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Chapter 1 

GENERAL INTRODUCTION 

The age adjusted incidence of extrahepatic bile duct carcinoma is approximately 1 per 
100.000 person-years1'2. The extrahepatic bile duct has been subdivided anatomically 
into: upper third (proximal), middle third, and lower third (distal)3. Carcinoma of the 
distal (lower third) bile duct (DBDC) is defined as a tumour that involves the 
intrapancreatic portion of the extrahepatic bile duct3"5. These tumours represent 10 to 20 
per cent of the extrahepatic bile duct carcinomas and belong to the group of periampullary 
carcinomas, which also include carcinomas arising from the head of the pancreas and 
from the papil of Vater. The large majority of DBDCs are adenocarcinomas16, other 
histologic types are rare. According to the WHO3, adenocarcinomas are subdivided into 
three grades: (1) well differentiated, (2) moderately differentiated, and (3) poorly 
differentiated. 

DBDCs show a slight male predominance' and the average age of presentation is 60 
years. Jaundice, as a result of progressive biliary obstruction, is the most common 
presenting symptom7"9. Weight loss, pruritus, and abdominal pain are other less frequent 
symptoms. The widespread availability of either endoscopic retrograde cholangio-
pancreaticography (ERCP) or percutaneous transhepatic cholangiography (PTC), 
followed by the use of ultrasonography combined with Doppler and spiral computed 
tomography, have resulted in earlier diagnosis of DBDC5,61011. Correctly predicting 
operability depends upon assessment of locoregional invasion and identifying small 
peritoneal and intrahepatic metastases. Allema et al. '2 reported 70% resectability in 188 
consecutive patients with a tumour of the pancreatic head region, after combined use of 
these preoperative procedures. Unfortunately, small metastatic lesions (<1 cm in 
diameter) are easily missed on CT scan13. Therefore, laparoscopy with ultrasonography 
has been introduced in the Academic Medical Centre of Amsterdam for the evaluation 
of operability in patients with periampullary carcinoma. It remains, nevertheless, difficult 
to differentiate preoperatively an adenocarcinoma from a benign stricture, leading to at 
least a 5% chance of resecting a benign lesion14. 

In the past decades remarkable advances have been made in the management of 
patients with DBDC, and when resection is possible, (pylorus preserving) 
pancreatoduodenectomy (Whipple's procedure) is considered to be the procedure of 
choice5. It has a less than 5 per cent operative mortality and 33 per cent morbidity in 
experienced centers8'9'15"17. The 5 year survival of patients with DBDC who have 
undergone resection varies from 18 to 39 per cent9"111518"20. Over 50 per cent 5 year 
survival rates have been reported16,21, but this constitutes only those cases with radical 
resection (negative resection margins) as assessed by light microscopy. 

Most patients with DBDC, unfortunately, do not manifest early symptoms and in the 
majority of patients the diagnosis is made when the disease is already too advanced for 
potentially curative therapy to be considered. The proximity to vital structures and the 
aggressive growth often precludes curative resection, leaving palliative treatment as the 
only option left. For two decades adjuvant radiotherapy and chemotherapy, either 
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separately or in combination, have been tested in patients with DBDC. Up to date the 
beneficial effect of adjuvant therapy remains, however, controversial8"1019'22"26. Integration 
of this modality within the multidisciplinary management of patients with DBDC needs 
further prospective evaluation and its routine use in DBDC is therefore not recommended. 

A central issue in the management of patients with DBDC is to predict, for any given 
individual, the natural course of this malignancy. For many years, surgical resection and 
negative microscopic margins have been the most important prognostic factors for 
survival in DBDC91016J9'20'22~4. In addition, poor tumour differentiation and lymph node 
status have been considered as prognostic factors9102027, but these have not added much 
to the value of microscopically tumour negative resection margins. The literature is rather 
conflicting about the prognostic value of tumour volume1020'21 and perineural invasion2829. 
However, also microscopically tumour negative resection margins cannot predict 
outcome for a specific patient. In fact, even after curative operation, the recurrence at the 
surgical margins is not infrequent. Factors influencing the final outcome of patients with 
DBDC may lie beyond the scope of histological examination, at the molecular genetic 
level. Currently, a number of studies have been published, which have found that certain 
molecular markers are useful prognosticators in a variety of tumours, such as: DNA 
ploidy in pancreatic carcinoma10"32, resectable cancer of the ampulla of Vater53 and 
carcinoma of the proximal bile duct34; Ki67 antigen in gallbladder cancer35, non-Hodkin 
lymphoma36 and breast cancer37; K-ras codon 12 point mutation in curative resected 
adenocarcinoma of the lung38; and p53 protein overexpression in pancreatic cancer39, 
bladder cancer40, gastric cancer4142 and colorectal cancer". Thus there maybe an additive 
value of these molecular markers as an adjunct for histopathological examination of 
DBDCs, and quantitation of these markers could potentially enhance the prognostic 
information. Archival material can be used for most of these molecular techniques and 
it enables to retrospectively study a relatively large group with well documented outcome 
of the disease. 

Furthermore, only limited information is available concerning molecular genetic 
alterations underlying distal bile duct tumourigenesis. Identification of these genetic 
alterations would highlight locations of potential important (new) oncogenes and tumour 
suppressor genes. A major drawback of diagnosis of DBDC is that it usually identifies 
only advanced tumours, precursor lesions are inaccessible, and a discrimination between 
oncogenic factors leading to tumour initiation or progression is difficult. 

AIMS AND OUTLINE OF THE THESIS 

Since early detection (i.e. in a stage that resection can be radical and curable) and correct 
prognostication are considered critical in the proper management and treatment of DBDC, 
the aim of our research was to study cellular tumour characteristics that could explain the 
diversity in the clinical outcome of patients with DBDC. Features of potential biological 
and clinical importance that were studied in this thesis concern DNA ploidy, proliferation 
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(Ki67 antigen), K-ras, and p53 protein overexpression. We also performed a survey of 
the whole genome of DBDC to detect the changes in DNA copy number. It was expected 
that the study on the occurrence of these molecular events and the detection of genome 
regions that are altered in DBDC would increase further understanding of the 
pathogenesis and provide insight into tumour progression of this carcinoma with so far 
almost uniformly fatal outcome. 

In contrast to normal tissue, neoplastic lesions often undergo chromosomal aberrations 
resulting in the appearance of nondiploid (aneuploid) populations within the tumour cell 
population4346. The instrumentation for clinical cytometric measurements currently 
includes flow cytometry (FCM) and image cytometry (ICM), which have made the 
measurement of DNA content in dissociated cells of fresh and archival material more 
readily available. In both techniques the cells are stained with fluorescent dyes that bind 
specifically to DNA and by measuring the amount of fluorescence, the total amount of 
DNA in each cell can be determined. In a malignant specimen clones of tumour cells with 
aberrant (other than 2N) DNA content can give rise to aneuploid peaks. In Chapter 2 
therefore a non-concurrent prospective study is presented of 126 peritoneal, pleural and 
pericardial effusion samples, from 102 patients with a variety of malignancies which were 
examined by cytology and FCM. In addition, we performed ICM on the malignant 
cytologic cases with a diploid flow pattern. The samples were collected and examined at 
the Presbyterian-University Hospital, Pittsburgh, USA. The aim of this study was to 
determine the diagnostic role of FCM combined with ICM in malignancies in conjunction 
with the more conventional, but time-proven, cytologic technique and to determine its 
utility. 

Retrospective FCM and ICM studies of archival tumours have provided the basis for 
much of our knowledge of the prognostic value of DNA-ploidy in a wide variety of 
tumours. Tumour aggressiveness may correspond to presence of aneuploidy and in 
several types of human malignant tumours there is in fact considerable evidence 
suggesting that DNA content correlates with long-term prognosis47"53. In periampullary 
carcinomas, however, the literature is rather conflicting about the value of ploidy sta-
tus30'32'56-63. 

In addition to DNA-ploidy, the investigation of the proliferative fraction (cells in S-
phase) of tumours has received much attention. Cell proliferation characteristics may also 
reflect the aggressiveness of a tumour and have been implicated as important predictors 
of biological behaviour in various tumour types. MIB-1, a monoclonal antibody that 
recognises a nuclear antigen associated with the cell cycle (Ki-67), can be used for the 
assessment of cell proliferation and its prognostic value in paraffin-embedded material 
by immunohistochemistry64"67. So far only two studies on a rather small number of 
patients have been carried out to investigate the prognostic value of Ki-67 in DBDCs68'69. 
In Chapter 3 the prognostic value of cell proliferation (Ki-67 antigen) and nuclear DNA 
content in resected DBDC is investigated in formalin-fixed tumour specimens from 35 
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patients, who were treated by sub-total pancreatoduodenectomy (Whipple procedure) at 
the Academic Medical Centre, Amsterdam, The Netherlands, between 1985 and 1992. 
Long term clinical follow-up data from all patients were available. 

The methodical aspects and applications of FCM and ICM have been reviewed 
extensively in the literature4370"78. Guidelines have been published on the interpretation 
of histograms79'80, as well as quality assurance prerequisites81"89, to improve comparison 
between the two methods and between laboratories. Theoretically, FCM has a strong 
statistical basis and ICM is more specific in identifying smaller abnormal cell 
populations. Because DBDCs often contain relatively abundant non-neoplastic stroma, 
ICM could be the procedure of choice in this particular tumour type. Reports of flow 
cytometric or image cytometric analysis of DBDCs are rare63,90'91, and show an aneuploidy 
rate of 25%-40%. These studies, on limited number of patients, suggest that the majority 
of DBDCs are diploid tumours. In Chapter 4 we have applied FCM and ICM to 44 
resected (Whipple procedure) DBDCs to compare both methods, to evaluate the ploidy 
incidence, and to investigate the relation between DNA-ploidy and survival in these 
tumours. The Whipple procedure was performed at the Academic Medical Centre, 
Amsterdam, The Netherlands, between 1985 and 1996. 

There is increasing evidence that the accumulation of activating mutations in proto-
oncogenes and inactivating alterations of tumour-suppressor genes underlies the 
multistage process of tumour genesis and progression of malignancy9293. This has been 
best established in colorectal tumour genesis, largely as the result of work by Vogelstein 
and coworkers94"96. Under normal circumstances, proto-oncogenes encode proteins that 
stimulate cell growth and proliferation. Mutation within proto-oncogenes results in an 
increased activity of the gene product and enhanced cell growth97. These activated proto-
oncogenes are called oncogenes and the K-ras gene is one of the most extensively 
investigated oncogenes in a wide variety of human tumours. The incidence varies 
strongly among the different tumour types. The highest incidence is found in pancreatic 
cancer (75-100%)98"102. Most studies have concentrated on the extrahepatic biliary system 
without distinction between tumours of the proximal, middle or distal third of the 
common bile duct and so far, only 9 mutations were reported in 25 DBDCs overall33,98101. 
The purpose of the study described in Chapter 5 was to address the incidence of 
mutations in codon 12 of the K-ras oncogene in 47 patients who had undergone a 
resection for DBDC at the Academic Medical Centre, Amsterdam, The Netherlands 
between 1985 and 1996, and to investigate its prognostic and diagnostic value. 

P53, located on the short arm of chromosome 17, encodes a protein with known tumour-
suppressor activity103"106. Normal (wild-type) p53 protein mediates a pathway that either 
permits damaged DNA to be repaired before DNA replication or pushes cells into 
apoptosis thereby eliminating substantially damaged cells103103107108. P53 is therefore also 
regarded as the guardian of the genome. Mutations of this gene are the most common 
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genetic alterations in human cancers resulting in a protein with altered conformation and 
prolonged half-life1031"5,109'"1. Mutant p53 protein, which is therefore detectable by 
immunohistochemical staining, loses its function as cell cycle checkpoint, thereby 
allowing considerable genetic damage. Since the dysfunction of mutated p53 is 
apparently reflected by its end product, examination of the end product might provide 
biological relevant information. In terms of clinical correlation, the incidence of mutant 
p53 protein is cancer type- and tissue-specific"2 "4 and some studies have reported a 
correlation between p53 protein overexpression and poor prognosis40'4165"5 while others 
found no correlation37"3"6. Up till now, such study has not been performed in DBDC. 
The clinical significance of p53 expression in resected DBDC is investigated in 
Chapter 6. Forty-seven archival tumour samples of patients with DBDC, who underwent 
subtotal pancreatoduodenectomy from 1985 to 1996 at the Academic Medical Centre, 
Amsterdam, The Netherlands, were immunohistochemically examined for p53 protein 
overexpression, using the anti-p53 antibody D07. 

Comparative genomic hybridization (CGH)117"121 is a technique that provides a global 
view of the relative gains and losses of chromosomal DNA that have occurred during 
tumour development and progression. Chromosomal regions that are consistently lost 
may highlight locations of putative tumour suppressor genes, whereas gains or 
amplifications may identify chromosomal regions were oncogenes are activated122. This 
is the case because tumour suppressor genes act as recessive genes and only when both 
allelic copies of the gene are disrupted, the tumour suppressor gene will lose its functi
on103105123'125. The most common mechanism is loss of one allele accompanied by 
mutation of the gene on the other allele. Amplification of an oncogene, which acts domi
nant, is a common mechanism for their activation124"126. In the recent literature there are 
indeed some examples of the utility of CGH in identifying the locus of a candidate 
oncogene or tumour suppressor gene127. Because structural rearrangements such as 
inversions and translocations are not detected by CGH118, this technique is 
complementary to other techniques such as karyotyping for detection of genetic changes 
in cancer cells. 

Recently, CGH has been applied increasingly, contributing significantly to our 
understanding of cancer genetic mechanisms and the analysis of the biological basis of 
the tumour progression process. The genetic background of sporadic DBDC, however, 
is poorly characterized. The aim of the study described in Chapter 7 was to identify 
candidate regions for genes that are involved in the tumour genesis of DBDC and its 
progression. Genetic aberrations were determined by comparative genomic hybridization 
in seven xenografts and one fresh frozen sample of distal bile duct carcinomas. In 
addition, 13 DBDCs were characterized by karyotype analysis. All the primary 
adenocarcinomas of the distal bile duct were obtained from surgical pancreatoduodenal 
resections (Whipple procedure) performed at The Johns Hopkins Hospital, Baltimore, 
USA, between September 1992 and May 1996. 
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Chapter 8 offers a summary of the main results of this thesis and a general discussion 
with respect to clinical implications and future studies. 
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ABSTRACT 

One hundred twenty-six effusion samples from 102 patients were examined by cytology 
and flow cytometry (FCM). Overall, there was an 84% correlation between cytologic and 
FCM results. Of the 36 malignant cases determined by cytologic examination, FCM 
revealed an aneuploid peak in 20 (56%). Image cytometry (ICM) performed on the 
malignant cytologic cases with a diploid flow pattern detected two additional aneuploid 
peaks. In addition, FCM indicated three aneuploid cases in which cytologic char
acteristics were initially interpreted as benign (false negative). Aneuploidy was therefore 
detected in 64% of the malignant effusion specimens by FCM and ICM. Twenty-three 
of the total of 24 aneuploid cases detected by FCM were associated with malignancy 
(predictive value=96%). The one nonmalignant case was that of hemorrhagic pancreatitis 
with infected pseudocyst. 

FCM is an excellent tool when moderate to large numbers of tumor cells are present, 
whereas use of ICM is advantageous for specimens containing smaller numbers of 
malignant cells because these can be directly analyzed. When an aneuploid peak is pres
ent, a diagnosis of malignancy must be suspected, and, if the initial cytologic screen is 
negative, a critical review of the cytology slides is justified. In those cases with an 
equivocal atypical cytology report and an abnormal cytometric histogram, additional 
investigation is warranted. In some malignancies the tumor cells will be diploid (in this 
study 36%) and neither FCM nor ICM will add to tumor detection, leaving cytologic 
examination as the definitive technique. 

INTRODUCTION 

Cytologic examination has been used successfully in the diagnosis and staging of 
malignant disease in patients with effusions. However, in a large number of patients the 
neoplasm may not be detected (i.e., the specificity of the method is high but the 
sensitivity is low). Therefore, various ancillary methods for the detection of cancer in ef
fusions have been proposed. These include chromosome analysis, tissue culture 
techniques2, and the detection of carcinoembryonic antigen (CEA) levels in fluids1, all 
with varying degrees of success. 

Previously, studies of human neoplasms have shown that most contain detectable 
chromosome abnormalities and this of itself is strong evidence for neoplasia4 6. Flow 
cytometry (FCM)7"9 offers the pathologist/cytologist methods to measure DNA content 
of a large population of cells in solid tumors and in dispersed cells such as are found in 
cytologic specimens6-7,910. It has been demonstrated, in conjunction with cytologic 
methods, to be useful for the possible confirmation of malignancy in effusions'" l6. 

Image cytometry (ICM) also analyzes the DNA content of cells, the difference being 
that it has the capability to analyze individual cells rather than large cell populations. 
However, it has not been used in the study of effusions. The aim of this study, therefore, 
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was to determine the role of FCM combined with ICM in effusions of a variety of 
patients in conjunction with the more conventional, but time-proven, cytologic technique 
and to determine its utility. 

MATERIALS AND METHODS 

One hundred twenty-six effusion samples from 102 consecutive patients were examined 
by cytology and FCM. Thirty-one fluid samples (26 malignant and 5 benign) were also 
examined by ICM. Of the 126 specimens, 75 (60%) were pleural, 46 (36%) peritoneal, 
and 5 (4%) pericardial effusions (Table 1). Of the 102 patients, 50 were male and 52 
female, with an age range of 18-84 and 26-88 years, respectively, and both with a mean 
age of 57. Patient records were reviewed, and particular attention was paid to subsequent 
cytology, histology, or radiology réponse for possible confirmation of the original 
cytologic diagnosis. 

Cytology 
Fresh fluids were received in the cytology laboratory, of which 20 mL was spun down 
in a centrifuge at 500 X g for 5 minutes. From the resulting cell button, five slides were 
made (three direct smears and two cytospin preparations with the use of the Shandon C 
Cytospin 2® (Shandon, Sewickley, PA) for 3 minutes at 1,250 rpm. The cytospin and two 
direct smears were fixed in 95% (volume/volume [v/v]) ethanol and stained by Papani
colaou's method, while the remaining direct smear was allowed to air dry and stained with 
the Diff-Quik® (Baxter Healthcare Corp., McGaw Park, IL) staining set (a modified rapid 
Wright's stain). Any clotted material or tissue was processed as a cell block by fixing it 
in 10% (v/v) formalin solution, embedding it in paraffin, and cutting it as a histologic 
section. 

Slides were screened and evaluated routinely as being negative for malignant cells (no 
neoplasm), atypical (abnormal but not neoplastic), insufficient specimen for diagnosis, 
suspect for malignant cells (suspect neoplasm but specimen not conclusive), or positive 
for malignant cells (presence of malignancy is deemed certain). 

Flow Cytometry 
Fluid specimens received from the cytology laboratory were centrifuged at 500 X g for 
5 minutes. Residual red blood cells were lysed with the use of ammonium chloride 
reagent, and remaining cells were washed twice with phosphate-buffered saline (PBS), 
pH 7.2. After centrifugation, the cell pellets were resuspended in PBS and the cell count 
adjusted to 1 x 109/L. A 200-uL sample was used for FCM and DNA analysis, using a 
modified Vindelov technique17. A final 1 mL solution containing a combination of 
propidium iodide (0.05 g/L), RNAse (700 U/L), and NP40 (1 mL/L) was used for DNA 
staining. 
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Chicken erythrocyte nuclei were used as an internal standard, being approximately 35% 
of the normal human diploid DNA value. Normal human whole blood, lysed with 
ammonium chloride and washed twice with PBS, was used as the assay diploid reference 
control. After a 30-minute incubation on ice in the dark, the specimens were filtered 
through 41 jam nylon mesh. The specimens were analyzed on a Becton Dickinson 
FACScan® (Mountainview, CA) equipped with a 15-mW, 488-nm argon-ion laser. At 
least 10,000 events were collected with the use of Consort 30® software for data 
acquisition and the DNA Cell Cycle Analysis® software for DNA data analysis. 

The FCM results were categorized as either normal (diploid) or abnormal (aneuploid). 
Aneuploidy was defined in this study as one or more distinct separate peaks compared 
with the G(/G| and G:M peaks of the diploid cell population. The normal diploid cell 
control G,/G, peak was set at 100 on a linear scale. The coefficient of variation for the 
normal G,/G, blood cell population used as a control was 2.3%. DNA content was 
expressed as the DNA index (DI), which is the ratio of the DNA content of the tumor 
cells in the GQ/G, phase to the G0/G, cells of a normal diploid population. By definition, 
the DI of diploid cells is 1.00. 

Image Analysis 
Nuclear DNA content was determined by ICM with the use of the Cell Analysis Systems 
(CAS) (Elmhurst, IL) integrated system of slides, reagents, software, and hard-warel8,19. 
Eighteen of the 31 specimens analyzed were processed directly for Feulgen staining. The 
fluids (usually 50 mL) were centrifuged at 500 X g for 10 minutes at room temperature, 
and smears were prepared from the sediment on CAS slides containing predeposited 
control cells. The slides were fixed in 10% (v/v) buffered formalin for 30 minutes and air 
dried. 

