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ackground & Aims: Two advanced cytologic techniques
or detecting aneuploidy— digital image analysis (DIA) and flu-
rescence in situ hybridization (FISH)— have recently been de-
eloped to help identify malignant pancreatobiliary strictures.
he aim of this study was to assess the clinical utility of
ytology, DIA, and FISH for the identification of malignant
ancreatobiliary strictures. Methods: Brush cytologic speci-
ens from 233 consecutive patients undergoing endoscopic

etrograde cholangiopancreatography for pancreatobiliary stric-
ures were examined by all 3 (cytology, DIA, and FISH) tech-
iques. Strictures were stratified as proximal (n � 33) or distal

n � 114) based on whether they occurred above or below the
ystic duct, respectively. Strictures in patients with primary
clerosing cholangitis (n � 86) were analyzed separately.
esults: Despite the stratification, the performances of the

ests were similar. Conventional cytology has a low sensitivity
4%–20%) but 100% specificity. Because of the high specificity
or cytology, we assessed the performance of the other tests
hen conventional cytology was negative. In this clinical con-

ext, FISH had an increased sensitivity (35%– 60%) when assess-
ng for chromosomal gains (polysomy) while preserving the
pecificity of cytology. The sensitivity and specificity of DIA was
ntermediate as compared with routine cytology and FISH but
as additive to FISH values demonstrating only trisomy of

hromosome 7 or chromosome 3. Conclusions: These find-
ngs suggest that FISH and DIA increase the sensitivity for the
iagnosis of malignant pancreatobiliary tract strictures over
hat obtained by conventional cytology while maintaining an
cceptable specificity.

ancreatobiliary strictures of the extrahepatic bile ducts are
a common occurrence in clinical practice. Although many

f these strictures are due to malignancies of the biliary tract
nd pancreas, the strictures may also have a nonmalignant
tiopathogenesis. For example, inflammatory conditions such
s choledocholithiasis, chronic pancreatitis, surgical trauma,
schemia, and idiopathic processes are all recognized as causes
f pancreatobiliary strictures.1–3 The distinction between be-
ign and malignant pancreatobiliary strictures can be problem-
tic for several reasons. A cancer may be present but not iden-
ified on cross-sectional imaging studies because these cancers
ften grow longitudinally along the bile duct rather than radi-
lly away from the bile duct. Access to the bile duct is limited
or cytologic and tissue acquisition, and these cancers are fre-
uently desmoplastic, resulting in acellular sampling. Indeed,
outine cytology obtained from endoscopic brushings has sen-

itivities of only 20%– 40%, and, when the sample is from bile
uct aspirates, the sensitivities can be as low as 6% to 32%.4 The
istinction between malignant and inflammatory strictures is
urther confounded in primary sclerosing cholangitis (PSC; an
nflammatory, stricturing disease of the bile ducts, which pre-
isposes to the development of cholangiocarcinoma) because
he inflammation associated with this disorder complicates
ytologic assessment Advanced endoscopic approaches such as
ntraductal ultrasound and choledochoenteroscopy are being
eveloped to assess further these strictures,5–7 although these
echniques have not been well validated nor are they widely
vailable. Serum CA 19-9 determinations, which are elevated in
ancer, can be useful; however, serum CA 19-9 levels can be
levated in patients without malignancy (eg, patients with bac-
erial cholangitis). Thus, the accurate diagnosis of pancreato-
iliary strictures is often challenging, and this compromises
anagement decisions. Additional tools are needed to diagnose

ccurately pancreatobiliary strictures of the bile duct.
Chromosomal instability is a nearly universal hallmark of

he cancer genome that results in aneuploidy (ie, abnormal-
ties in the number of chromosomes within a cell) and/or
tructural chromosomal abnormalities (eg, gene deletion and
mplification).8,9 The detection of these chromosomal ab-
ormalities has the potential to serve as a sensitive technique

or identifying tumor cells in cytologic specimens. Based on
hese concepts and the observation that approximately 80%
f biliary cancers exhibit aneuploidy,10 2 advanced cytologic
echniques for detecting chromosomal alterations (aneu-
loidy) have been developed to identify cancer in the biliary
ract. Digital image analysis (DIA) and fluorescence in situ
ybridization (FISH) are 2 cytologic techniques that have
een shown to increase significantly the diagnostic sensitiv-

ty of biliary tract malignancies over cytology while main-
aining the high specificity of cytology. In limited studies,
oth techniques have shown promise in identifying accu-
ately the malignant pancreatobiliary strictures.11,12

DIA is a technique that uses a microscope and camera to
uantify the amount of cellular DNA by measuring the inten-
ity of nuclei stained with the Feulgen dye, a cytochemical stain
hat stoichiometrically binds to nuclear DNA.13 FISH is a tech-
ique that utilizes fluorescently labeled DNA probes to detect
hromosomal abnormalities in cells and has been shown to

