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Abstract: Background: We investigated a series of pancreaticoduodenectomy and duodenal biopsies with a panel of
immunohistochemical markers to identify duodenal mucosal invasion by pancreatic ductal adenocarcinoma (PDAC),
including markers of poor prognosis and targets of promising novel inmunotherapies. Materials and Methods: Eigh-
teen consecutive pancreaticoduodenectomy specimens with duodenal mucosal invasion by PDAC were examined
for expression of MUC1, MUC4, MUC5AC, MUCG6, mesothelin, MUC2, CDX2, and DPC4 on formalin-fixed, paraffin-
embedded sections of duodenal-ampullary-pancreatic junctions. Expression of all but MUC6 was also assessed
in duodenal biopsies from 12 patients with duodenal mucosal invasion by PDAC. Results: The duodenal mucosa
expressed MUC1 (crypts), MUC2 (goblet cells), MUC6 (Brunner glands), CDX2, and DPC4. PDACs in the duodenal
mucosa from the resection (n=16-18) and biopsy (n=12) specimens were marked as follows: MUC1 100% (30/30),
MUC4 83% (24/29), MUC5AC 83% (25/30), mesothelin 82% (23/28), MUC2 7% (2/30), and CDX2 36% (10/28).
Loss of DPC4 expression was seen in 16 of 29 (55%) cases. Reactive mucosa adjacent to PDAC expressed MUC4,
MUC5AC and mesothelin in 65% (17/26), 19% (5/27), and 19% (5/26) of cases, respectively. While MUC5AC and
mesothelin had high diagnostic accuracy for detection of PDAC, MUC2, CDX2 and DPC4 expression demonstrated
negative correlation with PDAC, with absent expression being highly specific for PDAC. Conclusion: Immunohisto-
chemical labeling for PDAC biomarkers may aid the diagnosis of PDAC in duodenal biopsy, especially in situations
where diagnosis of a pancreatic mass is challenging.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is
the fourth leading cause of cancer deaths in
the United States with a 5-year overall survival
rate less than 6% [1, 2]. The best chance for
cure is surgical resection; however, less than
20% of patients are eligible for this procedure
due to advanced disease at diagnosis [2]. Even
in this select surgical population, the 5-year
overall survival is only 18-24% [1, 3, 4]. These
facts underscore the significant medical prob-
lem presented by this disease.

The initial workup for obstructive jaundice and/
or a pancreatic mass may include endoscopic
duodenal biopsy. The pathologic diagnosis of

PDAC on such endoscopic biopsies is challeng-
ing at best. Common pitfalls include overdiag-
noses of reactive epithelial changes, or under-
diagnoses of histologically bland but biologically
aggressive PDAC colonizing duodenal mucosa.
In cases of apparently benign duodenal biop-
sies on hematoxylin and eosin stain, an immu-
nohistochemical panel identifying duodenal
mucosal involvement by PDAC may increase the
sensitivity of detection with accurate diagnosis,
thus accelerating a potential curative resec-
tion.

Many secreted and plasma membrane-bound
molecules are over-expressed in PDAC. These
include mesothelin, growth factor receptors,
and a number of mucins (MUC1, MUC4, and
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Table 1. Primary antibodies comprising the immunopanel

embedded sections containing

Antibody (clone) Dilution Species Commercial source

the duodenal-ampullary-pan-

MUC1 (VU4H5) 1:100 mouse Cell Signaling
MUC2 (Ccp58) 1:300 mouse Abcam
MUC4 (8G7) 10 uyg/mL  mouse Santa Cruz Biotech
MUC5AC (Ab-1) 1:300 mouse  Thermo Scientific
MUCG6 (N.A.) 1:200 mouse Novacastra
CDX2 1:400 rabbit Cell Signaling

DPC4 (SMAD4) 1:50 mouse Santa Cruz Biotech

Mesothelin 1:200 rabbit Abcam

MUC5AC) [5-18]. Mucins are highly complex
molecules with extensive O-linked glycosylation
of their extracellular domain, and may display
specific epitope structures during the develop-
ment and progression of PDAC [19]. Several
monoclonal antibodies (MAbs) have been
developed to label specific mucin epitopes that
display altered distribution as a consequence
of neoplasia [20, 21]. Loss of expression of
tumor suppressor genes is also common in
PDAC. For example, loss of the tumor suppres-
sor gene DPC4/SMAD4 occurs in approximate-
ly half of all cases of PDAC, and is associated
with aggressive behavior and widespread
tumor metastases [22-24]. Additionally, the
majority of PDAC specimens do not have an
intestinal phenotype, and markers of intestinal
differentiation such as MUC2 and CDX2 may
help differentiate PDACs from adjacent non-
neoplastic duodenal epithelium or primary duo-
denal adenocarcinoma [25-27].