Analysis was attempted for the remaining 13 specimens on destained original Papa-
nicolaou-stained preparations (seven cases) or Wright's-stained slides (six cases) prepared 
from the specimen processed for FCM. The coverslips were removed in xylene, and these 
slides were destained in acid-alcohol, rehydrated through graded alcohols to distilled 
water, dried, and then fixed in 10% (v/v) buffered formalin for 30 minutes, rinsed in 
distilled water, and air dried. All of the slides were hydrolyzed in 5 mol/L HCL for 60 
minutes at room temperature before Feulgen staining with the use of the CAS purified 
reagents. Each of the directly processed slides was independently calibrated with the use 
of the predeposited control cells. Broken cells and inflammatory cells were disregarded, 
and a minimum of 300 intact, noninflammatory cells were analyzed. 

Because the destained slides contained no control cells, they were mixed in staining 
batches containing CAS slides (a minimum of nine slides) and calibrated with the use of 
the mean calibration value of the appropriate staining batch. Lymphocytes were used as 
internal DNA diploid standards and their values fell within the previously reported 
normal range'9. The destained slides were generally less cellular than the direct 
preparations, and the number of intact, noninflammatory cells analyzed varied from 100 
to 304, with a mean of 244. Proliferating populations with a defined G(/G, population and 
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an appropriate G2M peak were identified in 9 of the 13 cases. One of the specimens 
contained less than 100 noninflammatory cells and was not destained, one specimen was 
technically inadequate and, in the remaining two specimens, no defined proliferating 
populations could be identified and these specimens were considered insufficient. The 
histograms were interpreted on the basis of the DI of the G0/G, population and 
distribution of cells in the histogram. Tumors with Dis indistinguishable from one 
(0.920-1.08)19 were considered DNA diploid; those with Dis of two (1.9-2.2) were 
considered DNA tetraploid; and those with Dis not equal to one or two were considered 
DNA aneuploid. In one case, the major G/G, population had a diploid DNA index with 
a large (15.7%) G2M peak. This tumor was classified as diploid/tetraploid. 

RESULTS 

As seen in Table 1, 90 effusions from 74 patients were either cytologically benign or 
atypical (but benign). Eighty-six of these specimens were diploid by FCM. 

Table 1. Location and cytology diagnosis of 126 specimens from 102 patients. 

Benign* Malignantf Total 

Pleural 
Peritoneal 
Pericardial 

48 
41 

1 

27 
5 
4 

75 (60%) 
46 (36%) 

5 (4%) 

Total 90 36 126$ 

" Forty-six specimens for malignant cells and 44 atypical (benign) specimens. 
t Seven specimens suspicious for malignant cells and 29 positive for malignant cells. 
$ There were no insufficient specimens. 

Four of these "benign" specimens, however, clearly had aneuploid peaks on the flow 
histogram, two being from the same patient. The patient with two samples was a 66-year-
old woman with carcinoma of the lung with a pleural biopsy that confirmed the presence 
of neoplasm (see Figures. IA-B). The second patient with negative cytologic results but 
aneuploid FCM results was a 57-year-old woman with metastatic breast carcinoma, 
whose pleural fluid cytologic findings one year previously contained malignant cells. The 
fourth fluid (from the third patient) with negative cytologic results but an aneuploid FCM 
peak (Figure 2) was from a 43-year-old man with hemorrhagic pancreatitis and an 
infected pseudocyst, who, to date, has no detectable malignancy on follow-up. 
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Figure 1. A. Pleural cytological specimen from a 66-year-old woman with history of carcinoma of lung. 
Cytologic diagnosis was atypical (benign). Several clusters of bizarre cells are illustrated. Papanicolaou 
(x312). B. Abnormal (aneuploid) FCM histogram from same patient. 

Figure 2. Aneuploid FCM histogram from a 43-year-old man with hemorrhagic pancreatitis with no 
malignancy on follow-up. 
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Table 2. Results of FCM and ICM of 36 cytology specimens, 7 suspicious and 29 positive for malignant 
cells. 

Primary origin and typ of neoplasm Case no. Type of 
effusion 

FCM ICM 

Breast carcinoma 1 PI D D 
2 As T T 
3 PI A A 
4 PI A DT 
5 PI D D 
6 PI A A 
7 PI A 
8 PI A 

Lung adenocarcinoma 9 PI D D 
10 Pe D D 
11 PI D QNS 
12 PI A A 
13 Pe A A 
14 PI D T 
15 Pe D A 
16 PI A 
17 PI A 
18 PI EQ A 
19 PI A 

Mesothelioma 20 PI D QNS 

Squamous cell carcinoma of lung 21 PI A 

Malignant lymphoma 22 PI A A 
23 PI D D 
24 PI A 
25 PI A 
26 PI D QNS 
27 Pe A 

Malignant melanoma 28 PI A A 
29 As D D 
30 PI D D 

Malignant fibrous histiocytoma 31 PI A A 
32 PI EQ T 

Renal cell adenocarcinoma 33 As D D 

Pancreatic adenocarcinoma 34 PI A 

Unknown primary adenocarcinoma 35 As A A 
36 As D D 

PI = pleural; As = peritoneal; Pe = pericardial; D = diploid; A 
insufficient material; T = tetraploid; DT = diploid\tetraploid 

aneuploid; EQ = equivocal; QNS = 
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normal tissue. This, however, is an arbitrary figure, and a comparison between benign and 
malignant cell populations may not always be valid. 

Twenty of the 36 (56%) of the malignant effusions were aneuploid by FCM. However, 
because three benign effusions were regarded as being false-negative findings, on follow-
up the true figure is 23 of 39 (59%), which is similar to that reported in other effusion 
studies1'13,16'21,22, and in studies dealing with primary solid tumors5'6'8'23. It is note-worthy 
that 25% of all tumors are truly diploid and 10-15% near diploid23. The latter are 
distinguished with difficulty from the diploid cells in the G0/G, phase and depend on the 
number of malignant cells and the coefficient of variation of the peak. In our study the 
incidence of diploid tumors combining both techniques of FCM and ICM is 36%. 
Aneuploidy in different tumor types varies, as seen in Table 2. Lung tumors in our study 
have a lower frequency of aneuploidy (50%) in contrast to those found by others 
(75-80%), whereas the figure for tumors other than lung cancer corresponds to those 
reported5-6'8'11-23^27. 

There were no false-positive cytology cases, whereas this did occur in one case with 
FCM. This was a patient with hemorrhagic pancreatitis who had an obvious aneuploid 
peak on the flow histogram (Figure 2); follow-up studies have not shown any evidence 
of malignancy to date. It is well known that benign tumors and occasional disease states 
may have aneuploid cell populations1,7'15'21,28. Although this is an unusual phenomenon, 
it signifies that aneuploidy by itself is not a conclusive sign of malignancy. This is similar 
to cytologic criteria of malignancy, in which no one criterion is conclusive by itself. 

Fourteen of the 39 malignant effusions were diploid with FCM. ICM was used in all 
these cases because it has higher sensitivity for the detection of minor cell subpopulations 
with aneuploidy than does FCM29. It is of interest, therefore, that the diploid mode was 
confirmed in 9 of these 14 cases, whereas aneuploidy was detected in 2 (14%). This 
corresponds with the 20% found by Koss and associates20 in bladder washings. In three 
cases there were not enough cells for evaluation. Therefore, aneuploidy was missed in 
two cases by FCM. In one of these there were only a few malignant cells, and a 
hypertetraploid cell population was detected by ICM (DNA index of 2.87), whereas the 
other contained excess tetraploid cells. A possible explanation for the discrepancy 
between FCM and ICM is the dilution of the tumor cell population by inflammatory or 
other nonneoplastic cells (e.g., mesothelial cells) resulting in a "diploid" pattern by FCM. 

Despite these considerations, the most important cause for diploidy detected by FCM 
in malignant tumors in this study is that a definite percentage of tumors are indeed truly 
diploid and therefore cannot be distinguished from normal (benign) cells by this method. 
Only 1 of the 23 aneuploid histograms was hypodiploid (case 4, Table 2). Hypodiploidy 
is regarded by Dewald and associates' and Korsgaard and associates27 as an unreliable 
indicator for malignancy in pleural effusions, because it may be caused by mechanical 
disturbance of chromosomes during processing of the specimen. Displacement of one or 
more chromosomes was seen at times in apparently normal metaphase in their material. 
Careful examination of the histogram in the case with hypodiploidy (Figure 3) shows that 
the G0/G, peak of the hypodiploid cells also has a prominent G M peak. This tends to in-
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dicate that the hypodiploid cell population is actively dividing. Other investigators 4l6have 
also regarded hypodiploidy in the FCM as a supportive criterion for the diagnosis of 
malignancy. 

Flow cytometric analysis of effusions can be of particular value in certain situations. 
When an aneuploid peak is present, a diagnosis of malignancy must be suspected. If the 
cytometric histogram is abnormal and the cytology screen normal, a reexamination of the 
cytologic slide is necessary to determine whether malignant cells may have been 
overlooked. Likewise, in the cytologic atypical case that has an abnormal histogram, a 
need for a repeat specimen or even a tissue biopsy is probably warranted. If ICM is also 
available, the detection of abnormal cases will be increased and both procedures should 
be considered complementary. FCM analyzes thousands of cells and can be performed 
rapidly. If only small numbers of malignant cells are present, ICM has an advantage 
because individual cells may be selectively analyzed and the results are not influenced 
by the presence of inflammatory or other benign cells. Finally, a definite proportion of 
malignant cells will be diploid and in these instances neither FCM nor ICM will be 
diagnostic and cytologic examination then is the definitive technique. If these cytometric 
techniques are not available to aid us, we would subscribe to Koss's dictum that great 
caution in diagnosis is desirable30, because a positive cytologic diagnosis in an effusion 
not only provides a definitive diagnosis, but also implies a grave prognosis. 
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ABSTRACT 

Background. The aim of this study was to investigate the prognostic value of cell 
proliferation (Ki-67 antigen) and DNA content in patients resected for distal bile duct 
carcinoma (DBDC). 
Methods. Formalin-fixed tumor specimens of 35 patients with resected DBDC and a long-
term clinical follow-up were analyzed. MIB-1 antibody was used for Ki-67 antigen 
detection to determine the proportion of proliferating cells. DNA content was measured 
using flow cytometry. 
Results. A significant correlation was found between a low MIB-1 index (<20%) and 
survival (p<0.05). Of the 35 tumor specimens, 34 specimens were évaluable by flow 
cytometry: 22 carcinomas were diploid (65%), and 12 were aneuploid (35%). The median 
DNA index of aneuploid tumors was 1.36 (range 1.09 to 1.76). No correlation of DNA-
ploidy with survival time was found. 
Conclusion. In contrast to DNA-ploidy pattern, Ki-67 antigen expression showed 
prognostic significance in resectable DBDC. A Ki-67 positive ratio of $20% was 
associated with decreased survival time. 

INTRODUCTION 

Malignant neoplasms arising from the distal bile duct are uncommon tumors that are 
located between the superior border of the pancreas and the ampulla'. Because of their 
intrapancreatic location they are defined as periampullary carcinomas, a group that also 
includes carcinomas arising from the pancreatic duct. Within the group of extrahepatic 
bile duct carcinomas, distal bile duct carcinomas (DBDC) commonly have a prognosis 
different from that of proximal bile duct carcinomas: the average 5-year survival rates of 
resected, proximal bile duct carcinomas range from 11% to 19%2"4 whereas for distal bile 
duct carcinomas, survival is reported to be between 24% and 3 3 % 2 , \ This striking 
difference in prognosis suggests not only an anatomic distinction between distal and 
proximal bile duct carcinomas, but also a different biologic predisposition. 

Proliferation rate is a feature of tumors that has been used to determine their malignant 
potential. Gerdes et al.6 described the preparation of a mouse monoclonal antibody, Ki-
67, that recognized a human intracellular antigen that is present in proliferating cells, but 
absent in resting cells. This antigen is expressed during the whole cell cycle, with the 
exception of the G0 phase or early G, phase, and has proved useful in the evaluation of 
the proliferative activity of tumors7. Several studies have focussed on the relationship 
between the growth fraction of different tumors and various other prognostic variables, 
as reviewed by Brown et al.7. Because the application of Ki-67 antibody is restricted to 
fresh material, a new antibody, designated MIB-1, was raised, enabling the detection of 
Ki-67 antigen in formalin-fixed, paraffin-embedded tissue8. 
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Most human malignant cells carry detectable chromosomal anomalies, and the presence 
of these abnormalities is strong evidence for neoplasia9. Assessment of nuclear DNA 
content in fresh or archival material allows detection of abnormal chromosomes and 
characterization of malignant tumors. DNA-ploidy has been shown to be an important 
prognostic factor in pancreatic carcinoma10"12 and in resectable cancer of the ampulla of 
Vater13. In a previous study, we have reported a positive relationship between survival 
rate and DNA-ploidy in carcinoma of the proximal bile duct (Klatskin tumors)14. A 
significant difference was found between diploid and aneuploid tumors, with the 
aneuploid tumor correlating with a less favorable prognosis. Studies on DNA-ploidy and 
survival in gallbladder carcinoma have obtained the opposite results, however13 '6. 

The aim of this study was to assess the degree of cell proliferation and DNA 
aneuploidy as prognostic factors in resectable DBDC. To this end, the expression of the 
cell cycle associated antigen Ki-67 and the DNA-ploidy pattern were determined in 35 
patients who had undergone pancreatoduodenectomy (Whipple resection) for a DBDC. 
The results of Ki-67 antigen expression and DNA content were investigated in 
conjunction with survival time. 

MATERIALS AND METHODS 

Preparation of Tissue 
Histologic paraffin-embedded tumor material from 35 patients with DBDC was studied. 
Patients from 1985 until 1992 were included so that a 5-year follow-up could be obtained. 
All patients were treated by subtotal pancreatoduodenectomy (Whipple procedure) at the 
Academic Medical Center, Amsterdam, The Netherlands. Of these 35 patients, 28 were 
male and 7 female, with a mean age of 59 years (range, 37 to 73 years), and clinical and 
histopathologic réévaluation confirmed that all tumors were DBDCs, located in the head 
of the pancreas. In large tumors, the main bulk of the tumor determined the site of origin. 
Patients with pancreatic or ampullary adenocarcinomas were excluded from this study. 

To confirm the presence of bile duct cancer cells, 4 urn sections were cut for staining 
with hematoxylin and eosin. The pathologist selected the densest area of cancer cells in 
at least three tissue blocks per tumor. From these tissue blocks one to three 50 urn thick 
sections were cut for DNA measurements; additional 4 urn sections were used for 
immunohistochemical staining with the MIB-1 antibody. Ten extra samples of non-tumor 
areas of the resected specimens of the patients were stained for Ki-67 as controls. 

Histopathologic examination 
The following histopathologic features were assessed for each patient: surgical resection 
margins; pT-category17; degree of tumor differentiation; tumor size; lymph node 
involvement; perineural invasion; and vasoinvasive growth. The mean number of lymph 
node samples per tumor was 10. 
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Immunohistochemical staining 
Immunohistochemical studies were performed on paraffin-embedded tissue sections using 
monoclonal antibody MIB1, by means of the avidin-biotin-peroxydase complex 
technique. Paraffin sections (4 pm thick) were put on coated slides and were dewaxed and 
rehydrated in series of graded alcohol. After microwave irradiation, according to the 
modified method of Cattoretti et al.8, the slides were washed twice with phosphate-
buffered saline (PBS) and stained according to the ABC method. 

After a 1-hour incubation at room temperature with primary mouse monoclonal 
antibody MIB-1 (dilution 1:100, Immunotech Marseilles, France, 0505), biotinated rabbit 
anti-mouse IgG (Dako, E0413; diluted 1:200) was used as a secondary antibody. The 
immunoreaction was visualized by using the avidin-biotin complex (Strept ABC complex 
HRP, Dako A/S, Denmark, K377) method. Following 3,3'-diaminobenzidine, we used 
tetrahydrochloride in 0.3% hydrogen peroxide as a chromogen. The sections were 
counterstained with hematoxylin and each section also had a negative control by using 
PBS instead of MIB-1. Each of the processed slides was investigated without previous 
clinical information by two independent observers, and the number of positive stained 
nuclei out of at least 1000 tumor cells was counted. The results were expressed as the 
MIB-1 index, which represents the ratio of the MIB-1 positive tumor cell nuclei divided 
by the total number of nuclei counted. 

Cell preparation and DNA staining technique 
A modification of the basic method of cell preparation as described by Hedley and 
coworkers18 was employed. The 50 u m sections were trimmed to exclude non-tumor 
(stromal) tissue as much as possible according to the area pointed out by the pathologist. 
The sections were deparaffinized and then disintegrated for 30 minutes at 37° C in 1 ml 
of 0.5% Trypsin (Sigma 8128) in Tris HCl and the pH was adjusted to pH 7.6. After 
washing in PBS, nuclear DNA was stained with propidium iodide by the detergent/trypsin 
method described by Vindel0v et al19. Before analysis, all samples were filtered through 
a 40-um nylon mesh to remove any residual tissue fragments. The specimens were 
analyzed on a Becton Dickinson FACScan® (Mountainview, CA) equipped with a 
15-mW, 488-nm argonion laser, a minimum of 1 hour after staining. Data were 
accumulated in 256-channel resolution. 

DNA measurement 
Three to six paraffin-embedded tumor blocks were analyzed per tumor specimen. Data 
from at least 20,000 nuclei per sample were collected and analyzed with the use of 
computer software (CellFIT ; Becton Dickinson Immunocytometry System®, CA, USA). 
According to the consensual guidelines20, samples with coefficient of variation (CV) 
values higher than 8% were rejected from this study. Mean CV of the G0/G, peak in 
diploid histograms was 5.2% (range 2.7 to 7.6%) and 4.8% (range 2.6 to 7.5%) of the 
G,/G| aneuploid peak. 
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Samples were classified as diploid or aneuploid according to the DNA histogram. In spite 
of trimming, most samples contained inflammatory and stromal cell nuclei, providing an 
optimum internal diploid standard for the determination of the ploidy pattern2021. The 
channel number of the first peak in the histogram was defined as diploid G()/G|. 
Aneuploidy was defined as one or more distinct separate peaks compared with the G,/G, 
and G:M peaks of the diploid cell population. Shoulders on the diploid peak or suspicious 
aneuploid subpopulations were not included as aneuploid peaks. The DNA index (DI) 
was defined as the ratio of the mode (or mean) of the relative DNA content of the G()G, 
cells of the sample divided by the mode (or mean) of the relative DNA measurement of 
the diploid G0/Gj reference cells. No histograms suggesting the presence of a tetraploid 
stemline (>15% G2M) were encountered. Histogram classification was performed without 
previous knowledge of the pathologic or clinical data. 

Statistical analysis 
Survival curves were generated using the Kaplan-Meier method, and univariate survival 
comparisons were made using the log-rank test (SPSS statistical software). p<0.05 was 
regarded as statistically significant. 

RESULTS 

Histopathologic examination showed radical resections in 19 patients and nonradical 
resections in 16 patients. Two patients died post-operatively (6%) while in the hospital 
and were not included in the survival study. Follow-up information was complete in 97% 
of patients; one patient was lost to follow-up after 2 years. In addition to surgical 
resection, two patients received external beam radiation therapy and one patient received 
both chemotherapy and radiation therapy. The medical records or autopsies revealed that 
all of the patients who died during the follow-up period had died of recurrent tumor. 

Tissue sections of all patients were available for immunostaining. The mean MIB-1 
index of all tumor areas ranged from 1% to 44% (median, 14.8%) whereas in the 10 
benign areas, the MIB-1 index did not exceed 5%. The typical staining pattern of one 
sample is shown in Figure 1. In 12 patients (34%), the MIB-1 index was >20%, and a 
significant correlation was observed between the MIB-1 index and survival (p=0.035) 
(Figure 2). The median survival of patients with a MIB-1 index lower than 20% was 23 
months, as compared to 10 months for patients with a MIB-1 index of 20% or more. The 
risk ratio was 2.86, indicating that the high score group had a mortality risk nearly three 
times higher than that of the low score group (log rank test, p=0.005). 
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Figure 1. Immunoreactivity with the MIB-1 antibody in distal bile duct carcinoma, showing strong 
nuclear staining. 
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Figure 2 Cumulative survival (Kaplan Meier curves) of patients whose tumors had a MIB-1 index $20% 
compared with those that had a MIB-1 index <20%. Two patients, who died postoperatively while in the 
hospital, were not included in the survival study. 
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Only one specimen was considered not évaluable by flow cytometry, because the CV of 
the diploid peak repeatedly exceeded 8% in 4 different samples. Of the remaining 34 
patients, 22 (65%) carcinomas were diploid by FCM and 12 (35%) were aneuploid 
(Table 1; Figure 3). The median DI of aneuploid tumors was 1.36 (range, 1.09 to 1.76). 
In 8 tumors the DNA histogram of the samples tested showed aneuploid histograms next 
to diploid histograms, revealing a DNA heterogeneity rate of 23% (8/34). No correlation 
of DNA-ploidy with survival time could be found (log rank test, p=0.62), nor could it be 
found after stratification for radicality of the resection. Median survival of patients with 
diploid and aneuploid tumors was 20 and 21 months, respectively. 

