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Abstract

The World Health Organization (WHO), the International
Academy of Cytology, and the International Agency for Re-
search on Cancer, with expert contributors from around the
world, present an international approach to standardized re-
porting of pancreaticobiliary cytopathology. This reporting
system is one of the first in a series from various body sites
that mirror the WHO Classification of Tumours series and
provides an evidence-based terminology system with asso-
ciated risk of malignancy and diagnostic management rec-

ommendation per diagnostic category. The WHO Reporting
System for Pancreaticobiliary Cytopathology (WHO system)
revises the Papanicolaou Society of Cytopathology (PSC)
system for Reporting Pancreaticobiliary Cytology published
in 2015 and replaces the six-tiered system with a seven-
tiered system: ‘“insufficient/inadequate/nondiagnostic”;
“benign (negative for malignancy),” “atypical,” “pancreatico-
biliary neoplasm of low risk/low grade,” “pancreatic neo-
plasm of high risk/high grade,” “suspicious for malignancy,”
and “malignant.” The principal differences between the
WHO and the PSC systems revolve around the classification
of neoplasia. In the PSC system, there was a single category
for “neoplastic” lesions that includes two groups, one for
“benign neoplasms” [primarily serous cystadenoma] and
one named “other,” dominated by premalignant intraductal
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neoplasms (primarily intraductal papillary mucinous neo-
plasms) and low-grade malignant neoplasms [pancreatic
neuroendocrine tumors (PanNETs) and solid pseudopapil-
lary neoplasms (SPNs)]. In the WHO system, benign neo-
plasms with virtually no risk of malignancy are included in
the “benign” category and low-grade malignancies (PanNET
and SPN) are included in the “malignant” category, as per the
WHO Classification of Digestive System Tumours, thus leav-
ing in the “neoplasm” category primarily those noninvasive
premalignant lesions of the ductal system. These neoplasms
are divided by the cytomorphological grade of the epitheli-
um into low risk/low-grade and high risk/high-grade, with
distinctly different risks of malignancy. As with the PSC sys-
tem, the WHO system advocates close correlation with imag-
ing and encourages incorporation of ancillary testing into
the final diagnosis, such as biochemical (CEA and amylase)
and molecular testing of cyst fluid and bile duct brushings.
Key diagnostic cytopathological features of specific lesions
or neoplasms, ancillary studies for diagnostic and prognostic
evaluation, and implications of diagnosis for patient care
and management are discussed. In addition, the WHO sys-
temincludes reporting and diagnostic management options
that recognize the variations in the availability of diagnostic
and prognostic ancillary testing modalities in low- and mid-
dle-income countries, where cytopathology is particularly
useful and is increasingly available in the absence of histo-

pathological services. ©2022 5. Karger AG, Basel

Introduction

The World Health Organization (WHO), the Interna-
tional Academy of Cytology (IAC), and the International
Agency for Research on Cancer (IARC) have joined forc-
es to publish a series of cytopathology reporting systems,
which present an international approach to reporting cy-
topathology of various body sites and mirror the WHO
Classification of Tumours series with links between the
two series on the website and in the text. Like the WHO
Classification of Tumours, the WHO reporting systems
provide an evidence-based terminology system with as-
sociated risks of malignancy (ROMs) and diagnostic
management recommendations for each diagnostic cat-
egory aimed to facilitate diagnosis and patient manage-
ment. Each standardized terminology system provides
key diagnostic cytopathological features of specific le-
sions or neoplasms, discusses ancillary studies for diag-
nostic and prognostic evaluation, and touches on the im-
plications of diagnosis for patient care and management,
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all of which aim to improve the quality of diagnosis and
reporting of cytopathology. Importantly, however, the re-
porting systems include reporting options that will recog-
nize the variations in the availability of diagnostic and
prognostic ancillary testing modalities in low- and mid-
dle-income countries, where cytopathology is particular-
ly useful and is increasingly available in the absence of
histopathological services. In addition to the printed ver-
sions, the cytopathology volumes will be available through
the WHO Classification of Tumours online website,
which includes all figures in each book as well as addi-
tional whole slide images [https://tumourclassification.
iarc.who.int/welcome/].

A Standing Committee or “series editors” for these
books include co-chairs Ian Cree and Andrew Field, Fer-
nando Schmitt, Martha Pitman, and Ravi Mehrotra. This
Standing Committee oversees the organization, develop-
ment, writing, and editing of the WHO systems. The first
four books in the series include reporting systems for
pancreaticobiliary, lung, lymph node and spleen, and soft
tissue cytopathology. Each specific terminology system
has an Expert Editorial Board (EEB), who are also the au-
thors of this pancreaticobiliary system review. The EEB
members were chosen based on their expertise in the field
and/or diversity of geographical representation using the
same methodology used for the 5th Editions of the WHO
Tumour Classification books. The content of the books
was distributed among the EEB as responsible authors
and/or editors, and co-authors were then added through-
out the sections. The assignment of writing and editing
responsibilities used the same model used for the WHO
Classification of Tumours (https://whobluebooks.iarc.fr/
about/faq/) [1-3].

The WHO Reporting System for Pancreaticobiliary
Cytopathology (WHO system) [4] revises and updates
the Papanicolaou Society of Cytopathology (PSC) Sys-
tem for Reporting Pancreaticobiliary Cytology published
in 2015 [5, 6]. The PSC system utilizes a six-tiered system
and advocates close correlation with imaging and incor-
poration of ancillary testing into the final diagnosis, such
as biochemical (CEA and amylase) and molecular testing
of pancreatic cyst fluid [5]. The use of molecular tests on
solid pancreatic neoplasms, biliary brushings, and neu-
roendocrine tumors is also addressed. The clear benefits
of incorporating imaging information and ancillary test-
ing are the decrease in the number of atypical and non-
diagnostic reports and an increase in both sensitivity and
specificity for the detection of neoplasia, which has
helped refine the ROM in the diagnostic categories [5,
7-15].

Pitman et al.




Table 1. The World Health Organization System for Reporting Pancreaticobiliary Cytopathology: implied ROM and clinical management

options by diagnostic category

Diagnostic category

Estimated ROM (%)?