In this study, we examined 18 consecutive pan-
creaticoduodenectomy specimens and 12 duo-
denal biopsies showing duodenal mucosal
invasion by PDAC by immunohistochemical
labeling to develop a strategic panel of bio-
markers for improved detection of PDAC in the
duodenal mucosa.

Materials and methods
Tissue specimens

This HIPAA-compliant study was approved by
the Institutional Review Board at Vanderbilt
University. One hundred fifty patients with
PDAC who underwent pancreaticoduodenecto-
my at Vanderbilt University Medical Center from
01/2005 to 12/2009 were identified, among
which 18 (12%) demonstrated duodenal muco-
sal invasion by PDAC. Formalin-fixed, paraffin-
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Immunohistochemistry

Immunohistochemical labeling for MUCZ,
MUC2, MUC4, MUCBHAC, MUC6, mesothelin,
CDX2, and DPC4 was performed on 5 pm-thick
formalin-fixed, paraffin-embedded sections of
duodenal-ampullary-pancreatic junctions and
duodenal biopsies as described below (MAb
clones, their commercial source, and dilution
employed for these studies are provided in
Table 1). Biomarker expression patterns were
independently recorded by three pathologists
(SCW, PG, CS) and were compared with tumor
grade. All stains were recorded as follows: dif-
fuse, >225%; focal, 1%-25%; negative, <1%. The
intensity of the stain was graded as strong,
moderate or weak.

Unstained slides were deparaffinized by routine
methods with antigen retrieval performed by
heating the slides in a pH 6.0 citrate buffer at
100°C for 20 minutes followed by a 10-minute
cooling to room temperature. All slides were
then quenched with 0.03% H,O, with sodium
azide for 5 minutes. Slides were blocked for 20
minutes with serum-free protein block (Dako,
Carpentaria, CA), followed by application of pri-
mary antibody (Table 1) for 60 min (except for
anti-MUC1 MAb which was left on the tissue
sections overnight). MAbs were detected by
incubation with Envision+HRP-labeled polymer
(Dako) for 30 minutes, followed by 5 minute
incubation with DAB (Dako).

Statistics

A statistical comparison of biomarker expres-
sion was performed. For each biomarker, the
labeling results of individual specimens were
converted to either negative (O) or positive (1)
values for benign duodenal tissue and duode-
nal mucosa involved by PDAC, with the data
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Figure 1. Duodenal mucosal involvement by pancreatic ductal adenocarcinoma (PDAC) in an epithelial colonization
fashion (original magnification 200X). A. Hematoxylin and eosin stain showing duodenal epithelial cells replaced
by malignant cells (Black arrows: malignant epithelium; Yellow arrows: normal epithelium); B. Diffuse strong MUC1
expression in PDAC; C. Diffuse MUC4 expression in PDAC; D. MUC5AC expression in PDAC; E. Diffuse mesothelin
expression in PDAC; F. Lack of MUC2 expression in PDAC (Black arrows: malignant epithelium); G. No CDX2 expres-
sion in PDAC (Black arrows: malignant epithelium); H. Lack of DPC4 expression in PDAC (Black arrows: malignant

epithelium).

analyzed by receiver-operating characteristic
curves.

Results

Eighteen of 150 resected PDACs demonstrated
duodenal mucosal involvement. These cases
were graded as follows: well-differentiated
(2/18, 11%), moderately differentiated (10/18,
56%), and poorly differentiated (6/18, 33%).
Mucosal involvement manifested as malignant
cells colonizing the duodenal epithelium (Figure
1A) and/or malignant glands infiltrating the
mucosa (Figure 2A). The biomarker profiles
were similar for both types of mucosal involve-
ment (Figures 1B-H and 2B-H), and are sum-
marized in Table 2 for benign duodenal mucosa
and duodenal mucosal invasion by PDAC.
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We first compared MUC1 expression in PDACs
in the duodenal mucosa to that in benign duo-
denal mucosa using an antibody reactive with
the VNTR (VU4H5). This MAb labeled back-
ground duodenal crypts and Brunner’s glands,
but rarely duodenal villi. Labeling for MUC1 in
the duodenal mucosa progressed from positive
in the deep crypts to negative in the Vvilli.
Eighteen of 18 (100%) PDACs in the duodenal
mucosa labeled for MUC1, with 15 of them
(83%) showing strong, diffuse MUC1 expres-
sion. MUC1 labeling abruptly transitioned from
positive in PDACs to negative in benign duode-
nal villi, which made it recognizable from back-
ground duodenal epithelium (Figure 1B). In
addition, compared to background duodenal
crypts, PDAC was frequently more intensely
labeled.

