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Intraductal papillary mucinous neoplasms of the
pancreas: Cytologic-histologic correlation study and
evaluation of the cytologic accuracy in identifying
high-grade dysplasia/invasive adenocarcinoma
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ABSTRACT

Objective: Intraductal papillary mucinous neoplasms (IPMNs) may be associated with invasive adenocarcinoma,
low-grade dysplasia (LGD), or high-grade dysplasia (HGD). We aimed to review the cytologic-histologic
correlation of cases with a histologic diagnosis of IPMN.

Material and Methods: A database search (January 2010-January 2021) was performed for resected IPMNs with

*Corresponding author: preceding endoscopic ultrasound-guided fine-needle aspiration (FNA). Cytology slides were reviewed for the
Kamal K. Khurana, presence of benign, atypical, or malignant cells, and necrosis. Histologically, IPMNs were classified as benign
Department of Pathology, Suny (LGD) or malignant (HGD or adenocarcinoma).

Upstate Medical University,
b ” Results: There were 41 patients with IPMN; 24 malignant and 17 benign. Sixteen of the 24 malignant IPMNs

were accurately classified as malignant on cytology. There were eight false negatives and one false positive.
Cytology yielded a sensitivity of 67% and a specificity of 94%. Among the 16 true positives with FNA diagnosis
khuranak@upstate.edu of adenocarcinoma, seven were IPMNs with HGD, and nine had invasive adenocarcinomas on histology. Cellular
morphology and absence or presence of necrosis did not help distinguish HGD from adenocarcinoma on cytology
(P > 0.5). Sampling errors and interpretative errors resulted in false-negative cases. Cytology yielded diagnoses
related to IPMN in 73% of cases (30/41) and lack of identification of mucinous cells/mucinous background
resulted in interpretative errors (9).

State University of New York,
Syracuse, NY, United States.

Received: 08 September 2023
Accepted: 23 November 2023

Published: 31 January 2024
Conclusion: This study shows that there is a good correlation between cytopathology and surgical pathology

DOI diagnoses of IPMNs and that cytology is mostly able to recognize IPMN with HGD/adenocarcinoma. However,
10.25259/Cytojournal _71_2023 heterogeneity in areas of IPMN with HGD/adenocarcinoma may result in sampling errors yielding false-negative

cases. Mucinous cells/background should raise the suspicion of IPMN on cytology, even when no neoplastic
Quick Response Code: epithelium is present for the evaluation of dysplasia.

Keywords: Intraductal papillary mucinous neoplasm, Pancreas, Fine-needle aspiration, Adenocarcinoma, High-
grade dysplasia

INTRODUCTION

Intraductal papillary mucinous neoplasms (IPMNs) are grossly visible, mucin-producing
epithelial neoplasms occurring within the main pancreatic duct and/or its branches.!?
They represent 20-50% of resected cystic pancreatic tumors and up to 5% of all pancreatic
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neoplasms.?¥ They occur mostly in subjects between 25
and 94 years of age and are slightly more common in males.
Radiologically, they are classified as main duct type, branch
duct type, and mixed duct-type, depending on the duct(s)
involved. These tumors are more common in the pancreatic
head but can involve the entire pancreas and the ampulla
of Vater. Most patients are asymptomatic but, when
symptoms occur, they are usually related to pancreatic duct
obstruction or low-grade pancreatitis (abdominal and/or
back pain, anorexia, diabetes mellitus, and weight loss).
The treatment of choice is surgical resection. Many patients
with IPMN can be cured by complete resection, but some
IPMNs evolve into invasive adenocarcinoma, usually of
the colloid (mucinous) or tubular type.*! Compared with
conventional ductal adenocarcinoma, IPMNs with invasive
carcinoma have a better prognosis.”! The prognosis differs
between IPMN not associated with invasive carcinoma
(5-year survival rates higher than 85%) and IPMN with
invasive carcinoma (5-year survival rates as low as 36%).
Patients with IPMNs have also an increased incidence of
synchronous or metachronous malignancies, particularly
stomach and colon.