Table 1. Clinical data of 35 patients who underwent a Whipple resection for distal bile duct carcinoma. 

Patients 
(n=35)* 

Diploid 
(n=22) 

Aneuploid 
(n=12) 

Median age (years) 

Gender 
male* 
female 

Operative mortality within 30 days* 

Differentiation grade 
well and moderate 
poorly* 

pT category*t 
pTl 
pT2* 
pT3 

No. of patients with radical resection 
No. of patients with pos. lymph nodes* 
No. of patients with perineural invasion* 
No. of patients with vasoinvasive growth* 

Survival^ 
1 year 
3 year 
5 year 

59 

28 
7 

(80%) 
(20%) 

(6%) 

18 
4 

30 (86%) 22 8 
5 (14%) 0 4 

4 (11%) 3 1 
15 (43%) 8 6 
16 (46%) 11 5 

19 (54%) 12 7 
16 (46%) 9 6 
20 (57%) 13 6 
11 (31%) 6 4 

23 (70%) 
9 (27%) 
7 (21%) 

* Cases with one specimen not évaluable by flow cytometry 
t According to UICC-TNM-classification of malignant tumours, fourth edition, 199717 

$ Two patients were not included because they died post-operatively 

Radical resections (54%) were associated with statistically significant better survival 
(p<0.01). There was no significant difference in survival when sex (p=0.38), pT category 
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(p=0.30), tumor differentiation grade (p=0.10), vasoinvasive growth (p=0.13), perineural 
invasion (p=0.05), or lymph-node status (p=0.08) was considered separately (Table 1). 
Seven patients (22%) survived more than 5 years after microscopically radical resection 
of the DBDC. Of these long-term survivors, all but one had a MIB-1 index of less than 
20% and 4 had diploid tumors (Table 2). 

Table 2. Characteristics of the long survivors (> 5 year) in this study 

No. of patients 
No. of patients with radical resections 

Ploidy 
Diploid 
Aneuploid 

Ki67 
<20% 
>20% 1* 

: This patient had a MIB-1 index of 24% 
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Figure 3. FCM histogram from a 67-year-old man with poorly differentiated distal bile duct carcinoma. 
The first peak is defined as the diploid cell population (G^G, at 55), and the distinct additional peak 
(G(/G, at 80) represents a prominent aneuploid cell population (DNA index 1.33). The total number of 
analyzed nuclei was 20,000. 
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DISCUSSION 

Distinguishing histopathologically mitotic nuclei from nonproliferating nuclei requires 
experience and skill. Previous studies of periampullary carcinomas used flow cytometry 
to measure the growth rate of these tumors"'22. This technique is difficult and time-
consuming, however, and paraffin-embedded tissue is especially unsuitable because of 
the considerable amount of debris and the higher CVs often obtained21. For this reason, 
it would be more appropriate to use a simpler but still reproducible method. Because Ki-
67 antigen expression occurs in the whole cell cycle, with the exclusion of the G„ and 
early G, phase, providing a direct measure of the growth fraction of the tissue23, Ki-67 
antigen is an accurate indicator of cell proliferation in histologic samples. The application 
of Ki-67 antibody previous was restricted to fresh frozen material, but since the 
production by Cattioretti et al.8 of a new, specific monoclonal antibody (MIB-1), it has 
become possible to detect the same antigen in paraffin-embedded tissue after microwave 
irradiation of the sections. This is of particular importance in DBDC, because these are 
rare tumors and require a long period for collection. 

In the present study, a statistically significant correlation was found between decreased 
survival time and the extent of nuclear reactivity with Ki-67 antigen, using a cut-off point 
of 20%. This cut-off point was chosen because it selected for the highest quadrile of Ki-
67 values. In a recent study of tumors of the gallbladder, ampulla, and common bile duct, 
significantly higher MIB-1 indices were similarly shown in neoplastic lesions, and were 
associated with a poor prognosis24, although the authors did not define a cut-off point. 
Yamada et al.25 analyzed 21 patients who underwent resection of carcinoma of the middle 
and distal bile duct, but, in contrast to our study, they used a cut-off point of 10% to 
designate patients with a significantly better prognosis. Hall et al.26 also used a cut-off 
value of 20% Ki-67 positive cells in non-Hodgkin lymphoma and demonstrated that 
patients with a Ki-67 index of less than 20% survived significantly longer than did those 
with an index of more than 20%. Bouzubar et al.27 analyzed survival data of 124 patients 
with breast cancer who had been followed-up after mastectomy and found that Ki-67 
nuclear staining of more than 20% was associated with a higher rate of recurrence of 
carcinoma. Thus, reported values of numerical cut-off points for survival may vary 
considerably. 

Compared to other studies using fresh tissue, the maximum MIB-1 index found in this 
study was low. Because many antigenic epitopes do not survive the process of fixation, 
embedding, dewaxing, and trypsin digestion in paraffin-embedded tissue2*, the MIB-1 
index was accordingly lower. 

Flow cytometry (FCM) of the 34 carcinomas available for analysis revealed a 35% 
aneuploidy rate. Our results demonstrate that DNA-ploidy is not an important prognostic 
determinant in this type of malignancy. Due to the rarity of this tumor, comparable 
studies are limited. Yeaton et al.29, who used a cell-image processor, found 37% 
aneuploidy in 12 patients with DBDC. In a prospective study, Sciallero et al.30 found 2 
aneuploid tumors among 5 patients, precluding any valid correlation. More recently, 
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Jorba et al.31 found 25% aneuploidy in 8 patients with DBDC, which correlated with poor 
median survival. However, in that study, only one sample of each tumor was examined. 
Caution must be used in interpreting the results of these studies in view of the rather small 
number of patients investigated. Although the DNA-ploidy estimations are in accordance 
with our results, it is possible that we have missed aneuploid stemlines for two reasons: 
(1) the sensitivity of FCM DNA measurements requires a quantitative DNA abnormality 
of at least 5% to 10% of total DNA content for detection32, and (2) the CV of the diploid 
peak in the DNA histogram of paraffin-embedded tissue is greater than that of fresh 
tissue21. As a result, the presence of near-diploid cytogenetic abnormalities in FCM 
distributions with wide CV G0/G, peaks is not detected33. 

In a previous study14 in which 58 patients with carcinoma of the proximal bile duct 
were analysed, 52% showed a DNA aneuploid pattern. Unlike the findings in the present 
study, aneuploidy in proximal bile duct carcinoma correlated with decreased survival. The 
reason for this fundamental discrepancy is not clear, but it may suggest that different 
genetic alterations determine the biologic behavior of the two tumors and supports the 
view that proximal and distal tumors form distinct entities. In this respect, the assessment 
of DNA-ploidy may be of value in the prognostic evaluation of proximal bile duct 
carcinoma but not of DBDC. 

A wide range of aneuploidy has been reported for adenocarcinomas, especially in 
pancreatic cancer10'12'34'35. Differences regarding the number of samples examined per 
tumor and the interpretation of DNA histograms make the data among laboratories 
difficult to compare. Intratumoral variation in DNA content has been found in several 
types of malignancies36'37. In addition, there is a problem of heterogeneity of cells in 
carcinomas of the biliary tract as Suto et al.38 have pointed out. Therefore, we determined 
DNA-ploidy in at least 3 samples per tissue specimen, revealing a DNA-ploidy 
heterogeneity in 8 of 34 tumors (23%). 

The results clearly showed that, in addition to Ki-67 staining, radicality of resection 
also reached statistical significance as a determinant of long-term survival. A 
microscopically radical resection was achieved in only 54% of patients, reflecting the 
biologic aggressiveness of DBDC. Tumor negative microscopic margins increased 5-year 
survival from 0% to 39%, and median survival from 13 months to 23 months. 

In conclusion, assessment of mean Ki-67 antigen expression by MIB-1 staining of 
DBDC, proved an important indicator of clinical behavior in this type of cancer. A high 
proliferation score ($20%) was associated with poor survival. DNA content, however, 
although it has gained importance as an independent prognostic variable in a number of 
tumors, had no prognostic value in resectable DBDC. 
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ABSTRACT 

Background. Flow cytometry (FCM) and image cytometry (ICM) have provided the basis 
for much of our knowledge of the prognostic value of DNA-ploidy in a wide variety of 
tumours. Theoretically, FCM has a strong statistical basis whereas ICM is more specific 
in identifying smaller abnormal cell populations. Distal bile duct carcinomas (DBDCs) 
often contain dense non neoplastic stroma, and ICM could therefore be more desirable 
to measure DNA-ploidy. We applied FCM and ICM to resected DBDCs to evaluate 
discrepancies between both methods, the ploidy incidence, and the relation between 
DNA-ploidies and survival in these tumours. 
Methods. Forty-four archival tumour samples of patients with DBDC, who underwent 
subtotal pancreatoduodenectomy from 1985 to 1996, were examined for DNA-ploidy, 
using FCM and ICM. 
Results. Overall 59% (26/44) of the tumours were aneuploid by at least one of the two 
techniques. We detected more cases of aneuploidy with ICM than FCM in formalin-fixed, 
paraffin-embedded DBDCs, 62% (21/34) versus 33% (13/40), respectively. When results 
could be compared, a moderate strength of agreement (Kappa=0.45) was demonstrated. 
Twelve aneuploid tumours were detected by ICM but not by FCM. One near-diploid 
tumour (DNA index of 1.09) was recognised by flow but not by image. No correlation 
was found between DNA-ploidy by FCM, ICM or combined FCM-ICM and survival time 
(p=0.80, p=0.35, and p=0.54, respectively). 
Conclusion. We have shown in a comparative study that approximately 59% of DNA 
histograms contained aneuploid cell populations. Although ICM as compared to FCM is 
more sensitive to assess the ploidy status of DBDC, both methods were complementary. 
Most discrepancy between FCM and ICM were due to the dilution of aneuploid 
populations by non neoplastic diploid cells. DNA-ploidy assessment in DBDC, 
unfortunately, did not offer the possibility to improve the ability to predict survival. 

INTRODUCTION 

There is considerable evidence to suggest that most human neoplasms contain detectable 
chromosome abnormalities1,2. The development of two different cytometry techniques, 
flow and image, have facilitated the measurement of DNA content in dissociated cells of 
both fresh and archival material. Flow cytometry (FCM) requires a suspension of single 
nuclei, stained with a DNA-specific fluorescent dye, which makes it possible to quantitate 
the DNA content of a large population rapidly (> 10.000 nuclei) by measuring their 
fluorescence. Although FCM is an excellent tool when moderate to large numbers of 
aneuploid cells are present, this method requires a quantitative DNA abnormality of at 
least 5% of the total DNA content for detection'. Image cytometry (ICM) also analyses 
the DNA content of nuclei, the difference being the use of Feulgen-stained nuclei that 
have been fixed onto microscope slides. One of the obvious benefits of an image system 
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is its ability to visualise the nuclei to be evaluated, allowing the operator to select intact 
tumour nuclei based on morphology. As a result, specimens containing smaller numbers 
of malignant cells can be directly analysed and the operator has a very clear understan
ding of the link between the DNA histogram measured and the tumour sample. 

The results of both techniques can usually be presented in an easily interprétable 
histogram. An aneuploid histogram displays a visually identifiable additional G{/G, peak 
which corresponds to a DNA content different from the normal (2N) diploid standard. In 
a previous study, aneuploidy served as a marker for malignancy4, although it can not 
always be equated with malignancy because some benign tumours may exhibit 
chromosomal abnormalities. 

In several types of human malignant tumours, for example pancreatic carcinoma5"7, 
there is considerable evidence to suggest that DNA content correlates with long-term 
prognosis. Literature, however, conflicts rather about the diagnostic value of ploidy 
status7""'. Carcinomas arising from the head of the pancreas are considered periampullary 
carcinomas, which also include ampullary carcinoma and distal bile duct carcinoma 
(DBDC). In comparison to other tumours, aneuploidy in DBDC remains incompletely 
characterized. In a previous study" we analysed DNA-ploidy by FCM in 35 patients with 
DBDC, revealing an aneuploidy frequency of 35%. No correlation between DNA-ploidy 
and prognosis could be found. 

Although comparative studies using FCM and ICM for DNA content analysis of fresh 
tissue showed high concordance rates4'12"17, most of the discordant cases showed 
aneuploid peaks only on ICM and not on FCM. Based on these findings, we extended our 
series and used ICM to screen archival DBDC specimens for previously undetected small 
(<5%) aneuploid populations. The main advantage of using paraffin-embedded tissue is 
that a relatively large series of patients with this rare type of tumour can be studied. To 
evaluate the incidence and prognostic value of aneuploidy in DBDC in more detail, and 
to evaluate any discrepancies between techniques, we performed FCM and ICM of 44 
tumour samples. 

MATERIAL AND METHODS 

Patients 
Formalin-fixed, paraffin embedded specimens from 44 patients who underwent subtotal 
pancreatoduodenectomy (Whipple procedure) for cancer of the distal bile duct, were 
amenable to study. The Whipple procedure was performed at the Academic Medical 
Centre between 1985 and 1996. All resections were carried out by a group of surgeons 
experienced in hepatobiliary surgery, and all the operations were intended to be curative. 
Of these 44 patients, 35 were male and 9 female, with a mean age of 60 years (range 
37-77 years). Clinical and histopathological re-evaluation confirmed that all tumours were 
DBDCs located in the intrapancreatic portion of the common bile duct. 
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Single cell prepe ration for flow and image cytometry 
Of the 44 tissue blocks, 4 um sections were cut for hematoxylin and eosin staining. The 
densest area of tumour in at least 3 tissue blocks per resected specimen was selected and 
1 to 3 sections of 50 urn thickness were cut for DNA measurements. The 50 um sections 
were microdissected to exclude non-tumour (stromal) tissue. A modification of the basic 
method of cell preparation as described by Hedley and co-workers18 was employed. The 
sections were deparaffinized and then disintegrated for 30 minutes at 37°C in 1 ml of 
0,5% Trypsin (Sigma 8128) in Tris HCL and the pH was adjusted to 7,6. After washing 
in phosphate-buffered saline (PBS), the specimens were dissociated for image and flow 
cytometry. 

Image Cytometry 
The specimens were centrifugated for 5 minutes, and smears were prepared from the sedi
ment. In addition, the slides were air dried and stained by the Feulgen method. Briefly, 
the slides were placed in 96% ethanol for 30 minutes and then in 5N HCL at 27 °C for 30 
minutes, washed twice with PBS and stained with fresh Shiff reagents for 45 minutes and 
washed in running tap water for 15 minutes. 

The slides were washed and then ICM measurements were performed with a 
microscope TV-system consisting of an Axioplan microscope (Zeiss, Oberkochen, 
Germany) equipped with a 20x plan apochromat, numerical aperture 0.60 and a projective 
magnification of 1.6x. Images were recorded by a XC-77-CE CCD (Sony, Köln, 
Germany) black and white camera with a CCD-cell size of 11 x 11 um. The section was 
moved with an automatic scanning stage (Märzhäuser, Wetzlar, Germany) with a step 
size of 0.25 um and an autofocus device (Zeiss, Oberkochen, Germany) operating on the 
TV-signal took care of the focussing (step size 0.025 um). Image processing was 
performed on a Sparc 10 model 30 workstation (Sun Microsystems Inc., Mountain View 
(CA), United States) running under the UNIX (SunOS, Sun Microsystems Inc., Mountain 
View (CA), United States) operating system with a colour monitor at a spatial resolution 
of 1152x900 in 8 bit. The automatic DNA image cytometer was developed and evaluated 
within the Pathology Image Processing Environment which is based upon the multi-level 
interactive image processing environment SCIL-Image (DIFA measuring systems, Breda, 
The Netherlands). The system follows the guidelines of the consensus report of the 
European Society for Analytical Cellular Pathology19. The images were linearly corrected 
for shading with two empty images, one illuminated and one dark-current image20. The 
corrected grey values thus provide a measure for the local optical density. Segmentation 
was done fully automatically based on the algorithm described by Vossepoel et al.21, and 
a filter to remove debris and aggregate was active during measurement. At least 1000 
cells were measured automatically, and results were inspected afterwards visually to 
remove remaining debris and aggregate from the data set, relocating cells if necessary. 
In the histograms, the 2c peak was identified interactively, after which the histogram was 
scaled up to 10c with a fixed number of 256 bins in order to obtain standardized 
histograms for all cases and exported in ASCII format. Like others22, we regarded 
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samples with coefficient of variation (CV) values above 10 as unacceptable. When large 
amounts of necrotic debris were present on the slides this was also considered non
diagnostic. An average of 857 (range 774-992) cells were measured per slide. Mean CV 
of the G,/G| peak in diploid histograms measured by ICM was 7.3% (range 3.2-10.0). 

Flow cytometry 
Nuclear DNA was stained with propidium iodide by the detergent/trypsin method 
described by Vindel0v et al.23. Before analysis, all samples were filtered through a 40 um 
nylon mesh to remove any residual tissue fragments. Nuclear DNA content of 10.000 to 
20.000 nuclei per sample were collected and analysed with the use of a Becton Dickinson 
FACScan® (Mountainview, CA). Flow samples with CV values exceeding 8% were 
rejected from this study. Mean CV of the G,/G,peak in diploid histograms measured by 
FCM was 5.6% (range 2.7-8.0). 

Interpretation of DNA histograms 
In spite of microdissection, samples will contain inflammatory and stromal cell nuclei, 
providing an optimum internal diploid standard for the determination of the ploidy 
pattern24'25. The channel number of the first peak in the histogram was defined as diploid 
GyG,. The DNA index (DI) was defined as the ratio of the mode (or mean) of the relative 
DNA content of the G0/1 cells of the sample divided by the mode (or mean) of the relative 
DNA measurement of the diploid G0/, reference cells. Aneuploidy was defined as one or 
more distinct separate peaks compared with the G0/G, and G2M peaks of the diploid cell 
population. A histogram was defined as tetraploidy when the G7M peak of the first cell 
cycle (diploid) contained more than 10% of the total number of cells of that cell cycle. 
Histogram classification was performed without previous knowledge of the clinico-
pathologic or survival data. 

Statistical Analysis 
Survival curves were performed using the Kaplan-Meier method, and univariate survival 
comparisons were made using the log-rank test (SPSS 6.0 statistical software). P<0.05 
was regarded as statistically significant. The Kappa statistic was used as a measure of 
agreement between FCM and ICM corrected for chance agreement26. We interpretated 
Kappa <0.20 as poor, 0.21> Kappa <0.40 as fair, 0.41> Kappa <0.61 as moderate, 
0.61> Kappa <0.80 as good, and 0.81> Kappa <1.00 as very good strength of agreement. 

RESULTS 

All cases were interprétable by at least one of the two techniques, revealing an overall 
aneuploidy incidence of 59% (26/44). As can be seen in Table 1, in 4 out of 44 (9%) 
carcinomas analysed, flow cytometric assessment was impossible or unreliable despite 
repeated measurements, because the CV of the diploid peak was exceeding 8% without 
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an aneuploid peak being present. FCM demonstrated a definite aneuploid peak in 13 
(33%) of the remaining 40 cases. Ten (23%) image cases had to be excluded from the 
study due to the inability to obtain good DNA histograms from the tumours. ICM 
detected 62% (21/34) aneuploid populations in the remaining 34 cases. 

Table 1. Summary of DNA analysis by flow cytometry (FCM) and image cytometry (ICM). 

Method No. of Cases 
Examinated 

No. of Cases 
Uninterpretable 

DNA Ploidy 

Diploid Aneuploid 

FCM 
ICM 

44 
44 

4 
10 

27 (67%) 13 (33%) 
13 (38%) 21 (62%) 

Concordance between FCM and ICM 
Thirty cases were interprétable by both, FCM and ICM, and comparison of the DNA 
results showed a 56% (17/30) concordance. The Kappa statistic for the scores was 0.45; 
this suggests moderate agreement between both methods. Diploidy was confirmed in 30% 
(9/30) and aneuploidy in 27% (8/30) of these tumours. The correlation of the DNA 
indices of aneuploid populations encountered by both techniques was striking. In only 
one case there was a discrepancy between the DI found by FCM and ICM, 1.80 and 1.15, 
respectively. 

Table 2. Aneuploid populations detected by image cytometry (ICM) but not by flow cytometry (FCM). 

