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Mucinous cystic neoplasms (MCN) and intraductal papillary mucinous neoplasms (IPMN) of the pancreas
both appear to have been included and intermixed in some early reports of pancreatic cystic neoplasms.
Recognition of their distinguishing features evolved during the last decade of the twentieth century. One legacy
of the early period is the statement that mucinous cystic neoplasms sometimes progress to invasive colloid
carcinoma. It is now recognized that colloid carcinomas characteristically arise from IPMN. We set out to see if
we could findMCN that invaded as colloid carcinomas and found no examples inMCN collected in two academic
medical centers.We then sought to expand the number ofMCNby evaluating series fromadditional centers. This
yielded no examples of colloid carcinomas associated with 291 MCN, however one MCN exhibited a minor
component with colloid (non-cystic mucinous) growth pattern within the fibrous wall of the neoplasm. The
expression of CDX2, a marker of intestinal differentiation that is found in colloid carcinomas was examined by
immunostaining in the original MCN series and in the MCN with the intratumoral colloid growth pattern.
Focal expression of CDX2 was found in 22 of 43 MCN including the MCN that exhibited the intratumoral colloid
growth pattern. Overall, the data suggest thatMCN rarely, if ever, invade as colloid carcinoma but the expression
of CDX2 by some MCN and the observation of intratumoral colloid growth pattern in one MCN seems to leave
open the possibility that MCN might rarely invade as colloid carcinoma.
The majority of malignant MCN invade with a tubular (ductal) pattern, and rarely the invasive component
was anaplastic.

© 2012 Elsevier Inc. All rights reserved.

Introduction

1Pancreatic mucinous cystic neoplasms (MCN) were first character-
ized as distinct from serous neoplasms by Compagno and Oertel (1978,
573–580) over thirty years ago, initially as an all-inclusive category of
mucin-producing cystic neoplasms.MCN have since been distinguished
from intraductal papillary-mucinous neoplasms (IPMN) and well-
characterized with respect to clinical presentation and behavior in
many excellent series and reviews. Difficulties in discriminating the
two entities persist.

MCN are clinicopathologically defined as mucinous cysts occurring
preferentially in the body and tail of the pancreas in pre-menopausal

women. Although a recent report (Masia et al., 2011, 264–267) describ-
ing a case ofMCN involving themain pancreatic duct, and other rare ex-
ceptions (Hruban et al., 2007, 422; Yamao et al., 2003, 142–146)
illustrate otherwise, it has been established that MCN do not generally
communicate with the pancreatic ducts, a macroscopic feature used in
many series as a factor to discriminate MCN from IPMN (Adsay, 2008,
401–404; Reddy et al., 2004, 1026–1031).

MCN are histologically defined as well-demarcated cysts lined by a
mucin-producing columnar epithelium overlying an ovarian-type stro-
ma that has been established as the sole requisite criterion for diagnosis
of MCN in some reports (Luttges et al., 2002, 466–471; Tanaka et al.,
2006, 17–32; Zamboni et al., 1999, 410–422). In addition to the incon-
sistent application of this criterion, the ovarian-type stroma may only
have a weak or focal presence (Reddy et al., 2004, 1026–1031;
Zamboni et al., 1999, 410–422), lending to the diagnostic confusion
betweenMCN and IPMN, especially with sub-optimally sampled resec-
tion specimens. Epithelial dysplasia is graded as mild, moderate, or
severe, corresponding to low-, intermediate-, and high-grade dysplasia
(carcinoma in situ) respectively in the current World Health Organiza-
tion (WHO) classification system (Zamboni et al., 2010). Low grade
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MCNare generally regarded to be at risk for progression to higher grade
lesions and to invasion; therefore, complete resection is recommended
for patients who are fit for surgery, with thorough sampling and histo-
logical examination of the resected neoplasm to evaluate for dysplastic
and invasive foci (Crippa et al., 2008, 571–579; Tanaka et al., 2006,
17–32; Thompson et al., 1999, 1–16; Zamboni et al., 1999, 410–422;
Zamboni et al., 2010).

The current consensus in the international community of patholo-
gists with an interest in the pancreas is that MCN presenting with inva-
sion do so most commonly with a tubular (ordinary ductal) invasive
pattern. However, some authors have indicated that a small fraction of
MCN invaded as colloid carcinoma (CC, aka mucinous noncystic
carcinoma)(Adsay, 2007, S71-S93; Adsay et al., 2001, 26–42; Japan Pan-
creas Society, 2003; Klimstra, 2005, 318–329; Odze and Goldblum,
2009). CC in the pancreas is usually associated with invasive IPMN in
the head of the gland and is characterized by extracellular (stromal)
pools of mucin containing floating malignant epithelial cells that com-
prises more than 50% of the tumor volume(Odze and Goldblum, 2009;
Seidel et al., 2002, 56–63; Zamboni et al., 2010); however, some authors
have recommended a diagnostic criterion requiring that more than 80%
of the tumor volume be composed of malignant epithelium and mucin
(Adsay et al., 2001, 26–42; Hruban et al., 2007, 422). Contact with one
of the authors cited above, who reported a single case of MCN invading
as CC, revealed that the reported tumor lacked characteristic ovarian-
type stroma, suggesting that this most likely reflected misdiagnosis of
IPMN as MCN (personal communication, N. Volkan Adsay). Although
the report of this case is cited in the current Armed Forces Institute of
Pathology (AFIP) fascicle, neither the latest WHO classification of
tumors nor the fascicle directly mentions a CC pattern of invasion asso-
ciated with MCN (Hruban et al., 2007, 422; Zamboni et al., 2010). The
question of whether MCN invade as CC is clinically relevant since CC
in the pancreas has recently been described as having a more favorable
clinical course than invasion with a conventional tubular (ductal) type
(Hruban et al., 2007, 422; Mino-Kenudson et al., 2011, 1712–1720;
Odze and Goldblum, 2009).

