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Background: Intraductal papillary mucinous neoplasm (IPMN) of the pancreas is less common than classic
invasive ductal adenocarcinoma of the pancreas but is being diagnosed with greater frequency since its
clinicopatbologic features are now clearly defined. Often multifocal in its existence along the pancreatic duct,
IPMN is associated with a significant risk for recurrence and warranits vigilant surveillance, even after a
margin-negative resection.

Metbods: The authors present a case bighlighting important features in the diagnosis, workup, and management
of IPMN. They also review existing literature bighlighting epidemiology, findings of molecular studies, and current
treatment recommendations.

Results: Physicians and patients must carefully weigh the risks and benefits associated with treatment
options. Limited resection in a patient with a bigh likelibood of multifocal disease preserves pancreatic
parenchyma and reduces the risk of developing pancreatic endocrine and exocrine insufficiency. Though the
risk of developing invasive cancer in the remnant is small, the prognosis is worse if it does develop. Conversely,
total pancreatectomy eliminates the risk of future malignancy but involves life-long insulin and exogenous
pancreatic enzyme dependence and significant associated morbidity.

Conclusions: Decision making for effective treatment of IPMN is complex and requires attention to detail by
an interdisciplinary team with experience in the diagnosis and management of these tumors. Treatment must
be individualized based on patient life expectancy in terms of remaining years and overall quality. Molecular
profiling of these lesions may allow for more precise tailoring of treatment in the future.

Case Presentation ic duct to 5 mm. This study was followed by a comput-
ed tomography (CT) scan of the abdomen that con-
firmed the presence of biliary and pancreatic ductal

dilatation and also showed a 2.3-cm cystic mass in the

Dr Malafa: A 67-year-old white woman with a history
of hyperlipidemia was taking pravastatin in an effort to

improve this condition. She developed a mild elevation
of her transaminases aspartate aminotransferase and ala-
nine aminotransferase. An abdominal ultrasound
revealed fatty infiltration of the liver and mild dilatation
of the common bile duct to 9 mm and of the pancreat-
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body of the pancreas. At this point, the differential diag-
nosis was broad (Table 1). She then underwent endo-
scopic retrograde cholangiopancreatography (ERCP).
Dr Klapman, please review the findings.

Dr Klapman: Cystic, bulbous dilatation of the main
pancreatic duct and its side branches was seen on com-
pletion of the pancreatogram (Fig 1). However, filling
the pancreatic ductal system with contrast was difficult
secondary to resistance. No discrete strictures were
seen, but the duct had an irregular appearance and was
filled with linear filling defects. Brushings of the duct
were performed, but cytology was unrevealing.

Dr Malafa: The patient remained symptom-free and
was referred to our institute for further evaluation. Her

past medical history was significant for hyperlipidemia,
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hypertension, and osteoarthritis. She had previously
undergone total abdominal hysterectomy for benign
disease and had no history of cholecystectomy or
cholelithiasis. She had a 25-pack-year history of smok-
ing but had quit 25 years prior to evaluation. She con-
sumed two to three alcoholic beverages daily and had
done so for many years. Family history was signifi-
cant for coronary artery disease in her father and
leukemia in a brother. Physical examination was un-
remarkable. Repeat serum liver function studies includ-
ing transaminases were all within normal reference
ranges for the hospital laboratory. It was recommend-
ed that the patient undergo endoscopic ultrasound
(EUS) of the pancreatic mass for visual assessment and
potential biopsy.

Table 1. — Classification of Cystic Masses of the Pancreas

Inflammatory
* Pseudocysts
» Retention cysts secondary to chronic pancreatitis

Congenital/Hereditary
¢ Simple or solitary true cysts
* Polycystic diseases
Infectious
Neoplastic
* Inherently cystic
e Serous cystadenoma
e Mucinous cystic neoplasms
 Solid neoplasms with cystic degeneration
 Solid pseudo-papillary tumor
e Cystic pancreatic endocrine tumor
e Intraductal neoplasms
e Intraductal papillary mucinous neoplasms

Miscellaneous
¢ Lymphoepithelial cyst of the pancreas

Fig 1. — Areas of cystic dilatation (arrows) of the pancreatic ductal system
seen at ERCP.
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Dr Klapman: A multiloculated 2.7 X 2.0-cm cystic
mass was present at the junction of the body and tail of
the pancreas, communicating directly with a dilated
(5.9 mm) main pancreatic duct. A 7-mm cystic mass
was noted in the head of the pancreas but appeared to
be a simple cyst. Fine-needle aspiration (FNA) was per-
formed of both lesions (Fig 2).

Dr Malafa: Dr Centeno, please describe the FNA
findings.

Dr Centeno: We obtained 1 mL of reddish fluid from
the head lesion. The specimen was interpreted as neg-
ative for malignancy with only a few epithelial cells
noted other than blood. A 10-mL specimen of light pink
fluid with interspersed white mucoid strands was
obtained from the body lesion. Benign cyst-lining cells
with minimal atypia, rare histiocytes and lymphocytes,

Fig 2. — EUS revealing cystic lesions in the pancreas. (A) Multi-lobulated
2.7-cm cystic mass at the junction of the body and tail of the pancreas.
Communication with the main pancreatic duct, though present, is not visu-
alized. Note the thick appearance of the septa, a characteristic frequently
noted in cystic mucinous neoplasms of the pancreas. (B) A 7-mm head
lesion with characteristics of a simple cyst.
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and mucinous fluid were seen. I did not detect malig-
nant cells. A mucicarmine stain was positive. These
results are compatible with a neoplastic mucinous cyst
(Fig 3). In addition, serum and fluid from the body
lesion were submitted for measurement of carcinoem-
bryonic antigen (CEA) tumor marker levels and amylase
levels (Table 2).

