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Abstract

The World Health Organization System for Reporting Pan-
creaticobiliary Cytopathology introduces a seven-tier cat-
egory system to standardize terminology and nomenclature.
This system includes the following categories: Insufficient/
non-diagnostic, benign/negative for malignancy, atypia,
pancreaticobiliary neoplasm low-risk/grade, pancreaticobil-
iary neoplasm high-risk/grade, suspicious for malignancy,
and malignant categories. Adopting a standardized report-
ing scheme facilitates consistent diagnostic criteria among
pathologists, thereby reducing report variability and enhanc-
ing communication with the clinical team for optimal patient
management. The report also highlights the role of critical
ancillary tests in improving diagnostic accuracy for pancre-
atic lesions and discusses practical approaches to managing
solid and cystic pancreatic lesions.
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2024;4(3):122-135. doi: 10.14218/ICTP.2024.00034.

Introduction

Pancreatic tissue biopsies are less commonly employed than
cytology sampling for diagnosing and guiding treatment in
patients with pancreaticobiliary lesions. The primary indica-
tions for cytological evaluation are pancreatic cysts or mass-
es and bile duct strictures. Endoscopic ultrasound-guided
fine-needle aspiration (EUS-FNA) remains the predominant
method for assessing pancreatic lesions, whereas endoscopic
retrograde cholangiopancreatography (ERCP) with bile duct
brushing is preferred for evaluating bile duct strictures.

The World Health Organization introduced the System for
Reporting Pancreaticobiliary Cytopathology to standardize
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terminology and nomenclature. This system features a sev-
en-tier diagnostic category system, which includes the cat-
egories: insufficient/non-diagnostic (ND), benign/negative
for malignancy (NFM), atypia, pancreaticobiliary neoplasm
low-risk/grade (PanN-low), pancreaticobiliary neoplasm
high-risk/grade (PanN-high), suspicious for malignancy
(SFM), and malignant (MAL). The criteria for each category
are detailed in Table 1.! Before the implementation of this
World Health Organization (WHO) Reporting System, the Pa-
panicolaou Society of Cytopathology (PSC) had proposed a
six-tier reporting system that included the categories: non-
diagnostic, negative, atypical, neoplastic (benign or other),
suspicious, and positive.2:3 The major difference between the
WHO and PSC reporting systems is that the WHO Report-
ing System re-categorizes the entities listed as “neoplas-
tic, benign, or other” under the PSC Reporting System. The
changes include: 1) the entities categorized as “neoplastic
benign” in the PSC Reporting System, such as lymphangioma
and serous cystadenoma, are now classified as benign in the
WHO Reporting System; 2) certain entities categorized under
“neoplasm other” in the PSC Reporting System, such as well-
differentiated neuroendocrine tumor and solid-pseudopapil-
lary neoplasm are classified as malignant in the WHO Report-
ing System; 3) the remaining entities under the category of
“neoplastic other” in PSC Reporting System, primarily muci-
nous lesions are further classified into “neoplastic low-risk/
grade” and “neoplastic high-risk/grade” in the WHO Report-
ing System according to the degree of atypia identified. The
diagnostic criteria and entities in each diagnostic category in
both WHO and PSC Reporting Systems are summarized in
Table 2.1,3:4 This article aims to discuss the WHO system and
introduce a practical approach to pancreatic lesions.

The reporting system

Insufficient/inadequate/ND

Definition: The insufficient/Inadequate/Non-diagnostic cat-
egory is defined as one that, for qualitative and/or quantita-
tive reasons, does not permit a diagnosis of the targeted
lesion.!

Diagnostic considerations and pitfalls: Currently,
there is no consensus on the minimum number of epithe-
lial cells required to determine the adequacy of a sample,
especially for pancreatic cystic lesions. The WHO Reporting
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Table 1. Diagnostic categories for the World Health Organization System for Reporting Pancreaticobiliary Cytopathology!

Diagnostic categories Definitions

Insufficient/Inadequate/

Non-diagnostic the targeted lesion

Benign/Negative
for malignancy

Atypical

Pancreaticobiliary neoplasm,
low-risk/grade (PanN-low)

Pancreaticobiliary neoplasm,
high-risk/grade (PanN-high)

Suspicious for malignancy

For qualitative and/or quantitative reasons, the specimen does not permit a diagnosis of
Specimens with cellular changes completely lacking evidence of malignancy

Specimens showing limited cellular (nuclear) and/or architectural atypia
Specimens showing features of neoplastic epithelial cells with low-grade cytologic atypia

Specimens showing features of neoplastic epithelial cells with high-grade cytologic atypia

A specimen demonstrates some cytopathological features suggestive of malignancy but

with features insufficient in either quantity or quality to make an unequivocal diagnosis of

malignancy
Malignant

A specimen demonstrates unequivocal cytopathological features of malignancy. The

malignant (MAL) category includes primary pancreatic neoplasms and metastases.

System advises correlating cytopathological diagnoses with
clinical and radiological findings. When imaging reveals a dis-
tinct mass or solid lesion, a paucicellular or acellular speci-
men should not be considered representative and should be
diagnosed as insufficient/ND. Similarly, if a specimen con-
tains only benign pancreatic tissue, regardless of cellularity,
and fails to account for the observed mass, it should also be
categorized as ND.

Conversely, if imaging does not show a clear mass, the
specimen can be classified as benign, with a note indicat-
ing the potential inadequacy of the specimen to represent
the lesion of interest fully. For conditions like a pseudocyst
or serous cystadenoma, the presence of scant cellularity, in-
flammatory cells, and histiocytes in the cytology specimen
typically reflects the cyst's nature. Thus, even without de-
tectable epithelial cells, such specimens should be placed in
the benign category rather than ND.

