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Background d 

Pancreaticc cancer is often diagnosed late and therefore has a poor prognosis. Surgical resection and 

Surveillancee of subjects at risk for pancreatic cancer and surgery at an early stage of the disease are 

preconditionss for cure. Although the K-ras oncogene is mutated in >90% of pancreatic cancers and is a 

potentiallyy useful marker, its specificity for screening purposes remains a concern. The aim of this study 

wass to estimate the prevalence of K-ras mutations in brush cytology and bile in the non-diseased general 

populationn by using the "epidemiologic necropsy" study design. 

Methods s 

Alll necropsies performed at the Academic Medical Center in Amsterdam and the Pathologisch Anatomisch 

Laboratoriumm in Enschede in the Netherlands between March 1996 and March 1997 were prospectively 

includedd and categorized by age group, gender and cause of death. After squeezing the gallbladder for bile 

andd brushing the distal common bile duct for cytology, the underlying pancreatic tissue was resected. DNA 

wass isolated from brush, bile and tissue, and subjected to PCR amplification for K-ras codon 12 mutations. 

Randomlyy selected pancreatic tissue was analyzed for the presence of pancreatic intraepithelial neoplasia 

(PanIN)) lesions. Excluding the autopsies with risk factors for pancreatic cancer the prevalence of K-ras 

mutationss in brush and bile from necropsies was translated towards the general population by direct 

standardizationn using the demographics of the Dutch population in 2000. 

Results s 

Afterr exclusion of 14 necropsies for related disease, 317 necropsies consisting of 187 men and 130 

womenn were available for analysis. K-ras mutations were detected in 78/317 (25%) brush cytology 

specimenss and 18/317 (5.7%) bile specimens. The prevalence of K-ras mutations in the general population 

couldd be estimated at 14% in brush cytology and 3% in bile. K-ras mutations were only detected in 

pancreaticc tissue carrying PanlN-1A and PanlN-1B lesions, which were present in 95% of the cases. 

Conclusions s 

Givenn the prevalence of K-ras mutations in brush cytology and bile in the non-diseased population and 

thee high rate of mutations in the commonly detectable PanlN-1A and PanlN-1B the concerns regarding 

specificityy of K-ras mutation analysis seem justified. Certainly as a screening test in the population not at 

riskk this method cannot be used. 



Pancreaticc cancer is the fourth leading cause of cancer-related death in the Western world.1 The 

overalll 5-year survival is less than 4% and has hardly improved over the last two decades.? The 

majorr cause of this poor prognosis is its relatively late detection. Around 80% of patients presenting 

withh pancreatic carcinoma have locally spread or metastasized disease, which makes a curative 

resectionn impossible. A successful pancreatico-duodenectomy improves the 5-year survival rate 

too percentages varying from 8 to 21 %.3 A subset of the operable patients with favorable prognostic 

factorss such as negative lymph nodes, negative margins, and tumors smaller than 3 cm even 

havee a 40% chance to survive the first 5 years after surgery.4'6 

Likee in other cancer types, early detection of pancreatic carcinoma is therefore crucial for a better 

patientt survival. Early detection is hampered mostly by the late presentation of non-specific 

symptoms.. Optimizing existing diagnostic methods using specific molecular genetic alterations 

accompanyingg pancreatic carcinogenesis and surveillance of patients at risk for developing 

pancreaticc carcinoma are potential ways to advance the diagnosis. 

Thee K-ras oncogene is mutated in more than 90% of pancreatic carcinomas. Since virtually all K-

rasras mutations are confined to codon 12, they are relatively easy to detect.79 Therefore several 

studiess have focused on the clinical utility of K-ras mutations in the early detection of pancreatic 

carcinoma.100 '8 In a previous study we evaluated the additional diagnostic value of K-ras codon 12 

mutationss in brush cytology specimens obtained during endoscopic retrograde cholangio-

pancreatographyy (ERCP) from 312 consecutive patients with an extrahepatic biliary stenosis 

suspiciouss for cancer.13 In that study, K-ras codon 12 mutation analysis proved to be a useful 

methodd to improve the diagnostic sensitivity of conventional cytology to detect malignancy. The 

sensitivityy increased from 36% for conventional cytology alone, to 62% for conventional cytology 

inn combination with K-ras mutation analysis. Thus, K-ras mutations could be an attractive tumor 

markerr and may be useful for future screening purposes. 