Int J Clin Exp Pathol 2013;6(11):2476-2486
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Figure 2. Duodenal mucosal involvement by pancreatic ductal adenocarcinoma in a glandular infiltrating fashion
(original magnification 100X). A. Hematoxylin and eosin stain showing malignant glands in the duodenal mucosa;
B. Diffuse strong MUC1 expression in malignant glands; C. Diffuse strong expression of MUC4 in malignant glands;
D. Focal strong MUC5AC expression in malignant glands (note: MUC5AC-positive mucin in the glands); E. Diffuse
mesothelin expression in malignant glands; F. Lack of MUC2 expression in malignant glands; G. No CDX2 expression

in malignant glands; H. Loss of DPC4 in malignant glands.

Immunohistochemical labeling for MUC4 dem-
onstrated that 82% (14/17) of PDACs expressed
at least focal MUC4 (Table 2), 4 with focal
expression and 10 with moderate to strong, dif-
fuse expression (Figures 1C and 2C). However,
scattered MUC4 positive cells were also pres-
ent in the reactive mucosa adjacent to PDAC in
8 of 17 (47%) cases studied.

The expression of MUC5AC in PDAC was also
examined. All but one PDACs (17/18, 94%) were
labeled with anti-MUC5AC antibody (Table 2,
Figures 1D and 2D). MUC5AC was not expres-
sed by normal duodenal mucosa, but was ex-
pressed by gastric metaplasia. Duodenal gas-
tric metaplasia is not uncommon in settings of
chronic injury/inflammation. MUC5AC expres-
sion is, therefore, not entirely specific for PDAC.
However, compared to its weak expression in
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the metaplastic mucosa, MUC5AC expression
in PDAC was very strong in most positive cases,
and thick MUC5AC positive mucin was fre-
quently observed within cancerous glands.

MUC6 was frequently expressed by duodenal
mucosa (94%), especially Brunner’s glands,
whereas only 39% (7/18) of PDACs expressed
MUCB6. Therefore, MUC6 appeared to be a poor
marker for differentiation of PDACs from the
duodenal mucosa.

Mesothelin is a biomarker that is highly
expressed in PDAC [9, 10, 13]. Nearly all PDACs
(94%) expressed this marker (Figures 1E and
2E). While the labeling was mostly strong, and
especially prominent in the luminal surface
membranes of the tumor cells, four of them
only had focal expression of mesothelin. In
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Table 2. Expression of biomarkers in the duodenal mucosa and DMI-PDAC

Resection Biopsy Overall
Duodenum PDAC Duodenum PDAC Duodenum PDAC
MUC1 17/18 (94%) 18/18 (100%) 9/9 (100%) 12/12 (100%) 26/27 (96%) 30/30 (100%)
MUC4 8/17 (47%) 14/17 (82%) 9/9 (100%) 10/12 (83%)  17/26 (65%) 24/29 (83%)

MUC5AC 3/18 (17%)  17/18 (94%)
MUC6 17/18 (94%)  7/18 (39%)

Mesothelin ~ 5/17 (29%)  15/16 (94%) 0/9 (0%)
Muc22 0/18 (0%)  17/18 (94%) 0/9
CDX2? 0/16 (0%)  11/16 (69%) 0/9 (0%)
DPC4? 0/17 (0%) 8/17 (47%)

2/9 (22%)

0/12 (0%)

8/12 (67%)  5/27 (19%)  25/30 (83%)
17/18 (94%)  7/18 (39%)
5/26 (19%)  23/28 (82%
0/27 (0%)  28/30 (93%
0/25 (0%)  18/28 (64%
0/29 (0%)  16/29 (55%

8/12 (67%)
11/12 (92%)
7/12 (58%)
8/12 (67%)

addition, the expression of mesothelin was also
observed in reactive duodenal mucosa in some
(29%) cases.

