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IntraductaI papillary-mudnous neoplasms (IPMNs) 
of the pancreas are rare lesions. We undertmk this 
study to analyze these tumors by focusing on the 
diagnostic trite* and correlating the histologic 
features with clinical prognosis. Twenty-two cases 
of IPMN were retrieved from the Endodm Tumor 
Registry of the Armed F o m  Institute of Pathology. 
Blocks or umahed slides were a v M e  for histo- 
chem3.d and immunohistochemlcal studies (In- 
cluding prolifmhe markers and cell cycle regula- 
tors) and K - m  oncogene mutations in 15 cases. 
Padent follow-up was obtained in all of the cast% 
IPMN occurs in both genders with a slight male 
predominance, with a mean age at presentation of 
64.4 years (range, 48-85 yr). The patients pmented 
with abdominal pain. The neoplasms were radiolog- 
i d l y  and grossly cystic, usually (18 m x s  of 22) 
located in the head of the pancreas. Histologidty, 
the tumors consisted of Intraductal papillary prow- 
eradons protruding Into and expanding the pancre- 
atic duct& Invasion lnto the surrounding panmatic 
parenchyma was detected In 15 case& Chronic pan- 
creatitis was present in all of the cases. p27 Immu- 
noreactMty always seeded the irnrnunomactivity 
of cyclln E. K-ras oncogene mutations were detected 
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In two - Patients were treated with a complete 
surgical resection (n = 7) or a Whipple procedure 
(n = 13). Only 2 of 22 padents died of disease (3 died 
immediately postoperatively and 3 died of unre- 
lated cawxs), whereas the mnainhg 14 patients 
wwe alive at last follow-up, without evidence of 
disease, sn average of 58.2 months after initial pre- 
sentation. WMNs are rare, distinctive neoplasms, 
with complexintraductal papillae, that can be easily 
separated £ram in SW ductal ademadnoma and 
mudnous qsdc neoplasms. The high mtio of p27 
protein to c y c h  E supports the excellent prognosis 
of these neoplasms, despite the presence of Jnvasion 
and K-ras oncogene mutation. 

KEY WORDS: Irnmunohhtachemistry, Intraductal, 
Mudnous, Neoplasms, Pancreas, Papillary* 

Mod Path01 1949;12(5):518-528 

Intraductal papillary-rnucinous neoplasms (IPMNs) 
are a relatively new entity in pancreatic pathology, 
first described a decade ago by Morohoshi et al. (1). 
Because of the variety of terms used to name these 
lesions, a comprehensive understanding of the neo- 
plasms is not readily available. The incidence is 
unknown. According to the reported cases in the 
literature, patients with IPMN seem to have a better 
prognosis than patients with conventional pancre- 
atic ductal adenocarcinoma (2-9). Therefore, we 
undertook a study of 22 cases of IMPN, coupled 
with a review of the literature, to define the diag- 
nostic criteria for these neoplasms, elucidate the 
immunophenotype of the tumor cells, identify the 
presence or absence of tumor proliferation and cell 
cycle markers, and evaluate patient outcome. 

MATERIALS AND MnHODS 

We retreived 22 cases of IPMN from the files of 
the Endocrine Pathology Registry of the Armed 



Forces Institute of Pathology, Washington, DC, ac- 
cessioned between 1970 and 1996. Hematoxyhn- 
and eosin-stained slides, available in all of our 
cases, were revie~red, with the submission of sum- 
cient blocks (average number of section examined, 
15; range, 1-56) to permit adequate evaluation of 
the tumor and extent of invasion (three cases had 
insufficient material for an adequate assessment of 
invasion). All of the cases met the histologic criteria 
of IPMN as defined by Morohoshi et al. (1). For 
inclusion in our study, adequate histologic and 
clinical data had to be available. Materials within 
our facility's files were supplemented by a review of 
the patient demographics, symptoms at presenta- 
tion, past medical history, and laboratory data. Ad- 
ditionally, we reviewed the radiographic studies 
performed and the operative and surgical pathol- 
ogy reports, and mre obtained information from on- 
cology data services, either by specific mailed ques- 
tionnaires or by direct communication with the 
patients' physicians. Patients who had pseudocysts, 
duct ectasia, mucin-producing adenocarcinomas, 
in situ ductal adenocarcinomas, or mucinous cystic 
neoplasms of low-grade malignant potential were 
excluded from this study, because we think that 
these conditions are distinct entities, easily sepa- 
rated by clinical and histologic review from IPMN. 
Specifically, "mucinous duct ectasia," as the words 
imply, should not be considered a neoplastic con- 
dition but rather part of ductal epithelial hyperpla- 
sia with a variable degree of atypia and mucus 
overproduction. It is not considered within the 
spectrum of IPMN. 