Case No ICM / DI* FCM / CVt 

1 aneuploid/1.35 diploid/5.20% 
5 aneuploid/ 1.22 diploid/5.60% 
6 aneuploid/1.26 diploid/3.80% 
10 aneuploid/ 1.68 diploid / 6.50% 
16 aneuploid / 1.40 diploid / 4.70% 
17 aneuploid / 1.70 diploid / 5.70% 
20 aneuploid/ 1.81 diploid/3.80% 
22 aneuploid/1.28 diploid / 6.90% 

25 aneuploid / H diploid / 4.60% 
29 aneuploid/1.28 diploid / 3.90% 
35 aneuploid /1.33 and 2.22:j: diploid / 7.30% 
39 aneuploid/ 1.30 diploid / 8.00% 

* DNA index, t Coefficient of variation, H=heterogeneity, $ Polyploid tumour. 
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Discrepancies between FCM and ICM 
There were 13 discordant cases. As can be seen from Table 2, 12 of the aneuploid 
populations detected by ICM were not identified by FCM. One sample (case 35) clearly 
had polyploid peaks on the image histogram (Figure 1), whereas the flow histogram did 
not have peaks other than the G0/G, peak. Another sample (case 25) showed a marked 
heterogeneity between different ICM measurements that was not present in the flow 
histogram. The DNA indices were 1.17 and 2.07 (G2M 16.8%). This tumour was 
classified as aneuploid/tetraploid. 

Of the 9 tumours aneuploid by FCM, ICM results corresponded in 8 of these cases. 
One tumour was recognised as aneuploid (DI=1.09) by FCM, no corresponding 
population was detected in the image histogram (CV=10.0). 
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Figure 1. ICM histogram from a polyploid population. The first peak is defined as the diploid cell 
population and the two distinct additional peaks represent prominent aneuploid cell populations. The total 
number of analyzed nuclei was 847. 

Uninterpretable cases (n=14) 
Although 10 cases were uninterpretable by ICM, the DNA content could be determined 
through FCM in all these cases and 4 additional aneuploid stemlines were recognised 
(Table 3). Interestingly, the DNA indices were all in the near-diploid region. Of the 4 
uninterpretable cases by FCM, ICM detected one aneuploid population (DI=1.49). 
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Table 3. Aneuploid populations detected by flow cytometry (FCM), whereas image cytometry (ICM) 
histogram was uninterpretable. 

Case No FCM / PI* ICM / CVf  

3 aneuploid/ 1.13 uninterpretable /10.10%$ 
11 aneuploid / 1.23 uninterpretable / 14.20%$ 
16 aneuploid /1.10 uninterpretable § 
44 aneuploid /1.19 uninterpretable / 11.00%$ 

* DNA index, $ Coefficient of variation, $ Histograms with a coefficient of variation more than 10% were 
regarded as uninterpretable, § Image not possible due to the poor quality of the material 

Table 4. Characteristics and overall incidence of aneuploidy of the 44 patients with DBDC, detected by 
flow cytometry or image cytometry. 

Tumour size* 
< 2 cm 
> 2 cm 

Microscopic resection margins 
No-involvement 
Involvement 

Tumour differentiation 
Well differentiated 
Moderately differentiated 
Poorly differentiated 

Lymph-nodesf 
No-involvement 
Involvement 

Vasoinvasive growth 
Absent 
Present 

Perineural invasion$ 
Absent 
Present 

* From 36 patients the tumour size could be obtained, $ The mean number of lymph node samples per 
tumour was 10, $ From one patient this information was missing 

Prognosis 
Among the 44 patients with DBDC in this study, 3 patients died after surgery (hospital 
mortality 7%) due to septic complications and were not included in the survival study. 
One patient was lost to follow-up after 2 years and was treated as a censored event at that 
time, leaving 40 cases in which follow-up information was complete. The medical records 
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No. of samples 

(n=44) 

Aneuploidy 
26 (59%) 

18 
18 

11 
11 

(61%) 
(61%) 

25 
19 

13 
13 

(52%) 
(68%) 

8 
29 
7 

4 
17 
5 

(50%) 
(58%) 
(71%) 

26 
18 

14 
12 

(54%) 
(67%) 

26 
18 

13 
13 

(50%) 
(72%) 

16 
27 

8 
18 

(50%) 
(67%) 
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or autopsies revealed that the cause of death in all patients who died during the follow-up 
period was recurrent tumour. In addition to surgical resection two patients received 
external beam radiation therapy and one patient received both chemotherapy and radiation 
therapy. No correlation of DNA-ploidy by FCM, or ICM, or a combination of FCM and 
ICM with survival time could be found, log rank test p=0.80, p=0.35, and p=0.54, 
respectively. In Table 4 the relationship of DNA-ploidy with several clinical-pathological 
criteria is shown. It is of interest that a trend towards a more aggressive phenotype of the 
aneuploid populations can be noted. 

DISCUSSION 

The incidence of aneuploidy in 44 DBDCs, combining both techniques of flow and image 
cytometry, was 59%. Because of the low incidence of this kind of tumor, comparable 
studies are limited and were performed on only a small number of patients. Jorba et al.27 

analysed 8 DBDCs by FCM and found 2 aneuploid populations and Sciallero et al.28 

detected 3 aneuploid tumours in 5 DBDCs, also by FCM. Comparable ICM studies on 
DBDCs were not found in literature. The contribution of ICM pertained to cell 
populations that were not identified by flow cytometry is responsible for the high 
incidence of DNA aneuploid tumours detected in this study. Our result is comparable to 
the incidence of aneuploid stemlines found in the other periampullary carcinomas, i.e. 
pancreatic carcinomas62930 and ampullary carcinomas28'1'. 

Our results showed a moderate agreement between the two methods: there was 
concordance in 17 of the 30 cases where results could be compared (14 samples yielded 
uninterpretable results). By using the strict CV criteria described above and despite 
repeated measurements, 9% of the flow and 23% of the image histograms were 
considered uninterpretable. Weger et al.32 also observed methodological ICM problems 
in 1/4 of the cases in formalin-fixed paraffin-embedded material from pancreatic 
adenocarcinoma. Since all slides for ICM in this study were prepared from the same cell 
suspension used for FCM, no sampling area differences occurred. Eventually, five 
aneuploid populations were identified by FCM but were either not recognised or 
uninterpretable by ICM. One case showed a result that probably represented a tumour in 
which the abnormal population was missed by ICM simply because of the inadequate 
sampling or the higher CV. The other 4 cases had an unacceptably high CV or persistent 
debris. Interestingly, the DI of the aneuploid stemline was in all these cases in the near-
diploid region. Due to the smaller number of cells analysed, ICM histograms tend to have 
lower resolution and higher CV compared to FCM histograms'1, which makes it more 
difficult to distinguish near-diploid aneuploid tumours from diploid populations33,34. This 
was a possible source of error in DNA measurement by ICM in this study. 

In addition, twenty seven cases (67%) were diploid using FCM. ICM was used in all 
these cases and it is of interest, therefore, that the diploid mode was confirmed in 9 cases, 
whereas 12 cases were reclassified as aneuploid (6 cases were not interprétable). FCM 
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DNA measurements requires a quantitative DNA abnormality of at least 5% to 10% of 
total cell population for detection3. If only small numbers of malignant cells are present, 
ICM offers the ability to select and define the cell populations based on nuclear 
morphology. Like others13, we preferentially selected intact nuclei, but did not attempt to 
distinguish benign from malignant cells based on the Feulgen-stained slides. Nuclei that 
were damaged by the process of fixation, embedding, dewaxing and trypsin digestion in 
paraffin-embedded tissue, were rejected as were overlapping nuclei. The resulting image 
histogram is more representative of the tumour itself and ICM, therefore, more sensitive 
than FCM in detecting small aneuploid populations. Although the admixture of non-
tumour cells was reduced using microdissection of the histologically relevant tissue, 
dilution of an aneuploid tumour cell population by inflammatory or other non neoplastic 
cells, which is common in DBDCs, may have resulted in a diploid pattern by flow 
cytometry. Because dilution is not a factor in ICM, the contribution of ICM pertained to 
cell populations that were not identified by FCM. As a result, the detection rate of 
aneuploid tumour populations in positive cases was greater by ICM than by FCM, and 
we agree with others1216'22'35-36 that ICM is more sensitive in detecting aneuploid 
populations. In addition, ICM provides a permanent record and also requires less sample 
tissue than FCM, which could be a useful adjunct to brush cytology of distal bile duct 
tumours37. 

The prognosis for DBDC is dismal and radical resection, when possible, is the only 
curative option. The high incidence of positive tumour margins in this group of patients, 
i.e. 43%, reflects the invasive characteristics of DBDC. It is often difficult to differentiate 
DBDC from the other periampullary carcinomas preoperatively or by histological 
classification. Disagreements can arise among pathologists reviewing the same slides38, 
both in grading and typing of a specific tumour, leading to different estimations of the 
patient's prognosis. It would seem desirable therefore to use objective criteria to provide 
prognostic information. A fundamental difference in biological behaviour in various 
tumours with either a diploid or aneuploid DNA content has been found in previous 
quantitative DNA studies8,39"42. In pancreatic carcinomas5"7'2943'44, gallbladder carcino
mas45'46, and ampullary carcinomas27 3I, the published results conflict about the prognostic 
value of ploidy status. Possible explanations of the many conflicting reports between 
laboratories concerning the prognostic value of DNA-ploidy include (1) differences that 
appear when a different number of nuclei are sampled47; (2) intra-tumour heterogeneity, 
and the need for multiple sampling of solid tumours to obtain accurate DNA content 
measurements48'49; (3) the number of cases studied; (4) the limitations of paraffin-
embedded material by increased debris and wide CVs14'25 50; (5) the value of the G2M 
fraction used to classify a given tumour as tetraploid51; (6) difficulties in the interpretation 
of image and flow histograms1452; (7) differences in the type of treatment given to the 
patients, which might have conferred any individual difference in survival. In this study, 
we found no correlation between ploidy by image, flow, or a combination of both and 
survival in a limited number of DBDCs, confirming the result of our previous study". 
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Although prognostic implications were not apparent, the degree of tumour aneuploidy 
was related to the histopathologic parameters. 

In conclusion, a definite percentage of DBDCs (59%) are aneuploid. Certain aneuploid 
populations, however, may be missed when only one of the two techniques, i.e. ICM or 
FCM, is used. In agreement with others1435,50, we find that most of the discordant cases 
are due to the dilution of aneuploid cell populations by diploid cells present in the FCM 
cell suspension and that the combination of both techniques is superior to each of them 
individually. In DBDC, however, the significance of aneuploidy appears to be limited. 
No difference in prognosis between diploid and aneuploid tumours could be found, and 
we, therefore, believe that analysis of DNA-ploidy in patients with DBDC does not 
improve the ability to assess the prognosis of the patient. 
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ABSTRACT 

Background. The K-ras gene is one of the most extensively investigated oncogenes in a 
wide variety of human tumors, but has rarely been studied in distal bile duct carcinoma 
(DBDC). We sought to investigate the diagnostic and prognostic value of K-ras codon 
12 mutations in this type of tumor. 
Methods. Forty-seven patients who had undergone resection for DBDC were analyzed 
to reveal the incidence of K-ras codon 12 mutations, the locus most frequently involved. 
A rapid and simple two step, semi-nested polymerase chain reaction (PCR) technique was 
used to detect mutations in paraffin-embedded tumor samples. 
Results. The PCR mismatch amplification technique demonstrated that 35 (75%) of the 
47 tumors harboured a point mutation in codon 12 of the K-ras oncogene. Patients with 
mutated tumors had no statistically different survival time compared to those patients 
without a mutation in the tumor. In contrast, negative microscopic margins proved to be 
a significant prognosticator. 
Conclusion. K-ras codon 12 mutations are common in DBDC and may be useful in the 
diagnosis and early detection of these tumors. However, no prognostic value of these 
mutations could be identified in this analysis. The results of this study also suggest that 
negative surgical margins remain the mainstay of prognostication in resectable DBDC. 
However, due to the small number of patients included in this study, the results obtained 
should be interpreted with care. 

INTRODUCTION 

Malignant tumors arising from the distal bile duct (DBDC) are uncommon and by 
definition restricted to the intrapancreatic portion of the duct ',2. Spread along the ductal 
system, to regional nodes, perineural invasion as well as hematogenous dissemination, 
too often precludes curative resection leaving palliative treatment as the only feasible 
option. 

Even though the tumor stage of the resected specimen is an important prognostic 
parameter, its value as a prognosticator appears to be rather limited. The survival of the 
patients suffering from this malignancy might be improved if new prognostic markers 
could be defined which would determine those patients who would benefit from 
additional radiotherapy or chemotherapy. 

The most promising new prognostic markers have resulted from cancer cell genetics. 
The role played by oncogenes in the initiation of cancer or its progression, has gradually 
come into focus and one of the most extensively investigated is the family of ras 
oncogenes. Although the precise physiological function of ras-encoded proteins remains 
to be elucidated, an inherited predisposition towards developing cancer results from 
activating mutations at codons 12, 13 or 61. K-ras is the most common mutated oncogene 
and has been intensively investigated in pancreatic cancer, showing an overall frequency 
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of 75% to 100%3"7. These data suggest that K-ras oncogene mutational activation is a 
critical event in the oncogenesis of most cancers arising from the exocrine pancreas. 

The concept of examining the presence of K-ras oncogene in distal bile duct cancer 
is particularly attractive since the pancreas and the bile duct are anatomically and 
embryonically related, both having developed from the end portion of the foregut. Thus 
far, only limited data are available precluding a systematic correlation between the 
incidence of K-ras mutations and prognosis. In addition, at the time of diagnosis it is 
often difficult to decide whether the tumor originates from the distal bile duct or from the 
pancreatic duct. It has been suggested that K-ras might be useful in differentiating these 
tumors because a low frequency of K-ras mutations have been found in extrahepatic bile 
duct carcinomas8'9. 

The purpose of this study was to address the incidence of mutations in codon 12 of the 
K-ras oncogene and to investigate its prognostic and diagnostic value in resected DBDC. 

MATERIAL AND METHODS 

Three criteria were established for inclusion in this study. First, the patient had undergone 
subtotal pancreatoduodenectomy (Whipple procedure) with curative intention at the 
Academic Medical Center. Second, the tumour had to be located in the intrapancreatic 
portion of the duct ',2. With large tumours, the main bulk of the tumour determined the 
site of origin. Third, there had to be evidence of a malignant histology. All the medical 
records and original histological paraffin-embedded tumor material from patients who 
underwent subtotal pancreatoduodenectomy between 1985 and 1996 were obtained and 
reviewed. Forty-seven patients fulfilled these criteria. Of these patients, 37 were male and 
10 female, with a mean age of 60 years (range 37 to 77 years). Histopathological grading 
of the tumors was reviewed by one pathologist only (GJAO) and according to the WHO 
histological classification1" subdivided into three categories: well, moderately and poorly 
differentiated. 

DNA preparation 
Paraffin-embedded specimens of DBDCs were cut into 4 urn sections and mounted on 
glass slides. Adjacent sections were stained with hematoxylin and eosin to confirm the 
presence of carcinoma tissue. The pathologist selected cell-rich areas of the tumor which 
were micro-dissected to minimize admixture with DNA from non-neoplastic tissue such 
as stromal and inflammatory cells. The tumor cells were collected in microcentrifuge 
tubes and incubated at 56°C overnight with 50-200 pi DNA isolation buffer (50 mmol/L 
TRIS-HCL, pH 8.5, 1 mmol/L ethylenediaminetetraacetic acid, and 0.2% Tween® 20) 
containing proteinase K (100 ug/ml). Proteinase K was inactivated for 10 minutes at 
95 °C. Of the resulting specimens, an aliquot of 1 pi was used for K-ras analysis. 
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Detection ofK-ras codon 12 point mutations 
A two step, semi-nested polymerase chain reaction (PCR) technique was used to detect 
mutations ".The advantage of this procedure is that it is possible to use paraffin-embedded 
material as a reliable source of DNA. In this technique, the K-ras codon 12 region is 
amplified using a mismatched primer which introduces an enzyme restriction site in the 
PCR products derived from wild-type K-ras alleles. In contrast, a restriction site is not 
generated if a mutation is present in codon 12 of K-ras. The PCR products are then 
incubated with the restriction enzyme. The PCR products with a mutant K-ras codon 12 
sequence remain undigested and are solely amplified in the second PCR, yielding a 
mutant-enriched PCR product. Thereafter the single stranded PCR products are bound to 
nylon membranes and visualized by hybridizing with wild-type specific and mutant 
specific radioactive labelled oligonucleotides followed by autoradiography (Figure 1). 
Water is included as a control for contamination; specific synthetic oligonucleotides are 
added as controls for the hybridization. Amplification and digestion is controlled for by 
comparison of the dot blots pre- and post-digestion. 

All analyses of the DNA samples were performed in duplicate to exclude technical 
artifacts. Autoradiograms were evaluated by three independent investigators without 
knowledge of the other features of these patients. 

ABC D 
1 
2 
3 
4 
5 
6 

Figure 1. Example of K-ras mutational analysis. Mutant-enriched PCR products are spot-blotted on 
separate nylon membranes which are hybridized with radioactive labelled oligonucleotides. Probe A was 
intended to detect the wild-type codon 12 sequence coding for glycine. The other probes were specific for 
three different K-ras codon 12 point mutations, glycine to arginine (B), glycine to valine (C), and glycine 
to aspartic acid (D). Row 1 is a positive control for hybridization. In patient 2,4,5 and 6 a point mutation 
of K-ras codon 12 was detected, and a mutation was not detected in patient 3. 
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Statistical Methods 
Kaplan-Meier survival analysis was used to estimate survival time, and univariate 
survival comparisons were made using the log-rank test (SPSS statistical software). 
p<0.05 was considered statistically significant. 

RESULTS 

Among the 47 patients with DBDC in this study, 3 patients died after surgery (hospital 
mortality 6%) due to septic complications and were not included in the survival study, 
leaving 44 cases in which follow-up information was complete. One patient was lost to 
follow-up after 2 years and was treated as a censored event at that time. The medical 
records or autopsies revealed that the cause of death in all patients who died during the 
follow-up period was recurrent tumor. In addition to surgical resection two patients 
received external beam radiation therapy and one patient received both chemotherapy and 
radiation therapy. The median survival of patients with a resected DBDC was 20 months. 
A review of the histological slides revealed adenocarcinoma in all patients except one, 
who had a multifocal papillary lesion. The majority of the patients (83%) had a 
moderately or well differentiated tumor. Negative microscopic margins were achieved in 
25 (53%) patients. 
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Figure 2. Cumulative survival (Kaplan Meier curves) after subtotal pancreatoduodenectomy for the 
subgroups of resections with negative and positive surgical margins. 
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Thirty-five (75%) of the 47 tumors harboured a point mutation in codon 12 of the K-ras 
oncogene (Table 1). A number of potential prognostic factors were analysed in a 
univariate model (Table 2). K-ras codon 12 mutation was not significantly associated 
with decreased survival time (p=0.34). Also no correlation with K-ras mutations was 
found after stratification for radicality of the resection. If a negative microscopic margin 
was obtained after resection, survival was significantly prolonged (p=0.005) (Figure 2). 
Negative microscopic margins increased 5-year survival from 0% to 39%, and median 
survival from 13 months to 29 months. Moreover, tumor differentiation and perineural 
invasion were found to approach statistical significance with regard to survival. No 
significant differences in prognosis were found to be related to sex, status of lymph 
nodes, tumor size, or vasoinvasive growth. 

Table 1. Characteristics and incidence of K-ras mutations of the 47 patients with DBDC. 

Sex 
Male 
Female 

Tumour differentiation 
Well differentiated 
Moderately differentiated 
Poorly differentiated 

Lymph-nodes* 
Involvement 
No-involvement 

Vasoinvasive growth 
Present 
Absent 

Perineural invasion 
Present 
Absent 

Radical resection 
Present 
Absent 

Alive at 5 year follow-upt 
* The mean number of lymph node samples per tumour was 10 
t From 35 patients the 5 year survival could be obtained 

No. of samples Mutant K-ras 
(n=47) 35 (75%) 

37 27 (73%) 
10 8 (80%) 

9 6 (67%) 
30 23 (77%) 

8 6 (75%) 

21 16 (76%) 
26 19 (73%) 

19 15 (79%) 
28 20 (71%) 

29 23 (79%) 
18 12 (67%) 

25 16 (64%) 
22 19 (86%) 
7 4 (57%) 
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Table 2. Factors influencing survival after resection for DBDC. 

Median survival 
(months) 

P value 

K-ras mutation: 
Present 
Absent 

Sex: 
Male 
Female 

Tumour size: 
< 2 cm 
> 2 cm 

Tumour differentiation: 
Well differentiated 
Moderately differentiated 
Poorly differentiated 

Lymph-nodes: 
Involvement 
No-involvement 

Vasoinvasive growth: 
Present 
Absent 

Perineural invasion: 
Present 
Absent 

Radical resection: 
Present 
Absent 

20 
23 

20 
29 

38 
13 

38 

23 
12 

23 
13 

13 
27 

13 
31 

29 
13 

P=0.34 

P=0.42 

P=0.16 

P=0.07 

P=0.11 

P=0.10 

P=0.05 

P=0.005 

Analysis of specific nucleotide changes at codon 12 revealed the occurrence of various 
mutations. The G to A transition at the second nucleotide of a codon 12, which converts 
the wild type amino acid glycine (GGT) to aspartic acid (GAT), was the most prevalent 
mutation (Table 3). Double mutations were not detected in these tumors. Duplicates were 
congruent in all cases. 