Abbreviations used in this paper: DIA, digital image analysis; ERCP,
ndoscopic retrograde cholangiopancreatography; FISH, fluorescence

n situ hybridization; PSC, primary sclerosing cholangitis.
© 2006 by the American Gastroenterological Association (AGA) Institute
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October 2006 CYTOLOGY IN PANCREATOBILIARY STRICTURES 1065
etect malignancy in cytologic specimens from different body
ites.14 –16 Although these techniques have been shown to in-
rease the sensitivity of detecting malignancy in biliary tract
pecimens over cytology, there is a lack of data assessing the
tility of these techniques in tandem and their ability to detect
alignancy in tumors from different pancreatobiliary locations

n patients with and without a history of PSC. Malignant biliary
trictures distal to the cystic duct are often due to pancreatic
ancers and have a different biology than cholangiocarcinomas,
hich more frequently involve the bile duct proximal to the

ystic duct.1,17 Likewise, the genetic profile of cholangiocarci-
omas arising in the background of PSC may be different from
hat of cholangiocarcinomas occurring in the absence of hepa-
obiliary disease.

The overall objective of the current study was to assess the
iagnostic utility of cytology, DIA, and FISH in assessing pan-
reatobiliary strictures of the bile duct. Specifically, we sought
o determine the sensitivity, specificity, and positive and nega-
ive predictive values of these assays for the detection of malig-
ancies in proximal and distal pancreatobiliary strictures oc-
urring in patients with or without PSC. This information may
elp clinicians in the clinical management of patients with
iliary tract strictures.

Materials and Methods
Patient Population
This study was approved by the Mayo Clinic Institu-

ional Review Board, and all patients gave written informed

Figure 1. Stricture classification into PSC patients and non
onsent. Biliary tract brushing specimens for cytology, FISH, p
nd DIA were prospectively collected from 277 unique pa-
ients undergoing endoscopic retrograde cholangiopancre-
tography (ERCP) for possible pancreatobiliary malignancy
etween October 2003 and August 2004. Twenty-three of the
77 patients declined participation in the study; 9 patients
ere excluded because therapy (radiation therapy) precluded
definitive diagnosis; 5 patients were excluded because we
ere missing sufficient follow-up information to confidently
ake a diagnosis; 3 patients were excluded because a defin-

tive diagnosis was obtained more than 3 months after the
creening test was performed; 2 patients were lost to follow-
p; and 2 patients were not included because their medical
ecords did not reside at our institution. Thus, a total of 233
atients were included in the study. Eligibility criteria for
his study were (1) a pancreatobiliary stricture of recent onset
�12 months) diagnosed by ERCP; (2) a definitive diagnosis
f the stricture as benign or malignant by either surgery,
urgical pathology, or sufficient follow-up (at least 9

onths) to assure a benign or malignant course (ie, obvious
rogression of a malignant disease with metastases, and/or
he presence of a progressive “tumor mass” on cross-sec-
ional imaging studies and/or death from cancer); and (3) a
holangiogram available to determine the location of the
tricture (proximal or distal) and to assess for the presence or
bsence of PSC. The diagnosis of PSC was based on a chol-
ngiogram demonstrating a diffuse biliary stricturing pro-
ess, an elevated serum alkaline phosphatase, and an absence
f secondary causes of biliary tract disease (eg, choledocho-

ithiasis, prior biliary tract surgery). The stratification of the

patients with proximal and distal pancreatobiliary strictures.
atients is depicted in Figure 1.
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1066 MORENO LUNA ET AL GASTROENTEROLOGY Vol. 131, No. 4
The medical records were reviewed for patient demographic
nformation and the results of cross-sectional imaging studies
computerized tomography [CT] scan and magnetic resonance
maging [MRI]). Although the cytologic studies (conventional
ytology, DIA, and FISH) were obtained by protocol for all
atients, there was no protocol for the systematic determina-
ion of serum CA 19-9 values or the type of noninvasive imag-
ng tests performed. Of the 233 patients enrolled in this study,
6 had PSC and 147 did not. There were 132 men and 101
omen. Patient age ranged from 9 to 91 years (mean, 59.4 years;
edian, 61 years).

Sample Acquisition and Preparation
Two separate samples were collected from the biliary

tricture using standard DLB-35-1.5 or DLB-35-3.5 brushes
Wilson-Cook, Winston-Salem, NC). The brush was advanced
hrough the stricture with at least 5 to 8 to-and-fro movements.
o optimize the cellular yield, the brush was pushed from the
nd of the sheath, as opposed to pulling the brush from the
heath, and the cut brush was placed in a vial containing 20 mL
reservCyt solution (Cytyc Corporation, Marlborough, MA).
he specimens were transferred to the Mayo Clinic Cytopathol-
gy Department on the same day on which a cytotechnologist
qually divided the specimen with half of the total sample
esignated for conventional cytologic analysis. The other half of
he sample was submitted for DIA and FISH analysis, which
esulted in 25% of the total sample designated for DIA analysis
nd 25% for FISH analysis. Of note, a second gastrointestinal
GI) nurse assistant was available at the time of brushing to
ssist in the process to minimize processing time and avoid
ir-drying. In addition, direct brushing and immediate Pap
mear staining for cytology was not performed because this
echnique involves air-drying of the specimen, which has been
hown to minimize diagnostic sensitivity. Care was taken to
void sampling of nonstricture regions to avoid filling the
rush fibers with normal mucosa, which can also reduce diag-
ostic accuracy. Given the varied data and uncertain benefit of
resampling stricture dilatation, we do not routinely dilate
tricture unless absolutely necessary to gain access.