Preoperative diagnosis of IPMN is currently based on
radiologic studies,™ pancreatic duct brushings/fine-needle
aspiration (FNA) biopsy,”'!l and carcinoembryonic antigen
(CEA) level, which is usually elevated. More recently,
molecular/genetic/genomic studies have become critical
for the diagnosis.'"” On computed tomography (CT) scans,
a dilated main pancreatic duct or single/multiple cysts
representing dilated branch ducts are detected. Endoscopic
retrograde  cholangiopancreatography  shows  dilated
ducts and/or filling defects due to papillary projections
of neoplasm or mucus plugs. At magnetic resonance
cholangiopancreatography, in addition to dilated ducts,
mural nodules can be visualized, which may correspond to
high-grade dysplasia (HGD)/carcinoma in situ or invasive
carcinoma. Cytology shows small clusters and flat sheets of
mucin-producing columnar cells. Papillary structures may
also be seen. There is abundant, thick, and viscid mucus in
the background in nearly all cases.>'*"?!

In resected specimens, pancreatic ducts appear dilated and
filled with mucin and show friable papillary projections
or nodules in the mucosa. Sometimes, single or multiple
peripheral cysts that are connected to the main duct are
detected. Invasive carcinomas usually arise adjacent to
cystically dilated ducts; however, some invasive carcinomas
arise elsewhere in the gland. Microscopically,? ducts lined
by a proliferation of flat or papillary mucinous epithelial
cells are seen, in a background of dense fibrotic stroma. The
epithelium can be classified into three subtypes: Gastric
(the cells have basally located nuclei, slightly eosinophilic
cytoplasm, and abundant apical mucin); intestinal (villous
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papillae lined by cells with basophilic cytoplasm and
enlarged, hyperchromatic pseudostratified nuclei, and by
occasional goblet cells); and pancreaticobiliary (complex
papillae lined by cells with moderate amphophilic cytoplasm
and round, vesicular nuclei with prominent nucleoli).
Dysplasia is now classified according to a two-tiered system.
Low-grade dysplasia (LGD) is characterized by uniform
cells with mild atypia and a lack of architectural complexity.
HGD/carcinoma in situ shows marked architectural
complexity, with prominent nuclear atypia, loss of polarity,
and increased mitoses. About 60% of main duct IPMN and
15% of branch duct lesions are associated with an invasive
component.

The preoperative diagnosis of IPMN and the distinction
between invasive and non-invasive carcinomas are of
critical importance for the subsequent patient management
and prognosis. Neoadjuvant therapy may provide survival
benefits in patients with invasive adenocarcinoma.!'*!%
Consequently in this study, we investigated (a) the cytologic-
histologic correlation of cases with histologic diagnosis of
IPMN at our institution and (b) the cytologic accuracy in
identifying HGD/adenocarcinoma.

MATERIAL AND METHODS

The study was approved by the Institutional Review Board.
A search of the laboratory information system of the
Department of Pathology was performed to identify all
cases with a surgical diagnosis of IPMN from January 2010
to January 2021. Among them, the cases with preoperative
cytology studies performed within the preceding year were
selected. The demographic, clinical (preoperative treatment,
type of surgery), laboratory (preoperative CEA levels),
radiology, cytopathology, and histopathology findings were
collected. We did not have any molecular test in our data
as at our institution molecular testing has been only added
recently.

Histologic and cytologic slides were retrieved from the files
of the hospital. Histology reports were examined, and the
histology slides were reviewed for consistency in grading
according to the current nomenclature.! In cases where a
heterogeneous epithelium was seen, the highest degree of
atypia was used for classification.

The cytology specimens available for each patient were
pancreatic duct brushings of dilated pancreatic duct and/
or endoscopic ultrasound-guided FNAs of pancreatic
cysts. Most of them consisted of direct smears stained
using Papanicolaou (Pap) stain. Some specimens that
were received as cyst fluid were processed as a cytospin or
ThinPrep® preparation. All original cytology reports and
cytology specimens were reviewed by the Pap Society of
Cytopathology system for reporting pancreaticobiliary
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cytopathology.®! The features of the epithelial cells were
evaluated (benign, atypical, or malignant cells), including
the presence/absence of papillary fragments, monolayered
sheets, and single mucinous cells. The background was also
assessed for extracellular mucin and necrosis. To summarize,
if there was thick viscous extracellular mucin with cyst debris
and no epithelial cells; then, the findings were considered
consistent with neoplastic mucinous cysts. If in addition to
thick mucinous material, there was mucinous epithelium
showing columnar glandular cells with mucinous cytoplasm
and papillary arrangement, then the cytologic findings
were considered consistent with IPMN. In addition, the
background was evaluated for necrosis and any cells with
high-grade atypia.