However,, in that same study eight of the 312 (2.6%) patients harbored a K-ras mutation while 

malignancyy as the cause of the extrahepatic biliary stenosis could not be confirmed. Also after a 

mediann follow-up of 65 months these patients had to be considered as true false positives.19 

Althoughh a false-positive result might be infrequent, the specificity of the K-ras mutation analysis 

remainss a concern, because the consequences of unnecessary surgical resection are unacceptable. 

K-rass mutations have also been reported in the precursor lesions of pancreatic cancer, the so-

calledd pancreatic intraepithelial neoplasia (PanIN) lesions.70'19 The presence of K-ras mutations in 

brushh cytology and bile from patients without a pancreatic or other periampullary neoplastic 

diseasee could hinder its diagnostic use. However, patients who underwent an ERCP for periampullary 

diseasee suspicious for cancer will introduce a selection bias when used as study population to 

evaluatee K-ras mutations, even if these patients do not have malignancy; this method does not 



providee an estimate about prevalence of K-ras mutations in the non-diseased general population, 

i.e.. specificity. The techniques required to obtain brush cytology or bile are invasive and not without 

risks,, and therefore not suitable to perform in a normal healthy control group. 

Thee so-called "epidemiological necropsy" study design provides a way to estimate trends and 

occurrencee of non-manifest disease or undetected abnormalities in the general population and 

cann be regarded as a screening survey to assess the reservoir of abnormalities indicative for a 

certainn disease among persons in whom this particular disease is not expected. The main principle 

off this design is to investigate necropsies without the disease under study and without risk 

factorss for that particular disease, hereby avoiding selection bias.30 Bias due to the nature of a 

hospitall population is avoided by using incidental data from necropsies carried out for unrelated 

disease.5'' Meanwhile, standardization by age, gender, and co-morbidity reduces demographic 

bias.. This is a potentially valuable method not only to help distinguish the true occurrence rates 

off disease from the changes attributable to improved diagnostic detection, but also to determine 

thee specificity of clinical analyses. 

Thee aim of the current study was to estimate the prevalence of K-ras mutations in brush cytology 

andd bile in the general population in order to enhance the understanding of its utility as a 

molecularr marker for periampullary cancer by using the "epidemiologic necropsy" study design. 

Studyy group 
Alll necropsies of patients older than one year performed at the Academic Medical Center in 

Amsterdamm between March 1996 and March 1997, and at the Pathologisch Anatomisch 

Laboratoriumm (PAL) in Enschede between March and September 1996 were prospectively included. 

Clinicall and pathology data were retrieved including patient characteristics, general medical history, 

historyy of cancer, smoking and drinking habits when available, reason for admission, clinical cause 

off death and all pathology investigations performed. According to the "epidemiologic necropsy" 

studyy design all necropsies with evidence or suspicion of the studied disease before death were 

excludedd from this study. Therefore the following two exclusion criteria were used: (1) necropsies 

onn patients with a history of pancreatic cancer or pancreatitis, and (2) necropsies on patients who 

weree referred to hospital for analysis of symptoms that could be indicative for pancreatic disease. 

Patientss were categorized by location of necropsy, gender, age group and cause of death. 

Collectionn of material 
Att necropsy, the stomach, duodenum, liver, biliary tract, pancreas and spleen were resected "en 

bloc".. After opening the duodenum, the Ampulla of Vater was localized. By squeezing the gall 

bladderr the bile present in the distal common bile duct was collected. After bile collection the 



firstt two centimeters of the distal common bile duct was brushed with an endocervical brush 

(Cervibrush+TU,, CellPath, Heme! Hempstead, UK) through the Ampulla of Vater. Bite and brush 

cytologyy specimens were collected in 10 ml of a buffered saline solution (pH 7.0-8.0), fixed by 

addingg 10ml ethanol, and stored at C until further analysis. 