Cytology, DIA, and FISH Testing
Cytology, DIA, and FISH analyses were performed in

igure 2. Representative examples of FISH negative and positive ca
probes. (B) FISH case that is positive for trisomy 7 when �10 cells sh
ith 2 or more copies for 2 or more of the 4 probes. CEP 7 (green), CE
he Department of Laboratory of Medicine and Pathology, t
ayo Clinic, Rochester, MN, by cytotechnologists who had no
nowledge of the other test results or patient’s clinical history.
ytologic diagnoses were classified as malignant, suspicious for
alignancy, atypical, or benign using accepted criteria.18 DIA
as performed as previously described,11 and the results were

ategorized as diploid (DNA index between 0.95 and 1.10),
neuploid (DNA index between 1.11 and 1.89), or tetraploid
DNA index between 1.90 and 2.10). Aneuploid and tetraploid
esults were considered positive for malignancy.

FISH was performed as previously described using the
roVysion probe set (Abbott Molecular Inc., Des Plaines, IL).12

his probe set consists of directly labeled DNA probes to the
ericentromeric regions of chromosomes 3 (CEP 3), 7 (CEP 7),
nd 17 (CEP 17), and to chromosomal band 9p21 (LSI 9p21).
ollowing probe hybridization, slides were assessed as previ-
usly described.12 Two general types of chromosomal abnor-
ality were observed by FISH in this study: polysomy and

risomy of chromosome 7 or 3. Representative examples of
iploid cells or FISH negative, trisomy 7, and polysomy 3 are
hown in Figure 2. A patient’s specimen was positive for ma-
ignancy if �5 cells showed gains of 2 or more of the 4 probes
polysomy) or if �10 cells showed 3 copies of chromosome 7
or 3) and 2 or fewer copies of the other 3 probes. We have a
igher cutoff for trisomy 7 or trisomy 3 because signal splitting
an lead to false-positive trisomic signals being observed at low
umbers even in normal specimens.

Statistical Analysis
Nominal variables were expressed as proportions. Sen-

itivity, specificity, and positive and negative predictive values
ogether with their exact 95% confidence intervals were ob-
ained based on the binomial distribution. For each of the 3

ethods, we made 3 evaluations based on the different possible
utcomes indicative of most likely and probable for malig-
ancy. In particular, for cytology, we considered the tests based
n cytology positive or suspicious, then cytology positive, and,
nally, cytology suspicious. For DIA, we considered the tests
ased on a finding of either aneuploid or tetraploid, then
neuploid (irrespective of tetraploid results), and, finally tet-
aploid and not aneuploid; and, for FISH, we first considered
he tests based on a finding of either polysomic or trisomy, then
olysomic (irrespective of trisomy results), and, finally, only

A) FISH negative case in which the cells exhibit 2 signals for each of the
copies of chromosome 7. (C) FISH case that is positive for polysomy

red), CEP 17 (aqua), and LSI 9p21 (gold).
ses. (
ow 3
risomy (trisomy 7 or trisomy 3) and not polysomic. Not all
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October 2006 CYTOLOGY IN PANCREATOBILIARY STRICTURES 1067
pecimens obtained were useable; inadequate samples (n � 1
or cytology, n � 17 for DIA, and n � 11 for FISH) were
xcluded from the analysis. Statistical significance was inferred
or P � .05.

Results
Proximal Strictures in non-PSC Patients
Description. Baseline characteristics are described in

able 1. Among non-PSC patients with proximal strictures, 22
67%) of the 33 proximal strictures were malignant and 11 were
enign (Figure 1). The diagnosis of malignancy was based on
urgical pathology for 18 (82%) of the patients and by the
resence of metastases and/or tumor progression in 4 patients

18%) (Table 2). The etiology of benign and malignant strictures
s shown in Table 3.

