evolution of the neoplasm (1). 

Modernn molecular genetic techniques combined 
withh careful microdissection now make it possible 
too resolve this controversy. If the two components 
aree independent processes, then they should show 
distinctt genetic alterations. If, conversely, they rep-
resentt a single neoplasm of monoclonal origin that 
onlyy later develops divergent differentiation, then 
onee would expect the two components to show 
sharedd genetic alterations. 
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Thee pancreatic mucinous cystic neoplasm with 
sarcomatouss stroma is an ideal tumor type to study 
suchh divergent differentiation for two reasons. First, 
thesee neoplasms have been well characterized mi-
croscopicallyy and imrnunohistochemically (13). 
Second,, the epithelial component lines easily iden-
tifiedd cystic spaces, greatly increasing the ease and 
precisionn of microdissection. The two components of 
thee neoplasm can therefore be separately analyzed. 

Wee conducted a molecular analysis of three pan-
creaticc mucinous cystic neoplasms with sarcoma-
touss stroma. Our analysis included assessment of 
chromosomall  alleles at six loci commonly affected 
byy loss of heterozygosity in infiltrating ductal car-
cinomass of the pancreas and mutational analysis of 
codonn 12 of the K-ras gene, which is frequently 
mutatedd in ductal pancreas cancer (14-16). By se-
lectivelyy microdissecting sarcomatous, neoplastic 
epithelial,, and normal cells from the tissues, we 
determinedd whether phenotypically different areas 
off  the neoplasm shared a molecular genetic patho-
genesis. . 

MATERIAL SS AND METHODS 

Tissues s 
Formalin-fixedd paraffin-embedded blocks were 

obtainedd from three well-characterized and previ-
ouslyy reported pancreatic mucinous cystic neo-
plasmss with sarcomatous stroma (13). The neoplas-
ticc epithelial and sarcomatous components of these 
neoplasmss were separately microdissected, as has 
beenn described (17-19). Briefly, the blocks were 
sectionedd at 12 ju, stained with hematoxylin and 
eosin,, visualized with an inverted microscope, and 
dissectedd using a 26-gauge needle. First, subepithe-
liall  stroma was removed, and then inflammatory 
cellss and other non-neoplastic tissues were re-
moved,, allowing for clean dissection of sarcoma-
touss and neoplastic epithelial cells. Each compo-
nentt was microdissected to more than 95% 
cellularity.. Normal tissue from each case was sim-
ilarlyy microdissected from adjacent non-neoplastic 
stroma,, acini, or inflammatory cells. The microdis-
sectedd tissues were then digested overnight in 
bufferr containing 0.5% NP40 and 200 jug/mL pro-
teinasee K. This lysate was then used directly in 
polymerasee chain reactions (PCR). 

Microsatellitee Analysis 
Polymorphicc microsatellite markers were se-

lectedd to amplify the following chromosomal re-
gionss with known tumor suppressor genes or fre-
quentt loss of heterozygosity in infiltrating ductal 
cancerss of the pancreas: D9S156 at 9p21 (the p!6 
gene);; TP53 and CHRNB1 at 17pl3 (the p53 gene); 

D18S474,, D18S46, and D18S4655 (the DPC4 gene); 
D3S12866 and D3S1293 (chromosome 3); D6S292 
andd D6S261 (chromosome 6); and D8S264 and 
D8S261.. All microsatellite marker primers were pur-
chasedd from Research Genetics (Huntsville, AL) and 
amplifiedd using 30 to 35 cycles of PCR and anneal-
ingg temperatures of 56 to 58° C. PCR products were 
thenn separated by denaturing gel electrophoresis 
andd visualized by autoradiography. Loss of het-
erozygosityy was scored when one allele showed a 
greaterr than 80% reduction in intensity in tumor 
DNAA compared with normal DNA. All findings were 
validatedd by a repeat reaction with the same prim-
erss or a similar result in a reaction with an adjacent 
primer. . 

K-rasK-ras Gene Mutations 
Thee microdissected foci were evaluated for acti-

vatingg point mutations in codon 12 of K-ras as has 
beenn previously described (20). Briefly, DNA was 
isolatedd and subjected to PCR amplification using 
primerss A (5'-ACT GAA TAT AAA CTT GTG GTA 
GTTT GGA CCT-3') and D (5'-TCA TGA AAA TGG 
TCAA GAG AAA CC-3'). This set of primers intro-
ducess an Mva 1 restriction site in PCR products 
derivedd from wild-type codon 12 alleles. Mutant 
enrichmentt was performed by digestion of the PCR 
productt using the restriction enzyme Mva 1. This 
enzymee cleaves the wild-type but not the mutant 
alleless of K-ras. A l-/i l aliquot of the digested first 
PCRR was then subjected to a second round of am-
plificationn using the semi-nested primers A and B 
(5'-TCAA AAG AAT GGT CCT GGA CC-3'). The result-
ingg DNA fragments were then spot-blotted onto 
sevenn different nylon membranes, and each of 
thesee separate membranes was hybridized with an 
allele-specificc oligonucleotide probe for the wild-
typee K-ras sequence or for one of the six possible 
mutationss in codon 12 of K-ras. Positive controls 
includedd cloned wild-type and mutant sequences, 
andd no DNA was added in the negative controls. All 
allele-specificc oligonucleotide analyses were per-
formedd in duplicate. 

