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The practice of pancreatic pathology has evolved
significantly in recent years. In this issue, we pro-
vide an update into the major diagnostic entities
in the pancreas, including both neoplastic and
nonneoplastic diseases. In addition, we provide
correlations with other specialties of relevance
to the practicing pathologist. We first focus on
gross dissection of pancreatic resection speci-
mens, as this process lays the groundwork for ac-
curate diagnosis. We then discuss the process
that resulted in the gross specimen by high-
lighting advances in surgery that are relevant to
the practicing pathologist. Then, we turn to the tu-
mors of the pancreas, which represent the entities
encountered most commonly in practice—these
include pancreatic adenocarcinoma (and vari-
ants), precursor lesions, nonductal cancers, and
neuroendocrine tumors. Next, we cover benign
pancreatic lesions, including pancreatitis and
benign masses. We then focus on other patho-
logic analyses that are commonly used on the
pancreas, including cytopathology and cyst fluid
analysis. Finally, we highlight the molecular
iii
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genetics of pancreatic neoplasms, a field that
has advanced greatly in recent years, and discuss
genetic syndromes with pancreatic manifesta-
tions. This broad update is intended for practicing
pathologists in order to capture the critical ad-
vances in recent years.
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ABSTRACT
S pecimen grossing is a key step in the pathol-
ogy examination of pancreatic resection
specimens. Optimal display of pathologic

changes and extensive tissue sampling are impor-
tant determinants of the quality of pathology
reporting. Divergence in macroscopic examination
practice has led to considerable variation in the
reporting of factors that are of clinical and prog-
nostic significance. This article provides a detailed
account of the macroscopic examination proce-
dure with reference to current (inter-)national
guidelines and recommendations.
OVERVIEW

Dissection of pancreatic resection specimens is
the initial step of the pathology examination proce-
dure. Its purpose is to bring to light all tissue
changes and to facilitate sampling. As such, it is
an important determinant of the overall quality of
the pathology examination. Optimal visualization
of findings is also important for case discussion
with surgical colleagues and correlation with pre-
operative imaging.

Despite the crucial role of specimen dissection,
recommendations related to specimen grossing
are usually not included in (inter-)national
pathology guidelines.1–5 Although there is broad
consensus on which data items should be
included in the macroscopic part of a pathology
report, guidelines do not usually recommend
how this information should be obtained. The
current lack of guidance and consensus has
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resulted in nonuniform reporting of data items as
crucial as cancer origin, tumor size and extent,
and margin status.6–9

In this article, the procedures for specimen
handling and dissection, macroscopic examina-
tion, and tissue sampling will be discussed. Where
relevant, reference will be made to local anatomic
detail or surgical technique for the pathology
report to provide an accurate and clinically mean-
ingful record of macroscopically visible changes.
Specimen handling is described for cancer speci-
mens, but can be equally well applied to pancre-
atic resection specimens for any other neoplastic
or non-neoplastic pathology occurring in the
pancreas, ampulla, common bile duct, or periam-
pullary duodenum. A summary of the grossing pro-
cedure is provided in Box 1.

SPECIMEN ORIENTATION AND EXTERNAL

INSPECTION

For orientation of pancreatoduodenectomy speci-
mens (PDES), it is easiest to start with the identifi-
cation of the pancreatic transection margin, which
has typically an ovoid shape and shows lobulated
pancreatic parenchyma with a more or less cen-
trally placed main pancreatic duct. The next struc-
ture to identify is the groove of the superior
mesenteric vein (SMV), which lies immediately
posterior to the transection margin, has a slightly
curved shape, and a smooth, sometimes slightly
shiny surface. The extrapancreatic stump of the
common bile duct, which may be of varying length
and closed with a surgical suture, can be found at
the cranial end of the SMV groove. Medial to the
terests to declare.
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Box 1
Handling of pancreatoduodenectomy specimens

� Before fixation

� Open stomach, duodenum, and gallbladder longitudinally and rinse.

� For biobanking of fresh tumor tissue, identify the tumor site and incise in the axial plane.

� Fixation (in formalin for up to 48 hours)

� Following fixation

� Orientate the specimen and inspect externally.

� Record measurements: pancreas, stomach, duodenum, gallbladder, extrapancreatic common bile
duct, possibly other resected structures (eg, vein).

� Record externally visible abnormalities.

� Carefully remove surgical sutures, clips, staples.

� Sample transection margins of the pancreatic neck, extrapancreatic common bile duct, stomach/
duodenum.

� Inspect and sample the gallbladder and cystic duct.

� Ink according to an agreed color code

- The pancreatic surfaces: SMV, SMA, anterior, posterior

- Important other structures, for example, venous resection.

� Slice in the axial plane (thickness: 3 mm).

� Lay slices out in sequential order, caudal surface facing up.

� Take photographs: overview, close-ups.

� Describe the tumor and any other pathology.

� Take tissue samples following the sequential order of the specimen slices.

� Block key: record the specimen slice number from which the samples are taken.

� Use at least one whole-mount block, best where the tumor is at its largest extension.

� For standard tissue cassettes, sample the tumor en bloc with anatomic structures (including a
venous resection) and margins.

� Sample lymph nodes en bloc with the specimen surface or anatomic landmarks.

Verbeke & Gladhaug524
smoothly surfaced SMV groove lies the roughly
textured specimen surface that has been sharply
dissected from the superior mesenteric artery
(SMA), hereafter called the SMA margin (see also
section “Inking of the specimen surface”).
Because of the complex anatomy of PDES, spec-

imen orientation and identification of the various
resection margins and specimen surfaces may be
difficult for the less experienced pathologist. There-
fore, some guidelines recommend that the surgeon
inks or places a suture on one of the specimen sur-
faces, usually the SMV groove or SMA margin.3–5

Although this may be helpful, it has not yet become
established practice.8 If inking is the preferred
method, this should be limited to one surface,
such that it does not interfere with external spec-
imen inspection, which is important, for example,
for biobanking (see section “Biobanking of fresh
tissue”).
Following the identification of the previously

mentioned key structures, the PDES can be
inspected externally. Attention should be paid to
the possible presence of a resected segment or
sleeve of the SMV or portal vein (PV), which
obviously will be adherent to the SMV groove.
Changes that can guide biobanking of fresh tumor
tissue are described in the section “Biobanking of
fresh tissue”.
Distal pancreatectomy specimens (DPES) usu-

ally include the spleen, which facilitates specimen
orientation. Further helpful is the localization of
the splenic vessels, which run along the
superior-posterior aspect of the pancreatic body
and tail.
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SPECIMEN FIXATION

On receiving a fresh PDES, the stomach and/or
duodenum and gallbladder should be opened
longitudinally and rinsed. To avoid potential tran-
section of a tumor involving the periampullary du-
odenum, the duodenum should be carefully
probed with a finger before opening it along the
antimesenteric side. Formalin fixation should not
be longer than 48 hours. Pinning of the specimen
to a cork plate is not necessary and will delay
fixation.

INKING OF THE SPECIMEN SURFACE

Multicolored inking of the surfaces of the pancre-
atic head has a dual purpose. It facilitates spec-
imen orientation during grossing and allows
unequivocal identification of the tissue surface
during microscopic examination.

In PDES, the following surfaces can be dis-
cerned3,5,10 (Fig. 1):

� SMV surface: the shallow and slightly curved,
groovelike impression of the SMV and PV on
the medial aspect of the pancreatic head.
The groove has a smooth surface and is
Fig. 1. Circumferential
margins in a PDES, inked
in different colors: red,
anterior; green, facing
the SMV; yellow, facing
the SMA; blue, posterior.
(From Campbell F,
Verbeke CS. Pathology
of the pancreas – a prac-
tical approach. London:
Springer; 2013; with
permission of Springer.)
most concave in its cranial part, that is behind
the pancreatic neck and along the extrap-
ancreatic common bile duct. Further caudally,
the groove usually flattens out, and the border
to the anterior surface may not be that
distinct.

� SMA surface: the roughly textured surface
medial and posterior to the SMV surface,
which the surgeon sharply dissects from
the SMA. It usually has a broader (caudal)
base and tapers toward a narrower cranial
end.

� Posterior surface: the fibrous but relatively
smooth, flat surface between the posterior
duodenal wall and the SMA/SMV surface.

� Anterior surface: the smooth, peritoneum-
lined surface between the anterior duodenal
wall and the SMV groove. This is not a surgical
margin, but the anatomic surface facing the
lesser sac. Tumor involvement of this surface
portends an increased risk for local recur-
rence and poorer survival.11

PDES resulting from an extended surgical
procedure include additional structures (eg, blood
vessels, colon, small bowel) and associated resec-
tion margins that require inking. Especially if a
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venous (sleeve) resection is very small, it may be
helpful to ink it with a different color.
For DPES, the anterior and posterior surface of

the pancreatic body and tail are inked.
Inking is best performed after specimen fixation,

as the ink usually sticks better to fixed tissues.
Depending on the ink that is used, spraying 10%
acetic acid onto the freshly applied ink may reduce
bleeding of colors. When inking an unfixed spec-
imen, application of dry ground pigment dissolved
in acetone ensures that the inks dry quickly and re-
duces the risk of bleeding of colors.
Before inking, surgical sutures, clips, or staples

should be removed without tissue disruption. If a
metal stent is inserted in the common bile duct
and cannot be removedbygentle traction, themetal
mesh should be cut with small pliers and wires
pulled out individually to prevent tissue disruption.

SPECIMEN DISSECTION

Worldwide, 4 different approaches to the dissec-
tion of PDES are being used: the multivalving,
bread-loafing, and axial slicing techniques, as
well as a technique based on slicing perpendicular
to the axis that follows the curvature of the pancre-
atic head.12–15 The axial slicing technique is
described in this section and compared with the
other techniques in the section “Advantages of
the Axial Slicing Technique.”

SAMPLING OF TRANSECTION MARGINS

Before proceeding with the actual specimen
dissection, the transection margins of PDES
should be sampled as full-face sections: the prox-
imal gastric/duodenal margin, the distal duodenal
margin, the margin at the pancreatic neck and
the margin of the extrapancreatic bile duct (see
also section “Sampling Technique”). In DPES
resulting from a laparoscopic procedure, the sta-
ple line on the transection margin must be carefully
removed, and the immediately adjacent tissue is to
be sampled.

DISSECTION OF OTHER STRUCTURES

INCLUDED IN STANDARD RESECTION

SPECIMENS

It is usually easier to examine and sample the gall-
bladder and cystic duct before dissecting the
pancreatic head, unless these structures are
involved by a tumor that extends from the pancre-
atic head or common bile duct. In most DPES, the
spleen can be dissected from the tip of the pancre-
atic tail, once external specimen examination and
inking of the surfaces are completed. If the tumor
or another lesion is located close to the spleen,
the latter should be dissected en bloc with the
pancreatic tail.

AXIAL SLICING OF

PANCREATODUODENECTOMY SPECIMENS

The pancreatic head is sliced in the axial plane,
that is perpendicular to the descending part of
the duodenum (Fig. 2). The dissection plane is
therefore the same as that of computerized to-
mography (CT) scanning. Dissection should
Fig. 2. Axial specimen
dissection. The PDES is
sliced in a plane perpen-
dicular to the longitudinal
axis of the descending
duodenum. (From Camp-
bell F, Verbeke CS. Pathol-
ogy of the pancreas –
a practical approach.
London: Springer; 2013;
with permission of
Springer.)
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include the entire head of pancreas, the extrap-
ancreatic common bile duct, and any adherent
structures, such as a venous resection. Specimen
slices should be approximately 3-mm thick to
allow good views on the small anatomic structures
of the pancreatic head and periampullary region. A
PDESwill usually result in 10 to 14 or more axial sli-
ces (Fig. 3). As illustrated in Fig. 4, axial specimen
slices have characteristic outlines that correspond
to the various specimen surfaces. The anterior sur-
face has typically a convex curved shape and may
overlie a copious amount of adipose tissue. The
latter is especially present in the cranial part of
the pancreatic head and may blend with the trans-
verse mesocolon and infrapyloric fat. The SMV
groove has a shallow concave shape and usually
overlies directly the pancreatic parenchyma
without an intervening layer of peripancreatic fat.
The posterior surface is flat.

ADVANTAGES OF THE AXIAL SLICING

TECHNIQUE

Two other main dissection techniques for PDES
are being used, the so-called bivalving or
Fig. 3. Axial specimen slices lined up in sequential order (1
with the inferior cut surface facing upward, such that the a
are shown in Fig. 6.
multivalving and bread-loafing techniques. Ac-
cording to the first technique, the pancreatic and
common bile ducts are probed, and the specimen
is sliced along the plane defined by both probes.
This approach may be technically challenging,
especially if one or both ducts are narrowed by tu-
mor. Furthermore, as the dissection plane is
determined by the configuration of both ducts,
and this varies between cases, specimen slices
do not always display the anatomy in the same
fashion. With the bread-loafing technique, the
pancreatic head is serially sliced parallel to the
pancreatic transection margin. With this tech-
nique, dissection of the ampulla and periampul-
lary region may be difficult and suboptimal,
because the descending part of the duodenum
is sliced longitudinally. In contrast, the axial spec-
imen slices provide good views on the ampullary
region (Figs. 5 and 6).

An important advantage of the axial slicing tech-
nique is the technical ease with which it can be
performed and the fact that it can be used for
any PDES, irrespective of the pathology that is
encountered. Furthermore, as it results in a fully
standardized rendition of the local anatomy
, most cranial; 15, most caudal slice). Slices are laid out
natomy is seen as on a CT scan. Details of slices 7 to 11



Fig. 4. Typical configura-
tion of an axial specimen
slice. Specimen surfaces
are inked as described in
Fig. 2. A small lymph
node can be seen
within the peripancreatic
fat under the posterior
and SMA-facing surface,
respectively. The axial slice
stems from a specimen
with a large pancreatic
ductal adenocarcinoma
involving the common
bile duct and SMVgroove.
Ant, anterior; CBD, com-
mon bile duct; Post LN,
posterior lymph node;
Post, posterior surface;
Sma, surface facing SMA;
Sma LN, lymph node
in peripancreatic fat fac-
ing SMA; Smv, surface
facing SMV.
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independent of the configuration of the pancreatic
and bile ducts, macroscopic images of axial spec-
imen slices are “readable” by all pathologists, in a
similar way as CT images can be interpreted
worldwide. Moreover, margin assessment seems
to be more accurate with the axial slicing tech-
nique.16–19 Further advantages are summarized
in Box 2. The International Study Group for
Fig. 5. Axial slice from a
specimen with adenocar-
cinoma infiltrating the
papilla and ampulla of
Vater. Note prestenotic
dilatation and mild wall
thickening of the main
pancreatic duct (MPD)
and metastatic involve-
ment of a posterior peri-
pancreatic lymph node
(Post LN). Ant, anterior
surface; asterisk, ampulla
of Vater; Post, posterior
surface; Sma, surface fac-
ing SMA; Smv, surface
facing SMV.



Fig. 6. Anatomy of the periampullary region. The photographs in this figure are close-ups of the axial specimen
slices 7 to 11 shown in Fig. 3 (E shows the back side of slice 10). (A) The commonbile duct (CBD) andmain pancreatic
duct (MPD) are dilated. (B) The junction of the CBD with the ampulla (CBD-AMP junction) is infiltrated by tumor,
causing irregular wall thickening. (C) The ampulla is infiltrated by tumor. A duodenal diverticulum lies anterior
to the ampulla. (D) Note the polypous tumor protrusion into the dilated distal MPD. (E, F) Tumor occludes the
ampulla and junction with the MPD (MPD-AMP junction). Note the plaquelike tumor infiltration of the papilla.

529



Box 2
Advantages of axial slicing of pancreatoduodenectomy specimens

� Technically easy to perform.

� No need for probing or longitudinal opening of the pancreatic and/or common bile duct.

� Pancreatic surface remains intact, facilitating margin assessment.

� Applicable to all pancreatoduodenectomy specimens, irrespective of the pathology encountered.

� Fully standardized visualization of the pancreas and related structures, facilitating identification of
anatomic variation and pathologic change.

� Straightforward cross-sectional slicing of the duodenal wall providing detailed views on the intact
(peri-)ampullary region. No need for additional dissection of the periampullary region with
“releasing cuts.”20

� Yield of numerous thin-specimen slices allowing detailed views.

� Display of the entire circumferential surface of the pancreas in each specimen slice, allowing accurate
margin assessment along the entire craniocaudal length of the pancreatic head.

� Visualization of the pancreatic head and related anatomy in the same (axial) plane as on computed
tomography imaging, facilitating pathological-radiological correlation.
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Pancreatic Surgery (ISGPS) endorses the recom-
mendation of the Royal College of Pathologists
UK to use the axial slicing technique.2,19
DISSECTION OF DISTAL AND TOTAL

PANCREATECTOMY SPECIMENS

The pancreatic body and tail are serially sliced in
the sagittal plane; that is, perpendicular to the
longitudinal pancreatic axis.2,3,10,14,21,22 Longitu-
dinal opening of the main pancreatic duct is not
recommended, as it may be technically difficult,
disrupts the specimen surface, and does not
result in a better display of lesions than by sagittal
slicing.5

Total pancreatectomy specimens are best
dissected by a combined approach of axial and
sagittal slicing. In case of resection of the SMV
and/or SMA, axial slicing may be extended onto
the proximal body.
MACROSCOPIC EXAMINATION

Identification and documentation of a tumor and
its relationship to anatomic structures and
specimenmargins is the main goal of macroscopic
examination and key to correct pT-staging and
pR-staging. Furthermore, the relation to structures
other than those relevant to pT-staging may be of
interest to surgical and radiology colleagues
regarding resectability and patient selection. The
following sections provide guidance for the identi-
fication of such anatomic structures (see Figs. 5
and 6; Figs. 7–12).
IDENTIFICATION OF ANATOMIC STRUCTURES

IN PANCREATODUODENECTOMY SPECIMENS

The common bile duct runs obliquely through the
pancreatic head and is located relatively close to
the posterior surface (see Fig. 7). The extrapancre-
atic part measures approximately 5 to 15 mm in
length, lies at the cranial end of the SMV groove,
and is commonly surrounded by one or several,
often large lymph nodes.
Themain pancreatic duct runs from the transec-

tion margin at the pancreatic neck to the ampulla
and takes up a more central position compared to
the common bile duct. The main pancreatic duct
joins the ampulla just caudal to the junction of
the ampulla with the common bile duct. The
main pancreatic duct can be distinguished from
the intrapancreatic common bile duct based on
its membranous (<0.5-mm thick) white wall, its
more medial location within the pancreatic head
and its communication with branch ducts. In
contrast, the common bile duct has a thicker
wall (1.0–1.5 mm), may be bile-stained and is
located closer to the duodenal wall and posterior
surface of the pancreatic head (see Fig. 7).
Branch ducts are normally too small to be seen
macroscopically.
The ampulla of Vater is the olive-shaped struc-

ture at the site in which the bile and pancreatic
ducts penetrate the duodenal wall (see Figs. 5
and 6). The ampulla is usually located approxi-
mately midway the craniocaudal length of the
pancreatic head. The papilla of Vater represents
the orifice of the ampullary channel, which is lined
with duodenal mucosa.



Fig. 7. Axial slice from a
PDES showing a dilated
common bile duct (CBD)
with an irregularly thick-
ened wall. The main
pancreatic duct (MPD) is
smaller, has a thin mem-
branous wall and lies
medial to the CBD. The
minor ampulla forms a
small nodular structure
that interrupts the
duodenal muscularis
propria. Part of the San-
torini duct is seen in lon-
gitudinal section.
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The Santorini duct is usually 1.0-mm to 1.5-mm
wide and therefore not often exposed by serial
slicing (see Fig. 7). The minor ampulla is identified
as a 2-mm to 3-mm nodular structure that inter-
rupts the duodenal muscularis propria. The minor
papilla lies 10 to 15 mm proximal to the papilla of
Vater.
Fig. 8. A short stump of
the gastroduodenal ar-
tery (GDA) is seen on
the cranial aspect of the
pancreatic head. Note
the axial incision
(asterisk) for biobanking.
The gastroduodenal artery runs through the peri-
pancreatic adipose tissue that covers the anterior-
superior part of the pancreatic head. A suture is
often seen on the short stump that protrudes
from the specimen surface (see Figs. 8 and 9B).
The smaller inferior pancreatoduodenal artery is
found in the peripancreatic adipose tissue close



Fig. 9. Pancreatoduodenectomy specimen with superior mesenteric vein (SMV) resection. (A) A 50-mm-long vein
segment is adherent to the SMV groove, behind the transection margin of the pancreatic neck (Panc TM). Note
the axial incision (asterisk) for biobanking of fresh tumor tissue. (B) An axial specimen slice shows a large tumor,
which infiltrates the stented common bile duct (CBD), superior mesenteric vein (SMV) and a posterior peripancre-
atic lymph node (Post LN). The tumor lies close to the gastroduodenal artery (GDA). Note the site of biobanking
(asterisk).
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to the SMA margin of caudal specimen slices,
where it often forms a small plexus (see Fig. 10).
A resection of the SMV or PV is located along the

SMV groove (see Fig. 9). As the confluence of the
SMV and splenic vein into the PV is located behind
the pancreatic neck, a venous resection located in
the top part of the venous groove stems from
the PV.
A resection of the hepatic artery measures usu-

ally only a few millimeters in length and lies in the
peripancreatic soft tissue on the superior aspect
of the pancreatic head (see Fig. 11).
Fig. 10. Axial slice from a
specimen with an ob-
structing distal common
bile duct (CBD) cancer.
Note the presence of
the inferior pancreato-
duodenal artery (IPDA; 2
cross sections) in the peri-
pancreatic fat facing the
SMA. MPD, main pancre-
atic duct; Post LN, poste-
rior lymph node; Sma
LN, lymph node in the
peripancreatic fat facing
the SMA.



Fig. 11. Axial slice from a
PDES with ductal adeno-
carcinomaof the pancreas
infiltratingtheduodenum
and hepatic artery.
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IDENTIFICATION OF ANATOMIC STRUCTURES

IN DISTAL PANCREATECTOMY SPECIMENS

The splenic artery and vein run along the superior-
dorsal aspect of the pancreatic body and tail (see
Fig. 12). Proximally, both vessels run midway
along the posterior aspect of the pancreatic body
Fig. 12. Sagittal slices
from a distal pancreatec-
tomy specimen with a
large ductal adenocarci-
noma infiltrating the
splenic vein (SPV). The
splenic artery (SPA)
shows atherosclerotic
change but is clear of
tumor.
before reaching the junction with the celiac trunk
and SMV, respectively.

MACROSCOPIC DESCRIPTION

Recording of findings during macroscopic
examination should be in accordance with
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(inter-)national guidelines and minimum data
sets. As a general rule, the appearance, exact
localization, and size of any abnormality should
be recorded. Two dimensions can be measured
in the specimen slice in which the lesion is at its
largest extent, whereas the third dimension can
be calculated by multiplying the slice thickness
with the number of slices involved by the lesion.
Theanatomicstructuresdescribed in theprevious

2 sections are not only helpful for specimen orienta-
tion, but also important landmarks to describe the
localization and extent of a lesion. Both factors are
essential for careful correlation with findings on pre-
operative imaging and during surgery. The
frequently encountered, but clinical irrelevant state-
ment of “head of pancreas” as the site of a tumor
removed by pancreatoduodenectomy, can thus be
replaced by a more precise description of the tu-
mor’s 3-dimensional position, for example, the
cranial-medial part of the pancreatic head, close
to, but not infiltrating the common bile duct at its
point of entrance into the pancreatic head.
PHOTODOCUMENTATION

Photodocumentation of the specimen slices is
highly recommended, because it provides useful
guidance during microscopic examination and
excellent material for demonstration during multi-
disciplinary meetings.3,10,13 Moreover, such pho-
tographs allow retrospective review of the
macroscopic findings, which is particularly impor-
tant for the identification of the cancer origin
(pancreas, ampulla, or distal common bile duct)
and complements slide review for the provision
of second opinion or systematic quality assur-
ance.9 Pictures should be taken in close-up (eg,
see Figs. 5–7). A photograph of all axial specimen
slices laid out in sequential order is also helpful
(see Fig. 3).
TISSUE SAMPLING

Sampling should be extensive, because carci-
nomas are often poorly circumscribed, and their
size and extent is easily underestimated on
naked-eye inspection.18,20,23 The importance of
extensive sampling from the specimen margins is
supported by molecular studies.24
SAMPLING TECHNIQUE

The use of at least one whole-mount block is rec-
ommended, because this facilitates accurate
microscopic measurement of tumor dimensions
in the axial plane.2,10 When using standard tissue
Fig. 13. Samples should
be taken by rectilinear in-
cisions and include at least
2 anatomic reference
points. Sample 1 includes
the duodenal wall and
anterior surface (inked
red). Sample 2 includes
the anterior surface (red),
the margin facing the su-
perior mesenteric artery
(SMA; yellow) anda sleeve
resection of the superior
mesenteric vein (SMV).
Sample 3 includes the pos-
terior (blue) and SMA-
facing surfaces (yellow).
Sample 4 includes the pos-
terior surface (blue) and
duodenal wall adjacent
to the ampulla of Vater.
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cassettes, the following principles should be
observed (Fig. 13):

� The tumor should be sampled en bloc with
adjacent structures or any of the previously
described specimen surfaces.2,3,5,10,22 Tumor
should not be dissected out from the sur-
rounding tissues.

� Peripancreatic lymph nodes should be
sampled en bloc with the specimen surface.
Dissection of individual lymph nodes from
the peripancreatic fat, or removal of the peri-
pancreatic fat layer from around the pancreas
(so-called orange-peeling method20) is not
recommended, as this may interfere with
assessment of the circumferential margins.
Furthermore, because the pancreas is not al-
ways well circumscribed, it may be difficult
to dissect along the correct tissue plane.

� Lymph nodes should be embedded in their
entirety, unless a metastasis is macroscopi-
cally visible.3,13

� To facilitate tissue orientation during micro-
scopic examination, samples should include
at least one anatomic landmark; for instance,
an inked margin or parts of the duodenal mus-
cle layer, bile duct, or ampulla. Samples taken
from the center of a tumor, without adjacent
anatomic structures or margins are of limited
value, and do not provide information
regarding pT-staging or pR-staging.

� Division of an axial specimen slice into 4 or 5
tissue samples is an easy way to allow optimal
orientation and reconstruction of findings.

A number of tissues are routinely sampled:

� For PDES, the transection margins of the
pancreatic neck, common bile duct, and
stomach and/or duodenum are sampled en
face. If the stomach and duodenum are
macroscopically unremarkable, the samples
from the transection margins may suffice.
The gallbladder and cystic duct are sampled
as per local protocol.

� For DPES, the pancreatic transection margin
is sampled en face. In addition, one sample
suffices for a macroscopically unremarkable
spleen, whereas one or more samples are
required from background pancreatic paren-
chyma, depending on the pathology that is
encountered.

BLOCK KEY

Tissue samples are best taken from the specimen
slices in sequential order, as it facilitates 3-dimen-
sional reconstruction of the tumor and prevents
double-counting or triple-counting of large lymph
nodes that are present in 2 or 3 consecutive spec-
imen slices. With the help of close-up photographs
of the specimen slices, anatomic landmarks and
inks on specimen surfaces, identification of the
sampled tissues is easy and requires no further in-
formation in the block key other than the slice num-
ber fromwhich the samples are taken. Identification
of the position of lymph nodes can be based on the
inked overlying margin or the position to key
anatomic structures (see Figs. 4, 5 and 9B, 10, 13).
SPECIMENS WITH VENOUS RESECTION

Venous resections, segmental or sleeve resec-
tions, are sampled en bloc with the adjacent tis-
sues (see Figs. 9 and 13). As it may not always
be clear whether the vein is infiltrated by tumor
or only tethered by fibrosis, (sub-)total sampling
of the vein and the adjacent tissues is
recommended.3,25
SPECIMENS FROM EXTENDED PANCREATIC

RESECTIONS

An extended PDES may include a segment of
small bowel (Fig. 14), large bowel, or mesocolon.
Extended DPES may include for example, the left
adrenal gland, left-sided colon, or stomach
(Fig. 15). Sampling should aim at demonstrating
whether the resected structure is involved by tu-
mor or determining the minimum clearance. Sam-
pling of the transection margins of a segment of
colon or stomach is often irrelevant.
BIOBANKING OF FRESH TISSUE

Banking of fresh tissue samples is often part of
routine specimen grossing. For PDES, incisions
should be made in the axial plane, such that
dissection of the formalin-fixed specimen is not
interfered with. To limit the number of incisions
required to expose the tumor, it is important to
look for tumor-related changes, for example,
bulging of the pancreatic surface, irregularity of
the SMV groove, adherence of a segment of
vein, and irregularity or ulceration of the duodenal
mucosa or papilla of Vater. A normal-sized com-
mon bile duct and main pancreatic duct may indi-
cate a tumor in the caudal half of the pancreatic
head. Information from preoperative imaging may
be helpful for targeted biobanking. Sampling of
the tumor should avoid areas that are relevant for
evaluation of the T-, N-, and R-descriptors.



Fig. 14. Axial slice from
an extended PDES
including a segment of
small bowel. Note tumor
infiltration of the outer
layer of the bowel wall
and pylorus.

Fig. 15. Sagittal slice
from an extended distal
pancreatectomy spec-
imen including the left
adrenal gland and stom-
ach. Note tumor infiltra-
tion of the gastric wall
and periadrenal fat. Ant,
anterior surface; Post,
posterior surface.

536
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SUMMARY

Specimen grossing is an important step in the pa-
thology examination of pancreatic resection spec-
imens, and a major determinant of the quality of
the overall process. A fully standardized and
detailed approach is required to ensure accurate
and reproducible reporting. Dissection of PDES
by axial slicing combines technical ease with full
standardization, and optimal display of the local
anatomy and pathologic changes in a similar
fashion as on CT images, which facilitates commu-
nication of findings among pathologists, radiolo-
gists, and surgeons.
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Key points

� Pancreatic cancer remains one of the most deadly cancers, and only 20% of patients are eligible for
surgery.

� Both the total number and the ratio of lymph node metastases are strong prognostic factors in
pancreatic cancer, but extended lymphadenectomy does not improve survival.

� Initially borderline resectable and nonresectable disease may be downstaged to resectable disease in
approximately 30% to 40% of patients following neoadjuvant chemotherapy.

� Local ablative therapies for locally advanced disease, such as radiofrequency ablation and irreversible
electroporation, may offer a survival benefit compared with current standard palliative chemo-
therapy but trials will have to be awaited.

KEYWORDS

� Whipple � Pancreatoduodenectomy � Pancreas � Surgery � Pathology � Lymph node
� Neoadjuvant � Radiofrequency ablation
ABSTRACT
R ecent advances in pancreatic surgery have
the potential to improve outcomes for pa-
tients with pancreatic cancer. We address

3 new, trending topics in pancreatic surgery that
are of relevance to the pathologist. First,
increasing awareness of the prognostic impact of
intraoperatively detected extraregional and
regional lymph node metastases and the interna-
tional consensus definition on lymph node sam-
pling and reporting. Second, neoadjuvant
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10% to 20% of initially unresectable, to resectable
disease. Third, in patients who remain unresect-
able following neoadjuvant chemotherapy, local
ablative therapies may change indications for
treatment and improve outcomes.

OVERVIEW

Pancreatic cancer remains one of the deadliest
forms of cancer, with an overall 5-year survival
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rate of 3% to 6%.1–3 By 2030, pancreatic cancer is
projected to become the number 2 cause of
cancer-related deaths in Western countries.4

Although patients with resectable disease rela-
tively have the best prognosis, they represent
only 20% of the population with pancreatic can-
cer, and overall survival following surgery in these
patients is still only 20 months.5–8 Patients with
nonresectable disease may be divided into pa-
tients with locally advanced or metastatic disease,
each representing approximately 40% of the total
population. Locally advanced pancreatic cancer
(LAPC) precludes a resection due to extensive
involvement of important vascular structures,
such as the celiac trunk, superior mesenteric ar-
tery, superior mesenteric vein, and portal vein.9

Survival of patients with LAPC is approximately
10 months following standard chemotherapy
treatment with gemcitabine.10–12 In patients with
metastatic disease, survival is approximately
7 months following palliative treatment with
gemcitabine.13

There have been several recent advances in
treatment for patients with pancreatic cancer. For
example, FOLFIRINOX (a combination of 5-fluoro-
uracil [5-FU], oxaliplatin, irinotecan, and leucovorin)
is a relatively new chemotherapy regimen and has
demonstrated a significant survival benefit up to
approximately 11 months in the metastatic setting,
although it is generally reserved for fitter patients
(World Health Organization performance status 0–
1) due to the increased toxicity profile.13 In surgical
patients, postoperative mortality has dropped to
approximately 1% to 2% in very high volume cen-
ters, although the complication rate remains high
at approximately 50%.6 As research is progressing
rapidly, we describe 3 new and trending topics in
pancreatic surgery, which are of relevance to the
practicing pathologist. These include the intraoper-
ative assessment of lymph nodes, neoadjuvant
treatment to induce tumor resectability in patients
with initially nonresectable or borderline resectable
disease, and 2 emerging local ablative therapies for
LAPC: irreversible electroporation (IRE) and radio-
frequency ablation (RFA).

EXAMINATION OF LYMPH NODES

Nodal metastases are a strong prognostic factor
for survival after surgery in patients with pancreatic
cancer.14 Recent studies have however demon-
strated that the lymph node ratio, the number of
lymph nodes with metastases divided by the total
number of excised lymph nodes, and the total
amount of resected positive nodes have signifi-
cant prognostic value.15,16 This stresses the
importance of identifying all lymph nodes in
surgical specimens with pancreatic cancer. There
is, however, no therapeutic impact of extensive
lymphadenectomy. Five randomized controlled
trails found no survival benefit when comparing
extended to standard lymphadenectomy during
pancreatoduodenectomy for pancreatic
cancer.17–21

Until recently, the interpretation of these data
was difficult due to different definitions of “stan-
dard” and “extended” lymphadenectomy in
pancreatoduodenectomy. Hence, in 2014, the In-
ternational Study Group of Pancreatic Surgery
(ISGPS) published a definition of a standard lym-
phadenectomy based on the available literature
and consensus statements formulated during
several expert meetings.22 The consensus state-
ment included the following lymph nodes (classi-
fied according to the Japanese Pancreas Society,
Fig. 1) as part of a standard lymphadenectomy: 5,
6, 8a, 12b1-2, 12c, 13a-b, 14a-b and 17a-b.23

The ISGPS definition was designed for pancre-
atic ductal adenocarcinoma, but is advised for all
pancreatoduodenectomies. According to the cur-
rent seventh edition of the TNM classification,
however, not all lymph nodes included in the
ISGPS standard lymphadenectomy are always
considered as regional nodes.24 For example,
lymph node 8a (hepatic artery) is regarded as a
regional node in case of pancreatic carcinoma,
but as an extraregional node in case of an ampul-
lary tumor. This would imply that the impact of
frozen section analysis of this lymph node during
pancreatoduodenectomy could depend on the
type of cancer, which, however, may be difficult
to determine at that stage.
Furthermore, the ISGPS did not include para-

aortic lymph nodes in the standard resection, as
para-aortic lymph node metastases are strongly
related to decreased survival.25–28 Available evi-
dence on survival following pancreatic resection
in the presence of various intraoperatively
detected lymph node metastases consists of
small, retrospective studies with selection bias. It
has become clear that especially para-aortic
lymph node metastases predict poor survival after
pancreatoduodenectomy. Large prospective
studies are needed to create clinical risk models
to determine whether exploration should be
aborted once these lymph node metastases are
detected.
Standardized pathologic examination of lymph

nodes, and of lymph node classification is crucial
to allow valid comparison of study results. To opti-
mize this process, lymph nodes could be sent for
pathologic analysis separately, by the surgeon. A
clear description of the total amount of identified
nodes, both positive and negative, and which



Fig. 1. Japan Pancreas Society nomenclature of peripancreatic lymph nodes. (From Tol JA, Gouma DJ, Bassi C, et al.
Definitionofa standard lymphadenectomy in surgery forpancreaticductal adenocarcinoma: a consensus statement
by the International Study Group on Pancreatic Surgery (ISGPS). Surgery 2014;156:591–600; adapted from Japan
Pancreas Society. Classification of pancreatic carcinoma. 2nd English edition. Tokyo: Kanehara & Co. Ltd; 2003.)
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lymph node stations were involved are of great
prognostic value to the practicing clinicians and
patients alike.

SHIFTING NONRESECTABLE TO RESECTABLE

DISEASE

Microscopically radical (R0) surgery offers the best
survival rates for patients with pancreatic cancer.
With the introduction of the axial slicing technique,
the R1 resection rate has increased markedly from
53% to 85%.29 This finding, in combination with
the ineffectiveness of extended lymphadenectomy
demonstrates the need for strategies to reduce tu-
mor extension, perineural, and other microscopic
invasion.17–21 Therefore, various studies are
ongoing that investigate neoadjuvant therapy
(mainly chemo-radiotherapy) in this setting.30

Especially in patients with LAPC and borderline
resectable disease, neoadjuvant treatment is of
importance, because it may downstage the tumor
to such an extent that it becomes eligible for resec-
tion. A recent systematic review found a 33%
resection rate (of which 79% R0) in patients with
borderline resectable disease or LAPC, following
treatment with varying, mostly 5-FU or
gemcitabine-based neoadjuvant treatment regi-
mens. FOLFIRINOX already demonstrated a signif-
icant survival benefit compared with standard
gemcitabine in patients with metastatic disease.13

Resection rate increased to 43% (of which 92%
R0) in patients with borderline resectable or LAPC
after neoadjuvant treatment with FOLFIRINOX.31

Evidence on the survival times after neoadjuvant
FOLFIRINOX in patients with initially nonresectable
disease is scarce, but after resection, survival rates
comparable to primarily resectable patients have
been described.32 It has, however, to be consid-
ered that most studies report on highly selected
groups of patients with LAPC. Usually, only pa-
tients who have completed FOLFIRINOX chemo-
therapy are included. A recent systematic review



Fig. 2. Local ablative therapies.
(A) IRE: intraoperative detail.
(B) RFA: schematic.
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addressed the specific pathologic challenges
when assessing a pancreatic resection specimen
after neoadjuvant chemotherapy.33

Future prospective multicenter studies will
elucidate the benefits of these and other neoadju-
vant treatments in the setting of initially resectable,
borderline resectable disease or LAPC.34,35

LOCAL ABLATIVE THERAPIES FOR

NONRESECTABLE DISEASE

For patients with LAPC, local ablative therapies
are currently being studied as a treatment option.
Local ablation is mostly applied in LAPC that has
remained stable, but still unresectable, after 2 to
3 months of chemotherapy. RFA and IRE have
herein been the most extensively studied ablative
therapies.36 In both procedures, needles are
inserted in the tumor, either directly in the center
(RFA) or at the edges (IRE) of the tumor. Both tech-
niques may be performed either during exploratory
laparotomy, or percutaneously (Fig. 2).

RFA is an ablative method in which heat is pro-
duced through the application of a high-frequency
alternating current, which leads to thermal coagu-
lation and protein denaturation and thus tumor
destruction.37,38 Complications seen after RFA
are pancreatitis, fistulas, portal vein thrombosis,
duodenal ulcers, and bleeding. In a series of 100
pancreatic RFAs, a morbidity rate of 24% and a
mortality rate of 3% were reported, with a median
overall survival from diagnosis of 20 months.39

IRE is a nonthermal technique, in which the
ablative effect is based on creating so called
“nanopores” in the lipid bilayer of the cell mem-
brane due to an electric field. These pores are sug-
gested to disrupt intracellular homeostasis,
thereby inducing apoptosis.40,41 As a result of
the lack of thermal effect, in contrast to RFA, the
connective tissue matrix supposedly remains un-
affected, which may lead to preservation of
vascular and ductal structures within the treatment
field of IRE.42,43 In a recently published case series
of 200 patients treated with IRE, IRE was either
used solely (n 5 150) or as “margin accentuation”
in combination with resection (n 5 50) to improve
tumor clearance at the resection margins.
Morbidity consisted of 100 complications in 54 pa-
tients, of which 32 grade �3 in the IRE-only group
and 49 complications in 20 patients, of which 15
grade �3 in the IRE 1 resection group within
90 days after the procedure.44 Postoperative mor-
tality rate was 1.5%. Overall survival was
23 months for patients treated with IRE only and
28 months for the combination treatment. Some
studies have also reported the use of percuta-
neous IRE.45
As such, the addition of local ablative therapies
to the standard treatment of patients with LAPC
seems safe and feasible, and could increase life
expectancy by several months. Furthermore, local
ablative therapies as a primary treatment strategy
in LAPC also have been described to increase sur-
vival in patients not eligible for chemotherapy.46

Randomized studies are currently lacking but
clearly required, especially because selection
bias makes it virtually impossible to value current
outcomes. It may well be that only the least
aggressive pancreatic cancers are currently
selected for these ablation strategies, making
comparison with overall survival in patients with
LAPC impossible. In the Netherlands, the
PELICAN trial is currently ongoing in which
patients with LAPC first undergo 2 months of
chemotherapy, preferably FOLFIRINOX.34 If the
disease remains stable but unresectable (which
may require exploratory laparotomy to confirm),
patients are randomized to undergo either RFA
followed by chemotherapy or continue with
chemotherapy alone.
SUMMARY

Three new, trending topics in pancreatic surgery
that are of relevance to the practicing pathologist
include the examination of lymph nodes, neoadju-
vant treatment with FOLFIRINOX to induce tumor
resectability, and local ablative therapies, such
as RFA and IRE, for LAPC.
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Pancreatic Ductal
Adenocarcinoma and

I ts Variants

Claudio Luchini, MDa,b,c,*, Paola Capelli, MDa,
Aldo Scarpa, MD, PhDa,b
Key points

� Pancreatic cancer was the seventh leading cause of cancer death in the world in the past 3 years.

� There are classic morphologic features to be used for the diagnosis of pancreatic ductal
adenocarcinoma.

� There is not an unequivocal immunohistochemical panel for the diagnosis of this tumor.

� Chronic/autoimmune pancreatitis is an important differential diagnosis
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ABSTRACT
P ancreatic cancer represents the seventh
leading cause of cancer death in the world,
responsible for more than 300,000 deaths

per year. The most common tumor type among
pancreatic cancers is pancreatic ductal adenocar-
cinoma, an infiltrating neoplasm with glandular dif-
ferentiation that is derived from pancreatic ductal
tree. Here we present and discuss the most impor-
tant macroscopic, microscopic, and immunohisto-
chemical characteristics of this tumor, highlighting
its key diagnostic features. Furthermore, we pre-
sent the classic features of the most common
variants of pancreatic ductal adenocarcinoma.
Last, we summarize the prognostic landscape of
this highly malignant tumor and its variants.

OVERVIEW

Pancreatic cancer is a lethal malignancy; it was
the seventh leading cause of cancer death in the
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world in the past 3 years, responsible for more
than 300,000 deaths per year.1,2 The 5-year sur-
vival of pancreatic cancer is approximately 5%,
a figure that has remained constant in recent de-
cades. The most common type among malignant
tumors is pancreatic ductal adenocarcinoma
(PDAC), an infiltrating neoplasm with glandular
differentiation, which is derived from the pancre-
atic ductal tree. The highest incidence of PDAC
is recorded among African Americans and indige-
nous population in Oceania (approximately 1 per
10,000).3 Moreover, high-resource countries and
urban populations have a higher incidence than
low-income countries and rural populations.3

Studies of migrant populations suggest that envi-
ronmental and dietary factors play an important
role in the etiology.4 PDAC is associated with
nutritional and dietary factors like high intake of
fats and obesity, low physical activity, and heavy
alcohol drinking.3,5 However, the best-known risk
factor for PDAC is tobacco smoking, which is
associated with a 2 to 3 times greater risk than
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in nonsmokers.6 Other significant conditions
associated with a higher risk of PDAC are dia-
betes mellitus, with a risk of approximately
twofold, and a history of chronic pancreatitis,
above all if this condition is hereditary, as it is
associated with an increased risk of PDAC of
more than 10-fold.7 Clinical features include
back pain, jaundice for pancreatic head tumor,
unexplained weight loss, pruritus, diabetes
mellitus, and occasionally migratory thrombo-
phlebitis, acute pancreatitis, hypoglycemia, and
hypercalcemia.3,8–10 For the radiological study
of pancreas, one of the best imaging modalities
is represented by computed tomography (CT), in
which PDAC appears as a hypodense mass in
up to 92% of cases; on endoscopic ultrasonogra-
phy (EUS), most PDACs are echo-poor and
nonhomogeneous.3,11,12 Variants of conventional
PDAC are the following: (1) adenosquamous
carcinoma, (2) colloid carcinoma, (3) undiffer-
entiated or anaplastic carcinoma, (4) undifferenti-
ated carcinoma with osteoclastlike giant cells
(UCOCGC), (5) signet-ring carcinoma, (6) medul-
lary carcinoma and (7) hepatoid carcinoma.3,13

Another important entity is represented by
carcinomas with mixed differentiation. This het-
erogeneous group is composed of mixed acinar-
ductal carcinoma, mixed acinar-neuroendocrine
carcinoma, mixed acinar-neuroendocrine-ductal
carcinoma and mixed adeno-neuroendocrine
carcinoma (MANEC).3

GROSS FEATURES

CONVENTIONAL PANCREATIC DUCTAL

ADENOCARCINOMA

Most (60%–70%) PDACs are located in the head of
the gland, and the remainder, with a similar rate
(approximately 15% each), in the body and/or
tail.11 Generally, PDAC is a solitary lesion, but it
may also occasionally present as a multifocal dis-
ease.3,13 PDACs are firm, hard, sclerotic and poorly
defined masses, which replace the normal lobular
architecture of the gland. The cut surface is usually
whitish (Fig. 1). Sometimes, a microcystic area can
be present, particularly in large tumors; hemorrhage
and necrosis are very rare. Most PDACs of the head
range from 1.5 to 5.0 cm, whereas PDACs of body/
tail are usually larger. PDACs of the head usually
invade the common bile duct and/or the Wirsung
duct, producing stenosis that results in proximal
dilatation of both duct systems. More advanced
PDACs in the head can involve the papilla of Vater
and the duodenal wall. In the body/tail, PDAC usu-
ally causes obstruction of the Wirsung duct, with
secondary changes in the upstream pancreatic
parenchyma, including retention-cyst formation,
duct dilatation, and fibrous atrophy of the paren-
chyma. At the time of the diagnosis, most PDACs
have already spread beyond the pancreatic pa-
renchyma, and are not operable; conversely,
the typical TNM status at diagnosis of the oper-
able PDACs is T3N1 (T3 indicates that the tumor
has grown outside the pancreas into nearby sur-
rounding tissues, but not yet into major blood
vessels or nerves, and N1 indicates the presence
of metastasis in regional lymph nodes) high-
lighting also the rapidity of tumor growth and of
metastasis. Common extensions of PDAC of
the head are the following: intrapancreatic por-
tion of the common bile duct, peripancreatic or
retroperitoneal (posterior lamina) adipose tissue,
papilla of Vater, and duodenum. Perineural inva-
sion is a very common mechanism by which
PDAC reaches these structures. PDACs of body
and tail can first invade spleen, stomach, left ad-
renal gland, peritoneum, and colon. The lymph
nodes most commonly involved by PDAC are
the peripancreatic lymph nodes. Furthermore,
for PDACs of the head, an important site of
metastasis is represented by the chains of lymph
nodes along the superior mesenteric and com-
mon hepatic arteries, and the hepatoduodenal
ligament. For PDACs of body and tail, frequent
sites of involvement are the superior and inferior
body and tail lymph node groups, and the lymph
nodes of the splenic hilus.3 Metastasis of the
para-aortic area is associated with a worse
prognosis.14

PANCREATIC DUCTAL ADENOCARCINOMA

VARIANTS

The variants of conventional PDAC have
some peculiar macroscopic aspects, but there
are no definitive criteria to distinguish such
variants grossly. Adenosquamous carcinoma is
usually represented by a white-gray firm and
multinodular mass (see Fig. 1). Colloid carci-
noma is characterized by large pools of
mucin, usually arising in association with an
intraductal mucinous papillary neoplasm (IMPN)
of intestinal-type (see Fig. 1). Undifferentiated
or anaplastic carcinoma is larger than conven-
tional PDAC but has very similar macroscopic
features; the variant with osteoclastlike giant
cells has very often several foci of hemorrhage
and necrosis (see Fig. 1). Signet-ring and medul-
lary carcinoma are grossly very similar to con-
ventional PDAC and hepatoid carcinoma is
characterized by white-yellowish, multi-lobed
masses. Last, mixed carcinomas usually consist
in large masses with necrotic foci.