Dr Malafa: A follow-up CT was performed. Did this
demonstrate any changes?

Dr Choi: The CT (Fig 4) showed a 3.1 X 4.1-cm com-
plex cystic mass abutting the splenic artery and vein at
the junction of the body and tail of the pancreas. Obvi-
ous septations were present within the mass. Although
the pancreatic duct was dilated throughout the gland,
it was most pronounced adjacent to the mass in the
body of the gland. In the tail, the ductal dilatation was
associated with significant glandular atrophy. No cystic
lesion was seen in the head of the gland.

Fig 3. — FNA of cystic mass in the body of the pancreas. (A) Higher power
demonstrates degenerated epithelial cells and histiocytes that are charac-
teristically found in the mucin from the neoplastic cysts (Papanicolaou,
x 40). (B) The mucicarmine stain confirms the presence of a uniform layer
of thick background mucin (mucicarmine, x 40).
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Table 2. — Results of Cyst Fluid Analysis

Test (Normal Serum Range) Serum Cyst Fluid
Amylase (30 110 U/L) 109 U/L 22,470 U/L
CA 19-9 (< 37 U/mL) 6 U/mL 7,240 U/mL
CEA (0 -5 ng/mL) 0.8 ng/mL 608 ng/mL

Dr Malafa: The patient’s case was discussed at the
weekly meeting of the Institutional Multidisciplinary
Gastrointestinal Tumor Board. Though no malignant
cells were found on cytology, the presence of mucin in
the fluid coupled with the mass’s appearance on EUS
and CT suggested the presence of a mucin-producing
cystic neoplasm. The consensus opinion of the Tumor
Board was that the patient should undergo surgical
exploration for potential resection. Based on the inti-
mate involvement of the mass with the splenic vessels, it
was believed that splenic preservation would be unlike-
ly. This was explained to the patient, who was agreeable

Fig 4. — Triple-phase CT.
septations (yellow arrow) within a cystic body mass. Note abutment of the
splenic artery (red arrow). (B) Venous phase CT demonstrating relationship
of the mass to the splenic vein (blue arrow).

(A) Arterial phase CT demonstrates subtle
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with the treatment plan. Secondary to the high likeli-
hood of splenectomy, the patient received preoperative
vaccination against Streptococcus pneumoniae, Hae-
mopbilus influenzae, and Neisseria meningitidis.
After standard surgical exploration was performed
to rule out unexpected peritoneal or other metastatic
disease, attention was turned fully to the pancreas.
Intraoperative ultrasound of the gland was performed
revealing the complex cystic mass in the body as well
as ductal dilatation throughout. I found no other dis-
crete cystic or solid masses. Based on these findings,
I proceeded with distal pancreatectomy and splenecto-
my. Intraoperative assessment of the resection specimen

further surgery was immediately indicated. However, I
cautioned her that close follow-up with repeat imaging
would be essential secondary to the possibility of
recurrent disease. She developed insulin-dependent
diabetes mellitus during the course of the year but was
able to keep her blood sugar under control. I request-
ed that she return for repeat EUS after an otherwise
uneventful and symptom-free year at home.

Dr Klapman: The study revealed an irregularly
shaped, anechoic 9-mm lesion in the head of the pan-
creas that communicated directly with the pancreatic
ductal system. About 1 mL of reddish fluid was aspirat-

was performed.

Dr Centeno: The presence of a cystic
neoplasm was confirmed on gross
examination (Fig 5). Frozen section
examination of the pancreatic resection
margin was negative for intraductal
papillary mucinous neoplasm (IPMN)
with high-grade dysplasia and also for
invasive carcinoma.

Dr Malafa: The patient had an un-
eventful hospital stay and was dis-
charged home on postoperative day 7.
Dr Centeno, please describe the find-
ings of final pathology review.

Dr Centeno: The patient’s tumor was
a main branch-type IPMN with high-
grade dysplasia (Fig 5). It was the
intestinal type of IPMN and was com-
posed of multiple cysts measuring 0.8
cm to 1.5 cm in diameter. The cysts
were filled with clear, mucinous mater-
ial, and grossly they had smooth walls.
The pancreatic duct wall was lined by
a papillary excrescence and was
markedly dilated up to 1.3 cm. Promi-
nent chronic pancreatitis was present
in the surrounding pancreatic tissue
secondary to obstructed ducts. Evalua-
tion of the pancreatic resection margin
revealed the presence of IPMN with
low-grade dysplasia but no evidence of
in situ or invasive cancer. Two lymph
nodes were found, but they did not
contain metastatic disease.

Dr Malafa: The pathology findings
were discussed in detail with the
patient. Since her pancreatic parenchy-
mal margin was free of in situ and inva-
sive cancer, I told the patient that no
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ed resulting in complete collapse of the lesion.