RESULTS S 

Pathologyy and Clinical Features of Tumors 

Thee clinical, radiographic, gross, microscopic, 
andd immunohistochemical staining characteristics 
off  the three cases have been previously reported 
(13).. Briefly, all three neoplasms occurred in the tail 
off  the pancreas, all three were large and multicystic, 
andd all three contained a mucin producing epithe-
liall  component (Figs. IA, B) and a sarcomatous 
componentt (Figs. IC, D) (13). The epithelial com-
ponentt was composed of columnar to cuboidal 
cellss with varying degrees of atypia ranging from 
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benignn to atypical to overtly malignant (13). The 
epitheliall  component in all three cases expressed 
cytokeratinn (Fig. IB), epithelial membrane antigen, 
andd carcinoembryonic antigen (13). The sarcoma-
touss components in all three cases variably ex-
pressedd vimentin and actin, and in two cases it 
expressedd estrogen and progesterone receptors 
(13).. One patient had omental metastases com-
posedd entirely of sarcomatous stroma. 

Losss of Heterozygosity 

Alll  three neoplasms were found to have a poly-
morphismm for at least one microsatellite marker at 
eachh of the six chromosomal loci studied, and all 
threee were therefore informative at all six loci. All 

threee cases showed retention of chromosomal arm 
3pp and loss of heterozygosity (LOH) of chromo-
somall  arm 6q. In addition, LOH was identified in 
onee of three cases for chromosomal arm 8p, in two 
off  three cases for chromosomal arm 9p, in two of 
threee cases for chromosomal arm 17p, and in one of 
threee cases for chromosomal arm 18q (Table 1, Fig. 2). 

Remarkably,, with one exception, the patterns of 
allelicc loss, including both the chromosome arms 
lostt and the specific alleles lost, were identical for 
thee sarcomatous and neoplastic epithelial compo-
nentss of these neoplasms. The single exception to 
thiss observation was the LOH of chromosomal arm 
9pp seen in the neoplastic epithelial cells, but not the 
stromall  cells, of Case 3. 

TABL EE 1. Geneti c Alteration s in Pancreati c Mucinou s Cysti c Neoplasm s wit h Sarcomatou s Strom a 

Component t >P P 6q 6q Sip p 17p p 

Epithelial l 
sarcomatous s 

Epithelial l 
sarcomatous s 

Epithelial l 
sarcomatous s 

UT T 
NA A 

WT T 
UT T 

Mutantt GGT-.GAT 
WT T 

R R 
R R 

R R 
R R 

R R 
R R 

LOH H 
LOH H 

LOH H 
LOH H 

LOH H 
1.011 1 

R R 
R R 

R R 
R R 

LOH H 
LOH H 

LOH H 
LOH H 

R R 
It t 

LOH H 
R R 

LOH H 
LOH H 

R R 
R R 

LOH H 
LOH H 

LOH H 
LOH H 

11 1 
11 1 

11 1 
R R 

WT,, wild type; R, retained; LOH, loss of heterozygosity; NA, not amplifiable. 
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FIGUREE 1. The epithelial (A and B) and sarcomatous (C and D}  components of a mucinous cystic neoplasm with sarcomatous stroma. The 
epitheliall  component is composed of tall columnar mucin producing cells (A) that express cytokeratin (B). By contrast, the sarcomatous component 
wass composed of spindle shaped cells with pleomorphic nucleic and a high mitotic rate [C and D). (A, C, and D, hematoxylin and eosin, 200x; B, 
immunohistochemicall  stain for cytokeratin, 200x). 
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FIGUREE 2. Loss of heterozygosity in mucinous cystic neoplasms with sarcomatous stroma. Representative microsatellite amplifications are shown 
forr each of the three cases. N. normal cell DNA; S, sarcomatous stroma DNA; E, neoplastic epithelial cell DNA. Dots to the left of each panel 
designatee positions of alleles, and arrows to right of panels designate alleles lost in tumor samples. 

Mutationall Analysis of the K-ras Oncogene 

Sampless of the neoplastic epithelial and sarco-
matouss components from each neoplasm were in-
dividuallyy evaluated for activating point mutations 
inn codon 12 of the K-ras gene. For Cases 1 and 2, no 
K-rasK-ras mutations were seen in either component of 
thee tumor; however, the stromal component was 
nott amplifiable in Case 1. In Case 3, a GGT^GAT 
mutationn of codon 12 was seen in the neoplastic 
epitheliall  cells, but not in the stromal cells. These 
resultss parallel the finding of LOH at 9p in the 
neoplasticc epithelial cells, but not the sarcomatous 
cells,, of Case 3 (Table 1, Fig. 3). 

