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Learning Objectives
Understand the basic classification 
scheme for biliary brush cytology 
specimens. 
Diagnose the most common neoplasms of 
the biliary tract in biliary brush specimens.
Understand the limitations of cytology in 
assessing biliary tract brush specimens.
Gain an understanding of the benefits of 
ancillary testing (FISH and DIA) for biliary 
brush cytology specimens.
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Cholangiocarcinoma
Rare tumor accounting for <2% of all 
malignancies
1 per 100,000 people in the United States to 
96 per 100,000 in Thailand
Age range- 50-70 years; Male to female ratio 
1.5:1
More than half of patients present with 
advanced, unresectable tumors
Mean survival ~6 months for unresectable 
tumors and 5 year survival ~30% in 
resectable tumors
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Pancreatic Adenocarcinoma
Fifth most common cancer causing death in 
the United States
Current survival rates ~5%
Surgical resection +/- adjuvant chemotherapy 
remains only hope for cure.
Only 5-20% of patients are candidates for 
surgical resection due to the high percentage 
with advanced stage disease before 
detection. 



6

Pancreatobiliary Strictures
Distinction between malignant and 
benign strictures can be difficult.
– Tumors often un-identifiable by cross- sectional 

imaging (longitudinal growth)
– Access to the bile ducts limited for tissue and 

cytology collection
– Tumors often desmoplastic resulting in acellular 

sampling
– Inflammatory strictures resemble malignant 

strictures (PSC patients)
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Bile Duct Brushings

Bile duct brushing cytology is an 
important adjuvant to endoscopic 
retrograde cholangiopancreatography 
(ERCP)
– Diagnosis cholangiocarcinoma, pancreatic 

adenocarcinoma or other tumor
– Surveillance of primary sclerosing cholangitis 

(PSC)  8-12% risk of developing 
cholangiocarcinoma
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Biliary Brush Cytology
Unfortunately relatively low sensitivity
for detecting malignancy
Specificity very high
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Published Cytology Brushing Data
Author Year N Sensitivity Specificity

Kipp 2004 131 21% 98%

Pugliese 1995 42 53% 100%

Howell 1992 29 8% 100%
Range 8-57% 80-100%

Layfield 1995 108 44% 98%

Farrell 2001 24 57% 80%
Schoefl 1997 63 47% 100%
Sugiyama 1996 43 48% 100%
Lee 1995 149 38% 100%
Pochon 1995 210 35% 97%

Ferrari 1994 74 56% 100%
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Pancreatobiliary Cancer 
Detection by Cytology

Large variations in published 
sensitivities by cytology…Why?
– PSC vs. non-PSC patients
– Mass vs. biliary stricture
– FNA vs. brushing from stricture
– Bile aspirates vs. biliary brushings
– Equivocal diagnoses-neg. or pos.?
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Cytology Cont’d
The data shows that cytology of the biliary 
tract can be difficult to interpret.
Lack of malignant cells within the specimen 
may limit the sensitivity of cytology.
Pathologists may be reluctant to call a difficult 
case positive because it may place the 
patient on chemotherapy and result in an 
unnecessary resection/transplant.
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Current Clinical Practice

Studies from our institution have 
demonstrated that both digital image 
analysis (DIA) and fluorescence in situ 
hybridization (FISH) increase the 
sensitivity of detecting malignancy over 
routine cytology (RC) in patients with 
biliary tract strictures.
Since 2003, we have evaluated all ERCP 
brushings clinically by RC, DIA, and FISH.
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What is Digital Image Analysis?

Method of quantifying a microscopic 
image of a cell by digital conversion and 
computer analysis of the image 
features.
A microscope attached to a computer 
which determines the DNA mass of 
individual cells based on the intensity of 
Feulgen stained nuclei which 
stoichiometrically binds to DNA.
Used to detect abnormal DNA content 
or subtle nuclear features that cannot 
always be determined by light 
microscopy.
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DIA Results

Negative

Positive
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What is FISH?

Technique that utilizes fluorescently labeled 
DNA “probes” that hybridize (stick to) specific 
chromosomal loci/targets for detection of 
chromosomal alterations in cells.
Instead of examining cells for only morphologic 
features typical of neoplasia (eg, nuclear 
enlargement, nuclear irregularity, etc.), one 
examines cells for chromosomal abnormalities 
indicative of neoplasia.
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Chromosome 3 centromere

P16 gene (LSI 9p21)

Chromosome 7 centromere

Chromosome 17 centromere
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.. . .

..