Fig 5. — Resection specimen. (A) Photograph of the resection specimen. The splenic artery is
to the left (blue arrow). The top cystic-appearing structure is the main pancreatic duct (yellow
arrow), which is surrounded by fibrosis. A papillary excrescence (red arrow) extrudes into the
lumen. The bottom cyst is a dilated side branch (green arrow). The surrounding parenchyma
has lost the yellow, lobulated appearance of normal pancreas and instead has a white, glistening,
smooth-cut surface, as seen with fibrosis. (B) The main pancreatic duct is dilated. The normal
lining epithelium is replaced by a papillary proliferation of mucin-containing epithelial cells
(hematoxylin-eosin, x 4). (C) Tall, columnar cells with cytoplasmic mucin line the fibrovascular
cores forming the papillae (hematoxylin-eosin, x 20). (D) The lining epithelium shows enlarged
hyperchromatic nuclei. Small papillary tufts fall into the lumen. The nuclei of these cells are
angulated. These features are typical of IPMNs with high-grade dysplasia (hematoxylin-eosin, x
40). (E) This duct demonstrates an abrupt transition from the normal duct lining to columnar
mucinous epithelium, which occurs frequently (hematoxylin-eosin, x 40).
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Dr Centeno: Cytologic analysis revealed benign pan-
creatic acinar cells, benign glandular cells, degenerated
cells, and scant background mucin most compatible
with duodenal contaminant. No malignant or neoplas-
tic cells were detected. An aliquot of the fluid was sub-
mitted for k-ras mutational analysis and loss of het-
erozygosity (LOH) analysis using the PathFinder TG
technology (RedPath Integrated Pathology Inc, Pitts-
burgh, Pennsylvania).

Dr Choi: Subsequent CT showed no evidence of a
mass lesion in the residual pancreas. Ductal dilatation
was again noted, although it was of a lesser degree com-
pared with the patient’s first scans.

Dr Malafa: Secondary to the patient’s history of
IPMN with in situ carcinoma, and now with a recurrent
cystic lesion in the remaining gland, I was concerned
about the possible presence of a new or residual pan-
creatic cancer. How can mutational analysis of cyst
fluid assist us in decision making?

Dr Centeno: The assay looks at a panel of molecular
parameters including DNA amount and quality, as well
as k-ras-2 oncogene point mutation and allelic imbal-
ance (LOH) mutations of a broad panel of associated
tumor suppressor genes in pancreatic neoplasia. A
prospective study involving its use in 31 patients who
eventually underwent surgical resection has been pub-
lished.! The authors reported that molecular analysis
was statistically superior to conventional diagnosis
based on cytology and cyst fluid levels of CEA. They
stated that k-ras mutation followed by allelic loss was
predictive of a malignant cyst with a sensitivity of 91%
and a specificity of 93% and that molecular determina-
tion of the temporal sequence of k-ras-2 oncogene
point mutation acquisition in relationship to other
acquired LOH mutations was a powerful indicator of
cystic disease etiology and biological aggressiveness.
However, it must be stressed that these diagnostic
methods remain investigational.

In this case, the assay revealed an elevated amount
of good-quality DNA in the cyst fluid with a profile sup-
porting the presence of a neoplastic mucinous cyst. To
enhance the accuracy of decision making, mutational
analysis of the original resection specimen was also
performed to allow comparative mutational profiling.
Genotyping of the resected tumor revealed a similar
mutational profile, and it was believed that the cystic
mass present in the pancreatic head likely represented
an IPMN with the potential to harbor malignancy.

Dr Malafa: With these findings suggesting either a
redevelopment or extension of IPMN along the pan-
creatic duct, I had a frank discussion with the patient.
The consensus opinion of our tumor board was that
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the potential benefit from completion pancreatectomy
outweighed the morbidity from pancreatic endocrine
and exocrine insufficiency. The challenges of poten-
tially brittle diabetes were discussed in detail with the
patient, as were the risks of repeat surgery. Despite
these factors, she agreed that the resection of a poten-
tial cancer outweighed the inherent risks and is now
awaiting surgery.

Keys to Diagnostic Imaging

Dr Malafa: It has been postulated that one of the rea-
sons, though certainly not the only one, that there has
been such a dramatic increase in the incidence of
IPMNs over the last decade is the more frequent use of
high-quality abdominal CT scans. This has led to the
often incidental finding of pancreatic cystic lesions in
the setting of trauma, in the workup or restaging of
other malignancies, or in the workup of another disease
processes. These serendipitous discoveries account for
18% to 22% of cases.? While often asymptomatic, many
patients complain of epigastric or diffuse abdominal
pain. This may be associated with nausea and vomiting.
Some patients may present with weight loss or obstruc-
tive jaundice due to obstruction of the pancreatic duc-
tal system by the neoplasm. It is remarkable that many
patients are symptomatic for at least a year, frequently
even longer (up to 27 years in 1 patient), before a diag-
nosis is established.>* Whether found incidentally or
secondary to symptoms, the first study usually involves
a CT scan. Dr Choi, please describe important features
of the imaging workup in these patients.