DISCUSSION N 

Thee pathogenesis of human cancers is thought to 
bee the result of genetic instability that produces 
multiplee genetic alterations, of which some activate 
growth-promotingg genes (oncogenes) and others 
inactivatee growth-suppressing genes (tumor sup-
pressorr genes) (21, 22). These genetic alterations 
mostt likely occur in a series of steps, with clonal 
expansionn of cells occurring when genetic alter-
ationn results in a selective growth advantage (23). In 
mostt cancers, neoplastic cells can be demonstrated 
too be clonal in origin by virtue of all cells having a 
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FIGUREE 3. Representative autoradiograph of the Kras codon 12 
pointt mutation analysis- Four nylon membranes, each hybridized with 
aa different radioactive-labeled oligonucleotide specific for the sequence 
off  the wild-type codon 12 (left lane), and six possible mutations, three 
off  them depicted. On each membrane in the left lane, the nonentiched 
polymerasee chain reaction products are represented and in the right 
lanelane the mutant-enriched PCR products, co. hybridization controls, on 
eachh membrane cloned DNA fragments with a known codon 12 
sequencee complementary to the labeled oligonucleotides are used for 
thee hybridization of that membrane; 1 and 2, DNA isolated from the 
epitheliall  and stromal component respectively of Case 2, both with a 
wild-typee K-ras codon 12 sequence; 3 and 4, DNA isolated from the 
epitheliall  (3) and stromal (4) component of Case 3 with a mutation in 
thee epithelial component (GGT to GAT), resulting in an amino acid 
changee from glycine to aspartic acid pla, placenta DNA, control for 
nonspecificc hybridization; H20, negative water control; 1:00 and 1:1000, 
positivee controls containing DNA from cell suspensions with mutant 
wild-typee ratios of 1:100 and 1:1000; the suspensions were made of the 
humann colon cancer cell line SW 480 with a homozygous GGT to GTT 
mutationn at codon 12 of K-ras (glycine to valine) and the human colon 
cancerr cell line HT 29 with wild-type K-ras, 

"fingerprint""  of identical genetic changes. However, 
geneticc heterogeneity also occurs even though the 
cancers,, on the basis of sharing a majority of ge-
neticc changes, appear to be clonal in origin (24). For 
example,, substantial genetic heterogeneity has 
beenn demonstrated in colorectal neoplasms, intra-
ductall  cancers of the breast, and in intraductal 
papillary-mucinouss neoplasms of the pancreas (17-
19,, 24). 

Thee purpose of this study was to characterize the 
molecularr changes in pancreatic mucinous cystic 
neoplasmss with sarcomatous stroma, specifically to 
determinee whether or not the neoplastic epithelial 
andd sarcomatous portions of the neoplasm have 
geneticc alterations consistent with a common 
clonall  origin. These neoplasms were selected for 
studyy because they are otherwise well characterized 
andd because the neoplastic epithelial and sarcoma-
toidd cells are clearly distinct from one another and, 

thus,, can be individually sampled by microdissec-
tion. . 

Inn two of the neoplasms examined, the patterns 
off  allelic losses and retentions were identical and 
bothh components were found to be wild-type for 
K-ras.K-ras. These results are consistent with the two cell 
typess sharing a common clonal origin. In the third 
neoplasm,, losses and retentions were the same for 
thee two components at five of the six chromosomal 
loci,, and at one locus (9p21), LOH was seen in the 
neoplasticc epithelial cells, but not the sarcomatous 
cells.. Genetic heterogeneity was also seen in this 
tumorr for K-ras mutations, which were present in 
thee neoplastic epithelial cells, but not the sarcoma-
touss component. These results are consistent with 
thee neoplastic epithelial and sarcomatous compo-
nentss sharing a common clonal origin, with super-
imposedd genetic heterogeneity that occurred dur-
ingg tumor progression. 

Itt is somewhat surprising that more genetic het-
erogeneityy was not seen, given the phenotypic di-
versityy of these cancers. It is likely that the pheno-
typicc differences in the two regions of the cancer 
aree the result of genetic alterations at loci and genes 
thatt we did not investigate. 

Thee allelotype at six chromosomal loci and mu-
tationall  analysis of K-ras in these cases also allowed 
uss to compare the genetic alterations of mucinous 
cysticc neoplasms with sarcomatous stroma of the 
pancreass with the more common infiltrating ductal 
carcinomass of the pancreas (14-16). The genetic 
alterationss of ductal carcinomas have been well 
characterized,, and the majority of these cancers 
havee activating point mutations of codon 12 of 
K-ras,, inactivation of pl6 (on chromosomal arm 
9p),, mutations of p53 (on chromosomal arm 17p), 
andd mutations of DPC4 (on chromosomal arm 18q) 
(16,, 25-31). Although our sample size was small, 
onlyy one of these mucinous neoplasms harbored a 
K-rass mutation compared with a frequency of K-ras 
mutationss in ductal pancreatic cancers of 90% (16). 
Similarly,, other genetic alterations, including LOH 
off  18q, were not as prevalent in the pancreatic 
mucinouss cystic neoplasms with sarcomatous 
stromaa as they are in infiltrating ductal cancers of 
thee pancreas. These molecular differences correlate 
withh substantial differences in the pathologic and 
clinicall  features of the two neoplasms. 

Althoughh Thompson et al. (32) did not identify 
anyy K-ras mutations in over 50 mucinous cystic 
neoplasmss of the pancreas that they analyzed, we 
identifiedd an activating point mutation in codon 12 
off  K-ras in one of three mucinous cystic neoplasms 
withh sarcomatous stroma. This difference may re-
flectt differences in methodologies or differences in 
thee biology of these closely related neoplasms (33). 