In cases where a specimen contains mucin (thick, colloid-
like) or shows carcinoembryonic antigen (CEA) levels above
192 ng/mL but is acellular or has sparse epithelial cells, it
should not be classified as ND (Fig. 1). Instead, it should be
categorized as a mucinous neoplasm, with an added com-
ment that the grading of dysplasia is indeterminate. Paper
tissue-like thin mucin is difficult to distinguish from gastroin-
testinal contamination. The presence of abundant thin mucin
may suggest a mucinous cyst.

Notably, epithelium from the duodenum and stomach fre-
quently contaminates cytology specimens. These cells, par-
ticularly stomach foveolar cells, can be mistaken for mucinous
epithelial cells from a mucinous neoplasm due to their similar
morphology (Fig. 2).5:6 Useful clues to differentiate gastroin-
testinal contaminants from lesional mucinous epithelial cells
include that gastrointestinal contaminants typically display a
larger sheet of regular mosaic epithelium, whereas lesional
mucinous cells often appear as small clusters or individual
cells. Duodenal epithelium can be identified by the presence
of scattered Goblet cells. Additionally, conditions such as au-
toimmune pancreatitis and chronic pancreatitis are likely to
yield insufficient material due to extensive fibrosis.

The ND category includes the following conditions?:

e Preparation artefact including degeneration and stain
precipitate.

e Obscuring blood, contaminant gastrointestinal epithe-
lium, or other material

e Normal pancreatic tissue in the context of a targeted
solid or cystic mass

e Acellular specimen of a solid mass or duct brushing

e Acellular specimen of a cyst without evidence of a muci-
nous etiology such as thick, colloid-like extracellular mu-
cin or elevated CEA (>192 ng/mL)

Risk of malignancy (ROM) and clinical management:
The reported ROM from this category varies widely, rang-
ing from 5% to 50% based on retrospective and prospective
studies.”13 The ROM of bile duct brushing specimens ranges
from 28 to 69%.! Repeat sampling is usually recommended.
Alternatively, a different methodology, such as fine needle
and core needle biopsies, may be considered to obtain suf-
ficient material.'#1> Rapid on-site evaluation (ROSE) reduces
the ND rate and improves diagnostic performance.!®

Benign/NFM

Definition: A specimen defined as “Benign/Negative for ma-
lignancy” demonstrates unequivocal benign cytopathological
features, which may or may not be diagnostic of a specific
process or benign neoplasm.

Diagnostic considerations and pitfalls: As previously
stated, when an imaging study identifies a targeted solid
mass lesion but the cytology specimen only contains normal
pancreatic tissue, it is advisable to classify the specimen as
insufficient or ND. However, if the lesion is indistinct, a diag-
nosis of benign might be appropriate, albeit with a disclaimer.
This approach could lead to an increased false-negative rate
and ROM for the benign category, potentially impacting pa-
tient management decisions. The benign category includes
both non-neoplastic lesions and benign neoplasms, such as
serous cystadenoma and schwannoma (Table 2).

Notably, lymphoepithelial cysts often exhibit elevated lev-
els of CEA, and degenerated keratin debris can mimic mu-
cin, leading to possible misdiagnosis of a lymphoepithelial
cyst as a mucinous neoplasm. FNA for a serous cystadenoma
typically yields paucicellular specimens with rare cuboidal
epithelial cells, making diagnosis extremely challenging (Fig.
3). A retrospective study revealed that 63% of serous cys-
tadenomas were initially misdiagnosed as benign ductal and
acinar cells, pseudocysts, or mucinous cystic neoplasms. Ad-
ditionally, 27% of serous cystadenomas were categorized as
insufficient or ND, underscoring the complexity of accurately
diagnosing these lesions.!” Additionally, gastric mucin can be
mistaken for mucin from a mucinous neoplasm, further com-
plicating the diagnostic process.

Risk of malignancy and clinical management: The
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Table 2. Diagnostic categories of the Papanicolaou Society of Cytopathology System for Reporting Pancreaticobiliary Cytology and the World Health

Organization System for Reporting Pancreaticobiliary Cytopathology'34

The Papanicolaou Society of Cytopathology
System for Reporting Pancreaticobiliary

World Health Organization System for Report-
ing Pancreaticobiliary Cytopathology