Pathologic Key Features

Conventional PDAC

1. Glandular and ductlike structures with haphazard pattern of growth (well and moderately differ-
entiated tumors).

2. Small and poorly formed glands, individual infiltrating cells, solid pattern (poorly differentiated
tumors).

3. Marked desmoplastic stromal reaction.

4. Production of sialo-type and sulfated acid mucins (well and moderately differentiated tumors).

5. Scanty or null production of mucins (poorly differentiated tumors).

6. Cytologically: atypical cells with pleomorphic, enlarged nuclei, with prominent, huge irregular
nucleoli.

7. Mitoses, particularly atypical mitoses.

8. Glandular necrotic debris.

9. Lympho-vascular invasion, perineural infiltration, lymph node metastasis are very common.

10. Extranodal extension of tumor metastasis is common (approximately 60% of node-positive cases).

Variants

1. Adenosquamous carcinoma: ductal plus squamous differentiation in at least 30% of the tumor.

2. Colloid carcinoma: presence of large extracellular stromal mucin pools with suspended neoplastic
cells in at least 80% of the neoplasm.

3. Undifferentiated carcinoma: does not show a definitive pattern of differentiation.

4. UCOCGC: is composed of 2 cellular types: spindle and pleomorphic cells are the real neoplastic cells,
and osteoclastlike giant cells, that have not a malignant behavior.

5. Signet-ring carcinoma: almost exclusively constituted of signet-ring cells.

6. Medullary carcinoma: poor differentiation, prominent syncytial growth pattern.

7. Hepatoid carcinoma: a significant cellular population with hepatocellular differentiation.
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MICROSCOPIC FEATURES

Most PDACs are composed of well/moderately
differentiated glandular and ductlike structures,
infiltrating the pancreatic parenchyma (Fig. 2).
They are characterized by a haphazard pattern of
growth and are associated with a desmoplastic
stromal reaction (see Fig. 2). These tumors pro-
duce sialo-type and sulfated acid mucins, which
stain with Alcian blue and periodic acid-Schiff.
Poorly differentiated PDACs usually form small
and poorly formed glands; cytologically, these
structures are composed of cells with pleomor-
phic, atypical nuclei, individual infiltrating cells,
and solid patterns. They produce much less
sialo-type and sulfated acid mucin than the more
differentiated PDACs.
WELL-DIFFERENTIATED PANCREATIC DUCTAL

ADENOCARCINOMA

Well-differentiated PDACs are composed of
haphazardly arranged infiltrating and medium-
size glandular and ductlike structures; the contours
of ductlike structures may be irregular or angular,
and especially pronounced in the “large-duct”
variant.15 The neoplastic cells are cuboidal or
columnar, forming a single cell layer; rarely, papil-
lary projections can be seen. The cytoplasm is usu-
ally eosinophilic, and the nuclei are round or oval
and may be even 4 times larger than non-
neoplastic nuclei. This comparison is often
possible and easy because many PDACs have
entrapped normal ducts; otherwise normal endo-
thelium or lymphocyte nuclei can be used to this



Fig. 1. Gross features of PDAC and its variants. Conventional PDAC is usually represented by firm, hard, sclerotic,
and poorly defined masses, that replace the normal lobular architecture of the gland. The surface of cut is usually
white. In this case, a PDAC of the head of the pancreas invades the common bile duct and the Wirsung duct with
stenosis (A). Adenosquamous variant is generally a white-gray firm and multinodular mass, often larger than con-
ventional PDAC at the time of diagnosis. In this case the multinodular architecture is clearly evident (B). Colloid
carcinoma is distinguished by large pools of mucin, usually arising in association with an IMPN, intestinal-type.
In this case it is clearly present an abundant deposit of thick mucin (C). Undifferentiated or anaplastic carcinoma
is larger than conventional PDAC but has very similar macroscopic features; the variant with osteoclastlike giant
cells has very often several foci of hemorrhage and necrosis, and can show, like in this case, a cystic appearance (D).
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aim. Colonization of normal ducts by neoplastic
cells is also common (Fig. 3). However, it has to
be clarified that the size, shape, and location of
the nuclei can vary widely among cells, even within
the individual neoplastic glands. The nuclear mem-
branes are sharp and the distinct nucleoli, generally
2 or more, are often large; mitoses are not so com-
mon. Lympho-vascular invasion, perineural infiltra-
tion (Fig. 4) as well as lymph node metastasis are
very common features. The neoplastic epithelium
can even entirely replace the endothelium, re-
lining the vessel by well-differentiated epithelial
cells. Furthermore, a particular morphologic
feature of lymph node metastasis, that is the extra-
nodal extension of neoplastic cells in the peri-nodal
adipose tissue, has recently been associated with
worse prognosis in many cancer types, also
including PDAC.16–19 The grading of PDAC is
based on the combined assessment of histologic
and cytologic features, and mitotic activity
(Table 1), and also plays an important role in the
prognostic stratification of patients3,20; the grading
systems is based on a 3-tiered scale: well-
differentiated (G1), moderately differentiated (G2),
and poorly differentiated (G3) PDAC. Summarizing
the most important features, grade 1 is charac-
terized by well-differentiated glands, intensive
production of mucin, and 0 to 5 mitoses per 10
high-power fields (HPF); nuclei have a little poly-
morphismandamarkedpolar arrangement (Fig. 5).

MODERATELY DIFFERENTIATED PANCREATIC

DUCTAL ADENOCARCINOMA

Moderately differentiated PDACs are very similar
to the well-differentiated PDACs, but they produce
a mixture of medium-sized ductlike structures and
small tubular glands of variable shape and size.
There is a greater variation in cellular and nuclear
size, chromatin structure, and prominence of



Fig. 2. Microscopic features of PDAC and its variants. Most PDACs are composed of well-developed or moderately
developed glandular and ductlike structures, which infiltrate the adjacent pancreatic parenchyma. In this picture
is present the typical haphazard pattern of growth as well as the classic desmoplastic stromal reaction (A). Ad-
enosquamous carcinoma has both significant ductal and significant squamous differentiation, at least of 30%.
This photograph shows the overt squamous differentiation (B). Colloid carcinoma is characterized by the pres-
ence of large extracellular stromal mucin pools with suspended neoplastic cells in at least 80% of the neoplasm.
In this picture, the typical association with intestinal-type IPMN has been shown (C). Undifferentiated carcinoma
does not show a definitive direction of differentiation; the UCOCGC variant is composed of 2 cellular types: spin-
dle and pleomorphic cells, the real neoplastic cells, and osteoclastlike giant cells, that can have more than 20
nuclei each, but without a malignant behavior. Furthermore, as shown in this picture, the osteoclastlike giant
cells can show a clear phagocytosis (D). Original magnification, A 5 �4, B 5 �10, C 5 �2, D 5 �20.
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nucleoli; usually, there are more mitotic figures.
Mucin production appears to be lower than in
well-differentiated PDAC. Foci of poor and irreg-
ular glandular formation are often found at the
advancing front of the tumor, particularly where
the carcinoma invades the normal pancreatic pa-
renchyma. Summarizing the most important
microscopic aspects, grade 2 is characterized by
moderately differentiated ductlike structures and
tubular glands, irregular mucin production (lower
than grade 1), and 6 to 10 mitoses per 10 HPF;
nuclei have moderate polymorphism (see Fig. 5).

POORLY DIFFERENTIATED PANCREATIC

DUCTAL ADENOCARCINOMA

Poorly differentiated PDACs are composed of
densely packed, small irregular glands, solid
sheets, and nests, as well as many individual
cells. The desmoplastic response to the neo-
plasm can be minimal, and foci of hemorrhage
and necrosis may occur. The cells forming
glands and solid cellular sheets show marked
nuclear pleomorphism, scanty or no mucin
production, and high mitotic activity. Summari-
zing this concept, to reach a standardization
about the grading issue (it lacks a high interob-
server agreement among pathologists about
grading, thus highlighting standard parameters
is very important), grade 3 is characterized by
poorly differentiated glands, solid areas and sin-
gle cells patterns, abortive mucoepidermoid and
pleomorphic structures, scanty or absent mucin
production, and more than 10 mitoses per 10
HPF; nuclei have marked pleomorphism and
increased size (see Fig. 5).



Fig. 3. A normal pancre-
atic duct colonized by
neoplastic cells (original
magnification �10).
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PANCREATIC DUCTAL ADENOCARCINOMA

VARIANTS

Peculiar microscopic features define the diverse
PDAC variants. Adenosquamous carcinoma has
both significant ductal and squamous (at least
30%) differentiation (see Fig. 2). Colloid carcinoma
is characterized by the presence of large extracel-
lular stromal mucin pools with suspended
neoplastic cells in at least 80% of the neoplasm
(see Fig. 2). Undifferentiated or anaplastic carci-
noma shows a significant part of the neoplasm
Fig. 4. Perineural infiltra-
tion is a classicmicroscopic
feature of pancreatic
ductal adenocarcinomas
(original magnification
�20).



Table 1
Histopathologic grading of pancreatic ductal adenocarcinoma

Tumor
Grade

Glandular/Ductal
Differentiation Mucin Production

Mitoses
(3 10 HPF) Nuclear Atypia

1 Well-differentiated ductlike
glands

Intensive and
diffuse

�5 Mild atypia, polar
arrangement

2 Moderately differentiated
ductlike glands and tubular
glands

Irregular and
focal

6–10 Moderate pleomorphism

3 Poorly differentiated glands,
solid nests, single cells
infiltration, pleomorphic
structures

Abortive >10 Marked pleomorphism and
increased nuclear size,
prominent huge nucleoli

Abbreviation: HPF, high-power field.
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that does not show a definitive direction of differ-
entiation. The UCOCGC variant is composed of 2
cellular types: spindle and pleomorphic cells (the
real neoplastic cells) and osteoclastlike giant cells
that can have more than 20 nuclei each (non-
neoplastic reactive cells) (see Fig. 2); pure undif-
ferentiated carcinoma is a very rare entity and
can show highly anaplastic cells (Fig. 6). Signet-
ring carcinoma is composed almost exclusively
of poorly cohesive neoplastic cells with intracyto-
plasmic mucin that displaces the nuclei toward
the periphery (see Fig. 6); notably, a breast or
gastric primary should be excluded.Medullary car-
cinoma is characterized by poor differentiation and
prominent syncytial growth pattern immersed in an
intense inflammatory infiltrate composed of leuko-
cytes; an increased number of tumor-infiltrating
Fig. 5. Grading of pancreatic ductal adenocarcinoma. It is
logic features, and mitotic activity. Grade 1, like in this case
intensive production of mucin, and 0 to 5 mitoses per 10
polar arrangement. Grade 2 is characterized by moderately
lower mucin production, and 6 to 10 mitoses per 10 HPF
without the clear polar arrangement of grade 1. Grade 3
areas, and single-cell patterns, abortive muco-epidermoid
production, and more than 10 mitoses per 10 HPF. Nucl
this picture (C), there is only one gland, very atypical, and
of grade 3. Original magnification, A 5 �4, B 5 �10, C 5
CD3-positive lymphocytes can be present. Last,
hepatoid carcinoma is composed of a significant
cellular population with hepatocellular differentia-
tion. Hepatoid carcinomas are composed of large
polygonal cells with abundant eosinophilic cyto-
plasm, resembling normal and/or neoplastic hepa-
tocytes. These tumors often present a trabecular
pattern, very similar to well-differentiated hepato-
cellular carcinomas. For mixed neoplasms, by
definition each component should comprise at
least one-third of the neoplastic tissue. The best
characterized is MANEC (Fig. 7): it can show 2
possible morphologic patterns: (i) neoplastic
ductal cells more or less intermingled with
neoplastic neuroendocrine cells; (ii) pure
neoplastic ductal structures embedded in a solid
neuroendocrine cell compartment.3
based on combined assessment of histologic and cyto-
(A), is characterized by well-glandular-differentiation,
HPF; nuclei have a little polymorphism and a marked
differentiated ductlike structures and tubular glands,

. In this case (B), there are few and ruptured glands,
is characterized by poorly differentiated glands, solid
and pleomorphic structures, scanty or absent mucin

ei have marked polymorphism and increased size. In
it is present the classic single-cell pattern of infiltration
�10.



Fig. 6. Anaplastic carcinoma (A) is characterized by nuclear pleomorphism, and can show also highly atypical
cells. Signet-ring carcinoma (B) is composed almost exclusively of poorly cohesive neoplastic cells with intracyto-
plasmic mucin that displaces the nuclei toward the periphery; in this figure, the signet-ring cells are intermingled
with neoplastic glands of a conventional pancreatic ductal adenocarcinoma.
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DIFFERENTIAL DIAGNOSIS

PANCREATITIS

The most important differential diagnosis for
conventional PDAC is represented by chronic
pancreatitis.11,21 Grossly, chronic pancreatitis of
alcoholic or obstructive etiology usually involves
the pancreas more widely than a neoplastic pro-
cess. The ductal tree may be dilated and a clear
lithiasis, with whitish calculi in the ducts, can
occur; the pancreatic parenchyma is more rubbery
and with a more gritty consistency than PDAC.3

Groove pancreatitis is a rare form of chronic
pancreatitis affecting the so-called pancreatic
groove, that is the space between the pancreatic
head, duodenum, and common bile duct. It is
strongly associated with long-term alcohol abuse,
functional obstruction of Santorini duct and Brun-
ner gland hyperplasia.22 Characteristic radiologic
features of groove pancreatitis are thickening of
the medial duodenal wall and cystic spaces be-
tween the duodenum and pancreas. Unfortu-
nately, differentiating groove pancreatitis from
malignancy on the basis of imaging features, clin-
ical presentation, or laboratory markers can be
very difficult, and most of these patients undergo
a pancreaticoduodenectomy, because of an
Fig. 7. Mixed adeno-
neuroendocrine carcinoma
is composed of a mixture
of neoplastic neuroendo-
crine cells and neoplastic
ductal structures. The
neoplastic glands can be
more or less intermingled
with neuroendocrine ele-
ments. AC, adenocar-
cinoma gland; NET,
pancreatic neuroendo-
crine tumor. original
magnification �4, detail
�20.
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inability to completely exclude malignancy. Cyto-
logically, groove pancreatitis can also exhibit
numerous multinucleated non-neoplastic cells on
smears,23 extending the issue of the differential
diagnosis to the UCOCGC. Autoimmune pancrea-
titis often mimics PDAC both clinically and grossly,
by presenting as a discrete, tumorlike lesion.24–26

The classic histology of autoimmune pancreatitis
includes a cellular fibro-inflammatory stroma with
a storiform appearance, a diffuse obliterative ven-
ulitis, but pathognomonic is a dense inflammation
with abundant plasma cells concentrated around
pancreatic ducts. Furthermore, to complete the
differential diagnosis, an increased numbers of
plasma cells expressing IgG4 (>10–50 cells per
HPF) is typical, as well as the presence of antiplas-
minogen binding protein peptide antibodies.24

REACTIVE GLANDS AND PRECURSOR

LESIONS

Microscopically, the most helpful findings in dis-
tinguishing PDAC from reactive glands remain the
location and the architecture of the glands in addi-
tion to the cytologic features.3 Also the presence of
“naked glands in fat” is very suggestive for PDAC,
but attention must be paid to the fact that the
observed adipose tissue may be derived from
adipose involution of normal pancreatic paren-
chyma; this feature is clearly distinguishable for
the presence of remnant of pancreatic islets. Other
features that point to a malignant diagnosis are
mitotic figures, necrotic luminal debris, stromal
desmoplasia, and aberrant DPC4 and/or p53
expression. These latter aspects are very useful
also in identifying neoplastic infiltration in surgical
specimens with the classic precursor lesions of
PDAC: pancreatic intraepithelial neoplasia (PanIN),
mucinous cystic neoplasm (MCN), and intraductal
papillary mucinous neoplasm (IPMN).
Differential D

PDAC vs: Useful Features vs PDAC

Chronic pancreatitis Clear lithiasis, marked inflamm
tumor (eg, perineural infiltr

Autoimmune
pancreatitis

A dense inflammation with ab
pancreatic ducts, a cellular
appearance and a diffuse o
plasma cells expressing IgG4

Reactive glands Location of the glands (the pr
for PDAC), absence of mito
stromal desmoplasia.

IPMN, MCN Looking for possible infiltratin
DIAGNOSIS

MICROSCOPIC CRITERIA

There are some morphologic features that are
fundamental to support a diagnosis of PDAC
with a reasonable level of certainty (Fig. 8). They
include the haphazard architectural tumor pattern,
a marked desmoplastic stromal reaction and
“ruptured” or “incomplete” ducts; moreover, peri-
neural or vascular invasions are both highly diag-
nostic of an infiltrating tumor. A very important
microscopic feature, also with a very high diag-
nostic weight for PDAC, is that the infiltrating
malignant glands are often found in abnormal
locations, such as immediately adjacent to
muscular blood vessels. This criterion is very use-
ful for the diagnosis of PDAC above all in surgical
specimens after neoadjuvant therapies, in which
the degree of cellular atypia may be very low and
usually there are only very few glands in a massive
fibrous stroma, and in the differential diagnosis
with chronic pancreatitis.3 Last, it has to be high-
lighted that knowing the cytologic features of
PDAC is fundamental also during histopathologic
analysis, especially when PDACs are poorly differ-
entiated and the pathologists have to evaluate sin-
gle tumor cells. Cytologic features are also
important during frozen section examination in
which it may be difficult to evaluate the general
architecture of the cancer. In these cases, some
cytologic features become very useful: the nuclei
are enlarged, hyperchromatic, and display irreg-
ular nuclear membranes, and the cytoplasm
ranges from scant and nonmucinous to abundant
and mucinous.11,27,28 For the PDAC variants, 2
variants have a fixed threshold of peculiar cellular
component: adenosquamous carcinoma has to
show a squamous differentiation in at least 30%
of the neoplasm (the diagnosis is mainly
iagnosis

atory infiltration, no clear signs of infiltrating
ation).

undant plasma cells concentrated around
fibro-inflammatory stroma with a storiform
bliterative venulitis. An increased numbers of
(>10–50 cells per HPF) is typical.

esence of “naked glands in fat” is very suggestive
tic figures, of necrotic luminal debris and of

g component, that lacks in IPMN and MCN.
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morphologic), and colloid carcinoma has to pre-
sent large mucin pools with neoplastic cells in at
least 80% of the neoplasm. Last, for mixed carci-
nomas, each component should represent at least
the 30% of all tumor cells.3
IMMUNOHISTOCHEMISTRY OF

CONVENTIONAL PANCREATIC DUCTAL

ADENOCARCINOMA

There is no unequivocal immunohistochemical
panel that can be used to distinguish PDAC from
reactive glands or from other extrapancreatic
mucin-producing adenocarcinomas (eg, bile duct
carcinomas), although some markers may be use-
ful. First of all, PDACs express the same keratins
of the normal pancreatic duct epithelium, like kera-
tins 7, 8, 18, and 19.3 The best of these markers to
be used routinely is the classic mixture of keratin 8
and 18. Keratin 20, a typical intestinal-epithelial
marker, is often not expressed, or less widely
than keratin 7.29 Amongmucins, PDACsusually ex-
pressMUC1,MUC3,MUC4, andMUC5AC, but not
MUC2.30,31 Furthermore, they express glycopro-
tein tumor antigens like CA19 to 9, more specific
for pancreas disease, CEA and CA125.3,32 PDACs
are usually negative for pancreatic exocrine en-
zymes, such as trypsin, chymotrypsin, and lipase,
for mesenchymal markers like vimentin, and for
neuroendocrine markers, like chromogranin A,
CD56, and synaptophysin.3 However, very rarely,
well-differentiated PDACs may contain scattered
non-neoplastic neuroendocrine cells in close asso-
ciation with neoplastic glands, without represent-
ing a mixed adeno-neuroendocrine carcinoma
(so-called MANEC).33,34 About “immune-molecu-
lar” staining, the SMAD4 protein is lost in 55% of
PDACs, and aberrant (either overexpression or
complete absence of expression) p53 protein
expression is seen in most cases.13 Other markers
for PDAC, more recently discovered, are mesothe-
lin, claudin 4, claudin 18, and S100P.3,13,35,36
IMMUNOHISTOCHEMISTRY OF PANCREATIC

DUCTAL ADENOCARCINOMA VARIANTS

PDAC variants have classic markers due to their
differentiation, which can be very useful for the
diagnosis and differential diagnosis. Adeno-
squamous: Cytokeratin 5 and P63 positivity in the
squamous component; colloid: CDX2 and MUC2
positivity (colloid component: intestinal differentia-
tion); undifferentiated or anaplastic carcinoma:
positivity for keratin and vimentin but not for E-
Cadherin; UCOCGC: neoplastic cells are positive
for vimentin, keratins and p53, osteoclastlike giant
cells are positive for CD68, vimentin, CD45, but are
negative for keratins and p53; hepatoid carcinoma
Fig. 8. Diagnostic algo-
rithm. PDAC, pancreatic
ductal adenocarcinoma.
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displays positivity for hepatocyte-specific antigen
and shows a canalicular pattern of staining with
CD10-antibody.3,13,37–39 Signet-ring carcinomas
have not a clear-cut immunohistochemistry; at
the same time, it has to be noticed that most cases
of medullary carcinomas are microsatellite in-
stable and show loss of mismatch repair protein
expression. In mixed tumors, classic markers are
expressed in each component, and can support
the diagnosis, above all in case of poorly differen-
tiated neoplasms. Endocrine component shows
typical expression of synaptophysin, chromogra-
nin, and CD56, as well as acinar component of
trypsin, chymotrypsin, and Bcl-10.

MOLECULAR DIAGNOSTIC KEY POINTS

Typical molecular (somatic) alterations in PDAC,
also important to support the diagnosis of such
tumor, regard 4 key genes: KRAS, CDKN2A,
TP53, and SMAD4.2 The most common gene
alteration is in KRAS, where typical mutations
occur in codons 12, 13, and 61.40,41 Notably,
more than 90% of PDAC contains KRAS muta-
tions.3 In addition to these 4 frequently altered
genes, various other genes, like ARID1A, are
mutated at relatively low frequencies in pancreatic
cancer, but can play a prognostic role.42 Molecular
genetics of pancreatic cancer and it precursor
lesions are discussed in more detail in the article
by XXXXX, elsewhere in this issue (see Wood L,
HosodaW: Molecular Genetics of Pancreatic Neo-
plasms, in this issue).

PATHOLOGY REPORT

The final pathology report for PDAC should include
some important features, to support the diagnosis
and to permit an adequate oncologic staging.

For tumors of the head of the pancreas the
pathologists should report:

� The grading of the tumor
� The contemporary presence of dysplastic
modifications of non-neoplastic ducts (eg,
PanIN, that supports the pancreatic origin of
the tumor)

� The presence of perineural and/or vascular
invasions

� The presence of biliary margin and pancreatic
neck margin infiltration

� The presence of choledocic, duodenal (and
gastric in Whipple resection specimen),
peripancreatic adipose tissue (up to perito-
neum), and retroperitoneal (posterior lamina)
infiltration

� The nodal status, ideally identifying intes-
tinal (duodenal) nodes, perigastric nodes,
pancreatic-duodenal (dividing them in anterior
and posterior is not required by the current
TNM staging system) nodes, pericholedocic
nodes, and the lymph nodes of the superior
mesenteric artery (in the posterior lamina).

For tumors of the body-tail, it should be
reported:

� The grading of the tumor
� The contemporary presence of dysplastic
modifications of non-neoplastic ducts (eg,
PanIN, that supports the pancreatic origin of
the tumor)

� The presence of perineural or vascular
invasion

� The status of pancreatic neck margin
� The presence of peripancreatic adipose
tissue (up to peritoneum) infiltration

� The nodal status, ideally identifying peri-
pancreatic nodes (classically located very
closely to splenic vessels on the postero-
superior margin), and the lymph nodes of
splenic hilus

Last, following the model of the so called “next-
generation histopathologic diagnosis,” the most
important molecular alterations of cancer will likely
be included in the future in the final pathology
report.43

PROGNOSIS

Because of the absence of effective methods for
early diagnosis and the aggressive nature of this
disease, most patients present with locally
advanced or metastatic cancer, mostly not eligible
for surgical approaches. The 5-year survival rate
of PDAC is approximately 5%, a percentage that
has remained constant in recent decades. Chemo-
therapeutic options for advanced PDACs are still
limited; gemcitabine hasbeen the standard chemo-
therapeuticdrug forpatientswith advanceddisease
for many years, but it provides only a modest
survival advantage. The most prevalent oncogenic
alteration is mutation in KRAS, which seems an
obvious target for cancer therapy. However,
although great efforts have been made to develop
small-molecular inhibitors of mutant KRAS, no
clinically effective antagonist has been identified
yet. In addition to KRAS, SMAD4, TP53, and
CDKN2Aare also commonly altered inPDAC.How-
ever, therapeutic strategies targeting theseproteins
are considered to be difficult for different reasons,
including cellular location and multifunctionality.2

Overall, pancreatic cancer is characterized by sub-
stantial genomic heterogeneity with also numerous
infrequentlymutatedgenes.2Although thecommon

http://dx.doi.org/10.1016/j.path.2016.05.011
http://dx.doi.org/10.1016/j.path.2016.05.011
http://dx.doi.org/10.1016/j.path.2016.05.011


Pitfalls

! Especially on frozen section examination, chronic pancreatitis can mimic very well PDAC; in case of
clinical information supporting chronic pancreatitis, the diagnosis of PDAC on frozen sections (eg,
pancreatic neck margin) should be avoided in most cases.

! Exclude possible distant metastasis in the pancreas in case of rare variants (eg, signet-ring carcinoma is
very rare: exclude ametastasis from breast or stomach) or in case of particular cellular features, even if
focal (eg, clear cell: exclude a metastasis from kidney).

! The presence of “naked glands in fat” is very suggestive for PDAC, but attention must be paid to the
fact that the adipose tissuemay be derived from adipose involution of normal pancreatic parenchyma,
so it can represent pancreatic parenchyma in adipose involution rather than peripancreatic adipose tis-
sue. The contemporary presence of Langerhans islets in the fatty tissue indicates an adipose involution.

! In case of mild cellular atypia (eg, surgical specimens after neoadjuvant therapies), it is very important
to look for abnormal locations of glands (eg, immediately adjacent to muscular blood vessels,
duodenal infiltration, perineural infiltration) to support a diagnosis of PDAC.

! Do not use only immunohistochemistry to support a diagnosis of PDAC, as there is not an unequivocal
immunohistochemical profile of such tumor. However, remember that cytokeratins 8 to 18 are the
classic keratins expressed by PDAC, and that the aberrant DPC4 and/or p53 immunohistochemical
expression is useful to support a diagnosis of cancer.

! Mucin pools without cells represent a pseudo-infiltrative pattern: infiltrating colloid carcinoma also
has to present suspended neoplastic cells in mucin pools.
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mutations in pancreatic cancer, KRAS, SMAD4,
TP53, and CDKN2A, are currently not druggable,
stratified therapeutic strategies based on genomic
alterations that occur at low frequency, as well as
multipathway inhibition strategies, might be benefi-
cial for treatment of PDAC. Novel approaches
based on genomic information seem likely to revo-
lutionize PDAC therapy over the next few years,
following thedirectionofnext-generationhistopath-
ologic diagnosis and therapy and of personalized
medicine.43

The prognosis of PDAC variants is peculiar for
some of them. Patients with resected adenosqua-
mous carcinoma have a poorer prognosis (median
survival of 7–11 months) than do those with con-
ventional PDAC.3,13,44 Colloid carcinomas and
medullary carcinomas seem to have a better prog-
nosis than classic PDACs, with higher survival in-
dexes.3,13,45 Anaplastic carcinomas, signet-ring
carcinomas, and UCOCGC are characterized by
a very poor prognosis.3,13,46,47
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Pathology of Pancreatic
Cancer Precursor Lesions

Michaël Noë, MD*, Lodewijk A.A. Brosens, MD, PhD
Key points

� Pancreatic cancer develops from 3 well-established precursor lesions: pancreatic intraepithelial
neoplasia (PanIN), intraductal papillary mucinous neoplasm (IPMN), and mucinous cystic neoplasm
(MCN).

� PanINs are themost common precursor lesion of pancreatic ductal adenocarcinoma (PDAC) and are by
definition less than 0.5 cm in diameter.

� PanINs are characterized by cuboid to columnar cells with gastric foveolar differentiation and varying
degrees of cytologic and architectural atypia.

� IPMNs are most often located in the proximal pancreas and are by definition greater than or equal to
1.0 cm in diameter.

� IPMNs are classified as main-duct type IPMNs, branch-duct type IPMNs, or mixed type IPMNs, and are
further subclassified according to the predominant direction of differentiation as gastric, intestinal,
pancreatobiliary, or oncocytic.

� Evidence is accumulating for the existence of 2 distinct pathways in the evolution of IPMN into
pancreatic adenocarcinoma.

� Intraductal tubulopapillary neoplasm is considered a variant of IPMN, with a high prevalence of
PIK3CA mutations.

� MCNs almost exclusively occur in female patients, are mainly located in the pancreatic body and tail,
do not communicate with the pancreatic duct system, and are characterized by ovarian-type stroma.

� Recently, new guidelines were formulated for reporting pancreatic precursor lesions, improving
reproducibility by encouraging a 2-tiered grading system for dysplasia.

KEYWORDS

� Pancreatic ductal adenocarcinoma � Precursor lesions � Carcinogenesis � Histopathology
� Molecular pathology � Intraductal papillary mucinous neoplasm
� Pancreatic intraepithelial neoplasia � Mucinous cystic neoplasm
ABSTRACT neoplasm. Each of these precursor lesions has
unique clinical findings, gross and microscopic fea-
T o better understand pancreatic ductal adeno-
carcinoma (PDAC) and improve its prognosis,
it is essential to understand its origins. This

article describes the pathology of the 3 well-
established pancreatic cancer precursor lesions:
pancreatic intraepithelial neoplasia, intraductal papil-
lary mucinous neoplasm, and mucinous cystic
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tential to prevent pancreatic cancer and improve
the prognosis of PDAC.
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OVERVIEW

Noninvasive precursor lesions in the pancreas
have been recognized for more than a century.1

They have the ability to progress to pancreatic
ductal adenocarcinoma (PDAC). However, it was
not until 1999 that an international consensus
meeting formed the basis for the current classifi-
cation and definition of these precursor lesions.2

Since then, multiple consensus meetings have
been organized, updating the classification
system with new insights.3,4 Three precursor le-
sions are recognized: pancreatic intraepithelial
neoplasia (PanIN), intraductal papillary mucinous
neoplasm (IPMN), and mucinous cystic neoplasm
(MCN). All of these meet the criteria for precursor
lesion, as defined by a consensus conference,
sponsored by the National Cancer Institute.5

These precursors show a unique multistep
morphologic and genetic progression to invasive
carcinoma.

PANCREATIC INTRAEPITHELIAL NEOPLASIA

CLINICAL FEATURES

PanIN is the most common precursor lesion of
PDAC. These lesions were first described a cen-
tury ago by Hulst.1 Both men and women are
equally affected and the incidence tends to in-
crease with age.6–8 PanINs can be found in 82%
of pancreata with invasive carcinoma, in 60% of
pancreata with chronic pancreatitis, and in 16%
of normal pancreata.7 PanINs occur multifocally
in patients with a family history of pancreatic
adenocarcinoma.9,10 Because of their small size
(by definition <0.5 cm), these lesions cannot be
seen on noninvasive abdominal imaging and
they are not associated with clinical signs or
symptoms. However, lobular atrophy and fibrosis
can be clues for their presence. PanINs are typi-
cally found incidentally in resections or biopsy
specimens.6,11,12

PATHOLOGIC FEATURES

PanINs are noninvasive, microscopic, epithelial
neoplasms and by definition involve pancreatic
ducts less than 0.5 cm in diameter.2–4 PanINs
are characterized by cuboid to columnar cells
with varying amounts of apical cytoplasmic mucin
and varying degrees of cytologic and architectural
atypia. PanINs almost always show gastric foveo-
lar differentiation.4

Hruban and colleagues2 described the generally
accepted PanIN scheme to classify these lesions
in 2001. Three grades are discriminated in this
scheme, based on the degree of epithelial atypia:
PanIN-1, PanIN-2, and PanIN-3. PanIN-1 lesions
are characterized by minimal nuclear atypia,
inconspicuous nucleoli, and absent mitotic figures
and can be further subdivided into flat (PanIN-1A)
and micropapillary (PanIN-1B) types. Moderate
nuclear atypia, pseudostratification, loss of polar-
ity, hyperchromasia, and rare mitotic figures are
features of PanIN-2. PanIN-3 lesions have marked
atypia; contain (atypical) mitotic figures; show loss
of polarity; and have a papillary, micropapillary, or
occasional flat architecture (Fig. 1). Cribriform
structures, necrosis, and tufting of epithelial cells
in the lumen may be present. PanIN-3 is almost
exclusively found in association with invasive
PDAC.6,7 This feature is so striking that, in pan-
creata without a PDAC, a PanIN-3 lesion may
serve as a surrogate marker for invasion else-
where.7,13 Another pitfall is the extension of an
infiltrating carcinoma in pancreatic ducts (ie,
ductal cancerization) mimicking a PanIN-3 lesion.
The close proximity of an invasive carcinoma to a
ductal lesion, the abrupt transition from highly
atypical epithelium to normal ductal epithelium,
luminal obstruction, and ductal destruction are
clues to consider ductal cancerization.2,3,14

The clinical significance of PanIN-1 and PanIN-2
has been questioned by studies, because these le-
sions show little progression to PDAC.7,15 Grading
the lesions also showed poor interobserver agree-
ment.16 For these reasons, the latest consensus
meeting advised the use of a 2-tiered grading sys-
tem with low-grade PanIN (formerly PanIN-1A,
PanIN-1B, and PanIN-2) and high-grade PanIN
(formerly PanIN-3). Moreover, the presence of
PanIN lesions of any grade at the surgical margin
of pancreata resected for invasive PDAC does
not influence patient prognosis and additional sur-
gery is not required.17

PanINs show an increased expression of
MUC 1 (Mucin 1) and MUC5AC (Mucin 5AC) in
higher grades of dysplasia.18–21 The opposite is
seen for MUC6 (Mucin 6), showing reduced
expression in higher grades of dysplasia.19,22
MOLECULAR FEATURES

The early lesions with minimal cytologic atypia
were not originally regarded as neoplastic, but
instead were designated as hyperplasia or
metaplasia.23 After finding KRAS mutations, these
lesions were considered neoplastic and the term
pancreatic intraepithelial neoplasia was pro-
posed.2,13,24–27 It has been established that
progression from low-grade PanIN to high-grade
PanIN requires accumulation of genetic



Fig. 1. The progression of PanIN is associated with an increase in cellular atypia and accumulation of genetic
mutations. PanIN-1 shows minimal nuclear atypia. PanIN-1A has a flat growth pattern, whereas PanIN-1B shows
formation of micropapillae. PanIN-2 shows loss of cellular polarity. PanIN-1 and PanIN-2 are both grouped as low-
grade PanIN. PanIN-3 or high-grade PanIN has the most severe nuclear and architectural atypia. The PanIN-3
lesion shown here is the variant with a flat architecture.
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alterations, starting with an activating KRASmuta-
tions and telomere shortening, followed by
CDKN2Amutations and later P53 and SMAD4mu-
tations (see Fig. 1).21,28–31 Genetic features of
PanIN are discussed (see HosodaW,Wood L: Mo-
lecular Genetics of Pancreatic Neoplasms, in this
issue).
PanIN Key Points

� Microscopic lesion: involves by definition
pancreatic ducts less than 0.5 cm in diameter

� Incidence increases with age

� Occurs multifocally in patients with family
history of pancreatic cancer

� High-grade PanIN is almost exclusively seen in
association with invasive carcinoma
INTRADUCTAL PAPILLARY MUCINOUS

NEOPLASM

CLINICAL FEATURES

The first description of intraductal mucinous
neoplasms of the pancreas probably dates back
to 1936.32,33 Until 1994, these tumors were
described under various names, each empha-
sizing a different morphologic feature of the tumor.
In 1994, all these entities were grouped together
under the term IPMN, as proposed by Morohoshi
and colleagues.34,35

Initially, IPMNwas considered a disease of older
men, often with a history of cigarette smoking.
However, a meta-analysis showed that there are
geographic differences in the gender of patients
with IPMN. The male/female ratios of main-duct
type and branch-duct type IPMNs in Asia are 3
and 1.8, respectively. However, in the United
States, these ratios are 1.1 and 0.76, and in
Europe 1.5 and 0.66, respectively.36 The mean
age of patients at time of diagnosis is 60 to
66 years, irrespective of geographic location.37–41

There is a lag time of 3 to 6 years before patients
with noninvasive IPMN develop PDAC.37–41

IPMNs are seen most frequently in patients with
a family history of pancreatic cancer, Peutz-
Jeghers syndrome, familial adenomatous polypo-
sis, Lynch syndrome, Carney complex, and
McCune-Albright syndrome.10,42–48 Because
IPMNs are detectable with medical imaging tech-
niques, these lesions can serve as a target for a
screening test for the early detection of pancreatic
neoplasia.10

IPMNs are mucin-producing, epithelial neo-
plasms with an intraductal proliferation of
dysplastic cells that usually form papillae. This
process leads to cystic dilatation of the pancre-
atic ducts. Although most people diagnosed
with IPMN are asymptomatic, some patients
experience nonspecific symptoms, including
vague abdominal pain, weight loss, nausea,

http://dx.doi.org/10.1016/j.path.2016.05.011
http://dx.doi.org/10.1016/j.path.2016.05.011
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jaundice, (recent-onset) diabetes, or steator-
rhea.49 Mild acute pancreatitis is more often
seen if the IPMN involves the main duct. IPMN
involving only small pancreatic ducts is most
likely to be asymptomatic.37,40,50–52 On endos-
copy, a classic patulous papilla extruding mucus
can be seen in 25% of patients with IPMN. It is
also called a fish eye or fish mouth and is virtually
diagnostic for the presence of an IPMN
(Fig. 2).53,54

IPMNs were thought to be rare pancreatic
tumors, but the current widespread use of high-
quality, cross-sectional abdominal imaging tech-
niques has shown that pancreatic cysts and
IPMNs are common. However, epidemiologic
studies show great variety in the prevalence of
pancreatic cysts because of the use of different
imaging techniques and different study popula-
tions.55–64 If only cysts larger than 0.5 cm in
patients imaged for other indications than pancre-
atic disorder and without a history of pancreatic
disorder are considered, the prevalence is 10%
to 21%.56,57 A different study in a younger and
partially healthy population scanned at a center
for preventive medicine showed a much lower
prevalence of 2.4%.65 However, not all pancreatic
cysts are IPMNs. About a third of resected asymp-
tomatic pancreatic cysts seem to be IPMN.52,66
IPMNs are most frequently located in the prox-
imal pancreas (thepancreatic headand theproces-
sus uncinatus). Based on the pancreatic ducts they
involveon radiological andpathologic examination,
IPMNs are classified as main-duct type IPMNs,
branch-duct type IPMNs, or mixed type IPMNs, if
the main duct and the branch ducts are both
involved.67 However, there is considerable dis-
crepancy between the radiological and the histo-
pathologic assessment of the involved ducts.
Studies have shown that themain duct often shows
some degree of involvement, even in IPMNs that
were classic branch-duct type IPMNs by radiolog-
ical imaging.68 Fritz and colleagues69 showed that
29% of the IPMNs that were considered as
branch-duct type on preoperative imaging showed
involvement of the main duct histologically. These
branch-duct type IPMNs with minimal involvement
of the main duct were very similar to pure branch-
duct type IPMNs with regard to clinicopathologic
features as well as clinical outcome.68

A compilation of 3568 resected IPMNs from 20
studies showed that invasive carcinoma was pre-
sent in 43.6% of main-duct type IPMNs, in 45.3%
of mixed type IPMNs, and in 16.6% of branch-
duct type IPMNs.70 The limited percentage of can-
cer in the resected pancreata shows the clinical
problem of overtreatment of IPMNs and, in
Fig. 2. A classic patulous
papilla extruding mucus,
also called fish eye or
fish mouth, as seen on
endoscopy in a patient
with an IPMN.
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particular, of the branch-duct type IPMNs. Several
guidelines havebeenproposed for clinicalmanage-
ment of IPMNs but the quality of evidence support-
ing most recommendations is low (Table 1).70–75

PATHOLOGIC FEATURES

IPMNs have been defined in consensus meetings
as “grossly visible, predominantly papillary or
rarely flat, noninvasive mucin-producing epithelial
neoplasm arising in the main pancreatic duct or
branch ducts.”3 By definition, IPMNs are at least
1.0 cm in diameter.2–4

As for PanIN, a consensus meeting recently rec-
ommended to grade the IPMNs with a 2-tiered
grading system. The former IPMN with low-grade
dysplasia and IPMN with intermediate-grade
dysplasia become IPMN, low grade. The former
Table 1
A brief overview of the most important current guid
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IPMNs can be subtyped by their direction of dif-
ferentiation as gastric, intestinal, pancreatobiliary,
or oncocytic.76

� Gastric-type IPMN is characterized by
cells that resemble the foveolar epithelium of
the stomach with a single layer of cells with
basallyorientednuclei andabundantmucinous
cytoplasm. This epithelium can show a flat,
papillary, or tubular/ductal growth pattern
(Fig. 3). This subtype is rarely associated with
high-grade dysplasia compared with other
subtypes.77 However, when high-grade
dysplasia is present, the architecture becomes
complex and the cuboidal cells with enlarged
nuclei become mucin depleted, features that
elines for the management of IPMNs
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edle aspiration.



Fig. 3. Gastric-type IPMN.
(A) Gastric-type IPMN
with a flat architecture
and a single layer of
gastric foveolar-type
epithelium. (B) Gastric-
type IPMN with a villous
architecture.
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are very similar to pancreatobiliary-type
IPMN.78 Some investigators consider these
features as different grades of dysplasia,
whereasothers consider themasdifferent sub-
types of IPMN.79,80 Gastric-type IPMNs typi-
cally involve the branch ducts.81

� The pancreatobiliary-type IPMN is lined by
cells with nuclei with marked variation in size
and shape; these nuclei have irregular
contours and prominent nucleoli and are
most likely to progress to an invasive tubular
carcinoma (Fig. 4).81

� The intestinal-type IPMN is morphologically
similar to a colonic villous adenoma. The nuclei
of the cells are hyperchromatic, elongated,
show some degree of pseudostratification,
and contain variable amounts of intracellular
mucin. The papillae are typically long and



Fig. 3. (continued). (C)
Gastric-type IPMN with
basal tubular/ductal
growth. When tubular
growth is extensive,
these lesions have pre-
viously been designated
as intraductal tubular
adenoma, pyloric gland
type, pyloric gland ade-
noma, or intraductal
tubular adenoma (see
Fig. 8). (D) IPMN with
low-grade and high-
grade dysplasia. Some
investigators consider
this as different subtypes
of IPMN (ie, gastric-type
IPMN and pancreatobili-
ary-type IPMN, respec-
tively) whereas others
consider this as different
grades of dysplasia of
gastric-type IPMN.
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occasionally branching. This subtype most
frequently involves the main duct (Fig. 5).81

� Oncocytic-type IPMN is a rare entity, charac-
terized by cells with abundant eosinophilic
cytoplasm, caused by the accumulation of
mitochondria. The nuclei of these oncocytic
cells contain a single, prominent, eccentric
nucleolus. The growth pattern of these
oncocytic-type IPMNs is distinctive, consist-
ing of arborizing papillae, lined by 1 to 5 layers
of cuboidal cells. A specific feature is the
punched-out spaces in the epithelium
(Fig. 6).
The 2010 World Health Organization classifica-
tion of tumors of the digestive system provided
an immunohistochemical aid for subtyping these
IPMNs based on mucin stains. However, several
studies have shown that some IPMNs are un-
classifiable because of their uncharacteristic
morphology and immunophenotype.82–86 Mixed
epithelial differentiation makes subtyping impos-
sible in 25% of cases. For these reasons and
because of the moderate interobserver agreement
for morphologic subtyping of pancreatic IPMNs,
subtyping of IPMNs has a poor reproducibility.87

Studies have reported differences in prognosis



Fig. 4. Pancreatobiliary-
type IPMN lined by cells
with marked atypia and
prominent nucleoli.
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between the various subtypes of IPMNs, despite
the poor reproducibility, which suggests that asso-
ciations between histologic type and prognosis
may be even stronger than reported.77,81,83,87–90

A recent meta-analysis reviewed 14 studies and
showed that the pancreatobiliary-type IPMN is
associated with the most aggressive behavior
and gastric-type IPMN has the lowest risk of inva-
sive carcinoma.81

MOLECULAR FEATURES

Whole-exome sequencing of IPMNs revealed an
average of 26 mutated genes per IPMN.91 KRAS
Fig. 5. Intestinal-type
IPMN with high-grade
dysplasia composed of
papillae lined by cells
with elongated nuclei
and some degree of pseu-
dostratification reminis-
cent of a colonic villous
adenoma. Note the scat-
tered goblet cells.



Fig. 6. Oncocytic-type
IPMN, composed of cells
with abundant eosino-
philic cytoplasm, reflect-
ing the accumulation of
mitochondria.

IPMN Key Points

� Macroscopic lesion: involves by definition
pancreatic ducts greater than or equal to
1.0 cm in diameter

� Main-duct type and mixed type IPMN harbor
higher risk for invasive carcinoma than
branch-duct type IPMN

� Can become the target for a screening test
for pancreatic cancer

� Two pathways toward invasive cancer may
exist:

� Pancreatobiliary-type IPMN (KRASmutated)
is associated with tubular carcinoma

� Intestinal-type IPMN (GNAS mutated) is
associated with colloid carcinoma
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and GNAS are the most frequently mutated genes
in 50% to 80% and 40% to 60% of IPMNs,
respectively.91,92 Moreover, RNF43, an E3 ubiqui-
tin–protein ligase acting as a negative regulator of
the Wnt-signaling pathway, is also frequently
mutated in IPMN.91 In addition, P53 and SMAD4
mutations can be found in high-grade dysplasia.
Genetic features of IPMN are discussed (see
Hosoda W, Wood L: Molecular Genetics of
Pancreatic Neoplasms, in this issue).