Formalin fixed, paraffin-embedded tissue sec- 
tions were stained with periodic acid-Schiff reac- 
tion with and without diastase digestion, Alcian 
blue (pH 2.5) with and without hyaluronidase di- 
gestion, Alcian blue (pH 0.4), Alcian blue with pe- 
riodic acid-Schiff (pH 2.5), aldehyde fuchsin, Mas- 
son trichrome, and Mayer's mucicarmine. Paraffin 
blocks or unstained slides were available in 15 cases 
for immunophenotypic analysis according to the 

TABLE 1, lmmunohistochemical Panel 

standardized avidin-biotin method of Hsu et al. 
(10). The analysis was performed on a single block 
in each case. A broad panel of commercially avail- 
able immunohistochemical reactions was applied 
(Table 1). When required, proteolytic antigen re- 
trieval was performed with predigestion for 3 min- 
utes with 0.05% Protease VIII (Sigma, St, Louis, 
MO) in a 0.1 M phosphate buffer (pH 7.8) at 37°C 
(1 1). Antigen enhancement (recovery) by using 
formalin-fixed, paraffin-embedded tissue treated 
with a buffered citric acid solution and heated for 
20 minutes in a calibrated microwave oven was 
used for c-erbB-2, cyclin E, Ki-67, p27, and prolif- 
erating cell nuclear antigen (12). After this, the sec- 
tions were aliowed to cool at room temperature in 
a citric acid buffer solution for 45 minutes before 
continuing the procedure. Standard positive con- 
trols were used throughout, with serum used as the 
negative control. 

Point mutations in K-rm-2 were sought in 15 
cases. Mutational analysis was performed by topo- 
graphic microdissection. This type of sampling spe- 
cifically selects areas of tumor from paraffin- 
embedded tissue sections 5 pm thick that will yield 
the highest concentration of tumor cells and the 
lowest number of "background normal cells. Poly- 
merase chain reaction amplification for the K- rm-2 
exon 1 gene, using flanking intron primers, was 
performed as previously described (13-16). Cycle 
sequencing with ''P was performed using dideoxy 
terminators and one of the amplifying primers and 
was subsequently analyzed on a 6% denaturing 
polyacrylamide gel. Suspect mutations were then 
reamplified and confirmed by sequencing the op- 
posite strand. 

RESULTS 

Clinical Demographics, Signs, and Symptoms 
There were 13 male and 9 female patients with ages 

at the time of diagnosis ranging from 48 to 85 years, 

Antigen Primary antibody company Dilution Antigen recovery 

Cytokeratin 7 Mouse monoclonal DAKO, Carpinteria, CA 1:200 Enyme digestion 
Cytokeratin 20 Mouse monoclonal 150 Enzyme digestion 
CAM 5.2 Mouse monoclonal Becton Dickinson, San Jose, CA 1:lOO Enzyme digestion 
B729 Mouse monoclonal BioMed Tech., Stoughton MA 1:20 None 
CA19.9 Mouse monoclonal Signet, Dedharn, MA Neat Enzyme digestion 
DUPAN-2 Mouse monoclonal BioGenex Labs, San Ramon CA Neat Enzyme digestion 
Carcinoembryonic antigen Rabbit polyclonal DAKO 1:800 Enyme digestion 
Proliferating cell nuclear antigen Mouse monoclonal 1:1600 Microwave recovery 
Ki-67 Mouse monoclonal Irnmunotech, Westbrook, ME 1:20 Microwave recovery 
P53 Mouse monoclonal DAKO 150 Microwave recovery 
c-srbB-2 Mouse monoclonal CherniCon Int.. Temecula, CA 1:400 Microwave remvwy 
Collagen TV Mouse monoclonal DAKO 1:50 Enzyme digestion 
Laminin Mouse monoclonal Sigma, St. Louis, MO 1:8000 Enzyme digestion 
Cyclin E Mouse monoclonal VectorlNovocastra, Burlingame, CA 1:W Microwave recovery 
P27 Mouse monodonal VectorlNovocastra 1:W Microwave recovery 



TABLE 2. Radiographic Findings 

Endoscopic retrograde Computed tomographic scanning1 
Ulmsound Radiography cholaneiomcreafoera~hv maanetlc resonance irnmina A''gi0graphy 

v .  " A -  - - .. 
Dilated ducts; solid Widening of Cystic mass connected to Dilated pancreatic duct; mass lesion in Avwular mars; stenosis 

and cystic duodenal loop the pancreatic duct; head, body or tail; inhomogenmus or with neovamalarlzation 
complex mass in dilatation or ectasia of the low density solid to cystic lesion; s d  
head, body or duct; abrupt filling defect calci6cations noted 
tail; nodule usualiy in the head of the 
within the duct pancreas with partial to 
lumen complete duct 