Thee brushed part of the distal common bile duct and the underlying pancreatic tissue was resected. 

Thiss tissue was partly paraffin-embedded after formalin fixation and partly fresh-frozen and stored 

att . 

Isolationn of DNA 

AA sample of 1 ml of both bile and brush cytology collections was used for DNA isolation. The 

sampless were spinned, the supernatant was removed, and the cell-pellet was incubated with 

proteinasee K at C for at least one hour. Proteinase K was inactivated by heating the samples 

att 96CC. Pancreatic tissue was micro-dissected with a fine needle for DNA isolation. 

K-rasK-ras codon 12 mutation analysis 

DNAA was subjected to PCR amplification using primers centered around codon 12. One of the 

primerss introduces a restriction site in the PCR products derived from wild-type codon 12 alleles 

butt not in those derived from mutant codon 12 alleles. After digestion of the PCR products, a 

secondd round of PCR amplification is performed, yielding a PCR product enriched for K-ras codon 

122 mutations. The resulting DNA products are denatured and dot-blotted onto nylon membranes 

andd subjected to allefe-specific oligonucleotide (ASO) hybrid-ization with radioactive labeled probes, 

specificc for each possible K-ras codon 12 mutation, followed by autoradiography. Cell suspensions 

withh mutant:wild type ratios of 1:100 and 1:1000 were used as positive controls in every PCR 

procedure.. The cell suspensions were made of the human colon cancer cell line SW 480 with a 

homozygouss GGT to GTT mutation at codon 12 of K-ras and the human colon cancer cell line HT 

299 with wild type K-ras. Water was used as a negative control, placental DNA for non-specific 

hybridization.. All PCR products were hybridized with olignucleotides with the wild type sequence 

too control for amplification of the DNA samples. Enriched and non-enriched PCR products were 

dot-blottedd next to each other to check for the digestion and the mutant-enrichment. We previously 

validatedd this method using mutant enriched PCR with ASO hybridization by comparing it with 

sequencee analysis.32 

Histologicall analysis 

Randomlyy selected pancreata were analyzed for the presence of pancreatic intraepithelial neoplasia 

{PanlN)) lesions in the pancreatic head. For the classification of PanlN lesions the progression 

modell for pancreatic cancer was used which was unanimously agreed upon during the "Pancreas 



Cancerr Think Tank" sponsored by the National Cancer Institute held in Park City in Utah in 

1999.333 It shows the progression from a histologically normal duct to flat duct lesion (PanlN-IA) 

too papillary duct lesion (PanlN-lB) to atypical papillary duct lesion (PanlN-2) to severely atypical 

ductt lesion or carcinoma in situ (PanlN-3). When PanIN lesions were present in the analyzed 

pancreaticc sections, the ducts with the highest grade precursor lesions were microdissected for 

DNAA extraction and subsequent K-ras codon 12 mutation analysis as described. A random section 

off pancreatic tissue from the patients with a K-ras mutation in brush cytology or bile was 

microdissectedd and analyzed for K-ras mutations, regardless of the presence of PanIN lesions. 

Thee K-ras codon 12 mutations found in brush cytology or bile were compared to the mutations 

foundd in the duct lesions of corresponding pancreata. 

Computations s 
Inn order to estimate the prevalence in the general population, the percentages of positives were 

translatedd towards the general population by direct standardization using the vital statistics and 

demographicss of the Dutch population in 2000. The prevalence in the study population was 

calculatedd for age- and sex-specific strata (alt patients were Caucasian whites), using the age 

categoriess < 20 years, 20-40 years, 40-65 years, 65-80 years and 65 years or more. These figures 

weree then multiplied by the numbers of subjects in those specific strata in the 2000 general 

populationn according to the bureau of vital statistics (CBS) in The Netherlands (www.cbs.nl) in 

orderr to arrive at an estimate of the prevalence of K-ras mutations in the non-diseased Dutch 

population. . 

