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Abstract

Objectives—To evaluate microRNA (miRNA) expression in pancreatic resection specimens and
fine needle aspiration (FNA) biopsies and determine which, if any, miRNAs aid the distinction
between benign and malignant pancreatic tumors in limited cytology material.

Methods—Resection specimens containing adenocarcinoma (n=17), intraductal papillary
mucinous neoplasms (IPMN, n=11), and non-neoplastic tissues (n=15) were evaluated for miR-21,
-221, -100, -155, and -181b expression by gRT-PCR, and a subset of carcinomas and IPMNs were
analyzed with miRNA microarrays. Cellblocks containing carcinoma (n=26) or benign pancreatic
lesions (n=11) from FNA biopsies were subjected to qRT-PCR for miR-21, miR-221, miR-181b,
miR-196a and miR-217.

Results—Carcinomas showed higher expression of miR-21, -221, -155, -100, and -181b than
benign lesions by gRT-PCR and overexpression of miR-21, -221, and-181b was confirmed by
microarray analysis. Cellblocks containing carcinoma showed higher expression of miR-21, -221,
and -196a than those from benign lesions (p<0.001, p=0.009, p<0.001, respectively).

Conclusions—Pancreatic ductal adenocarcinomas show differential expression of miRNAs
compared to benign pancreatic lesions. A select panel of miRNAs aids the distinction between
pancreatic lesions in cytology specimens.
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Introduction

Pancreatic cancer is the fourth leading cause of cancer-related death in the United States.
Although surgical resection represents the best hope for cure, most patients present with
tumors of advanced stage that are inoperable and associated with a poor prognosis. The
preoperative evaluation of pancreatic tumors includes radiographic imaging to determine
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potential resectability and diagnostic biopsy, which is essential to guiding appropriate
surgical and chemotherapeutic management. Biopsies of pancreatic tumors are usually
performed v7a fine needle aspiration (FNA) biopsy at the time of endoscopic
ultrasonographic evaluation. However, biopsy interpretation may be hindered by limited
sampling and inflammatory changes that mask, or mimic, neoplasms. For this reason, many
investigators have tried to identify biomarkers that reliably distinguish pancreatic
adenocarcinoma from benign neoplasms and non-neoplastic pancreatic tissue. MicroRNAs
(miRNAs) have received considerable attention as potential biomarkers of human
malignancies. These molecules consist of 18-25 nucleotides and regulate gene expression at
the post-transcriptional level. They promote oncogenesis by either inhibiting expression of
tumor suppressor genes, or up-regulating expression of oncogenes.2# Emerging data suggest
that miRNAs have characteristic expression profiles in some carcinomas and several species
are dysregulated in pancreatic ductal adenocarcinoma.3: 59 For example, miR-21, miR-221,
miR-181b, miR-155, miR-100 and miR-196a show significantly higher expression in
pancreatic carcinoma when compared to the non-neoplastic pancreas; whereas miR-217 is
normally found in the pancreas, but shows consistently decreased or absent expression in
adenocarcinomas.10-13 The potential application of these markers to the preoperative
evaluation of pancreatic lesions has not been extensively studied.

The purpose of this study was to assess the utility of miRNASs in distinguishing between
benign and malignant pancreatic lesions. We first examined expression of 5 miRNAs
(miR-21, miR-221, miR-181b, miR-100 and miR-155) in pancreatic resection specimens
containing ductal adenocarcinoma (n=17), intraductal papillary mucinous neoplasms
(IPMNs, n=11) and adjacent non-neoplastic pancreatic tissue (n=15) using qRT-PCR. A
subset of these cases (8 pancreatic ductal adenocarcinomas and 8 IPMNSs) was
simultaneously evaluated for expression of 328 miRNA species using a miRNA microarray
assay. Based on these results and those in the literature, we compiled a panel of 5 miRNA
species (miR-21, miR-221, miR-181b, miR-196a and miR-217) for further evaluation in
cytology aspirate specimens. We extracted miRNA from 49 cellblocks derived from FNA
biopsy samples, including 38 pancreatic ductal adenocarcinomas and 11 benign lesions and
performed qRT-PCR to amplify these 5 miRNAs, in order to determine whether miRNA
expression profiles could be used to detect pancreatic carcinoma in limited biopsy samples.