Cytology
Diagnostic . Diagnostic .
Category Entities Category Entities
I. Non-diagnostic Preparation or obscuring artifacts 1. The preparation artefact, including degeneration
precludes evaluation of the cellular  Insufficient/ and stain precipitate, obscuring blood,
component; Gastrointestinal inadequate/ contaminant gastrointestinal epithelium, or other
contamination; Normal pancreatic non- material; Normal pancreatic tissue in the context
parenchyma, in the setting of a diagnostic of a targeted solid or cystic mass; Acellular
clearly defined mass by imaging; fine-needle aspiration biopsy (FNAB) of a solid
Acellular aspirate of a solid mass mass or duct brushing; Acellular FNAB of a cyst
or pancreaticobiliary brushing; without evidence of a mucinous etiology such as
Acellular aspirate with no thick, colloid-like extracellular mucin or elevated
evidence of a mucinous etiology carcinoembryonic antigen (CEA) (>192 ng/mL)
II. Negative for Acute pancreatitis; Autoimmune 2. Benign/ Acute pancreatitis; Autoimmune pancreatitis;
malignancy pancreatitis; Benign pancreatic negative for Benign pancreatic parenchyma, if a well-
parenchyma, if well-defined mass is malignancy defined mass is not identified on imaging;
not identified on imaging; Chronic Chronic pancreatitis; Ectopic splenic tissue;
pancreatitis; Ectopic splenic tissue; Lymphoepithelial cyst; Lymphangioma;
Lymphoepithelial cyst; Pseudocyst Pseudocyst; Serous cystadenoma
III. Atypical 3. Atypical
IV. Neoplastic: Lymphangioma; Serous 4. Pancreatic intraepithelial neoplasia, low-grade;
benign cystadenoma Pancreatic; Pancreatic intraductal papillary mucinous
neoplasm- neoplasm with low-to intermediate-grade
low-risk/ dysplasia; Mucinous cystic neoplasm with
grade low-to intermediate-grade dysplasia; Biliary
intraepithelial neoplasia, low-grade; Intraductal
papillary neoplasm of the bile duct, low-grade;
Neoplasm, but a definitive diagnosis cannot be
made, including schwannomas, neurofibromas,
lipomas, paragangliomas, fibromatosis,
haemangiomas, and lymphangiomas
IV. Neoplastic: Intraductal papillary mucinous 5. Pancreatic intraepithelial neoplasia, high-grade;
Other neoplasm (including all grades Pancreatic Biliary intraepithelial neoplasia, high-grade;
of dysplasia); Mucinous cystic neoplasm- Pancreatic intraductal papillary mucinous
neoplasm (including all grades high-risk/ neoplasm with high-grade dysplasia; Intraductal
of dysplasia); Neuroendocrine grade papillary neoplasm of the bile duct, high-
tumor, well-differentiated; Solid- grade; Mucinous cystic neoplasm with high-
pseudopapillary Neoplasm grade dysplasia; Intraductal oncocytic papillary
neoplasm; Intraductal tubulopapillary neoplasm
V. Suspicious Atypia falling just short of that 6. No proposed change
for malignancy necessary for a definitive diagnosis  Suspicious
of malignancy; High-grade biliary for
intraepithelial neoplasia (BilIN) malignancy
VI. Positive or Acinar cell carcinoma; 7. Positive Acinar cell carcinoma; Cholangiocarcinoma;
malignant Cholangiocarcinoma; Ductal (for Ductal adenocarcinoma; Neuroendocrine

adenocarcinoma; Neuroendocrine
carcinoma, poorly differentiated;
Pancreatoblastoma;

Metastatic malignancy

malignancy)

carcinoma; Neuroendocrine tumor (including
all grades); Pancreatoblastoma; Pancreatic
lymphomas; Solid-pseudopapillary neoplasm;
Other: leiomyosarcoma, gastrointestinal
stromal tumor; Metastatic malignancy

ROM of the benign category of the pancreas ranges from
0 to 40%.7-13 The ROM of bile duct brushing is difficult to
estimate due to the limited number of studies on this topic,
but it may be as high as 30%.18-23 The clinical management
typically involves follow-up, and treatment is tailored to the
specific disease, such as pancreatitis. In cases where only
normal pancreatic tissue is obtained in the presence of a
mass lesion, it is essential to notify the clinical team and
review imaging study findings to determine the next step.

124
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For patients with bile duct stricture, continued surveillance is
recommended despite a “NFM” diagnosis.!

Atypical

Definition: A specimen categorized as “Atypical” demon-
strates features predominantly seen in benign lesions and
minimal features that may raise the possibility of a malig-
nant lesion, but with features insufficient in either quantity
or quality to diagnose a process or lesion as “Benign”, “PanN-

122-135
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a b

Fig. 1. Mucin. (a) Colloid-like mucin, PAP stain, 600x. (b) Thin, paper tissue-like mucin, PAP stain, 200x. (c) Mucin with Hematoxylin and eosin stain, 200x. PAP,

Papanicolaou.

low”, “PanN-high”, or “Malignant”.

Diagnostic considerations and pitfalls: The diagnostic
criteria for the atypical category can vary, leading to a high
variability in incidence in practice. Consequently, some cases
of low-grade biliary intraepithelial neoplasia and intraductal
papillary mucinous neoplasm that should ideally fall under
the “PanN-low” may inadvertently be classified as an “Atypi-
cal” category. In bile duct brushing, the “atypical” refers to
atypia beyond that typically observed in reactive conditions.

Risk of malignancy and clinical management: There
is a wide range of ROMs in the atypical category. For pancre-
atic lesions, the ROM ranges from 28% to 100% using the
PSC Reporting system and from 28% to 50% using the WHO
Reporting System, based on limited data.*7-13,24-27 The ROM
for the bile duct ranges from 25% to 61%.18-20,22,.23 Manage-
ment typically involves consensus review by multidisciplinary
teams, additional molecular testing, and repeat sampling
with ROSE.

b

Fig. 3. Serous cystadenoma. (a) Cell block shows non-mucinous, cuboidal epithelial cells, Hematoxylin and eosin stain, 400x. (b) epithelial cells are staining for

inhibin, 400x.

Journal of Clinical and Translational Pathology 2024 vol. 4(3) |
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Fig. 4. Pancreaticobiliary neoplasm, low grade. Pancreatic intraductal papillary mucinous neoplasm, low-grade: (a) PAP stain, 400x; (b) Hematoxylin and eosin
stain, 200x. Intraductal papillary neoplasm of the bile duct, low-grade: (c) Diff-Quik stain, 100x; (d) Hematoxylin and eosin stain, 200x. PAP, Papanicolaou.

PanN-low

Definition: A specimen categorized as “PanN-low” has fea-
tures of an intraductal and/or cystic neoplasm with low-grade
epithelial atypia.t

Diagnostic considerations and pitfalls: This category,
newly introduced in the WHO Reporting System, is designat-
ed for intraductal and cystic neoplasms exhibiting low-grade
epithelial atypia. It includes some cases formerly classified
as “atypical” under the PSC system, as well as lesions previ-
ously categorized within the “Neoplastic other” category that
display low-grade atypia (Table 2). This category encompass-
es intraductal papillary mucinous neoplasm (IPMN) (Fig. 4a,
b), low-grade biliary intraepithelial neoplasia, and low-grade
intraductal papillary neoplasm (Fig. 4c, d).