ohtmdon; occasional 
nodular Ming defects 

with a mean age of 64.7 years. Pain or discomfort 
(usually in the epigastric or left upper quadrant re- 
gion), either intermittent or continuous, was the most 
frequent presenting symptom (n = 11), followed by 
jaundice (n = 5), weight loss (n = 5), steatorrhea (n = 
4), nausea or vomiting (n = 3), diarrhea (n = 3), and 
fever (n = 3). A palpable mass was present in three 
cases. Symptoms of chronic pancreatilis were present 
in four patients, and one patient had diabetes mellitus 
(the latter thought to be unrelated to the tumor). The 
symptoms lasted from a few days to 2 years. Two 
patients were asymptomatic: the tumors were 
discovered incidentally on imaging studies performed 
for unrelated reasons. Most of the patients had one or 
more of a variety of imaging procedures performed, 
including abdominal radiography, ultrasonography, 
computed tomographic scanning, magnetic reso- 
nance imaging, endoscopic retrograde cholangiopan- 
creatography WCP), and angiography (Table 2). A 
rounded, well-circumscribed, retrogastric mass was 
identified (by ultrasonic examination, computed to- 
mographic scanning, and magnetic resonance imag- 
ing), predominantly involving the head of the pan- 
creas. Cystic cavities were noted that contained 
mumid to hemorrhagic fluid approximating density 
of water (Fig. 1). ERCP showed a patulous papilla, and 
the sagittal images showed dilatation of the main 
pancreatic duct and, occasionally, fdling defects 
within the duct [Fig. 2). 

Pathologic Findings 

Macroscopic Features 
The majority of the tumors (n = 18) were located 

in the head of the pancreas. In the remaining four 
cases, the tumor involved the head and body (n = 

2), the body only (n  = I), or the entire pancreas 
(n = 1). The tumors ranged from 1 to 15 crn in 
greatest dimension, with an average size of 6.9 cm. 
The majority of tumors showed cystic pancreatic 
ducts and were unicystic (n - 8) or multicystic (n = 
13), with only one tumor described as solid. The 
cystic space(s) within the dilated ductls) contained 
frond-like papillary proliferations (Fig. 3). Friable 
and necrotic debris was noted within the unilocular 
tumors. 

Microscopic Features 
In all of our cases, we found dilated duct(s) sur- 

rounded by fibrous connective tissue. The dilated 
ducts were Iined by a proliferating epithelium form- 
ing complex papillae (Figs. 4 and 5). The papillae 

FIGURE 1. Computed tomographic scan demonstrating a rnulticy~tic 
mass with thin septations in the head of pancreas. 

FIGURE 2. EFICP. The dilated main pancreatic duct shows Mng 
defecrs, consistent with himductal tumor. 

Modern Pathology 



FIGURE 3. A macroscopic illustration of the tumor within cystically 
dilated ducts. 

FIGURE A Tfie typid appemce  of the tumor, with an inmductal 
mass brrning complex papillae, 4 t h  marked flbmsis and atrophic 
changes in the surrounding pancreatic parenchyma Ihemataxytln and 
msin mill1. 

mmplex pap- process (hematoqh and eosin stain). 

had edematous stalks with mild-to-moderate 
chronic inflammation, and they were covered by 
tall, columnar, mucin-producing, epithelial cells 
(Fig. 6). Glandular profiles and a cribriform pattern 

FKiURE 8. Cmss section of papillae lined by atypical tall mlumnar 
epithelium (hemtoqh and eosin smin). 

slight wryphilia to the cytoplasm of the lining epithelial cells 
(hetnatoxylin and eosin stain). 

TABLE a. Histologic Feamms of Intraductal Papillary- 
Muclnous Nmoplamns 

Feature Invasive (n = 15) Noninvasive (n - 7) 

Mild atypia 
Moderate atypia 
Severe arypia 
Atypical mltoses 
Increased mitoses 

were present in five cases (Fig. 7). Psammoma bod- 
ies (laminated calciilc bodies) were detected in 
three cases. Only two of the cases showed tumor 
cells with oncocytic metaplasia. Goblet cells were 
detected in 14 cases. Cytologic atypia was defined 
as an increased nuclear-to-cytoplasmic ratio, a loss 
of nuclear polarity, and prominent nucleoli. Cyto- 
logic atypia was of a variable degree, but present in 
all of our cases, even though it was focal in a few 
cases (Figs. 6 and 71 (Table 3). Atypia was graded as 
mild, moderate, or severe. Six cases with mild 
atypia demonstrated invasive tumor, whereas one 