Cytologic techniques results. The sensitivity, spec-
ficity, and positive and negative predictive values for the detec-
ion of malignancy in patients with proximal strictures are
hown in Table 4. As expected, cytology had a very low sensi-
ivity if only positive cases were considered positive for malig-
ancy. Sensitivity increased if both positive and suspicious cases
ere considered positive. Cytology results interpreted as suspi-

ious for adenocarcinoma must be recognized as almost equiv-
lent to cases interpreted as positive for cancer because the
pecificity of cytology was also high when only suspicious spec-
mens were categorized as positive (Table 4). In the DIA aneu-
loid patients, there was 1 false-positive DIA result, but no
atient with a tetraploid DIA had a false-positive result. DIA
neuploid and tetraploid had a higher sensitivity than that of
ytology, even when suspicious samples were considered as
ositive for the cytology analysis. The DIA sensitivity and spec-

ficity are intermediate between cytology and FISH. There were
o false-positive polysomy FISH results in the group of patients
ith proximal strictures, and, consequently, the specificity was
00%.

In clinical practice, the physician can be presented with a
egative cytology and a positive FISH and/or DIA. Therefore,

able 1. Patient Characteristics

Characteristic Non PSC PSC

otal patients 147 86
ean age (range) 65 (9–91) 50 (21–84)
ale:female 84:63 48:38
aucasian: Non Caucasian 123:4 73:2

able 2. Diagnosis of Cancer in PSC and non-PSC Patients

Subgroups of patients with the
diagnosis of cancer N (%)

roximal strictures N � 22
Metastases and/or tumor progression 4 (18)
Biopsy 18 (82)

istal strictures N � 66
Metastases and/or tumor progression 20 (30)
Biopsy 46 (70)

rimary sclerosing cholangitis N � 17
Metastases and/or tumor progression 6 (35)
i
Biopsy 11 (65)
e also calculated the sensitivity, specificity, positive predictive
alue, and negative predictive value when FISH and/or DIA
ere positive and cytology was neither positive nor suspicious.
hese results are described in Table 5. FISH either polysomic or

risomy as positive had a high sensitivity and specificity. DIA
neuploid had an intermediate sensitivity with a good specific-
ty; when only tetraploid results were considered as positive,
here was loss in sensitivity, but the specificity was 100%. Most
mportantly, when combining FISH and DIA, the sensitivity
as more than 2-fold that of cytology with a specificity of 100%

Table 5).

Distal Strictures in non-PSC Patients
Description. Baseline characteristics are described in

able 1. Of the 114 patients with distal strictures, 66 were
alignant, and 48 were benign (Figure 1). The etiology of

enign and malignant strictures is shown in Table 3. In 46
70%) of the patients, the diagnosis of cancer was confirmed by
urgical resection, endoscopic biopsy, or percutaneous biopsy;
n 20 (30%) of the patients, the diagnosis was based on the
resence of a malignant appearing mass, metastasis, and/or
umor progression detected by imaging studies.

Cytologic techniques results. The sensitivity, spec-
ficity, and positive and negative predictive values are described

able 3. Diagnosis of Strictures in Non-PSC Patients

Strictures etiology N (%)

roximal Strictures N � 33
Malignant strictures

Cholangiocarcinoma 19 (86)
Gallbladder adenocarcinoma 1 (4)
Other cancersa 2 (9)

Benign strictures
Postsurgical 6 (54)
Biliary varices 2 (18)
Autoimmune pancreatitis 2 (18)
Polycystic liver disease 1 (9)

istal strictures N � 114
Malignant strictures

Pancreatic adenocarcinoma 35 (53)
Cholangiocarcinoma 19 (29)
Metastatic cancer to the

bile duct
5 (7)

Ampullary adenocarcinoma 4 (6)
Gallbladder adenocarcinoma 1 (1)
Other cancersb 2 (3)

Benign strictures
Acute/chronic pancreatitis 21 (44)
Choledocholithiasis 8 (17)
Postsurgical 6 (12)
Idiopathic 5 (10)
Ampullary stenosis 4 (8)
Cholangiopathy and biliary

cast
Syndrome 1 (2)
Cavernous transformation of

the portal vein
1 (2)

Biliary varices 1 (2)
Serous cystadenoma 1 (2)

Metastatic gastric adenocarcinoma.
Hepatocellular carcinoma and tubulovillous ampullary adenoma.
n Table 4. The same approach in analyzing the findings for
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1068 MORENO LUNA ET AL GASTROENTEROLOGY Vol. 131, No. 4
roximal strictures was applied in this setting. When both
ositive and suspicious cytology results were considered as
ositive for malignancy, the sensitivity of cytology was in-
reased compared with proximal strictures, with a very high
pecificity. When only positive cytology results were considered
s positive, the sensitivity dropped to half, but the specificity
ncreased to 100%. DIA overall (aneuploid plus tetraploid) had
n intermediate sensitivity and a very high specificity. When
nly tetraploid results were analyzed, the sensitivity was lower
ut with a 100% specificity. For the FISH results, we also
nalyzed the data in the 3 different ways as previously described
or proximal strictures. When both polysomy and trisomy FISH
ndings were considered as positive for malignancy, the sensi-
ivity of FISH was 59%, and the specificity was 92%. If only
olysomic results were considered positive, the sensitivity
ropped, and the specificity increased to 100%. Thus, FISH had
he highest sensitivity of the 3 assays but a slightly lower
pecificity if both polysomy and trisomy were viewed as positive.

