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Large duct type invasive adenocarcinoma of
the pancreas with microcystic and papillary
patterns: a potential microscopic mimic of
non-invasive ductal neoplasia
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A morphological variant of pancreatic ductal adenocarcinoma forming large ductal elements, large duct type
ductal adenocarcinoma, is documented and its clinicopathological features are studied. These tumors may have
microcystic and papillary growth patterns that closely mimic the non-invasive cystic and papillary pancreatic
tumors such as: intraductal papillary-mucinous neoplasia, including the oncocytic variant, mucinous cystic
neoplasms, and ducts involved by pancreatic intraepithelial neoplasia. In a review of 230 pancreatectomy
specimens with ductal adenocarcinoma, 28 (8%) cases of large duct type ductal adenocarcinomas were
identified according to following criteria: more than 50% of the tumor sections available for examination
contained infiltrative ducts with a diameter larger than 0.5 mm or had a macroscopically identifiable microcystic
pattern. Overall characteristics of large duct type ductal adenocarcinomas were not too different than those of
conventional ductal adenocarcinomas, except that there was a slight female predominance in the former
(F/M =2.3). The mean age was 67 (vs 63 in conventional ductal adenocarcinomas; P=0.015), and occurrence in
the tail was slightly more common (40% vs 18% in conventional ductal adenocarcinomas; P=0.006). Grossly,
cysts measuring up to 1cm was noted in 10 cases. Microscopically, large duct type adenocarcinomas were
characterized by irregularly distributed large ducts with jagged edges, lined by columnar mucinous cells often
having deceptively bland cytological features and variable degrees of papillomatosis. Stromal desmoplasia had
a hypercellular quality (morphologically distinct from ovarian-like stroma) in four cases, and had a myxoid
quality in others. KRAS oncogene mutation was identified in 9 out of 11 cases. Median, 1-year and 2-year
survival rates were 16 months, 77% and 30%, respectively, as opposed to 12 months, 52% and 30%,
respectively, in conventional ductal adenocarcinoma. In conclusion, it should be recognized that, some (8%)
pancreatic ductal adenocarcinomas exhibit a large duct pattern that may microscopically mimic non-invasive
pancreatic tumors characterized by cystic and papillary patterns. They may be distinguished by the relatively
smaller size of the cysts, irregularity of the duct contours, clustering of the ducts, presence of intraluminal
neutrophils and granular debris, degree of cytological pleomorphism, and myxoid quality of the stroma. Clinical
behavior appears to be slightly better than that of conventional ductal adenocarcinoma, which may be

accounted by the well-differentiated nature of these tumors.
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The vast majority of pancreatic malignancies are
ordinary ductal adenocarcinomas, characterized by
small tubular units."® However, a morphological
variant of pancreatic ductal adenocarcinoma form-
ing large ductal elements also do occur.*® This
variant, which we refer to as large duct type ductal
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adenocarcinoma®™® is characterized by larger infil-
trative ducts than the ordinary ductal adenocarci-
nomas, some with cystically dilated lumen and
attenuated lining (Figure 1), and some others
exhibiting papillary growth patterns. The remark-
able ability of this variant to form cystic appearance
was demonstrated by Kosmahl et al® in their study of
ductal adenocarcinomas with cystic features. In the
past decade, with the better recognition of pre-
invasive ductal neoplasia including intraductal
papillary-mucinous neoplasm,***"'* mucinous cystic
neoplasm,'*™* and pancreatic intraepithelial neo-
plasia,"®"” which are also characterized microscopi-
cally by cystic ductal elements and papillary
configuration, their challenging differential diagno-
sis from invasive large duct type ductal adenocarci-
noma has also become more important.

In this study, the clinical and pathological
characteristics of this morphological variant of
ductal adenocarcinomas are investigated and com-
pared with those of ordinary ductal adenocarcino-
mas. Further on, we also analyzed the pathological
findings that may help in the challenging differen-
tial diagnosis of large duct type ductal adenocarci-
nomas from the non-invasive cystic and papillary
tumors.