Due to the mild nature of the epithelial atypia, a primary
differential diagnosis is contamination from gastrointestinal
sources. A significant diagnostic challenge arises from gas-
tric foveolar epithelial cells, which can morphologically mimic
the mucinous epithelia seen in IPMN or mucinous cystic neo-
plasm (MCN). To assist in making a more accurate diagnosis,
ancillary tests such as CEA, amylase, glucose measurements,
and Kirsten rat sarcoma viral oncogene homolog (KRAS) mu-
tation analysis are recommended. These tests provide crucial
information that helps differentiate actual neoplastic changes
from benign or contaminant cells.

Risk of malignancy and clinical management: Data
regarding the ROM for this category is currently limited. Re-
cent studies showed that ROM ranges from 5% to 20%.4°

Patients with PanN-low lesions are typically managed con-
servatively and undergo active surveillance. While MCN was
previously considered an absolute indication for surgery,
recent guidelines suggest a preference for a conservative
approach involving surveillance unless high-risk factors are
present.28:29

PanN-high

Definition: A specimen categorized as “PanN-high” has
features of an intraductal and/or cystic neoplasm with high-
grade epithelial atypia.

Diagnostic considerations and pitfalls: This category
has been extracted from the “Neoplastic: other” category of
the PSC system.3 In the context of pancreas lesions, it is spe-
cifically limited to intraductal and cystic neoplasms exhibiting
high-grade epithelial atypia. Additionally, it may encompass
some cysts presenting with invasive carcinoma.! The criteria
for high-grade atypia encompass several features: small cell
size (typically <12 pym, resembling duodenal enterocytes),
elevated nuclear to cytoplasmic ratio, abnormal chromatin
(either hypo- or hyperchromatic), and a background of cel-
lular necrosis (Fig. 5a-d).13:30 The differential diagnosis in-
volves distinguishing the high-grade features from atypical
cyst lining cells observed in benign cystic lesions, neuroen-
docrine tumors, and intermediate-grade dysplasia. Cytology
alone is often insufficient to differentiate between pancreatic
intraepithelial/intraductal neoplasia with high-grade dyspla-
sia and pancreatic ductal adenocarcinoma, as well as bile
duct neoplasia with high-grade dysplasia and cholangiocar-
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Fig. 5. Pancreaticobiliary neoplasm, high grade. Pancreatic intraductal papillary mucinous neoplasm, high-grade: (a) High-grade epithelial cells show a high
nuclear-cytoplasmic ratio. Diff-Quik stain, 400x; (b) Small cluster and necrosis. PAP stain, 600x. Intraductal papillary neoplasm of the bile duct, high-grade: (c) PAP

stain, 400x; (d) Hematoxylin and eosin stain, 200x. PAP, Papanicolaou.

cinoma. This distinction may not be crucial since surgical
resection is typically the treatment approach for both ad-
enocarcinomas and neoplasms with high-grade dysplasia.!
Entities such as intraductal oncocytic papillary neoplasm and
intraductal tubulopapillary neoplasm are also included in this
category (Fig. 6a-f).

Risk of malignancy and clinical management: The
ROM for pancreatic neoplasm in this category is 60-90%.4°
However, there is currently no available data regarding ROM
for this category in bile duct brushing specimens. Neverthe-
less, this category is considered a high-risk test result and
warrants surgical intervention.28:31-34

Suspicious for malignancy (SUS)

Definition: A specimen demonstrates some cytopathological
features suggestive of malignancy but with features insuf-
ficient in either number or quality to make an unequivocal
diagnosis of malignancy.!

Diagnostic considerations and pitfalls: The SUS cat-
egory is employed when a mucinous cyst lesion exhibits
high-grade dysplasia coupled with necrosis, particularly if ac-
companied by high-risk imaging findings. Additionally, this
category can be assigned to lesions that cytologically suggest
adenocarcinoma, acinic cell carcinoma, or neuroendocrine
tumor but where a definitive diagnosis is obstructed by inad-
equate sample material, poor preservation, or the absence of
a distinct mass lesion in imaging studies.

A significant difference between the WHO and the PSC

systems is worth noting regarding specimens indicative
but not diagnostic of pancreatic neuroendocrine tumors
and solid pseudopapillary neoplasm. In the WHO system,
these specimens fall under the “"SFM” category, whereas
in the PSC system, they are typically classified as “Atypi-
cal”. Furthermore, when the confirmation of malignancy is
impeded by the absence of immunohistochemistry due to
limited material, categorizing the SUS category is deemed
appropriate.

In bile duct brushing, the SUS category is frequently ap-
plied to specimens demonstrating significant architectural
and cytological alterations against an inflammatory back-
drop, such as those associated with stents, stones, or pri-
mary sclerosing cholangitis.

Risk of malignancy and clinical management: The
ROM for pancreatic lesions ranges from 80% to 100%.%7-
9 While for bile duct brushing, it ranges from 74% to
100%.12:18-23 The management of the SUS category relies
on clinical correlation and ancillary testing results. However,
a SUS diagnosis does not necessarily warrant surgical inter-
vention or neoadjuvant treatment.