UroVysion Probe Set
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CEP 3 CEP 7
CEP 17 LSI 9p21

FISH Signal Patterns

Disomy (Negative)

Trisomy 7 (Equivocal)

Polysomy (Positive)
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FISH
Normal (Disomy) 

Bile Duct Cells
DIA

Diploid Histogram
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FISH
Aneuploid Bile Duct Cell

DIA
Aneuploid Histogram



22

Mayo Clinic Bile Duct Testing
All bile duct cytology specimens are 
diagnosed by cytology, DIA, and 
FISH. 
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Methodology

Brushings were obtained from 436 patients (256 
males, 180 females) with a mean age of 57 years 
(range 9-91).
Upon arrival into the laboratory, cells were scraped 
from the ERCP brushings into 60 mL of PreservCyt™
and split evenly for RC, DIA, and FISH testing.
Strictures were classified as benign or malignant 
based on surgical pathology findings when available 
or >6 months of clinical follow-up demonstrating 
either no progression (benign) or obvious neoplastic 
progression (mass lesion, metastasis, and/or death).
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Results- Univariant Analysis 
197 of the 436 patients (45%) were found to have 

cancer.

Sensitivity and Specificities of RC, DIA, and FISH
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Results

Positive Predicitive Values of RC, DIA, and FISH
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Results
Only 26 cases (13%) of all malignant cases 
were called positive by cytology.
A positive diagnosis by DIA and/or FISH in 
patients with a negative, atypical, or 
suspicious cytology diagnosis (N=83) resulted 
in the detection of an additional 56 patients 
with cancer.
If both DIA and FISH were positive in a non-
positive cytology result (N=33), the PPV was 
97%.
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Results
This data suggests that DIA and FISH does 
increase the ability to detect cancer over RC 
alone.
However, the real benefit is really using the 
combination of all three test results.
A recent multivariate analysis on these 
patients at our institution found that cytology, 
DIA, and FISH results, as well as age and 
primary sclerosing cholangitis (PSC) status, 
were all important predictors of disease. 
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“Bile Duct Calculator”
With assistance from biostatisticians, 
we have implemented a “Bile Duct 
Calculator” which will calculate the 
PPV for individual patients based on 
the patients age, PSC status, RC, 
DIA, and FISH results.
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Bile Duct Calculator

DIA Cytology FISH PSC 
Status Age Predicted Lower 

CI
Upper 

CI
Positive Suspicious Polysomy Unknown 87 99.7% 97.8% 100.0%

Interpretation:

The finding of suspicious on cytology, polysomy on FISH, and positive 
on DIA, in a patient with unknown PSC status aged 87, resulted in a 
cancer rate of 99.7% in a cohort of 436 patients that were being
evaluated for biliary tract malignancy at the Mayo Clinic from 
10/14/2003-9/20/2005. As the percentage is derived from a sample of 
patients, it should be noted that the 95% confidence interval for the true 
probability that this patient has cancer is 97.8% to 100.0% .
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Study Conclusions

DIA and FISH test increase the ability to 
detect cancer over cytology alone.
All three methods routinely used for all 
patients.
Leads to improved clinical management 
of patients being assessed for biliary 
tract malignancy.
– Early detection of biliary/pancreatic 

malignancy
– May help to qualify equivocal cytology 

results
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Additional Benefit
Learn from combination results
– Improve cytomorphology skills

Cytology Errors
– Sampling         60-70%
– Interpretation   30-40%

Discordant DIA/FISH results with cytology 
helps to identify interpretation errors
Systematic case review for fine tuning 
cytomorphologic criteria for malignancy
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Valuable Cytologic Criteria

Architectural Features
Disordered Sheets/Nuclear disarray
3D micropapillary groups
Altered polarity
Abnormal single cells
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Valuable Cytologic Criteria
Nuclear Features

Nuclear/cytoplasmic ratio
Nuclear size
Nuclear membrane contour
Anisonucleosis
Quality of nucleoli
Chromatin density
Chromatin distribution
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Disordered Sheets/Nuclear 
Disarray

How nuclei are 
spaced within a 
cell group
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3D Micropapillary Groups
Departure from flat 
sheet like 
arrangement
Depth of focus 
within the group
Sphere-like 
appearance on 
slide
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Altered Polarity
Nuclei have lost 
the basilar location 
within the 
cytoplasm
Nuclei long axes 
are oriented in 
different directions
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Abnormal Single Cells
Distinguish from 
histiocytes
Nuclear atypia
– High N/C
– Irregular 

membranes
– Irregular chromatin
– Prominent nucleoli
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Nuclear/Cytoplasmic Ratio
Nuclear Size

N/C ratio variable
– Some ADCA have 

moderate amount 
of cytoplasm

Nuclear size 
almost always 
increased
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Nuclear Membrane Contour
Anisonucleosis



41

Quality of Nucleoli

Prominence
Single usually but 
occasionally 
multiple
Irregular contours
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Chromatin Density
Chromatin Distribution
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Distinguishing Criteria
Benign
Reactive
Equivocal 
Goal: At least stratify to favor reactive or 

suspicious
Malignant
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Distinguishing Criteria
It really is about degree of 
abnormality (unfortunately)…. 
Subjective
*Anisonucleosis (3 X) is predictive of 
malignancy
*Single abnormal cells is predictive of 
malignancy
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Please complete the course 
evaluation before you leave.

Thank you for 
participating!
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