Table 3. Spectrum of K-ras mutations at codon 12 in 47 patients with DBDC. 

Mutation Amino Acid Incidence 

G to C (CGT) 

G to T (GTT) 

G to A (GAT) 

Arginine 

Valine 

Aspartic Acid 

6/35 (17%) 

11/35 (31,5%) 

18/35 (51,5%) 
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DISCUSSION 

In this study the polymerase chain reaction demonstrated K-ras mutations in 75% (35/47) 
patients who had undergone a resection for DBDC. Because of the low incidence of this 
kind of tumor, comparable studies are limited and were performed on only a small 
number of patients. Motojima et al.8 found 7 (41%) K-ras codon 12 mutations in 17 
patients and Caldas et al.12 detected 2 mutations in codon 12 of K-ras in 3 patients with 
DBDC. Satoh et al.13, in contrast, found no mutation at codon 12 in 5 patients with 
DBDC. It has been shown that extrahepatic bile duct carcinomas contain K-ras mutations 
in only a minority of the cells14. For this reason, besides the small study groups, variation 
in the sensitivity of the methods used and intra-tumor heterogeneity may account for the 
discrepancy in these studies. 

This is the first report dealing with the relationship between K-ras mutation at codon 
12 and prognosis in resected DBDC. Our results demonstrate that K-ras mutation does 
not appear to be an important prognostic factor in this type of malignancy. However, it 
should be emphasized that statistical analyses of the patient population in this study has 
restrictions due to the limited number of patients, precluding definite conclusions. K-ras 
point mutation has been reported to be the single most important prognostic factor in 69 
patients with curative resected adenocarcinoma of the lung15. This observation with 
respect to lung carcinoma is supported by others 'fi. However, in 75 patients with resected 
pancreatic carcinoma, no relationship could be found between point mutation in K-ras 
codon 12 and survival3. 

Negative surgical margins was the only independent prognostic determinant. In a 
previous study17 from our department about patients with DBDC who underwent (sub) 
total pancreaticoduodenectomy between 1983 and 1992, tumour size of more than 2 cm, 
lymph node involvement, and poor differentiation grade were also negative prognostic 
factors. These differences in results are attributive to the different criteria for selection 
in the two studies. 

Because DBDCs have a higher overall 5-year survival rate than adenocarcinomas of 
the head of the pancreas, it is mandatory to distinguish clearly between these tumors. 
Since we detected a high incidence of K-ras oncogene activation in DBDC, we do not 
agree with otherss'9 that this molecular biological approach can be used diagnostically to 
differentiate between DBDC and pancreas carcinoma. Also the spectrum of K-ras 
mutations in these tumors are often similar. Although several other mutations were found 
in this study, 51% (18/35) of the mutations were transitions at codon 12 that change 
glycine (GGT) to aspartic acid (GAT). These mutations were previously reported to be 
most prevalent in pancreatic carcinomas3Ay'18. For these reasons both DBDC and pancreas 
carcinoma should be classified clinically according to their dominant histologic pattern 
and to their location19. Point mutation of codon 12 in K-ras, on the other hand, could be 
a valuable diagnostic marker for the presence of carcinoma in the distal bile duct, 
especially in cases in which differentiation between benign inflammatory conditions and 
malignancy is difficult. Since the mutation occurs almost exclusively at codon 12, this can 

66 



Diagnostic and prognostic value of Incidence of K-ras Codon 12 mutations 

be done in a relatively simple molecular way without the need for numerous primers. It 
also enables an enrichment step, that makes the technique sensitive and feasible on small 
samples. In addition, the glycine to aspartic acid substitution at codon 12 of K-ras 
oncogen is probably a specific target or has a higher potential to induce proliferation in 
DBDC and pancreatic carcinoma. In view of the similarities in mutation spectra it is very 
suggestive that the environmental agent responsible for the induction of some mutations 
in pancreas carcinoma (for example, cigarette smoking) is the same for DBDC, and in 
fact this type of mutation supports this notion. 

Most studies concentrate on the extrahepatic biliary system as a uniform whole, and 
the reported incidence of K-ras mutations varies strongly in the literature5'91418"21. Caution 
must be used in interpreting the results of these studies because, in our opinion, it is 
important to differentiate between proximal and distal bile duct carcinoma for a number 
of reasons. Firstly, the average 5-year survival rates for resected proximal and distal bile 
duct carcinomas are different, 14%22'23 and 28%I7'2M4 respectively, suggesting a 
difference in biological behavior. Secondly, the surgical approach and type of resection 
differs, proximal tumors being usually amenable to local resection. Finally, in this study 
the origin of the tumor was in each case established during preoperative evaluation and 
was defined by the strict topographical criteria described above. In large tumors this may 
be particularly difficult since the location of the main bulk of the tumor occupying the 
pancreatic head does not reveal the site of origin. For this reason, pancreatic cancer may 
be misdiagnosed as DBDC, with a consequent increase of the ratio mutant/normal ras 
gene. Because 92% of the tumors in this series were less than 3 cm in size, the influence 
of this potential diagnostic error is estimated to be low in our study. 

The precise mechanism whereby the mutated ras gene disrupts normal growth control 
mechanisms is unclear, but they act in a fashion dominant to the wild-type (normal) 
allele2". The finding that a significant proportion of the tumors in this study did harbor a 
K-ras codon 12 mutation indicates that activation of this oncogene must be an important 
event in distal biliary tract carcinogenesis. Since 25% of DBDC contained no mutation, 
it is possible that a minority of these tumors may develop through a different pathway of 
genetic alterations which does not involve ras mutational activation. K-ras mutations 
have also been detected in adenomas and hyperplastic lesions in different tissues7 :o 26 27

; 

but it seems unlikely that all these mutated lesions develop into carcinoma7. Therefore, 
in agreement with other investigators14'20,28, we believe that K-ras is an important early 
event in carcinogenesis of DBDC and is probably not solely responsible for malignant 
transformation but merely part of multiple genetic lesions. 

In conclusion, although K-ras codon 12 mutations were very frequently found in 
DBDC (75%, 35/47)), no prognostic value of these mutations could be identified in this 
analysis. It may prove useful in the diagnosis and early detection of these tumors, but this 
should be studied in a series also containing patients with other conditions to judge 
specificity. Because of the limited number of patients studied, the results of this analysis 
must be viewed with caution. It is, however, clear that differentiation of DBDC from 
other periampullary carcinomas cannot be based on K-ras mutation detection alone, and 
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that the state of the surgical margins remains the mainstay of prognostication in patients 
treated with intentionally, curative surgery. 
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ABSTRACT 

Background. P53 encodes a protein with known tumour-suppressor activity. Mutations 
of this gene are the most common genetic alterations in human cancers and result mostly 
in the stabilization of the protein product, which is then detectable by 
immunohistochemical staining. Positivity for p53 immunohistochemistry is a useful 
prognostic marker in a variety of tumours. The aim of this study was to determine the 
incidence and prognostic value of p53 immunopositivity in resectable distal bile duct 
carcinoma (DBDC). 
Methods. Forty-seven archival tumour samples of patients with DBDC, who underwent 
subtotal pancreatoduodenectomy from 1985 to 1996, were immunohistochemically 
examined for p53 positivity, using the anti-p53 antibody D07. 
Results. Nineteen (40%) of the 47 tumours demonstrated positive (>30%) p53 protein 
immunostaining. Focally positive or negative staining was seen in the remaining 28 
(60%) cases. Patients in this low p53 category survived significantly longer than those 
in the high p53 category, with median survival duration of 29, and 13 months respectively 
(p=0.039). P53 positivity was independent of age, sex, tumour size, radicality of 
resection, histopathological grading, lymph-node status, perineural invasion and 
vasoinvasive growth. 
Conclusion. This study indicates that low (0-30%) p53 expression is a favorable 
prognostic factor in patients with resected DBDC. 

INTRODUCTION 

Distal bile duct carcinomas (DBDCs) have one of the worst prognosis among various 
cancers, caused partly by the difficulty in making an early diagnosis. Small lesions 
confined to the distal bile duct are potentially curable but are rarely detected, resulting in 
a low resectibility rate (13%)' and dismal 5-year survival (24%)23 of resected DBDC. 
Although in clinical practice negative microscopic margins provide the most important 
prognostic information3, it does not account for the observed heterogeneity in tumour 
behaviour. Factors influencing the final outcome of patients with DBDC may lie beyond 
the scope of histological examination, at the molecular genetic level. It has been shown 
in various neoplasms, that some tumours with more extensive genetic damage, have a 
considerably worse prognosis compared to tumours containing fewer aberrations4,5. 

The most common genetic alteration in human cancers is mutation of p536. The p53 
gene, located on chromosome 17p, produces a protein that plays an important role in the 
regulation of the cell cycle process, cell growth and apoptosis7"9. The normal (wild-type) 
p53 protein has tumour suppressor properties and mutation of the p53 gene results in the 
synthesis of a mutant protein, which disrupts critical growth-regulating mechanisms710". 
As a result, p53 alterations are thought to play a crucial role in the carcinogenesis of 
many types of human neoplasia8. Detection of p53 mutations at the molecular genetic 
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level, however, is cumbersome and time consuming, therefore not feasible in routine 
diagnosis12. Since mutant p53 protein has a longer intracellular half-life than that of the 
wild-type protein7'13'14, a large amount of stabilised mutant protein accumulates in tumours 
and can be detected rapidly by routine immunohistochemical staining. At present, 
immunohistochemistry (IHC) is the most widely used approach for assessing p53 
alterations in human cancers15. Currently, a number of studies have been published, which 
have found that p53 overexpression is a useful prognostic marker in a variety of 
tumours16"18. To date, no data have been published on the prognostic significance of p53 
protein in DBDC. 

In view of the importance of prognostication of DBDC, the purpose of this 
investigation was to determine the frequency and prognostic value of mutant p53 protein 
overexpression in this type of tumour using IHC. We report here on 47 patients with this 
rare malignancy whose tumours were resected with curative intention. 

MATERIALS AND METHODS 

Patients and histopathological criteria 
The study group consists of 47 consecutive patients with DBDC, who had undergone sub
total pancreatoduodenectomy (Whipple procedure) at the Academic Medical Center 
between 1985 and 1996. Of these patients, 37 were male and 10 female, with a mean age 
of 60 years (range 37-77 years). 

DBDCs were defined as malignant neoplasms arising from the distal portion of the bile 
duct, located between the superior border of the pancreas and the ampulla19. The tumours 
were reviewed by one pathologist (GJAO) and classified into three categories20, as 
follows: 9 patients had a well differentiated tumour, 30 patients had a moderately 
differentiated tumour and the remaining 8 patients a poorly differentiated tumour at the 
time of diagnosis. Complete information on surgical resection margins, degree of tumour 
differentiation, lymph node involvement, perineural invasion and vasoinvasive growth 
was available. Unfortunately, the size was not reported for 8 tumours. Postoperative 
follow-up data were obtained by reviewing the medical records or autopsy reports. 

Immunohistochemistry for p53 
Paraffin-embedded sections of all DBDC specimens were stained for the p53 tumour 
suppressor gene product using the anti-p53 antibody D07, a mouse monoclonal IgG 
antibody. Five um sections of tissue were mounted on 3-aminopropylthrietoxysilane 
(Sigma, U.S.A.) coated glass slides and dried overnight at 56°C. Adjacent sections were 
stained with hematoxylin and eosin to confirm the presence of carcinoma tissue. After 
rehydration, endogenous peroxidase activity was blocked in 0.3% H202 solution in 
methanol for 20 min. Citrate buffer was used for antigen enhancement. Slides were 
submerged in citrate buffer (0.01 M, pH 6.0) and heated in a temperature-probe 
controlled microwave oven for 10 minutes at 100°C. After cooling for 15 min, 10% 
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normal goat serum in phosphate-buffered saline (PBS) was applied for 20 min. The 
sections were subsequently incubated with the primary antibody D07 (Dakopatts, 
Denmark) at a concentration of 1:200 in PBS and biotinylated rabbit anti mouse IgG 
antibody (1:200 in 10% normal human AB serum in PBS) ( Dakopatts, Denmark) for 30 
min. Sections were immunostained using streptavidin-biotin peroxidase complex (1:200 
in 10% normal human AB serum in PBS) (Dakopatts, Denmark) for 30 min. The 
peroxidase was visualized using diaminobenzidine (DAB) as the chromagen and 
counterstaining of the nuclei was done with hematoxylin. Positive controls were sections 
from colonic adenocarcinoma previously shown to express high levels of p53. As a 
negative control, omission of the primary antibody (PBS) was used in each IHC run. 

Stained slides were evaluated by 2 independent investigators who were blinded to the 
other features of these patients. P53 expression was considered positive when more than 
30% of the tumour cells showed nuclear staining. This quantitation is based on our 
previous experience that a cut-off point of 30% made p53 IHC virtually 100% specific 
for underlying mutations in the gene12. 

Statistics 
Differences in frequency distribution of p53 were determined using the Pearson chi-
square test or Fisher's exact test. Survival curves were constructed using the Kaplan-
Meier method, and univariate survival comparisons were made using the log-rank test 
(SPSS 6.0 statistical software). P<0.05 was regarded as statistically significant. 

RESULTS 

In 19 (40%) of the 47 DBDCs examined, there was more than 30% p53 protein 
immunostaining (Figure 1), whereas in the remaining 28 samples a less than 30% 
positivity was encountered. In all cases a specific nuclear staining was seen and 
cytoplasmic positivity was not observed; adjacent areas of normal or reactive bile duct 
tissue also failed to exhibit p53 immunostaining. 

Three patients died post-operatively (hospital mortality 6%) and thus were excluded 
from the survival analysis. Histopathological assessment showed tumour positive margins 
in 21 (45%) of the 47 specimens. Survival data were available on all cases, but one 
patient was lost to follow-up after 2 years, and treated as a censored event at that time. 
In addition to surgical resection, two patients received external beam radiation therapy 
and one patient received both chemotherapy and radiation therapy. The overall median 
survival of patients with a resected DBDC was 20 months. The medical records or 
autopsies revealed that all the patients who died during the follow-up period, had died of 
recurrent tumour. 
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Figure 1. High expression (>30%) of p53 immunohistochemistry was found in this well differentiated 
adenocarcinoma of the distal bile duct. Inset. Staining pattern in p53 immunohistochemistry with antibody 
D07 shown in more detail. 

21 

10 

5 p53 negative 

2 p53 positive 

Figure 2. Cumulative survival (Kaplan-Meier curves) of patients whose tumours were positive for p53 
overexpression (>30% staining) compared with those showing less than 30% staining (Log rank, 
p=0.039). Three patients died post-operatively and were excluded from this survival analysis. 
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A significant correlation was observed between p53 tumour staining and survival 
(p=0.039) (Figure 2); this significance slightly increased after stratification for 
postoperative adjuvant therapy (p=0.024). The median survival of patients with evidence 
of p53 protein accumulation was 13 months compared to 29 months for those patients 
without p53 protein accumulation. P53 overexpression was independent of age (p=0.41), 
sex (p=0.07), positive microscopy of resection margins (p=0.37), histopathological 
grading (p=0.76), lymph-node status (p=0.37), perineural invasion (p=0.66) and 
vasoinvasive growth (p=0.86). The prevalence of p53 protein accumulation in larger 
tumours (> 2 cm) was higher than that found in smaller tumours (< 2 cm), but this did not 
reach statistical significance (p=0.07). 

DISCUSSION 

This study concerns the immunohistochemical results of p53 protein overexpression in 
resected DBDCs, and demonstrates for the fist time that overexpression of p53 nuclear 
protein is an unfavorable prognostic factor in patients with this rare malignancy. In this 
series of 47 patients, the detection of p53 overexpression showed a clear association with 
survival (p=0.039). Due to the relatively small number of patients included in this study, 
multivariate analysis was not possible and the independence to other prognostic variables 
is therefore uncertain. However, the fact that in a previous study21 of the same 47 
adenocarcinomas negative surgical resection margins was the only significant prognostic 
histopathological parameter, suggests that p53 has additional prognostic value. Recent 
IHC studies on a variety of cancers have analyzed p53 overexpression and its impact on 
prognosis. In several tumours, including pancreatic cancer17, bladder cancer18, gastric2223 

and colorectal cancer22, the accumulation of nuclear p53 correlated with shorter patient 
survival time. Washington et al.24 observed no correlation between p53 overexpression 
and survival in 21 carcinomas of the extrahepatic bile duct, but the results of this study 
should be interpreted cautiously in view of the small sample size and incomplete survival 
data. 

The frequency of p53 overexpression detected in this series of DBDC was 40% 
(19/47), a frequency lower than that observed by Diamantis et al.25. By using a cut-off 
point of 10%, Diamantis et al.25 found that 18 (62%) of the 29 stained DBDCs were D07 
positive. It is our experience that high expression (>30%) of p53 protein in IHC is more 
specific for the presence of mutations in the p53 gene12; below the 30% false-positive 
IHC results will be encountered, and this could explain the discrepancy between our 
results and those of Diamantis. In fact, when the 10% cut-off point was used, survival 
differences also became non-significant in our study group. 

Significantly more p53 protein expression has been demonstrated in bile duct 
carcinomas derived from the lower-mid region (62%) than in those arising in the 
proximal region (30%)25, supporting the view that hilar tumours and distal bile duct 
tumours form distinct entities with probably different tumourigenic mechanisms. The fact 
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that most studies do not distinguish between proximal and distal tumours, may be another 
reason why the reported incidence of p53 mutations varies in the literature24252627 

(Table 1). The small number of patients in each study and differences in the sensitivity 
of IHC techniques also contribute to the wide variety of results. To be efficient, IHC 
studies of tumour cells require specific antibodies with high affinity for the antigen and 
no cross-reactivity with other cellular proteins". In our experience D07 has shown to give 
the most sensitive and specific IHC results for the p53 tumour suppressor gene product12. 

Table 1. P53 overexpression in extrahepatic bile duct tumours as determined by immunohistochemistry 
(IHC). 

Tumour location Number Used antibody P53 over-
of patients (cut-off point) expression 

This study Distal* 47 D07 (30%) 19 (40%) 
Diamantis, 19952" Distal 29 D07 (10%) 18 (62%) 

Proximalf 10 D07 (10%) 3 (30%) 
Teh, 19942" CBD} 18 D07 (10%) 7 (39%) 
Washington, 199624 Proximal 13 Ab-2 (5%) 5 (38%) 

CBD 8 Ab-2 (5%) 3 (38%) 
Soon Lee, 19952' CBD 7 CM1/D07(§) 0 

* Distal = Intra-pancreatic location of the tumours, t Proximal = Tumours involving the hepatic duct 
bifurcation, $ CBD = Common bile duct, § Staining of cells was scored on a 4-point scale according to 
both the intensity and proportion of cells staining. 

It is tempting to speculate that the negative prognostic value of p53 overexpression and 
the tendency for increased p53 expression in large tumours (>2 cm) in the present study, 
support the hypothesis that p53 gene alterations occur late in carcinogenesis and therefore 
are involved in the more advanced stages of carcinogenesis "'2X. In this regard, the timing 
of p53 mutation in DBDC progression may be similar to pancreatic head carcinomas29. 
Although resection remains the primary treatment of DBDC, the response to adjuvant 
chemotherapy and radiation therapy may depend on the integrity of the p53 tumour 
suppressor pathway'". P53 status could thus serve as a guide for more selective 
differential therapy in these patients. In addition, patients with p53 mutated tumours may 
in the near future benefit from new adjuvant gene therapy and these patients are likely to 
be identified by IHC staining techniques. 

In conclusion, in the present study p53 protein overexpression was detected in 40% of 
the DBDCs examined and correlated with decreased patient survival. The median survival 
of the patients more than doubled when less than 30% p53 positivity was present. These 
results suggest that aberrant p53 expression is associated with the biologically more 
aggressive DBDC. 
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ABSTRACT 

Background. The genetic background of sporadic distal bile duct carcinoma (DBDC) is 
poorly characterized. The aim of this study was to identificate genes that are involved in 
the tumorigenesis of DBDC and its progression. 
Method. Genetic aberrations were determined by comparative genomic hybridization 
(CGH) in seven xenografts of DBDCs and one fresh frozen DBDC. In addition, 13 
primary DBDC were analyzed using cytogenetics. 
Results. When the results of both methods were combined, the gains were most prevalent 
on chromosome regions (in decreasing order) 8q and 20q (6 tumors each), 12p, 17q and 
Xp (5 tumors each), 2q, 6p, 7p, l lq, 13q, and 19q (4 tumors each). The most frequently 
lost regions were 18q (8 tumors), 6q and 10p (7 tumors each), 8p, 12q and 17p (6 tumors 
each), 7q, 12p, and 22q (4 tumors each). 
Conclusion. This study represents the first analysis of DBDC by CGH and cytogenetics, 
and illustrates the large genetic variability of DBDC and the large amount of changes per 
tumor. Gain of chromosome 8q and 20q and loss of 18q were the most common 
amplifications and deletions respectively and are likely involved in the pathogenesis of 
DBDC. 