Evidence is accumulating for the existence of 2
distinct molecular progression pathways in
IPMN20,93:

� Pancreatobiliary-type IPMN is highly associ-
ated with tubular carcinoma, which has a mu-
tation profile resembling conventional
pancreatic adenocarcinoma including KRAS
mutations.93–95 GNAS mutations are less
common in this presumed pathway.

� Intestinal-type IPMNs and associated colloid
carcinomas typically harbor GNAS muta-
tions, which is another similarity between
intestinal-type IPMN and colonic villous
adenomas.96

These different pathways are also reflected in a
different immunophenotype with colloid carci-
nomas being MUC1 negative (0%) and MUC2 pos-
itive (100%), whereas tubular carcinomas are
typically MUC1 positive (63%) and MUC2 negative
(1%).20 Colloid carcinomas have a less aggressive
behavior and a better prognosis than tubular
carcinomas.83,84 In gastric-type IPMNs, KRAS
and GNAS mutations are identified equally. This
finding suggests that gastric-type IPMNs are a het-
erogenic group of early lesions with a similar
morphologic appearance, but, on a molecular level,
are already committed to one of the 2 progression
pathways.93

http://dx.doi.org/10.1016/j.path.2016.05.011
http://dx.doi.org/10.1016/j.path.2016.05.011
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DIFFERENTIAL DIAGNOSIS: PANCREATIC

INTRAEPITHELIAL NEOPLASIA VERSUS

INTRADUCTAL PAPILLARY MUCINOUS

NEOPLASM

By definition, PanINs are smaller than 0.5 cm and
IPMNs are at least 1.0 cm, which means that there
is an indeterminate range between PanIN and
IPMN for intraductal neoplastic precursor lesions
with a diameter of greater than or equal to
0.5 cm and less than 1.0 cm. These lesions can
be either large PanINs or small IPMNs. Differentia-
tion of the epithelium toward intestinal-type, pan-
creatobiliary-type, or oncocytic-type epithelium
or a mutation specific for IPMN (such as GNAS
mutation) are clues for an IPMN.4,76 If these clues
are present, these lesions can be called incipient
IPMN. However, small, gastric-type lesions,
without features of an IPMN, should be docu-
mented descriptively.4

Initially, PanINs were defined as lesions arising
from the ductules or small ducts, whereas IPMNs
involve the main pancreatic duct or its major
branches.2,97,98 However, several case reports
suggested that some PanINs arise from larger
ducts, including the main duct.11,97,99 Some of
these PanINs may cause obstruction and retro-
grade dilatation of the duct, causing it to expand
beyond the 1.0 cm cutoff. To address these large
and main duct PanINs, the 2004 consensus guide-
lines defined diagnostic criteria, apart from the
size criteria, to distinguish PanINs from IPMNs3:

� Papillae in PanIN are not as tall and complex
as those in IPMN

� Abundant luminal mucin production is a
feature of IPMN

� MUC2 expression is a specific, but insensi-
tive, marker of an IPMN and is generally not
present in PanIN
INTRADUCTAL TUBULOPAPILLARY

NEOPLASM

CLINICAL FEATURES

Intraductal tubulopapillary neoplasms (ITPNs) are
rare intraductal neoplasms of the pancreas. They
occur equally in men and women. Symptoms are
nonspecific and include abdominal pain, dia-
betes, vomiting, and weight loss. About 50% of
these neoplasms involve the head of the
pancreas, 30% diffusely involve the pancreas,100

15% are localized in the tail of the pancreas,101

and 40% of cases harbor an associated invasive
carcinoma. With a 5-year survival of more than
30%, prognosis of an ITPN-associated invasive
tumor is significantly better than the prognosis
of conventional PDAC. Recurrence or metastasis
to lymph nodes or to the liver is seen in about a
third of cases. Even these patients sometimes
experience a protracted clinical course over
more than 2 years, which is unusual for conven-
tional PDAC.100
PATHOLOGIC FEATURES

ITPN is characterized by densely packed tubules
that frequently lie back to back, forming large
sheets. Tubulopapillary growth is sometimes
seen. The cells are cuboidal with modest
amounts of eosinophilic cytoplasm and do not
contain apparent mucin. There is moderate nu-
clear atypia and increased mitotic activity
(Fig. 7). Extracellular mucin production is not
prominent and cyst formation is less evident
than in IPMN. Comedolike necrosis is sometimes
present.102

In contrast with IPMN, immunohistochemistry
for MUC5AC is typically negative in ITPNs.28,102

MUC1 and MUC6 are positive in 100% and 60%
of cases, respectively.102 Because of similar
morphology and shared positivity for MUC6 with
gastric and duodenal pyloric gland adenomas,
ITPNs have previously been described as intraduc-
tal, tubular adenomas, pyloric gland type.103,104

Pitfalls in diagnostic pathology of ITPN:

� ITPN should be differentiated from gastric-
type IPMN with extensive tubular growth
(Fig. 8). In the past, intraductal lesions with
extensive tubular growth were distinguished
from IPMN and designated as intraductal
tubular adenoma, pyloric gland type or pyloric
gland adenoma.103–111 Later, this entity was
renamed intraductal tubular adenoma (ITA)
and intraductal tubular carcinoma (ITC), de-
pending on the degree of dysplasia. Further
studies showed that ITAs were more related
to gastric-type IPMNs and ITCs were a
different entity, with a different immunoprofile
and different molecular changes, now known
as ITPN.112

� Occasionally, acinar cell carcinomas have a
component of intraductal polypoid growth.113

When this intraductal growth becomes pre-
dominant, acinar cell carcinoma can mimic
other intraductal neoplasms, such as ITPNs
(Fig. 9). The architecture of both tumors can
be very similar with sheets of back-to-
back acinar structures. The presence of
PAS1, diastase-resistant, apical, eosinophilic
zymogen granules; intraluminal concretions;
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Fig. 7. Intraductal tubulo-
papillary neoplasm with
features of both tubular
and papillary growth.
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and prominent, central nucleoli are helpful fea-
tures to distinguish acinar cell carcinomas
from ITPNs114 (see Fig. 9). Moreover, on
immunohistochemistry, acinar cell carci-
nomas are positive for trypsin, chymotrypsin,
and BCL10, and negative for CK19. ITPNs
are negative for trypsin, chymotrypsin, and
BCL10, but positive for CK19.115
g. 8. An intraductal,
w-grade neoplasm, for-
erly known as an intra-
ctal tubular adenoma
A), now better classi-
d as a gastric-type
MN with an extensive
bular/ductal growth
ttern.
MOLECULAR FEATURES

ITPNs also differ from IPMNs on a molecular level.
KRAS and GNAS mutations, frequently found in
IPMNs, are found in only 7% and 0% of ITPNs,
respectively.116–119 However, PIK3CA mutations
are frequently seen in ITPNs (21%–27%).116,120 As
a component of the mammalian target of rapamycin



Fig. 9. Intraductalgrowth
of anacinar cell carcinoma
showing acinar structures
composedofcellswith sin-
gle, large,centralnucleoli.
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(mTOR) pathway, PIK3CA is a potentially targetable
mutation, because multiple drugs (like temsirolimus
and everolimus) targeting the mTOR pathway have
been tested and approved for clinical use.121,122
ITPN Key Points

� Forty percent of ITPNs harbor an invasive
carcinoma

� ITPN-associated invasive carcinoma has
significantly better prognosis than conven-
tional PDAC

� ITPN frequently has PIK3CA mutation, but
rarely KRAS and GNAS mutation
MUCINOUS CYSTIC NEOPLASMS

CLINICAL FEATURES

MCNs are almost exclusively seen in perimeno-
pausal women. Only a few rare examples are docu-
mented inmen.123 This finding is in accordancewith
their counterparts in the hepatobiliary tree, mesen-
tery, and retroperitoneum, and with the mixed
epithelial and stromal tumor of the kidney, which
are also more prevalent in women.124–127 It has
been hypothesized that pancreatic MCN develops
from endodermal immature stroma, stimulated by
female hormones.128,129 MCNs are mainly located
in the pancreatic body and tail and do not
communicate with the pancreatic duct sys-
tem.130,131 The mean age of presentation of
patients with a noninvasive MCN is 44 years. The
mean age of presentation of patients with an MCN
with associated adenocarcinoma is 55 years.131

Patients frequently present with non-
specific symptoms such as mild abdominal
pain but some present with pancreatitis.131

Like IPMNs, MCNs frequently have high levels of
carcinoembryonic antigen and mucinous epithelial
cells in the cyst fluid.132,133 An adenocarcinoma
associated with MCN is found in 3% to 36% of
resected MCNs. Overall, the mean percentage of
adenocarcinoma found in 1096 resected MCNs
from 9 studies was 16%,128,130,131,134–139 which
is less than is seen in main-duct type and mixed
type IPMNs. Guidelines recommend resection of
each MCN, irrespective of size.70,71
PATHOLOGIC FEATURES

MCNs are lined by columnar cells with abundant
apical mucin. Dysplastic change of the epithelial lin-
ing is graded in a 2-tiered system, as recommen-
ded by the latest consensus meeting. The former
MCN with low-grade dysplasia and MCN with
intermediate-grade dysplasia are now both classi-
fied as MCN, low grade.4 Two distinct features
that distinguish this tumor from an IPMN are the
presence of characteristic ovarian-type stroma



MCN Key Points

� MCN is almost exclusively seen in perimeno-
pausal women

� Most often located in the body and tail of the
pancreas

� MCNs do not communicate with the pancre-
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and lack of communicationwith the pancreatic duct
system70,101 (Fig. 10). When an MCN evolves into
an invasive carcinoma, this is typically a tubular
adenocarcinoma. MCNs rarely evolve into a colloid
carcinoma, although an early study showed focal
staining for CDX2 indicating intestinal differentiation
in 51% of MCNs.137,140 MCNs with malignant,
sarcomatous stroma have been reported but are
more likely spindle cell carcinomas rather than
true mesenchymal neoplasms.141–144

Ovarian-type stromamay be only focally present
or not obvious because of fibrosis or hypocellular-
ity.128,136 Sometimes, nests of epithelioid cells are
seen in the stroma, suggesting luteinization.
Rarely, a corpus luteum can be seen in the stroma.
The cells of the ovarian-type stroma frequently ex-
press progesterone and estrogen receptor, inhibin,
caldesmon, alfa-SMA, and desmin.124,135
atic duct system

� Mucinous epithelium is surrounded by
cellular ovarian-type stroma
MOLECULAR FEATURES

Whole-exome sequencing of the MCNs showed
on average 16.0 � 7.6 nonsynonymous somatic
mutations and few loss of heterozygosity events
compared with IPMNs,91 which could explain the
lower frequency of progression to an invasive car-
cinoma in MCNs, because there is a correlation
between aneuploidy and a poor prognosis.145

Only 1 region on chromosome 17q, containing
the gene RNF43, was lost in more than 1 tumor.
In 3 MCNs, intragenic mutations were found in
Fig. 10. MCN with mu-
cinous epithelium with
low-grade dysplasia and
characteristic ovarian-type
stroma.
the RNF43 gene. Further analysis showed muta-
tions in the 4 main pancreatic cancer genes
KRAS, CDKN2A, P53, and SMAD4.91 Genetic fea-
tures of MCN are discussed (see HosodaW,Wood
L: Molecular Genetics of Pancreatic Neoplasms, in
this issue).
SUMMARY

In the last 2 decades, a morphologic classification
of precursor lesions to invasive adenocarcinoma
of the pancreas has been established. Three pre-
cursor lesions are distinguished: PanIN, IPMN,
and MCN. Each of these lesions has its own clin-
icopathologic manifestations. PanIN is the most

http://dx.doi.org/10.1016/j.path.2016.05.011
http://dx.doi.org/10.1016/j.path.2016.05.011


Box 1
Practical recommendations of the Verona consensus meeting and the Baltimore consensus meeting

Grossing

� Rule out invasive carcinoma by extensive (if not complete) sampling

� Sample tissue between IPMN and invasive carcinoma to assess concomitance or association of both
lesions

Reporting

� Invasive tumor (if present):

� Size:

- Use the largest diameter of invasion and document the exact size (to enable staging and
substaging)

- Avoid the term minimally invasive

- The term indeterminate/suspicious for invasion is acceptable in rare cases

� Document distance between IPMN and invasive carcinoma to assess concomitance or association of
both lesions

� Precursor lesion:

� Differentiation PanIN versus IPMN:

- The size of the affected duct is based on a cross-sectional measurement (from basement mem-
brane to basement membrane)3

- Use a description of the lesion, if the lesion affects ducts with a diameter of greater than or equal
to 0.5 cm and less than 1.0 cm and has no features of IPMN (like GNAS mutation, intestinal dif-
ferentiation, pancreatobiliary differentiation or oncocytic differentiation), because the lesion
can be a large PanIN or a small IPMN

� Consider intraductal spread of invasive carcinoma (cancerization) instead of high-grade PanIN or
IPMN, high grade:

- The close proximity of an invasive carcinoma to a ductal lesion

- The abrupt transition from highly atypical epithelium to normal ductal epithelium

- Luminal obstruction

- Ductal destruction

� Ducts:

- Document main duct diameter and involvement, if possible

� Subtype:

- Document the subtype of the IPMN (gastric, intestinal, pancreatobiliary, oncocytic, mixed) if
possible

� Grade:

- Use a 2-tiered system (terminology: low-grade PanIN; high-grade PanIN; IPMN, low grade; IPMN,
high grade; MCN, low grade; MCN, high grade)

- Document the highest grade of the precursor lesion separately if there is also an invasive tumor
present

- Avoid the term malignant IPMN, but instead use IPMN with an associated adenocarcinoma

� Surgical margins:

- PanIN at a margin of a resected pancreas with invasive carcinoma has no prognostic implications

Adapted from Basturk O, Hong S-M, Wood LD, et al. A revised classification system and recommendations from the
Baltimore consensus meeting for neoplastic precursor lesions in the pancreas. Am J Surg Pathol 2015;39(12):1730–41;
and Adsay V, Mino-Kenudson M, Furukawa T, et al. Pathologic evaluation and reporting of intraductal papillary
mucinous neoplasms of the pancreas and other tumoral intraepithelial neoplasms of pancreatobiliary tract: recom-
mendations of Verona consensus meeting. Ann Surg 2016;263(1):162–77.
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prevalent precursor lesion, but is microscopic
and not reliably detectable on imaging. IPMN is
a macroscopic, cystic lesion, detectable on imag-
ing and may therefore serve as a target for
screening and prevention of pancreatic cancer.
In addition, MCN is almost always found in the
pancreatic body and tail of perimenopausal
women. When detected in an early stage without
associated adenocarcinoma, resection of IPMN
and MCN is curative. However, because of the
lack of biomarkers for high-risk lesions, selection
of patients who benefit from resection is difficult.
Further high-quality clinical and molecular studies
are essential to improve clinical decision making
in the management of these precursor lesions
(Box 1).73–75
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Nonductal Pancreatic
Cancers

Sun-Young Jun, MD, PhDa, Seung-Mo Hong, MD, PhDb,*
Key points

� Nonductal pancreatic neoplasms share common features of cellular tumors with little intervening
stroma and show abnormal beta-catenin expression.

� Pancreatoblastomas are the most common tumors with acinar differentiation in childhood, whereas
acinar cell carcinomas are the most frequent tumors in adults.

� For differential diagnoses of nonductal pancreatic neoplasms, identifying characteristic histologic
features, such as pseudopapillae, acinar architecture with single prominent nucleoli, or squamoid
nests, is important.

� Acinar cell (trypsin/chymotrypsin/B-Cell Leukemia/Lymphoma 10 [BCL10]) or neuroendocrine (synap-
tophysin/chromogranin) markers and E-cadherin are helpful for differential diagnosis of nonductal
pancreatic neoplasms and pancreatic neuroendocrine tumors.

KEYWORDS

� Pancreas � Solid pseudopapillary � Acinar � Pancreatoblastoma
ABSTRACT
N onductal pancreatic neoplasms, including
solid pseudopapillary neoplasms, acinar
cell carcinomas, and pancreatoblastomas,

are uncommon. These entities share overlapping
gross, microscopic, and immunohistochemical
features, such as well-demarcated solid neo-
plasms, monotonous cellular tumor cells with little
intervening stroma, and abnormal beta-catenin
expression. Each tumor also has unique clinico-
pathologic characteristics with diverse clinical
behavior. To differentiate nonductal pancreatic
neoplasms, identification of histologic findings,
such as pseudopapillae, acinar cell features, and
squamoid corpuscles, is important. Immunostain-
ings for acinar cell or neuroendocrine markers are
helpful for differential diagnosis. This article de-
scribes the clinicopathologic and immunohisto-
chemical features of nonductal pancreatic
cancers.
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OVERVIEW

The pancreas is mainly composed of 3 types of
epithelial cells: enzyme-producing acinar cells
(85%), hormone-producing endocrine cells (3%
to 5%), and ductal cells (up to 3%).1 In general,
the most common epithelial neoplasm arises from
the most common normal epithelial component in
an organ. However, in the pancreas, themost prev-
alent tumors are not acinar cell carcinomas (ACCs)
but ductal adenocarcinomas.2 Because pancreatic
neuroendocrine tumors (PanNETs) are discussed
elsewhere in this issue (see Salaria SN, Shi C:
Pancreatic Neuroendocrine Tumors, in this issue),
they are not discussed here. Excluding PanNETs,
nonductal pancreatic tumors comprise less than
5% of pancreatic neoplasms.2 This article dis-
cusses existing knowledge of these uncommon
nonductal pancreatic neoplasms, including solid
pseudopapillary neoplasms (SPNs), ACCs, and
pancreatoblastomas (PBs).
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SOLID PSEUDOPAPILLARY NEOPLASM

SPNs are low-grade carcinomas characterized by
a solid growth pattern and pseudopapillary for-
mation by poorly cohesive monomorphic epithelial
tumors cells with occasional degenerative cystic
changes.3 SPNs are rare, accounting for 1% to
3% of all exocrine pancreatic neoplasms and
only 5% of cystic neoplasms.4 These tumors occur
predominantly in young women, with a male to
female ratio of 1:9 and a mean patient age of
29 years.5–7 Forty percent of SPNs are incidentally
found without specific symptoms.5,6 Clinical
features for symptomatic patients are usually
nonspecific and include abdominal pain and a
palpable mass.5

GROSS FEATURES

SPNs are well-demarcated or partially encapsu-
lated large single masses with an average size of
8 to 10 cm.4,8 The tumors occur more frequently
in the body or tail of the pancreas than in the
head.5–7 SPNs have variable appearances,
including purely solid, mixed solid and cystic,
Fig. 1. Solid-pseudopapillary neoplasm showing variable g
and cystic, and (D) pure cystic tumor.
and pure cystic (Fig. 1). Most cases are mixed
solid and cystic tumors.3 Small tumors tend to
be purely solid, but as tumor size increases they
are more likely to be cystic because of the devel-
opment of degenerative cystic changes.3 Gross
features of completely cystic degenerative SPNs
are similar to those of pseudocysts.8 The cut
surface shows variable colors, such as yellow,
tan, red-tan, brown, and gray, based on the
presence and proportions of accompanying
hemorrhagic necrosis and degeneration.4,8 Cal-
cification is present in approximately 33% of
SPN cases.9,10

MICROSCOPIC FEATURES

At scanning-power magnification, SPNs show
variable growth patterns in combination with solid,
pseudopapillary, and pseudocystic structures
(Fig. 2A). Although the tumors are well demarcated
from normal pancreatic parenchyma and are even
found partially encapsulated on gross examina-
tions, tumor cells have been found to have infiltra-
tive borders with surrounding normal pancreatic
parenchyma microscopically (Fig. 2B).11 In solid
ross appearances of (A) pure solid, (B, C) mixed solid



Fig. 2. Solid pseudopapillary neoplasm. (A) Area of mixed solid and pseudopapillary structures and sometimes (B)
infiltrating border with normal pancreatic parenchyma are seen. Tumor cells show (C) characteristic features of
pseudopapillae, (D) eosinophilic hyaline globules (arrows), and round to oval nuclei with occasional nuclear
grooves (H&E, original magnification A and B �100; C �200; D �400).
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areas, the tumors consist of sheets of monomor-
phic polygonal tumor cells mixed with abundant
capillary-sized blood vessels.3 Tumor cells do
not form glandular architectures and are generally
poorly cohesive.8 Tumor cells that drop away from
thin-walled vessels are frequently noted, espe-
cially in areas distant from the capillary-sized
vessels. Remaining tumor cells cover blood ves-
sels, resulting in the characteristic features of
pseudopapillae (Fig. 2C).12–14 Tumor cells have
round to oval nuclei with occasional nuclear
grooves and indistinct nucleoli. Mitotic figures
are rare. Occasional eosinophilic hyaline globules
(Fig. 2D), which are stained with periodic acid-
Schiff (PAS) staining and are resistant to diastase
treatment, are noted in the cytoplasm of tumor
cells.15 The tumor cells have either eosinophilic
or vacuolated clear cytoplasm (Fig. 3A).16,17

Nuclear pleomorphism or prominent atypical
multinucleated giant cells are observed in 7% to
13% of SPNs (Fig. 3B).18,19 Such features are
commonly observed in elderly patients but are
not associated with recurrent or aggressive clinical
behavior and are therefore considered degenera-
tive changes rather than malignant features.18,19

Other degenerative changes include clustering of
foamy macrophages and cholesterol crystals.4 In
general, the stromal component of these tumors
is scanty, but some cases show fibrous, hyali-
nized, or myxoid stroma.4 Metastatic SPNs show
similar histologic features of monomorphic tumor
cells with primary SPNs.3 However, additional
atypical features, including nuclear pleomorphism,
tumor necrosis, increased mitosis/Ki-67 labeling
index, and foci of sarcomatoid transformation,
are noted in metastatic tumors.20,21

More than 90% of SPNs show abnormal nu-
clear and cytoplasmic beta-catenin labeling
(Fig. 3C).22–24 Loss of membranous E-cadherin
labeling or nuclear and cytoplasmic beta-catenin
labeling coupled with loss of membranous E-cad-
herin labeling24,25 is also consistently observed in
these tumors (Fig. 3D).12,13 Markers for alpha1-
antitrypsin, CD10, CD56, neuron-specific enolase,
progesterone receptors, and vimentin are also
consistently positive in SPNs.8 SPNs are focally



Key Features
OF SOLID PSEUDOPAPILLARY

NEOPLASMS

� Well-demarcated or partially encapsulated
large single mass

� Variably mixed solid and cystic portion

� Increased cellularity

� Sheets of monomorphic polygonal tumor
cells

� Pseudopapillary structure

� Nuclearandcytoplasmicbeta-catenin labeling

Fig. 3. Solid pseudopapillary neoplasm. Tumor cells can show (A) cytoplasmic vacuolization (H&E) and (B) pleo-
morphic nuclei (H&E). Immunohistochemically, tumor cells present (C) abnormal nuclear and cytoplasmic beta-
catenin labeling and (D) loss of membranous E-cadherin expression the in right half, whereas normal ductal
and acinar cells in the left half show (C) membranous beta-catenin labeling and (D) intact membranous E-cad-
herin labeling (original magnification A, B �400; C, D, �200).
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positive for synaptophysin but consistently nega-
tive for chromogranin labeling.4,8,24,26,27

DIFFERENTIAL DIAGNOSES

Other nonductal pancreatic neoplasms with solid
and cellular appearance, including PanNETs,
ACCs, and PBs, should be included as differential
diagnoses from SPNs.2 SPNs have histologic
features that overlap considerably with those of
PanNETs, including monomorphic tumor cells
with round to oval nuclei. Suggestive histologic
features of SPNs include the area of pseudopapil-
lae and accumulation of foamy histiocytes.3 SPNs
show abnormal nuclear and cytoplasmic beta-
catenin labeling in association with loss of mem-
branous E-cadherin labeling and variable labeling
with synaptophysin, but they are consistently
negative for chromogranin labeling. In contrast,
PanNETs diffusely and strongly express the
neuroendocrine markers synaptophysin and
chromogranin.3 Because completely cystic
degeneration of SPNs shares similar gross and
histologic features with pseudocysts, careful
gross examination and collection of a sufficient
number of additional sections for identifying
residual tumor cells from remaining tissue is
warranted.8
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MOLECULAR PATHOLOGY

Because the molecular genetics of pancreas
neoplasms are discussed elsewhere in this issue
(see Wood L, Hosoda W: Molecular Genetics of
Pancreatic Neoplasms, in this issue), this article
only briefly touches on the key molecular features
of such tumors. Almost all SPNs harbor activating
somatic mutations in the CTNNB1 gene, which
encodes beta-catenin. These mutations lead to
abnormal nuclear and cytoplasmic localization of
beta-catenin.22,23,28 In addition to activation of the
Wnt/beta-catenin, Hedgehog and androgen recep-
tor signaling pathways and epithelial-mesenchymal
transition-related genes have been reported in
SPNs.29 However, mutation of KRAS, TP53,
CDKN2A/p16, and SMAD4, which are classically
observed in ductal adenocarcinomas, are not
identified in SPNs.28

PROGNOSIS

After surgical resection, patients with SPNs have a
5-year survival rate of 95%.5,30,31 Despite favor-
able prognosis, 10% to 15% of patients have local
invasion or distant metastases to the liver or peri-
toneum.20,30 Perineural or lymphovascular inva-
sion, invasion to peripancreatic soft tissue or an
adjacent organ, capsular invasion, lymph node or
distant metastasis, and increased solid proportion
are highly associated with recurrence.5,32
ACINAR CELL CARCINOMA

ACCs are composed of epithelial cells that bear
a morphologic resemblance to acinar cells and
produce pancreatic exocrine enzymes.33 ACCs
account for approximately 1% to 2% of adult
and 15% of pediatric exocrine pancreatic neo-
plasms.8,33,34 The mean age of the patients is
59 years, and men are more frequently affected
than women (male to female ratio, 2:1).33,35

Patients usually present with nonspecific symp-
toms such as abdominal pain, weight loss,
nausea, and diarrhea. In contrast with ductal
adenocarcinomas, patients rarely present with
jaundice.33 Patients with metastatic disease
show symptoms caused by lipase hypersecre-
tion, including subcutaneous fat necrosis, poly-
arthralgia, and eosinophilia.33,35 Occasional
increase of serum alpha fetoprotein (AFP) levels
is observed, especially in younger patients.8,34,36

Most ACCs occur sporadically; however, a few
cases are reported in patients with hereditary
nonpolyposis colorectal cancer syndrome (Lynch
syndrome) or familial adenomatous polyposis
(FAP).34,35,37,38
GROSS FEATURES

ACCs can be observed in any part of the pancreas,
but are most commonly noted in the pancreatic
head.33,35 Most ACCs are well-circumscribed,
bulky, solitary masses with an average diameter of
8 to 11 cm.33,35 The cut surface is usually pink to
tan, soft, and fleshy (Fig. 4A). Hemorrhage,
necrosis, and cystic changes can be observed.
Infiltration into adjacent structures through the
capsule is present in about 50% of ACC cases.35

Some cases show polypoid tumor growth in
the dilated pancreatic ducts,39–42 which may be
related to less infiltrative clinicopathologic
characteristics.41
MICROSCOPIC FEATURES

At scanning-power magnification, ACCs are
cellular tumors with scant fibrous stroma.2 ACCs
have several different structural patterns, including
acinar (Fig. 4B), solid (Fig. 4C), cribriform, trabec-
ular, and glandular (Fig. 4D) patterns. The most
common pattern is acinar, which is characterized
by the arrangement of tumor cells into acinar units
with basally located nuclei and moderate amounts
of granular eosinophilic apical cytoplasm con-
taining minute lumens. The solid pattern is
characterized by large sheets of cells without
evident luminal formation. Less common patterns
include glandular, cribriform, and trabecular pat-
terns. A mixture of these structural patterns is
often found within an individual tumor.8 These
growth patterns are also common in PanNETs;
therefore, PanNETs are included as a differential
diagnosis with ACCs.

At higher-power magnification, tumor cells
contain fairly uniform nuclei. Large, central, single,
prominent nucleoli are characteristic and can
provide an important clue for the diagnosis in
cases with a solid growth pattern.8 Marked nu-
clear pleomorphism is uncommonly observed
(Fig. 5A).35 Cytoplasm varies from eosinophilic to
amphophilic, is finely granular, and contains
abundant zymogen granules. In some cases, cyto-
plasmic granularity is not well developed.

Uncommonly, ACCs show morphologic varia-
tions, including oncocytic (Fig. 5B), clear cell
(Fig. 5C), signet ring cell (Fig. 5D), and spindle
cell features.35 Oncocytic features are character-
ized by abundant eosinophilic granular cytoplasm
with single, prominent nucleoli. Clear cell features
show clear cytoplasm. Signet ring cell features are
characterized by peripheral nuclear displacement
by abundant granular cytoplasm. A rare malignant
cystic lesion (acinar cell cystadenocarcinoma) also
exists.43

http://dx.doi.org/10.1016/j.path.2016.05.011
http://dx.doi.org/10.1016/j.path.2016.05.011


Fig. 4. Acinar cell carcinoma. (A) Gross features show a well-circumscribed solid, soft mass. Tumor cells show (B)
acinar, (C) solid, and (D) glandular patterns. Tumor cells contain fairly uniform round to oval nuclei with single
prominent nucleoli (H&E, original magnification B–D, �400).
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Special stains are needed to show the presence
of enzymatic production in some cases, and
zymogen granules are positive for PAS staining
and resistant after diastase digestion. Immunohis-
tochemical staining is much more specific and
sensitive for pancreatic exocrine enzymes,
including trypsin, chymotrypsin, lipase, and
BCL10.44 Trypsin and chymotrypsin have a 95%
sensitivity to detect acinar differentiation
(Fig. 6A).8,44 BCL10 antibody (clone 331.3) recog-
nizes the carboxy terminal of carboxyl ester lipase
and is highly specific and sensitive for ACCs
(Fig. 6B).35,45,46 Pancreatic and duodenal homeo-
box (Pdx1),47 pancreatic stone protein, pancreatic
secretory trypsin inhibitor, and phospholipase A2
are also commonly expressed in ACCs.44,47,48 Of
these acinar markers, trypsin, chymotrypsin, and
BCL10 are reliable markers.35 ACCs commonly
contain focal endocrine differentiation. Identifying
the neuroendocrine component is difficult with
routine hematoxylin-eosin slides. As such, immu-
nohistochemical staining for the neuroendocrine
markers synaptophysin and chromogranin is
mandatory.34
MIXED ACINAR CELL CARCINOMAS

Mixed ACCs are defined by the presence of
significant (>25%) portions of other tumor com-
ponents, including PanNETs and ductal adeno-
carcinomas, with ACCs.33 For example, mixed
acinar-neuroendocrine carcinomas are classified
when both neuroendocrine (>25% of the
neoplastic cells) and acinar (>25%) components
are substantial parts of the tumor.33,49 Similarly,
mixed acinar-ductal carcinoma is categorized
when the tumor has ACC (>25%) and ductal
adenocarcinoma (>25%) as parts of the tumor
volume.33,49 Mixed acinar-neuroendocrine-
ductal carcinomas are carcinomas containing
ACC, ductal adenocarcinoma, and PanNET
components.33
DIFFERENTIAL DIAGNOSES

Other nonductal pancreatic neoplasms with solid
and cellular appearances, including PanNETs,
PBs, and SPNs, should be included as differential
diagnoses with ACCs.2



Fig. 5. Acinar cell carcinoma. Rarely, acinar cell carcinomas show (A) marked nuclear pleomorphism, and (B) on-
cocytic, (C) clear cell, and (D) signet ring cell features (H&E, original magnification A–D �400).
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PanNETs have overlapping structural patterns
with ACCs, including trabecular, solid, and acinar
patterns, and cytologic features such as mono-
morphic nuclei and eosinophilic or amphophilic
cytoplasm. Histologic features suggestive of
Fig. 6. Acinar cell carcinoma. Tumor cells show diffuse cyto
magnification A, B �400).
ACCs include large tumor size with diameter
greater than 6 cm, diffuse necrosis, basally
located nuclei, single prominent nucleoli, eosino-
philic cytoplasm, and high mitotic count (>10/10
high-power fields).3,35
plasmic labeling for (A) trypsin and (B) BCL10 (original



Key Features
OF ACINAR CELL CARCINOMAS

� Well-circumscribed, solid pancreatic head
mass

� Cellular tumors with scant fibrous stroma

� Predominant acinar or solid patterns

� Tumor cells with fairly uniform nuclei and
large, central, and single prominent nucleoli

� Diffusely positive for the acinar cell markers
trypsin, chymotrypsin, and BCL10
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MOLECULAR PATHOLOGY

Half of ACCs show loss of heterozygosity (LOH)
on chromosome 11p.50,51 Alterations in the
APC/beta-catenin pathway, either an activating
CTNNB1 mutation or a truncating APC mutation,
are observed in up to 25% of ACCs.50,52,53 Simi-
larly, abnormal nuclear and cytoplasmic beta-
catenin labeling is reported in up to 20% of
ACCs.35,54 TP53 mutations are present in 17% to
23% of ACCs,53,54 and corresponding abnormal
nuclear p53 expression is noted in 27% of
ACCs.35 DPC4/SMAD4 mutations are reported in
up to 17% of ACCs.50,53–56

PROGNOSIS

ACCs are highly aggressive neoplasms.33 Patient
outcomes are better than for stage-matched
ductal adenocarcinomas but worse than for Pan-
NETs.57,58 All mixed ACCs are clinically aggres-
sive, similar to pure ACCs.35 The most important
prognostic factor is stage.33,35 Most often, meta-
static disease is found in regional lymph nodes
and the liver.8 The median survival for all patients
is 18 to 19 months,59 and it is common for patients
with distant metastases to survive for 2 to 3 years.8

ACCs occurring in young patients (<20 years old)
seem to have a better prognosis.33

PANCREATOBLASTOMA

PBs are carcinomas with multilineage differentia-
tion (most commonly acinar differentiation with
distinctive squamoid nests or corpuscles, and
less commonly endocrine and ductal differentia-
tion).60 PBs show a bimodal age distribution
pattern, with one peak in childhood (first decade
of life) and the second peak in late adulthood.60 Af-
ter PB was first reported by Becker61 in 1957,
fewer than 200 PB cases in children and fewer
than 50 cases in adults have been reported in
the English literature.62–64 The median age of
patients with PB is 4 years (range, 1 month to 17
years) for children and 37 years (range, 18–
78 years) for adults.8,64,65 In both children and
adults, a slight male predominance is
observed.65,66 Presenting symptoms are usually
nonspecific and include abdominal pain, weight
loss, jaundice, and palpable abdominal mass.64

Like ACCs, PBs can cause an increased serum
AFP level. Although most PBs occur sporadically,
some cases present in patients with Beckwith-
Wiedemann syndrome, which is characterized by
abnormal body growth, including hemihypertro-
phy, exomphalos, macroglossia, and gigantism.67

A single case of adult PB was reported in a patient
with FAP.68

GROSS FEATURES

Most PBs are well-circumscribed, bulky, solitary,
masses with an average diameter of 11 cm.60

The tumors occur in the head and tail of the
pancreas with equal frequencies.8 The cut surface
is usually yellow, tan, or gray, and soft and fleshy
(Fig. 7A). Most tumors are partially encapsulated
and lobulated with prominent necrosis.60 Rarely,
the tumors are cystic, especially in cases arising
in patients with Beckwith-Wiedemann syn-
drome.69,70 Hemorrhage, necrosis, and calcifica-
tions are also frequently observed in PBs.71

MICROSCOPIC FEATURES

At scanning-power magnification, PBs consist of
large, highly cellular lobules separated by dense
fibrous stroma (Fig. 7B).8 The lobules often pro-
duce an appearance of darker and lighter staining
cells.8 The darker staining cells form sheets or
nests of small epithelial cells with acinar differenti-
ation, which show round nuclei and prominent
central nucleoli with scanty amphophilic cyto-
plasm.8,60 The lighter-staining cells usually form
circumscribed nests and contain larger nuclei
and more abundant eosinophilic cytoplasm.8

These cells are called squamoid nests or squa-
moid corpuscles and are a diagnostic clue for
PB. Squamoid nests show variable appearances,
from large islands of plump epithelioid cells to
whorled nests of spindled cells (Fig. 7C).60 Occa-
sional keratinization of squamoid nests is also
reported.72 Often, clear nuclei are noted only in
tumor cells of squamoid nests, which are reactive
for biotin.73 Neuroendocrine components are usu-
ally dispersed diffusely among the acinar cells but
are often arranged with solid nests or trabecular
architecture.3 Neuroendocrine cells have round



Fig. 7. Pancreatoblastoma. (A) Grossly, a well-circumscribed, lobulated, solid, soft mass is seen. (B) A geographic
lobulated tumor is separated by fibrous stroma. (C) A well-circumscribed squamoid nest surrounded by tumor
cells shows (D) patchy abnormal beta-catenin labeling in sheetlike pattern, whereas other surrounding tumor
cells show membranous beta-catenin labeling ([B] H&E, �100; [C] H&E, �400; [D] beta-catenin, �400).
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to oval nuclei with typical salt-and-pepper
patterned chromatin. Ductal components present
focally in most cases.3 Rarely, cases have
mucinous glands and are positive for mucicarmine
staining.3 Fibrous stroma divides lobules in PBs,
and the cellularity of spindle cells in the stroma
varies from acellular to hypercellular.3 The stroma
is usually more hypercellular in pediatric tumors
than in adult tumors.60 Some heterologous com-
ponents, such as cartilage and bone, are also
present.

Similar to ACCs, zymogen granules in tumor
cells with acinar cell differentiation are positive
for PAS staining and resistant after diastase treat-
ment. Because PBs are carcinomas with multiline-
age differentiation and contain tumor cells with
predominantly acinar differentiation and less
common endocrine and ductal differentiation, the
tumor cells show variable immunoreactivity based
on their differentiation lineage. All PB components
are diffusely labeled by epithelial membranous
antigen and special cytokeratin subclasses,
including cytokeratin 8, 18, and 19.74 PBs express
markers of acinar, endocrine, and ductal differen-
tiation. Because the predominant component of
PBs is acinar cell differentiation, they show immu-
noreactivity for pancreatic exocrine enzymes,
including trypsin and chymotrypsin in most cases,
whereas lipase is less commonly expressed.75 The
neuroendocrine markers synaptophysin and chro-
mogranin are labeled in variable proportions in
66% of PB cases.75 Pdx1 labeling has been re-
ported in acinar components but not in squamoid
nests.47 Aberrant cytoplasmic and nuclear beta-
catenin labeling is reported in 75% of PBs.68,76

Although abnormal labeling is patchy and limited
to squamoid nests of sheetlike growth (Fig. 7D),
tumor cells with acinar differentiation and stromal
cells show normal membranous beta-catenin
labeling.3

DIFFERENTIAL DIAGNOSES

Other nonductal pancreatic neoplasms with solid
and cellular appearance, such as PanNETs,
ACCs, and SPNs, should be included as
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differential diagnoses with PBs.2 Of these dis-
eases, differentials with ACCs are extremely diffi-
cult, especially in the biopsy setting, because of
the overlapping histologic features of PBs and
ACCs. In children, most tumors with acinar differ-
entiation are PBs, and thoroughly searching for
identifying squamoid nests is important.8 In adults,
the frequency of ACCs is higher than that of PBs.
Pathologists should reserve the diagnosis of PB
for cases in which the classic histologic features
of lobular tumors, geographic scanning-power
view, predominant neuroendocrine and ductal dif-
ferentiation, and characteristic squamoid nests
are present.8
Key Features
OF PANCREATOBLASTOMAS

� Well-circumscribed, lobulated, solid mass

� Cellular geographic lobules are separated by
fibrous stroma

� Tumor cells with predominantly acinar, less
commonly neuroendocrine and ductal,
differentiation

� Squamoid nests: large islands of plump
epithelioid cells to whorled nests of spindled
cells

Table 1
Differential diagnosis of nonductal pancreatic neopl

Solid pseudopapillary
neoplasms A

Age (y) 29 5

Sex Predominance Female (1:9) M

Gross Mixed solid and cystic
portions

S

Microscopic Solid growth
Cellular tumors
Sheets of monomorphic
polygonal tumor cells

Pseudopapillary
structure

Abundant degenerative
changes

C

P

T

L

Immunohistochemical Nuclear/cytoplasmic
beta-catenin (>95%)

CD10 (83%)
Loss of membranous E-
cadherin

T
B
N

CTNNB1 Mutation (%) 95 2
MOLECULAR PATHOLOGY

Recent whole-exome sequencing analysis
showed fewer genome-wide mutations in PBs
than in ACCs.51 The most common genetic alter-
ation is LOH of chromosome 11p, similar to
ACCs.51,68,77 Alterations in the beta-catenin/APC
pathway have also been reported in 50% to 90%
of PBs.51,68,76 The most commonly involved gene
is CTNNB1, which encodes beta-catenin. One pa-
tient with FAP showed biallelic APC inactivation.68

SMAD4/DPC4 mutations are detected in a small
portion of cases, but no KRAS mutations or
abnormal p53 expressions have been detected in
PBs.68,78

PROGNOSIS

Metastasis is detected in approximately 50% of
pediatric and adult patients with PB at the time
of diagnosis.64–66 The most commonly occurring
metastatic sites for PBs, in order of decreasing fre-
quency, are the liver, regional lymph nodes, lung,
and peritoneum.8,75 Outcome is more favorable
in children than in adults.65,66 One of the reasons
for a more favorable prognosis in children is that
pediatric PBs more often present with a nonmeta-
static and well-encapsulated tumor and show an
indolent course.60 Adult PBs are universally fatal,
with rapid progression in most cases.66,75 Factors
associated with better prognosis include surgical
resection and localized disease.64,66
asms

cinar cell carcinomas Pancreatoblastomas

9 4 (pediatric)/37 (adult)

ale (2:1) Slightly male

olid Solid

ellular tumors with
scant fibrous stroma
redominant acinar or
solid patterns

umor cells with fairly
uniform nuclei
arge, prominent
nucleoli

Cellular geographic
lobules separated by
fibrous stroma

Tumor cells with acinar,
neuroendocrine, and
ductal differentiation

Squamoid nests

rypsin/chymotrypsin
CL10 (86%)
uclear/cytoplasmic
beta-catenin (13%)

Nuclear/cytoplasmic
beta-catenin (75%)

5 55
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SUMMARY

Although they are uncommon, nonductal pancre-
atic cancers such as SPNs, ACCs, and PBs share
overlapping gross, microscopic, immunohisto-
chemical, and genetic features, including well-
demarcated solid neoplasms, monotonous
cellular tumor cells with little intervening stroma,
and abnormal beta-catenin expression. Nonductal
pancreatic cancers also have clinicopathologic
characteristics that are different from those of
more commonly encountered ductal adenocarci-
nomas. Understanding of these characteristic
clinicopathologic features is useful for correct
diagnosis and treatment of patients with nonductal
pancreatic cancers (Table 1).
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Pancreatic
Neuroendocrine Tumors

Safia N. Salaria, MD, Chanjuan Shi, MD, PhD*
Key points

� Pancreatic neuroendocrine neoplasms are classified into well-differentiated pancreatic neuroendo-
crine tumor (PanNET) and pancreatic neuroendocrine carcinoma (NEC) with well-differentiated Pan-
NET accounting for most neoplasms.

� Although most well-differentiated PanNETs are well-circumscribed and hypercellular lesions
composed of uniform tumor cells showing salt-pepper chromatin and arranged in different patterns,
a number of morphologic variants have been described.

� Several immunohistochemical markers can be used to differentiate pancreatic neuroendocrine neo-
plasms from other pancreatic primaries or metastatic carcinomas from other origins; however, there
are no specific markers that can be used to differentiate pancreatic neuroendocrine neoplasms from
neuroendocrine neoplasms of other sites.

� NECs are uniformly deadly, but well-differentiated PanNETs have variable prognosis. Ki67 is the only
prognostic marker routinely used in clinical practice.

KEYWORDS

� Well-differentiated pancreatic neuroendocrine tumor � Pancreatic neuroendocrine carcinoma
� Pathologic features � Morphologic variants � WHO classification � Differential diagnosis
� Prognosis � Ki67
ABSTRACT
P ancreatic neuroendocrine neoplasms
include well-differentiated pancreatic
neuroendocrine tumors (PanNETs) and

neuroendocrine carcinomas (NECs) with well-
differentiated PanNETs accounting for most
cases. Other pancreatic primaries and metastatic
carcinomas from other sites can mimic pancreatic
neuroendocrine neoplasms. Immunohistochem-
ical studies can be used to aid in the differential
diagnosis. However, no specificmarkers are avail-
able to differentiate PanNETs from NETs of other
sites. Although NECs are uniformly deadly, Pan-
NETs have variable prognosis. Morphology alone
cannot predict the tumor behavior. Although
some pathologic features are associated with an
aggressive course, Ki67 is the only prognostic
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molecular marker routinely used in clinical
practice.