Clinical management options®

1. Insufficient/inadequate/nondiagnostic 5-25

2. Benign/negative for malignancy 0-15

3. Atypical 30-40
4. PaN-low 5-20
5.PaN-high 60-95
6. Suspicious (for malignancy) 80-100
7. Positive (for malignancy) 99-100

Repeat FNAB

Correlate clinically

Repeat FNAB

Correlate clinically

Surgical resection in surgically fit patients
Conservative management optional

If patient to be surgically managed, treat as positive

If patient requires pre-operative therapy, repeat FNAB
Per clinical stage

Reproduced with permission from International Academy of Cytology - International Agency for Research on Cancer — World Health
Organization Joint Editorial Board. WHO Reporting System for Pancreaticobiliary Cytopathology. Lyon (France): International Agency for
Research on Cancer; forthcoming (IAC-IARC-WHO cytopathology reporting systems series, 1st ed.; vol. 2). https://publications.iarc.fr/).
FNAB, fine-needle aspiration biopsy. @ Estimated ROMs are based on retrospective and prospective studies with risk analysis based on
pancreatic neoplasia with low-grade and high-grade cytologic atypia [10, 13, 17]. ® Management options for patients with pancreatic
lesions may depend on a variety of factors, including clinical and radiologic characteristics and overall functional status of the patient. Some

clinical management suggestions are outlined as above.

This approach is maintained in the WHO system. The
principal differences between the WHO system and the
PSC system revolve around the classification of neoplasia.
In the PSC system, there was a single category for “neo-
plastic” lesions not diagnostic of adenocarcinoma or oth-
er aggressive malignancies that included two groups, one
for benign neoplasms (primarily serous cystadenoma
[SCA]) and one named “neoplastic: other,” dominated by
premalignant intraductal neoplasms [primarily intra-
ductal papillary mucinous neoplasms (IPMNs)] and low-
grade malignant neoplasms [pancreatic neuroendocrine
tumors (PanNET) and solid pseudopapillary neoplasms
(SPN)]. The inclusion of both premalignant and low-
grade malignant neoplasms in the “neoplastic: other” cat-
egory made it difficult to determine a meaningful ROM
for the neoplastic category as a whole and especially for
the “other” group. In the WHO system, benign neoplasms
with virtually no ROM are included in the “benign” cat-
egory and low-grade malignancies (PanNET and SPN)
are included in the malignant category, as per the WHO
Classification of Digestive System Tumours [16], thus
leaving in the “neoplasm” category primarily those non-
invasive premalignant lesions of the ductal system. Be-
cause these lesions can be divided by the cytomorpho-
logical grade of the epithelium into low and high-grade
with distinctly different ROMs [17], there are two distinct
categories for these lesions in the WHO system: “pancre-
atic neoplasm of low risk/low-grade” (PaN-low) and

WHO Reporting System for
Pancreaticobiliary Cytology

“pancreatic neoplasm of high risk/high-grade” (PaN-
high).

There are very few studies that provide data on the as-
sociated ROM that translate well into this new categoriza-
tion system [10, 13, 17-19]. With the redistribution of
certain tumors within the categories from the PSC system
to this new WHO system, particularly given that both
PanNET and SPN are now categorized as malignant, the
associated ROM for the “PaN-low” and “PaN-high” cat-
egories likely lies within their estimated ranges. The ROM
for bile duct brushings is higher per diagnostic category
than for fine-needle aspiration biopsies (FNAB) of pan-
creatic masses. Because criteria are lacking for the diag-
nosis of specific premalignant intraductal bile duct neo-
plasms, most cytopathological interpretations fall in the
“benign (negative for malignancy),” “malignant,” or con-
ventional indeterminate categories of “atypical” and “sus-
picious for malignancy” and not into the “PaN-low” or
“PaN-high” categories.

The WHO system also discusses sampling techniques
and tissue triage as well as rapid on-site evaluation (ROSE)
and ancillary techniques, but the focus of this commen-
tary is on the actual diagnostic categories, their ROM, and
the recommended management per category, with an
emphasis on the differences with the PSC Reporting Sys-
tem for Pancreaticobiliary Cytology. The categories of the
WHO system along with the associated ROM and diag-
nostic management recommendations are detailed in Ta-
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Table 2. The World Health Organization System for Reporting Biliary Cytopathology: implied ROM and clinical management options by

diagnostic category

Diagnostic category

Estimated  Clinical management options®

ROM (%)?

Insufficient/inadequate/nondiagnostic  28-69 Repeat ERCP with cholangioscopy, brushing, and biopsies

Benign/negative for malignancy 26-55 Correlate clinically

Atypical 25-77 Repeat ERCP with cholangioscopy, brushings, and biopsies; consider ancillary
testing with FISH and/or NGS

PaN-low NA© NA

PaN-high NAC NA

Suspicious (for malignancy) 74-100 Repeat sampling with ancillary testing (FISH and/or NGS) or, if other factors
support malignancy, surgical intervention; for neoadjuvant therapy, repeat ERCP
with cholangioscopy and brushings/biopsies/ancillary testing

Malignant 96-100 Per clinical stage

Reproduced with permission from International Academy of Cytology — International Agency for Research on Cancer — World Health
Organization Joint Editorial Board. WHO Reporting System for Pancreaticobiliary Cytopathology. Lyon (France): International Agency for
Research on Cancer; forthcoming (IAC-IARC-WHO cytopathology reporting systems series, 1st ed.; vol. 2). https://publications.iarc.fr/).
ERCP, endoscopic retrograde cholangiopancreatography; FISH, fluorescence in situ hybridization; NA, not available/applicable; NGS, next-
generation sequencing. 2 Estimated ROMs are based on retrospective studies [28-34]. ® Management options for patients with bile duct
strictures may depend on a variety of factors, including clinical and radiologic characteristics and overall functional status of the patient.
Some clinical management suggestions are outlined as above.  Cytological criteria for premalignant neoplasms of the bile duct are lacking,
and thus, there are no data on bile duct categorization in the PaN-low and PaN-high categories.

ble 1 for pancreas and Table 2 for bile duct brushings and
are briefly described in the sections below along with se-
lective illustrations.

Category: Insufficient/Inadequate/Nondiagnostic

Definition

A specimen categorized as “inadequate/insufficient/
nondiagnostic” is one that for qualitative and/or quanti-
tative reasons does not permit a diagnosis of the targeted
lesion.