MAL

Definition: A specimen demonstrates unequivocal cyto-
pathological features of malignancy. The MAL category in-
cludes primary pancreatic neoplasms and metastases.
Diagnostic considerations and pitfalls: The most
common primary pancreatic malignancies encompass pan-
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Fig. 6. Pancreaticobiliary neoplasm, high grade. Intraductal oncocytic papillary neoplasm: (a) Diff-Quik stain, 200x; (b) PAP stain, 200x; (c) Hematoxylin and
eosin stain, 200x. Intraductal tubulopapillary neoplasm: (d) Diff-Quik stain, 200x; (e) PAP stain, 200x; (f) Hematoxylin and eosin stain, 200x. PAP, Papanicolaou.

creatic ductal adenocarcinoma (Fig. 7a-c), acinar cell car-
cinoma (Fig. 7d-g), cholangiocarcinoma, non-Hodgkin lym-
phoma, and pancreatoblastoma. Although rare, spindle cell
tumors such as gastrointestinal stromal tumors and sarco-
ma can also occur. Ancillary testing is crucial in diagnosing
these entities (see below). As mentioned in the "Atypical"
section, in the WHO Reporting System, well-differentiated
neuroendocrine tumor (NET) (Fig. 8a-d) and solid pseudo-

& d.' 3‘#‘” -
'u\Téf‘.A e

Fig. 7. Primary pancreatic malignant neoplasm. Ductal adenocarcinoma: (a) Diff-Quik stain, 200x; (b) PAP stain, 400x; (c) Hematoxylin and eosin stain, 200x.
(d-g) Acinar cell carcinoma: (d) Diff-Quik, 200x; (e) PAP stain, 400x; (f) Hematoxylin and eosin stain, 200x; (g) Tumor cells are positive for trypsin stain, 200x. PAP,
Papanicolaou.

papillary neoplasm (Fig. 8e, f) are categorized under the
MAL category, rather than the "Neoplastic other" category
of the PSC Reporting System. A differential diagnosis of
metastatic disease should be raised when a specimen shows
cytomorphologic features that are not typically seen in pri-
mary pancreatic tumors, especially in patients with a prior
history of malignancy. Representative metastatic breast,
colonic, lung, and renal cell carcinomas in the pancreas are

128 Journal of Clinical and Translational Pathology 2024 vol. 4(3) | 122-135
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Fig. 8. Primary pancreatic malignant neoplasm. Neuroendocrine tumor: (a) Diff-Quik, 200x; (b) PAP stain, 200x; (c) Hematoxylin and eosin stain, 200x; (d)
Tumor cells are positive for synaptophysin stain, 100x. (e-f) Solid pseudopapillary neoplasm: (e) Diff-Quik stain, 200x; (f) PAP stain, 400x. PAP, Papanicolaou.

shown in Figure 9.

Risk of malignancy and clinical management: Based
on the PSC Reporting System, the ROM is 97-100% for
pancreatic lesions,*7.9243536 and 88-100% for biliary
tract brushing.18:20,23,37-42 Syrgical resection is the primary
management approach for pancreatic neoplasms.43 If the
lesion is unresectable or the patient is not a surgical can-
didate, chemotherapy with or without radiation therapy is
typically pursued. Some lesions are operatable after neo-
adjuvant therapy, providing the patient the opportunity to
resect tumors.44-47 Surgical resection is recommended for
all functioning PanNETs and localized non-functioning Pan-
NETs.48

Diagnostic approaches and incorporation of ancillary
tests

The diagnoses of pancreatic lesions are best determined by
a multimodal approach that incorporates clinical information,
imaging findings, cytomorphologic features, and ancillary
testing results. Pancreatic lesions can be broadly divided into
solid mass and cystic lesions. Diagnostic approaches should
be tailored according to the nature (solid vs. cystic) of the
lesions.

Cystic lesions
Pancreatic cystic lesions encompass a diverse range of pa-
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Fig. 9. Metastatic carcinoma in pancreas. Metastatic breast carcinoma: (a) Diff-Quik stain, 400x; (b) PAP stain, 400x; (c) Hematoxylin and eosin stain, 200x; (d)
Tumor cells are positive for GATA3, 200x. Metastatic colonic adenocarcinoma: (e) Diff-Quik stain, 400x; (f) PAP stain, 400x. (g, h) Metastatic lung adenocarcinoma:
(g) Hematoxylin and eosin stain, 200x; (h) Tumor cells are positive for TTF1, 200x. Metastatic renal cell carcinoma: (i) Diff-Quik stain, 400x; (j) PAP stain, 400x; (k)
Hematoxylin and eosin stain, 200x; (I) Tumor cells are positive for PAX8, 200x. GATA3, GATA binding protein 3; PAP, Papanicolaou; PAX8, paired box gene 8; TTF1,

thyroid transcription factor 1.

thologies, including inflammatory (pseudocysts), benign
(serous cystadenoma), premalignant (mucinous cystic neo-
plasm and pancreatic intraductal papillary mucinous neo-
plasm), and malignant (mucinous) lesions.*® Cyst fluid can
be used for biochemical study and molecular testing (Table
3).17:49-54 Additionally, immunocytochemistry can be per-
formed in selective cases.