Dr Choi: CT scans will typically display a lobulated,
multilocular cystic mass. Secondary to often large
amounts of mucin production, IPMNs may be identified
radiographically by pancreatic ductal dilatation.> Sugiya-
ma et al® described a classification system based on the
location of ductal involvement. Main duct type IPMNs
are characterized by isolated dilatation of the main pan-
creatic duct only (> 2 mm). Branch duct IPMNs have
cystic lesions corresponding to dilated branch ducts
only, while the third group, the combined type, includes
both features. CT may be able to demonstrate commu-
nication between dilated branch ducts and the main
pancreatic duct. Utilization of 2-D curved reformation
along the course of the main pancreatic duct may
enhance visualization of any potential communication.”
Significant diffuse ductal dilatation is often associated
with parenchymal atrophy, a manifestation of ductal
obstruction and resulting organ damage and dysfunc-
tion. Lesions may or may not be associated with a solid
component representing either invasive cancer or
chronic pancreatitis. Calcifications may be seen within
these solid areas or may occur in areas of surrounding
pancreatitis. Intraluminal filling defects may be noted,
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and their spatial relationship within the duct in relation
to gravity may aid in their differentiation. When seen
along the wall of the duct in the non-gravity-dependent
portion, these usually represent classic papillary
growths or mural nodules. They may display discrete
areas of enhancement.> Thick aggregates of mucin tend
to group in the dependent portions of the cystic areas.
Bulging of the papilla may also be noted by CT scan.
Issues of critical importance for successful CT imaging
of any pancreatic mass is obtaining thin-slice intervals (2
to 3 mm) throughout the entire pancreas as well as
obtaining arterial and venous phase images. Current
multidetector CT (MDCT) scanners can obtain submil-
limeter thicknesses with high-resolution 2-D coronal
and sagittal reconstructions as well as 3-D vascular
reconstructions providing improved lesion localization
and depiction of vascular involvement.

Dr Malafa: This information is essential for surgeons
in planning potential resections. Additional informa-
tion we seek aside from vascular involvement includes
the presence of surrounding organ involvement or
invasion (suggestive of malignancy), lymph node
enlargement, liver or other distant organ involvement,
and potential peritoneal spread. What role does
positron-emission tomography (PET) play in evaluating
these tumors?

Dr Choi: 18F-deoxyglucose PET/CT (FDG-PET/CT)
has been shown to be useful in the diagnosis, preoper-
ative staging, and management of pancreatic adenocar-
cinomas.® It can also be used in the evaluation of treat-
ment response. However, a diagnosis of malignancy in
cystic pancreatic lesions is more difficult. Sensitivity
ranges from 57% to 94%, with specificity between 85%
and 97%. These studies included small numbers of
patients with IPMN. Further investigation is needed to
better establish the accuracy of FDG-PET/CT for
demonstrating malignancy in patients with IPMN.>12

The Role of the Endoscopist

Dr Malafa: This patient underwent ERCP prior to
arriving at our institution. Dr Klapman, please describe
the role of ERCP in the diagnostic workup.

Dr Klapman: ERCP is typically performed early in the
diagnostic workup but is not essential to the decision-
making process. It is most commonly performed in
patients who present with signs or symptoms sugges-
tive of obstructive jaundice. The endoscopic portion of
the procedure may demonstrate mucin extruding
through a bulging papilla, which is considered a
pathognomonic finding and seen in up to 55% of
patients.’ The pancreatogram may display pancreatic
ductal dilatation. This may include the main duct or
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may manifest as simultaneous opacification of grapelike
cystic lesions, a reflection of focal cystic dilatation of
branch ducts.” Mucin plugs may manifest as filling
defects within the ducts. Ductal brushings may be per-
formed, and associated biliary obstructions can be
stented. While the ability to obtain material for patho-
logic analysis and the potential for therapeutic biliary
stenting are beneficial, some disadvantages do exist.
Secondary to the often ultra-thick mucin, opacification
of tumors and ducts can be problematic. The biggest
concern is the possibility of inducing acute pancreatitis,
which occurs in up to 5% of patients. Cumulative risk
of fatal complications is 0.05%.4

Dr Malafa: What about magnetic resonance cholan-
giopancreatography?

Dr Choi: MRCP offers a noninvasive and more repro-
ducible alternative to ERCP. Secondary to high-contrast
resolution, MRCP can display the fine structure of cystic
lesions including the presence of septa and mural nod-
ules. Communication between the main pancreatic
duct and the cystic lesion can also be seen, indicating
the presence of a side-branch IPMN. Reported sensitiv-
ity of MRCP for detecting ductal dilatation associated
with IPMNs is 93% to 100%.'>'® Comparison of MDCT
and MRCP demonstrates good correlation in the detec-
tion and characterization of IPMN with similar diagnos-
tic accuracy.'” Added benefits are the avoidance of
endoscopy and the fact that contrast material is not
required. However, it cannot differentiate mucin from
pancreatic juice, it is unable to obtain tissue or fluid for
diagnosis, and it offers poor discernment of an enlarged
papilla if present.

Dr Malafa: Returning to the role of the endoscopist
in diagnosis and treatment, Dr Klapman will describe
the use of EUS.