For the first portion of the study (evaluation of cytologic-
histologic correlation of cases with histologic diagnosis of
IPMN), the original cytology diagnoses were compared
with the histologic diagnoses, and the cases were classified
as discrepant and not discrepant. Cytology diagnoses of
IPMN, neoplastic mucinous cyst, and adenocarcinoma
were considered non-discrepant. The remaining cytology
diagnoses (benign cyst and “negative for malignancy”) were
considered discrepant. For the discrepant cases, the type of
error was determined after a review of the cytology features.

For the second portion of the study (cytologic accuracy
in identifying HGD/adenocarcinoma in histologically
confirmed IPMNs), IPMNs were histologically classified
as benign (LGD) or malignant (HGD or adenocarcinoma).
Cytologically, cases were classified as benign (negative for
malignancy/atypical/IPMN) or malignant (IPMN with
HGD/suspicious for adenocarcinoma/adenocarcinoma).
The sensitivity and specificity of cytology in identifying
malignant IPMNs were evaluated. For calculation purposes:

e  True positive cases: Malignant on cytology and histology
e  True-negative cases: Benign on cytology and histology.

In the false-negative and positive cases, the type of error
was determined. Cytology specimen features (cellular
morphology and necrosis) and histologic grade of the IPMN
were compared using the Chi-square test.

RESULTS

41 cases were included in the study. Age ranged from 41
to 86 years at diagnosis, with 61% males (25/41) and 39%
females (16/41). CEA levels at the time of cytology were
available for 29 cases (range: 1.5-68,240 ng/mL), while,
in the remaining cases, a CEA analysis was not requested
by the clinicians at the time of the work-up. CEA level
>200 ng/mL was detected in 38% (11/29) cases. In 13 cases
(32%), radiology reports included IPMN in the differential
diagnoses. 19 lesions (46%) were in the pancreatic head,
eight (20%) in the body, six (15%) in the tail, three (7%)

in the neck, two (5%) in the ampulla, two (5%) in multiple
areas of the pancreas, and one (2%) in an unspecified area.
The specimens consisted of 32 cyst aspirates, six solid and
cystic masses, and three main pancreatic duct brushings. The
results of the two portions of the study are as follows.

Evaluation of cytologic-histologic correlation of cases
with histologic diagnosis of IPMN

The original cytologic diagnoses compared with the final
histologic diagnosis are outlined in Table 1. Cytology
yielded diagnoses related to IPMN in 73% of cases (30/41):
IPMN in one case, neoplastic mucinous cyst in 12,
adenocarcinoma in 15 cases, adenocarcinoma versus IPMN
with HGD in one case, and suspicious for adenocarcinoma
in one case [Figure la-f].

The remaining 11 cases (27%) were signed out as negative
for malignancy/benign cysts. A review of these cases
[Table 2] revealed ten interpretative errors, with one case of
adenocarcinoma possibly arising from IPMN and nine cases
showing mucinous cells/mucinous background suggestive of
mucinous neoplasm [Figure 2a and b]. The remaining case had
no cytologic evidence of IPMN, but the radiologic impression
of cystic neoplasm: was classified as a sampling error.

Cytologic accuracy in identifying HGD/adenocarcinoma
in histologically confirmed IPMNs

24 cases were histologically malignant and 17 benign. The
original cytologic diagnoses compared to the final histologic
diagnoses are outlined in Table 3. 16 of the 24 malignant
IPMNs were accurately classified as malignant on cytology.
There were eight false negatives and one false positive
[Figure 3a-j]. Cytology yvielded a sensitivity of 67% and a
specificity of 94%. Necrosis was identified on cytology in
one case of HGD (1/7) and three adenocarcinomas (3/9).
Cellular morphology and absence or presence of necrosis did
not help distinguish HGD from adenocarcinoma on cytology
(P > 0.5, Chi-square test). A review of the cytology of the
eight false-negative cases revealed five sampling errors and
three interpretative errors [Table 4].