FlQUM8. ~ ~ ~ o f a n i n ~ f o c u s o f t h e t u m w  
buoid wrdnomd ammtoqh a d  eo& stainl. FtGURE 11. pZ7 W and cgEUn B tB). This show a more promirpt 

a n d ~ n u c h r m a M t y ~ r p 2 7 P n f t u ~ E  

FlcURE B. Tumor c d s  dwwhg a posidw 
(pH 2-51 after hyduronidme twannent (sialal 
negative  reach^ with aldehyde fuclwh m). 

readion with Alch  blue 
led mucinl IAl and a 

cells invaded into the surrounding fibrous connec- 
tive tissue and into the pancreatic parenchyma in 
15 cases. Of these invasfve cases, nine were assod- 
ated with excessive mudn production and con- 
tained atypical c& and glandular profiles (nonqs- 
tic muchous or colloid carcinoma) (Fig. 8). The 
remaining six cases showed atypical, smd, gland- 
like structures in the invasive areas. It was not pos- 
sible to evalwte the presence or absence of inva- 
sion in three cases because of M t e d  material. 
Chronic panmatitis, with a variable degree of fi- 
brosis, acinar ceil atrophy, and ductal epithelial 
hyperplasia without atypia, was present in all of the 
cases. Metastatic adenocarcinoma was identified in 
the peripancreatic lymph nodes of a single case. 
This patient with metastatic disease had severe cv- 
tologic atypia, invasive ductal adenocarcinoma, 
and a K-ras mutation; the patient died a few days 
after surgery as a result of perioperative sepsis. 
There was no evidence of metastatic adenocarci- 
norna in the lymph nodes of an additiond 19 cases 
sampled. 

Histochemical Findings 
The normal, uninvolved pancreatic ducts dem- 

onstrated suifomucins by showing dark blue gran- 
ules using Alcian blue (pH 0.4). After hyahuonidase 
digestion of Alcian blue (pH 2.5), sialomucins 
present within the hunor cells could be seen with a 
high level of speddty. Tall columnar cells made 
up most of the epithelium lining the papillae, dem- 

FIGURE 10. SO= mrrs k t  mew ~mmuunm- wia md-cm, onstrating supranuclear or apical periodic aci& 
although the ecwic, dh&& noninvolved ducts are reactive (A), 
whereas the tumor cells reacted with anti-CKZO @). 

Schiff positive, diastase-resistant much, and a 
hyaluronidase-resistant, dark blue reaction with Al- 
&an blue (pH 2.5), and light red to bluelpurple 

case with moderate atypia and one case with severe granules with periodic acid-Schiff and Alcian blue. 
alypia did not demonstrate any invasive tumor. The reactivity deaeased in intensity with increased 
Mitoses were present but infrequent. Neoplastic atypia. There was weak andlor focd reactivity with 



TABLE 4. Immunohlstochemlcal Resub  

PCNA Ki-67 g53 c-e*B*a Case CK7 CK20 CAM 5.2 B72.3 CA 19.9 DUPAN-2 CEA C y d i E  P= 
(%I (5) (%) 1%) 

1  + +IF nla nia nla nla nla nla nla 50 nia - 10 
2 nla n la  nla nla nla nla nla nla nla nia nla - < 1 
3 + +IF + - - - +lap >40 < 1  < 10 - - 50 

4 +IF - + - +IF - +IF-ap >90 <10 ~ 1 0  - - 10-30 
- + +IF - - +IF-Eyt > 90 10 10 - - 5 - 10 

6 +  - + - +IF-ap - +IF-ap 30 - - - < 1 
+ +IF - t IF-cyt 70 10 70 - 7 +  - 20 

8 + +IF + + + +IF +Icyt > 90 - 50 - > 90 
9 +IF - + +IF +IF - +IF > 90 - - - C 1 

10 - - + + - - +lap > 90 50 70 < 1 10 

11 - + + +IF-ap +lap +fF +Icyt 30 50 50 30 M) 

- 12 +IF - + - - - +IFlcyt > 40 < 10 <-lo - < 5  20 

13 + +IF + + + + > W  C10  30 - - SO 
14 + + nla + + - 70 10 50 < 1 30 

15 + + + + + - +Icyr >90 w * I W  50 
- - 50 

+. positiw; -, negative; F, 6xal :  ap, apical; cyt. cytoplas~llic; nla, not applied; CK, cytokeratin; CBA. cenoembry~nal antigen; PCNA, proliferating 
cell nuclear an-. 