Dr Klapman: EUS has become an integral part of the
diagnostic workup of any pancreatic mass. EUS has
rapidly become widely used because it can perform pre-
cise, real-time, ultrasound-guided FNA biopsies and it can
provide detailed structural information about tumors
and surrounding structures. Although an invasive proce-
dure, EUS with FNA has a lower complication rate than
ERCP, with the most serious risk, post-FNA pancreatitis,
occuring in about 1% of patients.’® EUS also has the
ability in many cases to determine whether the cystic
mass is directly involving the main pancreatic duct or is
a dilated side branch of the main pancreatic duct. The
internal architecture of cystic masses is also well delin-
eated, as is the presence of mural nodules. But it is the
ability to precisely aspirate pancreatic juice from the
lesion itself for cytologic evaluation, measurement of
tumor markers and pancreatic enzyme levels, and mole-
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cular analysis that makes EUS an integral part of the
diagnostic workup of these lesions. As a result, ERCP in
many instances has been replaced by EUS as the initial
procedure performed for evaluation of indeterminate
cystic masses of the pancreas.

Dr Centeno: Cyst fluid aspiration with cytologic tumor
marker level and enzyme level analysis is vital to help
differentiate whether a cyst is nonneoplastic or neo-
plastic and, if neoplastic, whether it is benign or malig-
nant. Two main distinctions exist in terms of etiology:
mucinous vs nonmucinous. The category of mucinous
cystic etiologies includes IPMN and mucin-producing
cystic neoplasm. Nonmucinous etiologies include pseu-
docysts, serous cystadenomas, and cystic pancreatic
endocrine tumors. Because of a lack of a single gold
standard cyst fluid marker, we must rely on a combina-
tion of cytologic evaluation, measurement of tumor
markers and pancreatic enzyme levels, and molecular
analysis to predict a mucinous vs a nonmucinous etiol-
ogy. At our institute, a cytotechnologist attends every
image-guided aspirate. Typically,a drop of fluid is used to
make an air-dried smear and an alcohol-fixed smear. The
fluid is then triaged by the cytology lab for the various
tests to be performed.

Dr Malafa: How do you use or interpret cyst fluid
markers?

Dr Klapman: An elevated cyst fluid CEA level has
been recognized as an indication of the presence of a
mucinous neoplasm, but a cut-off value that would dif-
ferentiate mucinous from nonmucinous neoplasms in
all cases has not been established. Brugge et al'® report-
ed that using a cut-off value of 192 ng/mL for CEA
established this marker as the most sensitive, specific,
and accurate marker to differentiate between a muci-
nous vs nonmucinous etiology. However, this study did
not establish a level that would differentiate benign
from malignant neoplastic mucinous cysts, although it
has been postulated that extremely high levels of CEA
correlate with the presence of malignancy, whether in
situ or invasive.! CA 19-9, which when elevated in
serum is a marker of pancreatic-biliary malignancy, has
not been shown to be accurate as a cyst fluid marker in
differentiating mucinous vs nonmucinous etiologies.

Dr Malafa: While some progress has been made in
our understanding of the significance of cyst fluid lev-
els of various markers, their meaning in serum assays is
not as clear. Review of the medical literature yields
conflicting results regarding the ability of elevated
serum markers such as CEA and CA 199 to predict
malignancy. Two recent publications described an asso-
ciation between elevated serum CA 19-9 and malignan-
cy. Fujino et al® retrospectively reviewed 64 cases of
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resected IPMNs and their associated clinicopathologic
data. Multivariate logistic regression analysis was per-
formed on a panel of 17 parameters to assess their abil-
ity to predict malignancy. They found that a serum CA
199 > 35 U/mL could significantly predict malignancy
with an accuracy of 62.5%, while serum CEA was not
predictive. Wiesenauer et al?! performed univariate and
multivariate analysis of 24 serum studies and their asso-
ciation with malignancy. Considered a continuous vari-
able, CA 199 levels did not achieve statistical signifi-
cance in the logistic regression model. However, the
presence of elevated serum CA 199 (> 70 U/mL) was
significantly associated with malignancy, with 3% of
patients with benign IPMNs harboring an elevation
compared to 37% of patients with malignant tumors.
Still, the majority of published reports do not support
these findings.?*?” Dr Klapman, how do you interpret
the level of amylase in the cyst fluid?

Dr Klapman: Cyst fluid amylase level is helpful when
trying to differentiate a pseudocyst from a mucinous or
serous cystic neoplasm. An amylase level in cyst fluid that
is minimally elevated to normal virtually excludes
pseudocyst as a diagnosis. When elevated, the amylase
level must be used in combination with other markers to
help differentiate a pseudocyst from an IPMN.

The Role of Cytology in Decision Making

Dr Malafa: How accurate are we when evaluating the
cytology of cyst fluid samples?

Dr Centeno: Overall, cytologic analysis of fluid
obtained during cyst aspiration is helpful in only about
50% of cases.?® This is in large part due to the scant
amount of fluid or cellular material obtained with cyst
aspiration, particularly with serous cystadenomas or
benign neoplastic mucinous cysts. Pseudocyst remains
a diagnosis of exclusion. However, with attention to
cytologic features, the cytologic recognition of neo-
plastic mucinous cysts, including mucin-producing cys-
tic neoplasms and IPMNSs, can be enhanced. Since the
patient’s neoplasm is an IPMN, I will focus the discus-
sion on this entity, but the features of mucin-producing
cystic neoplasms and IPMNs are identical. The classic
cytomorphological pattern of IPMN is that of muci-
nous, glandular epithelium set in thick background
mucin. The mucin may be so viscous as to be difficult
to aspirate, suggesting the diagnosis before cytologic
evaluation. A definitive diagnosis of IPMN may be ren-
dered on cytology when diagnostic epithelium is pres-
ent and the findings are correlated with imaging
results. If the imaging findings are not available to the
pathologist, the specimen may be signed out using
generic terminology such as neoplastic mucinous cyst,
since the morphological features of mucin-producing
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cystic neoplasms and IPMNs are identical. If only the
typical background mucin is present, then the speci-
men may be signed out descriptively, with the com-
ment that the findings are suggestive of a neoplastic
mucinous cyst.