We also calculated the sensitivity, specificity, and positive
nd negative predictive values when FISH and/or DIA were
ositive and cytology was neither positive nor suspicious for cancer

Table 5). DIA aneuploid or tetraploid showed an intermediate
ensitivity for distal pancreatobiliary strictures with a very high
pecificity. DIA aneuploid results demonstrated a lower sensi-
ivity with a very high specificity. DIA tetraploid for this anal-
sis had the lowest sensitivity but a specificity of 100%. FISH

able 4. Sensitivity, Specificity, Positive Predictive Value, and
Detection of Malignancy by Stricture Classification

Non-PSC patients Sensitivity (95% CI)

roximal
Cytology (positive or suspicious) 9% (0.01–0.30)

Positive 4% (0.001–0.24)
Suspicious 4% (0.001–0.24)

DIA (aneuploid or tetraploid) 30% (0.12–0.54)
Tetraploid 5% (0.001–0.25)
Aneuploid 25% (0.09–0.49)

FISH (polysomy or trisomy) 63% (0.38–0.84)
FISH polysomy 31% (0.12–0.56)
FISH trisomy 31% (0.12–0.56)

istal
Cytology (positive or suspicious) 41% (0.29–0.54)

Positive 20% (0.11–0.31)
Suspicious 21% (0.12–0.33)

DIA (aneuploid or tetraploid) 49% (0.36–0.62)
Tetraploid 16% (0.08–0.27)
Aneuploid 33% (0.22–0.46)

FISH (polysomy or trisomy) 59% (0.46–0.71)
FISH polysomy 48% (0.35–0.60)
FISH trisomy 11% (0.04–0.21)

SC Patients
Cytology (positive or suspicious) 41% (0.18–0.67)

Positive 18% (0.04–0.43)
Suspicious 23% (0.07–0.50)

DIA (aneuploid or tetraploid) 43% (0.18–0.71)
Tetraploid 14% (0.02–0.43)
Aneuploid 28% (0.08–0.58)

FISH (polysomy or trisomy 7 or 3) 70% (0.44–0.90)
FISH polysomy 47% (0.23–0.72)
FISH trisomy 23% (0.07–0.50)

PV, positive predictive value; NPV, negative predictive value; CI, con
ither polysomic or trisomic again demonstrated the best sen- i
itivity between the 3 tests, with a high specificity. When only
ISH polysomic samples were analyzed, the specificity was
gain 100%. FISH trisomy alone showed a low sensitivity with a
igh specificity. When combining FISH and DIA for the anal-
sis, the sensitivity was lower because most of the positive FISH
nd DIA patients had positive cytology results, and these pa-
ients were excluded for this analysis. The specificity was 98%
Table 5).

PSC Patients
Description. Baseline characteristics are described in

able 1. Fifty-seven (65%) patients had inflammatory bowel
isease (IBD), and 15 (17%) had a history of colonic dysplasia or
olon cancer. Sixty-seven (78%) patients had benign strictures,
7 (20%) had malignant strictures, and 2 (2%) had strictures of

ndeterminate status (Figure 1). The mean follow-up time was 6
onths (range, 1–118 months). In 11 (65%) patients with a
alignant stricture, the diagnosis of cancer was confirmed

athologically; in 6 (35%) patients, the diagnosis was based on
he presence of a malignant appearing mass, metastasis, and/or
umor progression detected by imaging studies (Table 2).

Cytologic techniques results. The sensitivity, spec-
ficity, and positive and negative predictive values are depicted
n Table 4, using the same approach for data analysis described
or proximal strictures. In PSC patients, cytology also had a low
ensitivity with a specificity of 100% if only unequivocally pos-

gative Predictive Value of Cytology, DIA, and FISH for the

ecificity (95% CI) PPV (95% CI) NPV (95% CI)

0% (0.71–1) 100% (0.16–1) 37% (0.20–0.56)
0% (0.71–1) 100% (�) 35% (0.19–0.55)
0% (0.71–1) 100% (�) 35% (0.19–0.55)
0% (0.55–1) 86% (0.42–1) 39% (0.20–0.61)
0% (0.69–1) 100% (�) 34% (0.18–0.54)
0% (0.55–1) 83% (0.36–0.99) 37% (0.19–0.59)
0% (0.66–1) 100% (0.73–1) 56% (0.30–0.80)
0% (0.66–1) 100% (0.54–1) 41% (0.21–0.64)
0% (0.66–1) 100% (0.54–1) 41% (0.21–0.64)

6% (0.86–0.99) 93% (0.77–0.99) 54% (0.43–0.65)
0% (0.93–1) 100% (0.75–1) 47% (0.37–0.58)
6% (0.86–0.99) 87% (0.62–0.98) 47% (0.37–0.57)
8% (0.88–1) 97% (0.84–1) 57% (0.45–0.69)
0% (0.92–1) 100% (0.69–1) 45% (0.35–0.56)
8% (0.88–1) 95% (0.77–1) 50% (0.39–0.62)
2% (0.80–0.98) 90% (0.77–0.97) 63% (0.50–0.74)
0% (0.93–1) 100% (0.88–1) 59% (0.48–0.70)
2% (0.80–0.98) 64% (0.31–0.89) 44% (0.34–0.54)