Our goals were primarily to evaluate the prevalence and patterns of
invasion associatedwithMCN, and secondarily to assess the accuracy of
our separation MCN from IPMN.

Material and methods

This study began with evaluation of 22 MCN resected at the
Dartmouth-Hitchcock Medical Center in Lebanon, New Hampshire
(Dartmouth) and 20 MCN from the Stanford University Hospitals &
Clinics in Stanford, California (Stanford). Due to the small number of
MCN with invasion in these series, we sought to increase the number
of invasive MCN evaluated in regard to the pattern of invasion by
embracing a published series of 163MCN reported fromMassachusetts
General Hospital, Boston, Massachusetts and the University of Verona,
Italy (Crippa et al., 2008, 571–579), plus 31 additional cases from the
Massachusetts General Hospital and 55 cases from the University of
Kiel in Kiel, Germany (Kiel). The report published by Crippa et al.
(2008, 571–579) did not include a description of associated invasive
patterns.

The MCN from Dartmouth were accessioned between the years
1992 and 2009. The H&E stained glass slides were evaluated by four re-
viewers independently and in consensus for diagnostically challenging
cases. Current WHO classification guidelines (Zamboni et al., 2010) for
MCN were applied as diagnostic criteria. Electronic medical records
were retrieved and reviewed as appropriate. Immunohistochemical
studies were performed for MUC1, MUC2, and CDX2 to characterize
the immunophenotype of the neoplastic epithelium, and for ER, PR
and inhibin to evaluate the ovarian-type stroma and support the diag-
nosis of MCN. Similar examination of the MCN from Stanford was
conducted by co-authors at that center.

All immunostained glass slides were evaluated by two reviewers
and graded according to established criteria, with interobserver
disagreement arbitrated by a third reviewer.

Results

From a total of 291 cases of MCN that were evaluated in regard to
invasion, 38 were classified as invasive (13.4%), including 3 cases from
Dartmouth (13.6%), 1 from Stanford (5.0%), 6 from Boston (6.5%), 11
from Kiel (20%), and 17 from Verona (16.6%). Of these cases, none
was classified as a colloid carcinoma. All invasive cases included from
Dartmouth and Stanford did sowith a tubular (ductal) pattern. All inva-
sive cases except one in the series published by Crippa et al. exhibited a
tubular (ductal) pattern. One case (described below) exhibited appar-
ent intratumoral invasion with a colloid growth pattern. Since that
report was published in 2008, an additional 4 cases of invasive MCN
have been seen in Boston, none of which was associated with invasion
as CC. Invasive cases from the Kiel series did so most commonly with
a tubular (ductal) pattern, and otherwise with an anaplastic (3 cases,
27%) or adenosquamous (1 case, 9%) component. All patients were
female, with the exceptions of a single male case (1.8%) included in
the data from Kiel, and eight male cases (5%) included in the series
from Crippa et al. (2008, 571–579).

All of the cases from Dartmouth and Stanford (n=42) were
women ranging in age from 23 to 76 years (average age 49 years,
SD±14 years). All but two tumors were located in the body or tail
of the pancreas, with sizes ranging from 0.9 to 11 cm (average size
5.0 cm, SD 2.7 cm).

All of the invasive cases from Dartmouth (n=3) showed positive
immunoreactivity for MUC1 and negative staining for MUC2, with
only one case moderately immunoreactive for CDX2. One of the inva-
sive cases was a 5.8 cm tumor located in the distal pancreas of a
66 year old woman, featuring intermediate-grade dysplasia in the
lining epithelium and, focally, an unusual muconodular pattern of inva-
sionwith dissectingmucin pools and scant floatingmalignant epithelial
cells in the invasive component. The major portion of the invasion oc-
curredwith a tubular pattern with focal lymphovascular space invasion
and extensive perineural involvement. The area with distinct mucinous
architecture composed 5% or less of total tumor volume, and was most
often seen immediately adjacent to a frank tubular (ductal) invasive
pattern. Immunohistochemistry showed positive immunoreactivity
for MUC1, and negative staining for MUC2 and CDX2 (Fig. 1), as well

Fig. 1. A) An invasive MCN with scant malignant epithelium floating in mucin pools
dissecting desmoplastic stroma (H&E), with B) positive immunoreactivity for MUC1
in goblet cells and C) malignant epithelial cells floating in an intraneural mucin pool
(H&E). All panels 200×.
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