OVERVIEW

Pancreatic neuroendocrine tumors (PanNETs)
represent up to 2%of all pancreatic neoplasms. Af-
ter pancreatic ductal adenocarcinoma they are the
second most common primary pancreatic malig-
nancy. There has been a gradual increase in
incidence over the past 40 years, with annual inci-
dence among the general population of less than
1 per 100,000 persons per year.1–3 They are seen
only slightly more frequently in men compared
with women and in African American as compared
with white individuals. Most occur sporadically in
adults between the sixth and eighth decades;
both authors.
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Table 1
Hereditary syndromes associated with pancreatic neuroendocrine tumor (PanNET)

Syndrome
Gene
Involved Clinical Presentations

Frequency of
PanNET Clinicopathologic Features

Multiple endocrine
neoplasia, type 1

MEN-1 Hyperplasia/neoplasms in
the parathyroid,
pituitary, pancreas, and
duodenum

Up to 100% Nonfunctional or
functional (insulinoma:
most common functional
tumor); gastrinoma
(always in the
duodenum)

von Hippel Lindau VHL Pheochromocytoma,
hemangioblastoma,
clear-cell renal cell
carcinoma, pancreatic
tumors (PanNETs and
serous cystadenoma),
and tumors of the middle
ear and epididymis

11%–17% Nonfunctional only; can be
clear-cell PanNETs (need
to be differentiated from
metastatic renal cell
carcinoma or solid serous
cystadenoma)

Neurofibromatosis
type 1

NF-1 Café-au-lait macules,
neurofibromas, skin-fold
freckling, iris Lisch
nodules, and bony
dysplasia

Rare Nonfunctional or
functional; mostly
ampullary
somatostatinoma

Tuberous sclerosis TSC1
TSC2

Hamartomas, disabling
neurologic disorders, and
dermatologic findings

2% Nonfunctional or
functional
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however, PanNETs associatedwith syndromes, for
example,multiple endocrine neoplasia (MEN) 1and
Von Hippel Lindau (VHL), do occur in younger
patients.1 There are 4 well-established hereditary
syndromes associated with PanNETs (Table 1
and further discussed in the article see Pittman
ME, Brosens LA, Wood LD: Genetic Syndromes
with Pancreatic Manifestations, in this issue).
PanNETs are classified as functional when

associated with hormone secretion and a clinical
syndrome (Table 2) or nonfunctioning. More than
50% of PanNETs are nonfunctional in
Table 2
Four most common functional pancreatic neuroendo

Pancreatic
Neuroendocrine
Tumor

Incidence
(million/y) Hormone Syndrome

Insulinoma 1–3 Insulin Vasomotor
and rever
administr

Gastrinoma 0.1 Gastrin Complicate
duodena

VIPoma 0.05–0.2 VIP Large-volum
dehydrat
disturban

Glucagonoma 0.01–0.1 Glucagon Glucose int
necrolytic

Abbreviation: VIP, vasoactive intestinal polypeptide.
contemporary studies.4 PanNETs measuring
smaller than 0.5 cm are referred to as pancreatic
neuroendocrine microadenomas and are by defini-
tion nonfunctional.5 They are more frequently
encountered in the setting of MEN1.6

The 2010 World Health Organization (WHO)
classification divides the tumors into 3 grades
(Table 3): grade 1 and 2 are classified as well-
differentiated neuroendocrine tumors (NETs), and
grade 3 is regarded as neuroendocrine carcinoma
(NEC). The latter is further classified as small-cell
or large-cell neuroendocrine carcinoma.
crine tumors

Clinical Behavior

symptoms, low blood sugar,
sal of symptoms by glucose
ation

Indolent

d and uncomplicated gastric/
l ulcers

Can be aggressive

e secretory diarrhea causing
ion and electrolyte
ces

Mostly aggressive

olerance, weight loss, and
migratory erythema

Mostly aggressive

http://dx.doi.org/10.1016/j.path.2016.05.012
http://dx.doi.org/10.1016/j.path.2016.05.012
http://dx.doi.org/10.1016/j.path.2016.05.012


Table 3
Classification of pancreatic neuroendocrine neoplasms

Pancreatic
Neuroendocrine
Tumor WHO Tumor Grade Pathologic Features Subtypes

Well-differentiated
neuroendocrine
tumor

Grade 1 Ki67 �2% and
Mitosis <2/10 HPF

Tumor necrosis or
apoptosis can be
present, but rare
and not prominent

1. Grade 1–2 tumors
2. Well-differentiated

tumors with high Ki67
3. Poorly differentiated

component in well-
differentiated tumors

Grade 2 Ki67 5 3–20% and
Mitosis 5 2–20/10
HPF

Neuroendocrine
carcinoma

Grade 3 Ki67 >20% or
Mitosis >20/10
HPF

Frequent and
prominent tumor
necrosis and
apoptosis

1. Large-cell
neuroendocrine
carcinoma

2. Small-cell carcinoma

Abbreviation: HPF, high-power field.
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GROSS FEATURES

WELL-DIFFERENTIATED PANCREATIC

NEUROENDOCRINE TUMORS

Well-differentiated PanNETs account for most
pancreatic neuroendocrine neoplasms. They can
arise throughout the pancreas; the pancreatic
head and tail are common locations for functional
tumors. Nonfunctional tumors have a predilection
for the pancreatic head.7 The cut surface can be
red, yellow, tan, andvariegatedand theconsistency
ranges from firm fibrotic tumors to soft (Figs. 1 and
2). Some tumors may have areas of hemorrhage.

Smaller tumors (�2 cm) can be single, well cir-
cumscribed, and limited to the pancreatic paren-
chyma (see Fig. 2). In contrast, larger PanNETs
(�5 cm) tend to be multinodular with extension
Fig. 1. Gross picture of a
large well-differentiated
NET with multinodular
appearance and tan/var-
iegated/fibrotic cut sur-
face. The tumor invades
the spleen.
into the peripancreatic soft tissue or adjacent or-
gans (see Fig. 1). Small cystic spaces are a rare
feature of PanNETs and are often a consequence
of degenerative changes in larger lesions (see
Fig. 1). Approximately 10% of PanNETs are well-
demarcated, unilocular cystic lesions that contains
clear to straw-colored fluid (Fig. 3).8

PANCREATIC NEUROENDOCRINE

CARCINOMA

Pancreatic NECs are often large with a diameter of
4 cm on average. Although NECs tend to demon-
strateperipheral fibrosis, unlikewell-differentiated tu-
mors, their borders aremore infiltrative.Necrosis and
hemorrhage are frequently noted findings in NECs
(Fig. 4). For this reason, these tumors tend to have
firm and soft consistencies within the same lesion.9



Fig. 2. Gross picture of a
small well-differentiated
NET with variegated and
soft cut surface. The
arrows are pointing to a
small noduleofpancreatic
neuroendocrine tumor.
Note: the tumor is a single
nodule that is well
circumscribed.

Fig. 3. Gross picture of a
unilocular cystic NET that
is well-defined from the
background pancreas.

Fig. 4. Gross picture of
a neuroendocrine carci-
noma with variegated cut
surface, focal hemorrhage
(red arrows), and focal
necrosis (yellow arrows).
The tumor invades peri-
pancreatic soft tissue.
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Fig. 5. Microscopic pic-
ture of a small well-
differentiated NET with
a well-defined and push-
ing border (original mag-
nification �40).
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MICROSCOPIC FEATURES

WELL-DIFFERENTIATED PANCREATIC

NEUROENDOCRINE TUMORS

The histomorphology of well-differentiated Pan-
NETs is similar to that of NETs outside of the
pancreas. The tumors are often delineated from
the background pancreatic parenchyma by a
fibrous pseudocapsule with a pushing border
Fig. 6. Representative
section of a well-
differentiated NET with
dense stromal fibrosis
(original magnification
�200).
(Fig. 5). Unlike pancreatic ductal adenocarcinoma,
most PanNETs are hypercellular with minimal
fibrous stroma, but tumors with abundant fibrous
stroma (Fig. 6) or thick fibrous septa do exist
(Fig. 7). Variable amount of hyalinized stroma
may be seen in some PanNETs (Fig. 8).

Neoplastic cells are arranged as pseudoglands
(Fig. 9), trabeculae (Fig. 10), organoids (Fig. 11), rib-
bons/festoons (Fig. 12), angiomatoid pattern
(Fig. 13), nests (Fig. 14), rosettes (Fig. 15), acini



Fig. 7. Representative section of a
well-differentiated NET with thick
fibrotic septa (original magnification
�40). Tumors with thick fibrotic septa
are frequently aggressive.

Fig. 8. Well-differentiated NETs with
variable hyalinized stroma. (A) A NET
with some hyalinized stroma (original
magnification �100); (B) A NET with
abundant hyalinized stroma (original
magnification �200).

Salaria & Shi600



Fig. 9. A well-differentiated NET with
neoplastic cells forming glandular struc-
tures (original magnification �200).

Fig. 10. Awell-differentiated NETwith
neoplastic cells arranged in trabecular
pattern (original magnification �100).

Fig. 11. Awell-differentiated NETwith
neoplastic cells forming organoids
(original magnification �200).
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Fig. 12. A well-differentiated NETwith
neoplastic cells forming ribbons (orig-
inal magnification �100).

Fig. 13. A well-differentiated NETwith
an angiomatoid appearance (original
magnification �100).

Fig. 14. A well-differentiated NETwith
neoplastic cells forming nests with
different sizes (original magnification
�100).

Salaria & Shi602



Fig. 15. Awell-differentiated NETwith
neoplastic cells forming rosettes (orig-
inal magnification �200).

Fig. 16. Awell-differentiated NETwith
neoplastic cells forming acini (original
magnification �100).

Fig. 17. A well-differentiated NET
composed of sheets of neoplastic cells
(original magnification �100).
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(Fig. 16), or sheets (Fig. 17). Multiple morphologies
can be found in a single tumor (Fig. 18). The tumor
cells have relatively uniform nuclear and cyto-
plasmic features. The polygonal cells have cyto-
plasm that is often finely granular and eosinophilic.
The round/oval nucleus has characteristic coarse
chromatin arranged in “salt-and-pepper” clumps
(Fig. 19), but a prominent nucleolus can be seen in
rare tumors (Fig. 20). Marked nuclear degenerative
change can be seen in some tumors (Fig. 21), which
is not associated with aggressive biology.
Occasionally neoplastic cells have a “rhabdoid-
type” appearance (Fig. 22).
Functional and nonfunctional PanNETs share

the same histomorphology with an exception of
insulinoma. Amyloid deposits are frequently seen
within the neoplastic cells or in the stroma of
insulinomas (Fig. 23).10 In addition to frequent
multifocal PanNETs, patients with MEN1 always
have multiple neuroendocrine microadenomas
(Fig. 24) andmultiple duodenal NETs (see Table 1).
Of note, duodenal NETs often present as small
Fig. 18. Awell-differenti-
ated NET with neoplastic
cells arranged in different
patterns (original magni-
fication �100). (A) Neo-
plastic cells in rosette,
trabecular, and organoid
patterns; (B) Neoplastic
cells in ribbons and orga-
noids (originalmagnifica-
tion �100).



Fig. 19. Representative
section of a well-differ-
entiated NET composed
of relatively uniform
neoplastic cells with salt-
pepper chromatin and
moderate amount of
cytoplasm (original mag-
nification �400).
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submucosal nodules; special care is needed not to
miss the duodenal tumors when evaluating Whip-
ple specimens from patients with MEN1. Most
duodenal NETs in patients with MEN1 are
gastrinoma.

A number of morphologic variants (Table 4)
have been described, including PanNETs with
dense stromal fibrosis and frequent expression
of serotonin and intestinal markers (Figs. 25 and
Fig. 20. A well-differenti-
ated NET with neoplastic
cells showinga prominent
nucleolus (originalmagni-
fication �200). Note: low-
mid portion is an islet of
Langerhans.
26),11–15 cystic PanNETs (Fig. 27), clear-cell
variant (Fig. 28), and oncocytic variant
(Fig. 29).16–18

NEUROENDOCRINE CARCINOMAS

NECs are characterized by an ill-defined border
and infiltrative growth pattern.9 They are
composed of neoplastic cells arranged in nests



Fig. 21. A well-differentiated NETwith
some neoplastic cells showing marked
nuclear atypia (original magnification
�200). The nuclear atypia is caused
by a degenerative process. There is
no increase in mitosis.

Fig. 22. A well-differentiated NETwith
neoplastic cells containing abundant
pale cytoplasm and eccentric nuclei
(original magnification �200). This
histology has been described as “rhab-
doid feature”.

Fig. 23. An insulinoma with promi-
nent intracellular and extracellular
amyloid deposition (original magnifi-
cation �200).
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Fig. 24. A cross section of
pancreatectomy from a
patient with MEN1
showing multiple neuro-
endocrine microadenomas
(original magnification
�20). Note: one of the
microadenomas has amy-
loid deposition.
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or sheets demonstrating abundant necrosis, brisk
mitotic activity, and prominent apoptosis. Large-
cell NECs are more common than small-cell carci-
nomas in the pancreas, which are exceptionally
Table 4
Histomorphologic variants of pancreatic neuroendoc

Variants Clinical/Radiographic Features

PanNETs with
dense stroma

1. Frequently adjacent to a large
pancreatic duct, causing duct ste
and chronic pancreatitis

2. Distal pancreatic duct dilation o
atrophy of distal pancreas
radiographically

Cystic PanNETs 1. Frequently located in the body o
2. Cystic lesions of the pancreas wi

of enhancement with contrast
radiographically

Clear-cell
PanNETs

Most are seen in patients with von H
Lindau syndrome, but can be also
in general populations

Oncocytic
PanNETs

Tumors may be associated with a m
aggressive behavior
rare. The cells of large-cell NECs have moderate
amounts of cytoplasm and ovoid nuclei with vesic-
ular/coarse chromatin or prominent nucleoli
(Fig. 30).9 Small-cell carcinomas of the pancreas
rine tumors (PanNETs)

Pathologic Features

nosis

r

1. Infiltrative growth pattern and dense
stromal fibrosis

2. Tumor cells arranged in small nests or
tubules and expressing serotonin and
intestinal markers

3. Lymph node metastasis even when
tumor size is <2 cm

r tail
th rim

1. Clear to straw-colored cystic fluid
2. Cyst lined by multiple layers of

neoplastic cells
3. Less frequently associated with

adverse pathologic features and often
present at a lower stage.

ippel
seen

1. Neoplastic cells with clear cytoplasm
arranged in nests, cords, festoons, and
tubules

2. Can mimic clear-cell renal cell
carcinoma

ore 1. Neoplastic cells with abundant, finely
granular, eosinophilic cytoplasm

2. Can mimic metastatic hepatocellular
carcinoma, adrenal cortical carcinoma,
and other neoplasms



Fig. 25. Awell-differenti-
ated NET with dense
stromal fibrosis. (A) The
tumor is adjacent to a
large pancreatic duct
(original magnification
�40); (B) Small tumor
nests infiltrate around
acinar structures (orig-
inal magnification �100).
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are composed of small to medium-sized cells with
scant cytoplasm and nuclear molding (Fig. 31). In-
vasion of vessels and nerves is not uncommon at
the time of diagnosis.
In some instances, NECs will demonstrate a

proliferative (Ki67) index (�20%) without distinct
small-cell or large-cell histomorphologic features.
These tumors maybe referred to as poorly differ-
entiated NECs, WHO grade 3.
DIFFERENTIAL DIAGNOSIS

WELL-DIFFERENTIATED PANCREATIC

NEUROENDOCRINE TUMORS

The differential diagnosis of PanNETs includes
primary solid neoplasms of the pancreas
including solid pseudopapillary neoplasms
(SPNs), acinar cell carcinoma (ACC), mixed



Fig. 26. The tumor cells
express CDX2 (A, original
magnification �100) and
serotonin (B, original
magnification �100).
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acinar-neuroendocrine carcinoma, and pancrea-
toblastoma being the most challenging (Table 5).
Like PanNETs, these 4 neoplasms are character-
ized by hypercellularity and minimal fibrous
stroma. Histomorphologic and immunohisto-
chemical overlap exists between PanNETs and
SPNs.19,20 Hyaline globules can be seen in both
neoplasms (Fig. 32). Cells with a single prominent
nucleolus and expression of acinar markers are
distinctive features of ACC and mixed acinar-
neuroendocrine carcinomas.21,22 To be classified
as a true mixed acinar-neuroendocrine carci-
noma, at least one-third of the neoplastic cells
within the tumor must demonstrate neuroendo-
crine or acinar differentiation. Pancreatoblastoma
is a tumor of the pediatric age group with squa-
moid corpuscles as a prominent and distinctive
histologic feature.23,24

Occasionally, PanNETs with pseudoglandular
morphologies and marked nuclear pleomorphism



Fig. 27. Cystic pancreatic
NET. (A) A cyst lined
with several layers of
neoplastic cells (original
magnification �20). (B)
The neoplastic cells have
typical features of NET
(original magnification
�200).
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can be mistaken for pancreatic ductal adenocarci-
nomas. In addition, clear-cell PanNETs, most
frequently encountered in patients with VHL, can
mimic clear-cell renal cell carcinoma.17,25 Immu-
nohistochemical stains for neuroendocrine
markers can be helpful in such circumstances.

NEUROENDOCRINE CARCINOMAS

Proliferative (Ki67) index is a useful tool in
distinguishing well-differentiated PanNETs from
NECs. In addition, thepresenceofmore than20mi-
toses in 10 high-power fields (HPF) ismost in keep-
ing with a pancreatic NEC. Metastatic NECs to the
pancreas from other primaries occasionally occur.
Immunohistochemical stain for thyroid transcrip-
tion factor 1 (TTF1) cannot differentiate pancreatic
small-cell carcinoma from small-cell carcinoma of
nonpancreatic origin, as both can express TTF1.
Primitive neuroectodermal tumors of the

pancreas can show both histologic and immuno-
histochemical overlap (both tumors express CD99



Fig. 28. Clear-cell pancreatic NET
composed of neoplastic cells with clear
cytoplasm and salt-pepper chromatin
(original magnification �200).

Fig. 29. Oncocytic cell pancreatic NET
composed of neoplastic cells contain-
ing abundant eosinophilic cytoplasm
(original magnification �200).

Fig. 30. NEC, large-cell NEC (original
magnification �200). The carcinoma
cells have a moderate amount of cyto-
plasm, vesicular nuclei, and brisk
mitoses.
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Fig. 31. NEC, small-cell
carcinoma (original mag-
nification �100). The
carcinoma cells havemini-
mal cytoplasm and nu-
clear molding. There are
brisk mitoses, prominent
apoptosis, and focal tu-
mor necrosis.
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and cytokeratins). They are seen in young patients.
Molecular testing for the 11:22 chromosomal trans-
location should be done in cases that are histolog-
ically nebulous.26 Desmoplastic small round-cell
tumors are alsomore common in younger patients;
Table 5
Differentiation of well-differentiated pancreatic neu
pancreatic neoplasms

Types Pathologic Features

Pancreatic
neuroendocrine
tumors

Composed of relatively uni
with salt-pepper chroma

Solid pseudopapillary
neoplasms

1. Fibrovascular cores lined
layers of neoplastic cells
nuclear grooves

2. Frequent cystic degener
3. Presence of hyaline glob

not specific for solid pse
pillary neoplasms

Acinar cell
carcinoma

1. Neoplastic cells with pro
nucleoli

2. Frequent mitosis

Mixed
neuroendocrine-
acinar cell carcinoma

Both acinar cell and neuroe
carcinoma components

Pancreatoblastoma Mixtures of acini, squamoi
and less commonly endo
ductal features
however, they can demonstrate endocrine differ-
entiation. The characteristic desmoplastic stroma
and positive labeling with desmin and WT-1, in
addition tomolecular study adjuncts can help facil-
itate the differentiation from pancreatic NECs.27
roendocrine tumors from other hypercellular
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Fig. 32. A well-
differentiated NET with
abundant hyaline glob-
ules (original magnifica-
tion �200). Note:
hyaline globules are not
specific for solid pseudo-
papillary neoplasm.
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Poorly differentiated pancreatic ductal adeno-
carcinoma can occasionally be difficult to distin-
guish from pancreatic NECs. Oftentimes the
former will demonstrate a focus of moderately to
well-differentiated adenocarcinoma that can help
distinguish it from NECs. Most importantly, a
panel of neuroendocrine immunohistochemical
markers should be performed to rule out a
mixed adeno-neuroendocrine carcinoma. Mixed
neuroendocrine-ACC have cancer cells with
prominent nucleoli and frequent mitoses, which
can mimic large-cell neuroendocrine carcinoma.
Application of neuroendocrine and acinar cell
markers can distinguish them from each other.

DIAGNOSIS

WELL-DIFFERENTIATED PANCREATIC

NEUROENDOCRINE TUMORS

Immunohistochemical stains can be used to
diagnose NETs. Synaptophysin is more sensitive
and demonstrates diffuse labeling, whereas
chromogranin, although more specific, tends to
label in a focal and patchy distribution (Fig. 33).28

There are no immunohistochemical markers
specific for NETs of the pancreas. A subset of
PanNETs express CDX2. Therefore, CDX2 cannot
be used to differentiate PanNETs from other diges-
tive NETs.29 Although Islet 1 gene product,
pancreatico-duodenal homeobox 1 gene product,
and PAX8 are considered lineage markers for
NETs of pancreatic origin, recent studies have
demonstrated their expression in NETs of extrap-
ancreatic origin.30–33

Functioning PanNETs will label with specific
peptides, for example, insulin and glucagon; how-
ever, it is important to understand that associa-
tion with a clinical syndrome rather than labeling
with specific peptides defines functionality in
PanNETs.

The current WHO classification (2010) uses
mitotic count and Ki67 labeling index in classifying
PanNETs into 3 grades (see Table 3). The Ki67 in-
dex is to be based on counting hot spots: 500 to
2000 cells in the highest labeling regions within
the tumor.34,35 Mitoses should be counted in 50
HPFs. Discrepancies between mitotic count and
Ki67 frequently occur.36 In these instances, the
higher grade should be used. As the Ki67 index
is always indicative of the higher grade, there are
strong data supporting the use of this marker in
grading well-differentiated PanNETs.35,36

A small number of PanNETs have well-
differentiated morphology, but a Ki67 index
greater than 20% (see Fig. 33). The mitotic rate
is always low in these tumors. Based on the
WHO criteria, they would be classified as NEC.
A number studies have demonstrated that this
group of tumors is different from true NECs in
multiple aspects, including prognosis and
response to platinum-based therapy.34,35 Such
cases should be classified as well-differentiated
PanNET with a high Ki67 index. Occasionally,
well-differentiated PanNETs contain a morpholog-
ically apparent high-grade component (Fig. 34).



Fig. 33. A representative well-differentiated NET (A, original magnification �100) with diffuse expression of syn-
aptophysin (B, original magnification �100), focal expression of chromogranin (C, original magnification �100)
and a Ki67 index of greater than 20% (D, original magnification �200).
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These tumors are distinct from NECs with a much
better prognosis compared with NECs.35

NEUROENDOCRINE CARCINOMAS

NECs, both small-cell and large-cell NECs,
demonstrate a mitotic rate greater than 20 per 10
HPFs and a Ki67 index approaching 100%. These
tumors show variable expression of neuroendo-
crine markers (synaptophysin and chromogranin).
The documentation of these markers is more
important in large-cell NECs than small-cell
carcinoma. Although small-cell carcinoma can be
diagnosed based on morphology, to diagnose
large-cell NEC, at least one neuroendocrine
marker is expressed by most of the neoplastic
cells.
PROGNOSIS

It is important to understand that all NETs of the
pancreas, with the exception of neuroendocrine
microadenomas, are considered to be malignant.
WELL-DIFFERENTIATED PANCREATIC

NEUROENDOCRINE TUMORS

The malignant behavior of PanNETs is unpredict-
able. Despite that, distant metastasis, tumor size,
necrosis, mitotic rate, extension beyond the
pancreas, and vascular and lymph node invasion
are well documented as markers of adverse prog-
nosis. Insulinomas have a more favorable prog-
nosis than nonfunctional tumors, whereas other
functional tumors can be aggressive. Although
additional biomarkers may be associated with a
poor prognosis, Ki67 is the only molecule that
has been proven to be prognostic in large-scale
studies.36,37

NEUROENDOCRINE CARCINOMAS

Pancreatic NECs are highly aggressive malig-
nancies with a mortality rate approaching 100%.
These tumors are locally aggressive, spreading
into the peripancreatic tissue and the duodenum.
Metastases to distant organs and lymph nodes
are common at initial diagnosis.



Fig. 34. A well-differentiated NET with
poorly differentiated component. (A)
Well-differentiated component with
no mitosis (original magnification
�200); (B) Poorly differentiated com-
ponent with tumor necrosis (original
magnification �200); (C) Poorly differ-
entiated component with brisk mitoses
and apoptotic bodies (original magni-
fication �400).
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ABSTRACT
T he pancreas is a complex organ that may
give rise to large number of neoplasms and
non-neoplastic lesions. This article focuses

on benign neoplasms, such as serous neoplasms,
and tumorlike (pseudotumoral) lesions that may be
mistaken for neoplasm not only by clinicians and
radiologists, but also by pathologists. The family
of pancreatic pseudotumors, by a loosely defined
conception of that term, includes a variety of
lesions including heterotopia, hamartoma, and
lipomatous pseudohypertrophy. Autoimmune
pancreatitis and paraduodenal (“groove”) pancre-
atitis may also lead to pseudotumor formation.
Knowledge of these entities will help in making
an accurate diagnosis.
m

OVERVIEW: SEROUS NEOPLASMS

Serous neoplasms of the pancreas are rare benign
tumors accounting for approximately 1% of all
pancreatic lesions. These tumors reveal a unique
cytomorphology characterized by distinctive
cuboidal epithelial cells with uniform round nuclei,
dense, homogeneous chromatin, and a prominent
epithelium-associated microvascular mesh-
work.1,2 They are generally regarded under the
category of ductal-type tumors; however, they
do not produce mucin despite their presumed
ductal lineage, instead, they produce abundant
glycogen.

Several morphologic variants of serous neo-
plasms have been described. These include
microcystic and macrocystic (a.k.a. oligocystic)
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serous cystadenomas, solid serous adenoma,
and von Hippel-Lindau (vHL)-associated serous
cystic neoplasm. The microcystic serous cystic
neoplasm consists of innumerable small, irregu-
larly contoured tubular structures of variable
shapes, the vast majority of which measure in sub-
millimeters. The macrocystic (oligocystic) serous
cystic neoplasms are predominantly or completely
composed of fewer (typically <10) but much larger
cysts, each measuring in centimeters. Although
“serous cystadenoma (SCA)” and “serous cystic
neoplasm (SCN)” terms technically refer to the
microcystic variant, they are often used inter-
changeably for both microcystic and macrocystic
variants. Solid serous adenoma is characterized
by uniform, small, evenly shaped and sized nests
or tubules with minimal or no lumen formation.1

vHL-associated SCNs are often more a patchy
transformation in the pancreas, although some
may form a well-defined localized mass.3–8

MICROCYSTIC AND MACROCYSTIC

(OLIGOCYSTIC) SEROUS CYSTADENOMAS

Serous cystadenomas can occur at any age but
are more common in elderly female patients.1,7–21

They are often asymptomatic,11,22,23 discovered
incidentally, either sporadically or as part of vHL
disease.7,8,24–27 If the mass is located in the
pancreatic head, it can obstruct the biliary
tract.25,28 Rarely, the lesions are multiple, specif-
ically when associated with vHL.

A “honeycomb” appearance on computed to-
mography (CT) or MRI, associated with a central
scar that may or may not be calcified, is
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characteristic for microcystic variant.16,17,22,29–31

However, the diagnosis is often not accomplished
preoperatively by imaging studies. Similarly,
the macrocystic (oligocystic) variant, especially if
only a single cyst is evident,32 radiographically
simulates intraductal papillary mucinous neo-
plasms, mucinous cystic neoplasms, and
pseudocysts.16,19,30,33–35

The fine-needle aspiration diagnosis of serous
neoplasms has also proven to be unexpectedly
challenging because of the very low aspirate cellu-
larity, probably due to the cohesiveness and adhe-
sion of the cells to the tissue.1,36–38 The tumor cells
are bland, cuboidal, and arranged in loose clusters
or monolayers. The cytoplasm is usually cleared or
vacuolated; however, the cells are frequently strip-
ped of cytoplasm, showing only small, round
nuclei with fine but dense, homogenous nuclear
chromatin.31,36,39

The presurgical diagnosis of pancreatic cysts
has traditionally relied on measuring cyst fluid
amylase, as well as the tumor markers CA19 to 9
and carcinoembryonic antigen (CEA) to identify
and distinguish the mucinous neoplasms from
nonmucinous lesions, such as serous neo-
plasms.40 However, the sensitivity and specificity
of these markers are relatively low.41 Recently, in
an enzyme-linked immunosorbent assay analysis
of cyst fluid and tumoral tissue, Yip-Schneider
and colleagues42 found that vascular endothelial
growth factor-A (VEGF-A) was markedly elevated
in SCNs when compared with pseudocysts, intra-
ductal papillary mucinous neoplasms, mucinous
cystic neoplasms, and pancreatic ductal adeno-
carcinoma. With a cutoff of 8500 pg/mL, VEGF-A
had 100% sensitivity and 97% specificity as a
marker of SCNs, making it a very promising
biomarker for the diagnosis and distinction of
SCNs from other pancreatic cysts, particularly
when used in conjunction with CEA.42
Similarly, the identification of cyst-specific so-
matic mutations (involving KRAS, GNAS, RNF43,
CTNNB1, and VHL genes) offers great promise in
the presurgical diagnosis of pancreatic cysts.
Recently, KRAS and GNAS mutations have been
shown to have 96% sensitivity and 100% speci-
ficity for the differentiation of intraductal papillary
mucinous neoplasm from SCN.41 Molecular as-
says containing a 5-gene panel may be especially
useful in the pretreatment diagnosis of SCNs
because isolated VHL mutations have not been
identified in intraductal papillary mucinous neo-
plasms and mucinous cystic neoplasms. Howev-
er, it should be kept in mind that pancreatic
neuroendocrine tumors may also be cystic and
may harbor VHL deletions in up to 25% of spo-
radic cases.
These new developments seem to be very

promising for the preoperative diagnosis (and
thus possible conservative management) of
SCNs; however, they need to be verified in
larger-scale studies before they can be put into
daily clinical management.
The mean diameter of SCNs is approximately

4 cm but now smaller lesions are found using
improved imaging techniques.1,9,10 They occur
anywhere in the organ and appear as circum-
scribed and well-demarcated from the surround-
ing pancreas. Microcystic SCNs form partly
encapsulated, lobulated masses composed of
innumerable tiny cysts, which impart the highly
distinctive and entity-defining spongelike appear-
ance on sectioning (Fig. 1). Irregular central scars,
frequently calcified, may be seen in the larger tu-
mors. The fluid in the cysts is clear and watery,
appearing colorless, yellow, or blood stained.
Foci of hemorrhage can occur.43 Macrocystic (oli-
gocystic) SCNs, by definition, are composed of
much larger cysts with fewer loculi and devoid of
central fibrosis or calcification (Fig. 2).
Fig. 1. Twomicrocystic se-
rous cystadenomas are
present in this distal
pancreas. The neoplasms
are well demarcated and
composed of numerous
small cysts, most of which
measure in submillimeters.



Fig. 2. Macrocystic (oli-
gocystic) serous cystade-
noma has either a
singular locule or a few
locules (as illustrated
here) with a flattened
lining.
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Microscopic examination of microcystic SCNs
reveal back-to-back tubules of variable size and
shape (Fig. 3), creating a characteristic microcys-
tic pattern formed by cuboidal epithelium. Scat-
tered larger (up to a centimeter in diameter),
more irregular cysts lined by low cuboidal to flat
cells may also be seen.7,15,17,19–21,44 Dense
stroma can occur in the lesions with these larger
cysts. Some of the stroma may be hyalinized or
myxoid. The tumor cells usually have abundant
clear cytoplasm due to abundant glycogen
(Fig. 4). Some cases reveal more oncocytoid cells
with granular cytoplasm. Nuclei are small, round,
compact, and uniform, with inconspicuous
nucleoli. The presence of a capillary meshwork
immediately adjacent to (almost within) the
Fig. 3. Microcystic serous
cystadenoma is charac-
terized by numerous
small, irregular tubular
structures of variable
shapes. Note the hyali-
nized stroma at the cen-
ter (H&E, �20).
epithelium is highly characteristic,45,46 and has
been noted as a striking analogy with other
clear-cell tumors arising in association with vHL,
including renal cell carcinomas and hemangio-
blastomas.45 Macrocystic (oligocystic) SCNs may
be missing much of its lining, thus requiring multi-
ple sections to find the epithelium. The lining of the
cysts display the characteristic serous cytology
(Fig. 5).

SCNs often show degenerative changes
(hemorrhage, inflammation, and cholesterol
clefts). Calcifications, tufting/micropapillae
(Fig. 6), the presence of satellite nodules, and
frequent intermixing of neuroendocrine cell prolif-
eration in a pseudoinvasive pattern are also
common.1



Fig. 4. The cysts of serous
cystadenomas are lined
by cuboidal cells, with
round, central to slightly
eccentric nuclei and clear
cytoplasm (H&E, �200).
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Both histologically and immunophenotypically,
these neoplasms appear to recapitulate centroaci-
nar cells.18,46–48 The glycogen-rich cytoplasm is
typically periodic acid-Schiff positive, diastase
sensitive, and reacts with broad-spectrum and
low-molecular-weight keratins, EMA, and
inhibin.15,49 Ductal mucin markers (B72.3, CA19–
9, CEA, and MUC1) are either negative or only
focally positive, although MUC6 is usually posi-
tive.49 Molecules implicated in clear-cell tumori-
genesis (glucose uptake and transporter-1
[GLUT-1], hypoxia-inducible factor-1a [HIF-1a],
and carbonic anhydrase IX [CA-IX]) are also
consistently expressed.45

At a molecular level, VHL gene allelic deletions
(chromosome 3p) are detected in SCNs from
Fig. 5. Although the
cysts are fewer and larger
than in the microcystic
serous cystadenoma,
macrocystic (oligocystic)
serous cystadenoma is
also lined by the same
cuboidal cells with clear
cytoplasm (inset) (H&E,
�20; H&E, �200).



Fig. 6. Although the lin-
ing epithelium is usually
flat, prominent but stubby
papillaryprojectionsmight
be seen in some serous cys-
tadenomas (H&E,�100).
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patients with vHL, providing molecular evidence of
their neoplastic nature and integral association
with vHL disease.6–8 However, VHL gene alter-
ations may also be detected in sporadic cases.50

To date, the genetic alterations seen in pancreatic
ductal adenocarcinoma (TP53, KRAS, SMAD4,
and p16/CDKN2A), neuroendocrine tumors
(MEN1, DAXX, and ATRX), and intraductal papil-
lary mucinous neoplasms (GNAS, RNF43,
PIK3CA, and STK11/LKB1) have not been re-
ported in serous neoplasms.41,50

SCNs are very slow-growing tumors,9,51 with an
estimated doubling time of 12 years.52 Therefore, if
a definitive diagnosis can be accomplished,
watchful waiting is a distinct option for smaller tu-
mors.9,11,14,25,44,52–54 For symptomatic cases and/
or larger ones, surgical removal is still the treat-
ment of choice.44,55 More recently, radiofrequency
ablation, ethanol, and chemotherapeutic agent in-
jection have been proposed as options in the
nonsurgical management of patients with limited
disease.56,57

The 2010 World Health Organization (WHO)
classification requires the presence of distant
metastasis as the criterion for “malignancy” in
SCN. Thus, many of the cases that had been re-
ported as “malignant” based on “vascular inva-
sion” would no longer qualify by the WHO
classification.58 Similarly, larger serous neoplasms
(>11.0 cm) with inflammation and hemorrhagemay
show localized adhesion and/or penetration of
neighboring organs, including lymph nodes,
spleen, stomach, and colon, which does not
seem to be an indicator of malignant behavior.
Even for serous neoplasms occurring in the liver,
the possibility of synchronous independent tumors
may have to be considered before concluding
metastasis, especially considering there was no
fatality related to this and no reported metastases
to other remote sites.1,9 Of note, there are isolated
cases reported in which a cytologically obvious
carcinoma arose within a microcystic serous cys-
tadenoma (“carcinoma ex microcystic ade-
noma”).59 The biological behavior of these rare
cases is yet to be defined.
SOLID SEROUS ADENOMA

Solid serous tumors with uniform, small, evenly
shaped and sized nests or tubules with minimal
or no lumen formation have also been described.
These typically lack central fibrosis and often mis-
interpreted radiologically as neuroendocrine tu-
mors. Tumor cells reveal typical glycogen-laden
clear cytoplasm and bland, round to oval hyper-
chromatic nuclei.60–64 Distinguishing solid serous
adenomas from other solid neoplasms, such as
neuroendocrine tumors, or other clear-cell neo-
plasms, such as metastatic renal cell carcinoma,
may be difficult; even more so in the setting of
vHL, where both lesions may be concurrently pre-
sent. Special studies and immunohistochemical
analysis are helpful.65



Key Features
SEROUS CYSTIC NEOPLASM

Clinical

� Present with nonspecific symptoms or de-
tected incidentally

� Have well-established association with von
Hippel-Lindau syndrome

� Molecular assays containing a 5-gene panel
(KRAS, GNAS, RNF43, CTNNB1, and VHL
genes) may be useful in the pretreatment
diagnosis

Macroscopic

� Medium-size lesion (mean size 5 4 cm)

� Well-demarcated and spongelike appearance
with innumerable small cysts, each measuring
a few millimeters is diagnostic

� Central stellate scar common in microcytic
variant

Microscopic

� Conglomerate of cysts lined by simple
cuboidal epithelium

� Clear or eosinophilic cells with distinct cyto-
plasmic borders

� Small, round nuclei with dense, homoge-
neous chromatin

� Similar to vHL syndrome–associated other
clear-cell tumors, a prominent epithelium-
associated microvascular meshwork is present

Key Features
INFLAMMATORY

MYOFIBROBLASTIC TUMOR

� Composed of fibroblasts and myofibroblasts,
usually arranged in a storiform pattern, with
moderate to marked inflammation

� In half of inflammatory myofibroblastic tu-
mors, various ALK gene abnormalities, lead-
ing to aberrant ALK expression in the
myofibroblasts, have been identified

� ALK expression and low level of IgG41 cell
infiltration help distinguishing inflammatory
myofibroblastic tumors from IgG4-related
sclerosing disease
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INFLAMMATORY MYOFIBROBLASTIC TUMOR

Inflammatory myofibroblastic tumor is a rare,
especially in the pancreas, and distinctive en-
tity.66–69 The pancreatic head is affected most
frequently by an ill-defined and firm mass causing
obstructive jaundice. Therefore, patients are often
suspected to suffer from pancreatic ductal
adenocarcinoma.70,71

At low-power magnification, inflammatorymyofi-
broblastic tumor has a relatively pushing border
(Fig. 7). Fibroblasts and myofibroblasts, usually ar-
ranged in a storiform pattern, with moderate to
marked inflammation composed of lymphocytes
and plasma cells are characteristic (Fig. 8). Cyto-
logic atypia andmitotic figures are rarely observed.
In approximately 50% of inflammatory myofi-

broblastic tumors, various gene aberrations,
including the anaplastic lymphoma kinase (ALK)
gene at chromosome 2p23, leading to aberrant
ALK expression in the myofibroblasts, have been
identified.72–75 These observations have led to
the development of the concept of inflammatory
myofibroblastic tumor as a clonal neoplastic lesion
rather than a reactive process.69 Of note, ALK
gene abnormality is more often seen in children
or young adults than in elderly people.67

Inflammatory myofibroblastic tumors share, at
least focally, the morphologic appearance of the
immunoglobulin (Ig)G4-related sclerosing disease
(discussedseparately in this issue, seeautoimmune
pancreatitis section), particularly at areas with
prominent fibroblastic/myofibroblastic proliferation
mingled with lymphocytes and plasma cells.69,76

However, most inflammatory myofibroblastic tu-
mors are different from IgG4-related lesions in
terms of the ALK expression, low level of IgG41
cell infiltration, and lack of obstructive phlebitis.
Thus, inflammatory myofibroblastic tumor should
be recognized tobeadistinctiveneoplastic entity.69
LYMPHOEPITHELIAL CYST

Lymphoepithelial cyst is usually asymptomatic,
with the lesion found incidentally on imaging
studies performed for unrelated reasons or at au-
topsy.77,78 In contrast to its salivary gland ana-
logues, no autoimmune disorder is identified
and there is no syndrome association. Associa-
tion with human immunodeficiency virus also
appears to be coincidental and exceedingly
uncommon.79

It typically presents as a unilocular ormultilocular
cyst within, or protruding from, the pancreas. Im-
aging studies cannot consistently separate lym-
phoepithelial cyst from neoplastic mucinous
cysts, such as intraductal pancreatic mucinous
neoplasm or mucinous cystic neoplasm.80 Fine-
needle aspiration can support the diagnosis of a



Fig. 7. Inflammatory
myofibroblastic tumor
with well-defined mar-
gins (H&E, �100).
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lymphoepithelial cyst when squamous cells, amor-
phous keratinaceous debris, cholesterol clefts,
and/or lymphocytes are present.81 However, fine-
needle aspiration may be inconclusive. Using
cyst fluid CEA as a discriminating test has its limita-
tions, as several case reports have noted elevated
levels of CA19 to 9 and/or CEA in lymphoepithelial
cysts.82–84

Gross examination shows a medium-size (mean
size 5 5 cm), encapsulated cystic lesion.
Fig. 8. Proliferation of
generally bland spindle
mesenchymal cells ar-
ranged in irregular fasci-
cles into a stroma with
lymphocytes, plasma
cells, and histiocytes is
characteristic in inflam-
matory myofibroblastic
tumor (H&E, �200).
Depending on the degree of keratin formation,
cyst content may vary from serous to cheesy/
caseous-appearing. Microscopically, there is a
dense band of mature lymphoid tissue with prom-
inent, well-formed germinal centers subtending a
cyst lining of mature stratified squamous epithe-
lium occasionally containing keratinaceous debris
(Fig. 9). The adjacent pancreas may have granu-
lomas, collections of foamy histiocytes and fat ne-
crosis77,78 (Fig. 10).



Fig. 9. A lymphoepi-
thelial cyst lined by
mature, stratified squa-
mous epithelium with
keratinization. Note the
lymphoid tissue with
germinal center formation
immediately beneath the
epithelium (H&E, �20).
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Although lymphoepithelial cysts might contain
sebaceous glands, they are distinct from dermoid
cysts (cystic monodermal teratomas) or teratomas
because of the large amount of organized
lymphoid tissue present and the lack of hair, carti-
lage, and occasionally neural tissue.77,85

Pancreatic lymphoepithelial cyst can be cured
by conservative resection but if it is asymptom-
atic and diagnosed before surgery, no treatment
is necessary. Neither malignant transformation
nor recurrence after resection has been
reported.86
Key Features
LYMPHOEPITHELIAL CYST

Clinical

� Mostly in male patients

� Medium-size, peripancreatic cyst

Microscopic

� Has variable lining ranging from attenuated
to transitional to stratified squamous epithe-
lium with keratinization

� Goblet cells or scanty sebaceous elements
may be seen

� Distinct band of lymphoid tissue, sometimes
with prominent, well-formed germinal cen-
ters, composed of mature T lymphocytes sur-
rounds the epithelium
EPIDERMOID CYST IN INTRAPANCREATIC

ACCESSORY SPLEEN

These are very rare lesions seen in younger adults
(second to third decades). They occur almost
exclusively in the tail of the pancreas where acces-
sory spleens are not uncommon. Of note, acces-
sory spleens are most frequently found at the
perihilar region of the spleen (80% of cases)
followed by the pancreatic tail.87

Similar to lymphoepithelial cyst, epidermoid cyst
in intrapancreatic accessory spleen can also be
misdiagnosed preoperatively as a cystic pancre-
atic neoplasm, such as intraductal papillary
mucinous neoplasm or mucinous cystic neoplasm,
especially in the setting of elevated serum CA19 to
9 levels.88,89

Grossly, a well-circumscribed dark red mass
with a unilocular or multilocular cyst in the
pancreatic tail is characteristic.88 The cyst
contains serous fluid or keratinaceous debris
and is lined by benign multilayered epithelium,
which is reminiscent of squamous epithelium or
urothelium, surrounded by unremarkable splenic
tissue.78,88,90 The lining epithelium shows strati-
fied cuboidal or columnar cell morphology in
some areas, whereas it is flattened and attenu-
ated in other areas (Fig. 11).91

SQUAMOID CYST OF PANCREATIC DUCTS

Squamoid cysts of pancreatic ducts are relatively
small cysts, with a median size of 1.5 cm, and



Fig. 11. Epidermoid cyst in intrapancreatic heterotopic spleen has a thin lining surrounded by splenic red and
white pulp (left, H&E, �20). Recognition of the splenic elements allows a correct diagnosis even if the squamous
nature of the attenuated lining epithelium (top right, H&E, �200) may not be appreciated without immunohis-
tochemical staining (bottom right, p63 immunohistochemical stain, �200).

Fig. 10. Epithelioid gran-
ulomas and cholesterol
clefts may also be present
beneath the lining epithe-
lium of lymphoepithelial
cysts (H&E,�200).

Benign Tumors and Tumorlike Lesions 627



Basturk & Askan628
the vast majority of the cases are detected during
workup for other conditions.92,93 These cysts typi-
cally result from unilocular cystic dilatation of the
ducts and have variable lining ranging from atten-
uated, flat, nonstratified squamous, to transitional,
to mucosal-type stratified squamous epithelium
(Fig. 12) as well as mucoproteinaceous acidophilic
secretions within the lumen. The wall of the cyst is
composed of a thin band of fibrous tissue, focally
showing tributary ducts. Neither acute nor chronic
inflammation is a feature of this lesion.
Immunohistochemically, nuclear p63 expres-

sion is present in all cases, a finding that is not
seen in any normal component of pancreas or in
nonsquamous cystic lesions of this organ.94

It is important to distinguish squamoid cysts of
pancreatic ducts from other cystic lesions, in
particular, from mucinous tumors, as the latter
often have malignant potential, whereas squamoid
cysts of pancreatic ducts are innocuous lesions.95

Preoperative differential diagnosis of these may be
difficult, especially in the setting of elevated fluid
CEA levels and acellular cytology.96,97 However,
their distinction at the microscopic level is fairly
straightforward.92
Key Features
SQUAMOID CYST OF PANCREATIC

DUCTS

Clinical

� Usually small, unilocular cyst

� Some might undergo resection with the clin-
ical impression of being an intraductal papil-
lary mucinous neoplasm

Microscopic

� Has variable lining ranging from attenuated
to transitional to stratified squamous
epithelium

� Contains distinctive mucoproteinaceous
acidophilic secretions

� The wall is composed of thin fibrous tissue
devoid of any lymphoid tissue

� Nuclear p63 expression confirms the nature
of the lining

Key Features
HETEROTOPIC PANCREAS

Clinical

� Occurs in a variety of organs; most common
in gastrointestinal tract

� Usually an incidental finding

� May rarely cause symptoms due to local com-
plications or secondary pancreatic pathology

Microscopic

� Components of the pancreas (acini, ducts, or
islets) in different combinations
HETEROTOPIC PANCREAS

Heterotopic (ectopic) pancreatic tissue, indepen-
dent from the vascular supply or anatomic
connection to the pancreas, may occur from
displacement of small amounts of pancreas during
embryologic development.98–100 It is located most
frequently in the stomach and proximal small in-
testine (Fig. 13), but can be identified in other or-
gans, such as esophagus, gallbladder, hepatic or
common bile ducts, spleen, and Meckel
diverticulum.101–103

Depending on the size, location, and the patho-
logic changes similar to those observed in case of
the normal pancreas, patients may present with
symptoms such as epigastric pain, nausea, vomit-
ing, ulcer, obstruction, and weight loss. However,
it is often an incidental finding. Radiographically
or endoscopically, it may be a challenge to differ-
entiate it from a neoplasm.104,105

If it is large enough to be seen on gross inspec-
tion, it appears asa firm,pale, nodularmass.Micro-
scopically, it has been classified into 3 types
according to the histologic components (Heinrich
classification). Type I is composed of complete
structures consisting of ducts, acini, and islets of
Langerhans cells (see Fig. 13). Type II is composed
of ducts and acini. Type III is composed of ducts
alone.106Histologic type is not related to the clinical
symptoms.107 Of note, small collections of acinar
cells in other organs, such as gastroesophageal re-
gion, are regarded as metaplasia rather than
heterotopia.108

In symptomatic cases, surgical excision relieves
symptoms. However, rarely, a more extensive
treatment may be necessary due to secondary
pancreatic neoplasms, including adenocarci-
nomas arising within ectopic pancreatic
tissue.103,109–114
PANCREATIC HAMARTOMA

The term hamartoma refers to a focal overgrowth
of cells and tissues native to the organ in which it



Fig. 12. Squamoid cyst of
pancreatic duct showing
unilocular and well-
circumscribed cyst filled
with dense mucoprotei-
naceous material, charac-
teristic of enzymatic
concretions (H&E, �40).
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occurs. Thus, hamartoma is regarded as a malfor-
mation rather than a true neoplasm.98,115

Pancreatic hamartoma is rare, accounting for-
fewer than 1% of occurrences of tumorlike le-
sions.116 Usually presents as a well-demarcated,
Fig. 13. Heterotopic pan-
creas, containing all of
the normal pancreatic el-
ements, in the duodenal
submucosa (H&E, �40).
solid, or solid and cystic mass. It is often located
in the head of the pancreas.117–121 Cases with mul-
tiple lesions have been reported.117,118

Microscopically, it is characterized by small to
medium-sized ductal structures, lined by
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columnar epithelium without atypia, surrounded
by disarranged acini and reveals various amounts
of fibrous stroma (Fig. 14). Well-formed islets of
Langerhans are not common. In fact, Pauser
and colleagues120,122 and Yamaguchi and col-
leagues123 defined the criteria for the diagnosis
of pancreatic hamartoma as (1) forming a well-
demarcated mass, (2) being composed of
mature acini and ducts with distorted architec-
ture, and (3) lacking discrete islets of Langer-
hans. Adjacent pancreatic parenchyma is
usually unremarkable.
Immunohistochemically, both acinar cells and

ductal cells are positive for epithelial markers
(AE1/AE3, CAM5.2, and EMA), and the acinar cells
are positive for exocrine markers (eg, trypsin,
chymotrypsin), similar to what is observed in a
normal pancreas. The stromal spindle cells report-
edly express CD34 and CD117 but are usually
negative for S100, SMA, desmin, and bcl-2.118–123

Although pancreatic hamartoma is usually not
aggressive, it typically requires surgical resection
because of the difficulty in prospective clinical im-
aging diagnosis.124–126

NESIDIOBLASTOSIS

Nesidioblastosis is a descriptor of the morphologic
changes seen in functional disorders of the endo-
crine pancreas, characterized by persistent
hyperinsulinemic hypoglycemia, due to defective
non-neoplastic b-cells.2 It is usually seen in
newborns30,31 (also known as congenital hyperin-
sulinism127,128); however, rare cases of adult nesi-
dioblastosis do occur.98,129–133

Nesidioblastosis can be diagnosed biochemi-
cally, usually within the first few weeks of life,
through a series of highly specialized tests of
glucose, insulin, C-peptide levels, ketones, and
glucagon response coupled with arterial calcium
stimulation or percutaneous transhepatic pancre-
atic venous sampling.134 However, heteroge-
neous clinical manifestation causes risk of late
diagnosis or even misdiagnosis, which can lead
to serious and permanent damage to the central
nervous system and, eventually, mental
retardation.135

Currently, there are 3 histologic forms of nesi-
dioblastosis: focal, diffuse, and atypical. Focal
nesidioblastosis occurs when the abnormal islets
are localized to a specific location in the pancreas.
Diffuse form occurs when all the islets in the
pancreas are abnormal. If a case is difficult to his-
tologically categorize, it is regarded as atypical
form.128,136

Alterations vary from patient to patient and may
include the following:

� Relatively large collections of islet cells dis-
placing acinar tissue,

� Neoproliferation of islet cells from ducts (duc-
tuloinsular complexes),
Fig. 14. Pancreatic ha-
martoma with cystic
ductal structures and
disorganized acini em-
bedded in a fibroblastic
stroma. Note that islets
are not present (H&E,
�100).