Materials and methods
Selection of Cases

All the pathology material available on 230 con-
secutive pancreatectomy specimens with invasive
ductal adenocarcinoma identified in the institu-
tional surgical pathology files were retrieved and
reviewed to identify the cases exhibiting a large duct
type pattern. All cases composed predominantly of
large infiltrative duct units were included in large

Figure 1 Atypical glands with cystic lumen and attenuated
lining, typical for large duct type ductal adenocarcinoma
(pancreatic islets are marked by arrow heads for comparison of
the size).
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duct type ductal adenocarcinoma category. To
provide consistency and reproducibility in identify-
ing this pattern, we categorized a case as large duct
type, if more than 50% of the tumor sections
available for examination contained infiltrative duct
units with a diameter larger than 0.5 mm or had a
macroscopically identifiable microcystic pattern.
Ductal adenocarcinoma often forms larger stretched
units when infiltrates into the duodenal muscula-
ture. This was not accounted towards the 50%
requirement to include a case in this study. We
identified 28 cases that fulfilled these criteria. The
patients’ charts were reviewed to obtain demo-
graphic and clinical data (distant metastases,
survival). Median follow-up time was 16 months
(range 3—54 months). A total of 25 out of 28 patients
died of disease. The size of the tumor, presence of
positive margins, presence of lymph node metas-
tases, vascular and perineural invasion, and local
extension were assessed by consulting the pathology
reports and also by reviewing the original tissue
sections. The degree of stromal desmoplasia and
cellularity were also recorded. All tumors were
staged according to the AJCC recommendations.’®

Immunohistochemistry

Immunoperoxidase stains were performed using the
avidin—biotin complex technique. We investigated
immunohistochemical expression of p53 (Vector,
Burlingame, CA, USA; Clone DO-7, Dilution-1:80)
and her2-neu (Zymed San Francisco, CA, USA;
Clone c-erb-B2, Dilution-1:10) in 11 cases. In the
four cases that demonstrated a hypercellular peri-
tumoral stromal response, we performed immuno-
histochemical stains for desmin (Dako, Carpinteria,
CA, USA; Clone D33, Dilution-1:800), actin (Dako;
Clone HHF35, Dilution-1:100), estrogen (Dako;
Clone 1D5, Dilution-1:50), and progesterone recep-
tors (Dako; Clone PgR636, Dilution-1:400) to evalu-
ate the stromal expression of these antigens.

Negative and positive controls were included
with each batch of cases tested. We evaluated the
percentage of cells staining with every antibody. For
statistical analysis, all cases exhibiting staining in
more than 20% of the cells were considered
positive.

KRAS Mutation Analysis

In 12 cases where frozen tissue specimens were
available, we investigated the presence of mutations
in codon 12 of the KRAS gene. The method used
was previously described elsewhere."” Briefly, after
DNA extraction, a PCR reaction was carried out in
a 50 ul of reaction mixture using specific primers.
The primer set consisted of 5-ATGACTGAATAT
AAACTTGT-3' (forward) and 5-CTATTGTTGGATC
ATATT-3' (reverse). We used a DNA thermal cylin-
der (Cetus-Perkin Elmer, Norwalk, CT, USA) for 35



cycles to complete the amplification. Each cycle of
amplification consisted of 1 min of denaturation at
94°C, 1min of annealing at 57°C, and 2min of
polymerization at 72°C. After the last cycle, poly-
merization was continued for an additional 7 min at
72°C.

Slot-blot Southern analysis of PCR-amplified
samples were carried out using *?P-labeled oligo-
nucleotides probe panel (a wild-type probe and six
specific probes for each base-pair mutation) follow-
ing standard procedures.™®

Comparison with Ordinary Ductal Adenocarcinomas

To compare the clinicopathological characteristics
of large duct type ductal adenocarcinoma with
ductal adenocarcinoma, we used a control group
composed of 202 patients from the files of our
institutions that underwent a pancreatectomy pro-
cedure, and where pathology revealed ordinary
ductal adenocarcinoma. In this control series, the
median follow-up time was 10 months (range 1-117
months). A total of 123 out of 202 patients died
of disease. Mean age at presentation and tumor
size were compared using independent samples
t-tests. Differences in the distribution of gender,
race, and TNM stage were assessed utilizing
y*-statistic tests. A P-value of <0.05 was regarded
as statistically significant. Survival data was eval-
uated by constructing a Kaplan—-Meier model,
and the differences between large duct type
ductal adenocarcinoma and ductal adenocarcinoma
assessed by computing log-rank statistic test. Data
on immunohistochemical expression of p53 and
her2-neu were available in 52 and 49 cases, respec-
tively. In addition, mutational analysis in codon 12
of KRAS was performed in 47 cases. The results of
these molecular and immunohistochemical analysis
were compared with those of large duct type ductal
adenocarcinoma.