The expressions of two intestinal biomarkers,
MUC2 and CDX2, in PDAC were also explored
and compared to the benign mucosa. Back-
ground duodenal villi and crypts showed MUC2
labeling in goblet cells (100%), while 17/18
(94%) PDACs lacked the expression of this
mucin (Figures 1F and 2F). All duodenal epithe-
lial cells expressed nuclear CDX2. In PDACs,
69% of cases did not express CDX2 (Figures 1G
and 2G). Therefore, lack of CDX2 and MUC2
expression may be useful as confirming evi-
dence for detection/diagnosis of PDAC.

Loss of DPC expression is frequently seen in
PDAC. Nuclear expression of DPC4 was present
in normal duodenal mucosa, stromal and
infammatory cells. However, 47% PDACs did
not express DPC4 (Table 2, Figures 1H and
2H). For that reason, complete loss of DPC4
expression is highly specific for PDAC when
compared to background benign mucosa; how-
ever, the sensitivity is low.

Since some of the biomarkers studied were
only focally expressed in the resection speci-
mens, their expression was also examined in
duodenal biopsies from patients with known
PDAC to determine the feasibility of using these
biomarkers in biopsy specimens. Twelve
patients were identified, including 1 with well
differentiated, 6 moderately differentiated, 2
poorly differentiated, and 3 undifferentiated
carcinomas. MUC1 was diffusely and focally
expressed in 8 (66%) and 4 (34%) of the 12
cases, respectively. Similar to the findings from
the resection specimens, the well to moderate-
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ly differentiated carcinomas (Figure 3A) had
diffuse, much stronger MUC1 labeling than
background duodenal mucosa (Figure 3B).
Therefore, although MUC1 expression is not
specific, the intensity of MUC1 labeling might
be helpful in distinguishing PDAC from benign
duodenal mucosa.

Ten of the 12 (83%) cases expressed at least
focal MUC4 in the biopsies, including 5 (42%)
with diffuse, strong expression (Figure 3C).
However, the adjacent duodenal mucosa also
showed scattered positive cells. Thus MUC4
may not be suitable for differentiating PDAC
from duodenal mucosa. MUC5AC was expr-
essed in 67% (8/12) of the cases, and fre-
quently was present within the malignant
glands (Figure 3D). Due to the fact that MUC5AC
is expressed by the mucosa with gastric meta-
plasia, the expression of MUC5AC was also not
specific for PDAC. However, the intensity and
the pattern (thick mucin gel within the glandu-
lar structures) of the stain may aid in distin-
guishing between PDAC and the adjacent
mucosa.

MUC1, MUC4, and MUC5AC were expressed by
all well to moderately differentiated PDACs in
the duodenal biopsies. The expression profiles
of each mucin appeared to correlate with grade
of tumor differentiation, although expression of
MUC4 has been reported to correlate with poor
differentiation in PDAC [5, 28]. Mesothelin
expression was seen in 67% of cases, but
unlike the resection specimens, the biopsies
did not show mesothelin expression in back-
ground duodenal mucosa (Figure 3E). Similar
to the mucin markers, mesothelin expression
was not detected in the 3 undifferentiated
carcinomas.

Int J Clin Exp Pathol 2013;6(11):2476-2486
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Figure 3. Duodenal mucosal involvement by pancreatic ductal adenocarcinoma (PDAC) in one duodenal biopsy. A.
Hematoxylin and eosin stain showing malignant glands in the duodenal biopsy (original magnification 100X; black
arrows: malignant glands); B. Diffuse strong MUC1 expression in malignant glands (100X); C. MUC4 expression in
malignant glands (100X; note: scattered MUC4 expression in background duodenal mucosa); D. MUC5AC expres-
sion in malignant glands (200X; note: MUC5AC positive mucin in the glands); E. Focal mesothelin expression by
malignant glands (200X); F. Lack of MUC2 expression in one large malignant glands (200X); G. No CDX2 expression
in malignant glands (200X); H. Loss of DPC4 expression in malignant glands (200X).

MUC2 expression was seen in only one biopsy
with features of mucinous (colloid) adenocarci-
noma. Background duodenal mucosa demon-
strated scattered MUC2 expressing goblet
cells, but some cross sections of small duode-
nal crypts could be lack of goblet cells.
Therefore, absent MUC2 expression in small
glands may not correlate with invasive tumor
glands. However, lack of MUC2 expression in
large glandular structures may be suggestive of
malignancy (Figure 3F). CDX2 (Figure 3G) and
DPC4 (Figure 3H) were not expressed in 58%
and 67% of the cases, respectively.