Key Features
NESIDIOBLASTOSIS

Clinical

� Functional disorder of the b-cells

� Associated with persistent hyperinsulinemic
hypoglycemia

Microscopic

� Can be focal or diffuse

� Pathologic findings vary greatly patient to
patient

� Enlarged islets, abnormally shaped islets, duc-
tuloinsular complexes, and enlarged (a three-
fold increase relative to the nuclei of adjacent
islet cells) and hyperchromatic b-cell nuclei
are common

� However, none of these changes are specific
and would be confirmatory only in the right
clinical context

� An insulinoma must be excluded by patho-
logic examination before nesidioblastosis
diagnosis can be rendered

Molecular

� Genetic abnormalities in 9 different genes
(ABCC8, KCNJ11, GLUD1, GCK, HNF4A,
HNF1A, SLC16A1, UCP2, and HADH) have
been identified in approximately half of the
cases
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� Islet cell “dysplasia” or nesidiodysplasia (loss
of the usual centrilobular concentration of
larger islets, increased numbers of small ag-
gregates of islet cells distributed irregularly
in the lobules, irregularity of the contour of
the islets), or

� Scattered islet cells (mostly b-cells cells) with
enlarged and hypertrophic nuclei.132,137–140

However, none of these changes are specific
for nesidioblastosis and would be confirmatory
only in the right clinical context. Also, it should
be kept in mind that in adults, hyperinsulinemic
hypoglycemia is usually the result of a neuro-
endocrine neoplasm releasing insulin. There-
fore, before nesidioblastosis diagnosis can be
rendered, a diligent search for a neuroendo-
crine tumor is essential. In fact, the patient
ought to be considered to have a neuroendo-
crine tumor unless definitively proven otherwise
by systemic examination of the resected
pancreas.

At a molecular level, genetic abnormalities in
9 different genes (ATP-binding cassette sub-
family C member 8 [ABCC8], potassium chan-
nel, inwardly rectifying subfamily J, member
11 [KCNJ11], glutamate dehydrogenase 1
[GLUD1], glucokinase [GCK], hepatocyte nu-
clear factor 4 homeobox A [HNF4A], HNF1A,
SLC16A1 [also known as a monocarboxylate
transporter, MCT1], uncoupling protein 2
[UCP2] and hydroxyacyl-CoA dehydrogenase
[HADH]) have been identified in approximately
half of the cases, indicating that there are as
yet unidentified mechanisms involved in the
regulation of insulin secretion.135

Genetic abnormalities are classified into 2
categories: “channelopathies” and “metabolopa-
thies.”141 The former is attributed to the ATP-
sensitive potassium channels (KATP) channel
genes (ABCC8 and KCNJ11) and latter to genes
regulating different metabolic pathways (GLUD1,
GCK, HNF4A, HNF1A, SLC16A1, UCP2, and
HADH). The most common disorders are those
affecting the KATP channel genes and these are
predominantly autosomal recessive. The other 7
are less common but are autosomal domi-
nant.135,142,143 In most cases, diffuse form is
inherited in an autosomal recessive manner,
whereas focal form is sporadic.144,145 Patients
with a homozygous recessive or a compound het-
erozygote mutation in their ABCC8 or KCNJ11
genes are usually medically unresponsive.142

Partial to near-total pancreatectomy is the
treatment of choice in cases refractory to
aggressive medical management, although
enucleation may be of value in controlling
the symptoms in cases with focal nesidioblas-
tosis. Diabetes mellitus and pancreatic insuffi-
ciency (malabsorption) may develop after
pancreatectomy.129,146–148
LIPOMATOUS PSEUDOHYPERTROPHY

Focal replacement of the exocrine pancreas with
mature adipose tissue is common in the pancreas
and usually correlates directly with body mass
index.149–151 In contrast, lipomatous pseudohyper-
trophy is a distinct entity characterizedby pseudotu-
mor formation by adipose tissue, replacing almost
an entire segment of exocrine parenchyma.152

Most common symptom at presentation is
abdominal pain.152 In some cases, lipomatous



Key Features
LIPOMATOUS PSEUDOHYPERTROPHY

Clinical

� May be mistaken for a malignancy

Microscopic

� Can be focal or diffuse

� Characterized by mature adipose tissue re-
placing the pancreatic parenchyma, leaving
only scattered clusters of pancreatic elements

� Lipocytes are entirely normal, no lipoblast
present
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pseudohypertrophy seems to be associated with
specific syndromes such as Shwachman-Diamond
or Johanson-Blizzard153,154 syndromes. Because it
forms a mass, it is often mistaken for a malig-
nancy.155 On the other hand, if proper radiological
evaluation is performed, it can be recognized that
the lesion is actually composed of fat. Fine-needle
aspiration biopsy showing mature fat cells, without
any atypia, might be helpful in such cases.156

Approximately in 70% of the cases, there is a
diffuse involvement of the pancreas; in 30%, the
tumor is located in the head, body, or tail only.152

Macroscopically, the appearance and consistency
are those of adipose tissue. Histologic examina-
tion shows massive replacement of pancreatic pa-
renchyma by mature adipose tissue. Although it
does not appear to have a well-formed capsule,
it has well-defined borders (Fig. 15). The islets of
Langerhans are relatively preserved, and typically
there are scattered, small but well-preserved
acinar elements. There is no significant inflamma-
tion. Adjacent pancreatic or soft tissue may show
signs of compression.
At the microscopic level, the main differential

diagnosis is with a well-differentiated liposarcoma,
which is reported in the literature as individual case
reports.66,157 The findings that speak against this
possibility are the perfect maturation of lipocytes,
sharp demarcation of the lesion, lack of lipoblasts,
and admixture of normal pancreatic parenchyma
within the lesion.152
PARADUODENAL (GROOVE) PANCREATITIS

Paraduodenal pancreatitis (also known as groove
pancreatitis or cystic dystrophy of heterotopic
pancreas) is a distinctive form of pancreatitis that
occurs in the tissue between the duodenal wall
and the pancreatic head. It often surrounds the mi-
nor ampulla and accessory duct.158–160

The vastmajority of patients are youngmenwith a
history of alcohol abuse. The most common symp-
tom is severe waxing and waning upper abdominal
pain. Frequent clinical findings include stenosis of
duodenum, disordered gastric emptying, and
Fig. 15. Well-circum-
scribed lipomatous pseu-
dohypertrophy, composed
of mature adipose tissue,
pushing into the adjacent
pancreas is illustrated.
Scattered acini within the
adipose tissue are also
visible (H&E, �200).
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postprandial vomiting. Weight loss is also a com-
mon finding and can be severe in some cases,
complicating the differential diagnosis with
pancreas cancer.91,161,162 local thickening and
abnormal enhancement of the second portion of
the duodenum and “tubulocystic” change in the vi-
cinity of the accessory duct are specific features of
this entity.90,163,164 Those who have predominantly
solid lesions, often related to the sclerotic changes
in the periampullary region, are commonly diag-
nosed as “pancreas cancer” or “ampullary/periam-
pullary neoplasm.”90,160

The reasons for this process to develop are not
known; however, the macroscopic and micro-
scopic findings are quite distinctive: the process
leads to narrowing of the duodenal lumen and
the duodenal mucosa often acquires a nodular or
cobblestone appearance.165 On sectioning, the
duodenal wall shows a trabeculated appearance,
often accompanied by cystic change, especially
in the vicinity of the minor ampulla. In some cases,
cyst formation may be prominent, measuring up to
several centimeters in size, mimicking intestinal
duplication.
Key Fea
PARADUODENAL

Clinical

� Predominantly in men 40 to 50 years old

� History of alcohol abuse is common

� Patients present with waxing and waning severe u

� Predominantly solid ones radiographically mimic p

Macroscopic

� Often centered in the region of minor papilla

� Trabeculation of duodenal musculature with occas

� Paraduodenal wall cyst (measuring up to 10 cm) m

Microscopic

� Dense myoid stromal proliferation with inter
(“myoadenomatosis”)

� Brunner gland hyperplasia

� Extravasated (stromal) mucoprotein plugs surround
Microscopically, the duodenal mucosa often
reveals Brunner gland hyperplasia and there is
an exuberant myofibroblastic proliferation, often
arranged in fascicles (Fig. 16) accompanied by
small, well-circumscribed lobules of pancreatic
tissue (“myoadenomatosis” pattern) or variably
sized ducts (“cystic dystrophy of heterotopic
pancreas”). These ducts may contain inspis-
sated acinar enzymes. The cyst contents may
extravasate and lead to the development of a
foreign-body giant cell reaction and stromal
eosinophilia. Some cysts are devoid of epithe-
lium (Fig. 17). Instead, they are lined by more
cellular fibroblastic tissue.160,164 Prominence of
nerve bundles mimicking traumatic neuroma is
also common.

It should be kept in mind that, as in any case
of pancreatic pathology, before the diagnosis
of paraduodenal pancreatitis is rendered,
the possibility of adenocarcinoma ought to be
carefully excluded, because it can mimic
any form of pancreatitis, and be associated
with any of the changes characteristic of this
lesion.
tures
PANCREATITIS

pper abdominal pain and postprandial vomiting

ancreatic or ampullary/periampullary tumors

ional cysts is common

imicking intestinal duplication may occur

vening rounded lobules of pancreatic tissue

ed by eosinophiles or multinucleated giant cells



Fig.17. Characteristically,
the cysts of paraduode-
nal (groove) pancreatitis
contain eosinophilic,
amorphous inspissated
enzymatic secretions and
are surrounded by mark-
edly inflamed fibrous
tissue. Note the abun-
dant Brunner glands on
the right (H&E, �40).

Fig. 16. In paraduodenal
(groove) pancreatitis,
there is a striking reac-
tive spindle cell prolifera-
tion, including, smooth
muscle cells and my-
ofibroblasts, associated
with inflammatory cells
(H&E, �200).
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SUMMARY

Benign neoplasms and tumorlike (pseudotumoral)
lesions of the pancreas can be challenging, mostly
due to lack of familiarity because of the lower
number of cases, compared with malignant neo-
plasms, pathologists encounter on a daily basis.

Well-demarcated and spongelike appearance
with innumerable small cysts ofmicrocystic serous
cystadenomas is so characteristic and usually
does not create any diagnostic problems. In
contrast, macrocytic serous cystadenomas can
be difficult to diagnose, as the lining epithelium
might be extremely attenuated. Inflammatory
myofibroblastic tumors may have overlapping
morphologic features with IgG4-related autoim-
mune pancreatitis (discussed separately in this
issue). However, it is different from autoimmune
pancreatitis in terms of the ALK expression, low
level of IgG41 cell infiltration, and lack of obstruc-
tive phlebitis.

A variety of non-neoplastic conditions may
also form a cystic or solid mass mimicking a
malignant neoplasm in the pancreas. Up to 5%
of pancreatectomies performed with the preop-
erative clinical diagnosis of malignant neoplasm
will prove to be non-neoplastic by pathologic
examination, although this figure is decreasing
with improved diagnostic modalities. Lymphoe-
pithelial cyst, epidermoid cyst in intrapancreatic
accessory spleen, and squamoid cyst of pancre-
atic ducts are all cystic lesions lined by usually
squamous epithelium and recognition of the
accompanying elements (eg, lymphoid tissue
with or without germinal centers, splenic tissue)
is necessary for a correct diagnosis. Heterotopic
pancreas may form a well-defined nodule within
the duodenum and is typically mistaken for
neuroendocrine neoplasm. Hamartomas are
very rare if the entity is defined strictly. They
are characterized by irregularly arranged mature
pancreatic elements admixed with stromal
tissue. None of the pathologic findings of nesi-
dioblastosis, such as enlarged islets, abnormally
shaped islets, ductuloinsular complexes, and
enlarged/hyperchromatic b-cell nuclei are spe-
cific and would be confirmatory only in the right
clinical context. Lipomatous hypertrophy is the
replacement of pancreatic tissue with mature
adipose tissue that occasionally leads to moder-
ate to marked enlargement of the pancreas.
Chronic inflammatory lesions are the leading
cause of “pseudotumoral pancreatitis,” and
among these, autoimmune and paraduodenal
pancreatitides are most important.

In conclusion, it is important to recognize all
these benign neoplasms and types of conditions
that form pseudotumors in the pancreas so that
they can be distinguished from malignant neo-
plasms, especially ductal adenocarcinomas.
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Chronic Pancreatit is

Michelle Stram, MD, Shu Liu, PhD, Aatur D. Singhi, MD, PhD*
Key points

� Chronic pancreatitis is a progressive, fibroinflammatory disease characterized by irreversible damage
to the pancreas.

� The underlying cause of chronic pancreatitis is multifactorial and involves a complex interaction of
environmental, genetic, and/or other risk factors.

� Thepathologyofchronicpancreatitis ishighlyvariableanddependentonthepathogenesisof thedisease.

� The main differential diagnosis of chronic pancreatitis is pancreatic ductal adenocarcinoma and
differentiating between these 2 entities remains a significant clinical and diagnostic challenge.

KEYWORDS

� Pancreas � Etiology � Pathology � Alcohol � Obstruction � Paraduodenal � Autoimmune
� Hereditary
ABSTRACT
C hronic pancreatitis is a debilitating condition
often associated with severe abdominal pain
and exocrine and endocrine dysfunction.

The underlying cause is multifactorial and involves
complex interaction of environmental, genetic,
and/or other risk factors. The pathology is depen-
dent on the underlying pathogenesis of the dis-
ease. This review describes the clinical, gross,
and microscopic findings of the main subtypes of
chronic pancreatitis: alcoholic chronic pancrea-
titis, obstructive chronic pancreatitis, paraduode-
nal (“groove”) pancreatitis, pancreatic divisum,
autoimmune pancreatitis, and genetic factors
associated with chronic pancreatitis. As pancre-
atic ductal adenocarcinoma may be confused
with chronic pancreatitis, the main distinguishing
features between these 2 diseases are discussed.

OVERVIEW

Chronicpancreatitiswas first reported in themedical
literature by Sir Thomas Cawley in 1788.1 He
described a “free living youngman”who died of dia-
betes and on autopsywas found to have a pancreas
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filled with calculi. Since this landmark publication,
there have been major advances in our understand-
ing of the pathogenesis and pathophysiology of
chronic pancreatitis that include etiologic risk fac-
tors, natural history, and associated genetic
changes. Based on numerous studies, chronic
pancreatitis is considered to be a progressive,
fibroinflammatory disease characterized by irrevers-
ible damage to the pancreas.2 In the United States,
the overall incidence of chronic pancreatitis ranges
from 4.4 to 11.9 cases per 100,000 per year, and
the prevalence ranges from 36.9 to 41.8 cases per
100,000.3–5 Patients often present with severe
abdominal pain and both exocrine and endocrine
dysfunction. Treatment for chronic pancreatitis is
mostly supportive and, thus, patients repeatedly
seek medical attention, which strains medical re-
sources and represents a huge financial burden. In
fact, despite the low prevalence of chronic pancrea-
titiswithin theUnitedStates, it ranks seventh for hos-
pital admissions, and eighth for overall costs among
digestive diseases.6 Moreover, patients with long-
standing chronic pancreatitis are at increased risk
for developing pancreatic ductal adenocarcinoma.7

Theunderlying causeof chronic pancreatitis ismulti-
factorial and involves a complex interaction of envi-
ronmental, genetic, and/or other risk factors.2,8 The
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pathology of chronic pancreatitis is equally intricate
andcanvarysignificantlybasedon thepathogenesis
of the disease. Herein, we review the key clinical and
pathologic features of themajor subtypes of chronic
pancreatitis. Further, as chronic pancreatitis may
closely mimic pancreatic ductal adenocarcinoma,
we discuss their distinguishing features.
ALCOHOLIC CHRONIC PANCREATITIS

BACKGROUND

In western countries, heavy and prolonged alcohol
use is a major cause of chronic pancreatitis.
Patients are typically young-to-middle aged
(30–50 years) men, who develop chronic pancrea-
titis after repeated attacks of acute pancreatitis as
they continue to drink.9 Interestingly, fewer than
5% of alcoholic individuals develop chronic
pancreatitis. This observation implies the involve-
ment of additional insults or factors. In fact, smok-
ing, a high-fat diet, obesity, genetics, and infectious
agents have been suggested to contribute to
pancreatic disease in alcoholic individuals.9–11

Similar to other etiologies of chronic pancreatitis,
alcoholic chronic pancreatitis is clinically charac-
terized by frequent episodes of epigastric/abdom-
inal pain in the early stages of the disease. Over
time, thepain attacksdecrease in frequencyand in-
tensity, which parallel the progressive destruction
of the gland and eventual endocrine and exocrine
insufficiency. Patients with this disease have an
elevated risk of pancreatic ductal adenocarci-
noma, but comparable to other forms of chronic
pancreatitis.
Key Points

� In western countries, heavy and prolonged
alcohol use is a major cause of chronic
pancreatitis.

� Patients are typically young-to-middle aged
(30–50 years) men.

� Fewer than 5% of alcoholic individuals
develop chronic pancreatitis which implies
the involvement of additional cofactors.

� Gross and microscopic findings consist of pro-
gressive perilobular and interlobular fibrosis
with ductal dilatation, distortion and squa-
mous metaplasia.

� Advanced cases include intralobular fibrosis,
pseudocyst formation, and intraductal calculi.
GROSS FEATURES

The gross findings of alcoholic chronic pancreatitis
can differ in the early and late stages of this dis-
ease.12 Early alcoholic chronic pancreatitis
commonly shows an uneven distribution of peril-
obular and interlobular parenchymal fibrosis. On
cut surface, these findings impart an indurated
appearance to the gland with variation in size
and accentuation of individual pancreatic lobules.
The pancreatic ducts in affected areas, which are
often embedded in fibrosis, display dilatation
and/or distortion. Pseudocysts may be encoun-
tered, but are small and located within the periph-
ery of the pancreatic body and tail.
In the latter stages of alcoholic chronic pancre-

atitis, the pancreas appears opaque, shrunken,
and reduced in size due to parenchymal atrophy
and continuing fibrosis. There is extensive loss of
normal pancreatic lobular architecture with
replacement by diffuse fibrosis.13 Pancreatic
ductal changes are also more prominent and
range from obstruction to overt dilatation and/or
distortion (Fig. 1A). Calculi, which are composed
of calcium carbonate, are frequently present within
the main pancreatic duct and branch ducts, and
vary in size from 0.1 cm to larger than 1.0 cm in
diameter. Pseudocysts are present in 25% to
50% of cases and can exceed 10 cm in greatest
dimension (Fig. 1B).14 They are filled with turbid,
necrotic debris, which is rich in exocrine enzymes.
In some cases, pseudocysts may connect to the
ductal system, erode through major vessels, or
rupture within the retroperitoneum.
MICROSCOPIC FEATURES

Analogous to the gross findings, microscopic ex-
amination of early alcoholic chronic pancreatitis
reveals perilobular and interlobular fibrosis, which
is composed of scattered, spindled fibroblasts
and thin wavy collagen (Fig. 2A, B).12,13 A patchy
distribution of T-cell lymphocytes, plasma cells,
and macrophages are frequently associated with
these areas of fibrosis. The intralobular ducts are
focally dilated and/or distorted, and contain intra-
luminal proteinaceous plugs. In addition, the
ductal epithelium may be hyperplastic or undergo
squamous metaplasia. Foci of resolving fat necro-
sis characterized by partially necrotic adipose tis-
sue with foamy macrophages, multinucleated
giant cells, and chronic inflammation also may be
present.
In advanced cases, there is extensive loss of

pancreatic acinar, ductal, and islet cell paren-
chyma with replacement by not only perilobular
and interlobular fibrosis, but also intralobular



Fig. 2. Alcoholic chronic pancreatitis. (A) Consistent with the gross findings, the microscopic findings include
main pancreatic duct dilatation (black arrow) with associated loss of pancreatic parenchyma and replacement
by both perilobular and interlobular fibrosis (hematoxylin-eosin [H&E], original magnification �40). (B)
Embedded within the interlobular fibrosis are islands of remnant acinar epithelium (H&E, original magnification
�200). (C) In advanced cases, there is extensive loss of pancreatic parenchyma with little to no residual acinar pa-
renchyma. The pancreatic ducts are often dilated and/or distorted (H&E, original magnification �100). (D) Scant
areas with residual islets of Langerhans may be identified, and are often encircled by thick bundles of collage-
nous fibrosis (H&E, original magnification �200).

Fig. 1. Alcoholic chronic pancreatitis. (A) Grossly, alcoholic chronic pancreatitis is characterized by prominent per-
iloboular and interlobular parenchymal fibrosis with loss of normal pancreatic lobular architecture. Pancreatic
ductal dilatation (asterisk) and/or distortion are also common findings. (B) Pseudocysts, filled with turbid, necrotic
debris, (white arrow) may also be identified in advanced stages.

Chronic Pancreatitis 645
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fibrosis (Fig. 2C). Within the intralobular fibrosis
may be remnant acinar epithelium, dilated and/or
distorted ducts, and islet cell aggregates
(Fig. 2D).15 The ductal epithelium can be atrophic
and flattened with intraluminal proteinaceous
plugs and calculi. Pseudocysts, which may also
be seen within the early phases of chronic pancre-
atitis, are composed of thick, fibrous walls that
lack an epithelial lining, and are filled with necrotic
debris, fibrin, blood, and macrophages. In addition
to the pancreatic parenchyma, the fibrofatty peri-
pancreatic soft tissue is often replaced by promi-
nent fibrosis.
OBSTRUCTIVE CHRONIC PANCREATITIS

BACKGROUND

Obstruction of the main pancreatic duct or its
branches by tumors, scars, strictures, ductal
stones, paraduodenal wall cysts, congenital anom-
alies, and stenosis of the ampulla of Vater or minor
papilla can result in chronic pancreatitis.16 How-
ever, in contrast to alcoholic chronic pancreatitis,
chronic pancreatitis due to an obstruction affects
the gland distal to the site of obstruction and tends
to be uneven in distribution.17 Based on the etiol-
ogy of the obstruction, obstructive chronic pancre-
atitis can present in men and women equally, and
occur over a wide age range. As expected, treat-
ment for obstructive chronic pancreatitis involves
removing the offending agent or underlying cause.
Thus, treatment can range from endoscopic ther-
apy to surgical resection.16
Key Points

� Due to obstruction of the main pancreatic
duct or its branches by tumors, scars, stric-
tures, ductal stones, paraduodenal wall cysts,
congenital anomalies, and stenosis of the
ampulla of Vater or minor papilla.

� While dependent on etiology, this entity pre-
sents in men and women equally and over a
wide age range.

� Gross parenchymal changes are restricted to
the portion of pancreas distal to the obstruc-
tion; however, uneven in distribution.

� Results in distal duct dilatation andobstruction
with concomitant and progressive fibrosis.

� Long-standing cases develop diffuse paren-
chymal fibrosis and retention cysts.
GROSS FEATURES

Although the gross findings for obstructive chronic
pancreatitis will vary depending on the underlying
etiology, the pancreatic parenchymal changes are
restricted to the portion of the pancreas distal to
the obstruction (Fig. 3). However, these changes
are uneven in distribution. The affected area of
the pancreas is typically reduced in size with irreg-
ular contours due to parenchymal atrophy.
Obstruction of the main pancreatic duct or its
branches results in distal ductal dilatation and
distortion.18 On cut section, the normal pancreatic
lobular architecture is lost and replaced with vari-
able perilobular and interlobular fibrosis. Long-
standing cases of obstructive chronic pancreatitis
are characterized by diffuse parenchymal fibrosis
and retention cysts. Although uncommon, pseu-
docysts also may be present, but are often not
as large as those found in the setting of alcoholic
chronic pancreatitis.

MICROSCOPIC FEATURES

Similar to the gross features, the histologic find-
ings of obstructive chronic pancreatitis are
confined to the pancreatic parenchyma distal to
the obstruction. Pancreatic acinar, ductal, and
islet cell parenchyma are replaced by variable
amounts of perilobular and interlobular fibrosis
(see Fig. 3B). Due to the obstruction, the ductal
epithelium may undergo hyperplasia and squa-
mous metaplasia. Intraluminal proteinaceous
plugs may also be seen; however, calculi are rarely
ever present, unless they are the cause of the
obstruction (see Fig. 3C). Advanced cases of
obstructive chronic pancreatitis show extensive
loss of pancreatic parenchyma and prominent
fibrosis (see Fig. 3D). Retention cysts are
frequently observed and represent dilated ducts
that are lined by reactive cuboidal-to-columnar
epithelium with intraluminal proteinaceous plugs
and serous fluid. Small pseudocysts also may be
seen and, similar to alcoholic chronic pancreatitis,
composed of a thick fibrous wall that lack a true
epithelial lining and filled with necrotic debris and
macrophages.

PARADUODENAL (“GROOVE”) PANCREATITIS

BACKGROUND

A rare form of obstructive chronic pancreatitis that
deserves special mention is paraduodenal or
groove pancreatitis. Paraduodenal pancreatitis af-
fects the anatomic region between the superior
aspect of the pancreatic head, duodenum, and
common bile duct, which is referred to as the



Fig. 3. Obstructive chronic pancreatitis. (A) Although dependent on the etiology (calculus, black arrow), the gross
changes in obstructive chronic pancreatitis are confined to the pancreatic parenchyma distal to the obstruction.
In addition, long-standing cases may develop retention cysts (asterisk). (B) Microscopically, pancreatic acinar,
ductal and islet cell parenchyma are replaced by variable amounts of perilobular and interlobular fibrosis
(H&E, original magnification �40). (C) Due to the obstruction, normal concretions from the pancreatic ducts
cannot exit the pancreas and result in ductal dilatation with intraluminal proteinaceous plugs (H&E, original
magnification �200). (D) As chronic pancreatitis continues, further fibrosis and parenchymal loss is identified
with islets of Langerhans often found in aggregates (H&E, original magnification �200).

Key Points

� A rare form of obstructive chronic pancrea-
titis occurring within the pancreatoduodenal
groove area.

� Most patients are men between the ages of
40 and 50 years with a history of alcohol
and smoking abuse.

� Between the major and minor papillae, the
duodenal wall and underlying pancreatic pa-
renchyma are thickened and fibrotic.

� The minor papilla may be absent or partially
to completely obstructed by calcified, pro-
teinaceous material.

� Within zonesof fibrosis areoftenmultiple cysts
that are lined by eroded, ductal epithelium
and an associated myofibroblastic reaction.
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groove area.19–23 Most patients with paraduodenal
pancreatitis are men between the ages of 40 and
50 years with a history of alcohol abuse and smok-
ing.24 The clinical symptoms are severe upper
abdominal pain, postprandial vomiting, and weight
loss due to duodenal stenosis. Although the path-
ogenesis of paraduodenal pancreatitis remains
unclear, it is postulated to be attributed to obstruc-
tion of the minor papilla. Imaging reveals thick-
ening of the duodenum with associated cyst
formation within the duodenal wall or groove
area that radiographically may resemble a pseu-
docyst or cystic pancreatic neoplasm. Cases
without cystic change may mimic a pancreatic or
periampullary malignancy.25 Treatment options
for paraduodenal pancreatitis can vary, but pan-
creaticoduodenectomy is currently the treatment
of choice when symptoms do not improve or if
the condition is difficult to distinguish from a
carcinoma.
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GROSS FEATURES

On gross examination, the duodenal wall and un-
derlying pancreatic parenchyma are thickened
and fibrotic between the major and minor papillae.
The duodenal mucosa often acquires a nodular or
cobblestone appearance (Fig. 4A).26 The minor
papilla may be absent or partially to completely
obstructed by calcified, proteinaceous material.19

On cut section, the epicenter of this disease pro-
cess is within the space between the duodenum
and pancreas, which can be relatively gelatinous
to solid, or contain cysts (Fig. 4B). The cysts can
range in size from subcentimeter to 10 cm and
generally have a smooth, opaque cyst wall. The
cysts are filled with proteinaceous debris, and,
within larger cysts, may contain small calculi.
Although the fibrosis is typically confined to the
groove area, it may spill into the adjacent pancre-
atic tissue and lead to stenosis of the common bile
duct and main pancreatic duct. However, diffuse
pancreatic parenchymal fibrosis is not consistent
with paraduodenal pancreatitis.
MICROSCOPIC FEATURES

Microscopically, there is marked fibrosis of the
duodenal wall around the minor papilla that ex-
tends into the adjacent pancreatic parenchyma
and soft tissue within the groove area (Fig. 5A).12

Admixed within the fibrosis are myoid cells that
consist of either smooth muscle cells and/or myo-
fibroblasts. Prominent Brunner gland hyperplasia
is also present and contributes to the thickening
of the duodenal mucosa and submucosa. Multiple
cysts, lined by ductal epithelium, are often identi-
fied within the zones of fibrosis. However, the
Fig. 4. Paraduodenal (“groove”) pancreatitis. (A) In parad
major (probe) and minor papillae is thickened and acquir
duodenal wall (white arrow) and underlying pancreas ar
(asterisk).
ductal epithelium is eroded with associated acute
and chronic inflammation, and reactive myofibro-
blasts (Fig. 5B). The cysts contain small calculi
that may extravasate and cause a foreign body gi-
ant cell reaction and stromal eosinophilia (Fig. 5C,
D). Within the groove area, the underlying pancre-
atic parenchyma demonstrates atrophy, fat necro-
sis, and dense fibrosis.
PANCREATIC DIVISUM

BACKGROUND

Embryologically, the pancreas develops from 2
outgrowths of endoderm (the dorsal and ventral
buds) at the junction of the foregut and midgut.
The dorsal bud develops into the pancreatic tail
and body, and the ventral bud gives rise to the
pancreatic head and uncinate process. With
growth and rotation of the duodenum, the ventral
bud joins the dorsal bud. During the union of
both buds, the duct of Wirsung within the ventral
bud and the duct of Santorini within the dorsal
bud fuse establishing pancreatic drainage through
the duct of Wirsung and the major papilla.
In 5% to 10% of the general population, the

ducts of Wirsung and Santorini fail to properly
fuse, which is known as pancreatic divisum.27,28

Although most individuals with this congenital
anomaly are asymptomatic, a subset will present
with chronic pancreatitis. Some studies suggest
pancreatic divisum is a predisposing factor for
ductal stenosis or obstruction. Moreover, patients
with symptomatic pancreatic divisum are more
likely to harbor germline mutations in genes asso-
ciated with chronic pancreatitis, such asCFTR and
SPINK1.29,30
uodenal pancreatitis, the duodenal wall between the
es a cobblestone appearance. (B) On cut section, the
e characterized by fibrosis and smooth, opaque cysts



Fig. 5. Paraduodenal (“groove”) pancreatitis. (A) At low magnification, there is marked fibrosis of the duodenal
wall that extends into the adjacent pancreatic parenchyma. Multiple cysts are often identified within zones of
fibrosis (H&E, original magnification �20). (B) These cysts are lined by pancreatic ductal epithelium, but are typi-
cally eroded or ulcerated (H&E, original magnification �100). (C) In some cases, the epithelium is completely lost
and the cysts are characterized by intraluminal proteinaceous debris and associated acute and chronic inflamma-
tion (H&E, original magnification �100). (D) Cyst rupture is associated with a storiform myofibroblastic prolifer-
ation, and both acute and chronic inflammation (H&E, original magnification �200).

Key Points

� Most common congenital anomaly of the pancreas.

� Unlikely a cause of chronic pancreatitis, but possibly a predisposing factor or associatedwith genetic risk
factors of chronic pancreatitis.

� A diagnosis often made at the time of gross examination.

� Subdivided into 3 types: type 1 (classic pancreatic divisum) is defined by the lack of communication be-
tween the ducts of Wirsung and Santorini; type 2 (absent ventral duct) is characterized by the absence
of the duct of Wirsung; and type 3 (incomplete or functional divisum) where there is a filamentous or
inadequate connection between the ventral and dorsal ducts.

� There is often an associated stenosis or obstruction with distal parenchymal atrophy and fibrosis.

649Chronic Pancreatitis
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GROSS AND MICROSCOPIC FEATURES

A diagnosis of pancreatic divisum is typically
made at the time of gross examination. Pancreatic
divisum is divided into 3 types.31 Type 1 or classic
pancreatic divisum is the most common form and
is defined by the complete lack of communication
between the ducts of Wirsung and Santorini, which
occurs in 70% of cases (Fig. 6A). Type 2 or absent
ventral duct occurs in 20% to 25% of cases and is
characterized by the absence of duct of Wirsung.
Due to the loss of the duct of Wirsung, the entire
pancreas drains through the duct of Santorini
andminor papilla, whereas themajor papilla drains
the bile duct. Type 3 or incomplete (functional)
pancreatic divisum represents 5% of cases with
a filamentous or inadequate connection between
the ventral and dorsal ducts. In addition to pancre-
atic divisum, there is often an associated proximal
area of stenosis or obstruction with distal paren-
chymal atrophy and fibrosis. Further, distal
pancreatic ductal dilatation is a frequent occur-
rence. Over time, retention cysts may also develop
in a background of further parenchymal loss and
fibrotic replacement.
The microscopic assessment of chronic

pancreatitis associated with pancreatic divisum
shows overlapping features with obstructive
chronic pancreatitis. The findings include loss
of pancreatic acinar, ductal, and islet cell paren-
chyma with replacement by variable amounts of
perilobular and interlobular fibrosis. Ductal
changes consist of hyperplasia, squamous
metaplasia, and intraluminal proteinaceous
plugs. In advanced cases, retention cysts in a
Fig. 6. (A) A diagnosis of pancreatic divisum is often made
type, type 1 or classic pancreatic divisum, is characterized
ducts of Santorini (black arrow) and Wirsung (not shown
papilla (white arrow). (B) Types 1 and 2 autoimmune panc
chymal enlargement, accentuation of the lobules and duc
background of extensive intralobular fibrosis
may be observed.

AUTOIMMUNE PANCREATITIS

BACKGROUND

Autoimmune pancreatitis is a rare form of chronic
pancreatitis and is characterized by obstructive
jaundice, prominent inflammatory infiltrate, and a
therapeutic response to corticosteroids.32 Recent
studies have demonstrated that autoimmune
pancreatitis represents a heterogeneous disease
process and is composed of 2 subtypes (type 1
and type 2). Type 1 autoimmune pancreatitis is
alsocalled lymphoplasmacytic sclerosingpancrea-
titis.33,34 It iswithin the spectrumof immunoglobulin
(Ig)G4-related diseases that often affects multiple
organs and shares similar clinical, serologic and
pathologic features.35 At clinical presentation, pa-
tients are generally men, older than 60 years, and
seropositive for IgG4. Despite corticosteroid
response, patients are prone to frequent relapse.
In contrast, type 2 autoimmune pancreatitis af-

fects younger individuals within 40 to 50 years of
age and is evenly distributed between gen-
ders.36,37 Clinical presentation is limited to the
pancreas, but approximately 15% of patients
have concurrent inflammatory bowel disease.37,38

Although most patients with type 2 autoimmune
pancreatitis are reported to be IgG4 seronegative,
a subset can have elevated serum IgG4.39 As with
type 1 autoimmune pancreatitis, type 2 autoim-
mune pancreatitis is a corticosteroid-responsive
disorder; however, relapses are uncommon.
at the time of gross examination. The most common
by the complete lack of communication between the
). The common bile duct empties through the major
reatitis show similar gross findings that include paren-
ts (black arrow) with a white to yellow discoloration.



Key Points

� Rare form of chronic pancreatitis that is char-
acterized by obstructive jaundice, prominent
inflammatory infiltrate, and a therapeutic
response to corticosteroids.

� A heterogeneous disease composed of 2 sub-
types (type 1 and type 2) with different clini-
copathologic features.

� Type 1 autoimmune pancreatitis (lympho-
plasmacytic sclerosing pancreatitis) generally
affects men older than 60 years and seropos-
itive for IgG4. The histologic features consist
of a dense lymphoplasmacytic infiltrate, duc-
titis, and venulitis. There is often a predomi-
nance of IgG4-positive plasma cells (>10 per
high-power field). Despite corticosteroid
response, patients are prone to frequent
relapse.

� Type 2 autoimmune pancreatitis affects both
genders equally, between the ages of 40 and
50 years and typically IgG4 seronegative.
Similar microscopic features of type 1 autoim-
mune pancreatitis; however, with pathogno-
monic granulocytic epithelial lesions. This
entity is also responsive to corticosteroids
and relapses are uncommon.
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GROSS FEATURES

The gross findings of types 1 and 2 autoimmune
pancreatitis are indistinguishable.37 The affected
pancreas may show a localized “pseudotumor,”
discrete nodules or diffuse parenchymal enlarge-
ment (Fig. 6B). There is effacement of the normal
pancreatic lobular architecture with a white to yel-
low discoloration and indurated appearance.37

These changes extend to involve the pancreatic
and biliary ductal system resulting in obstruction.
Pseudocysts and retention cyst are typically not
observed. In addition, calculi are usually absent.

MICROSCOPIC FEATURES

The histologic features of type 1 autoimmune
pancreatitis are a dense lymphoplasmacytic infil-
trate, periductal fibrosis and venulitis.40–42 The
inflammation is composed of predominantly
T-cell lymphocytes and plasma cells that are
centered around and within medium-to-large
interlobular ducts. This results in ductal epithelial
infolding and, consequently, narrowing of the
ductal lumen (Fig. 7A). In addition, the inflamma-
tory infiltrate extends into the surrounding acinar
parenchyma with secondary atrophy and fibrosis.
Inflammation is also present around and within
the venule and venous walls (Fig. 7B). Over time,
the inflammatory infiltration of the vessel wall
may become deeper and lead to destruction (oblit-
erative phlebitis) and fibrosis (Fig. 7C). Perineural
inflammation is also a frequent finding. Although
not diagnostic, IgG4 immunolabeling highlights
prominent IgG4-positive plasma cells (>10 IgG4-
positive plasma cells per high-power field)
(Fig. 7D).43 In the later stages of this disease
process, the fibrotic changes becomemore exten-
sive. Myofibroblastlike cells with intermixed dense
chronic inflammation extend from the ducts and
veins into the surrounding pancreatic parenchyma
within a whorled or storiform pattern.

Similar to type 1 autoimmune pancreatitis, type
2 autoimmune pancreatitis demonstrates periduc-
tal lymphoplasmacytic inflammation with associ-
ated acinar atrophy and periductal fibrosis.44

However, these histologic findings are less
pronounced in type 2 autoimmune pancreatitis. A
distinguishing and diagnostic feature of type 2
autoimmune pancreatitis is the presence of granu-
locytic epithelial lesions (Fig. 8).37 These lesions
are characterized by periductal acute inflamma-
tion composed of neutrophils that cluster
underneath the ductal epithelium and within the
lumen. The acute inflammatory infiltrate leads to
ductal epithelial detachment, destruction and
obliteration. Another less specific finding for type
2 autoimmune pancreatitis is scant-to-absent
immunolabeling for IgG4-positive plasma cells.23

GENETIC FACTORS IN CHRONIC

PANCREATITIS

BACKGROUND

Genetic factors play a critical role in both the sus-
ceptibility and predisposition of developing
chronic pancreatitis.8 The genetic patterns of
chronic pancreatitis can be broadly grouped into
3 categories: autosomal dominant, autosomal
recessive, andmodifier gene mutations that confer
varying levels of risk for chronic pancreatitis. The
first breakthrough in the genetics of chronic
pancreatitis came with the discovery that gain-
of-function mutations in the gene that encodes
cationic trypsinogen (PRSS1) cause hereditary
pancreatitis, which comprises 2% to 3% of pa-
tients with chronic pancreatitis.45,46 Most affected
individuals develop symptoms before the age of
20 years, and often before the age of 5. Of partic-
ular importance, patients with PRSS1-related
hereditary pancreatitis have a lifetime risk for
pancreatic ductal adenocarcinoma of 40% at
70 years of age.47



Fig. 7. Type 1 autoimmune pancreatitis. (A) The histologic features of type 1 autoimmune pancreatitis are a peri-
ductal and perivenular, dense lymphoplasmacytic infiltrate and fibrosis. The chronic inflammatory infiltrate ex-
tends into the ductal epithelium, resulting in epithelial infolding and narrowing of the ductal lumen (H&E,
original magnification �100). (B) Inflammation around and within the venules and veins is a hallmark finding
and typically present within the periphery of this lesion (H&E, original magnification �200). (C) Overtime, the in-
flammatory infiltration of the vessel wall may become deep and lead to destruction (black arrows) or obliterative
phlebitis (Verhoeff-Van Gieson stain, original magnification �200). (D) Although not diagnostic, IgG4 immuno-
labeling highlights prominent IgG4-positive plasma cells of more than 10 per high-power field (IgG4, original
magnification �400).

Fig. 8. Type 2 autoimmune pancreatitis. (A) A prominent periductal acute and chronic inflammatory infiltrate
with associated fibrosis that extends to the surrounding acinar parenchyma is characteristic of type 2 autoim-
mune pancreatitis (H&E, original magnification �100). (B) The ductal epithelium is disrupted and destroyed
by neutrophilic granulocytes, collectively termed as granulocytic epithelial lesion (H&E, original magnification
�200).
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The most common etiology of chronic pancrea-
titis in children is cystic fibrosis, an autosomal
recessive disorder caused by CFTR mutations.48

Cystic fibrosis is a multiorgan syndrome associ-
ated with impaired transport of chloride ions and
movement of water in and out of cells. As a result,
cells that line the passageways of the lungs,
pancreas, and other organs produce mucous that
is abnormally thick that obstructs airways and
glands. In the vast majority of patients, exocrine
pancreatic insufficiency occurs in utero or soon af-
ter birth. However, minor CFTR mutations have
been identified in children and young adults with
idiopathic chronic pancreatitis, in the absence of
other organ manifestations of this disease.49

In addition to PRSS1 and CFTR, mutations in
SPINK1 have also been shown to be associated
with hereditary and idiopathic chronic pancrea-
titis.50 SPINK1 is a potent protease inhibitor and
a specific inactivation factor of intrapancreatic
trypsin activity. Mutated SPINK1 genes seem to
behave as disease modifiers that either lower the
threshold of initiating pancreatitis or worsen the
severity of pancreatitis caused by other genetic
or environmental factors. A high prevalence of
SPINK1 mutations is associated with tropical
chronic pancreatitis, a distinctive disorder
affecting young adults in developing countries.8
Key Points

� The 3 most common germline alterations
associated with chronic pancreatitis involve
the genes PRSS1, CFTR, and SPINK1.

� Germline gain-of-functionmutations in PRSS1
are responsible for hereditary pancreatitis,
with most afflicted individuals developing
chronic pancreatitis before the ageof 20years.

� The most common etiology of chronic pancre-
atitis in children is cystic fibrosis, which is asso-
ciated with autosomal recessive alterations in
CFTR. Although CFTR mutations frequently
affect multiple organs, minor recessive CFTR
mutationshavebeen identifiedandassociated
with chronic pancreatitis alone.

� SPINK1 mutations are considered to be dis-
ease modifiers, which either lower the
threshold of initiating pancreatitis or worsen
its severity due to other risk factors.

� The pathology of PRSS1 and CFTR-related
chronic pancreatitis is progressive lipomatous
atrophy. In contrast, SPINK1 mutations are
associated with progressive fibrosis.
GROSS FEATURES

Although most etiologies of chronic pancreatitis
are associated with fibrosis, PRSS1-related he-
reditary pancreatitis demonstrates progressive
atrophy and diffuse fatty replacement of the
pancreas (lipomatous atrophy).51 Lipomatous at-
rophy of the pancreas is a frequent occurrence
and seen with increasing age. In fact, it is the
most common degenerative lesion of the
pancreas and regarded as a normal finding in
the obese and elderly.52,53 However, it typically
presents focally and is not as extensive as seen
in patients with PRSS1. Considering the
increased risk of pancreatic ductal adenocarci-
noma in patients with PRSS1, it is not surprising
that lipomatous atrophy may mimic a pancreatic
mass lesion. Pancreatic ductal dilatation and
intraductal calculi are also common findings in
patients with PRSS1.