Principles of Surgical Management

Dr Malafa: As with any pancreas tumor, IPMNs
demand a methodical and careful approach to surgical
resection. Collaboration with radiology and gastroen-
terology colleagues is essential to optimize treatment
planning. A clear understanding of the tumor’s prox-
imity and relationship to neighboring structures is
vital to operative success. Beyond this, consultation
with the cytopathologist is critical to determine the
level of preoperative suspicion that the index lesion
could harbor invasive cancer. This is important in
defining the extent of surgery. For example, if strong
suspicion indicates that a pancreatic tail IPMN harbors
invasive disease, there should be no consideration of
splenic preservation during a distal pancreatectomy as
attempts to do so could significantly limit the accom-
panying lymphadenectomy.

Dr Choi: Intraoperative ultrasound has become a stan-
dard part of operative evaluation due to the often mul-
tifocal nature of this disease process. It can be used to
precisely define the anatomic location of the index
lesion, to help identify and characterize additional
lesions, and to guide intraoperative biopsies of these
lesions to aid in decision making. Dr Malafa, how do
you decide how much of the pancreas to resect?

Dr Malafa: Resection is undertaken with the goal of
achieving negative microscopic margins whenever pos-
sible. This has prompted several investigators to evalu-
ate the use of intraoperative frozen section analysis of
the pancreatic margin to guide treatment decisions.
Paye et al*! reported their results of frozen section
analysis of 39 pancreatic cut surfaces from 35 patients.
Of these 39, 17 had some degree of IPMN at the frozen
section pancreas margin. In all 17 of these cases, final
pathology confirmed the finding. In 22 samples, frozen
section was believed to be negative for IPMN at the
margin. In this group, 3 patients had IPMN (no invasive
cancers) at the margin on final histologic evaluation,
thus yielding 85% sensitivity, 100% specificity, and 92%
diagnostic accuracy for detection of IPMN by frozen
section analysis of the pancreatic transection margin.
With specific regard to noninvasive IPMNs,White et al*
reported a 74% negative predictive value of frozen sec-
tion analysis for IPMN at the pancreas resection margin
in 19 patients, provided that pancreatic intraepithelial
neoplasia (PanIN) lesions were not believed to consti-
tute a positive margin. Raut et al*? reported on the
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Table 3. — International Consensus Guidelines for
Management of IPMNs: Indications for Resection

* Main duct lesions

* Mixed lesions

¢ Symptomatic branch duct lesions

 Branch duct lesion > 3 cm*

* Branch duct lesion containing mural nodules™

* The recommendation for these criteria are still a matter of

debate and certain centers manage them with surgery while
others prefer observation.

Data from Tanaka et al.®

results of frozen section in 29 patients treated with par-
tial pancreatectomy. Ten of these patients had positive
frozen section margins (4 of 10 patients with IPMN and
invasive cancer, 6 of 19 with noninvasive IPMN). None
of these patients were converted from a positive to a
negative margin upon final pathologic review. Three of
these “negative” margins were subsequently found to
contain IPMN on final pathology or histologic re-review
for the purposes of the study. In total, 8 patients were
found to have noninvasive IPMN at the final pancreatic
transection margin, and none of them developed recur-
rent disease at a median follow-up of 34 months.

Dr Centeno: These studies and others support the
positive predictive value of frozen section analysis of
the pancreatic margin. This was stressed by the Inter-
national Consensus Guidelines for Management of
Intraductal Papillary Mucinous Neoplasms and Muci-
nous Cystic Neoplasms of the Pancreas (Table 3).3°
However, because of the multifocal nature of the dis-
ease and a high frequency of discontinuity of the intra-
ductal lesions, the finding of a negative margin does not
guarantee that disease is not present elsewhere in the
pancreatic remnant.

Dr Choi: Do you use pancreatoscopy to guide your
resection?

Dr Malafa: While several authors have described the
use of pancreatoscopy and intraductal ultrasound,
these techniques have not had widespread acceptance
secondary to limitations with image resolution and
technical considerations. Nonetheless, some reports
have demonstrated an improved ability to delineate the
required extent of resection based on actual ductal
abnormalities.!>34 At this time, it is not a routine part of
our practice.