Results
Clinical Features

Clinical characteristics of the large duct type ductal
adenocarcinoma cases compared with ordinary
ductal adenocarcinomas are summarized in
Table 1. The mean age of the patients at presentation
was 67 years (range 51-87 years), slightly higher
than the age of patients with ordinary ductal
adenocarcinoma, 63 years (range 22-86 years),
P=0.01. Whereas in the large duct type ductal
adenocarcinoma series, the mean age at presentation
for males was higher than for females (M =70,
F=66 years, P=0.2), in the control group of
ordinary ductal adenocarcinoma cases, the opposite
was true (M =61, F =64 years, P=0.1).

In contrast with ordinary ductal adenocarcinoma,
which afflicted females and males equally (F =53%,
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Table 1 Clinicopathological features of large duct type adeno-
carcinoma compared with ordinary ductal adenocarcinoma cases

Large duct type  Ordinary ductal P-

adenocarcinoma, adenocarcinoma, value
(28 cases) (202 cases)
Mean Age (years) 67 63 0.01
Gender
Female 19 (70%) 105 (53%) 0.08
Male 8 (30%) 93 (47%)
Tumor location
Head 16 (60%) 154 (82%) 0.006
Tail 11 (40%) 33 (18%) —
Median survival 16 12 0.6
(months)
1-year survival 77% 52% —
2-year survival 30% 30% —
Tumor size (cm) 4.1 3.4 0.1
Stage
I 4/27 (15%) 25/168 (15%)  0.02
I 6/27 (22%) 49/168 (29%) —
111 12/27 (44%) 88/168 (52%) —
v 5/27 (19%) 6/168 (4%) —
Extent of tumor®
EP 21/25 (84%) 109/119 (92%) 0.2
Duodenum 8/25 (32%) NA —
Stomach + Colon 3/25 (12%) NA —
Cases with LN 16/23 (70%) 87/140 (62%) 0.5
metastasis
Average number of 2 3 0.3
metastatic LN
Perineural invasion  21/24 (88%) NA —
Vascular invasion 5/23 (22%) NA —

Positive margins 6/25 (24%) NA —

Abbreviations: EP, direct extrapancreatic extension including duode-
num, bile duct, peripancreatic adipose tissue; LN, lymph node; NA,
not available.

M =47%), there was a slight female preponderance
in large duct type ductal adenocarcinoma (F =70%,
M =30%), P=0.08.

Large duct type ductal adenocarcinomas tended to
involve the tail of the pancreas significantly more
frequent than ordinary ductal adenocarcinomas
(40% vs 18%, P=0.006).

A comparative analysis of survival in large duct
type ductal adenocarcinoma and ductal adenocarci-
noma cases is presented in Figure 2. Within the large
duct type ductal adenocarcinoma series, median
survival after diagnosis, and 1-year and 2-year
survival rates were 16 months, 77 and 30%,
respectively, as opposed to 12 months, 52% and
30%, respectively, for ordinary ductal adenocarci-
noma. A log-rank statistical test showed no signifi-
cant differences in survival (P=0.6). Within the
large duct type ductal adenocarcinoma group,
patients with tumors located in the head of the
pancreas demonstrated a significantly longer med-
ian survival (19 months) than those with tumors
arising from the tail (13 months), P=0.006.

MODERN PATHOLOGY (2012) 25, 439-448



Large duct type ductal adenocarcinoma of the pancreas

442

P Bagci et al
1.0 1
\
\
*
1
08 !‘
T DA
l\l
08 k
©
= \
= \
- \
@ 04 l\*
ey
4
'h_\
e
02 S
L+ LDA
L9 e
+ e +
00 1
] 20 40 60 80 100 120

Time (months)

Figure 2 Comparative analysis of survival in large duct type
ductal adenocarcinoma (LDA) and conventional ductal adeno-
carcinoma (DA).

Macroscopic Features

Macroscopically, the large duct type ductal adeno-
carcinomas had a firm consistency, infiltrative
borders and a white color. In 10 cases, a microcystic
pattern with cysts measuring from millimeters to up
to 1cm was noted (Figure 3). One case had cystic
degeneration forming a 7-cm cavity. Gross papillary
frond formation was not seen in any of the cases.