Alcian blue (pH 0.4) and aldehyde fuchsin. Overall, 
the mucin of the neoplastic epithelial cells was of 
the sialated rather than the sulfated type (Fig. 9). 

lmmunohistochemical Reactions 
Although unnecessary for the diagnosis of IPMN, 

a diverse panel of immunohistochemical reactions 
were performed on 15 cases (limited to those cases 
with adequate material) (Table 4) to characterize 
the immunophenotype of the neoplasm. In all of 
the cases, the neoplastic cells reacted with anti- 
CAM5.2, showing accentuation along the cytoplas- 
mic membrane. In 11 of 14 cases, the neoplastic 
cells were positive for cytokeratin CK7. This reac- 
tion was weaker than that observed in normal duc- 
tal epithelium. Seven cases reacted with anti-CK20, 
whereas a focal reaction was evident in four cases 
(Fig. 10). The immunoreactivity of the CKs (either 
CK7 or CK20) did not seem to preferentially react 
with intestinal-type or pancreatobiliary-type areas 
of the intraductal or invasive portions of the tumors 
but instead was variably reactive throughout the 
lesion. DUPAN-2 In = 2), CA19-9 In = 81, and 
carcinoembryonic antigen (n = 12) had a marked 
heterogeneity of antigen expression, from weak and 
focal to more diffuse with increased intensity but 
variable within a single tumor. 

Proliferating cell nuclear antigen, a cell cycle reg- 
ulation antigen, is usually localized to sites of DNA 
synthesis (17). It was diffusely and strongly reactive 
in the nuclei of all 14 cases tested, thereby render- 
ing this marker useless in tumor discrimination. 
Ki-67 monoclonal antibodies, specifically MIB- 1, 
react with antigens expressed in all active parts of 
the cell cycle (17). Ki-67 was remarkably variable in 
expression in the 14 cases tested, from no reactivity 
to more than 50% of the cells reacting strongly. No 
definitive trend was noted. p53 protein antibody 
reacts with the accumulated p53 protein in the cell 

nucleus, usually increased in carcinomas, and con- 
sequently, it is frequently associated with a worse 
prognosis than that found in cases with lower lev- 
els. Our results with p53 protein showed variability 
similar to that of Ki-67, ranging from no reactivity 
to strong reactivity (> 70% of the cells' nuclei). 
There was no association with nuclear atypicality or 
a worse prognosis in the cases with increased reac- 
tivity. c-erm-2 is a transmembrane protein, closely 
related to the epidermal growth factor receptor, 
and its expression is associated with a worse prog- 
nosis in breast cancer than that found in cases with 
lower levels of expression. None of the 14 cases we 
tested showed the specific cell membrane-bound 
type of reaction; this is in contrast to the findings of 
Sessa et a2. (7). CycIi E and p27 protein are impor- 
tant intranucleax proteins, with opposing roles in 
cell cycle regulation, Ce., cyclin E enhances and p27 
decreases mitotic activity. In all of the 15 cases 
examined, p27 reactivity always exceeded the reac- 
tivity of cyclin E (Fig. 11). 

K-rap2 Oncogene 
Two of the 15 tumors tested for K-ras-2 oncogene 

showed a mutation, whereas the remaining 13 
cases did not demonstrate a mutation and were of 
the wild type. Both mutations were from glycine to 
valine on codon 12, chromosome 12p. The two 
mutated cases occurred in patients with moderate- 
to-severe nuclear atypia, both with invasive tumors 
(one colloid, one ductal adenocarcinoma); one pa- 
tient died perioperatively, whereas the other was 
alive without evidence of disease at 77.8 months. Of 
the remaining 13 cases, 8 were from patients with 
invasive disease (at 70.9 months, 5 of the 8 were 
alive without evidence of disease and 2 were dead, 
also without evidence of disease; 1 patient had died 
with local disease at 35.2 months) and 5 were from 
patients without invasion (at 73.2 months, 4 were 



alive without evidence of disease, and 1 had died 
perioperatively) . 

Treatment and Follow-Up 
A complete surgical excision was the treatment of 

choice, although it was difficult to achieve in some 
cases. Patients underwent a Whipple procedure 
(n = 13), a total pancreatectomy (n  = 4), a partial 
pancreatectomy (n = 3) or a biopsy only (n = 2). 
None of the patients had adjuvant chemotherapy 
andlor radiation, either preoperatively or postop- 
eratively. The overall patient survival for IPMN is 
good. Swenteen (77.3%) of the 22 patients in our 
series were alive without any evidence of disease 
(n = 14; mean, 58.2 mo) or had died of unrelated 
causes (n = 3; mean, 22.8 mo), with an overall 
average follow-up of 74.7 months (range, 6-172 
mo). Of these 17 patients, 6 had no evidence of 
histologic invasive tumor (average, 75.6 mo) , 
whereas the remaining 11 patients demonstrated 
invasive tumor (average, 6 1.9 mo) . Nine patients 
had colloid-type or mutinous-type invasiw carci- 
noma, and two had infiltrating ductal adenocarci- 
noma. Three patients (13.6%) died of complications 
related to the surgery in the immediate postopera- 
tive period (two patients with infiltrating ductal 
adenocarcinoma, one without inwive disease). 
One of these three patients had peripancreatic 
lymph node metastasis, along with severe cytologic 
atypia, inwive ductal adenocarcinorna, and a 
K-ras mutation. Only two (9.1%) patients died of 
their disease, one with widely disseminated disease 
(with infiltrating ductal adenocarcinoma) at 36 
months, and the other patient, who had infiltrating 
ductal adenocarcinoma, with local recurrence at 52 
months. 