Key Pathologic Findings

Dr Klapman: Once the tumor has been resected,
what should we take from the pathology report?
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Dr Centeno: The classification of an IPMN has evolved
over time. It is a grossly visible neoplasm characterized
by the presence of mucin-producing neoplastic epitheli-
um with a papillary growth pattern that replaces the lin-
ing epithelium of the pancreatic ductal system. The cur-
rent World Health Organization (WHO) classification’”
and previous Armed Forces Institute of Pathology (AFIP)
fascicle on tumors of the pancreas designated IPMN with
in situ carcinoma as intraductal papillary carcinoma and
invasive carcinoma as papillary mucinous carcinoma.
Neoplasms with moderate dysplasia were considered
borderline, suggesting that they had the potential to
metastasize. The most benign neoplasms were called ade-
nomas. The current international classification system for
IPMNSs, published in the most recent AFIP fascicle for
tumors of the pancreas,’® separates noninvasive and inva-
sive components of IPMNs. The necessity for this sepa-
ration is based on the fact that those IPMNs with an inva-
sive component fare worse than noninvasive tumors.*
Noninvasive IPMN is grouped into low-grade dysplasia,
moderate dysplasia, or high-grade dysplasia based on the
degree of dysplasia of the lining epithelium. However, it
is important to note that a single tumor can harbor vary-
ing degrees of dysplasia, with the entire spectrum of dis-
ease present within the same lesion. A fascinating aspect
of IPMN:s is this heterogeneity of the lining epithelium,
and final grading of the lesion should be based on the
highest degree of dysplasia present.

IPMNs with low-grade dysplasia (adenomas in pre-
vious classification) are composed of tall columnar
cells with abundant apical mucin and basally located,

uniform nuclei with minimal atypia. Nucleoli and
mitoses are not prominent. The resulting papillae are
architecturally simple, with the epithelium maintaining
a high degree of differentiation. IPMNs with moderate
dysplasia (borderline tumors in previous classification)
show more nuclear stratification and a high nuclear-to-
cytoplasmic ratio with a slight loss of polarity, nuclear
enlargement, and nuclear pleomorphism. The papillae
retain their fibrovascular cores. IPMNs with high-grade
dysplasia (carcinoma in situ or intraductal papillary
mucinous carcinoma in previous classification) are
characterized by a cribriform growth pattern and bud-
ding of small clusters of epithelial cells into the duct
lumen, atypical mitoses that may extend to the luminal
surface, more significant loss of polarity, nuclear
enlargement, and nuclear pleomorphism. The epithelial
lining of IPMN has been further classified according to
subtype: gastric foveolar, intestinal, pancreaticobiliary,
and oncocytic. Gastric foveolar subtype is considered
the least aggressive, intestinal type has an intermediate
potential for progression, and pancreatobiliary and
oncocytic are considered the most aggressive types.3°
Extension beyond the duct marks the presence of
invasive cancer, referred to as IPMN with invasive car-
cinoma (papillary mucinous carcinoma in previous
classification). Mucinous noncystic carcinomas or col-
loid carcinomas arise from intestinal type epithelium,
and their immunohistochemical expression pattern is
identical to the intestinal epithelium. Mucinous non-
cystic carcinoma has an excellent prognosis and is asso-
ciated exclusively with IPMN as a precursor lesion.

Table 4. — Disease Recurrence and Qutcome

Author

Study Institution(s) Year  Breakdown of Disease
Chari et al* 2002 NI: 73
Mayo Clinic I: 40
Nakagohri et al*? 2002 NI: 16
Chiba University “Minimally” I: 5
D’Angelica et al* 2004 NI: 32
Memorial Sloan-Kettering I: 30
Salvia et al* 2004 NI: 80
MGH/U Verona I: 57
Sohn et al*! 2004 NI: 84
Johns Hopkins I: 50
Wada et al*’ 2005 NI: 75
Virginia Mason I: 25
Raut et al 2006 NI: 22
M. D. Anderson I: 12
Takahashi et al* 2006 NI: 17
Osaka University I: 3
Yokoyama et al* 2007 NI: 85
Nagoya University I: 15
NI = noninvasive, | = IPMN-associated invasive cancers.

Median Follow-Up (mos)

Recurrence (all types)  Death From Recurrence

36 5 (7%) 23/31 (74%)
42 26 (65%)
78 1 (6%) 2/3 (67%)
2 (40%)
38 3 (9%) 12/14 (86%)
1 (37%)
31 1 (1%) 5/8 (63%)
7 (12%)
24 7 (8%) A7 (57%)
> 21 (> 42%) N/A
31 1.3% N/A
27 46%
30 0 (0%) 7/7 (100%)
61 7 (58%)
68 1 (6%) 2/2 (100%)
1 (33%)
N/A 4 (5%) 05 (0%)
1 (7%)
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Tubular adenocarcinomas arise from pancreatobiliary
epithelium and resemble ductal adenocarcinoma, not
otherwise specified. Intraductal oncocytic papillary
neoplasms give rise to an unusual variant of invasive
carcinoma, invasive oncocytic carcinoma.

Dr Malafa: Please describe the difference between
PanINs and IPMNs.

Dr Centeno: PanINs and IPMNs share an overlap in
some fundamental areas, one of which is their basic
composition: columnar, mucin-producing cells that can
either form papillae or grow in a flat configuration.
IPMNs typically involve larger ducts while PanINs usu-
ally arise in smaller ducts (< 5 mm in diameter), but
either can occur in any location. The major accepted
differences lay in the fact that IPMNs tend to be clini-
cally and grossly detectable, usually forming a lesion
> 1 cm in diameter, while PanINs are incidental and
microscopic findings. As a result, IPMNs are usually
characterized by well-formed papillae and grossly visi-
ble mucin while PanINs are not. Another important dis-

tinction occurs at the molecular level. Inactivation of
TP53/p53 and MADH4/SMAD4/DPC4 genes occurs
much less frequently n IPMNs compared to PanINs.3738

The Importance of Follow-Up

Dr Choi: Once the tumor has been removed and the
pathologist’s report is finalized, what are the next steps
in caring for these patients?