Microscopic Features

Microscopically, large duct type ductal adenocarci-
nomas were characterized by irregularly distributed
cystic ducts, lined by columnar mucinous cells. The
diameter of the majority of these ducts ranged from
0.5mm to 1cm (Figure 4). In most cases, areas
typical of large duct type ductal adenocarcinoma
ducts were associated with areas of usual ductal
adenocarcinoma. According to our criteria in select-
ing the large duct type ductal adenocarcinoma cases,
the usual ductal adenocarcinoma constituted less
than 50% of the total tumor volume. In many areas,
the cells were well-polarized, with focal pseudos-
tratification and bland cytology. In general, the
invasive glands were focally lined by foamy cells
(characteristic of the ‘foamy gland variant’ of
pancreatic adenocarcinoma), which had abundant,
pale, foamy/microvesicular cytoplasm in which the
vesicles were small and uniform, and basally
located, irregular, and wrinkled nuclei. The cyto-
plasmic borders were often distinct and chromophi-
lic apical condensation of the cytoplasm, forming a
thin, distinct band lining the apical surface like a
cuticle (brush border-like zone) was also present in
these cells (Figure 4, inset). A papillary growth
pattern, with focal cribriform areas, was present in
variable degrees; however, it was not as exuberant as
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Figure 3 Gross appearance of large duct type ductal adenocarci-
noma. A microcystic pattern with cysts measuring from milli-
meters up to 1cm.

Figure 4 The diameter of the majority of these ducts ranged from
0.5mm to 1cm. Invasive glands lined by foamy cells that are
characteristic of the ‘foamy gland variant’ of pancreatic ductal
adenocarcinoma (inset).

in the intraductal papillary mucinous neoplasms
or intraductal oncocytic papillary neoplasms
(Figure 5), and certainly not reaching to a level to
form grossly detectable nodules. Hypercellular
stroma was present in four cases, resembling the
ovarian-like stroma of mucinous cystic neoplasms,
but having a more desmoplastic appearance, rather
than the wavy appearance of ovarian-like stroma
(Figure 6a), showing strong expression of actin
(Figure 6b). The presence of intraluminal collection
of neutrophils and granular debris were also
common occurrences in large duct type ductal
adenocarcinoma. In addition, in some cases, espe-
cially those in the tail, there were granuloma-like
collections of macrophages cuffing the invasive
ducts, including focal microcalcifications, and
focally obliterating the epithelium.



We found that certain areas from sections of large-
duct tumors containing cystically dilated invasive
ducts, often resemble the histological pattern of non-
invasive cystic or papillary tumors, such as intra-
ductal papillary-mucinous neoplasm (Figure 7a),
including the oncocytic variant and mucinous cystic
neoplasm (Figure 7b). Other large duct type ductal
adenocarcinomas that exhibited prominent papil-
lary formation histologically mimicked ducts in-
volved by pancreatic intraepithelial neoplasia
(Figure 7c). Intraluminal mucin formation was
prominent in many cases, and in some, it extra-
vasated into the stroma, resembling invasive muci-
nous colloid carcinomas.

The pathological findings of large duct type ductal
adenocarcinoma compared with ordinary ductal
adenocarcinoma cases are presented in Table 1. No

Figure 5 Papillary growth pattern with focal cribriform areas was
present in variable degrees, but not as prominent as in intraductal
papillary mucinous neoplasm or intraductal oncocytic papillary
neoplasm.
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statistical significant differences between large duct
type ductal adenocarcinoma and ordinary ductal
adenocarcinoma were identified in mean tumor size
(4 cm vs 3 cm, respectively, P=0.1). The distribution
of TNM stages was relatively similar in large duct
type ductal adenocarcinoma as compared with the
ordinary ductal adenocarcinoma cases. The only
difference identified was for stage IV tumors that
were more frequent in large duct type ductal
adenocarcinoma versus ductal adenocarcinoma
groups (19% vs 4%, P=0.02). Perineural invasion
was identified in 21 out of 24 cases (88%) cases,
often with the invading duct having a deceptively
benign appearance. Large duct type ductal adeno-
carcinoma tumors demonstrated direct extrapan-
creatic extension in 21 out of 25 cases (84%;
Figure 8), not very different from the incidence of
extrapancreatic extension observed in the control
ductal adenocarcinoma group, 109 out of 119 cases
(92%), P=0.2. Although the average number of
metastatic lymph nodes was almost the same with
ductal adenocarcinoma, metastatic carcinomas in
lymph nodes from patients with large duct type
ductal adenocarcinoma showed variable patterns.
Although small tubular pattern often predominant,
in some cases, large duct pattern closely mimicking
non-invasive neoplasia was displayed even in the
metastatic lymph node (Figure 9).