Materials and Methods

Case Selection

Twenty-eight pancreatic resection specimens were identified from a search of the
Department of Pathology and Laboratory Medicine surgical pathology files at Weill Cornell
Medical College. The cases included 17 pancreatic adenocarcinomas and 11 IPMNS.
Hematoxylin and eosin stained slides were prepared from routinely processed tissue sections
(10% buffered formalin) and reviewed to confirm the diagnoses. Tumors were classified
according to the WHO classification system and staged using the AJCC TNM Cancer
Staging Manual.14-16 Four 5 um sections were cut from a representative block of each
tumor. Non-neoplastic tissues were manually removed from each slide and the remaining
tumor tissue was subjected to RNA extraction. We also obtained tissue blocks of
peritumoral non-neoplastic pancreatic tissue from 15 cases.

Cellblock specimens prepared from 49 FNA biopsy samples of pancreatic lesions were
obtained. Thirty-eight patients had surgically, or clinically, confirmed pancreatic ductal
adenocarcinoma, including 16 patients who underwent surgical resection and 22 who had
unresectable disease at the time of diagnosis. All of the latter 22 patients ultimately
developed disseminated pancreatic adenocarcinoma and died of disease. Eleven cellblocks
contained benign epithelium and inflammatory tissue, and none of these patients developed
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any evidence of pancreatic carcinoma during follow-up (mean: 24 months, range: 1-46). Ten
10 pm whole sections from each case were subjected to RNA extraction as described below.
Information regarding patient age, sex, and clinical outcome was obtained from the medical
records and pathology reports. This study was performed following approval by the
Institutional Review Board.

RNA Extraction

RNA was extracted using the Ambion RecoverAll Total Nucleic Acid Isolation kit (Applied
Biosystems, Foster City, California). Briefly, tissue samples were deparaffinized in xylene
and subjected to protease digestion. RNA was captured on a glass-fiber filter and eluted
using 60 pL of nuclease-free water after ethanol wash. Total RNA concentrations were
measured with the NanoDrop 8000 spectrophotometer (NanoDrop, Wilmington, DE). The
surgical resection specimens yielded 0.42-42 g of total RNA (mean: 8 g, median: 3 p.g).
Cellblock specimens yielded considerably less total RNA and ranged from undetectable
values in 5 cases to 2.7 pg (median: 0.2 p.g).

Quantitative RT-PCR

Quantitative RT-PCR was performed in triplicate using the ABI 7500 Fast Real-Time PCR
System (Applied Biosystems, Foster City, California). Reverse transcription was performed
using species-specific primers (Applied Biosystems, Foster City, California) for each
miRNA. RNA from resection specimens was amplified using 10 ng of RNA per 15 pl
reverse transcription reaction, whereas 5 ng of RNA per 7.5 pl reverse transcription reaction
was utilized for cellblock analysis. The maximum volume (4.6 pl) of extracted RNA was
used for the 5 cellblock specimens with low RNA concentrations. Each PCR was performed
using 1 pl of cDNA solution and the Tagman MicroRNA Assay kit (Applied Biosystems),
and consisted of 45 amplification cycles (15 seconds at 95 °C and 1 minute at 60 °C).
Control amplification for small endogenous RNA U6 was performed for all samples. The
same post-amplification threshold was set for all samples after each experiment, in order to
compare C; values for each miRNA. Mean C; values were calculated for each specimen and
normalized against the corresponding RNA U6 C; values (Ct mirna — Ctusg)- All data are
presented as normalized C; values.

Flexmir™ MicroRNA Assay

A subset of 8 pancreatic ductal adenocarcinomas and 8 IPMNS was analyzed using the
Flexmir™ miRNA assay (Luminex Corporation, Austin, TX). For each sample, 1 pg of
biotin-labeled RNA was incubated with hybridization buffer and locked nucleic acid capture
probes coupled to fluorescently dyed microspheres. Samples were incubated for 3 minutes at
95° C and then for 60 minutes at 60° C. Hybridized reactants were then transferred to a 96-
well plate following the manufacturer’s instructions. Unbound sample was removed by
washing with ethylenediaminetetraacetic acid. The reporter molecule, Streptavidin-
phycoerythrin, was added to the beads (75 pl/sample of 1:300 dilution) and incubated for 30
minutes at room temperature. Fifty microliters of each sample were processed on the
Luminex analyzer (Luminex Corporation, Austin TX) and median fluorescence intensity
values were measured.