Al!! 331 necropsies performed in the described time period were initially eligible, of which 161 

camee from the Academic Medical Center Amsterdam in Amsterdam and 170 from the Pathologisch 

Anatomischh Laboratorium in Enschede, The Netherlands. The patients consisted of 197 men and 

1344 women, and the mean age at death was 68 (21 -96) years. Thirteen necropsies were excluded 

becausee of a history of pancreaticobiliary disease: chronic pancreatitis in two, acute pancreatitis 

inn one, mucinous cystadenoma in two, carcinoid of the pancreas in one, Klatskin cancer in one, 

andd panceatic cancer in six patients. One necropsy with a history of HIV infection was excluded 

forr precaution measures considering the risk for the collector of brush cytology and bile. The 

causess of death of the remaining 317 necropsies consisting of 187 men and 130 women are 

summarizedd in table 1. 

Brushh cytology 
Brushh cytology was not available in two necropsies, thus remaining 315 brush cytology samples 

http://www.cbs.nl


Tablee 1 Causes of death in the 317 included necropsies 

Causee of Death 

Cardiovascular r 
Cancerr (no pancreatobiliary cancer) 
Respiratoryy (pneumonia, embolus) 
Sepsis s 
Otherr (neurological, renal) 

Total l 

Numberr (percentage of total) 

129(41%) ) 
118(37%) ) 
255 (8%) 
299 (9%) 
16(5%) ) 

3177 (100%) 

too be analyzed. Seventy-eight of 315 (24.8%) brush cytology samples contained one or more K-

rasras codon 12 mutations. The most frequently detected K-ras mutation in brush cytology was the 

GGTT to GAT mutation in 40 of 78 (51%) positive samples, followed by the GGT to GTT mutation 

inn 31 of 78 (40%) positive samples. Two different K-ras mutations were found in the same brush 

cytologyy of 13 necropsies. The frequencies and type of mutations detected in the brush cytologies 

aree shown in table 2. 

Tablee 2 Frequency and type of mutations found in the brush cytology from 315 necropsies 

Typee of mutation Amino acid Frequency (percentage of total) 

TGT T 
AGT T 
CGT T 
CGTT and GTT 
CGTT and GAT 
GTT T 
GTTT and GAT 
GAT T 
GATT and GCT 
GCT T 
Nott available 
GGTT (wild type) 

Total l 

cysteine e 
serine e 
arginine e 
argininee and valine 
argininee and aspartic acid 
valine e 
valinee and aspartic acid 
asparticc acid 
asparticc acid and alanine 
alanine e 

glycine e 

11 (0.3%) 
11 (0.3%) 
88 (2.5%) 
33 (0.9%) 
22 (0.6%) 

211 (6.6%) 
77 (2.2%) 

300 (9.5%) 
11 (0.3%) 
44 (1.3%) 
22 (0.6%) 

2377 (74.8%) 

3177 (100%) 

Bile e 

Bilee was not available in 31 necropsies and DNA could not be amplified from 14 necropsies, thus 

leavingg 286 bile samples to be analyzed. Eighteen of 286 (6.3%) contained one or more K-ras codon 

122 mutations. The most frequently detected K-ras mutation in bile was the GGT to GAT mutation in 

77 of 18 (39%o) cases. Two different K-ras mutations were detected in the same bile of four necropsies. 

Thee frequencies and type of mutations detected in the bile samples are listed in table 3. 