DISCUSSION

IPMNs are cystic neoplasms of the exocrine pancreas
arising in the pancreatic ducts. Pre-operative diagnosis
of IPMNs is currently based on imaging, cytology,
and CEA level. It is now widely recognized that the
findings of cytology should be interpreted in the context
of the radiologic and laboratory findings, to avoid
misdiagnosis.!'*!*) For example, many branch duct IPMNs
have a lining that is indistinguishable from that of normal
gastric epithelium, so gastric contamination cannot
always be excluded from cytology.?**! The characteristic
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Table 1: Cytologic-histologic correlation of cases with histologic diagnosis of IPMN - Comparison of original cytology and final histology
diagnoses.

Histology diagnosis/Original cytology IPMN without IPMN with IPMN with HGD/ Invasive Total
diagnosis dysplasia LGD carcinoma in situ adenocarcinoma

Negative for malignancy/benign cyst - 8 3 - 11
NMC 3 5 2 2 12
IPMN - - 1 (focal) - 1
IPMN with HGD/adenocarcinoma - 1 7 9 17
IPMN: Intraductal papillary mucinous neoplasm, HGD: High-grade dysplasia, LGD: Low-grade dysplasia, NMC: Neoplastic mucinous cyst

s

Figure 1: (a) An intraductal papillary mucinous neoplasm (IPMN)
diagnosed on cytology (Diff-Quik stain, 100x). (b) Follow up
histology confirmed the diagnosis of IPMN (Hematoxylin & eosin
stain, 200x). (c) A case diagnosed as neoplastic mucinous cyst
demonstrated mucinous background and rare fragment of gastric
epithelium on cytology smears (Papanicoloau stain, 200x). (d)
IPMN with low-grade dysplasia was noted in the resection specimen
(Hematoxylin & eosin 200x). (e) An adenocarcinoma diagnosis on
cytology (Papanicoloau stain, 200x). (f) IPMN with high-grade
dysplasia was noted in subsequent histology (Hematoxylin & eosin
stain, 200x).
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Figure 2: Findings usually missed in the discrepant cases with
interpretative errors: (a) Mucinous epithelium, (Diff-Quik stain
200x) and (b) mucinous background (Papanicoloau stain, 200x).

CytoJournal « 2024 « 21(6) | 4

ovarian-type stroma of mucinous cystic neoplasms is
usually not apparent in FNA samples, and these entities
can be cytologically indistinguishable from IPMNs.[22 It
is also important to consider that foci of HGD or invasive
carcinoma can often be small and may not be sampled,
leading to an underdiagnosis of malignancy in IPMNs. On
the other hand, acute inflammation can lead to marked
cytological atypia and can cause a false-positive diagnosis of
malignancy.”® In cytologic specimens, it is often impossible
to distinguish the cells of HGD from those of invasive
carcinoma. For these reasons, the results of FNA should
always be correlated with the clinical findings.

The present study conducted on 41 cases of histologically
confirmed IPMNs showed that the CEA level alone was not
a good predictor of these neoplasms (62% of cases showed
a CEA level below 200 ng/mL, the threshold value) and
radiology evaluation can also be inconclusive. There was
a good correlation between cytopathology and surgical
pathology diagnoses in IPMNs, with cytology yielding
diagnoses related to IPMN in 73% of cases. The previous
studies showed a percentage of cytology positivity ranging
between 21% and 72%.1"***! The majority of our missed
IPMNss were interpretive errors and showed mucin/mucinous
cells on review. Layfield and Cramer® have found that
background mucin, by itself, is not predictive of a diagnosis
of IPMN and does not distinguish it from other neoplasms
and reactive changes. However, our findings support that a
mucinous background on cytology should raise suspicion of
IPMN, even when no epithelium is present.