For cystic pancreatic lesions, the primary diagnostic ob-

jective involves differentiating mucinous from non-mucinous
cysts and, within mucinous cysts, determining whether the
lesional epithelial cells exhibit low-grade or high-grade atyp-
ia (Fig. 10). The identification of mucin-containing epithelial
cells and/or colloid-like thick mucin is indicative of a muci-
nous cyst. However, such features may not always be pre-
sent in lesions like IPMNs, which can exhibit various lining
epithelial cell types, including gastric-type, intestinal, pan-
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Table 3. Ancillary tests for classifying pancreatic cystic lesions17,49-54

Cyst type Amylase CEA Glucose Molecular testing

Pseudocyst ™ NS wild type

Serous cystadenoma 4 4 >50 CTNNB1 mutation

Lymphoepithelial cyst { 0 Wild type

Mucinous cystic lesion ) 0 A KRAS mutation (+/-)
IPMN GNAS mutation (+)
Mucinous cystic neoplasm GNAS mutation (-)

Marker Diagnostic finding Clinical significance

Mucicarmine Positive Help to identify mucinous epithelium

Inhibin Positive Support serous cystadenoma

Cyst fluid amylase >1,000 U/L Suggest pseudocyst

Note: Serous cystadenoma usually has low levels of amylase (<1,000 U/L);
IPMNs have variable levels

<250 U/L Help to exclude pseudocyst

Cyst fluid CEA >192 ng/mL Support mucinous cystic lesion
Note: CEA can be low in mucinous neoplasms; it may be elevated in duplication
and lymphoepithelial cysts

<5 ng/mL Suggest serous cystadenoma or pseudocyst.
Cyst fluid glucose <50 mg/dL Support mucinous cystic lesion
KRAS mutation Support mucinous cystic lesion
GNAS mutation Support IPMN

CEA, carcinoembryonic antigen; CTNNB1, catenin beta 1; GNAS, guanine nucleotide-binding protein; IPMN, intraductal papillary mucinous neoplasm; KRAS, Kirsten
rat sarcoma viral oncogene homolog.

Pancreatic cystic lesion

| Imaging study, cytology and biochemical study |

}
{ l ™~

Mucin-containing neoplastic | CEA>192 or glucose<50mg/dL No lesional epitheium and no colloid-like
epithelial cells or thick mucin® 1 mucin and CEA<192 and glucose>50mg/dL

Image study suggests connection to Image study suggests connection to

pancreatic ducts pancreatic ducts
Ye's/ \l\io Yei/ \l:o
IPMN | Branch IPMN vs. MCN vs. non- | KRAS mutation | | Non-mucinous cyst
neoplastic mucinous cyst
' Yef/ wi)
| KRAS/GNAS mutation | | Mucinous cystic lesion | | Clinical correlation |

¥
' !

| GNAS+ KRAS +/- | | GNAS- KRAS +/- | Note: If there is no epithelium, add a disclaimer “Grade is
indeterminate due to the absence of neoplastic
* ‘ epithelium.”
[ PN | [ Mucinous cystic lesion

Fig. 10. Algorithm for the investigation of pancreatic cystic lesion. CEA, carcinoembryonic antigen; GNAS, Guanine Nucleotide binding protein; IPMN, intraductal
papillary mucinous neoplasm; KRAS, Kirsten rat sarcoma viral oncogene homolog; MCN, mucinous cystic neoplasms.
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creaticobiliary, or a mixture thereof.

These lining epithelial cells can sometimes be difficult
to distinguish from gastrointestinal contaminants. In cases
where it is challenging to differentiate between lesional cells
and gastrointestinal-contaminating epithelium, the cells
should be cautiously characterized as “atypia”.>° Notably, a
low CEA level does not entirely rule out a mucinous cyst. If
neoplastic mucinous epithelium or colloid-like mucin is con-
firmed, even if CEA levels are not elevated, in the appro-
priate clinical setting, the lesion should be categorized as a
pancreaticobiliary neoplasm. The next step is to identify if
there is high-grade dysplasia. Epithelial cells with high-grade
dysplasia are typically found in small clusters or single cells.
Morphologically, these cells are smaller than a 12-micron
duodenal enterocyte, with a high nuclear-to-cytoplasmic ra-
tio and irregular nuclear contour. The presence of a necrotic
background is also a valuable feature for identifying high-
grade dysplasia, but it is not an accurate indicator for distin-
guishing it from invasive carcinoma.!:3:50

Biochemical analysis of cyst fluid is the most helpful di-
agnostic tool. The cyst fluid CEA is a widely used biomarker
for distinguishing mucinous from non-mucinous cysts, with a
73% sensitivity and 84% specificity when applying a cutoff
value of 192 ng/mL.%° The pitfall is that CEA levels may also
be elevated in duplication cyst and lymphoepithelial cysts
and, in rare instances, in serous cystadenoma.*9:>9 Low glu-
cose level in pancreatic cyst fluid has shown high diagnostic
utility for differentiating mucinous cystic lesions, with a sen-
sitivity of 91% and specificity ranging from 75% to 86%.
The commonly used cutoff for pancreatic cyst fluid glucose is
<50 mg/dL. Its high sensitivity makes it a valuable marker
for excluding a mucinous cyst.>! Recent studies suggest that
the glucose biomarker may outperform CEA in mucinous dif-
ferentiation.>1->3 The glucose biomarker in the current WHO
Reporting System has not been introduced as a standard di-
agnostic tool for pancreatic cystic lesions. Low CEA levels <5
ng/mL suggest serous cystadenoma or pseudocyst.>* Am-
ylase levels of <250 U/L help to exclude a pseudocyst.17:54

Nonetheless, due to the nature of the cyst, the cytology
specimen is usually paucicellular, and cyst lining epithelium
may not be identified. However, it only comprises histiocytes,
inflammatory cells, and debris. In the absence of epithelium,
the lesion should be diagnosed as "PanN-low," with a com-
ment disclaiming that the epithelial atypical grading is inde-
terminate due to the absence of neoplastic epithelium.t If
the CEA level is low, and imaging indicates a simple cyst, the
cystic lesion may be diagnosed as a “non-mucinous cyst” and
categorized as NFM.