InIn 16 necropsies both brush and bile contained one or more K-ras mutations, of which fifteen 

weree concordant. In ten necropsies the mutations detected in brush cytology were concordant 



Tablee 3 Frequencies and type of mutations found in bile from 272 necropsies 

Typee of mutation 

TGT T 
AGT T 
CGT T 
CGTT and GTT 
GTT T 
GTTT and GAT 
GAT T 
GCT T 
Nott amplified 
Nott available 
Wildd type (GGT) 

Total l 

Aminoo acid 

cysteine e 
serine e 
arginine e 
argininee and valine 
valine e 
valinee and aspartic acid 
asparticc acid 
alanine e 
--
--
glycine e 

Frequency y 
(percentagee of total) 

1 1 
2 2 
1 1 
2 2 
4 4 
2 2 
5 5 
1 1 

14 4 
31 1 

254 4 

317 7 

(0.3%) ) 
(0.6%) ) 
(0.3%) ) 
(0.6%) ) 
(1.3%) ) 
(0.6%) ) 
(1.6%) ) 
(0.3%) ) 
(4.4%) ) 
(9.8%) ) 
(80.1%) ) 

(100%) ) 

Tablee 4 Frequency, type of mutations and characteristics of the 16 necropsies with a K-ras codon 12 mutation 
inn brush cytology and bile. In 15 necropsies at least one mutation in brush and bile was concordant. 

Brush h 

TGT T 
AGT T 
CGT T 
CGT T 
GTT/GAT T 
GTT T 

GTT/GAT T 

GTT/GAT T 
GAT T 

CGT/GAT T 
GCT T 
GAT T 

Bile e 

TGT T 
AGT T 
CGT T 
CGT/GTT T 
CGT/GAT T 
GTT T 

GTT T 

GTT/GAT T 
GAT T 

GAT T 
GCT T 
AGT T 

Frequency y 

1 1 
1 1 
1 1 
1 1 
1 1 
2 2 

2 2 

1 1 
3 3 

1 1 
1 1 
1 1 

Causee of death 

cancerr (non-Hodgkin lymphoma) 
cancerr (colon carcinoma) 
cancerr (esophageal carcinoma) 
cancerr (prostate carcinoma) 
cancerr (Grawitz tumor) 
cancerr (cervical carcinoma) 
cardiovascularr disease 
cancerr (myeloproliferative disease) 
cardiovascularr disease 
sepsis s 
sepsis s 
cardiovascularr disease 
respiratoryy disease 
cancerr (small cell lung carcinoma) 
cancerr (chronic lymphoid leukemia) 
cancerr (cervical carcinoma) 

Age e 

56 6 
54 4 
60 0 
70 0 
93 3 
74 4 
71 1 
84 4 
71 1 
77 7 
66 6 
84 4 
75 5 
63 3 
57 7 
44 4 

Sex x 

M M 
F F 
M M 
M M 
M M 
F F 
F F 
F F 
M M 
F F 
M M 
F F 
M M 
M M 
M M 
F F 

wi thh the mutations in bile, while in five necropsies one of the two mutations in brush cytology 

wass concordant wi th the mutations in bile. In one necropsy the mutations detected in brush and 

bilee were not concordant (table 4). Ten of 16 (62%) patients with mutations in both brush and 

bilee died of cancer (mortality due to cancer in the total group was 112 of 317 (37%)). 

PanINN lesions 
Sixty-threee from the 66 (95%) randomly selected pancreata showed the presence of PanIN lesions. 

Forty-onee of 63 (65%) pancreata contained flat mucinous ductal hyperplasia, corresponding to 

PanlN-1AA lesions. Twenty-two of 63 (35%) pancreata contained papillary duct lesion wi thout 

atypia,, corresponding to PanlN-1B lesions. PanlN-2 and PanlN-3 lesions were not encountered. 



InIn 11 of 66 (17%) analyzed pancreata a K-ras codon 12 mutation was detected, of which four 

weree found in PanIN-1A lesions and 7 in PanlN-1 B lesions. Two of the 3 pancreata without PanIN 

lesionss in the analyzed sections did not contain K-ras mutations. The DNA of the third pancreas 

couldd not be amplified. 