Discussion

Since precise terminology for this category varies
among institutions, three terms are listed as options in the
current terminology and any institution or cytopathology
service should select one term and use it consistently to
optimize communication with clinicians [6]. “Nondiag-
nostic” rates from published series with endoscopic ultra-
sound-directed FNABs of the pancreas show an average
of 12% [20]. Diagnostic yield largely depends on the op-
erator’s experience, technique employed, and use of
ROSE, which has proven to reduce the number of “insuf-
ficient/inadequate/nondiagnostic” samples [21-23]. Use
of larger “core-like” needles has also been associated with
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fewer needle passes and shorter procedure times [24, 25].
The reason for an “insufficient/inadequate/nondiagnos-
tic” sample may also be due to the nature of the lesion,
since chronic and autoimmune pancreatitis shows exten-
sive fibrosis and usually produces scant material. Brush
cytopathology may also be paucicellular and often ob-
scured by mechanical or preparation artifact, and an
FNAB might be reccommended when there is a significant
thickening of the wall.

In pancreaticobiliary cytopathology, there is no estab-
lished number of cells or epithelial tissue fragments de-
fining a minimum for adequate cellularity, mainly due to
its multidisciplinary approach, taking into consideration
not only cytomorphological analysis of the slides but also
imaging findings and chemical analysis of cyst fluids.
While solid lesions or duct strictures with acellular to
very paucicellular samples should be placed in this cate-
gory, this is not true for cystic lesions, for which the pres-
ence of background mucin or high CEA levels may be
enough to classify the cyst fluid as mucinous, even in the
absence of an epithelial component [26, 27]. In this con-
text, the main reasons for “insufficient/inadequate/non-
diagnostic” samples include acellular or very paucicellu-
lar samples of a solid mass or duct brushing, technical
issues, which obscure the cellular component, or the
presence of only normal pancreatic tissue in the context
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Fig. 1. Benign pancreatic tissue. Aspirates of normal pancreas are
dominated by acinar tissue and when aspirated from a well-de-
fined mass on imaging can be classified as inadequate/insufficient/
nondiagnostic because, despite being a cellular sample, the biopsy

does not explain or correlate with the targeted lesion [Papanico-
laou. x200].

of a well-formed solid or cystic lesion on imaging. Spec-
imens containing only benign pancreatic acinar and/or
ductal epithelial cells in the setting of a distinct solid or
cystic lesion on imaging are classified as “nondiagnostic”
by some cytopathologists, since the FNAB is regarded as
most likely representing a sampling error as it does not
explain the mass seen on imaging (Fig. 1). But it is recog-
nized within the WHO system that some laboratories
choose to classify such cases as “benign,” describing what
is present on the slides, and then adding a caveat in the
report conclusion, “that the biopsy most likely is not rep-
resentative of the targeted lesion.” These different uses of
the categories “nondiagnostic” and “benign” with a ca-
veat may impact the ROM of these categories and require
further study. It is important to note that the presence of
any cellular atypia precludes categorization as “insuffi-
cient/inadequate/nondiagnostic” and the specimen
should be placed in the “atypical” category for further
follow-up.

ROM for the “insufficient/inadequate/nondiagnostic”
category is based on retrospective and prospective studies
and ranges from 5 to 25% [10, 13, 17, 20]. In biliary brush-
ing specimens, the ROM in bile duct brushing specimens
in the “insufficient/inadequate/nondiagnostic” category
is high at 28-69% due to the sampling bias of targeting
duct strictures with an inherently high ROM [28-34].

WHO Reporting System for
Pancreaticobiliary Cytology

Management

Diagnostic management recommendations depend
on the cause of an “insufficient/inadequate/nondiagnos-
tic” sample. Operator experience, needle type and tech-
nique, lack of available organ-specific cytopathology ex-
pertise, and ROSE may all contribute to an insufficient
biopsy [21-23]. A repeat biopsy is recommended in most
cases, possibly with different gauges and type of needles,
and an added focus on obtaining tissue in formalin since
sclerosis from pancreatitis and cancer often contributes
to scant specimens. Patients clinically suspected of auto-
immune pancreatitis may have a trial of steroids [35].
Brush cytopathology specimens evaluated with direct
smears can be repeated using liquid-based cytopathology
to improve cellular preservation. For some patients, fur-
ther clinical management decisions may be based on the
clinical scenario and imaging alone, but neoadjuvant
therapy requires a definitive malignant diagnosis.

Category: Benign/Negative for Malignancy

Definition

A specimen categorized as “benign (negative for ma-
lignancy)” demonstrates unequivocal benign cytopatho-
logical features, which may or may not be diagnostic of a
specific process or benign neoplasm.

Discussion

A “benign” categorization is rendered when the pre-
pared slides do not show evidence of malignancy or cel-
lular atypia. In those cases where a specific benign condi-
tion is recognized, this should be clearly stated in the di-
agnostic summary field of the report. When a specific
lesion is identified, a microscopic description may not be
necessary. The interpretation of a cytopathology sample
as “benign” implies that the cellularity of the sample is
adequate and that there is no evidence of cytopathologi-
cal atypia. A benign diagnosis may be made on the basis
of diagnosing a specific lesion such as splenule or pseu-
docyst, but may also include cases where there are only
exocrine and endocrine pancreatic elements on the
slides. A sample composed of normal pancreatic tissue in
the appropriate clinical setting and in the absence of a
distinct mass lesion is appropriately placed in the “be-
nign” category. However, if there is a distinctive mass
detected on imaging and the cytopathology preparations
only show normal pancreatic tissue, some cytopatholo-
gists will categorize such a case as “nondiagnostic,” while
others will categorize the case as “benign,” with a caveat
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Fig. 2. Serous cystadenoma. This benign neoplasm is now placed
in the “benign/negative for malignancy” category instead of the
“neoplastic:benign” category because it has virtually zero risk of
malignancy. Bland, uniform, cuboidal cells with clear but nonmu-
cinous cytoplasm surround a fibrous septum with hemosiderin-
laden macrophages [at 5 o’clock] [DiffQuik, x200].

in the report conclusion that the sample may not be rep-
resentative. These different uses of the categories are rec-
ognized by the WHO system, and such disparate use may
impact the category ROM, and needs further research. If
only gastrointestinal tract contaminants are present, the
categorization is “insufficient/inadequate/nondiagnos-
tic” [8, 20].