A recurring feature we observed during the review
process of pancreatectomy specimens was that in
some cases of ordinary ductal adenocarcinoma, the
invasive units became significantly larger and
elongated when they invaded the duodenal muscu-
laris propria, only to revert to smaller sizes (similar
to ductal adenocarcinoma) as they reach the duode-
nal submucosa. As the amount of tumor involving
the duodenal muscularis propria represented only a
small component (<50%) of the total tumor volume,
these cases were not included in the large duct type
ductal adenocarcinoma group.

Figure 6 Hypercellular stroma was present in four cases, resembling the ovarian-like stroma of mucinous cystic neoplasms, but having a
more desmoplastic appearance, rather than the wavy appearance of ovarian-like stroma (a), showing strong expression of actin (b).
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Figure 7 Large duct type ductal adenocarcinoma often resembles the histological pattern of non-invasive cystic or papillary tumors:
intraductal papillary mucinous neoplasm (a), and mucinous-cystic neoplasm (b). Some large duct type ductal adenocarcinomas
exhibited prominent papillary formation, histologically mimics ducts involved by pancreatic intraepithelial neoplasia (c).

Figure 8 Direct extrapancreatic extension of large duct type
ductal adenocarcinoma.

Immunohistochemical and KRAS Mutation Analysis
Results

The results of the immunohistochemical studies are
presented in Table 2. Overexpression of p53 and
her2-neu at the immunohistochemical level was

MODERN PATHOLOGY (2012) 25, 439-448

Figure 9 Metastatic carcinomas in lymph nodes from patients
with large duct type ductal adenocarcinoma showed variable
patterns. Although small tubular pattern was often predominant;
in some cases, large-duct pattern closely mimicking non-invasive
neoplasia was displayed even in the metastatic lymph node.

observed in 73% and 82%, respectively. Analysis of
the KRAS gene demonstrated mutation involving the
codon 12 in 9 out of 11 cases (82%). No statistical
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Table 2 Immunohistochemistry and mutational analysis of KRAS gene (codon 12) results

p53 (%) her2-neu (%) Actin® (%) Desmin® (%) ER* (%) PR* (%) KRAS (%)
Large duct type adenocarcinomas 8/11 (73) 9/11 (82) 4/4 (100) 0/4 (0%) 0/4 (0) 0/4 (0) 9/11 (82)
Ordinary ductal adenocarcinomas 31/52 (60) 36/49 (74) Not done Not done Not done  Not done 36/47 (77)
P-value 0.5 0.7 0.5

#Staining was read in hypercellular stroma surrounding carcinomatous glands.

Table 3 Differential diagnosis criteria between invasive large duct type adenocarcinoma and non-invasive tumors

Large duct type Mucinous

Intraductal papillary Pancreatic intraepithelial;

adenocarcinoma cystic neoplasm mucinous neoplasm neoplasm (PanIN)
Ducts
Contours Jagged, irregular Smooth, round Smooth, round Smooth, undulating
Distribution Irregular, focally clustered, Regular, closely packed Regular, separated by Regular
but separated by stroma pancreatic tissue or fibrosis
Tributary ducts Absent May have attached Present Present

daughter microcysts

Contents Intraluminal mucin,
neutrophils and
necrotic debris
Cysts May be microcystic Megacystic
Papillae When present, they are
microscopic
Stroma
Myxoid/desmoplastic Present Absent
Cellular Occasional desmoplastic ~ Ovarian-like
type
Desmin (—) Desmin +
Actin ++ Actin ++
ER/PR (-) ER/PR +
Neural invasion May be present Absent

Grossly visible papillary Grossly visible
nodules in some cases

Minimal mucin
precipitation

Clear in low-grade PanIN
May be necrotic in
high-grade PanIN
Microcystic or megacystic ~ Microcystic
Mucosal folds
papillary nodules in

many cases

Rare abortive short

papillae
Absent Absent
Absent Absent
Absent Absent

Abbreviations: ER, estrogen receptor; PR, progesteron receptor.