7% (0.90–1) 78% (0.40–0.97) 87% (0.77–0.93)
0% (0.95–1) 100% (0.29–1) 83% (0.73–0.90)
7% (0.90–1) 67% (0.22–0.96) 83% (0.73–0.91)
7% (0.76–0.94) 43% (0.18–0.71) 87% (0.76–0.94)
5% (0.86–0.99) 40% (0.05–0.85) 83% (0.72–0.91)
2% (0.82–0.97) 44% (0.14–0.79) 85% (0.74–0.92)
6% (0.75–0.93) 57% (0.34–0.78) 92% (0.82–0.97)
0% (0.94–1) 100% (0.63–1) 88% (0.78–0.94)
6% (0.75–0.93) 31% (0.09–0.61) 81% (0.69–0.89)

ce interval; (�), insufficient number of patients to calculate 95% CI.
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October 2006 CYTOLOGY IN PANCREATOBILIARY STRICTURES 1069
ncreased if both positive and suspicious samples were consid-
red as positive and the specificity dropped slightly to 97%.

Overall DIA had an intermediate sensitivity and specificity.
SC patients were the only group in whom tetraploid DIA had
lower specificity (95%), emphasizing the different nature of

SC strictures. Among the 3 tests studied and the 3 different
ubgroups of patients, FISH polysomic plus trisomy had the
est sensitivity (70%) with a lower specificity. All of the false-
ositive FISH results were in patients who exhibited trisomy
ells. Consequently, the specificity of the assay was very high if
nly polysomy was considered positive for malignancy. We also
alculated the sensitivity, specificity, and positive and negative
redictive values when FISH and/or DIA were positive and
ytology was neither positive nor suspicious. These results are also
hown in Table 5. Overall DIA showed a low sensitivity with a
ood specificity. Interestingly, all tetraploid DIA results had
ither a positive or a suspicious cytology result. Either FISH
olysomic or trisomy had the best sensitivity among the tests
ut with decreased specificity. When only FISH polysomic sam-
les were classified as positive, the specificity was very high

100%). FISH trisomy alone showed a better sensitivity com-
ared with polysomy alone (40% vs 20%, respectively) with a
ecrease in specificity (87%). When combining FISH and DIA

able 5. Sensitivity, Specificity, Positive Predictive Value, and
Detection of Malignancy by Stricture Classification W

Non-PSC Patients Sensitivity (95% CI)

roximal
DIA (tetraploid or aneuploid) 28% (0.1–0.53)
Tetraploid 5% (0.001–0.27)
Aneuploid 22% (0.06–0.48)

FISH (polysomy or trisomy 7 or 3) 59% (0.33–0.81)
FISH polysomy 23% (0.07–0.50)
FISH trisomy (7 or 3) 35% (0.14–0.62)

FISH (polysomy or trisomy) and
DIA (aneuploid or tetraploid)

23% (0.07–0.50)

FISH (polysomy or trisomy) or DIA
(aneuploid or tetraploid)

65% (0.38–0.86)

istal
DIA (aneuploid or tetraploid) 25% (0.12–0.42)

Tetraploid 5% (0.007–0.19)
Aneuploid 19% (0.08–0.36)

FISH (polysomy or trisomy 7 or 3) 35% (0.20–0.52)
FISH polysomy 22% (0.10–0.38)
FISH trisomy (7 or 3) 13% (0.04–0.29)

FISH (polysomy or trisomy) and
DIA (aneuploid or tetraploid)

15% (0.05–0.31)

FISH (polysomy or trisomy) or DIA
(aneuploid or tetraploid)

48% (0.31–0.66)

SC Patients
DIA (aneuploid or tetraploid) 14% (0.004–0.58)

Tetraploid 0 (0–0.41)
Aneuploid 14% (0.004–0.58)

FISH (polysomy or trisomy 7 or 3) 60% (0.26–0.88)
FISH polysomy 20% (0.02–0.56)
FISH trisomy (7 or 3) 40% (0.12–0.74)

FISH (polysomy or trisomy) and
DIA (aneuploid or tetraploid)

14% (0.004–0.58)

FISH (polysomy or trisomy) or DIA
(aneuploid or tetraploid)

67% (0.30–0.92)

PV, positive predictive value; CI, confidence interval; NPV, negative
or the analysis, the sensitivity was low, but the specificity was o
ery high, even higher than cytology (positive or suspicious)
esults.