Statistical Analysis

The results from the initial experiments on pancreatic resection specimens were analyzed as
follows. All samples were subjected to qRT-PCR to amplify each of 5 miRNA species.
Average miRNA expression levels were calculated for cases of pancreatic adenocarcinoma
and compared to those of non-neoplastic pancreatic tissues and IPMNs using Tukey’s test.
Data generated from the Flexmir™ miRNA microarray assay were also evaluated. Mean and
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median expression levels of 328 miRNA species evaluated in pancreatic ductal
adenocarcinomas and IPMNs were compared using the student t-test and Wilcoxin rank-sum
test. The student t-test was used to evaluate mean miRNA expression in cellblock specimens
that contained pancreatic ductal adenocarcinoma and those with benign tissue. An Akaike
Information Criteria-based backward model selection procedure was subsequently used to
develop a parsimonious logistic regression model to best identify malignancy in cytologic
specimens.

Clinical and Pathologic Features of Resection Specimens

The clinical and pathologic features of 28 patients with resected pancreatic tumors are
summarized in Table 1. Eight of 17 pancreatic ductal adenocarcinomas were low-grade and
9 were high-grade. Ten carcinomas were associated with lymph node metastases. At the
time this study was performed, 9 patients had died from pancreatic adenocarcinoma, 5 were
alive with disease, 2 had no evidence of disease, and 1 died from complications of another
illness (mean follow up: 22.5 months, median: 11 months). Seven of 11 IPMNSs, showed
mild (n=3) or moderate (n= 4) dysplasia and 4 displayed severe dysplasia (carcinoma /n
Situ).

MicroRNA Expression in Resection Specimens

All 5 miRNA species were expressed at higher levels in pancreatic ductal adenocarcinoma
than non-neoplastic pancreatic tissue (Figure 1). MicroRNA-21, miR-221, miR-155 and
miR-100 were most significantly increased in pancreatic ductal adenocarcinoma versus non-
neoplastic tissues (p=0.003, p=0.009, p<0.001, and p=0.04 respectively). MicroRNA-181b
also showed a trend toward increased expression in carcinoma compared to non-neoplastic
pancreas (p=0.07). Significantly higher expression of miR-21, miR-221, miR-155 and
miR-181b was also observed in pancreatic ductal adenocarcinoma relative to IPMN
(p<0.001, p<0.001, p<0.001 and p=0.019, respectively) and increased expression of
miR-100 in the former was nearly significant (p=0.06) as depicted in Figure 1. Flexmir™
miRNA microarray analysis largely confirmed these results and demonstrated higher
expression of miR-21, miR-221, and miR-181b in pancreatic ductal adenocarcinomas
relative to IPMNSs. The relationships between miRNA expression and tumor grade (low
versus high), regional lymph node metastases, presence or absence of extrapancreatic
extension, and development of metastatic disease during the follow up period were also
examined. The mean expression levels of all 5 species were similar for all comparisons (fold
differences < 2).

Clinical and Pathologic Features of Cellblock Specimens

Forty-nine cellblock specimens, including 38 adenocarcinomas and 11 benign lesions,
prepared from pancreatic FNA biopsies were evaluated, all of which were obtained from a
separate group of patients. Unfortunately, only 35/38 patients with pancreatic ductal
adenocarcinoma had adequate material in their cellblocks for miRNA studies; the three
patients without sufficient materials were excluded from further studies. All 35 patients with
pancreatic cancer were adults (mean age: 67 years, male/female ratio: 12/23). A cytologic
diagnosis of carcinoma was rendered in 26 (74%) cases and 9 were considered to be
suspicious for malignancy. Eleven patients had benign pancreatic lesions, including chronic
pancreatitis (n=2), serous cystadenomas (n=2) and pancreatic pseudocysts (n=7). The age
and sex distributions of patients with benign lesions were similar to those with carcinoma
(mean age: 67 years, male/female ratio: 3/8).
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MicroRNA Expression in Cellblock Specimens

As previously noted, expression of three miRNAs (miR-21, miR-221 and miR-181b) was
increased in pancreatic ductal adenocarcinoma compared to benign pancreatic lesions by
both gRT-PCR and microarray. Results of a recent study also indicated that a panel of 2
miRNAs (miR-196a, miR-217) reliably detected carcinoma in FNA biopsy material.1” For
this reason, we chose to evaluate cellblock material using a panel of 5 miRNAs (miR-21,
miR-221, miR-181h, miR-196a, miR-217).