Inn conclusion, neoplasms with both epithelial 
andd sarcomatous differentiation are rare, but they 
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providee a unique opportunity to study divergent 
differentiationn in a neoplasm. Although mucinous 
cysticc neoplasms with sarcomatous stroma appear 
too have patterns of genetic alterations distinct from 
thee more common ductal cancers of the pancreas, 
geneticc alterations are largely shared between the 
neoplasticc epithelial and sarcomatous cells, sug-
gestingg that these two components of the tumors 
sharee a common clonal origin. 
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SUMMARY Y 

Pancreaticc cancer is the fifth leading cause of cancer-related death in Western 

countries.. Potentially curative surgery is restricted to small tumors without evidence of spread 

too other organs, but the diagnosis is usually late because symptoms mostly occur at a late 

pathologicall  stage. Therefore, the median survival is less than 6 months, and long-term 

survivall  rates are below 5%. 

Duringg the last 10 years a tremendous increase in our understanding of the 

developmentt of pancreatic cancer has been seen, and pancreatic cancer is now one of the 

betterr characterized neoplasms at the molecular genetic level. This knowledge has recently led 

too the postulation of a tumor progression model for pancreatic cancer. The histological 

stepwisee progression from normal pancreatic duct epithelium to invasive carcinoma is 

accompaniedd by alterations in specific types of genes, including activation of K-ras and HER-

2/neuu oncogenes and inactivation of pi 6, p53, DPC4 and BRCA2 tumor suppressor genes. 

Thee specific molecular alterations described in this tumor progression model could potentially 

bee utilized for the identification of patients at-risk, the development of more sensitive 

molecular-basedd diagnostic tests, or screening tests for the presymptomatic diagnosis of 

pancreaticc cancer, for more accurate prognostication, and for the improvement of staging 

procedures.. Furthermore, these genetic alterations may be used for the development of novel 

gene-basedd therapies. 

Thee studies described in this thesis investigated various clinical applications of some 

molecularr genetic alterations encountered in the pancreatic tumor progression model. 

Inn chapters 2 and 3 two groups with an increased pancreatic cancer risk are described. 

Inn chapter 2 a review is given on familial pancreatic cancer. A number of germline genetic 

alterationss have been identified in families in which there is an aggregation of pancreatic 

cancer.. Germline mutations in BRCA2, STK11/LKB1, pl6, and the cationic trypsinogen gene, 

PRSS1,, all predispose carriers to an increased risk of pancreatic cancer. The identification of 

thesee alterations establishes a genetic basis for the increased pancreatic cancer risk. However, 

itt is estimated that approximately 10% of pancreatic cancers are familial, so in the majority of 

pancreaticc cancers the underlying genetic cause remains still unknown. The search for the 
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geneticc determinants for the inherited risk in these families is hampered by the late age of onset 

off  familial pancreatic cancer and by the low penetrance, making linkage analysis more difficult. 

Patientss who underwent gastrectomy for a benign peptic ulcer disease may constitute 

anotherr group with an increased risk for pancreatic cancer. In chapter 3 the long-term risk in a 

cohortt of 2633 postgastrectomy patients was assessed. In this group of postgastrectomy 

patientss the relative risk of pancreatic cancer increased gradually to 3.6 after 35 years or more 

postoperatively.. The lung cancer risk was also analyzed to indirectly assess smoking 

behaviourr in these peptic ulcer patients. As expected in this group, the lung cancer risk was 

alsoo increased, but in contrast with the pancreatic cancer risk, which showed a significantly 

increasingg time trend, the increased lung cancer risk remained constant throughout the 

postoperativee observation period. Thus, although smoking may contribute to the increased 

pancreaticc cancer risk after gastrectomy, the steadily increasing panceatic cancer risk during 

thee postoperative interval suggests that the neoplastic process is accelerated in operated 

patientss due to surgery-related factors. K-ras codon 12 mutation analysis in a group of 

postgastrectomyy pancreatic cancers showed a pattern and frequency of mutations comparable 

too conventional pancreatic cancer. Moreover, pancreatic intraepithelial neoplasms described 

inn conventional pancreatic cancer were observed in the tisue surrounding the postgastrectomy 

pancreaticc cancers. These findings are consistent with a similar etiology of both conventional 

andd postgastrectomy pancreatic cancer. 

Thee increased risk of pancreatic cancer in patients with a family history of pancreatic 

cancerr and in postgastrectomy patients justifies an increased index of suspicion. 

Inn chapter 4 a review is given of molecular markers for the diagnosis of pancreatic 

cancerr with emphasis on the detection of K-ras codon 12 mutations and mutant p53 protein. 

Thee assessment of molecular changes in human specimens can be useful in consolidating a 

diagnosiss in those cases in which morphology alone is not sufficient for a definitive diagnosis. 

Usingg molecular analysis of genetic changes in secondary sources such as blood, stool and 

pancreaticc juice, a neoplasm could be detectable in a pre-clinical stage. However, the results of 

molecular-basedd tests should be interpreted with caution, since molecular-genetic alterations 

mayy also be present in non-malignant lesions and specificity for malignancy remains a concern. 
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Inn chapter 5 the additional diagnostic value of p53 immunocytochemistry of brush 

cytologyy specimens obtained during an endoscopic retrograde cholangiopancreaticography 

(ERCP)) was assessed. The sensitivity of conventional light microscopy, p53 

immunocytochemistry,, and both tests combined were 29%, 24%, and 43%, respectively. 