significant differences between large duct type
ductal adenocarcinoma and ductal adenocarcinoma
were identified in immunohistochemical expression
of p53, her2-neu, and mutational analysis of codon
12 of KRAS. In the four cases that exhibited a
peritumoral hyperplastic stroma, the stromal cells
demonstrated strong expression of actin (Figure 6b),
and negativity for desmin, and estrogen and proges-
terone receptors. This pattern of staining is different
from the ovarian-like stroma surrounding the cystic
spaces of mucinous cystic neoplasm, which are
usually positive for desmin, as well as estrogen/
progesterone receptors.

Discussion

Majority of tumors involving the pancreas is of
ductal origin. By far, the most common of these is
ordinary (pancreatobiliary type) ductal adenocarci-

noma, which is characterized by small, irregularly
shaped ductal elements infiltrating in a desmoplas-
tic stroma.?*° As seen in this study, however, in 7%
of the cases, pancreatic adenocarcinomas are com-
posed predominantly of more dilated malignant
ducts, forming a microcystic pattern, and that this
cystic change can be very striking® and even form a
pattern that can be mistaken as a cystic preinvasive
neoplasm both radiologically and pathologically.*®
We refer to this morphological variant of invasive
ductal adenocarcinoma as large duct type ductal
adenocarcinomas.

In the cases that imaging findings were available
for evaluation, it appeared that most cases of large
duct type ductal adenocarcinoma were thought to be
predominantly solid tumors, with the exception of
those cases with true megacystic component. How-
ever, we have seen examples that were mistaken as
IPMN by experienced radiologist with no IPMN
component, despite careful and extensive sampling.

MODERN PATHOLOGY (2012) 25, 439-448
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Although distribution of the large ducts in ductal
adenocarcinoma varied from case to case, in most
cases, the large duct type ductal adenocarcinoma
pattern was fairly uniform in a given area with only
few interspersed smaller units. In this study, we
selected and evaluated the cases of pancreatic
adenocarcinomas in which the large invasive ductal
units represented more than 50% of the total
examined tumor. For the purpose of this investiga-
tion, we defined arbitrarily a duct as ‘large’ when its
diameter exceeded 0.5mm. In some cases, the
diameter of the ducts in the large duct type ductal
adenocarcinoma component measured up to 1cm,
creating a microcystic appearance that was occa-
sionally detectable at macroscopic level. In contrast,
majority of the invasive units in ordinary ductal
adenocarcinoma have a diameter in the range of
0.05-0.2 mm.

The morphological distinction between pancrea-
tic adenocarcinoma and inflammatory reactive
changes is a well-known challenge, due to the
fact that ductal adenocarcinoma may exhibit well-
differentiated patterns with bland cytological
features, and conversely, sections from glands
injured by chronic pancreatitis may display signifi-
cant epithelial atypia and fibrosis.** In our
series, the large ducts, although malignant, were in
most cases lined by columnar or cuboidal mucinous
cells with relatively bland cytological features and
in some cases with prominent papillary architec-
ture. Focally, the invasive glands were sometimes
lined by foamy cells that are characteristic of
the ‘foamy gland variant’ of pancreatic adenocarci-
noma.*