Dr Malafa: Vigilant surveillance after resection is crit-
ical as recurrence can be quite high. Whether these are
true recurrences or progression of subclinical disease is
uncertain. The rates of recurrence are significantly
higher in patients with malignant disease, and once
recurrence does occur, death from disease is usually the
rule rather than the exception (Table 4).223%46

Dr Choi: How does margin status affect prognosis?

Dr Malafa: Another major finding from these and
other studies is that the presence of noninvasive dis-

IPMN

Main duct or
mixed type

Branch duct

v v

> 3 cm, branch duct

RESECT

v

< 3 cm, asymptomatic,
no mural nodules

lesion of any size with
mural nodules or
symptomatic lesions

l

l

Negative margins

Margin positive for
low-grade dysplasia

Margin positive for
high-grade dysplasia
(CIS or invasive cancer)

Observe or consider
resection if FNA and/or
cyst fluid mutational
analysis suggests
high-grade disease

RESECT

!

!

May re-resect if not
associated with undue
morbidity or observe

Re-resect to negative
margins and/or
consider adjuvant
chemoradiation

Fig 6. — Approach to treatment of intraductal papillary mucinous neoplasms at our institute.
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ease (including carcinoma in situ) at the surgical resec-
tion margin does not adversely affect survival even
though it may increase the rates of local recurrence.?4
In fact, Raut et al*> found that there were no recur-
rences in patients with noninvasive IPMN at the final
resection margin. Leaving residual disease, even if non-
invasive, must still be tempered with caution, and the
importance of close follow-up is critical. White et al®
recently published a report addressing the fate of the
pancreatic remnant following resection for noninvasive
IPMNs. At a median follow-up of 40 months, recurrence
was reported in 6 of 78 patients. Compared by margin
status, 1 patient (2%) of 50 with negative resection mar-
gins recurred, while 4 (17%) of 23 patients with posi-
tive margins recurred (P = .02). Half of these patients
died of their disease.

Dr Choi: What follow-up strategy do you use?

Dr Malafa: Follow-up regimens are based on clinical
experience as no strong evidence exists in the medical
literature regarding the type and frequency of surveil-
lance. The International Consensus Guidelines for Man-
agement of Intraductal Papillary Mucinous Neoplasms
and Mucinous Cystic Neoplasms of the Pancreas®® sug-
gests yearly imaging and clinical examination for
patients with resected benign IPMNs, with extension to
a longer interval if no evidence of recurrence is present
after the first few years. For malignant lesions, the panel
suggests consideration of imaging every 6 months. In
terms of follow-up for asymptomatic, unresected lesions,
the panel recommends the following:

* yearly evaluation for lesions < 10 mm
e 6-to 12-month evaluation for lesions 10 to 20 mm
e 3- to 6-month evaluation for lesions > 20 mm

Dr Choi: When do you recommend resection in lesions
such as these that you are following with imaging?

Dr Malafa: Resection should be strongly considered
for interval development of symptoms, increase in
lesion size, or development of intramural nodules or
pancreatic ductal dilatation. The duration of follow-up
is indefinite at this time as several studies report recur-
rences more than 5 years after resection.?%:40.4243.47

Dr Klapman: A final consideration for follow-up of
these patients is the high rate of extra-pancreatic malig-
nancies. Several authors have described this rate to
range from 29% to 39%.4%5! While these malignancies
may have occurred and been treated prior to the diag-
nosis of IPMN, about half are found after treatment of
IPMN has concluded. With the excellent prognosis
associated with noninvasive IPMNs, these extra-pancre-
atic malignancies may be the major determinant in the
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patient’s subsequent survival, and regular cancer
screening must be stressed.

Conclusions
Diagnosing IPMN preoperatively can be challenging.
Even with a combination of imaging studies, cyst fluid
assays, and cytologic analysis, the diagnosis may be
indeterminate. The major hurdles in diagnosing cystic
lesions are the lack of a gold standard diagnostic test
and the limited quantity of fluid obtained (especially in
cysts less than 2 to 3 cm), which limits the number of
studies that can be performed with the cyst fluid. A
cyst fluid CEA study is the most accurate in differenti-
ating mucinous vs nonmucinous etiologies. Noninva-
sive forms of IPMN carry an excellent prognosis, and
while patients with IPMN invasive cancers fare worse,
their prognosis appears to be better than that associat-
ed with traditional pancreatic ductal adenocarcinoma.
As clinicians, we continue to refine our treatment
approach to these tumors (Fig 6), balancing aggressive
resection to prevent development of invasive cancer
with the understanding that we are not yet fully aware
of the time course of malignant progression. It is likely
that insights from the realm of molecular medicine (eg,
determination of a malignant vs nonmalignant genetic
signature) will help us individualize and thus improve
our care by reserving our most aggressive treatments
for those who will truly benefit from them.
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