Althoughh the increase in sensitivity is only 14%, p53 immunohistochemistry certainly adds to 

conventionall  methodology. The major cause for the limited diagnostic value of p53 

immunocytochemistryy was absence of p53 overexpression in the primary tumor. P53 

immunocytochemistryy is especially sensitive for the detection of cancer of the distal common 

bilee duct. This can be explained by the fact that p53 immunochemistry is dependent on the 

yieldd and quality of malignant cells in the brush cytology specimens. Because the distal 

commonn bile duct is directly brushed during ERCP, it is more likely to retrieve intact cells 

fromm bile duct cancers than from pancreatic cancers. However, for PCR-based techniques, 

evenn small amounts of DNA are sufficient to amplify the region of interest. This also explains 

thee relatively high sensitivity of K-ras codon 12 mutation analysis for the detection of 

pancreaticc carcinoma on ERCP brushings which was observed in a previous study. Taken 

together,, these studies therefore suggest that p53 immunohistochemistry and K-ras codon 12 

mutationn analysis can be used complementary to each other, for the detection of cancers of the 

distall  common bile duct and the pancreas respectively. 

Inn chapters 6 and 7 the diagnostic and prognostic value of DPC4 alterations were 

assessedd using a highly sensitive and specific antibody against the DPC4 gene product. 

Inn chapter 6 the additional diagnostic value of DPC4 immunohistochemistry was 

analyzedd on biopsies from the pancreas and extra-hepatic bile ducts. The DPC4 gene is 

inactivatedd in approximately 55% of pancreatic ductal adenocarcinomas. Compared to other 

molecularr genetic alterations which occur in pancreatic cancer, inactivation of DPC4 is 

relativelyy specific for the disease. Recently, immunohistochemical labeling of DPC4 protein has 

beenn shown to closely mirror the DPC4 gene status. This study confirmed that DPC4 

immunohistochemistryy of the DPC4 gene product is a specific marker for carcinoma in biopsies 

off  the pancreas and extrahepatic bile ducts, and the specificity of this technique was 100%. As 

expected,, the sensitivity was relatively low and only 36%. DPC4 immunohistochemistry may 

bee a valuable adjunct in establishing the diagnosis of cancer in patients with biopsies which are 
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equivocall  for cancer by morphology alone. An example that may face the pathologist with 

problemss is the entrapment of glands in chronic pancreatitis, which will express DPC4, in 

contrastt with infiltrating adenocarcinomas of the pancreas, half of which will show negative 

DPC44 immunostaining. 

Inn chapter 7 the clinical significance of DPC4 inactivation was evaluated by 

immunohistochemicall  analysis of 249 pancreatic adenocarcinomas from patients who 

underwentt a Whipple resection. Patients with DPC4-negative pancreatic adenocarcinomas had 

aa significantly decreased median survival of 14.7 compared to 19.2 months for patients with 

intactt DPC4. Multivariate analysis showed that this survival difference is independent of other 

knownn prognostic markers. DPC4 inactivation appears to result in a biologically more 

aggressivee form of pancreatic adenocarcinoma. The significant difference in survival of patients 

withh DPC4 negative and DPC4 positive cancers highlight the importance of molecular genetic 

heterogeneityy of histologically indistinguishable forms of adenocarcinoma. The prognostic 

impactt of inactivating DPC4 raises the possibility that in the future novel therapeutics which 

replacee the loss of DPC4 function may have a therapeutic effect in pancreatic carcinoma. 

Characterizationn of the genetic make up of various rumors in the same organ is an 

importantt prerequisite for the development of molecular-based diagnostic tests, since different 

tumorr types may contain alterations in different sets of genes. Insight into the pathogenesis and 

thee specific genes involved in a tumor may lead to more efficient molecular-based diagnostic 

tests.. In chapter 8 the molecular changes in pancreatic mucinous cystic neoplasms with 

sarcomatouss stroma were characterized to determine whether or not the malignant epithelial 

andd sarcomatous stroma components of the neoplasm have genetic alterations consistent with 

aa common clonal origin. The microsatellite markers for 6 chromosomal loci that were used in 

thiss study showed virtually identical genetic alterations in the two components, and in two of 

thee three cases the K-ras codon 12 was wild type in the two components. These results 

stronglyy suggest a common clonal origin of the two components in this tumor type. Although 

thee sample size was small, only one of these mucinous neoplasms harbored a K-ras codon 12 

mutationn compared to a frequency K-ras codon 12 mutations of 90% in ductal pancreatic 

cancers,, suggesting a different pathogenesis than conventional ductal pancreatic carcinoma. 

Takenn together the above studies have shown that molecular markers may indeed have 
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aa role in identifying patients predisposed to pancreatic cancer, and improving early detection, 

diagnosticc accuracy and prognostication. Immediate translation of these results into routine 

dailyy practice will nevertheless be limited due to various reasons. Of the majority of familial 

casess of pancreatic cancer the underlying genetic defect is still unknown. Postgastrectomy 

patientss may constitute a risk group, but the size of this potential target population is small 

andd will even decrease in the future now ulcer surgery has become obsolete. There is also no 

consensuss on screening strategies; i.e. which imaging modalities would provide the best 

resultss in patients with small subclinical lesions that may also have overlapping features with 

non-malignantt conditions such as chonic pancreatitis. More importantly, these benign lesions 

mayy carry molecular genetic alterations and although this apparently indicates that they 

shouldd be considered as precursor lesions, the natural history of these precursors is as yet 

mostlyy unknown. There is to date no other (prophylactic) therapeutic approach than surgical 

resection,, and other (chemo)preventive measures or gene therapy are still unrealistic. Pancreatic 

resection,, even in experienced hands, is however a large operation with considerable impact. 