INTRODUCTION 

Malignant neoplasms that arise from the distal bile duct are located between the superior 
border of the pancreas and the ampulla' .The lack of early symptoms, the aggressive 
nature and the limited treatment modalities of distal bile duct carcinomas (DBDCs) 
contribute to a high mortality rate. Most patients are not candidates for surgery, leaving 
palliative treatment as the only feasible option. Progress in understanding the genetic 
alterations that could be important in the tumorigenesis and progression of DBDCs has 
been constrained by the limited availability of this rare malignancy. Genetic abnormalities 
identified thus far in biliary tract carcinoma have involved codon 12 of the K-ras 
oncogene2 as well as tumor suppressor genes p53, pl6Illk4/CDKN2, pl5lnk4B/MTS2, and 
DPC43A. However, the molecular genetic approaches used in these studies are restricted 
to the analysis of only one locus and could not assess unknown genetic changes in the 
entire genome. A global overview of genomic changes can be obtained using cytogenetic 
analysis of banded metaphases or by comparative genomic hybridization(CGH)5 7. 

We sought to identify regions of the genome which are altered in DBDC and which 
therefore may contain as yet unidentified genes that could be important for DBDC 
tumorigenesis and progression. We report our analysis of 13 primary neoplasms using 
cytogenetics and of 8 primary tumors using CGH. 
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MATERIALS AND METHODS 

Comparative Genomic Hybridization 
Genomic DNA was isolated from seven xenografts of distal common bile duct 
carcinomas. In addition, DNA was extracted from one fresh frozen bile duct case using 
a standard salt extraction technique. Tumor cellularity for this sample was verified by 
H&E stain. Control DNA was isolated from normal tonsil tissue. Approximately 1 pg of 
DNA from each tumor sample and the control were direct labelled by nick translation 
with DNA Polymerase I/DNase I (Gibco BRL). Tumor samples were labelled with 
Spectrum Green dUTP (Vysis) and the reference DNA with Spectrum Red dUTP (Vysis). 
The reaction was optimized to obtain a product between 600 and 2000 base pairs in 
length. The labelled tumor and reference DNA were combined with Cot-1 DNA (Gibco 
BRL), precipitated, and the resulting pellet resuspended in a 50% formamide, 10% 
dextran sulfate hybridization solution. The resulting probe was denatured in 70% 
formamide at 75°C for 10 minutes and allowed to reanneal for 30 minutes at 37 C. 

Normal male metaphase spreads were prepared from methotrexate synchronized 
lymphocytes of a healthy donor. The slides were aged at room temperature, pretreated in 
2X SSC, and dehydrated in an ethanol series prior to denaturation at 70"C in 70% 
formamide solution. The slides were run through a second series of cold ethanols before 
15 pi of the probe preparation was applied. Coverslips were sealed and the probe 
hybridized in a 37"C humidified chamber for 72 hours. Post-wash was done in 2X SSC 
and a counterstain of DAPI/antifade was applied. 

Gray level digital images of the DAPI, Spectrum Red and Spectrum Green were 
captured with a Zeiss Axioscope epifluorescence microscope and Diagnostic Instrument's 
camera. Whenever possible, a minimum of 15 cells were captured and analyzed for each 
case. The analysis was completed using CytoVision and dedicated CGH software from 
Applied Imaging Corporation, measuring the green to red ratio along the entire length of 
each chromosome. An area of the chromosome was interpreted as a gain of copy number 
when the profile reached a ratio of 1.25. Gain was considered high level when reaching 
a ratio of 1.5. Loss of copy number was recordered when the profile was at a ratio of 
0.75. 

Cytogenetic Analysis 
Thirteen fresh primary adenocarcinomas of the common bile duct were obtained from 
surgical pancreaticoduodenal resections performed at The Johns Hopkins Hospital. The 
tissue was minced in complete RPMI 1640 (16% FBS, 33 U/ml penicillin, 33 pg/ml 
streptomycin, 2 mM L-glutamine) with the addition of gentamicin (4 pg/ml) and 
fungizone (2.5 pg/ml). For further enzymatic disaggregation, 100-400 U/ml collagenase 
type II (Worthington) was added and the tumor was incubated at 37 'C with 5% CO 2for 
several hours, overnight, or occasionally over a weekend. After centrifugation, the cells 
were resuspended in complete RPMI 1640 with gentamicin and distributed equally to 25 
mm2 standard tissue culture flasks (Nunc). In addition, cultures were set up in media 

83 



Chapter 7 

specifically formulated for optimal epithelial cell growth8. The flasks were returned to the 
incubator and monitored daily for growth by an inverted phase microscope. Cell growth 
and mitotic index were used to determine harvest time. Cells were treated with Colcemid 
(Gibco BRL) at 0.01-0.1 ug/ml for 1 to 18 hours, exposed to prewarmed cancer 
hypotonic solution (0.04 M KCl, 0.02 M Hepes, 0.5 mM EGT A) for 20 minutes at 37 G, 
and fixed in three changes of 3:1 methanol:acetic acid. Slides were made and G banded 
using standard methods. A minimum of 20 metaphases were analyzed whenever possible. 
Chromosome abnormalities were classified according to ISCN nomenclature9. Karyotype 
of tumors 92-094 and 93-103 were reported previously as pancreatic adenocarcinoma due 
to the difficulty of assigning organ of origin810 

RESULTS 

The clinical information and method of analysis used for the 13 patients are summarized 
in Table 1. 

Table 1. Clinical characteristics 

Case Age/Sex Grade* Size (cm) 

(cyto#/cgh#)  

PD 3.5 

MD 3.4 

PD 1.6 

MD 0.5 

MD 1.5 

MD 2.0 

PD 2.0 

PD 1.9 

MD 1.5 

MD 2.0 

MD 3.0 

MD >3.0 

MD 1.2 

MD 2.5 
* MD = moderately differentited; PD = poorly differentiated 
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92-094/Px 11 83/M 

93-103/Px53 66/F 

93-220/ Px87 55/M 

94-023/ Px96 77/F 

93-091/PxlOO 60/F 

94-087/Pxl 21 51/F 

na/ Px258 52/M 

93-076/ 93-076 64/F 

93-205 73/F 

94-057 68/M 

94-073 45/F 

94-183 76/F 

94-211 47/F 

94-225 35/F 
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All the tumors were restricted to the intrapancreatic portion of the common bile duct. 
Seven tumors, Pxl 1, Px53, Px87, Px96, Px 100, Pxl21 and 93076, could be analyzed by 
both methods, i.e. CGH of the xenograft (or fresh tumor, in case 93076) and karyotype 
analysis of the original primary tumor at resection. 

CGH 
All seven DBDCs that were analyzed by CGH in this study exhibited DNA copy number 
changes in multiple chromosomes. Seventy-four abnormalities were seen. An overview 
of the genetic aberrations that were detected by CGH are summarized in Table 2 and 
Figure 1. Gains were more frequent than losses (2.2:1). Two tumors showed no copy 
number deletions by CGH. The average number of DNA aberrations per tumor was 10.6. 
With the exception of chromosomes 4 and 21, all chromosomes were involved in 
imbalances. The most frequently detected chromosomal imbalance was amplification of 
8q (6 cases), with the commonly gained region of 8q24. This was a gain of the whole arm 
in 4 tumors (a high level gain in 3) and high copy gain of 8q21.2-24.3 and of q21-qter in 
each of 2 others. Gains occurring in at least 2 tumors included 2q (3 cases), 3q (2 cases), 
6p (3 cases), llq(3cases), 12p(4cases), 13q21-31(4 cases), 15q(2cases), 17ql 1.2-21 
(3 cases), 19q (4 cases), 20q (3 cases) and 22ql3 (3 cases). The most common loss was 
18q21-23 (4 cases); recurrent losses were detected at 3p (2 cases) and 8p (3 cases). 

Table 2. Summary of CGH results. 

Case Regions of Gain Regions of Loss 

Pxll 19q. 22q lp36.1-pter, 5ql3-q34,9p21-pter. 
9pl2-q32, 18q21-qter 

Px53 Iq31-q42, 8q, 12p, 17q21-q22, Ip34.1-p36.1,6, 10q23-qter, 15q22-q25, 
19q 19pl3.2-pter, 22ql3-qter 

Px87 2q24-qter, 12p, 13ql4-q31, 19q, 18ql2-qter 

Xq26-qter 

Px 96 2, 3q, 6, 8q, 12pter-ql4, 13q, 19q, 20 

PxlOO 6p21.3-qter, 8q21.1-qter, 11, 13q, 8pter-q21.1. 16ql3-qter. 18ql 1.2-qter 
14qll.2-q24, L5q, 17q, 18pll.2-qll.2 

Pxl21 2q21-qter, 5pl4-pter, 6pl0-p21.3, 8q, 3p, 6ql6-qter, 7q31-qter, 8p, 18ql2-qter 
10,11, 12, 13q, 15q, 16, 17q, 20 

Px258 3q25-qter, 8q24.1-qter, 18p, 
20ql3.1-qter, 22ql3-qter 

93-076 Iq21-q25,8q, llq23-qter, 3p, 6q, 8p 
17qll.2-q21,20, 22ql3-qter 
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Figure 1. Ideogram summarizing CGH results. Loss is shown to the left and gain to the right of each 
chromosome. Thick lines indicate high level loss or gain. Breakpoints are estimated. 
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Figure 2. Ideogram summarizing cytogenetic results. Loss is shown to the left and gain to the right of each 
chromosome. Dots indicate breakpoints resulting from balanced translocations or inversions. 
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Table 3. Summary of Cytogenetic Analysis. 

Case Karyotype 
(cyto#/cgh#) 

92-094*/ Px 11 45,X,-Y,t( 1 ;7)(p32;p 14),-5,t(9; 19)(q 12;p 12),+3mar[cp4] 

93-103*/Px53 42-45,XX,del(l)(p3?5),+del(l)(q42),-2,del(2)(pll),del(4)(pll), 
der(5)t(5;5)(pl4;q?14),i(?5p),-6,del(6)(ql?3),inv(7)(p22q32), 
del(8)(p22),del(9)(q21),-I0,der(ll)t(ll;12)(pl4;ql3),-12,-13, 
dup(14)(q32q31),-15,-17,add(17)(q24),add(19)(pl3.3),add(21)(pll), 
?del(21)(q22),-22,+dms[cpl 1] 

93-220/ Px87 60-68,XY,-X,-4,+5,+7,der(8;9)(ql0;ql0),-10,-10,-12,-15,del(16)(q?22), 
-17,add(18)(q21)x2,+ 19,+20,der(19)t(19;21)(pl3.1;q21)x2,-22, 
+1 ~3mar,[cp9]/46,XY[22] 

94-023/ Px96 47,XX,+7[6]/46,XX[241 

93-091 / Px 100 73-85 ,X,add(5)(p 11 )x2,add( 11 )(p 11.2)x2,+r,+mar 1 x3,+mar2x2, 
+mar3x3,+mar4x2,+mar5x3,inc[cp3] 

94-087/ Pxl 21 39-46,XX,+X,-3,der(6; 15)(pl0;ql0),-7,-9,-10,-12,der(l 3; 17)(ql 0;q 10), 
-14,add(14)(pll.l),-17,-18,-21,+r,+marl,+mar2[cp5] 

93-076/93-076 37-53,XX,add(3)(pll),add(4)(q?31.1),del(6)(ql3),del(6)(ql2), 
+add(6)(q?13),-7,i(8)(ql0),-9,add(14)(q31),-17,-18,+20,-21,-22, 
add(22)(ql?3),+mar,l~3dmin[cp9]/75-89<4n>,idemx2[cp5]/46,XX[9] 

93-205 46,XX[13] 

94-057 42-44,der(X;7)(ql0;pl0),-Y,del(l)(p34.1),add(4)(pl5.2),-6,-9, 
del(9)(p22),-10,add( 10)(q24),add(12)(q21 ),add( 13)(q22),add( 13)(q31 ), 
-14,+ 15,-18,-18,+ l~5mar[cp6] 

94-073 81 -88,XX,-X,-X,-4,-4,-5,-5,del(6)(q21)x2,del(7)(q32), 
+del(7)(pll.2pl5)x2,-8,-9,add(10)(pl3)x2,-ll,add(ll)(pl0)x2, 
del(12)(pll.l)x2,der(12)t(12;13)(ql5;ql4)x2,-13,-13,add(13)(pl0)x2, 
add(14)(pl0)x3,-15,-16,-16,i(17)(ql0)x2,-18,-18,add(19)(ql3.4),+20, 
-21 ,-22,+marlx2,+mar2x2[cp9]/46,XX[8] 

94-183 45-55,XX,-X,+2,+add(3)(qll.2),+4,+add(5)(q35),del(6)(q21), 
+del(7)(pl3pl5),+add(8)(pl0),+der(9;22)(ql0;ql0)x2,add(10)(pll.l), 
+ H,+add(15)(pll.l),+ 16,i(21)(qlO)[cp9] 

94-211 33-39,X,der(X; 13)(q 10;q 10),add(3)(p 10),-6,del(l 0)(p 11,2p 13),-12, 
dup( 12)(q 11 q 13)-14,-15,-17,-18,-19,-20,+mar[cp7]/46,XX[32] 

94-225 45,XX,-16[3]/46,XX[291 
*Karyotypes written here as previously published in 1st and 2nd pane papers. 
Note: Cytogenetic data was not available for one CGH sample, Px258. 
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Karyotype analysis 
One hundred sixty-six numerical and structural alterations were seen in 13 tumors, with 
an average of 12.7 per tumor. Only normal metaphases were seen in one of the tumors. 
Results are summarized in Table 3 and Figure 2. Structural abnormalities were common, 
including the presence of at least 22 "marker" (unidentifiable) chromosomes. Genomic 
losses were more frequent than gains. The most common areas of loss were the following: 
6q (9 different abnormal or missing chromosomes in 6 tumors), 10p (7 abnormalities in 
7 tumors), 12q (6 abnormalities in 6 tumors), 17p (7 abnormalities in 6 tumors), 12p (6 
abnormalities in 5 tumors), 18q (6 abnormalities in 6 tumors), 22q (5 abnormalities in 4 
tumors), Xp (5 abnormalities in 5 tumors). Genomic loss occurred through either whole 
chromosome loss or partial deletions. The most frequent gains were those of chromosome 
20 (3 tumors), 7p and 7q (4 tumors each). 

• » 

>? 
1 

/ ' / 

ft I! li I il » n 

Figure 3A. Karyotype and CGH analysis of case 93-076. (A) Karyotype of this cell includes the 
isochromosome(8q), add(14)(ql 1), -17, -18, +20, -22, and marker chromosome seen in multiple cells and 
reported in the composite karyotype (Table 2). Inset shows add(3p) and del(6q) from another cell, also 
part of the composite karyotype. 
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c h r o m o s o m e s 
c e l l a v e r a g e 
s l i d e a v e r a g e 
0.5 0,75 1 1.35 1.S 

13 n = 2 2 1 4 n=19 15 n = 2 3 16 n=20 17 n = 2 4 18 n = 2 2 

Bifku m 
19 n-22 20 n-26 21 n-2S 22 n-2S S' n-13 

Case: CGH98-025 Slide: 1 Cell: 1 Patient: 93076 

Figure 3B. CGH analysis shows loss of 3p, 6q, 8p and gain of i 

Summary of Genomic regions most frequently gained or lost 
Combining the results of either method of analysis, 9 chromosomal arms were observed 
to be gained in whole or in part and 11 chromosomal arms were lost in whole or in part 
in at least four tumors each. The most frequently lost chromosomal regions were, in 
decreasing order: 18q (8 tumors), 6q and 10p (7 tumors each), 8p, 12q and 17p (6 tumors 
each), 7q, 12p, and 22q (4 tumors each). The most frequently gained regions were 8q and 
20q (6 tumors each), 12p, 17q, and Xp (5 tumors each), 2q, 6p, 7p, 1 lq, 13q, and 19q (4 
tumors each). 

We were able to compare results obtained by CGH and karyotype analysis in seven 
tumors. An example of such a case is seen in Figure 3. Overrepresentation of 8q and 
simultaneous deletion of 8p observed by CGH could be seen on the karyotype to arise 
from the formation of an isochromosome 8q; loss of 3p material is indicated by the 
addition of unidentified material at 3pl 1 ; loss of 6q was visible as two different derivative 
chromosomes showing 6q deletions. Other examples of concordance include tumor 94-
087/PX121, where the chromosome der(6)(15)(pl0;ql0) provides cytogenetic evidence 
of the CGH finding of gain of 6p and 15q with loss of 6q; and tumor 93- 103/Px53, where 
the chromosome del(l)(p35) concurs with CGH evidence of lp34-36 loss. Identification 
of loss or gain of whole chromosomes was less consistent between the two methods. 
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DISCUSSION 

Our goal was to localize genetic changes in DBDC, especially previously unrecognized 
chromosomal loci. CGH was used in conjunction with karyotype analysis to detect 
chromosomal imbalance in DBDCs because aberrations may be missed when only one 
of the two techniques is used. 

The copy number increase affecting chromosome 8q was one of the most common 
chromosomal gain in this small set of DBDCs and suggests that overrepresentation of 8q 
may be important for DBDC pathogenesis. Amplifications of 8q are frequently seen in 
many different kinds of tumors""'3 and has been suggested to be associated with 
subsequent tumor progression in breast carcinoma5 H and ovarian tumors". A known 
oncogene, c-MYC, has been mapped to 8q2416 but it is not known whether this gene or 
other as yet unidentified genes in this region contribute to the tumorigenesis and 
progression of DBDC . 

Gains of 20 q were also observed in 6 tumors. Breast cancer14, pancreatic cancer"117 

and different gastrointestinal tumors " '3 have been reported to harbor gains in 20q. Gain 
of 20ql3 has been associated with candidate gene MYB12l&, which plays an essential role 
during cell cycle progression",19. E2F (at 20ql 1.2) codes for a protein which binds the 
RB protein and is therefore important in DNA replication2". Gain of 12p was also 
common, seen in 5 tumors. The proto-oncogene KRAS211 is located at 12pl2.3. This 
oncogene is the most commonly mutated oncogene in pancreatic carcinoma22 and in 
DBDC2 and is likely to be an early event in the development of these tumors. 

Amplification of 17q was observed in 5 tumors. The gene ERBB216, is located at 
17q21.2. This oncogene is amplified in breast carcinoma14 and gastric carcinoma16 and 
correlates also with decreased survival in ovarian cancers' '. Overrepresentation of Xp was 
also seen in 5 tumors; the oncogenes ELK1 (Xpl 1.2) and ARAF1 (Xpl 1.2-pl 1.4) might 
be candidate genes in these regions. Four tumors each had overrepresentation of 13q and 
19q respectively. Several interesting genes are located in these regions. On chromosome 
13, RB and FKHR are located. RB is a gene critical in the formation of retinoblastoma 
and sarcomas. FKHR is a member of the forkhead domain family, which encodes 
transcription factor's including a conserved DNA-binding motif; when fused with FAX3 
in alveolar rhabdomyoscarcoma, a potent transcriptional activator is formed21. The AKT2 
gene, at 19ql3.1-ql3.2, is an interesting candidate gene for importance in DBDC. This 
gene has been shown to be amplified and overexpressed in approximately 13% of ovarian 
cancer24 and 10% of pancreatic cancers2'. Expression of antisense AKT2 RNA in 
pancreatic cancer cells led to significant reduction of tumor formation in nude mice, 
suggesting an important contribution of AKT2 to the malignant phenotype2"1. So far, it is 
unclear if these amplified genes play a role in the carcinogenesis of DBDC. 

Distinct overrepresentation of 2q, 6p, 9q31-34, 7p, 1 lq were found in this study and 
have been reported before in other solid tumors12'13,26"28. These amplified regions, even 
when detected infrequently, could harbor, as yet unknown, oncogenes that might play a 
role in the tumorigenesis of DBDC. 
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In addition to amplified or overrepresented sites, several chromosomal regions containing 
previously known or suspected tumor suppressor gene loci in pancreatic cancer were 
found to be lost from the DBDC neoplasms which we studied. We were able to detect 
loss of chromosome region 18q in 8 of the 13 cases analyzed. This observation could 
correlate with inactivation of the candidate tumor suppressor gene DPC429, at 18q21.1, 
which may only be operative in particular gastrointestinal organs. Homozygous deletion 
of DPC4 was found in 53% of pancreatic carcinomas10 and in 4 out of 5 (80%) common 
bile duct tumors3. Loss of another important candidate tumor suppressor gene from this 
region, DCC at 18q21.3, is often found in colorectal cancer11, breast cancer7, and 
pancreatic cancer52. Loss of the long arm of chromosome 6 was seen in 7 tumors. We 
have observed loss of portions of 6q in adenocarcinoma of the pancreas*|:. There is 
reason to suspect that 6q harbors more than one tumor suppressor gene's. 