DISCUSSION 

The first pathologic description of IPMN by 
Morohoshi et d. (I), in 1989, included lesions such 
as intraductal papilloma, diffuse intraductal adeno- 
carcinoma, and in situ carcinoma of the pancreas. 
Histologically, these tumors are characterized by an 
intraductd epithelial proliferation of cuboidal-to- 
tall columnar oells, with variable degrees of atypia, 
a papillary or cribriform cordiguration, occasional 
comedo-type necrosis, variable sialomucin produc- 
tion, and few mitotic figures (1, 2, 4, 5, 7, 18-24). 
The original description of IMPN included a variety 
of tumors, each one with a different set of diagnos- 
tic criteria. Only cases with a dominant, intralumi- 
nal, protruding mass forming complex papillae and 
a cystic mass were included in our series. Tumors 
with an atypical papillary epithelium and without a 
large, dominant, intralurninal mass were consid- 
ered to be in situ ductal carcinomas and were ex- 

cluded. Many terms have been applied to this type 
of tumor, including: 

intraductal papillary-mucinous neoplasm, 
intraductal mucin-hypersecreting tumor, 
villous adenoma of the main pancreatic duct, 
papillary adenocarcinoma of the main pancre- 
atic duct, 
mucinous ductal ectasia, and 
mucin-producing tumor (3, 6, 19, 22, 25-29). 

Such a variety of terms applied to the same entity 
without similar histologic descriptions or findings 
has caused considerable diagnostic confusion. 
Therefore, we propose, like Sessa eb aL (7), the 
term indraducdal papillary-rnwinous neoplasm of 
the pancreas, which seems most appropriate in 
reference to this distinctive tumor. 

The clinical presentation included vague abdom- 
inal pain, nausea, vomiting, diarrhea, steatorrhea, 
and jaundice, without a specific increase in the 
frequency of diabetes. Specific symptoms of pan- 
creatitis (either acute or chronic) were uncommon, 
except when the tumor resulted in duct obstruc- 
tion. Our findings parallel results reported by other 
investigators (1, 2,4, 19, 30, 31). Serum carcinoem- 
bryonic antigen and CA19-9 levels were noncon- 
tributary (2). 

Computed tomographic scanning, magnetic res- 
onance imaging, and ERCP are the most hequently 
used radiographic studies, with ERCP being the 
most sensitive and specific. Duct dilatation without 
proximal stricture, cysts communicating with the 
main pancreatic duct, and linear, round, or amor- 
phous filling defects corresponding to mucus plugs 
or papillary epithelial projections are helpful as di- 
agnostic features of these tumors (2,4- 6,19,20,27, 
31-35). Endoscopic brwhings or biopsies usually 
yield a nonspecific result (31), requiring excision of 
the neoplasm for accurate classification. The neo- 
plasm has been classified into four subgroups on 
the basis of its radiographic appearance: 

Type I: uniformly dilated main duct; 
Type 11: focally dilated main duct; 
Type 111: cystic sub-branches; and 
Type IW dilated sub-branches (25). 

As a result of the nature of our facility, which is a 
w o s t i c  referrd m r ,  we do not receive gross 
specimens with which to apply and correlate the ra- 
diographic images and descriptions with the macro- 
scopic kdings. The above classification seem to be 
purely of academic interest and, to our howledge, 
without any prognostic m m c e .  
In the literature, these tumors were divided into 

the histologic subcategories of hyperplasia, ade- 
noma, or carcinoma (5,27,28,33,36,37). We could 
not idenbfy, however, histornorphologic criteria 
that can accurately and reproducibly separate these 
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tumors into subcategories. In addition, we do not 
include ductal hyperplasia per se as part of the 
spectrum of these tumors, because ductal epithelial 
hyperplasia, both paprllary and nonpapillary, is 
seen in chronic pancreatitis and in a variety of other 
conditions (2 1,381. Both hyperplastic and neoplas- 
tic cells produce neutral to sialornucin rather than 
sulfated mucin, as n o d y  expected (39). There is 
considerable debate concerning the .possibility of 
ductal papillary epithelial hyperplasia (with and 
without atypia or dysplasia) being a precursor of 
neoplasia (20, 21, 28,29,40-43). Although we can- 
not deny this possibility, the findings in our study 
do not help to 'resolve this controversy. 