The benign category includes both non-neoplastic and
neoplastic entities. This is in contrast to the PSC system
that places benign neoplasms, mainly SCAs, in the
“neoplastic:benign” category. The benign entities include
acute pancreatitis, chronic pancreatitis, autoimmune
pancreatitis, cholangitis, pseudocyst, lymphoepithelial
cyst, accessory spleen (splenule), SCA (Fig. 2), and other
rare benign neoplasms, such as lymphangioma and
schwannoma.

The ROM for a benign pancreatic FNAB ranges from
0 to 15% [10, 13, 17, 19]. However, the ROM for benign
lesions may be overestimated since it is usually calculated
using histopathological confirmation, and most cases
with high clinical and imaging suspicion are surgically
excised after a “benign” diagnosis [20]. The ROM for a
“benign” bile duct brushing is as high as 55% based on
retrospective studies [28-34], and this high ROM should
not be surprising given the high threshold for a malignant
diagnosis in bile duct brushing cytopathology.
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Management

Surgical resection is not required for benign lesions.
However, surgery may be selected to alleviate symptoms.
Pseudocysts may be drained, while treating the underly-
ing etiology of acute pancreatitis is the focus of the patient
management. Management of the causes of chronic pan-
creatitis and improvement of nutrition are essential in
improving patient health. Corticosteroids are used in the
treatment of autoimmune pancreatitis, which is why it is
essential for cytopathologists to consider the possibility
of the disease based on the FNAB. After a diagnosis of
lymphoepithelial cyst and splenule, the patient can be dis-
charged.

Category: Atypical

Definition

A specimen categorized as “atypical” demonstrates
features predominantly seen in benign lesions and mini-
mal features that may raise the possibility of a malignant
lesion, but with insufficient features either in number or
quality to diagnose a benign, PaN-low, PaN-high, or ma-
lignant process or lesion.

Discussion

Asin the PSC system, the WHO system retains the two
indeterminate categories, “atypical” and “suspicious for
malignancy.” The major benefit of implementing the PSC
system in 2015 with the integration of imaging findings
and ancillary tests into the final diagnosis was the de-
creased number of “atypical” diagnoses and the increase
in definitive diagnoses of a “neoplasm,” particularly for
ENAB of cystic lesions [6]. The reasons for using the
“atypical” category are multiple. The inherent character-
istics of pancreaticobiliary lesion, low tumor cellularity,
and anatomically challenging tumor sites may all pre-
clude the rendering of a definitive diagnosis. Technical
factors, such as the endosonographer’s skill in procuring
adequately cellular and representative samples, specimen
preparation artifact, and the availability of ROSE will all
also influence the quality of the specimen [36, 37]. In ad-
dition, different levels of experience and expertise, train-
ing and institutional case volume can result in significant
inter- and intra-observer variability in the use of the
“atypical” category [38]. The histopathological outcome
of this category ranges from benign to premalignant and
malignant entities [10-12, 17, 39-41]. FNAB with no sup-
portive evidence of a specific neoplasm remains in the

“atypical” category.

Pitman et al.
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Fig. 3. Atypical bile duct epithelium. This epithelium from a brush-
ing of a strictured and stented duct shows mildly atypical cells in a
relatively uniform sheet with enlarged nuclei, and prominent nu-
cleoli, but with smooth nuclear membranes and open vesicular
chromatin [Papanicolaou, x400].

The reported frequency of the “atypical” category for
FNAB of pancreas ranges from 0 to 14% with an average
of 5.5% [20, 42]. The frequency in bile duct brushings is
higher, ranging from 11 to 39.8%, which may be partially
due to the challenge in recognizing reactive atypia inher-
ent to primary sclerosing cholangitis, stents, and biliary
stones [29, 43-45].

In the PSC system, indeterminate FNAB not diag-
nostic of a well-differentiated PanNET or SPN, which
are tumors that were in the “neoplastic: other” rather
than “malignant” category, were classified as “atypical”
rather than “suspicious for malignancy.” Now that
these tumors are classified as “malignant,” if an FNAB
of either of these tumors is not diagnostic, but is sus-
pected, then the interpretation should be “suspicious
for malignancy” and not “atypical.” The “atypical” cat-
egory is appropriate when the differential diagnosis of
tinding a few endocrine cells includes islet cell hyper-
plasia in the clinical setting of chronic pancreatitis [46,
47].Itis important to understand that “atypical” should
be used judiciously and as seldom as possible, because
an “atypical” report may lead to unnecessary additional
investigations and procedures.

For bile duct brushings, the “atypical” category is ap-
plied to cases in which the atypia observed is beyond that
seen for reactive and inflammatory changes while quan-
titatively and qualitatively insufficient for categorization

WHO Reporting System for
Pancreaticobiliary Cytology

as “suspicious for malignancy” (Fig. 3). Although low-
grade biliary intraepithelial neoplasia and intraductal
papillary neoplasm of the bile duct (IPN-B) are entities
included in the “PaN-low” category in this WHO system,
the most appropriate category is “atypical” because these
entities lack well-defined criteria and the degree of atypia
is mild [48, 49]. The known overlap in cytomorphology
between reactive and reparative changes in bile duct epi-
thelium from stents, stones, and inflammation, and well-
differentiated adenocarcinoma leads to a high use of in-
determinate interpretations [50].

The ROM associated with the diagnostic categories of
the PSC system has been refined [11, 40, 43, 51]. ROM of
the “atypical” category is different for bile duct brushings
and EUS-FNAB of pancreatic lesions. There is a remark-
able range in the ROM for bile duct brushings and pan-
creas FNAB depending on the type of study, date of the
study (e.g., pre-PSC system), and experience of the insti-
tution reporting the study. Using studies following the
establishment of the PSC system where the category “neo-
plastic: other” provided a home for nonmalignant neo-
plasia that otherwise would have been classified as “atyp-
ical” or “suspicious for malignancy,” the ROM of the
“atypical” category for pancreas FNAB is 30-40% and for
bile duct brushings 25-77% [10, 13, 17, 28-31].