The distinction between invasive and noninvasive
carcinomas is of critical importance for patient management
and prognosis. In the present study, cytology was able to
recognize IPMN with HGD/adenocarcinoma in 67% of cases.
Smith et al.?”! found that cytology was able to recognize 52%
of malignant IPMNs, while Inoue et al.?® found that 31% of
IPMN patients with intraductal carcinomas were diagnosed
as a malignant disease by cytology. As these tumors often
show focally variable degrees of dysplasia, heterogeneity in
areas of IPMN with HGD/adenocarcinoma may result in
sampling errors yielding false-negative cases.
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Table 3: Cytologic accuracy in identifying HGD/adenocarcinoma - Overview of the original cytology and histology diagnoses.
Histology diagnosis/Original Benign IPMN Malignant IPMN

cytology diagnosis IPMN with HGD/carcinoma in situ Invasive adenocarcinoma
Benign cases 16 6 2

Malignant cases 1 7 9

Total 17 13 11

IPMN: Intraductal papillary mucinous neoplasm, HGD: High-grade dysplasia
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Figure 3: (a) A case showing necrosis in the cytology cell block, (Hematoxylin and eosin, 100x). (b) Intraductal papillary mucinous neoplasm
(IPMN) with high-grade dysplasia (HGD) (markedly atypical cells with loss of polarity) was noted in subsequent resection (Hematoxylin
and eosin, 200x). (c) An adenocarcinoma diagnosis on cytology (high N: C ratio, mitoses, marked nuclear atypia, (Papanicoloau stain 200x))
(d) IPMN with HGD was noted on follow up resection. (complex papillary proliferation of tumor cells) (Hematoxylin and eosin, 100x). (e)
False-negative case (sampling error): It was diagnosed on cytology as benign (Papanicoloau stain, 400x). (f) An invasive adenocarcinoma
was noted in resection (Hematoxylin and eosin, 200x). (g) False-negative case (interpretative error): It was diagnosed on cytology as negative
for malignancy. On review, mucin, necrosis, and atypical cells with high a N: C ratio were seen (Papanicoloau stain, 200x). (h) Histology
showed IPMN with HGD, (Hematoxylin and eosin, 400x). (i) False-positive case: This case was suspicious for adenocarcinoma on cytology
(prominent nucleoli and nuclear overlapping) (Hematoxylin and eosin, 400x) (j) Histology showed IPMN with low-grade dysplasia. The area
with high-grade features was presumably not sampled on histology, (Hematoxylin and eosin, 200x).

In the present study, HGD/carcinoma in situ and invasive
adenocarcinoma were difficult to distinguish on cytology
(by cellular morphology and absence/presence of necrosis).
Conversely, Michaels et al.'"! found that the presence of
necrosis was the only feature that was significantly different
between carcinoma in situ and invasive carcinoma (P < 0.01).
However, they concluded that necrosis is not unique to IPMN
with invasive carcinoma, and in their comparison of original
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cytology with final histology diagnosis; they had classified 2
of 7 IPMN with carcinoma in situ and only 5 of 8 invasive
adenocarcinoma as malignant, while the rest were classified as
suspicious/atypical or negative. HGD is difficult to distinguish
from invasive on cytology and in cases with HGD, a note for
suspicion of invasive adenocarcinoma may be added.*!*!
To improve communication of cytopathology results to the
clinicians for patient management, we suggest using the terms
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“HGD cannot exclude invasive adenocarcinoma” in all IPMNs
considered malignant on cytology.

There were some limitations to our study. The small number
of cases prevented a more accurate subgroup analysis.
Furthermore, we did not analyze the sensitivity and
specificity of cytology in conjunction with radiology and
laboratory results. Finally, since our study was retrospective,
we did not evaluate the impact of cytologic evaluation on
clinical management decisions.

CONCLUSIONS

This study shows that there is a good correlation between
cytopathology and surgical pathology diagnoses in IPMNs and
that cytology is mostly able to recognize IPMN with HGD/
adenocarcinoma. Cytologic findings of mucinous background
should raise the suspicion of IPMN, even when no epithelium is
present, to avoid false-negative diagnoses. Since HGD/carcinoma
in situ and invasive adenocarcinoma are difficult to distinguish
based on cytology alone, we suggest using the terms “High-
grade dysplasia, cannot exclude invasive adenocarcinoma” in all
IPMNs considered malignant on cytology.
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