Therefore,, future studies will have to focus on all these different issues in order to 

benefitt even more from the recent advances in our molecular understanding of pancreatic 

carcinogenesis.. In view of the dismal outlook for a patient with pancreatic carcinoma the 

energyy would be well spent. 
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SAMENVATTING G 

Hett ductale adenocarcinoom van de pancreas is de vijfde meest frequente oorzaak van sterfte 

tenn gevolge van kanker in westerse landen. Curatieve chirurgische resectie van de tumor is de 

enigee kans op genezing. Dit is alleen mogelijk indien er geen aanwijzingen zijn voor locale 

doorgroeii  of metastasen. De diagnose pancreas kanker wordt echter meestal te laat vast 

gesteld,, daar symptomen zich pas in een laat stadium manifesteren. De mediane overleving 

vann pancreaskanker patiënten is derhalve minder dan 6 maanden en de 5-jaarsoverleving ligt 

onderr de 5%. 

Inn het afgelopen 10 jaar is onze kennis van de ontwikkeling van pancreas carcinoom sterk 

toegenomen,, wat ertoe heeft geleid dat deze vorm van kanker nu één van de beter 

gekarakteriseerdee tumoren op moleculair genetisch niveau is. Deze kennis heeft ertoe 

bijgedragenn dat recent een 'tumor progressie model' kon worden gepostuleerd. In dit model 

wordtt de stapsgewijze progressie van normaal duet epitheel tot invasief carcinoom beschreven 

mett de daarmee geassocieerde genetische veranderingen, zoals activatie van de K-ras en HER-

2/neu2/neu oncogenen, en inactivatie van de pi6, p53, DPC4 en BRCA2 tumor suppressor genen. 

Dee specifieke moleculaire veranderingen die beschreven zijn in dit model, kunnen worden 

gebruiktt voor diverse klinische doeleinden, bijvoorbeeld voor de detectie van patiënten met een 

verhoogdd risico op het krijgen van pancreas kanker, de ontwikkeling van nieuwe diagnostische 

middelenn en voor de verbetering van stagering. Bovendien zouden deze genetische 

veranderingenn kunnen dienen als basis voor de ontwikkeling van nieuwe therapieën. 

Inn dit proefschrift wordt een aantal klinische toepassingsmogelijkheden onderzocht van enkele 

veell  voorkomende moleculaire veranderingen in het pancreas tumor progressiemodel. 

Inn hoofdstukken 2 en 3 worden twee groepen patiënten beschreven die een verhoogd 

risicoo hebben op het krijgen van pancreas kanker. In hoofdstuk 2 wordt een overzicht gegeven 

vann de bekende oorzaken van familiaire pancreas kanker. Een aantal kiembaan mutaties is 

beschrevenn in families waarin pancreas kanker vaker voorkomt dan in de algemene populatie. 

Kiembaann mutaties in het BRCA2 gen, het STKI1/LKB1 gen, het pi6 gen en het 'cationic 

trypsinogen'' gen, PRSS1, zijn alle gecorreleerd met een verhoogd risico op pancreas kanker. 

Dee identificatie van deze genetische veranderingen verschaft een genetische basis voor het 
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verhoogdee pancreas kanker risico in deze families. Er wordt echter geschat dat 10% van de 

pancreass tumoren een familiaire basis heeft. In het merendeel van de gevallen is de genetische 

oorzaakk dus nog onbekend. Het onderzoeken van eventuele genetische oorzaken in deze 

familiess wordt bemoeilijkt door de late manifestatie van familiaire pancreas kanker en door de 

lagee penetrantie, waardoor bijvoorbeeld koppelingsonderzoek moeilijk is. 

Patiëntenn die in het verleden een gastrectomie hebben ondergaan voor een goedaardige 

peptischee ulcus vormen ook een groep met een verhoogd risico op pancreas kanker. In 

hoofdstukk 3 is het lange termijn risico op pancreas kanker bepaald in een cohort van 2633 

postgastrectomiee patiënten. In deze groep bleek het relatieve risico op pancreas kanker 

gradueell  toe te nemen tot een waarde van 3.6 na een postoperatieve periode van 35 jaar. Ook 

werdd in deze groep het risico op longkanker bepaald als indirecte methode om het rookgedrag 

vann deze peptische ulcus patiënten te bepalen. Zoals in deze groep verwacht, was het relatieve 

risicoo op longkanker verhoogd, maar in tegenstelling tot het risico op pancreaskanker, werd 

geenn toename van het risico gezien bij een langere postoperatieve periode. Het risico op 

pancreass kanker nam statistisch significant toe met de duur van de postoperatieve periode, het 

risicoo op longkanker bleef constant gedurende de gehele follow-up periode. Dit impliceert dat 

err naast roken andere, direct aan de chirurgie gerelateerde oorzaken bijgedragen moeten 

hebbenn aan het verhoogde pancreas kanker risico in deze groep patiënten. K-ras codon 12 

mutatiee analyse in een groep postgastrectomie pancreas carcinomen vertoonde geen verschil 

inn de frequentie en soort mutaties in vergelijking tot conventionele pancreas carcinomen. Ook 

werdenn intra-epitheliale precursor lesies (PanIN lesies) rondom de postgastrectomie pancreas 

carcinomenn geobserveerd. Deze precursor lesies worden beschouwd als voorstadia van 

conventionelee pancreas kanker. Deze bevindingen pleiten voor een rol van dezelfde 

etiologischee factoren in zowel postgastrectomie als conventionele pancreas kanker. 