Molecular testing can be performed on cyst fluid or super-
natant material to identify gene mutations related to muci-
nous neoplasms. Identification of KRAS mutations in cyst fluid
supports a neoplastic mucinous cyst but cannot differentiate
between IPMN and MCN.>> GNAS mutation is identified in 47—
66% of IPMN but not in MCN.56-58 The combination of KRAS
and GNAS mutations has demonstrated a sensitivity of 65%
and a specificity of 100% for mucinous differentiation.>® Addi-
tionally, a meta-analysis study indicates that the pooled sen-
sitivity, specificity, and diagnostic accuracy of KRAS and GNAS
mutations for diagnosing IPMN were 94%, 91%, and 97%,
respectively.’0 Another study demonstrates that KRAS and
GNAS mutation testing does not show a significant difference
in accuracy compared to the group using cytology or CEA lev-
el. Thus, combining molecular analysis, CEA level, and cytol-
ogy improves diagnostic accuracy.®! Molecular test might be
beneficial when cytology is non-diagnostic, cyst fluid is insuf-
ficient for CEA measurement, or its level is indeterminate.6!
Detection of KRAS mutations also supports a neoplasm in bile
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duct brushing specimens. However, the mutation is found in
only 30% of biliary intraepithelial neoplasia with high-grade
dysplasia and 56% of intraductal papillary neoplasm of the
bile duct.62:63 It should be pointed out that these mutations
are not necessarily correlated with dysplastic grading.

For non-mucinous cystic lesions, lining epithelial cells may
help to determine the specific type of cyst. However, correctly
categorizing the cyst is more important than making a defini-
tive diagnosis. Immunohistochemistry on cell block sections
is helpful for some entities. Serous cystadenoma lining cells
are positive for pan-cytokeratin and alpha-inhibin.>° Nota-
bly, 10-15% of PanNETs present as cystic lesions. Therefore,
PanNETs should always be included in the differential diag-
nosis for cystic pancreatic lesions. Additionally, although less
common, solid pseudopapillary neoplasms may also appear
as cystic lesions in imaging studies. Immunocytochemistry
utilizing markers such as chromogranin, synaptophysin, in-
sulinoma-associated protein 1 (INSM1), or beta-catenin can
be crucial in accurately diagnosing these rare cystic presen-
tations.

Solid mass lesions

Solid mass lesions in the pancreas can be classified into
ductal and non-ductal types. Primary pancreaticobiliary ma-
lignancies typically involve ductal adenocarcinoma and chol-
angiocarcinoma. These specimens usually display high cel-
lularity with tissue fragments containing isolated cells. The
tumor cells often exhibit a haphazard architectural arrange-
ment, which can be likened to a “drunken honeycomb” pat-
tern, with irregular nuclear contours and anisonucleosis (a
variation in nuclear size exceeding a 4-to-1 ratio within a sin-
gle epithelial cell group). The nuclei may appear hypochro-
matic with parachromatin clearing and sometimes transition
to hyperchromatic. Mucinous adenocarcinomas are charac-
terized by vacuolated cytoplasm, resulting in a low nuclear-
to-cytoplasmic ratio. Additionally, cell blocks may sometimes
contain small tissue fragments embedded with single atypical
cells or small clusters of atypical glandular cells, which are
diagnostic for invasive adenocarcinoma.

Distinguishing chronic pancreatitis is essential. The pres-
ence of abnormal p53 staining patterns, including nuclear
overexpression and a null phenotype, helps support the di-
agnosis of adenocarcinoma.®4-67 Positivity for mesothelin and
loss of nuclear suppressor of mothers against decapentaple-
gic 4 (SMAD4) expression may also support the diagnosis of
malignancy (Table 4).1.65.67

Acinar cell carcinoma, neuroendocrine tumor or carcino-
ma, and solid pseudopapillary neoplasm can present over-
lapping cytomorphologic features, often necessitating im-
munocytochemistry for differentiation (Table 4). Acinar cell
carcinoma typically exhibits high cellularity with dense 3D
tissue fragments and numerous dispersed single cells. Tumor
cells display granular cytoplasm, large nuclei, and prominent
nucleoli. The differential diagnosis includes normal pancreat-
ic tissue, neuroendocrine tumors, and solid pseudopapillary
neoplasms. Normal pancreatic tissue typically appears more
cohesive, with fragments of grape-like clusters and a fibro-
vascular stroma. It may contain few isolated cells and na-
ked nuclei. Acinar cells exhibit small round nuclei, indistinct
nucleoli, and no cytological atypia. Sufficient cell block ma-
terial for immunohistochemistry is essential for distinguish-
ing it from neuroendocrine tumors and solid pseudopapillary
neoplasm. The tumor cells of acinar cell carcinoma are posi-
tive for trypsin, chymotrypsin, and B-cell lymphoma/leuke-
mia (BCL10) (Fig. 7d-g). Synaptophysin, chromogranin, and
INSM1 can be focally positive in tumor cells.

PanNET typically presents as highly cellular aspirates with
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Table 4. Immunocytochemical staining for pancreatic primary tumor and metastatic carcinomas?:65:67

Tumor type

Immunostain

Pancreatic ductal
adenocarcinoma

Pancreatic neuroendocrine
tumor (NET)/carcinoma (NEC)
Acinar cell carcinoma

Solid pseudopapillary neoplasm

Breast carcinoma
Colon cancer
Lung adenocarcinoma

Renal cell carcinoma

Melanoma

Positive for CK7, CK19, and mesothelin; abnormal p53 staining pattern, loss of SMAD4

Synaptophysin, chromogranin, INSM1, CD56
NET: RB retained, wild-type p53 staining pattern, loss of ATRX (G3)
NEC: loss of Rb1, aberrant p53 staining, ATRX expression retained