Management

The management of an “atypical” cytopathological di-
agnosis should include multidisciplinary discussion,
consensus review, expert consultation, the use of ancil-
lary tests, and repeat sampling with ROSE. In recent
years, evolving technologies such as multiprobe fluores-
cence in situ hybridization (FISH) [52-55] and molecu-
lar tests with genetic sequencing have been reported to
improve the classification of pancreatic cysts [56, 57] and
the sensitivity of detection of malignancy in bile duct
brushings [30, 58-61]. Molecular testing using either
otherwise discarded supernatant fluid of cytocentrifuged
bile duct brushing specimens [58] or an aliquot of a
brushing rinsed in preservative has significantly in-
creased the sensitivity of detecting malignancy to 93%,
while maintaining a specificity of 100% and also identify-
ing markers potentially predictive of a response to tar-
geted therapy [59]. Therefore, molecular tests increase
the information available for clinical decision-making.
Precisely defining the correct categorization and specific
diagnosis of pancreaticobiliary cytopathology is chal-
lenging, and thus, consensus review or second opinion
from experienced pancreaticobiliary cytopathologists
may be cost-effective and is recommended [62]. If ancil-
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Fig. 4. Low-grade neoplastic mucinous epithelium from an intra-
ductal papillary mucinous neoplasm [I[PMN], branch-duct type.
Mucinous epithelium with low- to intermediate-grade morpho-
logical atypia is classified as low-grade neoplasia and placed in the
pancreatic neoplasm of low risk/low-grade category. Specificity of
the diagnosis of IPMN generally requires clinical correlation or
genetic mutations supporting the diagnosis. This strip of muci-
nous epithelium retains its columnar shape making the cells about
the size of a 12-micron duodenal enterocyte, but the nuclear mem-
branes are atypical with elongation, slight hyperchromasia, and
stratification [Papanicolaou. x600].

lary testing is not available and multidisciplinary discus-
sion is inconclusive, further workup may include repeat
sampling with ROSE.

Category: Pancreatic Neoplasm: Low Risk/Low-Grade
(PaN-Low)

Definition

A specimen categorized as “PaN-low ” has features of
an intraductal and/or cystic neoplasm with low-grade ep-
ithelial atypia.

Discussion

The grading of intraductal neoplasia is now two-tiered
as low and high-grade, with low-grade epithelial atypia
representing low- to intermediate-grade dysplasia [63,
64]. The cytopathological ROM of PaN-low lesions is di-
rectly related to the epithelial atypia in the cyst fluid or
brushing cytopathology. In one study on cases catego-
rized in the PSC system as “neoplastic: other,” which in-
cluded all the lesions placed in that category, low-grade
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atypia had a ROM of 4.3% compared to 90% for high-
grade atypia [65]. IPN-B is classified into two types, one
of which is similar to pancreatic IPMN and occurs most-
ly in the intrahepatic ducts, and the other which is unlike
pancreatic IPMN and occurs in the extrahepatic ducts
[66-68]. IPMN and mucinous cystic neoplasm (MCN)
are well-known cystic lesions for which cytopathological
distinction between low and high-grades is essential for
patient care. Cyst fluid CEA analysis is a valuable adjunct
to the cytopathological diagnosis of these mucinous le-
sions. When its level is greater than 192 ng/mlL, it is ap-
proximately 80% accurate for a mucin-producing neo-
plasm [69, 70]. Accurate grading of the epithelial atypia
aslowrisk/low-grade, which includes intermediate-grade
dysplasia, and distinguishing it from high-risk/high-
grade atypia, is challenging requiring well-preserved epi-
thelium and diagnostic experience. Undoubtedly, there
will be interobserver variability that will need close cyto-
histologic correlation and quality assurance review in a
prospective manner.

Low-grade IPMN (Fig. 4) is a mucin-producing epi-
thelial neoplasm of the main and/or branch ducts of the
pancreas characterized by an intraductal proliferation of
columnar mucinous epithelium with mild to moderate
cytoarchitectural atypia, lining cystically dilated ducts
with or without intraductal papillae. Low-grade neo-
plasms typically show gastric and/or intestinal type epi-
thelium [71]. The primary differential diagnosis for low-
grade IPMN is gastrointestinal contamination [72]. Low-
grade MCN is a cyst-forming and mucin-producing
epithelial neoplasm with distinctive ovarian-like subepi-
thelial stroma and low-grade dysplasia. Low-grade IPMN
is not readily distinguished from low-grade MCN on cy-
topathology because subepithelial ovarian-type stroma is
usually not sampled with aspiration of cyst fluid. The use
of micro-forceps biopsy, which obtains a bite of the cyst
wall, can help make a specific diagnosis of MCN by ob-
taining a tissue sample demonstrating the ovarian-type
stroma [73]. Identification of a GNAS mutation supports
the diagnosis of IPMN [56, 74, 75]. IPMN harbors KRAS
mutations, but KRAS mutations are identified only in a
small subset of low-grade MCN [76, 77]. Other gene al-
terations such as TP53 and SMAD4 mutations are absent
in low-grade cysts [56, 75].

Management

Stratifying epithelial atypia into high-grade or low-
grade leads to better patient management, as pancreatic
cyst fluid FNAB is rarely interpreted as suspicious for or
diagnostic of malignancy due to their scant cellularity. In
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the absence of cytopathological high-grade atypia, and in
the presence of low-grade atypia, the patient has the op-
tion of surveillance depending on the clinical and imag-
ing features [78-80]. Patients with MCN and low-grade
atypia on cytopathology can be referred for surveillance
in the absence of other high-risk factors [81, 82].

Category: Pancreatic Neoplasm: High Risk/High-
Grade (PaN-High)

Definition

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

Discussion

With the removal of PanNET and SPN from the PSC
“neoplastic” category and the inclusion of SCA in the
WHO system “benign” category, the “pancreatic neo-
plasm” category is left almost exclusively containing cys-
tic mucinous and intraductal neoplasms. Given the
marked difference in the ROM between low-grade and
high-grade epithelial atypia [17], the neoplastic category
was renamed “pancreatic neoplasm” and subdivided into
low-grade (PaN-low) and high-grade (PaN-high) catego-
ries. PaN-high lesions include all intraductal and cystic
pancreaticobiliary lesions with high-grade epithelial
atypia [HGA]. In cytopathology of the pancreas, HGA
encompasses lesions with high-grade dysplasia and inva-
sive carcinoma since these usually cannot be distin-
guished in aspirates of cyst fluid. PaN-high is predictive
of an increased risk for high-grade dysplasia or carcino-
ma and carries an estimated ROM of 60-95% [10, 13, 17,
19]. The PaN-high category provides a more flexible and
less anxious patient management paradigm than the “sus-
picious for malignancy” category, particularly when con-
servative patient management is recommended. HGA
has an 89% sensitivity and 98% specificity for detecting a
high-risk cyst [65].