Hett is van belang dat het verhoogde risico op pancreas kanker bij patiënten met een positieve 

familiee anamnese voor pancreas kanker en bij postgastrectomie patiënten onderkend wordt 

doorr artsen. 

Inn hoofdstuk 4 wordt een overzicht gegeven van de bruikbaarheid van moleculaire markers in 

dee diagnostiek van pancreas kanker. Er is met name gekeken naar de diagnostische waarde 

vann de detectie van K-ras codon 12 mutaties en mutant p53 eiwit. Het bepalen van moleculaire 
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veranderingenn in bijvoorbeeld borstel cytologie preparaten verkregen gedurende een 

endoscopischee retrograde cholangiopancreaticografie (ERCP) kan bijdragen aan het stellen van 

eenn definitieve diagnose in die gevallen waar de morfologie alleen geen uitsluitsel kan geven. 

Hett analyseren van moleculaire veranderingen in het bloed, faeces en pancreas secretie, zou 

kunnenn bijdragen aan de preklinische detectie van pancreas kanker. De resultaten van testen die 

gebaseerdd zijn op moleculaire technieken dienen echter met voorzichtigheid te worden 

geïnterpreteerd,, aangezien dezelfde moleculair genetische veranderingen ook aanwezig kunnen 

zijnn in niet-maligne afwijkingen, waardoor de specificiteit van de moleculaire veranderingen 

eenn bron van zorg blijft . 

Inn hoofdstuk 5 wordt de additionele diagnostische waarde van p53 immunocytologie op 

borstelcytologiee verzameld tijdens ERCP onderzocht. De sensitiviteit voor de aanwezigheid 

vann een maligniteit van conventionele cytologie, p53 immunocytologie en beide testen 

gecombineerdd waren respectievelijk 29%, 24% en 43%. Hoewel de toename van de 

sensitiviteitt slechts 14% is, kan p53 immunocytologie zeker van waarde zijn in sommige 

gevallen.. De belangrijkste oorzaak van de beperkte diagnostische waarde van p53 

immunocytologiee was afwezigheid van p53 overexpressie in de primaire tumor. P53 

immunocytologiee bleek met name geschikt te zijn voor de detectie van distale 

galgangcarcinomen.. Dit kan verklaard worden door het feit dat p53 immunocytologie 

afhankelijkk is van het aantal en de kwaliteit van de cellen in de cytologiepreparaten. Aangezien 

dee distale galgang direct wordt geborsteld tijdens ERCP, is het waarschijnlijker dat er intacte 

cellenn worden verkregen van galgangcarcinomen dan van pancreascarcinomen. Voor op PCR 

gebaseerdee technieken zijn echter slechts kleine hoeveelheden DNA voldoende om het 

betreffendee gebied te amplificeren. Dit verklaart mede de resultaten in een eerdere studie 

waarinn een relatief hoge sensitiviteit werd gevonden voor pancreas kanker van K-ras codon 12 

mutatiee analyse in borstelpreparaten verkregen tijdens ERCP. 

Inn hoofdstukken 6 en 7 werden de diagnostische en prognostische waarden van DPC4 

veranderingenn bepaald gebruik makend van een antilichaam gericht tegen het DPC4 gen 

produkt. . 

Inn hoofdstuk 6 werd de additionele diagnostische waarde van DPC4 immunohistochemie op 

bioptenn van de pancreas en extra-hepatische galwegen. Het DPC4 gen is in ongeveer 55 % van 
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dee pancreas carcinomen geïnactiveerd en vergeleken met andere genetische afwijkingen die in 

pancreass carcinomen voorkomen, is DPC4 inactivatie relatief specifiek. 

Recentt is een antilichaam beschreven dat op heel nauwkeurige manier DPC4 mutaties kan 

aantonen.. Dit antilichaam reageert alléén met het wild type DPC4 eiwit en bij een DPC4 gen 

mutatiee zal het antilichaam het mutante eiwit niet herkennen. Deze studie bevestigde dat 

DPC44 immunohistochemie een specifieke marker is voor carcinomen in de pancreas en 

extrahepatischee galwegen. De specificiteit van deze techniek was 100%. Zoals verwacht was 

dee sensitiviteit relatief laag, slechts 36%. Desondanks kan DPC4 immunohistochemie van 

waardee zijn in biopten waarvan de morfologie twijfel doet bestaan over de aanwezigheid van 

carcinoom.. Een voorbeeld van een mogelijk diagnostisch probleem voor de patholoog zijn 

ingevangenn klierbuisjes bij een chronische pancreatitis. Bij gebruik van de DPC4 

immunohistochemiee laten deze benigne buisjes intacte DPC4 expressie zien, maar in geval 

vann een infiltrerend adenocarcinoom van de pancreas, is er 50% kans op verlies van expressie, 

tnn hoofdstuk 7 werd de prognostische significantie van DPC4 inactivatie geëvalueerd met 

behulpp van immunohistochemische analyse van 249 pancreas carcinomen verkregen van 

patiëntenn die een Whipple procedure hadden ondergaan. Patiënten met een DPC4-negatieve 

tumorr hadden een significant lagere mediane overleving van 14.7 maanden in vergelijking tot 