Forty-six cell blocks (35 carcinomas and 11 benign lesions) yielded sufficient RNA for
analysis. Twenty-six cancers were definitively diagnosed by cytologic assessment and
expression of miR-21, miR-221, and miR-196a in these cases was significantly higher than
that of the 11 benign lesions (p<0.001, p=0.009, and p<0.001, respectively). No significant
differences were observed with respect to expression of miR-181b or miR-217 between
these two groups.

MicroRNA-21, miR-221 and miR-196a were overexpressed in pancreatic carcinomas
compared to benign aspirates, but there was considerable overlap in the range of values
between groups (Figure 2a) that precluded use of any single species as a reliable diagnostic
tool. Expression levels of these 3 miRNAs were also assessed as additive values using all
possible pairings, including a combination of all 3 markers. Although this approach resulted
in greater separation between benign and malignant tumors (p<0.001 for all composite
markers), the ranges of values still overlapped for all paired comparisons (Figure 2b).

Parsimonious logistic regression modeling was performed utilizing the three most promising
markers: miR-21, miR-221 and miR-196a. A composite equation using 2 markers (miR-221
+ 2*miR-196a) was created and applied to the cytology samples. A resultant value of >
-16.9 correctly classified 92% (24/26) of cytologically confirmed carcinomas as positive for
malignancy and 73% (8/11) of the benign cases as negative for malignancy. This logistic
regression model was applied to the 9 cellblocks obtained from patients with pancreatic
ductal adenocarcinoma who had equivocal cytologic interpretations (suspicious for, but not
diagnostic of, carcinoma). The model correctly predicted that 8 (89%) of these cases were
malignant (Figure 3).

Discussion

In this study, we evaluated the utility of miRNA species as diagnostic markers of pancreatic
ductal adenocarcinoma. We first used gRT-PCR to assess expression of miR-21, miR-221,
miR-181b, miR-155 and miR-100 in pancreatic resection specimens that contained
pancreatic ductal adenocarcinoma or IPMN, as well as non-neoplastic pancreatic tissues. We
observed higher expression of all 5 miRNAs in adenocarcinomas compared to benign
conditions. Sixteen of these cases, including 8 pancreatic ductal adenocarcinomas and 8
IPMNs were further evaluated using the Flexmir™ miRNA microarray assay, which
confirmed higher expression of miR-21, miR-221 and miR-181b in cancers and these
species were subsequently tested in cellblock specimens. Cellblock materials were also
evaluated for miR-196a and miR-217, both of which are reportedly dysregulated in
pancreatic adenocarcinomas.2 17 We found increased expression of miR-21, miR-221 and
miR-196a in cellblock specimens from patients with pancreatic ductal adenocarcinoma
compared to those with benign lesions. We did not find miR-181b or miR-217 to reliably
distinguish between these groups. Logistic regression modeling produced a formula
(miR-221 + 2*miR-196a) that correctly predicted malignancy in 89% of FNA biopsy
specimens that were equivocal based on cytologic evaluation alone.
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Immunohistochemical markers may be used to distinguish benign from malignant tumors in
pancreatic FNA biopsy specimens. Itoi ef al. evaluated 62 FNA specimens and found p53
staining in 67% of carcinomas, but none of the chronic pancreatitis cases.18 Mucin
histochemical stains are also helpful in this differential diagnosis: MUC1 and MUC4 are
expressed in >90% of pancreatic carcinoma FNA specimens but <10% of benign pancreatic
aspirates, whereas clusterin is more commonly expressed in benign ductal epithelium (90%)
compared to carcinoma (7%).1920 Most recently, insulin-like growth factor-1l mMRNA
binding protein 3 (IMP3) expression was shown to be a highly sensitive marker of
pancreatic ductal adenocarcinoma in cellblock material, being present in 88-92% of
adenocarcinomas compared to 0% of chronic pancreatitis cases and benign tumors. 21 22, 23