HGA is defined as a cell smaller than a 12-p duodenal
enterocyte with high nuclear-to-cytoplasmic ratio and
abnormal chromatin, which can be hypochromatic or hy-
perchromatic and with or without background necrosis.
When these criteria are used, there is overall good in-
terobserver agreement in distinguishing low-risk/grade
from high-risk/grade cysts [63, 80, 83-85]. However, if an
intermediate-grade dysplasia is included in the grading
scheme, it is virtually impossible to accurately stratify
cysts with intermediate-grade dysplasia into low- and

WHO Reporting System for
Pancreaticobiliary Cytology

Fig. 5. High-grade neoplastic mucinous epithelium from an intra-
ductal papillary mucinous neoplasm [IPMN], branch-duct type.
Mucinous epithelium with high-grade morphological atypia is
classified as high-grade neoplasia of at least high-grade dysplasia
and placed in the pancreatic neoplasm of high-risk/high-grade cat-
egory. These cells show a small cell size [less than a 12-micron
duodenal enterocyte], high nuclear-to-cytoplasmic ratio with
some residual mucinous cytoplasm, abnormal chromatin — some
hypochromatic and some hyperchromatic - occasional irregular
nuclear membranes and background necrosis [Papanicolaou,
x600].

high-risk groups, making the addition of genetic testing
very important in accurately identifying high-risk cysts
[56, 84].

Lesions included in the PaN-high category include flat
high-grade pancreatic/biliary intraepithelial neoplasia,
intraductal mucinous and nonmucinous lesions with
HGA (IPMN, IPN-B, intraductal oncocytic papillary
neoplasm, and intraductal tubulopapillary neoplasm)
and MCN with HGA. The PaN-high category is domi-
nated by IPMN-high-grade, which is a grossly visible cys-
tic lesion involving the main and/or branch pancreatic
ducts. Histopathologically IPMN-high-grade forms mac-
ro- and micropapillae lined by cells with severe cytopa-
thological atypia. Key cytopathological features include
hypercellularity relative to low-grade IPMN, small cell
size that is smaller than a 12-um duodenal enterocyte, in-
creased nuclear-to-cytoplasmic ratio, nuclear irregulari-
ty, abnormal chromatin, which can be hypochromasia or
hyperchromasia, prominent nucleoli, variable cytoplas-
mic mucin, background necrosis, and inflammation
(Fig. 5). The primary differential diagnosis is with MCN
with HGA, which is a cystic mucin-producing epithelial
neoplasm with distinctive subepithelial ovarian-type
stroma, high-grade dysplasia with or without associated
invasive carcinoma (15%), and no connection to the pan-
creatic ducts [86-89]. Almost all MCN with HGA occurs
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in middle-aged women, and more than 90% arise in the
pancreatic body/tail. On FNAB, MCN with HGA shows
variable cellularity with thick, colloid-like mucin, necro-
sis and crowded sheets, papillae, and singly dispersed
pleomorphic cells with high nuclear-to-cytoplasmic ra-
tio, nuclear irregularities, hypo- or hyperchromasia, mi-
totic figures, and scant mucin. The entity-defining ovar-
ian-type stroma is often not sampled on FNAB [82].

IPMN and MCN with HGA may show mutations
known to be associated with adenocarcinoma and high-
grade dysplasia. Late mutations in the adenoma-carcino-
ma progression include TP53 [56, 57,90, 91], SMAD4 [56,
90, 91], CDKN2A (p16) [56,91], PTEN [57, 92], PIK3CA
[57], and aneuploidy/LoH in certain regions [93]. Mutant
allelic frequency mutations in PIK3CA, PTEN, and TP53
genes equivalent to KRAS or GNAS are sensitive and spe-
cific for IPMN with either high-grade dysplasia or inva-
sive carcinoma [57]. Low-level mutations of PTEN, PIK-
3CA, and TP53 in low-grade IPMN suggest risk for trans-
formation to high-grade [57]. Mutational allelic
frequencies for GNAS greater than 55% correlate with
high-grade IPMN [57]. Immunohistochemical stains on
cell blocks include p53 mutant expression demonstrated
by strong nuclear staining or no expression [null pattern]
[94, 95], and loss of nuclear SMAD4 [96, 97] or p16 [98].
These stains should be interpreted with caution on scant
specimens.

Management

Surgically fit patients with PaN-high should be consid-
ered for surgical resection. However, conservative obser-
vation is a reasonable option where the risk of surgery is
high and especially if the imaging features do not appear
high risk and the patient is a poor surgical candidate.

Category: Suspicious for Malignancy

Definition

A specimen characterized as “suspicious for malignan-
cy” demonstrates some cytopathologic features sugges-
tive of malignancy but with insufficient features in either
number or quality to make an unequivocal diagnosis of
malignancy.

Discussion

The cytomorphological features of specimens ob-
tained by FNAB or bile duct brushings show a spectrum
of features ranging from those clearly representative of
benign epithelium to those definitively diagnostic of ma-
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lignancy. This spectrum is nearly continuous without ob-
vious cut points for subcategorization. The two indeter-
minate categories of “atypical” and “suspicious for malig-
nancy” help optimize the accuracy and predictive values
of the categories “benign/negative for malignancy” and
“malignant.” Assignment of specimens to the “suspicious
for malignancy” category varies among cytopathologists,
and this variance is reflected in the published range for
ROM [10, 11, 17, 19, 99] and reported interobserver
agreement statistics [100, 101]. The reported ranges in
ROM and interobserver reproducibility are associated
with the overlapping clinical and imaging features of be-
nign and malignant entities, difficulty in sampling and
varying experience levels of both endoscopists and cyto-
pathologists [17, 102-105]. All of these factors result in
the need for intermediate categories which group the
range of cytomorphological features into clinically useful
and reproducible categories.