Tumor invasion might be focal (27,44), extensive 
or rnultifocal, requiring adequate sampling of the 
tumor for proper examination. We examined an 
average of 15 sections per case, submitting addi- 
tional sections when necessary to for adequate 
characterization of the extent of tumor invasion. In 
many cases, areas of extension of the tumor along 
the dilated or nondilated ductules might be misin- 
terpreted as representing tumor invasion. Multiple 
levels and sections might be necessary to clarify this 
type of extension, although we did not attempt to 
quantitate the amount of invasion because of the 
natureLof the specimens received. In our series, 
tumor invasion in IPMN seemed to be character- 
ized by the presence of mucin pools, which fre- 
quently contained floating neoplastic epithelial 
cells or conventional ductal adenocarcinorna (27). 
The presence of invasion did not independently or 
adversely a£€ect the long-term clinical outcome. 
Metastatic disease was reported (9), although it was 
not frequent. Our results confirmed those reported 
in the literature, in that we identified only a single 
case with widely disseminated disease and lymph 
node metastasis. 
IPMN must be distinguished from atypical hyper- 

plasia, ductal carcinoma in sitla and mucinous cys- 
tic neoplasms (2, 5,  7, 8, 20, 35). Ductal epithelial 
hyperplasia with atypia is frequently seen in asso- 
ciation with pancreatic cancer. The atypia is of vari- 
able degree and can approach that of adenocarci- 
noma in si tu The cellular atypia in carcinoma in 
sit16 is remarkable, with an increased nuclear-to- 
cytoplasmic ratio, nuclear pleomorphism, prorni- 
nent nucleoli, a loss of nuclear polarity, and a crib- 
riform pattern. Mitotic figures are frequent. In both 
lesions, the papillae are small, and they lack a cen- 
tral fibrovascular core. These alterations of the duc- 
tal system are microscopic findings that do not 
show the macroscopically identifiable protruding 
mass lesion and dilated ducts of an IPMN. 

Mucinous cystic neoplasms occur almost exdu- 
sively in middle-aged females, in the body or tad of 
the pancreas, are of a larger size, lack a direct con- 
nection with the pancreatic ducts, and have a char- 

acteristic ovarian-type stroma (8, 31,45, 46). IPMN 
occur in an older age group of patients, affect 
slightly more men than women and are typically 
located in the head of the pancreas. 

In neoplastic conditions, there is a shift to neutral 
and sialomucin production (incomplete glycosyla- 
tion of apomucins (47, 48]), similar in character to 
that seen in colorectal carcinoma, as opposed to 
normal pancreatic ducts, which produce sulfomu- 
cin (49, 50). Sialomucins appear as hyaluronidase- 
resistant, dark blue granules with Alcian blue (pH 
2.5) and as light red to bluelpurple granules with 
periodic acidSchiff and Alcian blue. The cases we 
studied stained as neutral to sialomucins (Fig. 9). 

Tumor development and growth regulation is not 
well understood, but cyclin E and p27 play an impor- 
tant role in d cycle regulation. Cyclins (proteins) 
regulate the activity of cyclin-dependent h a s e s  
(CDKs), which are active only when bound to cyclm 
(51, 52). The cyclin-CDK complexes propel the cell 
into S phase or mitosis, dependmg on their specificity. 
The major cyclin groups (G, cyclins [A, D, and El and 
G, cyclins [A and B]) affect proliferation, depenchg 
on the phase of the cell cycle affected. That is, G, 
cyclins bind to CDKs in G ,  phase and are required for 
entering the S phase, whereas G, cyclins are necessary 
for entering the M phase (51,52). Cyclin E acts at the 
GI-S hamition, with p27 counteracting the effects of 
cyclin E, because p27 is a stoichiomdc inhibitor of 
the cyclin-CDK complex (along with p15) in the G, 
phase 153, 54)- 

High cyclin E and low p27 levels are associated 
with a significant increase in mortality in patients 
with breast cancer, although each marker is consid- 
ered an independent prognostic marker (55-57). 
Similarly, a lack of p27 expression is associated with 
a worse prognosis in colorectal and gastric carcino- 
mas, compared with cases that show lugher levels 
of expression (58, 59). By contrast, in our cases, 
there were higher levels of p27 than cyclin E, sug- 
gesting a favorable prognostic outcome (a single 
case did not react with either marker). 