Available molecular markers have limited utility in distinguishing between benign and
malignant lesions in FNA biopsy samples from pancreatic tumors. K-ras mutations are
detected in patients with benign and malignant pancreatobiliary diseases. Yan et a/. found k-
ras mutations in aspirates from 31/57 (54%) pancreatic ductal adenocarcinomas, 23/67
(34%) chronic pancreatitis cases, and 13/61 (21%) patients with biliary stones who did not
have cancer.24 Shi et al. improved the sensitivity (94%) and specificity (89%) of k-ras
testing by using DNA ligation and PCR amplification to compare ratios of mutated versus
wild-type k-ras in surgically-collected pancreatic duct juice samples.2® Routine assessment
for p53 mutations is challenging because the gene is large and mutations occur in multiple
exons.?8 Yan et al. used a functional assay for p53wherein PCR-amplified p53 DNA from
pancreatic aspirates was transformed into yeast colonies yielding white colonies for wild-
type p53and red colonies for mutant p53. This technically complicated assay correctly
identified only 20/48 (42%) carcinomas and failed to detect p53 mutations in 4/12 (33%)
tissue-matched cases that harbored mutations in the primary tumor.24 Epigenetic alterations,
such as DNA methylation, may represent future targets, but methylation specific PCR assays
are problematic.2”

Fukushima et al. evaluated 45 patients with pancreatic adenocarcinoma and found that 67%
had methylated ppENK in their pancreatic juice, but also found methylated ppENK in
duodenal secretions from patients without cancer and in samples from histologically normal
duodenum.28 Matsubayashi et a/. evaluated 11 pancreatic ductal adenocarcinoma samples
for hypermethylation using a panel of 5 genes (cyclin D2, TFP12, ppENK, NPTX2, and
FOXEI). Using quantitative methylation-specific PCR, they found that 9 (82%)
adenocarcinomas had at least 1% methylation of 2 or more genes, compared to none of 64
benign lesions.29 Future validation and improved detection methods may advance the
clinical utility of these gene- and protein-based assays, but they are of limited value
currently.

MicroRNAs have gained recent attention as diagnostic markers because they are
dysregulated in several types of cancer. Up-regulation of miR-21 occurs in tumors of the
pancreas, lung, breast, stomach, prostate, colon, brain, thyroid, head and neck, and
esophagus.10: 11, 30-34 Increased miR-196a expression occurs in carcinomas of the
endometrium, breast, and esophagus, and coincides with progression from PanIN2 to
PanIN3 in the pancreas.12 35 36 MicroRNA-181b and miR-221 overexpression occurs in
cancers of the brain, thyroid, colon, breast, prostate and in several types of leukemia.11. 37-42
The mechanisms by which miRNAs promote oncogenesis are not entirely clear, but the
frequency with which they are dysregulated in carcinomas suggests their potentially
important role in diagnosis, prognosis, and management of cancer patients.”: 30 35. 43 Some
miRNA species may distinguish pancreatic ductal adenocarcinomas from benign pancreatic
lesions. MicroRNA-21 is increased early in the progression of pancreatic intraepithelial
neoplasia (PanIN) to carcinoma and its presence by /n-situ hybridization is associated with
decreased survival among patients with node-negative pancreatic carcinoma.*4 45
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Bloomston et al. examined 65 pancreatic adenocarcinomas and benign adjacent pancreatic
tissue as well as 42 cases of chronic pancreatitis for miRNA expression. They found 21
miRNAs to be dysregulated in cancer and noted that a panel of 11 species (miR148a,
miR-148b, miR-155, miR-181a, miR-181b, miR-181b-1, miR-181c, miR-181d, miR-21,
miR-221, miR-375) distinguished adenocarcinoma from benign pancreatic tissue. They also
found that increased miR-196a was associated with a 2-year survival of 17%, compared with
64% among tumors with low expression.10 Lee et al. profiled 28 pancreatic ductal
adenocarcinomas and 21 non-neoplastic pancreatic tissues. They found 100 miRNAs to be
aberrantly expressed in cancer, including miR-100 and 4 species (miR-21, miR-221,
miR-181b and miR-155) that were identified by Bloomston et a/11 Similarly, we found all 5
of these miRNA species to be increased in pancreatic adenocarcinomas compared to non-
neoplastic tissues.