Discussion
Cytologic specimens can be interpreted as malignant,

uspicious for malignancy, atypical, or benign.18 For the pur-
oses of determining the predictive power of the tests, we
lassified cases interpreted as “atypical” or benign as negative
or malignancy and “suspicious” as negative or positive depend-
ng on the analysis. Other investigators have considered “sus-
icious” and “atypical” interpretations as positive in their cal-
ulations of sensitivity and specificity.1,19,20 Our results suggest
hat cytologists may be overly conservative because the speci-
city of cytology was only slightly lower (96% vs 100% over
ntire study group) if both positive and suspicious cases were
onsidered positive, but there was a significant increase in the
ensitivity of cytology (20% to 41%) if both positive and suspi-
ious cases were considered positive. Perhaps, the current sys-
em of categorizing cases as positive and suspicious can be

aintained as long as clinicians realize that even suspicious
iagnoses are associated with a very high risk of malignancy.

One possible explanation for the lower sensitivity of cytology

gative Predictive Value of Cytology, DIA, and FISH for the
Cytology is Neither Positive nor Suspicious

ecificity (95% CI) PPV (95% CI) NPV (95% CI)

0% (0.55–1) 83% (0.36–0.99) 41% (0.21–0.64)
0% (0.69–1) 100% (�) 37% (0.19–0.58)
0% (0.55–1) 80% (0.28–0.99) 39% (0.20–0.61)
0% (0.66–1) 100% (0.69–1) 56% (0.30–0.80)
0% (0.66–1) 100% (0.40–1) 41% (0.21–0.64)
0% (0.66–1) 100% (0.54–1) 45% (0.23–0.68)
0% (0.66–1) 100% (0.40–1) 41% (0.21–0.64)

9% (0.52–1) 92% (0.61–1) 57% (0.29–0.82)

8% (0.87–0.99) 90% (0.55–1) 60% (0.48–0.72)
0% (0.91–1) 100% (0.16–1) 55% (0.43–0.67)
8% (0.87–0.99) 87% (0.47–1) 58% (0.46–0.70)
3% (0.82–0.99) 81% (0.54–0.96) 64% (0.51–0.75)
0% (0.92–1) 100% (0.63–1) 61% (0.49–0.72)
3% (0.82–0.99) 62% (0.24–0.91) 57% (0.45–0.69)
8% (0.87–1) 83% (0.36–0.99) 58% (0.46–0.70)

3% (0.80–0.98) 85% (0.62–0.97) 68% (0.55–0.80)

8% (0.77–0.95) 12% (0.003–0.53) 90% (0.79–0.96)
7% (0.88–0.99) 0 (0–0.84) 89% (0.79–0.95)
1% (0.81–0.97) 17% (0.004–0.64) 90% (0.79–0.96)
7% (0.76–0.94) 43% (0.18–0.71) 93% (0.83–0.98)
0% (0.94–1) 100% (0.16–1) 88% (0.79–0.95)
7% (0.76–0.94) 33% (0.10–0.65) 90% (0.79–0.96)
8% (0.91–1) 50% (0.01–0.99) 90% (0.80–0.96)

5% (0.62–0.86) 30% (0.12–0.54) 93% (0.82–0.99)

ctive value; (�), insufficient number of patients to calculate 95% CI.
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eferral patients. Such patients are selected for complex diag-
ostic and management decisions because the initial studies
nd assessments elsewhere are often not definitive. These pa-
ients frequently have earlier stage disease with smaller, less
asily detectable tumors. Another possible explanation is that
any other studies have a higher proportion of patients with

arge tumors that could be easily detected by cytology and other
ethodologies. Indeed, although the sensitivity of cytology

bserved in this study is lower than in a number of other
tudies, our results are comparable with those of De Beelis et al,
ho used a similar cytologic classification and a referral popu-

ation of patients.21 Thus, our study suggests that cytology has
xcellent specificity but poor sensitivity for the detection of
alignant pancreatobiliary strictures in a typical referral pop-

lation. When technically feasible, bile duct biopsy specimens
ere also taken from all suspicious strictures. From 105 pa-

ients with cancer, 95 had a biopsy performed. The biopsy
pecimen was falsely negative in 13 (14%) of these patients,
mphasizing the difficulty in establishing a tissue diagnosis in
atients with malignant pancreatobiliary strictures.

The sensitivities of DIA and FISH for detecting malignant
ells were considerably higher than the sensitivity of cytology.
hese advanced cytologic techniques identify malignant cells
ither by detecting aneuploidy (DIA) or aneusomy (FISH). An-
uploidy refers to abnormalities of nuclear DNA content, and
neusomy refers to abnormalities (gain or loss) of specific chro-
osomes or chromosomal loci (specifically chromosomes 3, 7,

nd 17 and the 9p21 band in this study). However, not all
ancers are aneuploid/aneusomic, and the percentage of biliary
ract cancers displaying aneuploidy has been estimated to be
pproximately 80%.10 Consequently, DIA and FISH cannot be
xpected to obtain a sensitivity of 100% for detecting malignant
ancreatobiliary strictures. Nonetheless, the sensitivities of
ISH and DIA observed in this study represent a significant