A statistical comparison of biomarker expres-
sion is presented in Table 3, sorted by diagnos-
tic accuracy (highest to lowest). MUC2 as a
single biomarker provided the highest diagnos-
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tic accuracy, but has a negative correlation with
PDAC. In addition, as mentioned above, small
duodenal crypts might be lack of goblet cells.
Therefore, it is unlikely that this biomarker
would prove useful as a stand-alone agent, but
rather as a means to provide confirmation while
another biomarker provides positive reaction
with PDAC. Of those biomarkers with positive
correlation to PDAC, MUC5AC and mesothelin
were not statistically different (P>0.05).

Discussion

A biomarker panel comprised of well-known,
reliable immunohistochemical markers (MUC1,
MUCB5AC, MUC2, mesothelin, and CDX2), and
those with potential prognostic and/or ther-
anostic significance (MUC1, MUC4, MUC5AC,

Int J Clin Exp Pathol 2013;6(11):2476-2486
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Table 3. Diagnostic performance of individual
biomarkers sorted by diagnostic accuracy

Sensitivity Specificity  Diagnostic

(%) (%) Accuracy (%)
Muc22 93 100 97
MUC5AC 83 81 82
CDX2? 64 100 81
Mesothelin 82 81 81
DPC42 55 100 78
MUC4 83 35 60
MuUC1 100 4 54
MUC6 39 6 44

aThese biomarkers have a negative correlation with PDAC.

and DPC4) was chosen for evaluation of PDAC
[5, 14, 17, 28, 29]. Some of these biomarkers
(MUC1, mesothelin) represent promising tar-
gets of immunotherapy through the use of
radiolabeled antibodies or vaccines [30-39],
while modulation of MUC4 expression lends
increased sensitivity to front-line chemothera-
py [40], and the expression of MUC1, MUC5AC
and mesothelin provide insight into patterns of
tumor development, spread, and aggression [7,
14, 41, 42]. Therefore, this immunohistochemi-
cal panel may offer a sensitive method of
detection of PDAC with an immediate, multifac-
eted assessment of tumor behavior and sus-
ceptibilities. In addition, this panel may have
potential to maximize the information derived
from biopsies and better direct therapy in the
initial workup of pancreatic cancer patients.

Five of the 8 biomarkers analyzed in this study
are mucins. Two subfamilies of mucin species
have been described: secreted and plasma
membrane-bound. Membrane-bound mucins
have a structure composed of an integral trans-
membrane domain, a short cytoplasmic tail,
and an extracellular, juxtamembrane domain
with homology to the epidermal-growth-factor
(EGF) family [43]. A paracrine signaling pathway
is implicated, with binding of EGF-like domains
to EGF receptors, to regulate growth, motility,
differentiation, inflammation, or other func-
tions. One of the membrane-bound mucins,
MUC1, is expressed early in the pancreatic duc-
tal dysplasia-carcinoma sequence and is found
in approximately 90% of PDAC cases [12, 15].
The expression of specific MUCL structures/
epitopes is associated with tumor progression
and decreased cellular adhesion through cyto-
plasmic tail interaction with the B-catenin and
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MAPK pathways [35, 43]. MUC1 is also a re-
ceptor for myelin-associated glycoprotein on
Schwann cells and oligodendroglia, which con-
tributes to the extensive perineural invasion
seen in the majority of PDAC specimens [44].
Additionally, the extracellular juxtamembrane
domain interacts with the ErbB family [45], and
activates ERK and Akt, promoting cellular prolif-
eration [35]. In vitro studies have shown
decreased proliferation and migration through
decreased ERK phosphorylation with anti-
MUC1 antibody treatment [35], which may rep-
resent a novel future immunotherapy.