K-rm mutations are identified in a high percent- 
age (as high as 100%) of pancreatic cancers (60), 
usually increasing in frequency with greaber cyto- 
logic atypia, thus perhaps affecting early pancreatic 
carcinogenesis and resulting in a dismal prognosis 
(13-16,61- 69). Reports of K- ras mutations in IPMN 
are widely disparate, from no detectable mutations 
(661, to intermediate levels (although not associated 
with cytologic atypia) (7, 61), to high levels of mu- 
tation, especially in pancreatic juice, because the 
tumor cells exfoliate into the fluid (65, 70). The 
most frequent mutation is from glycine to aspartic 
acid (GGT to GAT), according to Hoshi eb al. (60). 
This finding contradicts the claim that this substi- 
tution is associated with a more aggressive clinical 
behavior (71). The two mutated cases (of 15 cases 



tested) were identified from invasive tumors (one 
was a noncystic mucinous [colloid] carcinoma; the 
other was an infiltrating ductal adenocarcinorna) . 
The IPMN portions demonstrated moderate and 
severe nuclear atypia, respectively. Nine, however, 
of the wild-type cases demonstrated mild nuclear 
atypia, three had moderate atypia, and one had 
severe atypia. There were too few cases for us to 
draw a statistically significant conclusion, but there 
was a trend toward cases with severe atypia dem- 
onstrating K-rras mutations. Our results, however, 
did not correlate with clinical outcome, because 
one patient died in the immediate postoperative 
period, and the other was alive, with no evidence of 
disease, at the time of last follow-up. In summary, 
the overall low rate of mutation, perhaps correlated 
with nuclear atypia (not noted in any cases with 
mild atypia, and only in cases with moderate to 
severe atypia), supports the generally good progno- 
sis associated with this neoplasm. 

Similar to our K-ras mutation results, there was 
variable detection of p53 protein mutations in 
IPMN (4, 7, 30, 60, 64, 69-71). It is proposed that 
K-ras mutations might exceed the frequency of p53 
mutations in pancreatic cancer in general (72). In 
contrast to these findings, however, we identified 
the presence of presumed p53 mutations in nine of 
our cases tested, with 10 to 70% of the tumor cells 
demonstrating the abnormal phenotype by immu- 
nohistochemical analysis. This finding supports the 
proposal that p53 protein mutation occurs in an 
early phase of pancreatic carcinogenesis but does 
not match the reports in the literature that suggest 
that prognosis worsens with p53 protein overek- 
pression (60, 70-74). It was reported that c-erbB-2 
overexpression occurs in IPMN, in in situ ductal 
carcinoma, and in invasive ductal adenocarcinoma, 
and that it is associated with a poor clinical out- 
come (7, 74-77). We were unable to confirm the 
results of these earlier studies, because none of our 
cases tested with c-erbB-2 demonstrated overex- 
pression. By inference, a lack of overexpression of 
c-erbB-2 would suggest a better prognosis, as 
seemed to be demonstrated in our patients. 

The recommended therapy includes partial pan- 
createctomy with complete surgical excision of the 
neoplasm. A palliative sphincterectomy of Vater's 
papilla might be beneficial for high-risk surgical 
patients (31, 78). Only two patients died with evi- 
dence of their disease in our series, at 36 and 52 
months, respectively, after the initial diagnosis. Un- 
fortunately, the high risk of morbidity associated 
with pancreatic surgery must be taken into consid- 
eration (three of our patients died of surgical corn- 
plications). Overall, this favorable 89% survival 
without disease recurrence or metastases at last 
follow-up (average, 74.7 mo) , irrespective of clinical 
presentation, irnmunophenotype, K- ras mutations, 

or proliferation markers, supports the good clinical 
outcome reported in the literature (2-9, 25, 28, 34, 
36, 37). Patients with invasive adenocarcinoma 
(ductal type) (n = 6) had an average survival of 50.4 
months (two dead with disease, two dead of surgi- 
cal complications, and two alive without disease), 
which is considerably better than the average sur- 
vival of patients with "invasive ductal adenocarci- 
noma, not further specified" of 10 to 20 months, 
with less than 3% still alive at 36 months (79). 

In summary, we think that lPMNs should be de- 
fined as neoplasms showing a protruding papillary 
mass within a cystically dilated pancreatic duct, 
either with or without invasion, lined by columnar, 
mucin-producing cells, frequently demonstrating 
high p27 reactivity and low cyclin E reactivity, a low 
K-ras oncogene mutation rate, and lack of c-erbB- 
overexpression. The conclusions proposed are on 
the basis of 22 cases, but inasmuch as subdivision 
of these tumors into benign, borderline, and malig- 
nant categories is not possible using clinical, radio- 
graphic, histomorphologic, or immunophenotypic 
results and seems not to be prognostically signifi- 
cant in our series, we suggest they should all be 
classified as IPMNs. A comment, where applicable, 
concerning evidence of invasion should be in- 
cluded. All of these neoplasms should be consid- 
ered as tumors of low-grade malignant potential 
with a good prognosis. Studies with proliferative 
and other prognostic markers seem to support the 
favorable outcome of these tumors. 

Ackmwledgmenfi The authors t h n k  Luther Duck- 
ett for his expert photography. 
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