Trypsin, chymotrypsin, BCL10, focal positivity for
synaptophysin, chromogranin, and INSM1

Nuclear expression of beta-catenin; positive for CD10, SOX11, LEF1, TFE3, CD99,
synaptophysin, and CD56; negative for chromogranin trypsin, BCL10

Positive for CK7, GATA3, TRPS1, mammaglobin, GCDFP15, ER, PR
Positive for CK20, CDX2, SATB2; negative for CK7
Positive for CK7, TTF1, napsin A; negative for CK20

Positive for PAX8
Clear cell type: Positive for CAIX (box-like); negative for CK7
Papillary type: positive for CK7

Positive for SOX10, S100, melan-A (MART 1), HMB45; negative for cytokeratin

ATRX, alpha-thalassemia/mental retardation, X-linked; BCL10, B-cell lymphoma/leukemia 10; CAIX, carbonic anhydrase IX; CD56, neural cell adhesion molecule 1;
CD99, cluster of differentiation 99; CDX2, caudal type homeobox 2; CK, cytokeratin; DAXX, death domain associated protein; ER, estrogen receptor; GATA3, GATA
binding protein 3; GCDFP15, gross cystic disease fluid protein 15; HMB45, human melanoma black 45; INSM1, insulinoma-associated protein 1; LEFT1, lymphoid
enhancer binding factor 1; MART1, melanoma antigen recognized by T-cells; PAX8, paired box gene 8; PR, progesterone receptor; RB, retinoblastoma; SATB2, special
AT-rich sequence-binding protein 2; SMAD4, suppressor of mothers against decapentaplegic; SOX11, SRY-box transcription factor 11; TFE3, ranscription factor binding
to IGHM enhancer 3; TRPS1, transcriptional Repressor GATA Binding 1; TTF1, thyroid transcription factor 1.

loosely cohesive fragments and numerous dispersed indi-
vidual cells and naked nuclei. Tumor cells are relatively uni-
form, exhibiting epithelioid and plasmacytoid features, with
eccentric nuclei and a characteristic salt-and-pepper chroma-
tin pattern. The cytoplasm is dense and granular, sometimes
containing fine lipid droplets, a hallmark of the “lipid-rich”
PanNET. Tumor cells typically stain positive for synaptophy-
sin, chromogranin, INSM1, neural cell adhesion molecule 1
(CD56). PanNET should be graded, at least attempted, on cy-
tology specimens, primarily based on the proliferation index,
Ki-67, although grading PanNET on cytology material may not
be as reliable as on surgical specimens (Table 5).68 PanNET
should also be distinguished from PanNEC, small and large
cell types, based on the cytomorphologic features, mitotic fig-
ures, and/or Ki-67 index. The distinction between G3 PanNET
and PanNEC is challenging due to overlapping morphology
and Ki-67 proliferation index. G3 PanNETs retain retinoblas-
toma (RB) nuclear expression and exhibit a wild-type p53
staining pattern.5°-71 Approximately 50% of G3 PanNETs may
show loss of alpha-thalassemia/mental retardation, X-linked
(ATRX) or death domain associated protein (DAXX) expres-
sion.”273 In contrast, loss of expression of RB1 can be seen
in most of PanNECs.”+7> About 80-90% of PanNECs show an
aberrant p53 staining pattern, while ATRX expression is usu-
ally retained.’276 Therefore, the retained expression of ATRX
or RB1 is not particularly helpful. However, loss of RB1 or ab-
errant p53 staining patterns suggests PanNEC, whereas loss

of ATRX expression suggests G3 PanNET. In addition to acinar
cell carcinoma and solid pseudopapillary neoplasm, the differ-
ential diagnosis of lipid-rich PanNET also includes metastatic
renal cell carcinoma and ectopic adrenal cortical tissue.

Solid pseudopapillary neoplasm (SPN) is characterized by
high cellularity and a distinctive branching papillary architec-
ture, which includes vascular cores lined by neoplastic epithe-
lium. The monomorphic tumor cells typically feature round to
oval or bean-shaped nuclei, nuclear grooves, finely granular
chromatin, and indistinct cell borders. Notably, single cells
may display cytoplasmic tails, and the presence of hyaline
globules can be a significant diagnostic aid in identifying SPN.
Immunocytochemical staining shows nuclear expression of
beta-catenin, CD10, synaptophysin, CD56, pancytokeratin,
SRY-box transcription factor 11 (SOX11), lymphoid enhancer
binding factor 1 (LEF1), ranscription factor binding to IGHM
enhancer 3 (TFE3), and Cluster of differentiation 99 (CD99).
Typically, these cells are negative for chromogranin, trypsin,
and BCL10.57

Conclusions

A standardized reporting scheme for pancreaticobiliary cy-
topathology ensures consistent diagnostic criteria among
pathologists, reducing variability in pathology reports. This
consistency aids in clearer communication with clinicians,
enhancing patient management. Biochemical analysis and

Table 5. Pancreatic neuroendocrine tumors (PanNETs) and neuroendocrine carcinoma (PanNEC)

Tumor grade Differentiation Mitotic count/mm?2 Ki-67 (%)
Neuroendocrine tumor G1 Well-differentiated <2/mm?2 <3
Neuroendocrine tumor G2 Well-differentiated 2-20/mm?2 3-20
Neuroendocrine tumor G3 Well-differentiated >20/mm? >20
Neuroendocrine carcinoma, Poorly differentiated >20/mm?2 >20

small cell, and large cell type
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molecular testing significantly improve the diagnostic ac-
curacy of cystic lesions. Additionally, immunocytochemistry
is crucial for distinguishing primary pancreatic non-ductal
adenocarcinomas and primary pancreatic carcinomas from
metastatic carcinomas.
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