Another member of the membrane-bound
mucin subfamily, MUC4, is aberrantly expressed
in precancerous pancreatic intraepithelial neo-
plasias (PanINs) and PDACs, and is not
expressed in normal pancreas. Expression cor-
relates with PanIN dysplasia [17], and with
tumor grade [8, 28]. MUC4 contains an extra-
cellular juxtamembrane domain EGF-like motif
which interacts with HER2/neu (ErbB2) and
shows sequence homology to heregulin [43].
Signaling is postulated to occur through p27
and MAPK pathways, and is associated with
tumor growth, proliferation, resistance to apop-
tosis, survival, and tumor invasion/metastasis
[8]. In a recent multivariate analysis, MUC4 was
the only significant factor associated with a
poor prognosis [8]. In vitro studies have shown
that MUC4 downregulation improves gem-
citabine response [40]. Our study showed no
association of immunohistochemical expres-
sion with poor tumor grade, which may be
reflective of a small sample size. Scattered
MUC4 positive duodenal epithelial cells were
seen and especially prominent in the area
closely adjacent to PDAC. Although MUC4 is not
specific for PDAC, identification of its expres-
sion may help choose a better treatment strat-
egy for patients with PDAC in the future.

MUC5AC, a member of the secreted subfamily,
is a gastric-type mucin expressed by normal
gastric epithelium but not normal pancreas.
Like MUC1, MUCBAC is expressed early in the
pancreatic-ductal dysplasia sequence [7, 20];
however, unlike MUC1, it is expressed less fre-
quently and shows loss of expression in high
grade tumors [7, 14]. Some studies have dem-
onstrated that expression is associated with a
more favorable prognosis [7, 14], while others
have shown an association with a poor progno-
sis [18, 41]. Loss of MUCS5AC expression is
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associated with lymphovascular invasion and
lymph node metastasis [14], while xenograft
studies have shown that MUC5AC expression
may allow pancreatic cancer cells to evade
immunosurveillance [19]. Recent studies show
that MUCB5AC expression is associated with
decreased E-cadherin-dependent cell-cell ad-
hesion and the B-catenin signaling pathway
[41]. The association of MUC5AC staining inten-
sity with tumor grade was observed in the pres-
ent study, with undifferentiated carcinoma
showing little to no expression.

Expression of MUC5AC was observed in the
majority of PDAC. However, this biomarker was
also expressed in gastric mucin cell metaplasia
of the duodenal mucosa, a phenomenon follow-
ing chronic stimulation due to inflammatory
processes or malignant involvement. We ob-
served that expression of the biomarker was
weak in gastric mucin cell metaplasia, whereas
the expression was often strong in PDAC. In
addition, gastric mucin cell metaplasia is easily
recognized on histologic ground and usually
located at the surface of the mucosa. Therefore,
immunohistochemical labeling for MUC5AC can
still be a powerful tool to diagnose PDAC.

Mesothelin, a GPl-anchored protein whose
function is unknown, but may mediate cell-cell
adhesion, is a recently identified biomarker for
PDAC and is not expressed in normal pancreas,
although its expression in duodenal mucosa
has been observed in some cases. Its expres-
sion is minimal in PanINs but is found in nearly
all cases of PDAC [13, 46]. Studies of pancre-
atic fine needle aspirate biopsies demonstrate
a high specificity for pancreatic cancer as com-
pared with normal pancreas or reactive atypia
[10, 16]. Due to its relative specificity for a
small number of tumors (PDAC, ovarian carci-
noma, and mesothelioma), it is a new target for
immunotherapies, with some success [30-32,
34, 36]. Patients with PDAC may be chosen for
mesothelin-targeting therapy based on IHC
detection of its expression using duodenal
biopsy, should PDAC be present.

Well to moderately differentiated PDAC may
invade the duodenum, where tumor glands/
cells can closely mimic reactive duodenal epi-
thelium. Here we demonstrated that MUC5AC
and mesothelin, having a positive correlation
with the presence of PDAC, may be used to dis-
criminate PDAC from duodenal epithelium.
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Confirmation may be demonstrated by use of a
biomarker with negative correlation, that is,
high expression within the background, histo-
logically normal duodenal tissue, such as
MUC2. In addition, the intensity and pattern of
MUC1 may be useful to distinguish PDAC from
background duodenal mucosa. However, mor-
phology remains the most important part of
diagnosis, and immunohistochemical results
should be evaluated in context of morphology
and the patient’s clinical history.

In summary, detection of PDAC in biopsy speci-
mens is a diagnostic challenge. When hema-
toxylin and eosin observations show morpho-
logically suspicious glands/cells, immunohisto-
chemical stains for these biomarkers, may be
helpful in the diagnostic workup and provide
timely information that can provide evidence of
the tumor’s biologic behavior for efficient thera-
peutic decision-making.
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