One other study to date has applied miRNA expression analysis to pancreatic cytology
specimens. Szafranska et al. evaluated 16 FNA biopsies obtained from 10 pancreatic ductal
adenocarcinomas, 1 patient with suspected pancreatic ductal adenocarcinoma, 1 pancreatic
neuroendocrine tumor, 1 aspirate that contained atypical epithelial cells, and 3 aspirates of
non-pathologic tissue obtained after pancreatectomy. They found that a combination of
miR-196a over-expression and decreased miR-217 expression correctly identified 9/10
pancreatic ductal adenocarcinomas and classified 1 suspicious case as malignant.1’ We
included these two species in our cellblock analysis. We also observed significantly higher
miR-196a expression in cancers, but failed to confirm a relationship between decreased
miR-217 expression in pancreatic ductal adenocarcinoma relative to samples of non-
neoplastic tissues. We believe that this discrepancy can be explained as follows.
MicroRNA-217 is necessary for pancreatic development in animal models and is highly
expressed in normal pancreatic parenchyma.l’ 46 Szafranska et al. used ex vivo aspirated
material from non-lesional tissue in pancreatic resection specimens, which presumably
contained abundant normal pancreatic tissue. In contrast, the benign cytology specimens
used in our study were derived from cases of chronic pancreatitis, serous cystadenomas and
pseudocysts, and all largely consisted of lesional, rather than acinar, elements. The lack of
agreement between the two studies could reflect the relative amounts of ductal and acinar
tissue present in the samples used in each study. We also found a high level of concordance
between miR-21, miR-221 and miR-196a expression profiles in resection and cellblock
specimens, but noted increased miR-181b only in cancer resection specimens. It is possible
that miR-181b is expressed in desmoplastic stroma, which is more abundant in resection
specimens than cytology aspirates.

One interesting aspect of our study is the use of logistic regression modeling to classify
cytology samples. We established a miRNA expression cutoff threshold using two markers
(miR-221 and miR-196a) that accurately predicted the presence of malignancy in 89% of
cancer specimens that were not definitively classified based on cytologic evaluation alone.
Although this model misclassified 3 benign cytology specimens as positive for malignancy
and 1 of 9 cancers as negative for malignancy, its sensitivity and specificity may be
improved by using fresh aspirates and extending the analysis to include additional miRNA
species (6.g. miR-155).

In summary, our data show that most cytology cellblocks contain adequate material for
quantitative analysis of miRNA expression. Differential mMiRNA expression in resection
specimens is reliably reproduced in cellblock material and a select panel of miRNA species
(miR-21, miR-221, miR-196a) distinguishes most pancreatic adenocarcinomas from benign
lesions. Continued evaluation of other miRNAs may lead to a revised miRNA panel with
improved sensitivity and specificity for diagnosing pancreatic ductal adenocarcinoma.
Prospective studies that utilize other miRNA targets, as well as both cellblock and freshly
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Ilected aspirate material should further refine the utility of this tool in the assessment of

patients with pancreatic tumors.
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Figurel.

Box-and-whisker plot of miR-21, miR-221, miR-181b, miR-155, and miR-100 expression in
resection specimens of pancreatic carcinoma, non-neoplastic pancreatic tissues, and IPMNS.
Expression of miR-21, -221, -155, and -100 by gRT-PCR was significantly higher in
carcinomas than non-neoplastic tissues (p=0.003, p=0.009, p<0.001, and p=0.04,
respectively). There was also a trend toward increased miR-181b expression in cancers
(p=0.07). Expression of miR-21, -221, -155, and -181b was also significantly higher in
pancreatic carcinomas compared to IPMNs (p<0.001, p<0.001, p<0.001, and p=0.019,
respectively) and a similar trend toward increased miR-100 expression in carcinomas was
noted (p=0.06).
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Figure 2.

a. Box-and-whisker plot of miR-21, miR-221, miR-196a, miR-181b, and miR-217
expression in cellblock specimens derived from pancreatic carcinoma and benign pancreatic
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lesions. Expression of miR-21, -221, and -196a was significantly higher in carcinoma

specimens. b. Box-and-whisker plot of additive miRNA values. Expression of all composite
markers was significantly higher in pancreatic carcinoma than benign pancreatic lesions.
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Figure 3.

Scatter plot of cellblock specimens classified by logistic regression model. Using the
equation, miR-221 + 2*miR-1964a, a value of > —16.9 correctly classified 24/26 (92%)
cytologically confirmed carcinomas as positive for malignancy and 8/11 (73%) benign
lesions as negative for malignancy. When applied to 9 cases that were considered suspicious
for, but not diagnostic of, pancreatic carcinoma, the model correctly predicted that 8 (89%)
were malignant.
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Table 1

Clinical and Pathologic Features of Resected Pancreatic Tumors

Pancreatic Ductal  Intraductal Papillary
Adenocarcinoma  Mucinous Neoplasms

(n=17) (n=11)

Mean Age (years) 66 62
Male:Female Ratio 9:8 5:6
Tumor Location in Pancreas

Head 14 7

Body 3 3

Tail 0 1
Pathologic Tumor Stage

| 13 NA

1 2 NA

11 2 NA

\Y 0 NA
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