Inn five of 11 (45%) pancreata the K-ras mutations detected in the PanIN lesions were completely 

orr partially (one of the two mutations) concordant wi th mutations detected in brush cytology or $ 

bile.. In 26 of 66 (39%) pancreata no K-ras mutations were detected in the analyzed sections of S 
fD D 

thee pancreatic head, while they were detected in brush cytology or bile. The most frequently ^ 

detectedd K-ras mutation found in the pancreas was a GGT to GAT mutation in 7 of 11 positive 

samples,, followed by the GGT to GTT mutation in six of 11 positive samples. In 5 pancreata two 

differentt K-ras mutations were detected. The frequency and spectrum of mutations found in the * 

PanINN lesions are summarized in table 5. 5! 
3 3 
c c 

Tablee 5 Frequency, type of mutations and characteristics of all patients with a K-ras codon 12 mutation % 
detectedd in PanIN lesions in relation with the K-ras mutation analysis in corresponding brush cytology and bile 2 

PanIN N 

1A A 
1A A 
1A A 
1A A 

1B B 
1B B 
1B B 

1B B 
1B B 
1B B 

IB B 

K-rass in PanIN 

GAT,, CGT 
GTT T 
GTT T 

GAT T 
GAT,, CGT 
GTT T 
GTT,, CGT 
GTT,, GAT 

GTT,, GAT 

GAT T 
GAT T 

K-rass in brush 

GAT T 
GAT T 
WT T 

GTT T 
WT T 

GAT, , 
GAT, , 
GTT T 

GAT T 
GAT T 

WT T 

GTT T 
GTT T 

K-rass in bile 

WT T 

NAM M 
WT T 

Nott amplified 
WT T 
WT T 

GAT/GTT T 
WT T 

WT T 
GAT T 
WT T 

Causee of death 

cardiovascular r 

cardiovascular r 

cancerr (lung) 
sepsis s 
cardiovascular r 

cardiovascular r 
sepsis s 
cancerr (lung) 
cardiovascular r 

cardiovascular r 
cardiovascular r 

Age e 

72 2 

69 9 
81 1 
76 6 
77 7 

96 6 
77 7 
67 7 

88 8 
84 4 
82 2 

Sex x 

F F 
M M 
F F 

F F 
F F 
F F 

F F 

M M 
F F 
F F 
M M 

3 3 

(O O 

3 3 

S_ _ 
a a 

o o 
o o 
ai i 

5 5 
3 3 

Age-- and sex-specific frequency distributions and estimate of prevalence 
Thee majority of necropsies, 139/317 (44%), fell into the age category 65-80 years (table 6). In 

thiss age category 38/139 (27%) necropsies showed a K-ras mutation in brush cytology, while 

10/139(7.2%)) necropsies showed a K-ras mutation in the bile. When multiplied by the 1,649,851 

subjectss in the age category 65-80 years in the general population of the year 2000, estimates of 

aa prevalence of 451,038 subjects with a K-ras mutation in brush cytology and 118,694 subjects 

wi thh a K-ras mutation in bile can be made. The estimated prevalence of K-ras mutat ion in brush 

cytologyy and bile is highest in the largest age category 40-64 years wi th 1,054,849 and 329,641 

subjects,, respectively. By adding up the calculated prevalences in the different age categories, 

thee prevalence of K-ras mutations in the total, non-diseased general population of almost 16 

millionn people in The Netherlands in the year 2000 can be estimated at 2.2 million (14%) in brush 

cytologyy and almost half a million (3%) in bile (table 6). 



Thee total of 78/317 (25%) brush cytologies with a K-ras mutation consisted of 44/187 (24%) men 

andd 34/130 (26%) women (p=0.8). The 18/317 (5.7%) bile cytologies with a K-ras mutation consisted 

off 9/187 (4.8%) men and 9/130 (6.9%) women (p=0.4). The general Dutch population in the year 

20000 consisted of 7,846,317 men and 8,017,633 women. Since the male/female distribution is 

nott provided for the different age categories in the total Dutch population in 2000 (www.cbs.nl), 

thee prevalence of K-ras mutations in brush and bile could not be estimated based on gender, but in 

vieww of the above calculations a significant difference between genders seems unlikely. 

