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1.. Introduction 

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]. 
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