The use of these indeterminate categories should be
limited to retain the diagnostic utility of the categoriza-
tion system. The “suspicious for malignancy” category
accounts for approximately 4.7-16% of all cytopatholog-
ical diagnoses reported in the literature for the pancre-
aticobiliary tract [29, 51, 106]. The use of the “suspicious
for malignancy” category indicates that the cytopatholog-
ical findings are highly concerning for but not diagnostic
of a malignancy. Factors contributing to the “suspicious
for malignancy” category include scant cellularity, tech-
nical limitations of specimen staining or preparation, cy-
tomorphological characteristics of the specimen along
the spectrum of features, and caution on the part of the
cytopathologist. These limiting factors may be especially
constraining when insufficient tissue is present for ancil-
lary testing. Additional factors resulting in a “suspicious
for malignancy” rather than a “malignant” diagnosis in-
clude concurrent pancreatitis, stent placement, stones,
inflammatory conditions such as sclerosing cholangitis,
and sampling of subclinical premalignant lesions of the
pancreas (high-grade pancreatic intraepithelial neopla-
sia/high-grade dysplasia/carcinoma in situ) [17, 107-
109].

Specimens assigned to the “suspicious for malignancy”
category demonstrate significant alterations in both archi-
tecture and the cytomorphology of single cells. Assign-
ment to the “atypical,” “suspicious for malignancy,” or
“malignant” categories depends on the combination of
features and the degree to which they are expressed [110-
112]. When the architectural and cytopathological fea-
tures of malignancy are not there in quality or quantity to
make a diagnosis of malignancy but are present to a sig-
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Fig. 6. Markedly abnormal bile duct epithelium suspicious for ad-
enocarcinoma. These bile duct cells from a brushing of an unstent-
ed distal common bile duct stricture associated with a mass show
a group of cells [center] with foamy, lacey cytoplasm, irregular,
hyperchromatic nuclei and prominent nucleoli reminiscent of
pancreatic carcinoma, but are few in number and associated with
atypical and more reactive ductal cells [top of image] making the
interpretation suspicious rather than malignant [Papanicolaou.
x600].

nificant enough degree to suspect that a malignancy is
present, then the “suspicious for malignancy” category is
used (Fig. 6). The cytopathologist should include details
of the features that are suspicious and that have led to the
categorization of a specimen as “suspicious for malignan-
cy,” to minimize the tendency to use this category as a
waste basket. A discussion of any features limiting or com-
promising the evaluation should be noted, and the need
for correlation with clinical and imaging findings should
be emphasized. Finally, the use and results of any ancillary
testing performed including immunohistochemical and
molecular analysis should be included and evaluated.

The ROM varies depending on the solid or cystic na-
ture of the lesion. Reported ROM for the “suspicious for
malignancy” category for pancreatic FNAB has varied
from 80 to 100% [10, 11, 17, 19, 99]. Malignancy risks for
bile duct brushing specimens range from 74 to 100% [28-
31, 33, 44, 113, 114]. These ranges in ROM are relatively
wide and reflect the degrees of interobserver reproduc-
ibility [100, 101].

Management
Categorization of a specimen as “suspicious for malig-
nancy” is not equivalent to a “malignant” diagnosis and

WHO Reporting System for
Pancreaticobiliary Cytology

should not by itself result in neoadjuvant therapy or rad-
ical surgery. In all cases, further patient management and
clinical decisions require correlation of the “suspicious
for malignancy” cytopathological categorization with
clinical and imaging findings which are best correlated in
atreatment planning multidisciplinary conference. When
clinical and imaging findings strongly support the diag-
nosis of malignancy, a categorization of a specimen as
“suspicious for malignancy” may in some restrictive set-
tings allow for definitive therapy without further histo-
pathological or cytopathological procedures. Ancillary
testing also may contribute significantly to the clinical
decision-making process.

Category: Malignant

Definition
A specimen categorized as “malignant” demonstrates
unequivocal cytopathological features of malignancy.

Discussion

Tumors in this category include both primary and sec-
ondary malignancies with pancreatic ductal adenocarci-
noma (PDAC) and cholangiocarcinoma accounting for
most primary malignancies [115]. As in the PSC system
[5], pancreatic acinar cell carcinoma, neuroendocrine
carcinomas, pancreatoblastoma, primary and secondary
hematopoietic malignancies, and sarcomas are also in-
cluded in this category. A change from the original PSC
system is the inclusion of well-differentiated PanNET and
SPN in this category to make this system consistent with
the classification of pancreatic tumors in the WHO 5th
edition [115]. In the PSC system, these were included in
the “neoplastic other” category.

The ROM of a positive pancreatic FNAB ranges be-
tween 97 and 100% [10, 11, 17, 48, 116], and the ROM of
a positive bile duct brushing ranges between 96 and 100%
[10, 11, 17, 48, 116]. The cytopathological features of
PDAC on FNAB smears include hypercellularity, loss of
the normal honeycomb pattern in cell groups, nuclear en-
largement, chromatin clearing, nuclear membrane irreg-
ularities, anisonucleosis greater than 4: 1 in tissue frag-
ments, cytoplasmic mucin, atypical mitotic figures, and
dispersed single malignant cells. Coagulative background
necrosis is present in higher grade carcinomas, but well-
differentiated PDAC may have a clean background
(Fig. 7) [110, 117-120]. The less common cytomorpho-
logical subtypes of PDAC include adenosquamous carci-
noma characterized by the presence of keratinized tumor
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Fig.7. Well-differentiated pancreatic adenocarcinoma. These duc-
tal cells, which are presentative of many such groups on the slide,
show variation in nuclear size [4:1 in a single sheet], mucinous cy-
toplasm [which is pathologic in the pancreas], uneven spacing due
to the variable mucinous cytoplasm [drunken honeycomb], en-
larged nuclei with coarse chromatin and prominent nucleoli, and
are from an aspirate targeting a 30-mm hypoechoic mass in the
pancreatic head, a combination of clinical and morphological find-
ings that lead to a confident diagnosis of ductal adenocarcinoma
[Papanicolaou. x600].

cells mixed with glandular elements, colloid adenocarci-
noma with abundant background mucin, undifferenti-
ated carcinoma which can be anaplastic or sarcomatoid,
and undifferentiated carcinoma with osteoclast giant
cells, which represent benign multinucleated histiocytes.
Each of these subtypes has unique cytopathological fea-
tures [121-123].