Tablee 6. Prevalence of K-ras mutations in the study population divided over the different age categories and 
estimatee of the prevalence of K-ras mutations in the non-diseased population using data from the general 
populationn in 2000 

Agee group Population Necropsies Brush Bile Prevalence Prevalence 
yearr 2000* K-ras + K-ras + K-ras brush K-ras bile 

<< 20 3,870,804 0 0 0 0 0 
20-400 4,759,185 25 3 0 12% (571,102) 0 

0 0 
25 5 
77 7 

139 9 
76 6 

0 0 
3 3 

16 6 
38 8 
21 1 

40-655 5,076,464 77 16 5 2 1 % (1,054,849) 6.5% (329,641) 
65-800 1,649.851 139 38 10 27% (451,038) 7.2% (118,694) 

>800 507,646 76 21 3 28% (140,270) 4.0% (20,039) 

Totall 15,863,950 317 78 18 14% (2,217,259) 3.0% (468,374) 

'' from the bureau of vital statistics (CBS) in The Netherlands (www.cbs.nl) 

Thee present study shows that K-ras codon 12 mutations can be encountered in necropsies from 

patientss without clinically manifest periampullary cancer and wi thout related disease. One or 

moree K-ras mutations were detected in 80 of 317 (25%) evaluated brush cytology and/or bile 

specimenss obtained from the necropsies, and the prevalence of mutations in brush and bile in 

thee non-diseased Dutch population could be estimated at 14% and 3% respectively. Because 

95%% of randomly selected pancreata contained the earliest precursor lesions PanlN-1 A and PanlN-

1B,, and the pancreatic tissue in which K-ras mutations were detected all corresponded to PanlN-

1AA or PanlN-1B lesions, K-ras mutation analysis does not seem suitable for the identification of 

patientss with advanced precursor lesions or early cancer. 

Givenn the high prevalence of PanIN lesions in the pancreata (95%) and K-ras mutations in brush 

cytologyy or bile (25%), the prevalence of K-ras mutations detected in pancreatic tissue (17%) 

wouldd be expectedly higher. An explanation for the relatively low frequency of K-ras mutations in 

pancreaticc tissue could be that only the pancreatic head region was analyzed. As a consequence 

wee might have missed the for K-ras mutation positive PanIN lesions localized in the body and tail of 

thee pancreas. Although pancreatic carcinoma preferentially occurs in the head of the pancreas, 

multiplee studies show that precursor lesions in the disease-free pancreas are evenly distributed 

http://www.cbs.nl
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throughoutt the pancreas.23M Furthermore, K-ras codon 12 mutations are also encountered in distal 

bilee duct carcinoma." If these mutations also represent a very early event in bile duct carcinogenesis, 

theyy might account partially for the mutations detected in brush cytology and bile. Finally, circulating 

mutationss from cancers at other sites than pancreatobiliary such as lung, intestinal and so forth 

mayy be picked up. 

Thee high prevalence of PanIN lesions in the disease-free pancreas in our study is comparable to 

findingss from other institutions.2 " The spectrum of K-ras codon 12 mutations detected in the 

PanINN lesions in present study are in line with the spectrum of mutations observed in pancreatic 

carcinoma,, predominantly GGT to GAT and GGT to GTT mutations.7'8 This is in contrast with the 

findingss of a study performed by Tada et al. in 1995.2' They reported high frequencies of GGT to 