As mentioned previously, patients with cystic
fibrosis develop intraductal mucinous plugs with
secondary obstruction and ductal dilatation. Inter-
estingly, the pancreas in cystic fibrosis shows
prominent lipomatous atrophy. Considering the
presence of intraductal calculi in patients with
PRSS1, obstruction may be responsible for the
pathologic similarities between these genetically
related disorders. Limited information has been re-
ported on pathologic findings associated with
SPINK1 mutations, but anecdotal evidence sug-
gests features analogous to alcoholic chronic
pancreatitis.
MICROSCOPIC FEATURES

The microscopic features of PRSS1-related he-
reditary pancreatitis are dependent on patient
age.51 In pediatric cases, there is central paren-
chymal loss with accompaniment by mild chronic
inflammation and loosely packed perilobular and
interlobular fibrosis (Fig. 9A). More significantly,
the periphery of the pancreas exhibits patchy
parenchymal replacement with mature adipose
tissue. These changes are more developed with
increasing patient age. The fatty replacement of
the pancreatic parenchyma extends from the pe-
riphery to the central portions of the pancreas
(Fig. 9B). Although fibrosis may be present; it
is often thin and loosely packed as compared
with alcoholic or obstructive chronic pancreatitis.
With advanced age, pancreata from patients with
PRSS1 show marked atrophy and extensive
replacement by mature adipose tissue with scat-
tered islets of Langerhans and rare islands of
acinar epithelium concentrated near the main
pancreatic duct (Fig. 10). The ductal epithelium



Fig. 9. The histopathology of PRSS1-related hereditary pancreatitis is progressive lipomatous atrophy. (A) In pe-
diatric cases, there is central parenchymal loss and loosely packed perilobular and interlobular fibrosis (H&E, orig-
inal magnification �40). (B) With increasing patient age, these changes become more developed with fatty
replacement of the pancreatic parenchyma that extends from the periphery to the central portions of the
pancreas (H&E, original magnification �100).

Fig. 10. (A) In advanced cases, PRSS1-related hereditary pancreatitis is characterized by marked pancreatic atro-
phy, fatty replacement, and large, intraductal calculi. (B) At low magnification, there is periductal fibrosis (main
pancreatic duct, black arrow; interlobular duct, white arrow) and extensive parenchymal replacement by mature
adipose tissue (H&E, original magnification �40). (C) Within the adipose tissue are residual ducts that may show
low-grade pancreatic intraepithelial neoplasia (PanIN) (H&E, original magnification �100). (D) In addition, scat-
tered, aggregates of islets of Langerhans are also often present within the fatty tissue (H&E, original magnifica-
tion �200).
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may undergo neoplastic changes that are con-
sistent with low-grade and intermediate-grade
pancreatic intraepithelial neoplasia (PanIN), which
are more noticeable in older patients.54

Less is known about the progression of histolog-
ic findings in patients with CFTR and SPINK1.
However, CFTR mutations are associated with
prominent intraductal mucinous plugs, dilated
ducts, and periductal fibrosis (Fig. 11A, B). There
is marked fatty replacement of the pancreatic pa-
renchyma and patchy aggregates of residual islets
of Langerhans. In contrast, SPINK1 mutations are
characterized by loss of pancreatic acinar, ductal
and islet cell parenchyma with concomitant peril-
obular and interlobular fibrosis (Fig. 11C, D). The
ductal epithelium can be atrophic with intraluminal
proteinaceous plugs and calculi. Pseudocysts with
thick fibrous walls and intracystic debris and
retention cysts can be found in a subset of
patients.
Fig. 11. Other genetic factors associated with chronic p
SPINK1. (A, B) Mutations in CFTR are associated with p
dilated ducts, periductal fibrosis and progressive lipoma
D) In contrast to PRSS1 and CFTR, SPINK1 mutations are cha
cell parenchyma with concomitant perilobular and interlo
�200, respectively).
DIFFERENTIAL DIAGNOSIS OF CHRONIC

PANCREATITIS

Although with improvements in radiographic im-
aging and serologic studies, the diagnosis of
chronic pancreatitis remains challenging, espe-
cially when the changes of chronic pancreatitis
suggest a mass lesion. The main differential
diagnosis includes pancreatic ductal adenocarci-
noma.55,56 The diagnostic difficulty is understand-
able when considering pancreatic ductal
adenocarcinoma often comes to clinical presenta-
tion as the tumor causes ductal obstruction and,
consequently, obstructive chronic pancreatitis.
Moreover, chronic pancreatitis is a significant
risk factor for the development of pancreatic
ductal adenocarcinoma.

Despite many of the similarities between chronic
pancreatitis andpancreaticductal adenocarcinoma,
patients with pancreatic ductal adenocarcinoma
ancreatitis include germline mutations in CFTR and
rominent intraductal mucinous/proteinaceous plugs,
tous atrophy (H&E, original magnification �100). (C,
racterized by loss of pancreatic acinar, ductal and islet
bular fibrosis (H&E, original magnification �100 and
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are typically older, have no history of pancreatitis,
and present with painless jaundice of relatively short
duration.55 Microscopically, pancreatic ductal
adenocarcinoma is composed of neoplastic glands
in a haphazard growth pattern (Fig. 12A).57 The
glands are embedded within variable amounts of
cellular and fibrotic stroma that may mimic the
fibrosis seen in chronic pancreatitis. The neoplastic
glandsare attracted tomuscular vessels andnerves,
which also include vascular and perineural invasion
(Fig. 12B). It is worth noting that when neoplastic
glands infiltrate into vessels, they have a tendency
to grow along the intimal surface of the vessel. In
these instances, the malignant glands lining the
vascular intimacanbemistaken for low-gradePanIN
(Fig. 12C).58 The neoplastic cells form incomplete
glands, cribriformstructures, and/orpapillaewithout
fibrovascular cores (Fig. 12D). Intraglandular necro-
sis anddebris is a frequent finding, but should not be
misinterpreted as benign, such as in the setting of
Fig. 12. Pancreatic ductal adenocarcinoma. (A) Histologica
neoplastic glands in a haphazard growth pattern within v
original magnification �100). (B) The neoplastic glands o
original magnification �200). (C) Infiltrative glands have a
mimicking low-grade PanIN (H&E, original magnification �
and/or cribriform structures with intraglandular debris an
tion �400).
chronic pancreatitis. Significant nuclear anisonu-
cleosis can be appreciated with nuclei in a single
gland varying in size by a ratio of greater than 4 to
1. Mitoses, including abnormal mitotic figures, as
well as a prominent nucleolus, also may be present.
Although many of these features can be identified
within resection specimens, they may be inconspic-
uous in needle biopsies. Under these circum-
stances, immunolabeling for abnormal p53
expression that is characterized by strong nuclear
labeling in more than 80% of tumor nuclei or com-
plete absence of staining, may be of diagnostic
value. van Heek and colleagues59 reported p53
immunohistochemistry had a 48% sensitivity and
97% specificity for malignancy. However, in combi-
nationwithcytologicassessmentandadditionalmo-
lecular markers, the investigators achieved a
sensitivity and specificity of 86% and 94%, respec-
tively. Similarly, Smad4 immunohistochemistry can
aid in the diagnosis of malignancy on biopsies and
lly, pancreatic ductal adenocarcinoma is composed of
ariable amounts of cellular and fibrotic stroma (H&E,
ften grow next to nerves and muscular vessels (H&E,
tendency to grow along the intimal surface of vessels,
200). (D) The neoplastic cells form incomplete glands
d significant anisonucleosis (H&E, original magnifica-



Chronic Pancreatitis 657
cytologic specimens. Complete loss of staining is
seen in 55%of pancreatic ductal adenocarcinomas,
but preserved in chronic pancreatitis.57
FUTURE TRENDS

Although we have described chronic pancreatitis
as relatively distinct subtypes, it is very much an
individualized disease process. With few excep-
tions, the exact etiology or etiologies of chronic
pancreatitis are only partially known. For example,
heavy and prolonged alcohol use alone does not
cause chronic pancreatitis. Thus, other genetic
or environmental factors must be present before
alcoholic chronic pancreatitis can ensue. Like-
wise, several of the genetic mutations associated
with chronic pancreatitis, such as mutations in
SPINK1, cannot be disease causing, because
only a small fraction of individuals who inherit
these mutations will develop chronic pancreatitis.
Therefore, determination of the etiology or etiol-
ogies of chronic pancreatitis continues to grow in
importance. In the future, as our understanding
of the pathogenesis of chronic pancreatitis
evolves, many of the subtypes outlined herein
may be replaced or alternatively described by
risk factors that are associated with a spectrum
of clinical and pathologic features.
Pitfalls

Pancreatic Ductal Adenocarcinoma

! The key differential diagnosis of chronic
pancreatitis and a significant clinicopatho-
logic challenge.

! In contrast to chronic pancreatitis, patients
with pancreatic ductal adenocarcinoma are
often older, have no history of pancreatitis,
and present with painless jaundice of rela-
tively short duration.

! Microscopic features that support a diagnosis
of pancreatic ductal adenocarcinoma include
a haphazard growth pattern of ducts; growth
of ducts near muscular vessels and nerves;
perineural and lymphovascular invasion;
glandular necrotic debris; incomplete lumen
formation; variation in nuclear size by more
than 4:1 in a single gland; prominent, irreg-
ular nucleoli; and mitoses, especially
abnormal mitotic figures.

! Immunohistochemistry for p53 and Smad4
can be helpful in certain cases.
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Pancreatic Cytopathology
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Key points

� The sensitivity and specificity of endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) of
pancreatic lesions both approach 95% with a low complication rate.

� Familiarity with benign elements, in particular contaminating gastrointestinal epithelium, is critical
for arriving at an accurate diagnosis.

� EUS-FNA is the method of choice for the procurement of cytologic material for diagnosis in the
setting of a cystic lesion; aspirates are often acellular and cytology alone is inferior compared to a
combination of cytology with cyst fluid analysis.

� Well-established cytomorphological features of pancreatic adenocarcinoma include loss of organiza-
tion, anisonucleosis, irregular nuclear membranes, nuclear crowding, nuclear overlap, high nuclear-
to-cytoplasmic ratios, 3-dimensional architecture, and single cells.

� Recently, cyst fluid analysis has incorporated the detection of molecular markers through techniques
such as gene sequencing, proteomic analysis, and detection of microRNA species to diagnosis prema-
lignant and malignant cystic neoplasms, specifically in specimens with limited material.

KEYWORDS

� Cytopathology � Fine-needle aspiration � Pancreatic cytopathology � Cytology � FNA � Pancreas
ABSTRACT
om
P ancreatic cytopathology, particularly through
the use of endoscopic ultrasound-guided
fine-needle aspiration (FNA), has excellent

specificity andsensitivity for thediagnosis of pancre-
atic lesions.Suchdiagnosescanhelpguidepreoper-
ative management of patients, provide prognostic
information, and confirm diagnoses in patients who
are not surgical candidates. Furthermore, FNA can
be used to obtain cyst fluid for ancillary tests that
can improve the diagnosis of cystic lesions. In this
article, we describe the cytomorphological features
and differential diagnoses of the most commonly
encountered pancreatic lesions on FNA.

OVERVIEW TO PANCREATIC FINE-NEEDLE

ASPIRATION

Current clinical management is dependent on the
rapid and accurate diagnosis of pancreatic
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lesions. Although clinical and radiological find-
ings can suggest malignancy, current manage-
ment strategies rely on pathologic diagnosis,
particularly in nonsurgical patients.1–3 Pancre-
atic adenocarcinoma is the fourth leading cause
of cancer-related death with a projected rise to
the second leading by 2020.4,5 Survival is poor
with a 5-year survival of 7% and less than 20%
of patients considered surgically resectable at
diagnosis.4–6 Although surgical and neoadjuvant
management of the disease has advanced, over-
all mortality has continued to increase.4 How-
ever, patients with early localized disease have
shown an improved 5-year survival, up to 30%,
following complete surgical resection.7,8 There-
fore, an early definitive diagnosis appears to be
the most critical step in current management
algorithms.9

Initial evaluation of pancreatic lesions is per-
formed with imaging studies, preferably multide-
tector computer tomography (CT), MRI, or
magnetic resonance cholangiopancreatography
he Johns Hopkins University School of Medicine, 600
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(MRCP), depending on the presence of a cystic
component.10–12 Although biopsy may not be
required in the setting of highly suspicious clin-
ical and radiologic findings, it is necessary in
most cases in which neoadjuvant therapy is the
initial management.13 Modalities for image-
guided pancreatic tissue sampling have evolved
over time from transabdominal ultrasound-
guided and CT to more recently endoscopic
ultrasound (EUS). Endoscopic retrograde chol-
angiopancreatography (ERCP) is restricted to
ductal sampling in the setting of biliary stricture
with cytologic sampling restricted to exfoliative
cells in bile and/or brush samples. These sam-
ples have been shown to have low sensitivity
(6%–32%) and have been replaced over time
by EUS in the diagnosis of solid neoplasms.14–17

Although transabdominal ultrasound biopsy is
the least invasive, it has an overall low sensitivity
for detecting small lesions, particularly in the
pancreatic head/uncinate, the most common
site for adenocarcinoma.18–20 CT-guided biopsy
also appears inferior because of its expense, ra-
diation exposure, and lack of real-time guid-
ance.18 The advent of EUS has changed
pancreatic lesion evaluation significantly by
allowing for simultaneous nonradiation imaging
combined with the ability for cytologic sampling.
EUS has been shown to have greater accuracy
for small lesions (<3 cm) relative to both ultra-
sound or CT with less risk for peritoneal seeding
when compared with percutaneous core needle
biopsy.21–24 Multiple systematic reviews have
shown the pooled sensitivity and specificity of
EUS approach 95% with a complication rate
similar to percutaneous FNA, ranging from 0%
to 5%.25–28 EUS-FNA, introduced more than
20 years ago, has accumulated extensive sup-
port in the literature and is now the modality
of choice in procuring specimen material for
diagnosing pancreatic neoplasia, including
nonadenocarcinoma.26,29,30

Cytology specimens, therefore, play a key role
in the initial diagnosis and management of solid
and cystic pancreatic lesions, including pancrea-
tobiliary strictures.31 This has led to a particularly
important emphasis on the terminology and
nomenclature in pancreatobiliary cytology report-
ing. Currently there is no standard or universal
reporting format for pancreas cytology; however,
the Papanicolaou Society of Cytopathology
recently published a proposed standardized
nomenclature, see Table 1.32 The proposed
6-tier scheme has divided the conventional Other
category into Atypical (Category III) and
Neoplastic: Benign or Neoplastic: Other (Cate-
gory IV), creating, functionally, 7 discrete
categories. This modification allows for the
discrimination of “atypical” findings, not including
reactive, from benign and low-grade neoplasms.
This is particularly relevant to diagnosing speci-
mens with limited material, whereby secondary
to low cellularity or preparation artifact, a defini-
tive diagnosis of premalignant, suspicious, or
benign cannot be made. Lesions classified within
the Neoplastic category have more cellularity that
show specific architectural and cytologic features
that allow for a reproducible diagnosis of a benign
entity (cystadenoma, neuroendocrine microade-
noma, and lymphangioma) or low-grade neo-
plasms (premalignant mucin-producing cystic
lesions, intraductal pancreatic mucinous
neoplasm [IPMN] and mucinous cystic neoplasm
[MCN], pancreatic neuroendocrine tumor [Pan-
NET] and solid pseudopapillary neoplasm [SPN])
specified as Other.32,33 The authors’ intent for
this latter category IV was to allow for ease of cor-
relation to the 2010 World Health Organization
(WHO) classification of pancreatic lesions and
thus drive cytologic diagnoses into a reproducibly
correlative format.32,34 Another advantage of the
new classification scheme is that a lack of epithe-
lial cells no longer precludes a diagnostic spec-
imen but rather allows for ancillary fluid
chemistry testing to have diagnostic value. This
is reflected by the use of Neoplastic: Other in
the setting of an elevated carcinoembryonic anti-
gen (CEA) without an epithelial component. The
remaining diagnostic categories show features
consistent with conventional diagnostic criteria.
The WHO and the Papanicolaou Society for Cyto-
pathology have suggested classification ofMalig-
nant (category V) to include adenocarcinoma (and
its variants), acinar cell carcinoma, poorly differ-
entiated neuroendocrine carcinoma (including
large cell neuroendocrine carcinoma), pancreato-
blastoma, lymphoma, and metastatic lesions.32,34

Recently, Saieg and colleagues35 showed that
reclassification of 55 specimens using the pro-
posed Papanicolaou categories has the greatest
effect on the atypical and suspicious categories.
They found that reclassification allowed for 94%
of their atypical specimens to be diagnosed as
Neoplastic: Other, including 33% nondiagnostic
and 23% of negatives.35 The latter of which is
the result of an elevated CEA value considered
sufficient for the diagnosis.35 The positive predic-
tive value for their diagnoses was 88.9%.35 Thus,
in the context of a multidisciplinary and multimo-
dality approach to pancreatic lesion diagnosis
and therapy, a standardized nomenclature would
have the benefit of predictably guiding manage-
ment algorithms while improving the correlation
of future studies.



Table 1
Papanicolaou Society of Cytopathology guidelines: standardized terminology and nomenclature for
pancreatobiliary cytology

Numeric
Category

Classification
Terminology Diagnostic Entities

I Nondiagnostic � Acellular
� Nonspecific cyst contents (volume inadequate for ancillary

testing)
� Benign pancreatic parenchyma (with a mass present on imaging

studies)
� Gastrointestinal contamination only

II Negative (for
malignancy)

� Benign pancreatic parenchyma (no discrete mass)
� Acute pancreatitis
� Chronic pancreatitis
� Autoimmune pancreatitis
� Pseudocyst
� Lymphoepithelial cyst
� Splenule (accessory spleen)

III Atypical Atypical features not consistent with normal or reactive changes
and insufficient to classify as suspicious or neoplastic

IV Neoplastic: benign or
other

Benign:
� Serous cystadenoma
� Cystic teratoma
� Schwannoma
Other:
� Intraductal pancreatic mucinous neoplasm
� MCN (includes mucin in the absence of epithelium; epithelial

dysplasia should be noted)
� Pancreatic neuroendocrine tumor
� Solid pseudopapillary neoplasm
� Gastrointestinal stromal tumor

V Suspicious (for
malignancy)

Cytologic features suggestive of malignancy with insufficient
qualitative or quantitative material

VI Positive/malignant � Pancreatic ductal adenocarcinoma
� Colloid/mucinous carcinoma
� Medullary carcinoma
� Adenosquamous carcinoma
� Undifferentiated carcinoma with osteoclastlike giant cells
� Undifferentiated carcinoma
� Acinar cell carcinoma
� Poorly differentiated neuroendocrine, pancreatoblastoma
� Lymphoma
� Metastasis
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NORMAL FINDINGS AND GASTROINTESTINAL

CONTAMINATION

Aspiration of a pancreatic lesion requires familiar-
ity with the structures the needle will traverse in
addition to the benign native parenchyma that
one will encounter. Depending on the location of
the lesion, the gastrointestinal tract (stomach
and/or duodenal epithelium) will be sampled.36,37

Therefore, the identification of gastrointestinal
(GI) epithelium within the specimen should be
distinguished from that of lesional epithelium.
This can present as a challenge in the setting of
cystic lesions. Nagle and colleagues36 showed
that duodenal mucosa is commonly found as a
monolayer and composed of cells with nonvacuo-
lated, dense cytoplasm, round to oval nuclei, often
with a brush border and present in conjunction
with goblet cells and intraepithelial lymphocytes,
see Fig. 1A. Gastric mucosa, in contrast, can
show some mucinous cytoplasm; however, it is
limited to the upper one-third and forms a “cup
shape.”36 The epithelial cells will show benign-
appearing nuclear features and although rare,



Fig. 1. Gastrointestinal contamination from the duodenum (A) is recognizable by its monolayer architecture,
dense nonvacuolated cytoplasm, and the presence of goblet cells (Diff-Quick stain, �200). An accompanying
feature of esophageal and gastrointestinal contamination is “dirty mucin” (B), which contains bacterial organ-
isms, stripped nuclei, and mature benign squamous cells (Diff-Quick stain, �200).
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goblet cells may be present in cases with intestinal
metaplasia.36 Gastric mucosa can represent side
branch IPMN epithelium; however, the concern
for a “false negative” is low because these are
considered, clinically, to behave in a “benign”
fashion.38,39 Although goblet cells can be present
in some cystic neoplasms, the presence of clean,
thick colloid-type mucin, which should be distin-
guished from contaminating mucin (Fig. 1B), ap-
pears to be the most helpful distinguishing
feature, see Fig. 3A.36,40–42 For the most part,
pancreatic parenchyma consists of acinar cells.
Therefore, in sampling normal pancreas, the aspi-
ration should consist predominantly of cohesive
groups of acinar cells with only a minor component
of ductal epithelium. Normal ductal epithelium will
be both sparse and show monotonous honey-
comb architecture. Islet cells make up less than
2% of the pancreatic tissue mass and are mini-
mally sampled.43 Mesothelial cells can also be
present; however, they are often scant.

CHRONIC PANCREATITIS

Chronic pancreatitis is largely diagnosed based on
imaging and clinical findings; however, the associ-
ated reactive changes following injury can be chal-
lenging on FNA. Chronic pancreatitis is largely
subclassified, radiologically, into 1 of 3 groups:
chronic calcifying (alcohol related), chronic
obstructive, and autoimmune.44 Acknowledge-
ment of acute and chronic pancreatitis, including
autoimmune (immunoglobulin [Ig]G4 associated)
in the differential diagnosis is often necessary so
as to not overcall the reparative and reactive atypia
present. Chronic pancreatitis shows a continuum
of histologic changes from acute/recurrent to
chronic.45 This spectrum of changes is character-
ized predominantly by an increase in fibrosis,
inflammation, and loss of acini. Cytologic speci-
mens typically will have decreased cellularity with
a mixture of fibrotic stromal fragments and
increased ductal epithelium in a background of
mixed inflammation. Calcifications when abundant
can be highly suggestive of pancreatitis in the cor-
rect clinical and radiologic context but for the most
part are nonspecific.46–48 Ductal atypia can be sig-
nificant, often concurrent with pancreatic intraepi-
thelial neoplasia (PanIN), which can create
significant difficulty in distinguishing it from a
well-differentiated adenocarcinoma.49 Layfield
and Jarboe50 showed that a lack of nuclear atypia,
characterized by hyperchromasia, membrane ab-
normalities, variability in size, and mitoses in a
background of cohesive acinar cells, together,
are critical in the discrimination of pancreatitis
from malignancies.
Autoimmune pancreatitis (IgG4-related) can

be particularly challenging because the patient
demographics, clinical symptoms and even radio-
logic findings can be suspicious for adenocarci-
noma.51,52 In 2012, international consensus
diagnostic criteria (ICDC) were created and used
5 features to subclassify autoimmune pancreatitis
into 2 types: type 1IgG4–related or type 2 granu-
locytic epithelial lesion. The criteria included im-
aging, serology, multiorgan involvement, steroid
responsiveness, and the gold standard, histol-
ogy.53,54 There have been several retrospective
studies that reviewed cytologic features associ-
ated with a subsequent diagnosis of autoimmune
pancreatitis and together conclude that the spec-
imens are commonly hypocellular and composed
of cellular stromal fragments with discohesive
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fibroblasts.55,56 A background inflammatory
component does not appear to be a consistent
feature.55,56 Although ICDC recognizes EUS
Trucut biopsy or resection as “suitable” for path-
ologic diagnosis, many follow-up studies have
shown EUS-FNA to provide adequate material
for diagnosis and in some cases allowing for
determination of subtype.57,58 Last, IgG4 immu-
nohistochemistry, although not currently sup-
ported in the literature, may be helpful on cell
block material in which focal nonspecific ductal
atypia is identified.
CYSTIC LESIONS

Pancreatic cysts are not uncommon and have
been identified in up to 19% of abdominal imaging
studies.59–61 Recent studies have shown an in-
crease in the detection and diagnosis of smaller
IPMNs.62–64 Pancreatic cysts can be classified
into non-neoplastic, neoplastic, and cystic necro-
sis within a solid tumor. Non-neoplastic cysts
include pseudocysts and lymphoepithelial cysts,
among others. Neoplastic cysts include MCN,
IPMN, serous cystadenoma, SPN, and cystic
neuroendocrine tumors. The malignant potential
of these entities is variable, some with high poten-
tial, such as IPMN, and others with little to no ma-
lignant potential, such as serous cystadenoma.
Therefore, an accurate diagnosis is critical to pa-
tient management. EUS-FNA is the method of
choice for the procurement of fluid and cytologic
material for diagnostic means in this setting. Aspi-
rates are often acellular and cytology alone is infe-
rior (<50% sensitivity) compared with a
combination of cytology with cyst fluid anal-
ysis.65–67 Management algorithms, therefore,
Fig. 2. Benign cysts include pseudocysts (A), which are rec
granular debris, including bile pigment, and lack of epit
cysts (B) can show variable numbers of lymphocytes with
granular debris (Pap stain, �100).
typically rely on both cytologic diagnosis as well
as cyst fluid analysis.
NONMUCINOUS CYSTIC LESIONS

Pseudocyst is the most common cystic lesion in
the pancreas, accounting for 80% of cystic le-
sions, is related to injury from alcohol or biliary
complication, and predominantly identified in adult
men.68 These lesions contain pancreatic enzy-
matic secretions (amylase) and inflammatory cells
encapsulated by fibrotic granulation tissue without
an epithelial lining. The cytologic specimens
consist of variable amounts of mixed inflammatory
cells, histiocytes, fibroblasts, and granular debris,
including bile pigment, in the absence of an epithe-
lial component; see Fig. 2A.

Lymphoepithelial cysts are rare benign cysts
that are more common in men without preference
for a specific site. The cyst epithelium is squamous
and fluid contains benign squamous cells, kerati-
naceous debris, cholesterol crystals, macro-
phages, and, rarely, lymphoid cells; see
Fig. 2B.69,70 However, the findings of the squa-
mous component can be variable and, therefore,
onsite evaluation maybe of great utility in this
setting.69

Serous cystadenomas are rare, accounting for
only 1% to 2% of pancreatic neoplasms, and
commonly afflict middle-aged women (sixth to
seventh decade).71 The neoplasm arises from the
centroacinar cells and, thus, the epithelium is
composed of cuboidal, glycogen-rich cells that
form cystic spaces filled with serous fluid. These
lesions are predominantly benign, although can
become bulky and rarely show dysplastic features
that would classify them as cystadenocarcinoma.
ognizable by the presence of numerous macrophages,
helial cells (Diff Quick stain, �100). Lymphoepithelial
scattered mature squamous cells in a background of
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The yield of EUS-FNA cytology is poor, in part
because of the amount of vascularity present.72

Multiple studies have shown that the most com-
mon finding is hypocellularity, and when cells are
present they are bland, cuboidal glandular cells
with clear or granular cytoplasm often forming a
monolayer.72–74 The nucleus is round with smooth
contours and finely distributed chromatin. The
background typically lacks histiocytes or macro-
phages, a common finding in cystic lesions.73

Although these findings are nonspecific, rendering
a diagnosis of Neoplasm: benign, through recogni-
tion of its low cellularity and bland epithelium can
have a significant impact on patient management.

MUCINOUS CYSTIC LESIONS

Mucinous cysts are typically defined in concert
with the new Papanicolaou Society of Cytopathol-
ogy nomenclature to have one of the following:
thick extracellular clean mucin (including mucin
with evidence of cellular cyst debris, see
Fig. 3A), mucinous epithelium (Fig. 3B) and/or
elevated CEA (laboratory dependent but
approximately >192 ng/mL).32,65,75,76 Cutoffs
lower than this have shown to be less sensitive
and specific relative to EUS characteristics,
cytology, and CEA levels combined.77 Elevated
CEA levels even in the absence of epithelium or
mucin strongly support a neoplastic cystic lesion;
however, they do not differentiate between benign
and malignant.65,75,78 Amylase levels in the thou-
sands are supportive of a pseudocyst but when
elevated in concert with CEA do not distinguish
MCN from IPMN.38,78,79 Amylase levels less than
250 U/L can rule out a pseudocyst with 98% spec-
ificity and is often seen in the context of a serous
cystadenoma among others.78 Once there is a
diagnosis of a mucin-producing neoplasm, the
second cytopathologic assessment is the identifi-
cation of high-grade dysplasia. Criteria for distin-
guishing high-grade dysplasia include increased
nuclear enlargement and coarse chromatin
Fig. 3. Mucin-producing neoplasms commonly show “clea
fragments of columnar mucinous epithelium (B) (Diff Qu
dysplasia (C) is a critical finding and includes increased n
of nucleoli, and parachromatin clearing (Pap stain, �200)
identified in cells smaller than an enterocyte
(12 mM) often with background necrosis.80–84

This latter finding is particularly important in the
management of low-risk IPMNs (side branch) in
which frequency of malignancy is lower than that
of the main duct and, as such, surveillance is
commonly favored.31,85–87

Several studies have looked at the impact and
criteria for grading dysplasia on EUS-FNA speci-
mens of mucinous neoplasms and have identified
common features that correlate with the grade of
dysplasia on resection. Layfield and Cramer88

showed that nuclear atypia defined by nuclear
molding, prominent nucleoli, and membrane irreg-
ularity correlate with grade on resection; however,
the study specimens were limited to only higher-
grade IPMNs. Michaels and colleagues89 looked
at low-grade and high-grade IPMNs to show that
the presence of necrosis, inflammation, epithelial
clusters with high nuclear to cytoplasm ratio
(cellular projections/papillary buds), parachroma-
tin clearing, and nucleoli were all highly associated
with higher-grade lesions, see Box 1 and Fig. 3C.
Most recently, Pitman and colleagues82 recon-
firmed that the identification of background necro-
sis, increased nuclear to cytoplasm ratio, and an
abnormal chromatin pattern (hypochromasia and
hyperchromasia) are features of high-grade
dysplasia in branch-duct IPMNs.90 This discrimi-
nation is an important finding because it would
directly change the course of treatment in this
setting.82,90 A particularly important criterion iden-
tified in the literature appears to be the identifica-
tion of atypical epithelial cells (AECs) and their
correlation with high-grade dysplasia or invasive
adenocarcinoma on resection. Pitman and col-
leagues91 showed that the presence of even
limited numbers of these atypical epithelial clus-
ters are correlative with, at minimum, moderate-
grade dysplasia on resection, both retrospectively
and prospectively.83 Genevay and colleagues84

showed that identification of AECs has greater
sensitivity for high-grade dysplasia or an invasive
n” thick mucin (A) (Diff Quick stain, �100), often with
ick stain, �40). Any feature suggestive of high-grade
uclear-to-cytoplasmic ratio, nuclear overlap, presence
.



Box 1
High-grade features in an intraductal pancreatic mucinous neoplasm (IPMN)

Features of High-Grade Dysplasia in IPMNs

� Architecture

� Atypical epithelial clusters (increased nuclear:cytoplasmic ratio)

� Presence of necrosis

� Nuclear

� Prominent nucleoli

� Hyper and hypochromatic chromatin, including parachromatin clearing

� Nuclear molding

� Nuclear membrane irregularity

� Increased nuclear-to-cytoplasmic ratio
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component than current radiologic features alone.
The importance of this cytologic finding in cyst
fluid is evident from the revisions in the 2012 Sen-
dai guideline (international consensus guidelines
for the management of patients with mucinous
cysts), whereby this diagnosis was sufficient to
define and treat these lesions as “high
risk.”80,83,91–93

ADENOCARCINOMA

Pancreatic adenocarcinoma represents approxi-
mately 90% of the solid pancreatic lesions.94,95

Definitive diagnosis of adenocarcinoma from non-
adenocarcinoma malignancies is a critical distinc-
tion that has clear management implications.
Several studies have identified discrete cytomor-
phologic features of adenocarcinoma and
together have generated a general consensus on
these findings. In early studies Lin and Staerkle96

and separately Mitsuhashi and colleagues97

showed that coarse hyperchromatic chromatin
Fig. 4. Adenocarcinoma (A) can be distinguished by other
coarse, hyperchromatic chromatin; prominent nucleoli; a
presence of atypical keratinizing squamous cells (B) can su
nificance and should be noted (Pap Stain, �200). Last, the
a discerning feature that would favor a variant of pancrea
clastlike giant cells, which has a very poor prognosis (Diff
with prominent nucleoli, irregular nuclear mem-
branes, nuclear crowding and overlap with high
nuclear-to-cytoplasmic ratios (�4) and 3-dimen-
sional architecture were highly correlative fea-
tures, see Fig. 4A. Later Cohen and colleagues98

determined anisonucleosis, macronuclei, and
irregular nuclear membranes were highly corre-
lated with adenocarcinoma. Others have shown
the presence of cytoplasmic mucin as a reliable
feature of adenocarcinoma.99 Most recently, Huff-
mann and colleagues100 set out to create a scoring
system for the cytologic diagnosis of adenocarci-
noma and identified 5 features that showed the
strongest correlation with malignancy and include
anisonucleosis, nuclear membrane irregularity,
mitoses, dishesive atypical cells, and cribriform ar-
chitecture. These cytologic criteria for the diag-
nostic category of Malignancy: Adenocarcinoma
have been confirmed in the literature with several
recent meta-analyses demonstrating a high sensi-
tivity and specificity (both 90%) for its diagnosis,
see Box 2.25,101,102 It is important to keep in
entities from its increased nuclear-to-cytoplasmic ratio;
nd necrotic background (Diff-Quick stain, �400). The
ggest a squamous component that has prognostic sig-
identification of atypical osteoclastlike giant cells (C) is
tic carcinoma, undifferentiated carcinoma with osteo-
-Quick stain, �400).



Box 2
Features of adenocarcinoma

Architecture

� Three-dimensional clusters

� Disorganization (“drunken honeycomb”)

� Discohesive cells

Nuclear

� Anisonucleosis

� Coarse hyperchromatic chromatin

� Macronuclei and macronucleoli

� Nuclear membrane irregularity

� Increased nuclear-to-cytoplasmic ratio

Cytoplasmic

� Mucin vacuoles
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mind features of prognostically significant
variants, including the presence of atypical or ma-
lignant squamous cells suggesting an adenosqua-
mous or the characteristic osteoclastlike giant
cells of an undifferentiated carcinoma, both of
which can have important treatment implications;
see Fig. 4B, C.103

PANCREATIC NEUROENDOCRINE TUMORS

The diagnosis of PanNETs, although accounting
for fewer than 5% of primary neoplasms, has
increased in frequency over time.104–106 Accurate
diagnosis of PanNETs on EUS-FNA material is of
particular importance because the prognostic
and management implications differ significantly
from that of adenocarcinoma.107–109 Morphology
of PanNET follows that of other neuroendocrine
neoplasms on FNA. The first clue is typically the
Fig. 5. PanNET (A) can be recognized by numerous discohe
fine chromatin, often with a background of stripped nucl
cells with fine chromatin and oval nuclei, often forming
globules (Diff-Quick stain, �200). In contrast, ACC (C) will s
nucleoli and abundant granular cytoplasm with a vascula
presence of numerous, monotonous, discohesive
tumor cells that may at first blend into the back-
ground as lymphocytes or stripped epithelial cell
nuclei, see Fig. 5A. The neoplasm also may be
present as small or larger fragments that may
maintain some identifiable microarchitecture,
such as rosettes, sheets, or ribbons. Small frag-
ments with rosettelike formations may mimic
smeared fragments of pancreatic acini, or a well-
differentiated adenocarcinoma. Individually, the
neoplastic cells usually have round and eccentric
nuclei with very regular nuclear borders.110 The
chromatin is typically speckled and nucleoli are
not seen. Well-differentiated adenocarcinomas
typically have higher nuclear to cytoplasmic ratios,
with some nuclear border irregularities and nuclear
pleomorphism; discohesive cells are not usually
seen in adenocarcinoma in the absence of necro-
sis and/or marked pleomorphism.
sive, monotonous cells with eccentric nuclei that have
ei (Pap stain, �200). SPN (B) shows small, monotonous
rosettes and sometimes with the presence of hyaline
how monotonous cells often in sheets with prominent
r architecture (Diff-Quick stain, �400).
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Discerning a neoplastic process, especially in
the context of a small number of neoplastic cells,
can be challenging. Therefore, consideration of
whether the FNA material represents a true
neoplastic process is a critical one. Benign lesions,
such as ectopic spleen and islet cell hyperplasia,
have been misdiagnosed as PanNET on FNA.
Cell block material is often crucial for confirming
the diagnosis, as neuroendocrine markers can be
ordered (CD56, synaptophysin, chromogranin).110

The grading of PanNETs on FNA is controversial,
because the limited tumor sampling may not be
representative of higher-grade areas within the tu-
mor.111–114 Nevertheless, recent publications have
explored the use of Ki-67 immunostaining for this
intention but with variable results. Larghi and col-
leagues111 recently have shown that a larger-
gauge needle (19) in EUS-FNA tissue procurement
had good correlation with histologic grade based
on Ki67 immunostaining. Others have shown that
Ki67 tends to underestimate the grade in cytology
material and, therefore, the findings should be
interpreted with caution.114,115 High-grade tumors
may have the morphology of small-cell carcinoma,
which is described elsewhere.

The diagnosis of a cystic PanNETmay be partic-
ularly difficult, as the number of neoplastic cells
may be limited.116,117 In such cases, there may
be too few cells on a cell block for confirmatory
staining. If the number of cells is limited but they
possess neuroendocrine features, one may give
the diagnosis “suspicious for a neoplasm with
neuroendocrine features” or invoke the comment
“if the cells present are representative of the entire
lesion, it would be consistent with a pancreatic
neuroendocrine tumor.”

SOLID PSEUDOPAPILLARY NEOPLASM

SPNs are rare neoplasms that occur in young
women (third decade) in more than 90% of
cases.118 They classically appear as branching
fragments with attached tumor cells in a back-
ground of dispersed single tumor cells.119 The tu-
mor cells are small and monotonous, with fine
chromatin and oval nuclei, see Fig. 5B. If cell block
material is available, cross sections of pseudopa-
pillae demonstrate hyalinized fibrovascular cores.
The presence of a dispersed cell population, espe-
cially when combined with areas showing rosette-
like architecture, may be initially suggestive of a
PanNET. The relative rarity of this lesion may also
contribute to difficulty in diagnosis; thus, it must al-
ways be kept in mind, especially if the location and
patient demographic are appropriate. As with
other well-differentiated pancreatic neoplasms,
immunostains performed on cell block material
are often needed to confirm a diagnosis. Cyto-
plasmic and nuclear staining for beta-catenin, as
well as immunoreactivity for CD99 and CD10 are
commonly seen; it is important to note that SPN
may express neuroendocrine markers, such as
CD56 and synaptophysin.120

ACINAR CELL CARCINOMA

Although acinar cell carcinoma (ACC) shares fea-
tures of PanNET on FNA, their incidence is
exceedingly rare.121 The smears contain discohe-
sive, monotonous individual cells that may also be
present in fragments with an underlying acinar ar-
chitecture.122 The cells typically have abundant,
granular cytoplasm and in contrast to PanNET,
ACC cells often have prominent nucleoli; see
Fig. 5C. The cells contain periodic acid-Schiff–
positive, diastase-resistant granules. Immunos-
tains for BCL10, trypsin, chymotrypsin, lipase,
and amylase may be positive; however, trypsin
and chymotrypsin positivity cannot definitively
rule out an SPN.121,123

PANCREATOBLASTOMA

Pancreatoblastoma is a rare pediatric tumor, with
only 39 cases reported in adults since it was first
described in 1957.124,125 The cytomorphology
varies by tumor, and depends on the area sampled
by the FNA procedure. Cells may be epithelioid
and have either acinar or undifferentiated
morphology; immature spindlelike cells may be
present (Fig. 6A).126,127 On immunostains, neuro-
endocrine markers are at best focally positive;
cells with acinar differentiation may be positive
for pancreas enzyme markers, and if squamous
morular cells are present, they may be positive
for nuclear and cytoplasmic beta-catenin as well
as alpha-fetoprotein. The presence of squamous
morules on cell block material, as well as the pa-
tient’s age, may be the first suggestion of this
entity.

LYMPHOMA

The diagnosis of primary pancreatic lymphoma
(PPL) is rare and its identification on cytology is
critical for its subsequent clinical management.
Clinical criteria for its diagnosis appear widely
accepted and include specific findings (pancreatic
mass, absence of lymphadenopathy, hepatic or
splenic involvement, and normal white blood cell
count).128 Several studies have shown 2 distinct
radiological features in PPL and include location
in the head and no dilatation of the main
duct.128,129 Multiple studies have shown the



Fig. 6. Pancreatoblastoma (A), an extremely rare entity will show fragments of epithelioid cells with spindle or
squamoid features (Diff-Quick, �200). Lymphoma (B) shows abundant monotonous hematopoietic cells often
with karyorrhexis and lymphoglandular bodies in the background and a notable absence of either ductal epithe-
lium or acinar cells (Diff-Quick, �400). Metastatic RCC (C), the most common metastasis to the pancreas and
shows fragments of epithelioid cells that have a low nuclear-to-cytoplasmic ratio with dense cytoplasm, promi-
nent nucleoli, and a prominent vascular architecture (Pap stain, �200).
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cytologic evaluation to reveal abundant discohe-
sive lymphocytes (with or without atypia) in a back-
ground of karyorrhexis and lymphoglandular
bodies in the absence of atypical epithelium or
abundant acinar cells (Fig. 6B).128,130–132 Rapid
onsite evaluation for adequacy has been shown
to be important for diagnostic accuracy by the
addition of flow cytometric analysis.132 The most
common diagnosis among these series was non-
Hodgkin large B-cell lymphoma.128,130–132

METASTASES

Pancreatic masses rarely represent metastatic le-
sions with a prevalence reported from 2% to
8%.39,133–135 Often there are clinical or radiological
findings suggestive of metastases; however, none
are definitive and with many overlapping features a
metastasis should always be considered. The
most common metastatic carcinoma identified
throughout multiple studies and institutions is
renal cell carcinoma (RCC) followed by lung, co-
lon, melanoma, and breast (Fig. 6C).133–145 The
management of metastases depends on the pri-
mary and for some entities, namely RCC, surgical
resection may not only be the treatment of choice
but have a better prognosis than pancreatic
adenocarcinoma.146,147

FUTURE DIRECTIONS

Cytopathology, as with many areas of medicine, is
moving in the direction of having to provide more
accurate, and prognostically relevant diagnoses
with less material. Medicine is continuously
working toward minimally invasive procedures to
diagnose and manage disease and molecular di-
agnostics are providing this niche. This situation
is particularly important to neoplastic entities that
are a challenge cytologically, such as in mucinous
neoplasms, whereby aspirates are commonly
acellular but not benign. Recently, some molecu-
lar markers, specifically, K-ras in combination
with loss of heterozygosity have been shown to
be highly specific for malignancy in mucinous
cyst fluid.148 Al-Haddad and colleagues149 have
shown among diagnostically challenging
mucinous cysts (those without “high-risk” fea-
tures), accuracy increased with the addition of
molecular studies (K-ras), particularly when CEA
levels were indeterminate. GNAS is a second
marker that has been targeted in several studies
and its presence appears to strongly correlate
with the diagnosis of an IPMN, particularly when
found in combination with K-ras mutations.150–152

Proteomic studies have shown that mucin proteo-
mic profiling of cyst fluid can be highly accurate for
the diagnosis of premalignant and malignant
mucinous cysts, which is particularly useful in
specimens with limited material.153,154 Lastly,
Brand and colleagues155 recently showed that
the detection of specific microRNAs, among FNA
specimens that did not meet cytologic criteria for
definitive diagnosis of adenocarcinoma (false
negatives), increases the diagnostic probability
of detecting adenocarcinoma preoperatively.
Although no current studies, to date, have defined
a clear use for the diagnostic utility of molecular
studies; this area is still emerging and the popula-
tions that maybe impacted most are only now
beginning to be identified. Molecular analysis of
pancreatic cyst fluid is discussed in more depth
in the article by Ngamruengphong S, Lennon
AM: Analysis of Pancreatic Cyst Fluid, in this
issue.
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Analysis of Pancreatic
Cyst Fluid

Saowanee Ngamruengphong, MDa, Anne Marie Lennon, MD, PhDb,*
Key points

� Pancreatic cysts are common, and are incidentally identified in between 2% and 13% of individuals
undergoing cross-sectional imaging.

� Cyst fluid carcinoembryonic antigen is currently considered the most accurate marker for differen-
tiating mucinous (intraductal papillary mucinous neoplasms [IPMNs] and mucinous cystic neo-
plasms [MCNs]) from nonmucinous cysts; however, recent studies suggest that its accuracy is
approximately 65%.

� New molecular markers in cyst fluid have shown promise in differentiating serous cystadenomas,
solid-pseudopapillary neoplasms, MCNs, and IPMNs, and identifying the presence of high-grade
dysplasia or invasive adenocarcinoma.

KEYWORDS

� Molecular markers � Pancreatic cyst � Cyst fluid � Intraductal papillary mucinous neoplasm
� Serous cystadenoma � Mucinous cysts
ABSTRACT
P ancreatic cysts are extremely common,
and are identified in between 2% to 13%
on abdominal imaging studies. Most

pancreatic cysts are pseudocysts, serous cystic
neoplasms, mucinous cystic neoplasms, or intra-
ductal papillary mucinous neoplasms. The
management of pancreatic cysts depends on
whether a cyst is benign, has malignant potential,
or harbors high-grade dysplasia or invasive
carcinoma. The diagnosis of pancreatic cysts,
and assessment of risk of malignant transforma-
tion, incorporates clinical history, computed to-
mography (CT), magnetic resonance imaging
(MRI), endoscopic ultrasound, and fine-needle
aspiration of cyst fluid. This article reviews the
cyst fluid markers that are currently used, as
well as promising markers under development.
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OVERVIEW

Advances in cross-sectional imaging have resulted
in the frequent detection of pancreatic cysts that
are incidentally identified in between 2% and 13%
of cases.1,2 There are a large number of different
types of pancreatic cysts (Table 1), with the most
common pancreatic cysts encountered in clinical
practice being pseudocysts, serous cystadenomas
(SCAs), mucinous cystic neoplasms (MCNs), and
intraductal papillary mucinous neoplasm (IPMNs).3

The management of pancreatic cysts is very much
dependent on the type of pancreatic cyst (Fig. 1).4

Those with no, or very low malignant potential,
such as pseudocysts and SCAs, require minimal or
no follow-up in the absence of symptoms related
to the cyst.5 Solid-pseudopapillary neoplasms
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Abbreviations

CEA Carcinoembryonic antigen

CT Computed tomography

EUS Endoscopic ultrasound

FNA Fine-needle aspiration

IPMN Intraductal papillary mucinous
neoplasm

LOH Loss of heterozygosity

MCN Mucinous cystic neoplasm

MRI Magnetic resonance imaging

PCN Pancreatic cystic neoplasm

SCA Serous cystadenoma

SPN Solid-pseudopapillary neoplasm

VHL Von Hippel Lindau
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(SPNs) are low-grade malignant neoplasms, and
surgical resection is recommended.6 Invasive
adenocarcinoma occurs in between 4% and 16%
of surgically resected MCNs in modern studies.7–9

Although some groups have recommended that
asymptomatic MCNsmay be followed,10 many sur-
geons favor resection because these cysts have the
potential for malignant transformation, surgery is
curative, and if not undertaken patients require
many years of surveillance.11 The management of
IPMNs depends on whether the main pancreatic
duct is involved (main, or mixed-duct IPMN), which
is associatedwith a higher risk ofmalignant transfor-
mation, with high-grade dysplasia or invasive
adenocarcinoma identified in between 43% and
62% of patients who undergo surgical resection.11

In contrast, branch-duct type IPMNs, in which
there is no main duct involvement, have a much
lower risk of malignant transformation, and in the
absence of symptoms, or concerning features, usu-
ally undergo surveillance.11

Thus, the key question from a clinical perspective
is whether a cyst is benign, has malignant potential,
or harbors high-grade dysplasia or invasive carci-
noma, as this dictates whether patients can be dis-
charged, undergo surveillance, or require surgical
intervention respectively (see Fig. 1).10,11 The diag-
nosis of pancreatic cysts, and assessment of risk of
malignant transformation, incorporates a number of
factors, including clinical history, CT, MRI, and
endoscopic ultrasonography (EUS). EUS allows
detailed visualization of the cyst (Fig. 2A), and sam-
pling of the cyst wall and fluid through EUS-guided
fine-needle aspiration (EUS-FNA) (see Fig. 2). This
is a relatively low-risk procedurewith themost com-
mon adverse events being pancreatitis (1.1%) and
abdominal pain (0.34%).12 The addition of EUS
and EUS-FNA to either CT or MRI has been shown
to improve the overall accuracy for diagnosis of
pancreatic cysts.13 Most of this additional benefit
is from aspiration of cyst fluid, which can be
sent for a range of tests, including cytology,
biochemical, and molecular testing. This article fo-
cuses on the biochemical and molecular tests,
whereas cyst fluid cytology is discussed in depth
in the article (SeeCollins JA, Ali SZ, VandenBussche
CJ: Pancreatic Cytopathology, in this issue).