mprovement over the sensitivity obtained by conventional

ytology. w
Two types of chromosomal alterations were observed by
ISH in this study: polysomy and trisomy of a single chromo-
ome. In this study, polysomy FISH results had 100% specificity
ie, no false-positive polysomy results). Given this, the finding
f polysomy could possibly be viewed as equivalent to a positive
ytology for the diagnosis of cancer. Virtually all of the cases
hat exhibited trisomy in this study were trisomic for chromo-
ome 7 (28 cases were trisomy 7 and 2 were trisomy 3). Trisomy

has been observed in both neoplastic and nonneoplastic
onditions. Studies22,23 have shown that synovial fluid cells
rom patients with rheumatoid arthritis and osteoarthritis fre-
uently exhibit trisomy 7. However, trisomy 7 is also observed

n neoplasms such as astrocytomas,24 colorectal cancer,25 thy-
oid cancer,26 kidney cancer,27 and breast cancer.28 Therefore,
risomy FISH results in pancreatobiliary strictures must be
nterpreted with caution and placed into the clinical context.

There were 2 different categories of DIA results: aneuploid
DNA index from 1.12 to 1.89) and tetraploid (DNA index
reater 1.89) In this study, DIA with aneuploidy had an inter-
ediate sensitivity and specificity as compared with cytology

nd FISH. Given that DIA is based on populations of cells, its
ower sensitivity to FISH is not surprising because of the rela-
ively acellular samples obtained by endoscopic brush cytology.
ts lower specificity in PSC patients suggests that the inflam-

ation in accompanying biliary tract obstruction results in
alse-positive results with this assay. However, tetraploid DIA
esults in non-PSC patients had a specificity of 100%. This
nding can be interpreted as equal to cancer. The difference in
IA results in regards to PSC or non-PSC patients supports our

tratification of strictures. Therefore, tetraploid DIA results are
orrisome for cancer, whereas aneuploid results must be inter-
reted cautiously, taking into account the clinical context (Fig-
re 3).

Although the current study is not a cost-effectiveness anal-
sis, the employment of these techniques into routine practice

Figure 3. Diagnostic flow
chart based on the results of cy-
tology, FISH, and DIA in PSC and
non-PSC patients.
ill be influenced by the costs. Medicare reimburses routine
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October 2006 CYTOLOGY IN PANCREATOBILIARY STRICTURES 1071
iliary cytology at $131 dollars. The Medicare payment for DIA
s approximately 60% of the payment for routine cytology, and
he payment for FISH is approximately 4.8 times that for
outine cytology. The cost of all 3 tests is additive. However, the
ncreased sensitivity of DIA and FISH could potentially lead to
reduction in overall health care costs by reducing the need for

epetition of tests (eg, ERCP, CT, MR studies) over time or the
erformance of other expensive diagnostic modalities (eg,
ositron emission tomography scans), which would otherwise
e necessary to arrive at the correct diagnosis. In addition, the

nformation afforded by these tests may help guide more com-
lex decisions regarding expensive therapeutic interventions
uch as the need for surgery. Thus, the cost-effectiveness of
hese advanced cytologic techniques will need further and care-
ul analysis.

It is possible that the acquisition of multiple samples for
ytologic analysis would alter the ERCP complication rate. The
ost-ERCP complication rate in this study was 6%; 7 patients
eveloped pancreatitis; 5 patients bacterial cholangitis; 2 pa-
ients mild, self-limited pancreatic duct perforations; and 1
atient a bile duct perforation. In a similar patient population,
ng et al reported a 10% complication rate after ERCP.29 Thus,

he acquisition of additional cytologic specimens does not ap-
ear to increase the ERCP-associated complication rate.

The principal findings of this study relate to the clinical
tility of advanced cytologic techniques for the accurate diag-
osis of pancreatobiliary strictures. Based on the data, we con-
ider FISH polysomy or DIA tetraploid results (exclusively in
on-PSC patients) to be equivalent to positive cytology for the
iagnosis of malignant pancreatobiliary strictures. The data

ndicate that, in non-PSC patients, FISH has the highest sensi-
ivity of the 3 techniques while maintaining the high specificity
f cytology. In PSC patients, FISH has the highest sensitivity,
ut the specificity is somewhat lower. DIA has good specificity
or the diagnosis of malignant pancreatobiliary strictures in
SC and non-PSC groups and increases the sensitivity of pan-
reatobiliary malignancy detection more than 2-fold relative to
ytology when only positive cytology results are considered
linically appropriate to act. Based on this extensive experience,
e have now incorporated these advanced cytologic techniques

nto our practice (Figure 3). However, we note that all samples
ere obtained from patients with pancreatobiliary strictures

uspicious for cancer. This population of patients, although
linically relevant, has a high pretest probability of cancer. The
erformance of these tests in screening patient populations (eg,
SC patients) is unclear and will require additional study.
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