TGT{37%)) and GGT to AGT(16%) mutations in "hyperplastic duct epithelium" from disease-free 

pancreata,, while these are very rare in pancreatic carcinoma.7 The authors conclude that these 

typess of K-ras mutations have low potential for malignant transformation and that hyperplastic 

lesionss containing these mutations normally do not progress to invasive carcinoma. However, 

geographicall influence as well as methodological flaws are also known to account for the 

differencess in prevailing K-ras mutations.2436 

Twoo different mutations in the same sample were encountered in five pancreata, 13 brush 

cytologiess and four bile specimens. During microdissection the PanIN lesions were pooled, which 

mightt explain the occurrence of more than one mutation in the same sample. Different PanIN 

lesionss can contain different K-ras codon 12 mutations, although this has been described for one 

andd he same PanIN lesion as well.37 Moreover, in 23 of 66 (35%) analyzed pancreata a K-ras 

mutationn was detected in the corresponding brush cytology or bile specimens while no mutation 

wass detected in the matching pancreatic tissue. 

Thee "PanIN - pancreatic carcinoma" sequence shares similarities with the well-established adenoma-

carcinomaa sequence proposed for the development of colorectal cancer.3839 In both tumor 

progressionn models precursor lesions are more prevalent in the older population. An age-related 

increasee of PanIN lesions, formerly called pancreatic duct hyperplasia, in the pancreas has long 

beenn recognized.23J,0'!1 Furthermore, as described for the adenomaHcarcinoma sequence in the 

colorectum,, the progression from histologically normal pancreatic duct epithelium to invasive 

pancreaticc carcinoma is associated with an accumulation of genetic alterations.28'2933 However, 

thee risk for progression to malignancy posed by the various pancreatic duct lesions remains yet 

too be answered. The difference between the prevalence of early PanIN lesions {1A and 1B) in 

benignn conditions and the prevalence of pancreatic carcinoma suggests that only a very few 

PanlN-lAandd -1B lesions acquire the growth advantage necessary to progress to more advanced 

PanINN lesions and subsequently to invasive pancreatic carcinoma. Case reports have shown that 

thee progression from hyperplastic or atypical duct lesions to invasive carcinoma may take several 



years.26-422 Probably, the earliest PanIN lesions represent precursor lesions but not necessarily 

premalignantt lesions in sensu strictu; i.e. in order to become a cancer a lesion will go through the 

PanlN-11 stage, but the majority of PanlN-1 lesions will not become cancer. High grade PanIN 

lesionss in contrast really are premalignant and will become carcinoma unless removed.'53 

Inn view of the high prevalence of K-ras mutations in this necropsy study and the natural history of 

thee early PanlN-1 lesions, K-ras codon 12 mutation analysis in brush cytology obtained by ERCP 

doess not seem suitable for screening purposes. In previous studies we discussed K-ras codon 12 

mutationn analysis as diagnostic adjunct of brush cytology to the diagnosis of pancreatic 

cancer.13-'9-444 Although the sensitivity of brush cytology substantially increases by adding K-ras 

mutationn analysis, specificity remains a concern as reported by others as well.13-37,45-46 This study 

showss that K-ras mutations also lack specificity for the more advanced PanIN lesions and infiltrating 

carcinoma,, and a high percentage of false positive results can be expected in a screening setting. 

Ass suggested in a previous study, K-ras codon 12 mutation analysis can be of value in establishing 

aa diagnosis of pancreatic carcinoma in a selected group of symptomatic patients with a high a 

prioripriori chance.13 The optimal molecular screening marker should have the quality of only identifying 

patientss with advanced PanIN lesions before invasive carcinoma has developed. Advanced PanIN 

lesionss imply a high risk for progression to carcinoma and curative surgery is still feasible in this 

pre-cancerouss phase.43'4743 Consequently, a gene or a panel of genes which are mutated later in 

thee pancreatic tumor progression model might be more effective as screening tool. 

Inn conclusion, this study shows that K-ras codon 12 mutations can be expected in 14% of brush 

cytologyy and 3% of bile specimens from the non-diseased general population. In the autopsy 

populationn that served as study population for this estimate the K-ras mutations were all 

encounteredd in PanlN-1A or PanlN-1B lesions, which were present in 95% of randomly selected 

pancreata.. This suggests limited use of K-ras mutation analysis in the surveillance of patients at 

highh risk for periampullary cancer. 
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