BIOCHEMICAL TESTS FOR CYST FLUID

CARCINOEMBRYONIC ANTIGEN

Identifying Intraductal Papillary Mucinous

Neoplasms and Mucin Producing Cysts

Carcinoembryonic antigen (CEA) is currently consid-
ered the most accurate marker for differentiating
mucin producing from non mucin producing cysts;
that is, IPMNs and MCNs from other cyst types.
The role of CEA was established in the multicenter,
prospective cooperative study in 2004, which found
that the accuracy of cyst fluid CEA was superior to
EUS, cytology, or other tumor markers, including
CA 72-4, CA 125, CA 19-9, and CA 15-3, for identi-
fying mucin producing cysts.14 However, since
then, several issueswith respect toCEAhave arisen.
The first is what is the optimal cutoff level to differen-
tiate mucin producing from non-mucin producing
cysts? The cooperative study identified the optimal
level as 192 ng/mL, which was associated with
75% sensitivity, and 84% specificity for differenti-
ating betweenmucin producing and non-mucin pro-
ducingcysts,and this level ismostcommonlyused in
clinical practice and publications.14 However, other
groups have proposed alternative cutoffs. Using a
higher cutoff level of greater than 800 ng/mL was
shown in a meta-analysis to increase the specificity
to 98%, although at the cost of lowering the sensi-
tivity to 48%.15 Similarly very low CEA levels of less
than 5 ng/mL have a very high specificity of 95%,
with 50%sensitivity, for non-mucin producing cysts,
such as serous cystadenomas and pseudocysts.15

The second issue is that although the initial
studies were very promising, more recent data
have suggested that cyst fluid CEA is imperfect at
differentiating mucin producing from non-mucin
producing cysts. The cooperative study found
CEA had a high sensitivity and specificity (75%
and 84%, respectively), for identifying mucin pro-
ducing cysts.14 In contrast, more recent studies
have suggested a lower accuracy, with a large pro-
spective study reporting a lower sensitivity and
specificity of only 63% and 62%, respectively.16

These findings were confirmed in meta-analysis
of 18 studies with 1438 patients, in which CEA
had 63% sensitivity and 88% specificity for identi-
fying mucin producing cysts.17

http://dx.doi.org/10.1016/j.path.2016.05.009
http://dx.doi.org/10.1016/j.path.2016.05.009


Table 1
Classification of pancreatic cysts by pathologic type

Epithelial Neoplasms
Nonepithelial
Neoplasms

Secondary
Neoplasms
(Metastases
to the
Pancreas)c

Non-neoplastic
Tumors of the
Exocrine
Pancreas

Exocrine Neoplasms
Endocrine
Neoplasms

Epithelial
Neoplasms with
Multiple
Directions of
Differentiation

Epithelial
Neoplasms
of Uncertain
Direction of
Differentiation Miscellaneous

Extragastro-
intestinal
Stromal
Tumorc Congenital Cyst

Serous
neoplasms

Mucinous
cystic
neoplasms

Intraductal
neoplasms

Invasive
ductal
adenocar-
cinoma

Acinar cell
neoplasms

Pancreatic
neuroendo-
crine
neoplasmc

Pancreato-
blastomac

Solid-
pseudopa-
pillary
neoplasm

Teratomac Fibromatosis
(desmoid)c

Choriocar-
cinomac

Duodenal
diverticulum

Microcystic
SCA

MCNa IPMNa Invasive
ductal
adenocar-
cinomac

Acinar cell
cystadenoma

Lymphoe-
pithelial
cyst

Granular cell
tumorc

Endometriotic
cystc

Macrocystic
SCA

Intraductal
tubulopa-
pillary
neoplasm

Acinar cell
cystadeno-
carcinoma

Epidermoid
cyst in intra-
pancreatic
heterotopic
spleen

Leiomyomac Foregut cyst

Solid SCA Lymphangioma Heterotopic
pancreasc

von-Hippel-
Landau (VHL)-
associated SCA

Lymphomac Autoimmune
pancreatitisc

Serous
cystadeno-
carcinomab

Sarcomac Parampullary
duodenal
wall cyst

Caverous
hemangioma

Hamartomac

Abbreviations: IPMN, intraductal papillary mucinous neoplasms; MCN, mucinous cystic neoplasms; SCA, serous crystadenoma.
a These can be associated with low-grade, intermediate-grade, or high-grade dysplasia, or an associated invasive carcinoma.
b These are extremely rare.
c With cystic degeneration.
Adapted from Hruban RH, Pitman MB, Klimstra DS, editors. Tumors of the pancreas. American Registry of Pathology; 2007.
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Fig. 1. Algorithm for the management of pancreatic cysts.
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Finally, obtaining sufficient cyst fluid to assess
CEA levels is often not possible, particularly in
very small cysts, or if the fluid is very viscous.
This issue was highlighted by a prospective Euro-
pean study in which CEA levels were obtained in
only half of the cysts tested.18

Carcinoembryonic Antigen Is Not Helpful in

Identifying Cysts with High-Grade Dysplasia

or Invasive Carcinoma

Some studies have suggested that a high cyst fluid
CEA is associated with high-grade dysplasia or
invasive cancer in IPMNs. However, these studies
were small, retrospective, and there was signifi-
cant overlap between the CEA level in IPMNs
Fig. 2. Endoscopic ultrasound of a pancreatic cyst. (A) EU
EUS-guided FNA. The needle can be seen within the cente
with low-, or intermediate-grade dysplasia and
those with high-grade dysplasia or invasive carci-
noma. In contrast, much larger studies, including a
prospective study and a meta-analysis, have
found no association between CEA level and the
presence of high-grade dysplasia or invasive car-
cinoma.14,19–21 Thus cyst fluid CEA level is not
helpful in differentiating between benign and ma-
lignant pancreatic cysts.
AMYLASE

Excluding Pseudocysts

Cyst fluid amylase level can be useful in excluding
a pseudocyst from other types of pancreatic cysts.
S image of a pancreatic cyst with thin septations. (B)
r of the cyst.
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A large meta-analysis found a cyst fluid amylase
level of less than 250 IU/L had a very high speci-
ficity of 98% for excluding pseudocysts.15 In
contrast, high cyst fluid amylase levels were found
in numerous types of pancreatic cysts, including
SCAs, IPMNs, and MCNs.

High Amylase Levels Do Not Differentiate

Intraductal Papillary Mucinous Neoplasms

from Mucinous Cystic Neoplasms

One of the key questions is how to differentiate
IPMNs from MCNs, as both have high cyst fluid
CEA levels. On imaging, IPMNs communicate, or
connect with the pancreatic duct, whereas
MCNs have no communication. Theoretically, the
communication between the main pancreatic
duct and the cyst would cause IPMNs to have
high cyst fluid amylase level, whereas MCNs
should have a low amylase level. However, studies
have shown that cyst fluid amylase level are similar
in IPMNs and MCNs, and thus cannot be used to
differentiate these 2 types of cysts.22

OTHER MARKERS

Several other tumor markers, including CA 72-4,
CA 125, CA 19-9, and CA 15-3 have been evalu-
ated. However, the diagnostic accuracy of these
tumor makers has been found to be inferior to
cyst fluid CEA in distinguishing mucinous from
nonmucinous cysts in a number of studies.14,15

These markers are therefore not used in clinical
practice.

ACCURACY OF CYST FLUID MARKERS

CURRENTLY USED IN CLINICAL PRACTICE

As can be seen, the currently available cyst fluid
markers are imperfect at identifying cyst type,
and cannot identify the presence of high-grade
dysplasia or invasive carcinoma. This is high-
lighted by large surgical series, in which just over
20% of patients were found to have a benign
cyst, such as an SCA or a pseudocyst,23 whereas
almost 80% of resected branch-duct IPMNs have
either low, or intermediate-grade dysplasia,24 and
thus in retrospect, did not require surgical resec-
tion. Thus, better markers are required.

MOLECULAR MARKERS

One of the problems with identifying mutations in
pancreatic cysts is that the number of mutant al-
leles present is extremely low when compared
with solid lesions, such as pancreatic ductal
adenocarcinoma.25 However, recent advances in
molecular genetics, in particular the development
of techniques such as FastSeq sequencing,
mean that mutant alleles present in very low levels
can be identified.26 In the following section we
discuss the potential of molecular markers in
pancreatic cyst fluid. There are many other prom-
ising markers, including mRNA and protein
markers,27–30 and a review of these markers is
available elsewhere.31

In 2011, the group at Johns Hopkins lead by
Bert Vogelstein analyzed the entire coding region
of the genome of SCA, SPN, MCNs, and IPMNs
using whole-exome sequencing.25 There were
two key findings: the first was that pancreatic
cysts contained far fewer somatic mutations
when compared with pancreatic ductal adenocar-
cinoma. The second was that each cyst type had a
distinct mutational profile. SCAs contained a mu-
tation in the von Hippel Lindau (VHL) gene. SPNs
were found to have a single mutation in the
CTNNB1 gene. Both IPMNs and MCNs had muta-
tions in KRAS or RNF43, whereas IPMNs were
found to harbor a mutation in GNAS, which was
not identified in any other cyst type. This prelimi-
nary study was performed in pancreatic tissue,
and in a subsequent study the group was able to
show that the same mutations were identifiable
in pancreatic cyst fluid.32 In a recent, multicenter
study involving 130 patients all of whom had un-
dergone surgical resection, the molecular marker
panel was expanded to include a larger number
of genetic mutations, as well as assessing loss of
heterozygosity (LOH) and aneuploidy. This study
confirmed not only the ability of the molecular
markers to accurately identify cyst type (Table 2),
but also to identify the presence of high-grade
dysplasia or invasive carcinoma in IPMNs, which
was associated with the presence of mutations in
SMAD4, TP53, LOH chromosome 17 (RNF43 or
TP53 loci), or aneuploidy in chromosomes 5p,
8p, 13q, or 18q. In addition, the group developed
a novel concept of combining molecular markers
with clinical features to further improve the diag-
nostic accuracy of thesemarkers, which increased
the sensitivity and specificity further. One of the
interesting results in this article was the ability of
the molecular markers to correctly identify low-
risk cysts. The markers correctly classified 56 of
the 62 SCAs, and IPMNs with low-grade or
intermediate-grade dysplasia. Thus, use of the
molecular markers could potentially decrease the
number of unnecessary surgical resections by
90%. The use of molecular markers in pancreatic
cysts has been assessed by other groups, who
have also found very promising results.33–35

These, and the results from studies described pre-
viously are encouraging; however, larger studies,
incorporating other cyst types, are required before



Table 2
Identification of cyst type using molecular marker

Type of Cyst

Molecular Markers

Any of These Present Any of These Absent Sensitivity (95% CI) Specificity (95% CI)

SCA VHL chr3 LOH KRAS 100% (74%–100%) 91% (84%–95%)
GNAS
RNF43
chr5p aneu
chr8p aneu

SPN CTNNB1 KRAS 100% (69%–100%) 100% (97%–100%)
GNAS
RNF43
chr18 LOH

MCN None CTNNB1 100% (74%–100%) 75% (66%–82%)
GNAS
chr3 LOH
chr1q aneu
chr22q aneu

IPMN GNAS None 76% (66%–84%) 97% (85%–99.9%)
RNF43
chr9 LOH
chr1q aneu
chr8p aneu

Abbreviations: aneu, aneuploidy; chr, chromosome; CI, confidence intervals; IPMN, intraductal papillary mucinous
neoplasms; MCN, mucinous cystic neoplasms; MPD, main pancreatic duct; SCA, serous crystadenoma; SPN, Solid-
pseudopapillary neoplasm.
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these molecular markers can be recommended in
clinical practice. These studies are currently
ongoing, and the results are expected to be avail-
able in 2016.

PANCREATIC JUICE

One of the limitations of assessing pancreatic cyst
fluid is that it requires EUS-FNA. Potential limita-
tions are that a biopsy is invasive, only a portion
of a cyst is sampled, and in cases of multiple
pancreatic cysts, sampling of all cysts may not
be feasible. An alternative approach is to analyze
molecular markers in pancreatic juice collected
from the duodenum. This avoids the potential
adverse events of direct sampling of pancreatic
fluid using FNA, and in addition, pancreatic juice
may contain alterations present in multiple cysts
throughout the pancreas, rather than a single
cyst. The results from preliminary studies are
promising. Kanda and colleagues36 examined
secretin-stimulated pancreatic juice collected
from the duodenum during upper endoscopy,
and identified GNAS mutations in 66% of IPMNs,
which is similar to that observed in EUS-
aspirated cyst fluid. In a further development of
this technique, the same investigators examined
the presence of TP53 mutations, a known tumor
suppressor gene that has been implicated in
progression of IPMNs, in duodenal samples of
pancreatic juice.37 They found that TP53 muta-
tions were detected in pancreatic juice in almost
70% of patients with pancreatic ductal adenocar-
cinoma, pancreatic intraepithelial neoplasias-3, or
high-grade IPMN, but was not identified in individ-
uals with benign cysts, or lower grades of
dysplasia. These studies suggest the potential
use of pancreatic juice for detecting mutations
present in pancreatic cysts, and this technique
may prove complementary to cyst fluid aspiration
in the diagnostic workup of pancreatic cysts.
CURRENT CLINICAL PRACTICE FOR THE

ASSESSMENT OF PANCREATIC CYSTS

In our practice, we perform EUS-FNA of pancre-
atic cysts when it will alter management. Cyst fluid
is currently sent for CEA and cytology. We also
obtain cyst fluid amylase in cases in which there
is clinical suspicion of a pseudocyst. We await
further studies to validate the accuracy of the mo-
lecular markers, and to determine how to optimally
combine them with the currently available tests. If
these studies duplicate the results discussed pre-
viously, it is likely that molecular markers will
become part, and may replace many of the
currently used cyst fluid tests.
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SUMMARY

Pancreatic cyst fluid analysis provides important
information that can be used to improve the
diagnosis of pancreatic cysts. The results of cyst
fluid analysis should be used in combination
with clinical history and imaging to help guide
management decisions. New molecular makers
have shown promise, and are likely to become
incorporated into clinical care in the near future.
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Molecular Genetics of
Pancreatic Neoplasms

Waki Hosoda, MD, PhDa, Laura D. Wood, MD, PhDb,*
Key points

� Recent exome sequencing studies revealed that pancreatic neoplasms have characteristic genetic
landscapes depending on the histologic types.

� Each histologic type of pancreatic neoplasms has its own distinct genetic changes of oncogenes and
tumor suppressor genes, including mutations of KRAS, GNAS, RNF43, MEN1, DAXX, ATRX, CTNNB1,
and VHL. These genes have the potential for adjunct diagnostic markers.

� Multiple exome sequencing studies have been performed against pancreatic ductal adenocarcinoma
(PDAC), and they consistently showed that the genome of PDAC is highly diverse, harboring only 4
frequently mutated genes (KRAS, TP53, CDKN2A/P16, and SMAD4).

� The exome sequencing studies also revealed the presence of potentially targetable genetic mutations in
a proportion of tumors, particularly in pancreatic ductal adenocarcinomas and acinar cell carcinomas.

KEYWORDS

� Molecular genetics � Whole exome sequencing � Next-generation sequencing
� Pancreatic neoplasms � Mutation � Histologic type
ABSTRACT
m

P ancreatic neoplasms have a wide range
of histologic types with distinct clinical
outcomes. Recent advances in high-

throughput sequencing technologies have greatly
deepened our understanding of pancreatic
neoplasms. Now, the exomes of major histologic
types of pancreatic neoplasms have been
sequenced, and their genetic landscapes have
been revealed. This article reviews the molecular
changes underlying pancreatic neoplasms, with a
special focus on the genetic changes that charac-
terize the histologic types of pancreatic neo-
plasms. Emphasis is also made on the molecular
features of key genes that have the potential for
therapeutic targets.

OVERVIEW

Pancreatic neoplasms are one of the most
intensively investigated human malignancies.
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Some of the histologic types occur in association
with hereditary cancer-predisposing syndromes,
which greatly contributed to the discovery of impor-
tantmolecular changes responsible for the develop-
ment of pancreatic neoplasms. Recent advances in
next-generation sequencing (NGS) have dramati-
cally deepened our understanding of the molecular
genetics of each pancreatic neoplasm, revealing
that each has its own characteristic genetic
changes. In addition, exome sequencing studies
of pancreatic ductal adenocarcinoma (PDAC) have
provided insights into evolution and genomic het-
erogeneity of cancer.1 In this review, we summarize
the recent results of the molecular genetics of
pancreatic neoplasms, with a special emphasis on
the correlationbetweenhistologic typesand keyge-
netic alterations, as well as on the potentially target-
able genes discovered in some tumor types.

DUCTAL ADENOCARCINOMA

The genetics of PDAC has been well studied, and
we now know that PDAC is genetically a highly
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complicated tumor with a large number of point
mutations, chromosomal structural variants, and
epigenetic aberrations. Conventional and recent
NGS studies consistently showed that PDAC has
alterations of 4 genes: the oncogene KRAS, and
the tumor suppressor genes TP53, CDKN2A/
P16, and SMAD4.
KRAS is the most frequently altered oncogene in

PDAC, with more than 90% of cases having acti-
vating mutations at codons 12, 13, or 61.2–4

KRAS encodes a small GTPase protein, which is
turned on and off by cycling between the
GTP-bound active and GDP-bound inactive forms.
KRAS protein serves as a transducer that couples
with cell surface receptors (receptor tyrosine ki-
nases), and, once activated, it stimulates a
multitude of intracellular effector pathways
including RAF-mitogen-activated kinase (MAPK),
phosphoinositide-3-kinase (PI3K), and Ral gua-
nine nucleotide dissociation stimulator (RalGDS)
pathways. These effectors drive most of the hall-
marks of cancer cells, such as proliferation, energy
metabolism, antiapoptosis, remodeling of the tu-
mor microenvironment, evasion of the immune
system, cell migration, and metastasis.5 Unfortu-
nately, attempts to block the activity of mutated
KRAS oncoprotein have been unsuccessful, and
KRAS remains an undruggable cancer-related
gene.6

The tumor suppressor gene TP53 is altered in
50% to 80% of PDACs.7–13 The TP53 protein plays
a central role in controlling growth, glucose meta-
bolism, DNA repair, senescence, and apoptosis in
response to many forms of cellular stress,
including DNA damage, hypoxia, and nutrient
deprivation.14 The most common TP53 alterations
are base substitutions or frameshift insertions/de-
letions in the DNA-binding domain, which is
coupled with loss of the wild-type allele. Immuno-
histochemically, nuclear overexpression or com-
plete loss of expression of the TP53 protein are
closely associated with genetic alterations.7

The tumor suppressor gene CDKN2A/P16 is
commonly altered in a variety of malignancies,
and inactivation of CDKN2A/P16 is noted in 95%
of PDACs. CDKN2A/P16 inactivation occurs by 3
mechanisms: homozygous deletion (40%), intra-
genic mutation coupled with loss of the second
allele (40%), and promoter hypermethylation
coupled with loss of the second allele (15%).15–17

CDKN2A/P16 is located on chromosome 9p21,
and its protein product P16 functions as a
mediator of the RB signaling pathway. P16 inhibits
CDK4/6-mediated phosphorylation of RB, thereby
blocking the entry of cells into the S (DNA
synthesis) phase of the cell cycle, and perturbation
of the P16-CDK4/6-pRB pathway can lead to
accelerated cell growth and proliferation.18 Immu-
nohistochemically, loss of nuclear expression of
P16 is closely associated with inactivated
CDKN2A/P16 via homozygous deletion; however,
nuclear positivity was observed in a fraction of
PDACs with promoter methylation or somatic mu-
tation.19,20 Although fluorescence in situ hybridiza-
tion (FISH) is a common method for evaluating
homozygous deletion of the CDKN2A locus,
concordant loss of immunolabeling of both P16
and methylthioadenosine phosphorylase (MTAP)
proteins, the latter located on the telomeric side
of the same chromosome 9p21 locus, can be a
surrogate marker for assessing homozygous dele-
tion of CDKN2A.21

Alteration of the tumor suppressor gene SMAD4
(DPC4, MADH4) is observed in 30% to 60% of
PDACs.10–13,22–24 SMAD4 is inactivated by homo-
zygous deletion or intragenic mutations coupled
with loss of the other allele. This gene is mapped
on chromosome 18q21, and its protein is a
mediator of the TGF-beta signaling pathway. In
non-neoplastic tissues, the TGF-beta pathway
functions to maintain tissue homeostasis by con-
trolling the proliferation of cells, including epithe-
lial, endothelial, stromal, and immune cells, and
its activation can lead to antiproliferative and
apoptotic responses. Disruption of TGF-beta
signaling in cancer cells causes not only a prolifer-
ative effect but also epithelial-mesenchymal
transition as well as proangiogenic and immuno-
suppressive effects on the tumor microenviron-
ment, all of which can promote cancer
progression.25 Loss of nuclear immunolabeling
was shown to be highly correlated with genetic
mutations and can be a useful marker for assess-
ing SMAD4 alteration.26 However, it should be
noted that tumors with mutations occurring in a
specific region of the SMAD4 gene (termed the
mutation cluster region, located within the MH2
domain) exhibit strong nuclear staining for the
SMAD4 protein.24

A correlation between loss of expression of
SMAD4 and outcome of patients with PDAC has
been examined by several studies. Initial studies
reached opposite conclusions concerning the
loss of SMAD4 immunolabeling and patient sur-
vival.27–29 A recent genetic analysis showed that
patients with PDAC with SMAD4 mutations had a
poor prognosis.30 Moreover, loss of SMAD4
expression has been correlated with an increased
propensity of PDAC to metastasize widely rather
than to develop a localized tumor.31

Exome sequencing studies have deepened
our understanding of PDAC. The initial
exome sequencing study by Jones and col-
leagues10 analyzed 20,661 protein-coding genes
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in 24 PDACs and found an average of 48 nonsy-
nonymous somatic mutations per tumor. Of these,
90% of the mutations were base substitutions. The
genes with the highest mutation rates were the 4
well-known driver genes of PDAC (KRAS, TP53,
CDKN2A/P16, and SMAD4), whereas the rest of
the altered genes occurred far less frequently.
Genes mutated in 2 or more patients constituted
just 10% of the genes (148 genes). Many addi-
tional potential driver genes were identified; there
was marked genetic heterogeneity between indi-
vidual patients’ tumors. However, when altered
genes were classified in terms of cellular pathways
and processes, most of the genes were catego-
rized into 12 core signaling pathways.10

The study of Jones and colleagues10 was fol-
lowed by multiple whole exome/genome
sequencing studies (Table 1).11–13,32 These results
reinforce the view that PDAC genome is highly
diverse, characterized by frequent and consistent
alterations of just 4 driver genes along with a
long tail of less frequently mutated genes. Among
the less commonly mutated genes, a limited num-
ber of genes were observed in multiple studies,
such as ARID1A, TGFBR1, or MLL3. ARID1A
was mutated in 2 or more patients throughout
the exome sequencing studies of PDAC, with mu-
tation rates ranging from 4% to 16%. ARID1A is a
constituent of SWI/SNF complexes that functions
as a regulator of chromatin remodeling. As part
of the complexes, it remodels nucleosome struc-
ture and enables DNA-binding factors to gain ac-
cess to DNA, thereby modulating transcription,
synthesis, and repair.33 Prognostically, one study
showed that patients with PDAC with diminished
ARID1A protein expression tended to have poor
survival.12

Although tumors are often analyzed in bulk at a
single time point, cancer is a heterogeneous,
evolving disease, consisting of genetically distinct
subclones that grow selectively by the acquisition
of phenotypic advantage within a given tumor
microenvironment.34 Pathologists have been well
aware of histologic and immunohistochemical het-
erogeneity among spatially different components
of a tumor. Exome sequencing studies have
impressively shown this intertumoral and intratu-
moral genomic diversity by detailing genetic muta-
tions and chromosomal aberrations of multiple
lesions in a patient.35,36 Yachida and colleagues35

investigated the genetic mutations of primary and
metastatic lesions of PDAC within a patient and
revealed that two-thirds of themutations were pre-
sent in all samples, and the remaining one-third of
mutations were partially shared; the clone with
omnipresent mutations are the parental clone,
whereas the rest of clones with partially shared
mutations are subclones that evolved from the
parental clone. Moreover, after examining multiple
components in a primary tumor, they revealed that
all mutations found in themetastatic deposits were
also present in the primary tumor, suggesting that
genetic alterations necessary for metastasis occur
before the development of a metastatic lesion.
Most importantly, using a mathematical model,
the investigators estimated an average of 12 years
from the birth of a parental clone to the initiating
event of carcinogenesis and a further 7 years to
the development of subclones that are capable
of metastasis within the primary tumor.35 Consid-
ering that most patients with PDAC are diagnosed
with metastatic diseases, exploration of novel
strategies for early detection within this time win-
dow is quite worthwhile to improve the outcome
of this refractory cancer.

The PDAC genome is also characterized by
highly complex chromosomal alterations. Tradi-
tional cytogenetic analysis, spectral karyotyping,
comparative genomic hybridization (CGH), and
more recent high-resolution microarray-based
CGH consistently showed a number of chromo-
somal gains and losses in PDACs.10,37–41

Recently, a deep whole genome sequencing study
was performed by the International Cancer
Genome Consortium.13 The researchers investi-
gated detailed structural variations, such as dele-
tions, duplications, inversions, amplifications,
and rearrangements, and found 11,868 somatic
structural variants at an average of 119 variants
per patient. Although 1200 structural variants
were found that led to the joining of 2 gene loci,
no recurrent gene fusions were detected. Remark-
ably, when they classified PDACs into 4 subtypes
in terms of structural variation, they found that
PDACs with the “unstable” subtype (characterized
by marked genomic instability) had frequent
BRCA1, BRCA2, and PALB2 mutations, as well
as mutational signatures of carcinomas with
BRCA1/2 mutations.42 Breast carcinomas with
BRCA1/2 mutations are sensitive to platinum-
based and PARP-inhibitor therapy,43 and, in fact,
2 patients with PDAC with this subtype showed
an exceptional response to platinum-based ther-
apy in their study, showing promise to treatment
stratification of patients with PDAC.

Some genetic changes were highlighted via the
analysis of variants of PDAC. Colloid carcinoma is
characterized by frequent association with intra-
ductal papillary mucinous neoplasm (IPMN), and
molecular analysis supports the histologic obser-
vation; colloid carcinomas frequently harbor
GNAS mutation, which is preferentially found in
IPMNs among pancreatic neoplasms.44–48 In addi-
tion, colloid carcinomas tend to have less frequent



Table 1
Whole exome/genome sequencing studies of pancreatic ductal adenocarcinoma

Reference, year Jones et al,10 2008 Wang et al,11 2012 ICGC (Biankin et al,32

2012)
Witkiewicz et al,12 2015 ICGC (Waddell et al,13

2015)

Sequencing scope Exome Exome Exome Exome Whole genome

Number of cases 24 (Prevalence screen:
90)

15 99 109 (including 11
adenosquamous
carcinomas and 4
colloid carcinomas)

100

Stage (UICC) IIB (n5 15) and IV (n5 9) n.d. I-II I-II (n 5 102), III (n 5 6)
and IV (n 5 1)

I-II (n 5 88), IV (n 5 6)
and uncertain (n 5 6)

Average number of
NSMsa per tumor

48 73 (1 case was
hypermutated [500
mutations])

20 67 (2 cases were
hypermutated [400
mutations])

79 (2 cases were
hypermutated [900
mutations])

Alterations in PDAC-
related genes

KRAS (100%: NSM)
TP53 (83%: NSM, HD)
CDKN2A (75%: NSM,
HD)

SMAD4 (58%: NSM, HD)

KRAS (100%: NSM)
TP53 (80%: NSM, LOH)
CDKN2A (67%: NSM,
LOH, HD)

SMAD4 (53%: NSM,
LOH, HD)

KRAS (NSM in 95%)
TP53 (NSM in 33%)
CDKN2A (NSM in 2%,
deletion)

SMAD4 (NSM in 16%,
deletion)

KRAS (92%: NSM)
TP53 (50%: NSM)
CDKN2A (41%: NSM,
HD)

SMAD4 (43%: NSM, HD)

KRAS (95%: NSM)
TP53 (74%: NSM,
structural variants)

CDKN2A (35%: NSM,
structural variants)

SMAD4 (31%: NSM,
structural variants)
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Other significantly
mutated genes

� 148 mutated genes (in
2 or more patients)

� Other candidate can-
cer genes include, eg,
MLL3, TGFBR2,
PCDH15, CDH10,
CTNNA2

56 mutated genes (in 2
or more tumors)

� 79mutated genes (in 2
or more patients)

� Other significantly
mutated genes
include, eg, MLL3,
TGFBR2, ARID1A,
ARID2, EPC1, ATM,
SF3B1, ZIM2, MAP2K4,
NALCN, SLC16A4,
MAGEA6

� 24 significantly
mutated genes
(occurring in >3.5% of
cases)

� Other significantly
mutated genes
include, eg, FLG,
ATXN1, ARID1A,
COL14A1, RNF43,
RP1L1, ITGAE, GLI3,
GNAS, SPTA1

� Integrated landscape
of aberrations
(including somatic
mutations, copy num-
ber changes, and
chromosomal vari-
ants) was illustrated

� An average of 119
structural variants per
tumor

� No recurrent fusion
genes

� 4 subtypes in terms of
structural variation

Other major findings Most altered genes were
categorized into 12
core signaling
pathwaysa

� One hypermutated
case had MLH1 homo-
zygous deletion and
microsatellite
instability

� A correlation between
MLH1 allelic loss/ho-
mozygous deletion
and genomic insta-
bility was suggested

In addition to the core
signaling pathways
shown by Jones et al,10

genes of the axon
guidance pathway
were frequently
altered (eg, genes:
SLIT2, ROBO1, ROBO2,
SEMA3A, SEMA3E)

� Hypermutated cases
had alterations of
DNA mismatch repair
genes

� MYC amplification
was associated with
adenosquamous
histology

� Potentially clinically
actionable mutations/
pathways were
highlighted

PDACs with the
“unstable” subtype
were associated with
deleterious mutations
in the BRCA pathway
genes (BRCA1, BRCA2,
and PALB2) and the
BRCA mutational
signatureb

Abbreviations: HD, homozygous deletion; ICGC, International Cancer Genome Consortium; LOH, loss of heterozygosity; n.d., not described; NSM, nonsynonymous mutation.
a NSM mutations include missense, nonsense, splice site, translation start, translation stop, and indel mutations, all occurring in the amino acid coding sequence.
b BRCA mutational signature: a mathematical analysis of cancer genomes revealed that cancers have a characteristic pattern(s) of mutations, or “mutational signature” that is

defined by the type of DNA damage and DNA repair processes. Among the possible 96 patterns of base substitutions, a pattern termed signature 3, defined by a more or less equal
representation of all 96 mutations and associated with larger indels (4 bp�50 bp) with overlapping microhomology at breakpoint junctions, is associated with cancers harboring
BRCA1/2 mutations. Signature 3 is commonly observed in cancers of the breast, ovary, and pancreas (see Ref.42).
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KRAS mutations (50%) compared with conven-
tional PDACs.47,48 Adenosquamous carcinoma
contains frequent alterations of KRAS, TP53,
CDKN2A/P16, and SMAD4with similar prevalence
to conventional PDAC.49 Amplification of the MYC
oncogene was reported to be associated with
adenosquamous carcinoma.12 Moreover, UPF1,
encoding an RNA helicase important for
nonsense-mediated RNA decay, was found to be
frequently mutated in adenosquamous carci-
nomas in one study.50

Medullary carcinoma is a rare, histologically
distinct subset of poorly differentiated adeno-
carcinomas. Medullary carcinoma is characterized
by microsatellite instability (MSI) and less frequent
KRAS mutations. Studies of 18 medullary
carcinomas demonstrated that 67% had
wild-type KRAS and 22% had MSI with loss of
MLH1 expression.51,52 PDACs with medullary
morphology were also reported to have MSI and/
or wild-type KRAS.53–56 Several cases of pancre-
atic medullary carcinoma that occurred in patients
with Lynch syndrome or carriers of germline muta-
tions of mismatch repair genes were docu-
mented.52,55,57 Although less well studied, the
diagnosis of medullary carcinoma carries implica-
tions for the management of patients. In addition,
BRAF mutations were reported in PDACs with
medullary morphology and wild-type KRAS, sug-
gesting the therapeutic potential of tyrosine kinase
inhibitor therapy.54

PANCREATIC INTRADUCTAL NEOPLASIA

A line of clinicopathological studies suggested that
pancreatic intraductal neoplasia (PanIN) is the ma-
jor precursor of PDAC. Molecular studies have
supported this hypothesis by showing that (1)
PanIN lesions have genetic abnormalities that are
common to the adjacent PDACs, and (2) histologic
progression of PanIN parallels the accumulation of
molecular abnormalities.58 However, studies of
mutational analysis, particularly those of tumor
suppressor genes, are limited, and the genetic fea-
tures, particularly those of PanIN-3, remain to be
elucidated.
Telomere shortening and KRASmutation are the

earliest genetic events in PanIN. Telomere short-
ening was observed in 90% of PanIN-1A lesions
and in 96% of all PanIN lesions.59 A recent study
also showed that telomere shortening occurs in
PanIN-1, and the degree of shortening increases
as the grade of PanIN rises.60 KRAS is frequently
mutated in PanIN-1 lesions. An early study
showed that the rate of KRASmutations increases
as the degree of dysplasia rises (36%, 44%, and
87% of PanIN-1A, 1B, and 2–3 lesions,
respectively).61 Recent studies using highly sensi-
tive detection assays demonstrated that KRAS
mutations were detected in 80% to 90% of
PanIN-1 lesions.47,62 These results suggest that
KRASmutation is crucial for the initiation of PanIN.
Abnormalities in the tumor suppressor genes

CDKN2A/P16, TP53, and SMAD4, which are
frequently targeted in PDAC, are also noted in
PanIN. Loss of expression of P16 was observed
in 5% to 30% of PanIN-1, 16% to 55% of
PanIN-2, and 40% to 83% of PanIN-3.63–65 Homo-
zygous deletion of CDKN2A, assessed by concor-
dant loss of expression of the P16 and MTAP
proteins, was shown to be present in 8% of PanIN
lesions (mostly PanIN-3).66 Promoter hypermethy-
lation of CDKN2A/P16 was detected in 15% of
PanIN-1, 5% of PanIN-2, and 21% of PanIN-3
lesions.67 Taken together, inactivation of
CDKN2A/P16 is considered to play a role in PanIN
development.
SMAD4 and TP53 alterations appear to be

involved in late events in PanIN development.
Immunohistochemically, abnormal expressions of
the TP53 and SMAD4 proteins were observed in
40% and 30% to 54% of PanIN-3 lesions, respec-
tively, but the expressions of both proteins were
almost retained in PanIN-1/-2 lesions.65,68,69

A recent exome sequencing study of PanIN-2/-3
lesions showed that TP53 was mutated in 4/15
lesions.70 SMAD4 mutations were not detected.
A study of loss of heterozygosity (LOH) using mi-
crosatellite markers was performed to examine
allelic losses of gene loci of CDKN2A (9p), TP53
(17p) and SMAD4 (18q) in PanIN and associated
PDAC; no allelic losses of 3 chromosomal arms
were found in PanIN-1, whereas allelic losses
were frequent in PanIN-3, seen in 87% (13/15) of
lesions at 9p, 60% (6/10) of lesions at 17p, and
88% (14/16) of lesions at 18q.69

Exome sequencing of 10 PDAC and 15 adjacent
PanIN-2 and PanIN-3 lesions was performed in
an attempt to examine the genetic correlation
between the invasive carcinoma and the preinva-
sive component.70 The investigators found 1053
somatic mutations in 937 genes in PDACs and
adjacent PanIN lesions. There was a trend toward
fewer mutations in PanIN-2 (an average of 30 mu-
tations) compared with invasive carcinoma (an
average of 49 mutations). Surprisingly, PanIN-3
showed 63 mutations on average per lesion, and
the commonality of mutations between PanIN-3
and adjacent invasive carcinoma ranged from
34% to 96%, with 10 of 15 PanIN lesions showing
commonality of greater than 50%.
It should be noted that there is one critical issue

in the molecular study of PanIN: the genetics of
high-grade PanIN (PanIN-3 or carcinoma in situ)
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has been analyzed mostly using pancreatectomy
specimens for PDAC. Although it is reasonable to
examine the genetic changes by comparing a
noninvasive carcinoma with an invasive one to
highlight the factors of malignant transition, the
histologic distinction between genuine high-
grade PanIN and cancerization of pancreatic ducts
is sometimes difficult, and the interpretation of the
genetic analysis of the noninvasive component
may not be reliable in some lesions. Because of
the rarity of high-grade PanIN (�5%) in the
resected specimens without PDAC,61,71–73 very
few studies reported molecular characteristics of
high-grade PanIN without associated PDAC,
hampering a definitive conclusion.
INTRADUCTAL PAPILLARY MUCINOUS

NEOPLASMS

IPMN is another important precursor of PDAC.
Molecular studies supported the notion that
IPMN develops an invasive carcinoma through
the progression from low-grade IPMN to high-
grade IPMN by showing that genetic abnormalities
important for the development of PDAC are also
found in high-grade IPMN and that genetic
changes accumulate with increasing cytoarchitec-
tural atypia.

PDAC-related genes were altered in IPMN and
are thus considered to play a role in the develop-
ment of IPMN. KRAS mutations are present in
50% to 80% of IPMNs.45,47,48,74–77 KRAS muta-
tions are frequently noted in 60% to 90% of low-
grade IPMNs, indicating that mutated KRAS is
important in the initiation of IPMN development.

Aberration of TP53 is most commonly noted in
high-grade IPMN and is thus considered important
for the malignant progression of IPMN. Overex-
pression or complete loss of expression of TP53
protein was reported in 50% to 80% of high-
grade IPMNs and invasive IPMNs, but not in
low-grade IPMNs.65,76,78 Recent NGS studies
showed that somatic mutations of TP53 were
observed in 0% to 20% of high-grade IPMNs/inva-
sive IPMNs but were rare in low-grade and
intermediate-grade IPMNs.46,48,79 LOH studies us-
ing polymerase chain reaction (PCR)-based micro-
satellite markers showed allelic loss of 17p in 15%
to 40% of IPMNs (mostly high-grade IPMNs).80,81

However, a study using high-density array CGH
did not show frequent allelic loss of 17p in
IPMNs.82

Inactivation of CDKN2A/P16 is involved in the
development of IPMN. Loss of P16 expression
was noted in 28% to 62% of IPMNs and in 53%
to 63% of invasive IPMNs. Of these, loss of
expression was observed in 10% to 50% of low-
grade and intermediate-grade IPMNs.46,65,83,84

Genetic analysis of CDKN2A/P16 revealed that
aberrations appear to be confined to high-grade
IPMNs; 3 sequencing studies using NGS revealed
that somatic mutations of CDKN2A/P16 were rare
(0%, 2%),46,79 or infrequent (seen in only 20%
of high-grade IPMNs).48 LOH studies using
PCR-based microsatellite markers identified allelic
loss of 9p in 18% to 62% of IPMNs.80,81 However,
studies using high-throughput methods (array
CGH and digital karyotyping) did not find recurrent
loss at the 9p21 locus.79,82 Promoter hypermethy-
lation is another important mechanism of gene
silencing of CDKN2A/P16, and one study showed
that hypermethylation was detected in 22% of
high-grade IPMNs but not in low-grade IPMNs.85

Taken together, inactivation of CDKN2A/P16 in
IPMN is mediated by the same 3 mechanisms as
PDAC and is important in the later events of
IPMN progression.

In contrast to the previously mentioned 3
PDAC-related genes, SMAD4 inactivation appears
to be involved in the transition to invasive IPMN.
Immunohistochemical studies consistently re-
ported that expression of the SMAD4 protein is
mostly retained in preinvasive IPMNs, whereas
loss of expression is noted in one-third of invasive
IPMNs.46,65,83,86 Studies using NGS revealed that
somatic mutations of SMAD4 were rare in
IPMN.46,48,79 On the other hand, chromosomal
loss of the SMAD4 locus (18q21) appears to be
present before the development of invasive
IPMN. LOH studies using PCR-based microsatel-
lite markers detected allelic loss of 18q in 20% to
38% of IPMNs,80,81 and a recent study using array
CGH showed recurrent loss of 18q in
intermediate-grade IPMNs (2/5) and in high-
grade or invasive IPMNs (5/8).82

The discovery of frequent involvement of GNAS
in IPMN deepened our understanding of pancre-
atic neoplasms. Wu and colleagues45 performed
an elaborate experiment to capture frequently
mutated genes from cyst fluids of IPMN. After
sequencing 169 genes commonly altered in hu-
man cancers, they successfully identified hot-
spot mutations of GNAS codon 201 in 66% of
IPMNs. Furukawa and colleagues87 also found
frequent GNAS mutations in 41% of IPMNs. Other
studies followed, confirming that GNAS mutations
are specific to IPMN and are rare in other
pancreatic neoplasms.45,47,79,87 GNAS encodes
the stimulatory G-protein a-subunit (Gsa) of the
heterotrimeric G-protein, and codon 201 missense
mutations constitutively activate the GNAS protein
and increase the level of cyclic AMP.88,89 Both
GNAS and KRAS are most commonly targeted in
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IPMN, with more than 90% of cases having one or
both mutations.45–47 Of the 4 IPMN subtypes,
GNAS mutations are most prevalent in the intesti-
nal subtype and are observed in 70% to 100% of
cases.45,47,48,90

Whole exome sequencing has identified other
frequently mutated genes in IPMN. Eight high-
grade IPMNs were sequenced, and a total of 211
nonsynonymous mutations with an average of 27
mutations per tumor were found.79 Of 6 genes
that were mutated in 2 or more cases, 4 genes
(KRAS [63%, 5/8], GNAS [63%, 5/8], RNF43
[75%, 6/8], and APC [25%, 2/8]) were identified
as potential driver genes. The RNF43 gene is
located on chromosome 17q22, and it encodes a
protein with intrinsic E3 ubiquitin ligase activity.
Frequent inactivating mutations (ie, nonsense
and frameshift mutations) and accompanied LOH
of the gene locus indicate that RNF43 functions
as a tumor suppressor gene in IPMN and
mucinous cystic neoplasm (MCN). Studies by
other groups also confirmed recurrent RNF43 mu-
tations in 14% to 18% of IPMNs.46,48 Intriguingly,
recent exome sequencing studies of PDAC found
that RNF43 mutations are also seen in approxi-
mately 10% of PDACs.12,13,91 Other cancer-
related genes reported in IPMN include BRAF,
molecules of the PI3K pathway (PIK3CA, PTEN,
and AKT1) and STK11/LKB1, although the preva-
lence of these mutations is low (<10%).46,92–97

Intraductal tubulopapillary neoplasm (ITPN) is a
rare subtype of intraductal neoplasm with distinc-
tive histologic and immunohistochemical fea-
tures.98 Although examined cases are limited,
ITPN seems to have different molecular traits
from those of IPMN, including rare KRAS muta-
tions (1/14, 0/4), occasional PIK3CA mutations
(3/14, 0/4), and rare GNAS mutations (0/14, 1/
4).46,95 It is surprising that most ITPNs rarely
exhibited mutations of common cancer-related
genes, even though ITPN often shows high-
grade histology.46 Further studies would clarify
the molecular features of this rare subtype of intra-
ductal tumor.

MUCINOUS CYSTIC NEOPLASM

MCN, the third precursor of PDAC, is a
mucin-producing neoplasm with distinctive
clinicopathological features. Like IPMNs, MCNs
contain alterations in genes commonly mutated
in PDAC, and an NGS study revealed frequent al-
terations of RNF43 in MCN.
KRAS mutations are reported in 6% to 50% of

MCNs, with mutations observed from low-grade
lesions.45,47,99–101 The mutation frequency tends
to rise as the grade increases; one study showed
KRAS mutations in 20% (2/10) of low-grade,
33% (3/9) of intermediate-grade, and 89% (8/9)
of high-grade MCNs or invasive MCNs.99 Abroga-
tion of TP53 function occurs late in the progression
of MCN; overexpression of the TP53 protein was
noted in high-grade MCNs and invasive MCNs
but not in low-grade and intermediate-grade
MCNs.99,102 In parallel, TP53 mutations were
found in high-grade MCNs (2/5) and invasive
MCNs (5/7), but not in low-grade MCNs
(0/3).79,103 CDKN2A/P16 inactivation has been
suggested by past data, but the number of cases
is limited and its relevance is not clear. Genetic
mutations of CDKN2A/P16 were rarely observed
in MCNs.79,103 Promotor hypermethylation was re-
ported in low-grade/intermediate-grade MCNs
(14%, 2/14) and invasive MCNs (43%, 3/7).100,103

SMAD4 seems to play a role in the progression
of MCN, particularly in the transition to invasive
carcinoma. Loss of expression of SMAD4 was
examined in 36 MCNs in one study, which
revealed that all MCNs including high-grade
MCNs retained SMAD4 expression whereas
most invasive MCNs (6/7) showed loss of
SMAD4 expression.104 Recent NGS studies did
not find somatic mutations of SMAD4.79 Other mi-
nor alterations of cancer-related genes reported in
MCN include LOH of 3p25 (VHL locus) (2/12) and
PIK3CA mutation (1/15).100,105

A whole exome sequencing study of 8 MCNs
(3 low-grade and 5 high-grade MCNs) revealed
128 somatic mutations in 115 genes, with an
average of 16 nonsynonymous mutations per tu-
mor.79 KRAS was the most frequently targeted
(6/8), followed by RNF43 (4/8) and TP53 (2/8).
GNAS, which is frequently targeted in IPMNs, did
not show mutations in MCNs, and this result was
supported by other studies.45,47

NEUROENDOCRINE TUMOR

Although familial cancer-predisposing syndromes
account for a small proportion of all human can-
cers, they have provided important insights into
the identification of responsible genes in both fa-
milial and sporadic cancers. Multiple endocrine
neoplasia-type 1 (MEN1) is a good example, and
Pittman and colleagues provide an excellent re-
view of familial syndromes affecting the pancreas
elsewhere in this issue (see Pittman ME, Brosens
LA, Wood LD: Genetic Syndromes with Pancreatic
Manifestations, in this issue). In addition to its
involvement in familial tumors, the tumor suppres-
sor gene MEN1 is commonly inactivated in pa-
tients with sporadic pancreatic neuroendocrine
tumors (PanNETs) via somatic mutations coupled
with loss of the wild-type allele. Somatic mutations

http://dx.doi.org/10.1016/j.path.2016.05.012
http://dx.doi.org/10.1016/j.path.2016.05.012
http://dx.doi.org/10.1016/j.path.2016.05.012
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ofMEN1 has been reported in 25% to 44% of spo-
radic PanNETs.106–110 In addition, allelic loss of the
MEN1 locus (11q13) was reported in 30% to 70%
of PanNETs.107,108,111–114

Dysregulation of the PI3K/AKT/mTOR pathway
is another important characteristic of PanNETs.
This pathway controls most hallmarks of cancer,
including cell cycle, survival, metabolism, motility,
and genetic instability, and constituent molecules
are frequently altered in a broad range of human
cancers.115 Among these, genetic alterations of
PTEN, TSC2, and PIK3CAwere noted in PanNETs.
PanNETs contain a number of recurrent chromo-
somal gains and losses, among which loss of
10q (where PTEN is located) and loss of 16p
(where TSC2 is located) were noted in 25% and
36% of cases, respectively.116,117 Perren and col-
leagues118 investigated both PTEN mutations and
allelic loss of 10p23, and found that 36% (8/22) of
PanNETs have allelic loss of 10q23, although 3%
(1/33) had somatic mutations. An exome
sequencing study, however, revealed that PTEN,
TSC2, and PIK3CA mutations were found in
7.3%, 8.8%, and 1.0% of PanNETs, respec-
tively.110 Expression microarray revealed that the
TSC2 and PTEN transcripts were downregulated
in most PanNETs, and low expression levels of
these transcripts were associated with shorter
disease-free and overall survival.119 In total, 15%
of PanNETs have mutations of mammalian target
of rapamycin (mTOR) pathway genes, providing
a rationale for the application of mTOR inhibitors
for PanNETs. Inhibitors of the mTOR pathway,
such as everolimus have shown great promise in
the treatment of PanNETs in clinical trials, but
treatment response has not yet been linked to mu-
tation status.120

An exome sequencing study revealed novel
recurrent somatic mutations of the DAXX or
ATRX genes in 25% and 18% of PanNETs,
respectively.110 Mutations of both genes were
considered inactivating because most mutations
were nonsense mutations or insertion/deletions.
In addition, immunolabeling of DAXX or ATRX
(positive for nuclei in normal cells) was lost in Pan-
NETs harboring somatic mutations.110,121 Both
DAXX and ATRX proteins play a role in chromatin
remodeling. They interact with each other and
together function as a histone chaperone for the
deposition of the histone variant H3.3 into telo-
meric and pericentromeric heterochromatin.122,123

In this exome sequencing study DAXX and ATRX
were mutated in a mutually exclusive manner, sup-
porting the hypothesis that both proteins function
within the same pathway.