Nonductal neoplasms of the pancreas include Pan-
NET (Fig. 8), SPN (Fig. 9), neuroendocrine carcinoma,
acinar cell carcinoma (Fig. 10), and pancreatoblastoma.
These share some common cytopathological features in-
cluding hypercellular smears composed of loosely cohe-
sive, monotonous appearing neoplastic cells, often with a
vascular stroma, and stripped nuclei. However, they do
have distinguishing cytopathological and immunophe-
notypical features (Table 3).

Management

Surgical management is usually the first-line treat-
ment for malignancies of the pancreaticobiliary tract
[124]. An exception is patients with a PanNET smaller
than 2 cm and a Ki-67 less than 3%, who may be man-
aged with surveillance [125]. Patients presenting with
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Fig. 8. Pancreatic neuroendocrine tumor. This aspirate from a 20-
mm, round mass in the pancreatic tail of a 50-year-old man shows
a cellular smear of uniform cells with round to oval nuclei and
coarse chromatin associated with a blood vessel [7 o’clock]. While
the clinical pathological findings support the diagnosis of a neuro-
endocrine tumor, confirmatory ancillary testing with immunohis-
tochemistry is recommended due to overlapping morphology with
other nonductal neoplasms [see Fig. 9]. The “malignant” category
is used in the WHO system in contrast to the “neoplastic: other”
category of the Papanicolaou Society of Cytopathology System
[DiffQuik, x400].

borderline or locally advanced PDAC may be treated
with neoadjuvant therapies in an attempt to convert
the PDAC to resectable disease [126]. Patients with
unresectable disease are typically treated with a com-
bination of chemotherapeutic agents and radiation
therapy. The type of systemic therapy administered is
dependent on the tumor type. Metastases may be
treated with resection or systemic therapy, depending
on the tumor type, e.g., metastatic renal cell carcino-
ma occurring many years after initial presentation
may be resected.

Conclusion

As with all reporting systems involving categorization
of cytopathology specimens, the new WHO Reporting
System for Pancreaticobiliary Cytopathology is designed
to improve communication between clinicians and cyto-
pathologists about their patient’s biopsy results. Each cat-
egory has a calculated ROM that aims to assist the clinical
care team in patient management. The authors recognize
that the performance indicators for each category of the
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Fig. 9. Solid pseudopapillary neoplasm. A uniform population of
polygonal cells with perinuclear vacuoles and hyaline globules in
the cytoplasm support the diagnosis of solid pseudopapillary neo-
plasm over other nonductal tumors. The clinical history of a solid
and cystic mass in the pancreas of a 28-year-old female also adds
support to the diagnosis. Confirmation with ancillary testing is
recommended nonetheless because neuroendocrine tumors can
occur in young patients and can be cystic [DiffQuik, x600].

Fig. 10. Acinar cell carcinoma. The delicate cells of acinar cell car-
cinoma are often stripped of their granular cytoplasm resulting in
a speckled background of negative images of granules on Ro-
manowsky stain. The nuclei are round and relatively uniform and
may or may not contain nucleoli [DiffQuik. x600].

Table 3. Cytomorphological and immunohistochemical findings of nonductal neoplasms of the pancreas

Diagnosis Key cytological features

Immunohistochemical profile

Neuroendocrine tumor - Loosely cohesive groups and single cells, stripped nuclei
- Variable cytoplasm, eccentric and plasmacytoid appearance

- Vascular

Cytokeratin INSM1, synaptophysin,
chromogranin

- Round, oval nuclei with salt and pepper chromatin

Acinar cell carcinoma
- Abundant granular cytoplasm

— Grape-like clusters, single cells, stripped nuclei

BCL 10, trypsin, chymotrypsin

- Negative cytoplasmic imprints representing zymogen granules on

Romanowsky stained slides
- Round nuclei with prominent nucleoli

Solid pseudopapillary
neoplasm

- Cellular smears with numerous fibrovascular fragments, single cells
- Myxoid stroma surrounding capillaries is pathognomonic

CD 99 dot-like perinuclear pattern,
nuclear beta-catenin

- Cells with vacuolated cytoplasm or cytoplasmic hyaline inclusions

- Cells with cytoplasmic tails

- Nuclei oval with grooves and occasional inclusions

- Cellular smears

- Small, undifferentiated cells

- Squamoid nests on cytology smears
- Heterologous elements

Pancreatoblastoma

- BCL 10, trypsin, chymotrypsin in fetal
cells

- Nuclear beta-catenin in squamoid
morules

system are derived from reviews of relatively recent lit-
erature, so we hope that the WHO system will encourage
research into the utility of the system and its management
recommendations and provide an ever more precise
ROM for each category.

WHO Reporting System for
Pancreaticobiliary Cytology

The WHO system also defines through an internation-
al consensus the key diagnostic cytopathological criteria
and differential diagnosis for each lesion or tumor, which
is essential to improving the quality of diagnostic assess-
ment and reporting of pancreaticobiliary cytopathology.

Acta Cytologica 13
DOI: 10.1159/000527912

131.211.12.11 - 2/21/2023 1:57:34 PM

University Library Utrecht

Downloaded by:



In addition, the WHO system provides the current best
practice application of ancillary testing, including immu-
nocytochemistry and molecular testing and, importantly,
provides detailed descriptions of sampling and process-
ing techniques to optimize the handling and preparation
of the cytopathology sample. The authors of the WHO
system recognize that local medical and pathology re-
sources and infrastructure will vary, particularly in low-
and middle-income countries. To make the WHO system
applicable worldwide, the system is based on cytomor-
phology and provides options for further diagnostic
workup of the specimen.

The WHO Reporting System for Pancreaticobiliary
Cytopathology provides a direct and dynamic link to the
WHO Classification for Gastrointestinal Tumours, 5th
edition, and raises the profile and use of cytopathology by
increasing awareness of its current role in diagnosis and
management of patients with pancreaticobiliary disease.
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