We found more genomic areas to be overrepresented than deleted using CGH. 
Deletions of chromosomal regions are more difficult to detect by CGH than are gains of 
genetic material33 and may have led to an underestimation of allelic losses in this study. 
Reasons for this limitation in CGH deletion detection have been suggested. One has been 
the resolution limits of the CGH technique5 and the size of the involved region, which has 
to exceed 5-10 Mb to be detected. Dilution of the tumor cell population by inflammatory 
or other non neoplastic cells, which is common in DBDCs, could mask genomic changes 
which are not present in the majority of cells analyzed. Our use of xenografts should have 
minimized this problem, however. 

In conclusion, this study illustrates the tremendous genetic variability of DBDC and 
the large amount of changes per tumor, supporting the idea that accumulation of changes 
is important for tumor progression, just as it occurs in the colon31 and the pancreas30. 
Most of the genetic aberrations found in this study have previously not been described 
in DBDC. It should be noted, however, that the amplifications newly described for 
DBDC match amplifications found in other solid tumors, mainly by CGH. Gain of 
chromosome 8q and 20q and loss of 18q were the most common amplifications and 
deletions respectively and are likely to play a pivotal part in tumorigenesis of DBDC. The 
relevance of the new identified regions of gains and losses found in this study have to be 
determined by future studies, focussing on the identification of these genes. Although 
CGH and karyotype analysis are complementary techniques, it is likely that the actual 
prevalence of these chromosome aberrations may even be higher. 

Acknowledgement 
This work was supported by The Dutch National Cancer Institute (Queen Wilhelmina 
Fund) grants to A.M. Rijken. 

91 



Chapter 7 

REFERENCES 

1. Anonymous American Joint Committee on Cancer. Extrahepatic bile ducts (exclusive of ampulla 
and intrapancreatic bile duct). In Manual for Staging of Cancer, Second Edition Philadelphia: JB 
Lippincott, 1983; 91-94. 

2. Rijken AM, van Gulik TM, Polak MM, Sturm PDJ, Gouma DJ, Offerhaus GJA. The incidence of 
K-ras codon 12 mutations in resected distal bile duct carcinoma. What is its diagnostic and 
prognostic value? J Surg One 1998; 68: 187-192. 

3. Hahn SA, Bartsch D, Schroers A et al. Mutations of the DPC4/Smad4 gene in biliary tract 
carcinoma. Cancer Res 1998; 58: 1124-1126. 

4. Yoshida S, Todoroki T, Ichikawa Y et al. Mutations of pl6-Ink4/CDKN2 and pl5-Ink4B/MTS2 
genes in biliary tract cancers. Cancer Res 1995; 55: 2756-2760. 

5. Forozan F, Karhu R, Kononen J, Kallioniemi A, Kallioniemi OP. Genome screening by 
comparative genomic hybridization. Trends Cell Biol 1997; 13: 405-409. 

6. Kallioniemi OP, Kallioniemi A, Piper J, Waldman FM, Gray JW, Pinkel D. Optimizing 
comparative genomic hybridization for analysis of DNA sequence copy number changes in solid 
tumors. Genes Chromosom Cancer 1994; 10: 231-243. 

7. Kallioniemi A, Kallioniemi OP, Sudar D et al. Comparative genomic hybridization for molecular 
cytogenetic analysis of solid tumors. Science 1992; 258: 818-821. 

8. Griffin CA, Hruban RH, Morsberger LA et al. Consistent chromosome abnormalities in 
adenocarcinoma of the pancreas. Cancer Res 1995; 55: 2394-2399. 

9. Anonymous ISCN 95: An international system for human cytogenetic nomanclature ( 1995). Basel: 
S. Karger, 1995. 

10. Griffin CA, Hruban RH, Long PP, Morsberger LA, Douna-Issa F, Yeo CJ. Chromosome 
abnormalities in pancreatic adenocarcinoma. Genes Chromosom Cancer 1994; 9: 93-100. 

11. Kokkola A, Monni O, Puolakkainen P et al. 17ql2-21 amplicon, a noval recurrent genetic change 
in intestinal type of gastric carcinoma: a comparative genomic hybridization study. Genes 
Chromosom Cancer 1997; 20: 38-43. 

12. Marchio A, Meddeb M, Pineau P et al. Recurent chromosomal abnormalities in hepatocellular 
carcinoma detected by comparative genomic hybridization. Genes Chromosom Cancer 1996; 18: 
59-65. 

13. Knuutila S, Bjorkqvist A, Autio K et al. DNA copy number amplifications in human neoplasms. 
Review of comparative genomic hybridization studies. Am J Path 1998; 152: 1107-1123. 

14. Isola JJ, Kallioniemi OP, Chu LW et al. Genetic aberrations detected by comparative genomic 
hybridization predict outcome in node-negative breast cancer. Am J Path 1995; 147: 905-911. 

15. Iwabuchi H, Sakamoto M, Sakunaga H et al. Genetic analysis of benign, low-grade, and high-grade 
ovarian tumors. Cancer Res 1995; 55: 6172-6180. 

16. Schwab M, Amler LC. Amplification of cellular oncogenes: a predictor of clinical outcome in 
human cancer. Genes, Chromosomes Cancer 1990; 1: 181-193. 

17. Fukushige S, Waldman FM, Kimura M et al. Frequent gain of copy number on the long arm of 
chromosome 20 in human pancreatic adenocarcinoma. Genes Chromosom Cancer 1997; 19: 
161-169. 

18. Noben-Trauth K, Copeland NG, Gilbert DJ et al. Mybl2 (Bmyb) maps to mouse chromosome 2 and 
human chromosome 20ql3.1. Genomics 1996; 35: 610-612. 

19. Barks JH, Thompson FH, Taetle R et al. Increased chromosome 20 copy number detected by 
fluorescence in situ hybridization (FISH) in malignant melanoma. Genes Chromosom Cancer 1997; 
19: 278-285. 

20. Lees JA, Saito M, Valentine M et al. The retinoblastoma protein binds to a family of EF2 
trancription factors. Molec Cell Biol 1993; 13: 7813-7824. 

21. Bos JL. ras oncogenes in human cancer: a review. Cancer Res 1989; 49: 4682-4689. 

92 



Genomic survey of distal bile duct carcinoma 

22. Hruban RH, van Mansfeld AD, Offerhaus GJ et al. K-ras oncogene activation in adenocarcinoma 
of the human pancreas. A study of 82 carcinomas using a combination of mutant-enriched 
polymerase chain reaction analysis and allele-specific oligonucleotide hybridization. Am J Pathol 
1993; 143: 545-554. 

23. Fredericks WJ, Galili N, Mukhopadhyay S et al. The PAX3-FKHR fusion protein created by the 
t(2:13) translocation in alvoalar rhabdomyosarcomas is a more potent transcriptional activator than 
PAX3. Mol Cell Biol 1995; 15: 1522-1535. 

24. Cheng JG, Godwin AK, Bellacosa A et al. AKT2, a putative oncogene encoding a member of a 
subfamily of protein-serine/threonine kinases, is amplified in human ovarian carcinomas. Proc Nat 
Acad Sei 1992; 89: 9267-9271. 

25. Cheng JG, Ruggeri B, Klein WM et al. Amplification of AKT2 in human pancreatic cancer cells 
and inhibition of AKT2 expression and tumorigeneicity by antisense RNA. Proc Nat Acad Sei 
1996;93:3636-3641. 

26. Voorter C, Joos S, Bringuier P et al. Detection of chromosomal imbalances in transitional cell 
carcinoma of the bladder by comparative genomic hybridization. Amm J Pathol 1995; 146: 
1341-1354. 

27. Nishizaki T, Devries S, Chew K et al. Genetic alterations in primary breast cancers and their 
metastases: direct comparison using modified comparative genomic hybridization. Genes 
Chromosom Cancer 1997; 19: 267-272. 

28. Solinas-Toldo S, Wallrapp C, Muller-Pillasch F, Bentz M, Gress T, Lichter P. Mapping of 
chromosomal imbalances in pancreatic carcinoma by comparative genomic hybridization. Cancer 
Res 1996; 56: 3803-3807. 

29. Hahn SA, Schutte M, Shamsul Hoque ATM et al. DPC4, a candidate tumor suppressor gene at 
human chromosome 18q21.1. Science 1996; 271: 350-353. 

30. Rozenblum E, Schutte M, Goggins M et al. Tumor-suppressive pathways in pancreatic carcinoma. 
Cancer Res 1997; 57: 1731-1734. 

31. Fearon ER, Vogelstein B. A genetic model for colorectal tumorigenesis. Cell 1990; 61: 759-767. 
32. Hohne MW, Halatsch M, Kahl GF, Weinel RJ. Frequent loss of expression of the potential tumor 

suppressor gene DCC in ductal pancreatic adenocarcinoma. Cancer Res 1992; 52: 2616-2619. 
33. Houldsworth J, Chaganti RSK. Comparative genomic hybridization: an overview. Am J Pathol 

1994; 145: 1253-1260. 

93 



94 



Chapter 8 

Summary and General Discussion 

95 



Chapter ! 

SUMMARY 

This study of molecular events in distal bile duct tumour genesis gives further insight into 
the pathogenesis and progression of one of the most fatal human cancers. In the present 
thesis we have investigated parameters that contribute to defining the biological profile 
ofDBDC. 

Chapter 1 provides an overview of the epidemiology, symptoms and therapeutic options 
of distal bile duct carcinoma (DBDC). Different, currently available prognostic factors 
in DBDC were reviewed. 

Most human neoplasm's contain detectable chromosome abnormalities and this, of itself, 
is strong evidence for neoplasia. Flow cytometry (FCM) offers the possibility to measure 
the DNA content of a large population of cells in solid tumours and in dispersed cells, 
whereas image cytometry (ICM) has the capability to analyse the DNA content of 
individual cells rather than large populations. The aim of the study described in 
Chapter 2 was to determine the role of FCM combined with ICM in effusions of a 
variety of patients in conjunction with the more convential, but time proven, cytologic 
technique and to determine its utility. One hundred twenty-six effusion samples from 102 
patients were examined by cytology and FCM. FCM revealed an aneuploid peak in 20 
(56%) of the 36 malignant cases determined by cytologic examination. ICM performed 
on the malignant cytologic cases with a diploid flow pattern detected two additional 
aneuploid peaks. In addition, FCM indicated three aneuploid cases in which cytologic 
characteristics were initially interpreted as benign (false negative). Aneuploidy was 
therefore detected in 64% of the malignant effusion specimens by FCM and ICM. 
Twenty-three of the total of 24 aneuploid cases detected by FCM were associated with 
malignancy (predictive value=96%), there was one false-positive case with FCM. 
Aneuploidy by itself is therefore not a conclusive sign of malignancy. FCM is an 
excellent tool when moderate to large numbers of tumour cells are present, whereas use 
of ICM is advantageous for specimens containing smaller numbers of malignant cells 
because these can be directly analysed. When an aneuploid peak is present, a diagnosis 
of malignancy must be suspected, and, if the initial cytological screen is negative, a 
critical review of the cytology slides is justified. In some malignancies the tumour cells 
will be diploid (in this study 36%) and neither FCM nor ICM will add to tumour 
detection. 

DNA content has gained importance as an independent prognostic variable in a number 
of tumours and can be assessed by FCM. Proliferation is another feature of tumours that 
has been used to determine their malignant potential. Ki-67 antigen expression provides 
a direct measure of the growth fraction of tissue and is an accurate indicator of cell 
proliferation. In Chapter 3, the prognostic value of cell proliferation (Ki-67 antigen) and 
DNA content was investigated in 35 patients with DBDC who underwent a 
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pancreatoduodenectomy between 1985 and 1992. Microscopically radical resection 
margins were achieved in only 54% of patients reflecting the aggressive nature of this 
malignancy. A significant correlation was found between decreased survival time and the 
extent of nuclear reactivity with Ki-67 (p=0.035), using a cut-off point of 20%. Flow 
cytometry revealed a 35% aneuploidy rate, but, no correlation of DNA-ploidy with 
survival time could be found (p=0.62). Thus, Ki-67 antigen proved to be an additional 
parameter to predict more reliably the behaviour of this kind of tumour in the individual 
patient, confirming the hypothesis that fast growing cancers are more rapidly fatal than 
those that are slow-growing. 

In Chapter 4 we have shown in a comparative study that approximately 59% of DNA 
histograms in DBDC contained aneuploid cell populations as documented by flow 
cytometry (FCM) and image cytometry (ICM). Both, FCM and ICM, were 
complementary methods in this study to identify aneuploid tumour populations. When 
results could be compared, a moderate strength of agreement (Kappa=0.45) was 
demonstrated. We detected more cases of aneuploidy with ICM than FCM in formalin-
fixed, paraffin-embedded DBDCs, 62% versus 33%, respectively. Most discrepancies 
between FCM and ICM were due to the dilution of aneuploid populations by non 
neoplastic diploid cells, which are common in DBDC. ICM showed a higher sensitivity 
for detection of minor DNA-aneuploid cell population, and FCM for detection of near-
diploid tumours. DNA-ploidy assessment in DBDC, unfortunately, did not offer the 
possibility to improve the ability to predict survival. Attempts to correlate DNA-ploidy 
with decreased patient survival in DBDC have not been successful in our studies. We 
therefore think that routine determination of ploidy values in DBDC will not alter current 
clinical practice. 

K-ras codon 12 is the predominant type of oncogene mutation in various tumours. Thus 
far, only limited data are available precluding a systematic correlation between the 
incidence of K-ras mutations and prognosis in DBDCs. In Chapter 5 we describe a study 
to address the incidence of K-ras codon 12 and to investigate its prognostic and 
diagnostic value in resected DBDC. A polymerase chain reaction (PCR) was used to 
detect mutations in 47 patients who had undergone resection for DBDC. The PCR 
mismatch amplification technique demonstrated that 35 (75%) of the 47 tumours 
harboured a point mutation in codon 12 of the K-ras oncogene. Patients with mutated 
tumours had no statistically different survival time compared to those patients without a 
mutation in the tumor (p=0.34). If negative microscopic margins were obtained after 
resection, survival was significantly improved (p=0.005). The finding that a high 
incidence of the tumors in this study harbor a K-ras codon 12 mutation indicates that 
activation of this oncogene must be an important event in distal biliary tract 
carcinogenesis. Although K-ras codon 12 mutations have no value as a prognosticator, 
it may prove to be useful in the diagnosis and early detection of these tumors. Because 
of the limited amount of patients studied, the results of this analysis must be viewed with 
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caution. The results of this study also suggest that the state of the surgical resection 
margins remains the mainstay of prognostication in resectable DBDC. 

The most common genetic alteration in human cancers is mutation of p53. The product 
of p53 mutations, mutant p53 protein, disrupts critical growth-regulating mechanisms and 
can be detected rapidly by routine immunohistochemical staining. Chapter 6 focuses on 
the incidence and prognostic value of mutant P53 expression in resected DBDC. Nineteen 
(40%) of the 47 tumours investigated demonstrated positive (>30%) p53 protein 
immunostaining. Focal or negative staining was seen in the remaining 28 (60%) cases. 
Overall, the detection of P53 overexpression showed a clear association with survival 
(p=0.039). In fact, the median survival more than doubled when less than 30% p53 
positivity was present. P53 overexpression was independent of sex, tumour size, 
radicality of resection, histopathological grading, lymph-node status, perineural invasion 
and vasoinvasive growth. This study indicates that low (<30%) or negative p53 
overexpression is a favorable prognostic factor in patients with resected DBDC. Aberrant 
p53 expression (>30%), on the other hand, is associated with the biologically more 
aggressive DBDC. 

Comparative genomic hybridization (CGH) is based on hybridization of differentially 
labelled tumour and normal DNA on normal chromosome spreads. This technique has the 
advantage of providing a global view of DNA increases (amplifications) and DNA 
decreases (deletions) that have occurred anywhere in the genome, in stead of targeting 
only one locus at a time. 

Because the somatic genetic changes in sporadic DBDC is poorly characterized, we 
used CGH and cytogenetics to identify genes that are involved in the tumourigenesis of 
DBDC and its progression (Chapter 7). Genetic aberrations were determined by 
comparative genomic hybridization (CGH) in seven xenografts of DBDCs and one fresh 
frozen DBDC. In addition, 13 primary DBDC were analysed using cytogenetics. When 
the results of both methods were combined, the gains were most prevalent on 
chromosome regions (in decreasing order) 8q and 20q (6 tumors each), 12p, 17q and Xp 
(5 tumors each), 2q, 6p, 7p, 1 lq, 13q, and 19q (4 tumors each). The most frequently lost 
regions were 18q (8 tumors), 6q and 10p (7 tumors each), 8p, 12q and 17p (6 tumors 
each), 7q, 12p, and 22q (4 tumors each). In conclusion, this study represents the first 
analysis of DBDC by CGH and cytogenetics, and illustrates the large genetic variability 
of DBDC and the large amount of changes per tumor. Gain of chromosome 8q and 20q 
and loss of 18q were the most common amplifications and deletions respectively and are 
likely involved in the pathogenesis of DBDC. 
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GENERAL DISCUSSION AND FUTURE PERSPECTIVES 

Today, the state of the surgical margins is used as the main postoperative indicator of 
prognosis, but the addition of genetic markers could further help to characterise the 
tumour phenotype and thereby guide the treatment. Prognostic factors will only become 
clinically significant when they can be applied in clinical decision-making. Although it 
is encouraging that Ki67 and p53 protein overexpression in this study give a guide to 
prognosis, its use to predict the outcome for individual patients should be used with 
caution. Ideally, the clinical use of prognostic factors should be assessed in prospective 
studies, before application to distinguish between major surgery or medical treatment. 
The presence of an aneuploid population or K-ras mutation did not predict for an 
increased stage or reduced survival of patients with DBDC in our series. However, 
identification of K-ras mutation as a crucial genetic alteration in this study could permit 
development of molecular-based diagnostic tools. 

Other gene regions also undergo mutation in DBDC, but additional studies are needed 
before definitive conclusions can be made with respect to their importance in the 
pathogenesis of DBDC. Among the wide spectrum of genetic aberrations we found in 
advanced DBDCs, using CGH and karyotype analysis, the most interesting ones are 
presumably those that occur in premalignant and pre-invasive lesions. A major limitation 
in the analysis of genetic changes in the early stage of tumour genesis is that premalignant 
lesions usually constitute a small fraction of cells. In the premalignant phase of DBDC, 
these cells can only be obtained during endoscopic retrograde cholangiopancreatography. 
By using PCR based methods it may be possible to detect the premalignant genetic 
aberrations in the near future, which might be helpful in evaluating the malignant 
potential of the DBDC in the individual patient. 

Our results shed some light on the sequence of carcinogenic events involving K-ras 
and p53 protein overexpression. Purely based on the incidence rate, it can be argued that 
K-ras mutations may happen earlier during distal bile duct carcinogenesis than p53 
protein overexpression. It is tempting to speculate that this alteration of a growth-
promoting gene is presumably essential in strongly stimulating the proliferation of the 
distal bile duct tumour cells, increasing the risk of subsequent genetic errors. Subsequent 
overexpression of p53 oncoprotein might be an additional trigger in progression to 
genomic instability and a more aggressive phenotype. 

The results from this study indicate a striking biological analogy between DBDC and 
pancreatic carcinoma and support the hypothesis from Longnecker' that the initiation and 
progression of both tumours may involve the same mechanisms. 

To improve outcome, the development of new therapeutic strategies is of major 
importance in the treatment of these patients. In contrast to colorectal adenoma, the 
endoscopic identification and treatment of early neoplastic lesions of the distal bile duct 
is not a realistic option in the near future. Theoretically, a genetic approach to defects in 
tumor-suppressor genes is more feasible and the mutated p53 gene provides excellent 
targets for new adjuvant therapy23. The development of drugs to mimic or restore the 
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tumour suppressor function of p53 or drugs to inhibit the acquired activity of mutant p53 
(protein) are novel strategies that could have a therapeutic benefit2'4,3. In this respect, the 
selective killing of cancer cells expressing high levels of mutant p53 protein and the 
inhibitory effect of wild type p53 gene on clonal growth of carcinoma cells are 
encouraging results from previous cell culture studies6-7. In addition, blocking K-ras 
activity by inhibition of an enzyme called farnesyl transferase may be another treatment 
strategy8, especially because K-ras codon 12 mutation is probably an important early 
event in DBDC carcinogenesis. Therefore, gene therapy or pharmacological therapy 
could be a promising first step towards a new therapeutic approach for treating patients 
with DBDC but its efficacy has to be determined in studies designed to address this issue. 
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SAMENVATTING 

Het distale galwegcarcinoom wordt samen met het pancreas(duct)carcinoom en het 
papilcarcinoom gerekend tot de carcinomen in het (peri)ampullaire gebied. Hoewel de 
papilcarcinomen in deze groep de beste prognose hebben na resectie, en de 
pancreascarcinomen de slechtste prognose, zijn in iedere groep patiënten te onderscheiden 
die opvallend kort of opvallend lang overleven. Zo varieert in de literatuur de 5-jaars 
overleving van patiënten met een distaal galwegcarcinoom die een subtotale 
pancreatoduodenectomie (resectie volgens Whipple) hebben ondergaan, van 18 to 39 
procent. Bij de meeste patiënten is echter de tumor bij diagnose reeds uitgezaaid of lokaal 
in de omgevende structuren gegroeid, waardoor palliatieve behandeling de enige optie is. 
De microscopische status van de chirurgische resectie vlakken is tot op heden de 
belangrijkste prognostische klinische parameter voor het distaal galwegcarcinoom. Helaas 
is het niet mogelijk om alleen aan de hand van dit criterium een betrouwbare inschatting 
te maken van de prognose van een individuele patiënt, additionele informatie is hiervoor 
noodzakelijk. 