19.22 maanden voor patiënten met een tumor die intacte DPC4 expressie toonde. Multivariate 

analysee toonde aan dat dit verschil in overleving onafhankelijk is van andere bekende 

prognostischee variabelen. DPC4 inactivatie blijkt te resulteren in een biologisch aggressievere 

vormm van pancreas carcinoom. Het significante verschil in overleving tussen deze twee 

groepenn patiënten benadrukt het belang van moleculair genetische heterogeniteit tussen 

tumorenn die histologisch niet van elkaar te onderscheiden zijn. De prognostische betekenis 

vann DPC4 inactivatie impliceert dat in de toekomst nieuwe therapievormen die de verloren 

DPC44 functie trachten te vervangen effect zouden kunnen sorteren. 

Hett in kaart brengen van de genetische opbouw van verschillende tumoren in hetzelfde orgaan 

iss een belangrijke voorwaarde voor het ontwikkelen van diagnostische testen die zijn gebaseerd 

opp moleculaire markers, aangezien in verschillende soorten tumoren verschillende groepen 

genenn betrokken kunnen zijn. Inzicht in de pathogenese en kennis van de specifieke genen die 

betrokkenn zijn, zullen leiden tot de ontwikkeling van efficiëntere moleculaire diagnostische 
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tests.. In hoofdstuk 8 werden moleculaire veranderingen bepaald in mucineuze cystische 

tumorenn van de pancreas met een sarcomateuze stroma component om zo te bepalen of de 

epithelialee en sarcomateuze componenten in deze tumor een gemeenschappelijk klonale origine 

hebben.. De microsatelliet markers voor 6 chromosomale loei die werden gebruikt in deze 

studiee toonden nagenoeg dezelfde genetische veranderingen voor beide componenten en in 

tweee van de drie tumoren was K-ras codon 12 wild type in beide componenten. Deze 

resultatenn pleiten sterk voor een gemeenschappelijk klonale oorsprong van beide componenten 

inn dit type tumor. Hoewel het een klein aantal betreft, had slechts 1 van deze mucineuze 

tumorenn een K-ras codon 12 mutatie. Gegeven het feit dat 90% van de conventionele ductale 

pancreass tumoren een K-ras codon 12 mutatie bevat, zou dit een aanwijzing kunnen zijn voor 

eenn andere pathogenese dan van conventionele ductale pancreas carcinomen. 

Dee bovenstaande studies tonen aan dat moleculaire markers een rol zouden kunnen spelen in 

hett identificeren van patiënten die verhoogd risico hebben op pancreas kanker, het verbeteren 

vann (vroeg)diagnostiek, en het inschatten van de prognose. De onmiddellijke toepassing van 

dezee technieken in de dagelijkse praktijk zal echter om meerdere redenen voorlopig beperkt 

blijven.. In het merendeel van de familiaire pancreas carcinomen zijn de onderliggende 

genetischee defecten nog onbekend. Hoewel de postgastrectomie patiënten een verhoogd risico 

hebben,, is het aantal patiënten dat een maagresectie heeft ondergaan klein en dit aantal zal in 

dee toekomst kleiner worden aangezien maagresectie als behandeling voor peptische ulcera 

obsoleett is geworden. Verder is er nog geen consensus over hoe populaties met een verhoogd 

pancreass kanker risico gescreened zouden moeten worden. De beeldvormende technieken die 

momenteell  beschikbaar zijn, moeten beoordeeld worden op gevoeligheid voor de detectie van 

kleine,, niet-symptomatische lesies, die ook nog eens overlappende kenmerken kunnen hebben 

mett niet-maligne condities zoals pancreatitis. Bovendien kunnen deze goedaardige 

afwijkingenn moleculair genetische veranderingen bevatten, hetgeen impliceert dat deze 

afwijkingenn moeten worden beschouwd als voorlopers van invasieve carcinomen. Het is 

echterr nog onduidelijk in hoeverre en hoe snel deze afwijkingen inderdaad maligne ontaarden. 

Tott nog toe is behalve chirurgische resectie geen andere therapie mogelijk. De introductie van 

(chemo)preventiee en gentherapie lijk t voorlopig nog ver weg. Pancreas resectie is echter nog 

steedss een grote operatie, ook in ervaren handen, met veel consequenties voor de patiënt. 
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Toekomstigee studies zullen zich moeten concentreren op bovenstaande beperkingen en 

problemen,, zodat in de toekomst nog meer geprofiteerd kan worden van de recent opgedane 

kenniss omtrent de moleculaire genetica van het ontstaan van pancreas kanker. Gegeven de 

huidigee slechte vooruitzichten voor een patiënt met pancreas kanker is iedere inzet op dit 

terreinn van grote betekenis. 
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