Large duct type ductal adenocarcinoma closely
resembles non-invasive pancreatic tumors that have
a cystic and/or papillary pattern, namely intraductal
papillary mucinous neoplasia (including the onco-
cytic ones), mucinous cystic neoplasms and pan-
creatic intraepithelial neoplasia. The invasive
character of these malignant large ducts might be
rather unapparent, especially when dealing with
small biopsies. As there are no basal cells or a well-
defined basement membrane around the native
ducts of pancreas (unlike breast and prostate), we
cannot rely on their demonstration by immunoper-
oxidase or histochemical stains to differentiate
benign from malignant units. Therefore, the mor-
phological distinction is often not obvious, and an
integrated approach that takes into consideration
the overall distribution of the ductal units, as well as
the cytological features (especially the presence of
foamy cells) ought to be utilized to arrive at the
correct diagnosis. Table 3 presents the features that
aid in differentiating invasive large ducts from their
non-invasive mimics. Coexistence of a more ordin-
ary small tubular component with otherwise similar
morphology between large ducts is a good clue to
the diagnosis. When found, the presence of peri-
neural invasion makes a definite diagnosis of
invasion. Invasive ductal elements lack identifiable
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tributary ducts, which are typically present in non-
invasive cystic tumors. Large duct type ductal
adenocarcinomas frequently have a desmoplastic
appearance of the stroma with occasional myxoid
quality. Another important feature of the malignant
large ducts is their irregular contour, with jagged
edges (in contrast with the smooth, round contour of
non-invasive tumors) and tendency to be irregularly
distributed. If the entirety of the tumor is available
for examination, then the distinction of large duct
type ductal adenocarcinoma from non-invasive
processes such as IPMN is relatively straightfor-
ward, based on the sheer amount of the ducts, their
jagged contours, and their association with foci of
more conventional small tubular pattern of ductal
adenocarcinoma. However, in biopsy specimens,
frozen sections and the sections away from the main
tumor, this distinction can become highly challen-
ging (Figures 5 and 7a). In that case, the contour
irregularities, the presence of necrotic/neutrophil-
rich debris, and if present, the cytological findings
of foamy gland variant would have to be relied upon
for this distinction.

Periductal granulomas are also noted as relatively
specific features. As distinct from the present
knowledge,® occasionally, the cellularity of the
stroma resembles the ovarian-like stroma of muci-
nous cystic neoplasia; however, it lacks its wavy
appearance and is negative for desmin and estrogen
and progesterone receptors. This feature is impor-
tant in terms of morphological distinction between
large duct type ductal adenocarcinomas and muci-
nous cystic neoplasia.

Clinical behavior of large duct type ductal
adenocarcinoma appears to be slightly better than
it is for ordinary ductal adenocarcinomas. The
difference in prognosis may be explained by the
fact that large duct type ductal adenocarcinomas are
almost by definition well-differentiated tumors and
would fall into Grade 1 category in the recently
proposed grading scheme®* and others.?®*** These
differences were not statistically significant; how-
ever, the analysis may be somewhat underpowered
due to the low number of large duct type ductal
adenocarcinoma cases. Large duct type ductal
adenocarcinoma also has a predilection for tail
localization when compared with ductal adenocar-
cinoma, which is also higher compared with the
published data.” In our study, the ratio of females
versus males was higher in large duct type ductal
adenocarcinoma when compared with ductal ade-
nocarcinoma. This may be important in terms of the
differential diagnosis between large duct type ductal
adenocarcinomas and mucinous-cystic neoplasia,
which are seen in females and involve the tail of the
pancreas. As opposed to mucinous-cystic neoplasia,
large duct type ductal adenocarcinomas are seen in
an older population. Furthermore, females with
large duct type ductal adenocarcinoma were even
older (mean, 70). This may be helpful in distin-
guishing large duct type ductal adenocarcinomas



from mucinous-cystic neoplasia (mean age, 48). As
discussed before; however, although select sections
of large duct type ductal adenocarcinoma at micro-
scopic level may mimic; if the gross findings and the
entire case is evaluated in the right context, this
distinction should not be difficult.

In their study of pancreatic ductal adenocarcino-
mas with cystic features, which included examples
of large duct type ductal adenocarcinoma in addi-
tion to cases with massive cystic degeneration of
ordinary ductal adenocarcinoma, Kosmahl et alP
demonstrated that these tumors stain for CEA
(83%), MUC1 (71%), MUC5AC (74%), and MUC6
(52%), and failed to stain for MUC2, supporting the
neoplastic nature of these large ducts. We have
shown in our study that there are also no significant
differences between large duct type ductal adeno-
carcinoma and ductal adenocarcinoma in the
immunohistochemical expression of p53, her2-neu,
and mutational analysis of codon 12 of KRAS. These
findings are consistent with the fact that large duct
type ductal adenocarcinomas belong to ductal
adenocarcinomas, and therefore have a common
biology with similar molecular alterations to ordin-
ary ductal adenocarcinoma.

In conclusion, the importance of large duct type
ductal adenocarcinoma resides in its capacity to
mimic, microscopically, especially in small tissue
samples, non-invasive cystic and papillary lesions
of the pancreas. As we are more and more often
required to make a diagnosis of carcinoma on small
biopsies, an awareness of this entity will result in an
increased diagnostic accuracy.
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