Er is de laatste jaren grote belangstelling voor de moleculair genetische achtergronden 
van kanker. De eerste stap in de transformatie van een normale cel tot een kanker cel is 
verlies, inactivatie, mutatie of overexpressie van genen. Verschillende moleculair-
genetische factoren lijden tot irreversibele veranderingen, waardoor een ontregeling van 
celgroei zal optreden. In tegenstelling tot de snel groeiende kennis van moleculair-
genetische factoren die een rol spelen bij de progressie van onder andere het 
pancreascarcinoom en het papilcarcinoom, is er over de prognostische waarde van deze 
factoren bij het distale galwegcarcinoom nog onvoldoende bekend. Indien met behulp van 
specifieke tumor markers, de biologische "agressiviteit" van de tumor kan worden 
geïdentificeerd, openen zich nieuwe wegen voor de keuze van behandeling van deze 
patiënten (nl. palliatieve behandeling of in principe curatieve behandeling, met of zonder 
adjuvante therapie). In dit proefschrift wordt de klinische waarde, en met name de 
prognostische waarde, van een aantal potentiële tumor markers onderzocht, toegespitst 
op het distaal galwegcarcinoom. Tevens wordt een onderzoek beschreven naar (nieuwe) 
gen-lokaties die van belang kunnen zijn voor de initiatie en progressie van distale 
galwegcarcinomen. Een overzicht van de verschillende vraagstellingen in het proefschrift 
wordt gegeven in Hoofdstuk 1. 

Een kenmerk van maligne tumoren is dat de celkern een abnormale hoeveelheid DNA kan 
bevatten. Tumoren die dit kenmerk vertonen worden aneuploïd genoemd, en tumoren die 
de normale hoeveelheid kern DNA hebben, diploid. Door specifiek het DNA te kleuren 
kan met behulp van flow cytometric (FCM) en/of beeldcytometrie (image cytometry of 
ICM) de hoeveelheid DNA van een tumor worden bepaald. Met FCM kan in een relatief 
korte periode een groot aantal cellen (>10.000) worden geanalyseerd terwijl met ICM een 
veel kleiner aantal cellen (300-1.000) kan worden onderzocht. Om de diagnostische 
waarde van FCM en ICM te bepalen wordt in Hoofdstuk 2 een prospectieve onderzoek 
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beschreven naar het DNA gehalte van 126 exsudaten, afkomstig van 102 patiënten. 
Cytologisch onderzoek toonde in 36 gevallen kwaadaardige cellen aan, waarvan er 20 
(56%) een aneuploïde piek hadden bij FCM onderzoek. In de overige 90 cytologisch 
goedaardige gevallen werden bij FCM onderzoek nog 4 aneuploïde celpopulaties 
gevonden. Herhaling van het cytologisch onderzoek toonde bij 3 van deze 4 exsudaten 
alsnog kwaadaardige cellen aan. Bij één patiënt met een hemorragische pancreatitis en 
geïnfecteerde pseudocysten werd tijdens de follow-up periode geen kwaadaardige cellen 
aangetoond. Drie en twintig van de 24 met FCM gevonden aneuploïde populaties bevatte 
ook daadwerkelijk maligne cellen (voorspellende waarde=96%), één histogram was vals-
positief. Aanvullend werden de 36 cytologisch maligne exsudaten door middel van ICM 
onderzocht. Behalve de 20 aneuploïde populaties die met FCM al waren aangetoond, 
werden nog 2 aneuploïde populaties met ICM gevonden. In totaal waren 64% van de 
maligne effusie vloeistoffen aneuploïd met FCM en/of ICM. Concluderend kan worden 
gesteld dat, indien er bij cytologisch onderzoek geen kwaadaardige cellen worden 
gevonden maar FCM en/of ICM onderzoek aneuploïdie aantoont, herhaling van het 
cytologisch onderzoek geboden is. Vindt men echter bij DNA onderzoek een diploid 
patroon dan heeft dit geen aanvullende waarde voor de diagnostiek. FCM leent zich bij 
uitstek voor het bepalen van het DNA gehalte van een groot aantal tumor cellen, terwijl 
ICM juist het voordeel heeft dat het DNA gehalte van kleine populaties abnormale cellen 
specifiek kan worden onderzocht. 

Een belangrijke eigenschap van tumorcellen is hun groei of proliferatieve activiteit. Het 
Ki-67 antigeen is een celcyclus geassocieerd antigeen, dat ten opzichte van andere 
proliferatie markers het voordeel heeft dat het tot expressie komt in alle fasen van de 
celcyclus, maar niet in de G0 fase (de rustende fase van de kern). Daardoor is het Ki-67 
antigeen een gevoelige marker voor de proliferatie-fase en in verschillende studies van 
waarde gebleken voor het bepalen van de prognose van een patiënt met een bepaalde 
maligniteit. 

Aneuploïdie wordt beschouwd als een teken van genetische instabiliteit van tumoren 
en ook dit kenmerk is in verband gebracht met hoge agressiviteit van de tumor en een 
slechtere prognose. Hoofdstuk 3 beschrijft de Ki-67 en DNA-ploïdie analyse van 35 
patiënten met een gereseceerd distaal galwegcarcinoom en een lange klinische follow-up 
periode. Gebruik makend van het MIB-1 antilichaam voor het opsporen van het Ki67 
antigeen werd het percentage prolifererende cellen bepaald. Er was sprake van een 
significante correlatie tussen een lage MIB-1 score (<20% van de tumorcellen positief ) 
en overleving (p=0.035). De gemiddelde overleving van patiënten met een lage MIB-1 
score was 23 maanden, terwijl patiënten met een hoge MIB-1 score (>20%) slechts 10 
maanden overleefden. Tevens werd van alle tumoren het DNA gehalte bepaald door 
middel van FCM. Van de 35 onderzochte tumoren waren er 12 aneuploïd (35%), een 
correlatie met de overleving werd echter niet gevonden (p=0.62). Deze studie toont aan 
dat Ki-67 van aanvullende waarde kan zijn voor het bepalen van de prognose van 
patiënten met een distaal gereseceerd galwegcarcinoom. 
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Zoals in hoofdstuk 2 al werd vermeld is ICM een tweede methode voor het vaststellen 
van het DNA gehalte. Met behulp van deze techniek kunnen 300-1000 kernen worden 
gemeten in 15-60 minuten. Een groot voordeel van beeldcytometrie is dat op basis van 
de morfologie een celselectie kan worden gemaakt waardoor kapotte, of overlappende 
cellen, en ontstekingscellen kunnen worden geëlimineerd. Een belangrijke eigenschap van 
het distale galwegcarcinoom is de hoeveelheid ontstekingscellen die het kan bevatten, 
waardoor de concentratie kwaadaardige cellen vermindert. Theoretisch is met ICM 
aneuploïdie binnen een kleine populatie kwaadaardige cellen beter op te sporen dan met 
FCM. Dit was de aanleiding voor de in Hoofdstuk 4 beschreven vergelijkende studie 
tussen FCM en ICM. In totaal werden 44 gereseceerde distale galwegcarcinomen met 
beide methoden geanalyseerd op het DNA gehalte. In alle gevallen gaf minstens één van 
beide technieken een goed resultaat en resulteerde in een aneuploïd percentage van 59% 
(26/44). Er werd slechts een matige correlatie gevonden tussen FCM en ICM (Kappa 
0.45). De toename van de aneuploïdie t.o.v. de in hoofdstuk 3 beschreven resultaten is 
toe te schrijven aan ICM: 12 aneuploïde tumoren werden alleen met ICM gevonden, 
terwijl slechts één aneuploïde tumor alleen met FCM werd gevonden. ICM is dus een 
gevoeliger techniek voor het aantonen van aneuploïde cellijnen in galwegcarcinomen dan 
FCM. Dit verschil wordt waarschijnlijk verklaard door de lage concentratie aneuploïde 
celpopulaties (<5%) t.o.v. normale cellen in distale galwegcarcinomen. DNA aneuploïdie, 
gevonden met FCM, ICM of een combinatie van beide, was ook in deze studie niet 
gecorreleerd aan de overleving (respectievelijk p=0.80, p=0.35 en p=0.54). 

Geconcludeerd werd dat de meerderheid van de distale galwegcarcinomen aneuploïd 
is en aneuploïdie geen aanvullende prognostische waarde lijkt te hebben voor distale 
gereseceerde galwegcarcinomen. 

Kanker ontstaat door schade (mutatie) van de genen, hetgeen een versnelde groei 
veroorzaakt van tumor cellen t.o.v. normale cellen. Tijdens dit proces ontstaan 
stapsgewijs meerdere genetische veranderingen die uiteindelijk zullen leiden tot 
progressie en invasie van de tumor. Twee groepen genen die een grote rol spelen in dit 
proces zijn geïnactiveerde tumorsuppressor genen en geactiveerde oncogenen. 

K-ras oncogenen produceren eiwitten die betrokken zijn bij de regulatie van celgroei 
en -proliferatie. Punt mutatie in het K-ras oncogen leidt tot ontregelde celgroei en vindt 
plaats in het pre-invasieve voorstadium van kanker. Het K-ras oncogen vomit dus een 
potentieel aangrijpingspunt voor vroege diagnostiek en behandeling. Tevens bestaan er 
aanwijzingen dat de aanwezigheid van dit oncogen in bepaalde tumoren van 
prognostische waarde is. Hoofstuk 5 beschrijft voor het eerst de incidentie en 
prognostische waarde van het K-ras oncogen bij patiënten met een distaal 
galwegcarcinoom. Voor het opsporen van de K-ras gen mutaties werd gebruik gemaakt 
van de >polymerase chain reaction = (PCR). Deze techniek maakt het mogelijk om één 
bepaald DNA-fragment specifiek te vermenigvuldigen. Door middel van deze methode 
werd bij 35 van de 47 (75%) tumoren een K-ras codon 12 mutatie gevonden. Het hebben 
van een K-ras codon 12 mutatie was echter niet van invloed op de overleving van de 
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patiënt (p=0.34), althans niet in deze beperkte groep patiënten. Bij 53% (25/47) van de 
patiënten waren de chirurgische resectievlakken microscopisch vrij van tumor, en dit was 
wel gecorreleerd met de overleving (p=0.005). Microscopisch radicaal geopereerde 
patiënten leefden gemiddeld 16 maanden langer dan patiënten die niet radicaal geopereerd 
waren, 29 versus 13 maanden mediane overleving. De overige histopathologische 
kenmerken (tumor grootte, differentiatie, lymfeklier status, perineurale groei en 
vasoinvasieve groei) waren niet van significante invloed op de overleving. 

De gevonden hoge frequentie van K-ras codon 12 mutaties in deze studie veronderstelt 
een belangrijke rol van dit oncogen bij de Pathogenese van het distale galwegcarcinoom 
en vormt mogelijk een aantrekkelijk doelwit voor screeningstests. De waarde hiervan zal 
echter in toekomstig onderzoek moeten worden aangetoond. Deze studie toont tevens aan 
dat het microscopisch onderzoek van de resectie randen een belangrijke prognostische 
waarde heeft. 

De meest voorkomende genetische verandering bij maligne tumoren is mutatie in het 
p53-gen. Het p53-tumorsuppressorgen is gelegen op de korte arm van chromosoom 17 
en codeert voor een eiwit dat betrokken is bij de regulering van de celcyclus, herstel van 
DNA schade en het aanzetten tot apoptosis. Mutatie van dit gen leidt tot de productie van 
een gemuteerd gen hetgeen resulteert in verlies van groeicontrole. Detectie van p53-gen 
mutaties is een moeizame procedure, en het is daarom aantrekkelijker om het niet-
functionele p53-eiwit, wat een verlengde half-waarde tijd heeft (p53-eiwit overexpressie), 
door een relatief eenvoudig, immunohistochemisch onderzoek op te sporen. P53 
tumorsuppressorgen mutaties en p53-eiwit overexpressie treden over het algemeen laat 
op in de ontwikkeling van maligne tumoren, en zouden daarom van prognostische waarde 
kunnen zijn. In Hoofdstuk 6 wordt voor het eerst de diagnostische waarde van p53-eiwit 
expressie onderzocht bij patiënten met een distaal galwegcarcinoom. Voor de 
immunohistochemische detectie van het P53-eiwit werd gebruik gemaakt van het 
monoclonaal antilichaam D07. Gebruik makend van een afkapwaarde van 30%, werd bij 
19 van de 47 (40%) onderzochte tumoren p53 overexpressie gevonden. Een significante 
correlatie was aantoonbaar tussen p53 overexpressie en overleving (p=0.039). Patiënten 
met minder dan 30% p53 eiwit expressie leefden gemiddeld meer dan twee maal zo lang 
na de operatie dan patiënten met meer dan 30% p53 overexpressie, respectievelijk 29 
versus 13 maanden. Histopathologische kenmerken waren niet gerelateerd aan p53 
overexpressie. Deze studie toont aan dat een lage p53-eiwit expressie (<30%) een gunstig 
prognostische factor is voor patiënten met een gereseceerd distaal galwegcarcinoom. Een 
hoge P53 expressie, daarentegen, is verdacht voor een biologisch agressievere tumor. 

Voor het identificeren van genetische veranderingen in tumoren zijn verschillende cyto-
genetische methoden voorhanden. Het grote nadeel van deze technieken is dat met één 
test slechts over een beperkt gebied informatie kan worden verkregen. Comparative 
Genomic Hybridization (CGH) biedt de mogelijkheid om een globaal overzicht te krijgen 
van toename (amplificatie) of verlies (deletie) van genetisch materiaal van het hele tumor 
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genoom. Het belang van deze veranderingen is gelegen in het feit dat inactivatie van 
tumorsuppressor genen wordt gekenmerkt door deletie van genetisch materiaal, terwijl 
in de amplificeerde gebieden juist frequent aktivatie van oncogenen optreedt. Bepaalde 
chromosoom afwijkingen, zoals een translokatie, kunnen niet door CGH worden 
opgespoord en deze techniek is dan ook complementair aan bijvoorbeeld chromosoom 
analyse door middel van karyotyperen. In Hoofdstuk 7 is voor het eerst CGH toegepast 
op distale galwegcarcinomen. In totaal werden 7 xenotransplantaten van distale 
galwegcarcinomen en één vers ingevroren distale galwegcarcinoom met behulp van CGH 
geanalyseerd. Aanvullend werden 13 distale galwegcarcinomen gekarakteriseerd door 
karyotypering. Door de resultaten van beide methoden te combineren blijkt toename van 
chromosoom gebieden het meest voor te komen in 8q en 20q (ieder in 6 tumoren), 12p, 
17q en Xp (ieder in 5 tumoren), 2q, 6p, 7p, 1 lq, 13q en 19q (in 4 tumoren ieder). Verlies 
van chromosoom gebieden werd frequent gevonden in 18q (8 tumoren), 6q en 10p (7 
tumoren), 8p, 12q en 17p (in 6 tumoren ieder), 7q, 12p en 22q (in 4 tumoren ieder). De 
combinatie CGH en cytogenetica, zoals toegepast in deze studie, illustreert de grote 
genetische variabiliteit van distale galwegcarcinomen en het grote aantal genetische 
veranderingen per tumor. Amplificatie van chromosoom 8q en 20q en deletie van 
chromosoom 18q waren de meest voorkomende genetische veranderingen en zijn 
waarschijnlijk betrokken bij de Pathogenese van het distale galwegcarcinoom. 

ALGEMENE DISCUSSIE EN TOEKOMSTPERSPECTIEF 

Hoewel het microscopische onderzoek van de chirurgische resectie vlakken tegenwoordig 
nog steeds gebruikt wordt als de belangrijkste prognostische parameter van tumoren, zou 
aanvullende informatie van genetische markers de tumor beter kunnen karakteriseren en 
de therapie keuze mede kunnen bepalen. Prognostische factoren zijn alleen van waarde 
wanneer ze ook gebruikt worden bij klinische beslissingen. Hoewel het bemoedigend is 
dat het Ki67 antigeen en p53 eiwit overexpressie in deze studie een aanvullende 
prognostische waarde hebben, moet het gebruik van deze factoren bij de individuele 
patiënt met voorzichtigheid worden betracht. Prospectieve studies zijn nodig om de 
waarde van deze factoren te bevestigen alvorens ze bij klinische beslissingen kunnen 
worden gebruikt. De aanwezigheid van een aneuploïde populatie of een K-ras mutatie gaf 
in deze studie geen inzicht in het biologische karakter van het distale galwegcarcinoom. 
Hierbij moet opgemerkt worden dat het beperkte aantal van de onderzochte tumoren 
wellicht van invloed is. De K-ras mutatie was echter wel een veel voorkomende 
genetische verandering en vormt een potentieel aangrijpingspunt voor moleculaire 
diagnostiek van het distale galwegcarcinoom. 

Vele gen gebieden blijken een mutatie te ondergaan in het distale galwegcarcinoom, 
maar aanvullende studies zijn nodig om de waarde van deze mutaties voor de 
ontwikkeling van het distale galwegcarcinoom te bepalen. Van de vele genetische 
veranderingen die in deze studie zijn gevonden met behulp van CGH en karyotypering, 
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zijn de veranderingen die in het voorstadium van de ontwikkeling van deze tumor 
optreden waarschijnlijk het meest interessant. Een grote beperking bij de analyse van 
genetische veranderingen die vroeg optreden tijdens de initiatie van het kankerproces is 
het beperkt aantal cellen waarin dit optreed. Deze cellen zouden met behulp van 
endoscopische retrograde cholangiopancreatografie (ERCP) kunnen worden verkregen. 
Door gebruik te maken van de PCR methodiek is het misschien in de nabije toekomst 
mogelijk om op deze manier vroeg genetische veranderingen op te sporen. 

De resultaten van deze studies geven meer inzicht in de rol die K-ras mutaties en p53 
eiwit overexpressie spelen tijdens het ontstaan van het distale galwegcarcinoom. Op basis 
van de incidentie van beide genetische veranderingen kan men zich voorstellen dat een 
K-ras mutatie over het algemeen eerder plaatsvindt dan een p53 eiwit overexpressie. Punt 
mutatie in het K-ras oncogen leidt tot ontregelde celgroei en lijkt in veel gevallen 
essentieel om tumor cellen van het distale galwegcarcinoom te doen prolifereren en 
daarmee de kans op andere genetische veranderingen te vergroten. Waarschijnlijk leidt 
de daaropvolgende overexpressie van p53 eiwit tot een grotere genetische instabiliteit en 
agressievere groei. 

De opvallende overeenkomst tussen de resultaten van deze studie en resultaten van 
moleculair genetische studies van het pancreascarcinoom ondersteunen de hypothese van 
Longnecker et al.' dat dezelfde mechanismen een rol spelen bij de initiatie en progressie 
van zowel het pancreascarcinoom als het distaal galwegcarcinoom. 

Ontwikkeling van nieuwe therapeutische mogelijkheden is van groot belang voor de 
behandeling van patiënten met een distaal galwegcarcinoom. Vroege endoscopische 
identificatie en behandeling, zoals bij colorectale adenomen, is voor distale 
galwegcarcinomen helaas niet weggelegd. Theoretisch is de behandeling van een 
disfunctionerend tumor-suppressor gen een goede optie terwijl het gemuteerde p53 gen 
een belangrijk doelwit vormt voor de ontwikkeling van nieuwe adjuvante therapieën23. 
Het doel van een dergelijke behandeling is het corrigeren of herstellen van de p53 tumor 
suppressor functie of het blokkeren van de functie van het gemuteerde p53 gen2,4'5. Wat 
dit betreft zijn de remmende werking van het normale (wild-type) p53 gen op de groei 
van kanker cellen of het selectief doden van kanker cellen die een hoge p53 eiwit 
expressie hebben bemoedigende resultaten van recente studies6'7. Blokkering van K-ras 
functies door remming van het enzym farnesyl transferase is een andere therapeutische 
mogelijkheid8, temeer daar de K-ras mutatie waarschijnlijk een belangrijke rol speelt bij 
het ontstaan van het distale galwegcarcinomen. Gen therapie en farmocologische therapie 
lijken daarom een belangrijke rol te kunnen gaan spelen bij de behandeling van patiënten 
met een distaal galwegcarcinoom. De waarde van deze behandelingsmodaliteiten zal 
echter moeten worden onderzocht in daartoe opgezette studies. 
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