Furthermore, a striking link between DAXX or
ATRX mutations and unique telomere phenotype
was discovered. Cancers commonly express
telomerase to maintain the length of telomeres
so that they can divide indefinitely. However, in
a small proportion of cancers, telomere loss is
compensated by a telomerase independent
mechanism, termed ALT (alternative lengthening
of telomeres).124 Heaphy and colleagues121

found, using telomere-specific FISH, that there
is a strong correlation between PanNETs with
DAXX or ATRX mutations and ALT phenotype.
Although the mechanism and relevance of the
ALT phenotype in PanNETs are not yet under-
stood fully, a correlation between the ALT pheno-
type and chromosomal instability in PanNETs
was suggested by one study.125 The ALT pheno-
type is present in only 3% of all human tu-
mors.126 DAXX or ATRX mutations are
suggested to be late events in PanNET develop-
ment, at least in patients with MEN1 syndrome:
no PanNET nodules less than 0.5 cm in diameter
(microadenomas) showed either the ALT pheno-
type or loss of immunostaining of DAXX or
ATRX proteins in syndromic patients.127

Most studies of PanNETs have not stratified the
tumors by hormone secretion status; however,
insulinomas in particular have been studied in
depth by Cao and colleagues,128 who investigated
the exomes of 10 insulinomas. After examining
additional tumors for validation, they found a
recurrent hot-spot mutation of T372R in the YY1
gene in 30% (34/113) of sporadic insulinomas,
and this result was confirmed by other groups
(13% to 33%).129,130 The YY1 protein is a tran-
scription factor, responsible for the regulation of
mitochondrial function and insulin/insulinlike
growth factor signaling that is crucial for pancre-
atic beta-cell survival and insulin secretion.
Cromer and colleagues129 have shown a unique
effect of T372R mutation on YY1 gene function:
the T372R missense mutation changes the
DNA-binding specificity of this transcription factor,
conferring a new binding activity not present in the
wild-type gene product. Increased expression of
genes not normally regulated by the YY1 protein
includes ADCY1 and CACNA2D2, which are
involved in cAMP and Ca21 signaling, respectively,
and play a role in insulin secretion, suggesting a
contribution to insulinoma pathogenesis.

In addition to small point mutations, novel gene
alterations are suggested as a potential tumor
suppressor of PanNETs. Based on the past LOH
studies, Ohki and colleagues131 identified frequent
allelic loss at chromosome 1q31 (72%), on which
the PHLDA3 gene is located. Although no PHLDA3
mutation was detected, the promoter of the
PHLDA3 gene was hypermethylated in PanNETs
with LOH of the PHLDA3 locus in 7 of 7 cases,
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suggesting that PHLDA3 plays a role as a tumor
suppressor gene in PanNETs.
The genetic landscape of PanNETs depicted by

exome sequencing is that PanNETs have 8 to 23
somatic mutations per tumor with a mean of
16.110 Two studies of exome sequencing of insuli-
nomas also showed small numbers of somatic
mutations (an average of 8.0 and 3.7 mutations
per tumor).128,129 Four PDAC-related genes
(KRAS, TP53, CDKN2A/P16 and SMAD4) were
only very rarely mutated in PanNETs. In addition,
multiple LOH studies revealed that a number of
chromosomal gains and losses are present in spo-
radic PanNETs.132

SEROUS CYSTADENOMA

Studies of von Hippel-Lindau (VHL) disease
contributed greatly to the molecular understand-
ing of serous cystadenoma (SCA), a benign,
slow-growing cystic neoplasm. Early genetic
studies and a recent study using NGS consistently
showed that the tumor suppressor gene VHL is
commonly mutated in SCA via somatic mutations
and LOH of the wild-type allele. Sporadic SCAs
frequently harbor allelic loss of 3p25 (the VHL
locus), which is observed in 40% to 70% of
cases.100,133,134 A high-resolution LOH assay
(digital karyotyping) also showed that allelic loss
of 3p was detected in 88% (7/8) of cases.79 In
addition, somatic mutations of VHL were detected
in 10% to 22% of SCAs examined by conventional
methods133,134 and in 50% (4/8) of SCAs exam-
ined by NGS.79 Moreover, a study reported that
epigenetic silencing of the VHL gene was detected
in a minority of cases (7%, 1/14).100

Whole exome sequencing of 8 SCAs showed an
average of 10 nonsynonymous mutations per tu-
mor, and VHL was the most frequently mutated
gene.79 In addition, PDAC-related genes (KRAS,
TP53, CDKN2A/P16, and SMAD4), IPMN-related
genes (GNAS, RNF43), PanNET-related genes
(MEN1, DAXX and ATRX), and CTNNB1, which is
frequently mutated in solid-pseudopapillary
neoplasm (SPN) and pancreatoblastoma, are all
wild-type in SCA, supporting the notion that
SCA is a distinct type of tumor in the
pancreas.47,79,100,134–136

ACINAR CELL CARCINOMA

Accumulating evidence of the molecular genetics
of acinar cell carcinomas (ACCs) supports the
notion that ACC is different from PDAC and Pan-
NET. Moreover, ACC has been thought to be char-
acterized by alterations of the APC/beta-catenin
pathway. However, recent sequencing studies
revealed other recurrently mutated genes and
fusion genes, leading us to renew our understand-
ing of this rare neoplasm.
Studies by several groups consistently showed

that ACCs rarely have mutations of KRAS, which
is almost invariably mutated in PDACs.47,137–143

Although mutations of TP53 and SMAD4 were
rarely detected in the early studies,137,139,140,144

recent studies using NGS revealed that ACCs
contain mutations of TP53 and SMAD4 at low fre-
quencies (TP53 in 14% to 23% of cases and
SMAD4 in 14% to 19% of cases).142,145

CDKN2A/P16 mutations (14%) and homozygous
deletions (19%) were also detected in the NGS
studies of ACC.142,145

LOH studies consistently showed that ACC is
characterized by high degrees of chromosomal
instability, with a large number of chromosomal
gains and losses.141,143,146,147

Alterations in the APC/b-catenin pathway have
been reported in 24% of ACCs, and include acti-
vating mutations of CTTNB1 or inactivating muta-
tions of APC.148 Recent studies by Furlan and
colleagues141 confirmed this, showing that muta-
tions of CTTNB1 and APC were found in 13%
(3/23) and 7% (2/29) of cases, respectively. Further-
more, they showed more frequent involvement of
allelic loss of 5q (the APC locus) (48%, 12/25) and
promoter hypermethylation of the APC gene
(56%, 24/43). As they found decreased levels of
APC mRNA in cases with LOH, they suggested
that allelic loss and promoter methylation play a
major role in the inactivation of APC.
Exome sequencing studies have revealed that

ACC is characterized by a large number of somatic
mutations (an average of 98 and 131mutations per
tumor in 2 studies), with no apparent “mountains”
in its genetic landscape.142,149 Whole exome
sequencing of 21 pancreatic carcinomas with
acinar cell differentiation revealed that no genes
were mutated in more than 20% of the tumors.
Frequently mutated cancer-related genes
included SMAD4 (19%, 4/21), JAK1 (19%, 4/21),
BRAF (14%, 3/21), RB1 (14%, 3/21), TP53 (14%,
3/21), APC (10%, 2/21), ARID1A (10%, 2/21),
GNAS (10%, 2/21), MLL3 (10%, 2/21), and PTEN
(10%, 2/21), as well as homozygous deletion of
CDKN2A/P16 (19%, 4/21). Their results were
confirmed by another targeted sequencing study,
in which PDAC-related genes (TP53, SMAD4,
and CDKN2A), as well as CTNNB1, APC, and
RB1 were mutated recurrently but with low fre-
quency (10% to 20%).145

A targeted sequencing study of 44 ACCs also
revealed frequent alterations of the BRCA2 gene
(20%, 9/44).145 Notably, genes related to DNA
repair (eg, BRCA1/2, PALB2, ATM, MSH1/2)
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were mutated in 45% of the cases. The recurrent
involvement of BRCA2 mutations was confirmed
by another whole exome sequencing study.149

Another outstanding discovery of ACC genetics
is the presence of recurrent gene rearrangements.
RNA sequencing found rearrangements involving
BRAF or RAF1 in 23% (10/44) of ACCs.145 The
most prevalent fusion protein was SND1-BRAF,
and in vitro experiments showed that SND1-
BRAF-transformed cells resulted in constitutive
activation of the MAPK pathway and exhibited
sensitivity to treatment with MEK inhibitor.

Overall, ACC is genetically complex and highly
heterogeneous. Although no frequently mutated
genes (“mountains”) were detected, almost half
of the patients with ACC contained somatic muta-
tions that are potentially targetable, including mu-
tations in BRCA1/2, PALB2, BRAF, and JAK1.
Indeed, a patient with ACC with a BRCA2mutation
who responded dramatically to platinum-based
chemotherapy was documented.149

PANCREATOBLASTOMA

Pancreatoblastoma is a rare pancreatic neoplasm
with acinar cell differentiation, occurring most
commonly in children. Abraham and colleagues150

first revealed recurrent genetic alterations of pan-
creatoblastoma based on an insightful observa-
tion. By focusing on the clinicopathological
findings that pancreatoblastoma can occur in pa-
tients with familial adenomatous polyposis and
Beckwith-Wiedemann syndrome, they hypothe-
sized that the molecular pathogenesis of pancrea-
toblastomamay involve the genetic loci targeted in
these syndromes.151,152 They identified recurrent
activating mutations of CTNNB1 and inactivating
mutations of APC in 67% (6/9) of cases. Frequent
loss of 11p was also noted (6/7).150,153 Jiao and
colleagues performed a whole exome sequencing
study of 2 cases of pancreatoblastoma.142 The
cases contained 17 and 18 somatic mutations
per tumor, and both pancreatoblastomas had
CTNNB1 mutations and SMAD4 mutations.

SOLID-PSEUDOPAPILLARY NEOPLASM

SPN has distinctive histologic and molecular char-
acteristics. Early studies revealed that 83% to
90% of SPNs have CTNNB1 exon 3 mutations in
addition to aberrant nuclear expression of beta-
catenin.154,155 Cyclin D1, a cell cycle regulator of
the G1/S transition and that lies in the downstream
of Wnt/beta-catenin pathway, is overexpressed in
SPN.154,155

For PDAC-related genes, no KRAS mutations
were noted.47,79,139,155 Strong nuclear expression
of TP53 protein and/or somatic mutations of
TP53 were rare in SPN.79,139,155 However,
pleomorphic variant of SPN showed strong TP53
immunostaining in more than half of cases
(65%, 11/17), and was shown to harbor TP53 mu-
tations in some cases (3/9).156 CDKN2A and
SMAD4 are retained in SPN.79,139,155

Chromosomal alterations in SPN have been
investigated by multiple groups. A recent array
CGH study of 12 SPNs showed that SPN generally
had no chromosomal changes or a low number of
chromosomal changes; one-third of the cases
(4/12) had no changes, and the remaining two-
thirds of the cases had 4 common chromosomal
gains at 13q, 17q, 1q, and 8q.157

The SPN genome is stable, with few mutations
and chromosomal copy number changes except
one “mountain” (CTNNB1). Whole exome
sequencing of 8 SPNs revealed that the genome
of SPN contained an average of just 2.9 mutations
per tumor.79 CTNNB1 mutations were targeted in
all cases (8/8). In addition, chromosomal structural
changes were not observed in 7/8 of SPNs.79
DIAGNOSTIC AND THERAPEUTIC

IMPLICATIONS

Currently, the exomes of the major histologic types
of pancreatic neoplasms have been sequenced
and their genetic characteristics are known
(Table 2). KRAS mutation is prevalent in ductal
neoplasms including PDAC, IPMN, and MCN.
GNAS is highly specific to IPMN, and 90% of
IPMNs have KRAS and/or GNAS mutations.
RNF43 is frequently mutated in IPMN and MCN
as well as in a small fraction of PDACs. MEN1,
DAXX, and ATRX are specifically mutated in Pan-
NET; CTNNB1 is specifically mutated in SPN, pan-
creatoblastoma and a small proportion of ACCs;
and VHL is specifically mutated in SCA. ACC can
have a variety of cancer-related genes in addition
to APC/CTTNB1. The recent discoveries of the
YY1 T372R mutation and the BRAF/RAF1 translo-
cation may also have potential diagnostic utility
once evidence has been accumulated.

Based on these pieces of information, some of
the genetic alterations can be applied to the
practice of surgical pathology.KRASmutation anal-
ysis is considered a useful adjunct to the histologic
diagnosis of PDAC, particularly when diagnosing
small tissues obtained by endoscopic ultrasound-
guided fine needle aspiration (EUS-FNA).158

Genetic analysis of a panel of genes including
KRAS, GNAS, RNF43, VHL, and CTNNB1 and an
LOH/aneuploidy analysis of chromosomes 3, 9,
17, and 18 revealed that these were promising



Table 2
Frequently mutated genes in pancreatic neoplasms

Histology Gene Symbol Prevalence Major Alterations Reference

PDAC KRAS >90% Missense mutation (hot
spots: codons 12, 13
and 61)

2–4 and
others

TP53 50%–80% NSM, LOH 7–13

CDKN2A/P16 95% NSM, LOH, homozygous
deletion, methylation

15–17

SMAD4 30%–60% NSM, LOH, homozygous
deletion

10–13,22–24

IPMN KRAS 50%–80% Missense mutation (hot
spots: codons 12, 13,
and 61)

45,47,48,74–77

TP53 HGD/invasive carcinoma NSM, LOH 46,48,79

GNAS 41%–66% Missense mutation (hot
spot: codon 201)

45,47,79,87

RNF43 14%–75% NSM, LOH 45,46,48

MCN KRAS 6%–50% Missense mutation (hot
spots: codons 12, 13,
and 61)

45,47,99–101

TP53 HGD/invasive carcinoma NSM 79,103

RNF43 50% NSM, LOH 79

SCA VHL 10%–50% NSM, LOH, methylation 79,100,133,134

SPN CTNNB1 83%–100% NSM (hot spot: exon 3) 79,154,155

PanNET MEN1 25%–44% NSM, LOH 106–110

DAXX/ATRX 43% NSM 110

Genes in mTOR
pathway

15% 110,118

PTEN 3%–7% NSM, LOH 110,118

TSC2 9% NSM, LOH 110

PIK3CA 1% NSM 110

Insulinoma YY1 13%–33% Missense mutation (hot
spot: codon 372)

128–130

ACC APC/CTNNB1 10%–24% 141,142,145,148

APC 2%–18% NSM, LOH, methylation
(56%)

141,142,145,148

CTNNB1 0%–13% NSM (hot spot: exon 3) 141,142,145,148

Common cancer-
related genesa

10%–20% (per gene) NSM 142,145

DNA repair genes 45% NSM 145

BRCA2 20% NSM 145,149

BRAF/RAF1 fusion 23% Translocation 145

Pancreatoblastoma APC/CTNNB1 67% NSM, LOH (APC) 142,150,153

Abbreviations:ACC, acinar cell carcinoma; HGD, high-grade dysplasia; IGD, intermediate-grade dysplasia; IPMN, intraduc-
tal papillary mucinous neoplasm; LGD, low-grade dysplasia; LOH, loss of heterozygosity; MCN, mucinous cystic neoplasm;
mTOR, mammalian target of rapamycin; NSM, nonsynonymous mutation; PanNET, pancreatic neuroendocrine tumor;
PDAC, pancreatic ductal adenocarcinoma; SCA, serous cystadenoma; SPN, solid-pseudopapillary neoplasm.

a Common cancer-related genes include, eg, SMAD4, TP53, CDKN2A, JAK1, BRAF, RB1, ARID1A, GNAS, MLL3, PTEN.
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markers for distinguishing pancreatic cystic neo-
plasms using cyst fluids (for details, see the review
article byNgamruengphongS,LennonAM:Analysis
of Pancreatic Cyst Fluid, in this issue).159

Histologic diagnosis currently provides the most
solid basis for clinical decision-making in chemo-
therapy for patients with pancreatic malignancies,
and no genetic biomarkers are available to stratify
patients for treatment purposes. However, some
genetic alterations show the potential for markers
of good response to treatment. For example,
patients with PDAC or ACC harboring mutations
of DNA double-strand break repair (BRCA1,
BRCA2, and PALB2) were documented to

http://dx.doi.org/10.1016/j.path.2016.05.010
http://dx.doi.org/10.1016/j.path.2016.05.010
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respond dramatically to chemotherapy, including
mitomycin C, platinum-based drugs, and PARP in-
hibitors.13,149,160,161 Defining biomarkers of
responsiveness to these drugs is expected to alter
the current treatments of PDAC and ACC, and a
phase III clinical trial is under way to investigate
the efficacy of the PARP-inhibitor Olaparib on
PDAC with BRCA mutations. In addition, a series
of sequencing studies revealed that potentially
actionable genetic changes, such as BRAF,
molecules of the Wnt/beta-catenin pathway
(eg, RNF43, AXIN1/2, APC), PIK3CA, HER2 ampli-
fication, and JAK1, are present in a fraction of
PDACs and ACCs.12,142,145,162,163 As genomic ap-
proaches become more widely available and
sequencing studies continue to identify clinically
relevant subsets of tumors (eg, with differing prog-
nosis, response to therapy), genomic analysis of
patient samples will become a key component of
personalized medicine. Surgical pathologists will
play a critical role in the implementation of these
analyses into standard clinical practice. As such,
knowledge of these alterations will be critical for
the effective practice of pathology in the era of
personalized medicine so as to provide the best
possible care for patients with pancreatic
neoplasms.
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Genetic Syndromes with
Pancreatic

Manifestations

Meredith E. Pittman, MDa, Lodewijk A.A. Brosens, MD, PhDb,
Laura D. Wood, MD, PhDc,*
Key points

� Familial pancreatic cancer accounts for approximately 10% of pancreatic ductal adenocarcinomas
(PDACs). Although PDAC is a feature of several well-described genetic syndromes and rare germline
mutations underlying familial PDAC have recently been identified, the genetic basis for most familial
PDAC remains unknown.

� In addition to repeated bouts of pancreatitis, patients with familial pancreatitis (caused by germline
mutations in CFTR, PRSS1, or SPINK1) have a markedly increased risk of PDAC, presumably due to
repeated rounds of injury and repair in the pancreas.

� Nonductal pancreatic neoplasms also occur in several well-described genetic syndromes and are a key
cause of morbidity and mortality in some patients.

KEYWORDS

� Pancreatic cancer � Genetics � Familial syndromes
ABSTRACT
A lthough the pancreas is affected by only a
small fraction of known inherited disorders,
several of these syndromes predispose

patients to pancreatic adenocarcinoma, a cancer
that has a consistently dismal prognosis. Still other
syndromes are associated with neuroendocrine
tumors, benign cysts, or recurrent pancreatitis.
Because of the variability of pancreatic manifesta-
tions and outcomes, it is important for clinicians to
be familiar with several well-described genetic
disorders to ensure that patients are followed
appropriately. The purpose of this review was to
briefly describe the hereditary syndromes that
are associated with pancreatic disorders and
neoplasia.
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OVERVIEW

Pancreatic adenocarcinoma (PDAC) remains the
fourth leading cause of cancer deaths for both
men and women in the United States.1 It is esti-
mated that at least 10%of all pancreatic adenocar-
cinoma is familial, and a subset of familial PDAC
occurs in the setting of well-defined hereditary
cancer predisposition syndromes,2 some of which
are widely recognized for other cancer types, such
as breast cancer withBRCA2mutations, and colon
cancer in Lynch syndrome. Because the risk of
PDAC rises rapidly (sixfold) when 2 first-degree rel-
atives are affected, it is important to recognize
these families for counseling and/or surveillance.3

Adenocarcinoma is not the only pancreatic mani-
festation of systemic genetic syndromes (Table 1).
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Table 1
Genetic syndromes with pancreatic manifestations

Syndrome Gene (Chromosome) Pancreatic Disease

Familial atypical multiple mole melanoma syndrome
(FAMMM)

CDKN2A (9p21) PDAC

Hereditary breast and ovarian cancer syndromes BRCA1 (17q21)
BRCA2 (13q12)
PALB2 (16p12)

PDAC

Lynch syndrome (hereditary nonpolyposis colon
cancer)

MLH1 (3p21)
MSH2 (2p21)
MSH6 (2p16)
PMS2 (7p22)

PDAC

Familial adenomatous polyposis (FAP) APC (5q21-22) PDAC
Acinar cell carcinoma
Pancreatoblastoma

Peutz-Jeghers (PJS) STK11/LKB1 (19p13) PDAC
Acinar cell carcinoma
IPMN

ATM (11q22-23) PDAC

Cystic fibrosis CFTR (7q31) Pancreatic insufficiency
Pancreatitis

Hereditary pancreatitis PRSS1 (7q34)
SPINK1 (5q32)

Pancreatitis
Pseudotumors
PDAC

Multiple endocrine neoplasia, type 1 (MEN1) MEN1 (11q13) PanNET

Von-Hippel Lindau VHL (3p25) Serous cystadenoma
PanNET

Neurofibromatosis, type 1 (NF1) NF1 (17q11) PanNET (somatostatinoma)

Tuberous sclerosis complex TSC1 (9q34)
TSC2 (16p13)

PanNET

Beckwith-Wiedemann Chromosome 11 Pancreatoblastoma

McCune-Albright syndrome GNAS (20q13) IPMN

Abbreviations: IPMN, intraductal papillary mucinous neoplasm; PanNET, pancreatic neuroendocrine tumor; PDAC,
pancreatic ductal adenocarcinoma.
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Other neoplasms can involve the pancreas, such
as neuroendocrine tumors or pancreatoblastomas.
Still other patients inherit a disposition to exocrine
pancreatic failure or repeated bouts of pancrea-
titis. The purpose of this reviewwas to give an over-
view of the pancreatic manifestations within these
syndromic settings.
HEREDITARY CANCER SYNDROMES

ASSOCIATED WITH PANCREATIC DUCTAL

ADENOCARCINOMA

FAMILIAL ATYPICAL MULTIPLE MOLE

MELANOMA SYNDROME

The Familial Atypical Multiple Mole Melanoma Syn-
drome (FAMMM) is generally characterized by pa-
tients who have a high count of total body nevi,
nevi with atypical features, and melanoma in
themselves or relatives, although there is variability
in phenotypic expression. FAMMM is inherited as
an autosomal dominant condition due to a mutation
in the CDKN2A gene on chromosome 9p21.
CDKN2A encodes the p16 protein, an inhibitor of
the cyclin D1-cyclin-dependent kinase complex.
By inhibiting this complex, p16 prevents phosphory-
lation of the retinoblastoma protein, effectively
acting as a tumor suppressor through regulation of
the cell cycle.4,5

Althoughmelanoma is themost common cancer
in patients with FAMMM, these patients are at
increased risk for other cancers as well, with
pancreatic adenocarcinoma being the second
most common malignancy. Although the risk for
PDAC in these families does not vary by gender,
it does vary considerably by geographic location.
Families with FAMMM in Europe and North Amer-
ica have an association with PDAC; however,
pancreatic cancer is not associated with FAMMM
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in Australian families.6 This variability in FAMMM
phenotype and penetrance can be traced to the
founder mutation in each location. For example,
the p16 Leiden mutation, a 19 base pair germline
deletion that causes a truncated protein, is
common in Dutch families.7 Patients with p16
Leiden have a relative risk of 46 for pancreatic can-
cer. Similar PDAC risk is also seen in patients with
the common Swedish founder mutation
(113insArg), and patients with the Italian “Liguria”
founder mutation (Gly101Trp) have approximately
10 times the risk of PDAC compared with
controls.8

FAMMM patients usually have conventional
PDAC on histologic examination. Other variations
in pancreatic carcinoma that have been reported
include adenosquamous carcinoma and undiffer-
entiated carcinoma with osteoclastlike giant cells
(Fig. 1). In the latter, the reported patient was a
known carrier of the p16 Leiden mutation. DNA
analysis showed p16 deletion in the malignant
cells while the giant cells retained p16 expression,
consistent with the hypothesis that the intratu-
moral giant cells are reactive and non-neoplastic.9

HEREDITARY BREAST AND OVARIAN CANCER

SYNDROMES (BRCA1 AND BRCA2)

Families with mutations in the Fanconi anemia
gene pathway are at increased risk for malignancy,
as the proteins encoded by these genes, including
BRCA1, BRCA2, and PALB2, are responsible for
repairing breaks in DNA.2 Mutations in BRCA2
are highly associated with both breast and ovarian
carcinoma, especially in patients of Ashkenazi
Fig. 1. Undifferentiated carcinoma with osteoclastlike gi
eosin (H&E) slide of an undifferentiated carcinoma. Note
cells and the multinucleated giant cells that react to the
multinucleated cells, confirming that they are reactive rat
Jewish (AJ) decent.10 BRCA2 mutations are also
linked to an increased risk of pancreatic carci-
noma, with one US study of “sporadic” PDAC
showing that these cancers may actually occur in
up to 7% of patients who carry germline BRCA2
mutations.11 A European study of 26 patients
with familial PDAC (defined as 2 first-degree rela-
tives with PDAC) found that 19% of these families
carried a frameshift or unclassified mutation in
BRCA2. Despite this finding, most of the families
in this PDAC cohort did not meet criteria for familial
breast or ovarian cancer.12 Risk for pancreatic
cancer is also increased for patients who have
germline mutations in the “partner and localizer
of BRCA2” gene, or PALB2.13 These families
have truncating mutations that may predispose
to breast cancer as well.14

In contrast to BRCA2 and PALB2, the tumor
suppressor BRCA1 has a less direct association
with pancreatic adenocarcinoma. Still, there is
growing evidence that patients with BRCA1 muta-
tions are at increased risk for PDAC. As previously
mentioned, the prevalence of BRCA mutations in
patients of AJ decent is known to be increased,
and AJ patients with PDAC carry recognized
BRCA1 and BRCA2 mutations.10 A recent study
of 159 patients with PDAC who underwent genetic
testing found germline mutations of BRCA1 in 4 in-
dividuals. Two were of AJ descent, and 2 were not.
Surprisingly, it was the non-AJ patients who had
early-onset PDAC at age 50 or younger,15 a finding
that provides additional evidence for the risk asso-
ciation with BRCA1.

Determining the BRCA1, BRCA2, or PALB2 sta-
tus of a patient with PDAC is important not just for
ant cells (�40). (A) A slide stained with hematoxylin-
the bizarre atypia of the singly nucleated malignant
malignancy. (B) A CD68 immunostain highlights the
her than malignant.
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prognosis, but also for screening and treatment.
Currently, guidelines recommend pancreatic
screening of patients who have both known germ-
line BRCA2 mutations and a family member with
PDAC.3 Additionally, nonpancreatic BRCA-asso-
ciated cancers have shown some sensitivity to
platinum agents and poly (ADP-ribose) polymer-
ase (PARP) inhibitors. These inhibitors cause fatal
DNA breaks in cells that lack functional BRCA1 or
BRCA2 proteins.16 Clinical trials are ongoing to
determine the combination of therapy that will be
best for patients with PDAC with these mutations.

LYNCH SYNDROME

Patients with Lynch syndrome, also known as
Hereditary Non-Polyposis Colorectal Cancer Syn-
drome, primarily come to clinical attention due to a
family history of colorectal and/or endometrial car-
cinoma, although they are at increased risk for a
variety of carcinomas at other sites. The underly-
ing abnormality in Lynch syndrome is a germline
mutation in 1 of the 4 genes involved in DNA
mismatch repair pathways: MLH1, MSH2, MSH6,
and PMS2. Deficiency in one of these pathways in-
creases the likelihood of errors in DNA repair, and
these errors can be detected in areas of repetitive
DNA sequences. The resulting “microsatellite
instability” can be detected by polymerase
chain reaction amplification of the tumor cells.
Alternatively, immunohistochemistry for the DNA
mismatch repair proteins will show loss of protein
expression in neoplastic cells.
Although not originally recognized as part of

Lynch syndrome,17 risk for PDAC appears to be
increased in some families with mismatch repair
deficiency.15 In some patients, PDAC may be
the initial manifestation of a mismatch repair defi-
ciency within a family.13 Most PDAC in patients
with Lynch syndrome will be of the conventional
type, but on occasion the histologic growth
pattern of these microsatellite unstable PDACs
take on the same “medullary” phenotype; that
is, typical of Lynch syndrome colorectal carci-
nomas: a poorly differentiated carcinoma with a
syncytial growth pattern, extensive necrosis,
and brisk intratumoral lymphocytic infiltrate
(Fig. 2).18 The importance of recognizing patients
with Lynch syndrome–associated carcinomas
may be greater now than ever because of the
promising new treatment regimens, including
immunotherapy drugs such as PD-1 inhibitors,
currently under study for microsatellite unstable
malignancies.19
Fig. 2. Poorly differenti-
ated pancreatic adenocar-
cinoma with medullary
features (�20). Note the
syncytial, sheetlike
growth of the malignant
cells and prominent lym-
phocytic infiltrate. This
patient was known to
have Lynch syndrome.
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FAMILIAL ADENOMATOUS POLYPOSIS

Familial adenomatous polyposis (FAP) occurs as a
result of a germline mutation in the APC gene on
chromosome 5q. Mutations are autosomal domi-
nant, and most cause truncation of the APC
protein, a tumor suppressor that functions in the
Wnt/b-catenin pathway to degrade b-catenin.
Patients with FAP have innumerable adenomas in
the large intestine and undergo prophylactic colec-
tomy shortly after adolescence. As patients age,
they also develop multiple adenomas within the
stomach and small intestine, often in the ampullary
area. Most rare “pancreatic cancers” that arise in
patients with FAP, then, are more likely of duodenal
or ampullary origin than true PDAC.20Moreover, the
primary pancreatic tumors that have been reported
in patients with FAP are rare tumors including endo-
crine carcinomas, acinar cell carcinoma, and pan-
creatoblastoma, instead of PDAC. Screening for
PDAC is not recommended for patients with FAP.21

PEUTZ-JEGHERS SYNDROME

Peutz-Jeghers syndrome (PJS) is another auto-
somal dominant tumor predisposition syndrome
characterized by intestinal polyps andmelanocytic
macules on oral mucosa. The underlying abnor-
mality is a germline mutation in STK11/LKB1 on
chromosome 19p. Most mutations result in a trun-
cated protein with a resulting loss of tumor sup-
pressive activity.22 In up to 90% of individuals
with a family history or clinical evidence of PJS,
identifiable STK11/LKB1 mutations, either dele-
tions or point mutations, can be found.23
Fig. 3. PJS. (A) Sections of a characteristic duodenal hamar
overgrowth of both epithelial elements and the smooth m
the branching muscle fibers (�4). (B) From the same pati
grade dysplasia (�20).
Gastrointestinal polyps are the most common
feature of PJS. These polyps are usually benign
hamartomatous polyps with characteristic branch-
ing architecture on histology. Although in rare cases
these polyps do undergo the adenomatous
dysplasia-carcinoma sequence, it remains amatter
of debate whether these polyps are the obligate
precursor lesions of colorectal cancer in these pa-
tients.24 Patients with PJS are at risk for not only
gastrointestinal malignancies, but also neoplasms
of the breast, lung, ovary, uterus, and pancreas.20

Overall, patients with PJS have an approximately
10% chance of developing pancreatic carcinoma
by age 70,22 and current recommendations are to
screen all patients with PJS, regardless of family
history of PDAC.3 As with FAP, these patients are
also at risk for duodenal and ampullary malig-
nancies, which must be separated from PDAC.
Although most pancreatic tumors in PJS are con-
ventional PDAC, acinar cell carcinoma has also
been described.25 Additionally, intraductal papillary
mucinous neoplasms (IPMN), a precursor of PDAC,
with loss of heterozygosity of the wild-type STK11/
LKB1 allele, have been reported in PJS (Fig. 3).26

ATM GENE MUTATIONS

The ataxia-telangiectasia syndrome, caused by
biallelic germline mutations in the ATM gene on
chromosome 11, is a rare disorder with primarily
neurologic and immunologic manifestations. The
ATM protein is similar to BRCA1 and BRCA2 in
that it functions to correct DNA double-stranded
breakage, and patients with the syndrome have
increased risk of malignancy.
tomatous polyp in a patient with PJS. Note the benign
uscle, so that epithelial islands are formed encircled by
ent, a portion of an IPMN, gastric subtype, with low-
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Intriguingly, heterozygous germline mutations in
ATM also play a role in familial cancer predisposi-
tion. Such mutations segregated with disease in 2
familial pancreatic cancer kindreds, and the
PDACs demonstrated loss of heterozygosity of
the wild-type allele. In an analysis of an additional
166 familial pancreatic cancer probands, 4 (2.6%)
were found to have deleterious germline heterozy-
gous ATM mutations, and these mutations
occurred in the most severely affected families.
Taken together, these results suggest that ATM
acts as an inherited tumor suppressor gene in a
small fraction of familial pancreatic cancers.27

MCCUNE-ALBRIGHT SYNDROME

McCune-Albright syndrome (MAS) is a rare disor-
der and the only one in this review that is not her-
itable. Instead, activating mutations in GNAS1
occur early in development, so that patients with
MAS have mosaicism for the mutant and wild-
type gene. Characteristic findings in MAS include
café-au-lait spots, polycystic fibrous dysplasia,
and precocious puberty.28

Approximately two-thirds of IPMNs of the
pancreas have also been shown to have activating
mutations of GNAS.29 Perhaps unsurprisingly,
then, a recent study of 19 adult patients with MAS
who underwent MRI found that 3 (15%) of these in-
dividuals had an IPMN, a prevalence far above the
estimated 25 per 100,000 persons.28 Because
IPMN is known to be a precursor to PDAC,
screening of adult patients for pancreatobiliary dis-
ease is prudent in this patient population.28

HEREDITARY SYNDROMES ASSOCIATEDWITH

PANCREATIC EXOCRINE DYSFUNCTION

CYSTIC FIBROSIS

Cystic fibrosis (CF) is the most common recessive
genetic disease in the Caucasian population and is
caused by a variety of mutations in the CFTR
gene.30 CFTR encodes a chloride ion channel
that allows for transport across cell membranes.
Loss or dysfunction of the channel results in pro-
duction of viscous mucous that clogs passage-
ways and damages epithelium rather than
providing a fluid protective barrier. CF is best
known for its pulmonary manifestations secondary
to abnormal mucous production, but chronic
dysfunction of the digestive tract is also common.
Although it is estimated that less than 10% of

acinar (exocrine) pancreatic tissue is necessary
to maintain pancreatic sufficiency, pancreatic
insufficiency occurs in most patients with CF.
The CFTR channel is normally expressed in
pancreatic ductal epithelium. Without the appro-
priate ion exchange, pancreatic secretions
become more acidic and less watery, causing
both obstruction of ducts and damage to the
ductal and acinar epithelium. Patients with pancre-
atic insufficiency are able to adequately digest
most carbohydrates and proteins, but lipid diges-
tion is markedly impaired, causing steatorrhea
and deficiency of fat-soluble vitamins.31

A subset of patients with CF has less deleterious
mutations in the CFTR gene. These individuals are
able to maintain pancreatic sufficiency; however,
precisely because they maintain exocrine function,
they are at increased risk for developing acute
pancreatitis in the setting of an obstructed duct.
In a study of more than 10,000 patients with CF,
slightly more than 1% developed acute pancrea-
titis, predominantly in patients with pancreatic suf-
ficiency. Unfortunately, most patients with CF
patients with 1 episode of pancreatitis go on to
relapse and ultimately develop chronic pancrea-
titis.32 It is thought that the chronic inflammation
in these patients accounts for the increased risk
of PDAC in some patients with CF.30

HEREDITARY PANCREATITIS

An excellent review of hereditary pancreatitis is
provided elsewhere in this issue (see Stram M,
Liu S, Singhi AD: Chronic Pancreatitis, in this
issue). Briefly, hereditary pancreatitis is a syn-
drome caused by mutations in PRSS1 or SPINK1,
genes involved in the production and inactivation
of the pancreatic enzyme trypsinogen. Patients
have recurrent bouts of pancreatitis beginning at
a young age (<30). These individuals are predis-
posed to develop both pancreatic pseudotumors,
from the chronic fibrosis, and pancreatic adeno-
carcinoma, secondary to chronic injury.2,33

HEREDITARY SYNDROMES ASSOCIATEDWITH

NONDUCTAL PANCREATIC NEOPLASIA

MULTIPLE ENDOCRINE NEOPLASIA, TYPE 1

Multiple endocrine neoplasia, type 1 (MEN1) is an
autosomal dominant syndrome caused by muta-
tions in the MEN1 gene located on chromosome
11q. Despite extensive work with the menin pro-
tein, the complete range of its functionality is still
unknown, and more than 1300 causative muta-
tions have been identified. Patients with this syn-
drome characteristically develop tumors of the
parathyroid glands, the anterior pituitary gland,
and the endocrine pancreas (Fig. 4).34,35

MEN1 is the most frequent genetic syndrome
associated with pancreatic neuroendocrine

http://dx.doi.org/10.1016/j.path.2016.05.008
http://dx.doi.org/10.1016/j.path.2016.05.008


Fig. 4. PanNET in MEN1. (A) Surgical resection of a pancreatic tail from a patient with MEN1 that shows yellow-
tan lobulated pancreatic parenchyma with multiple, fleshy pale pink neuroendocrine tumors. (B) An H&E-stained
slide of one of the tumors showing a beautiful reticulated pattern of growth. (C) An immunostain for Ki-67 shows
that the tumor has a low proliferative rate and would be considered a well-differentiated PanNET grade 1.
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tumors (PanNETs), and up to 70% of patients with
MEN1 will develop a macroscopic (radiologically
visible) PanNET in their lifetime. It is thought that
100% of patients with MEN1 have microscopic
neuroendocrine tumors within the pancreas. The
age of diagnosis for a macroscopic PanNET in
MEN1 is usually less than 50 years. Although
most PanNETs in MEN1 are nonfunctional, symp-
tomatic (hormone-secreting) gastrinomas and
insulinomas are also seen in a substantial percent-
age of these patients.35 Of note, as in FAP where
many “pancreatic” tumors actually arise from the
duodenum or ampulla, the functional gastrinoma
in a patient with MEN1 may be located not within
the pancreas, but in the duodenum. Care must be
taken during surgery and the gross dissection of
the resected specimen to investigate the duodenal
tissue and all lymph nodes because duodenal gas-
trinomas are known to metastasize to paraduode-
nal lymph nodes even when small.36 Almost all
patients with MEN1 eventually die from complica-
tions of their disease, often related to PanNET me-
tastases or comorbidities.35

VON-HIPPEL LINDAU

Von-Hippel Lindau (VHL) is an autosomal dominant
syndrome that predisposes patients to PanNET,
pancreatic serous cystadenomas, brain and spinal
cord hemangioblastomas, adrenal pheochromocy-
tomas, and renal cysts and clear cell carcinomas.
The causative mutations occur in the VHL gene
on chromosome 3p25 that encodes the VHL tumor
suppressor protein. The VHL protein normally func-
tions to degrade hypoxia-inducible factor, which, in
the active state, promotes angiogenesis.37

In the pancreas, serous cystadenomas are the
most common manifestation of VHL (Fig. 5).
Although these are benign cysts without risk
of risk of malignant transformation, they are
often multiple and can be associated with
diffuse replacement of the gland or ductal obstruc-
tion secondary to simple mass effect. Additionally,
the presence of serous cystadenomas can be the
initial presentation of de novo VHL disease in pa-
tients who do not have familial disease.38

PanNETs occur in approximately 10% of patients
with VHL, and in contrast to MEN1, the tumors are
solitary and nonfunctional. For this reason, Pan-
NETs are often detected in VHL on routine surveil-
lance abdominal imaging, which is recommended
primarily because of the risk of renal cell carcinoma
in VHL. PanNETs with clear cell features as well as
combined serous endocrine neoplasms can occur
in patients with VHL but are very rare in the nonsyn-
dromic setting. Although PanNETs in VHL can be



Fig. 5. Serous cystadenoma in VHL. (A) Irregular, medium-sized cystic spaces filled with clear, serous fluid and
lined by small cells with clear cytoplasm and regular round nuclei (�10). (B) Microcystic variant (�40).
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indolent, some grow rapidly and cause symptoms
secondary to their size. Additionally, risk for metas-
tasis increases when the PanNET is larger than
3 cm. Still, death from PanNET in this patient popu-
lation is extremely rare.35,38

NEUROFIBROMATOSIS TYPE 1

Neurofibromatosis type 1 (NF1), also known as von
Recklinghausen disease, is a common autosomal
dominant condition (1:2500 in the United Kingdom)
caused by a mutation in the NF1 gene on chromo-
some 17q. Under normal conditions, the neurofi-
bromin 1 protein is a tumor suppressor that
inhibits the Ras protein and therefore hinders cell
growth. The primary manifestations of NF1 are pig-
mented skin lesions (café-au-lait spots) and nerve
sheath tumors called neurofibromas, although the
phenotypic expression of the disease can vary
even between members of the same family.39
Fig. 6. Somatostatin-producing pancreatic neuroendocrin
cytoplasm of the neoplastic cells and the small nuclei (�20
within the somatostatinoma (�40).
A rare feature of NF1 is the presence of a partic-
ular type of functional neuroendocrine tumor
known as a somatostatinoma (Fig. 6). Although
these can be found in the pancreas, they are
more commonly located in the duodenum or peri-
ampullary region where theymay cause pancreatic
obstruction andmimic a pancreatic neoplasm. The
histologic findings of a somatostatinoma can be
quite characteristic: glandular formation and
psammomatous calcifications.40 Although these
tumors are associated with increased morbidity in
patients with NF1, they are not a significant cause
of mortality in this population.35

TUBEROUS SCLEROSUS COMPLEX

A final syndrome associated with PanNETs is
tuberous sclerosis (TS). TS is an autosomal
dominant condition caused by mutations in
either TSC1, which encodes hamartin, or TSC2,
e tumor (somatostatinoma). (A) Note the amphophilic
). (B) A characteristic calcification, a psammoma body,
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which encodes tuberin. These proteins are neces-
sary for regulation of cell growth via the phosphoi-
nositide 3-kinase pathway. Although most tumors
associated with TS are benign, they cause signifi-
cant morbidity due to their predominant locations
in the skin and brain. Patients with TS often expe-
rience seizures and developmental delay. A rare
manifestation of TS is the presence of PanNETs,
which may be functional or nonfunctional.35

BECKWITH-WIEDEMANN

Unlike the previously discussed syndromes,
Beckwith-Wiedemann syndrome (BWS) is associ-
ated with a different type of pancreatic malig-
nancy, the pancreatoblastoma. The genetic
mechanism underlying BWS is complex but most
often involves chromosome 11. BWS can be
caused by abnormal genetic imprinting, a defect
Fig. 7. Pancreatoblastoma. (A) The cells of a pancreatobla
both a spindled “streaming” growth pattern in the center
acinar morphology. The nests of tumor are surrounde
neuroendocrine-appearing cells with a characteristic squ
High magnification of neoplastic cells with pale cytoplasm
in gene regulation by methylation of a region of
chromosome 11. Another common cause of
BWS is paternal uniparental disomy, where the re-
gion of interest on both copies of chromosome 11
is inherited from the father, and no copies are from
the mother. In many cases of BWS, however, the
mechanism of disease is unknown.41

BWS is considered an overgrowth syndrome. Pa-
tients characteristically have hemihypertrophy,
macroglossia, and intra-abdominal tumors. Pan-
creatoblastoma is the most common pediatric
pancreatic malignancy, and in BWS, these tumors
are often congenital.42 Because of their size in the
neonate, pancreatoblastomasoften come to clinical
attention as a palpable abdominal mass; up to half
have metastasized to the liver at the time of diag-
nosis. On histologic review, pancreatoblastomas
are very cellular neoplasms with uniform polygonal
cells and interspersed squamoid nests (Fig. 7).
stoma may have different morphologies. Here, we see
surrounded by round, regular cells that appear to have
d by a fibrotic stroma (�20). (B) Solid growth of
amoid nest in the center of the field (�20). (C, D)
and nucleoli (�40).
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“Normal” constituents of the pancreas, including
acinar and endocrine cells, may be present in pan-
creatoblastoma. At a genetic level, pancreatoblas-
tomas show loss of 11p, and also may have
alterations of the APC pathway.21

SUMMARY

The pancreas is affected by a variety of hereditary
syndromes. In some, such as CF, pancreatic
dysfunction is a common and severe manifestation
of the disease process. In other syndromes, such
as TS, pancreatic neoplasia is rare and does not
significantly contribute to disease burden. Perhaps
the most important syndromes, however, are those
in which pancreatic adenocarcinoma may develop
because of the morbidity and mortality involved.
Knowing the spectrum of pancreatic disease is
important to understand the risk that individual pa-
tients have for disease, and to offer genetic coun-
seling and surveillance where appropriate.
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