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Intraductal Papillary Mucinous Neoplasms of the Pancreas

An Analysis of Clinicopathologic Features and Outcome

Michael D’Angelica, MD,* Murray F. Brennan, MD, FACS,* Arief A. Suriawinata, MD,†
David Klimstra, MD,† and Kevin C. Conlon, MD, MBA, FACS*

Objective: To define the natural history of resected intraductal
papillary mucinous neoplasms (IPMN) of the pancreas and to
identify clinical and pathologic prognostic features.
Summary Background Data: IPMN of the pancreas is a recently
described pancreatic tumor. Because of a limited number of cases,
prognostic factors and the natural history of resected cases have not
been well defined.
Materials and Methods: A prospective pancreatic database was
reviewed to identify patients with IPMN who were surgically
managed. Pathologic re-review of each case was performed, and the
clinicopathologic features were examined. Log rank and �2 analysis
were used to identify factors predictive of survival and recurrence.
Results: Over a 17-year period, 63 patients were identified. One
patient was unresectable, 6 (10%) underwent a total pancreatectomy,
and 56 (89%) had a partial pancreatectomy. Invasive carcinoma was
present in 30 patients (48%). Transection margins were involved
with atypia or carcinoma in 32 patients (51%). The median fol-
low-up for survivors was 38 months. Disease-specific 5- and 10-year
survival were 75% and 60%, respectively. Significant predictors of
poor outcome included presentation with elevated bilirubin, pres-
ence of invasive carcinoma, increasing size and percentage of
invasive carcinoma, histologic type of invasive carcinoma, positive
lymph nodes, and vascular invasion. The presence of atypia or
carcinoma in situ at the ductal resection margin was not associated
with a poor outcome.
Conclusions: Overall, IPMN has a favorable prognosis. Poor out-
come in a subset of patients is largely the result of the presence,
extent, and type of an invasive component, lymph node metastases,
and vascular invasion.

(Ann Surg 2004;239: 400–408)

Intraductal papillary mucinous neoplasms of the pancreas
(IPMN) have recently been defined and classified by the

World Health Organization. Originally described in the
1980s, they are characterized by mucin production, cystic
dilation of the pancreatic ducts, and intraductal papillary
growth.1 They may exhibit a spectrum of dysplasia ranging
from minimal mucinous hyperplasia to invasive carcinoma.
Reports on these tumors have been sparse and have used a
variety of confusing names.2–9 In recent years, however, a
number of publications have helped to clarify the nomencla-
ture and pathologic characteristics of this tumor, which is
now uniformly referred to as IPMN.10–14 A rare related tumor
type is intraductal oncocytic papillary neoplasm, an intraduc-
tal tumor with histologically distinctive oncocytic cells.15

Recently, IPMN has been increasingly recognized and
is now being reported more frequently with larger case
series.11–13 The reason for the increasing recognition of the
disease is unclear, but is at least partially the result of a rising
awareness of the disease and an increasing use of cross-
sectional imaging. Despite the more frequent reporting of
IPMN, the natural history of this disease is not well under-
stood, and a number of controversies regarding its treatment
persist. Although it is clear that overall, IPMN has a more
favorable prognosis than standard ductal pancreatic carcino-
ma,13 some cases of IPMN have a poor outcome. Because
case series have largely presented small numbers of patients
with limited follow-up, the factors that determine outcome in
these patients are not well understood. Insufficient emphasis
has been placed on the presence and extent of any invasive
carcinoma, a factor that intuitively should dictate the prog-
nosis. The potential for this neoplasm to diffusely involve the
pancreatic duct has been recognized, making treatment decisions
difficult. The crux of the issue is whether a partial pancreatec-
tomy is adequate treatment and what effect the histologic status
of the margin has on outcome.

The purpose of this study was to review and character-
ize our experience with resected pancreatic tumors found to
be IPMN. Our aim was to define clinical and pathologic
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factors associated with outcome as well as to define the
natural history of completely resected tumors.

MATERIALS AND METHODS
Using a prospectively maintained pancreatic surgery

database, all patients identified as having IPMN or those
cases suspicious for having IPMN were identified. After
pathologic re-review by a single senior pathologist (DK), 63
cases of IPMN were identified that were surgically managed
from October 1983 through December 2000. A retrospective
review of clinical and pathologic factors of these cases was
then conducted. Information on demographics, preoperative
workup, operative therapy, postoperative course, long-term
outcome, and recurrence patterns was recorded. The pathol-
ogy of all cases, including resection margins when possible,
was re-reviewed and recorded. We have previously published
a pathologic analysis of 28 of these patients.16

Cases were defined pathologically as examples of
IPMN if they met the following criteria: grossly identifiable
cystic structures at least 1.0 cm in greatest diameter docu-
mented to represent cystically dilated ducts on the basis of
connection to the remainder of the ductal system, lined by flat
or papillary mucinous or oncocytic epithelium exhibiting
variable degrees of cytoarchitectural atypia, with or without a
component of invasive adenocarcinoma. Cases were classi-
fied as main duct or branch duct type depending on the
distribution of ductal involvement. In main duct type cases,
the major pancreatic ducts were dilated and lined by neoplas-
tic epithelium. Branch duct cases were confined to the sec-
ondary ducts, with minimal or no involvement of the major
ducts. The amount of intraductal papilla formation was
roughly categorized as minimal, moderate or marked.

All microscopic slides were reviewed to determine the
nature of the epithelial lining and were classified as intestinal
type, pancreatobiliary type, or oncocytic type using estab-
lished criteria.15,16 Based on the most significant degree of
cytoarchitectural atypia, the intraductal components of each
tumor were classified as IPM adenoma, IPM, borderline, and
IPM carcinoma in situ (IPMC) using criteria defined in the
World Health Organization classification of pancreatic neo-
plasms.17,18 The examples with oncocytic epithelium all
showed severe cytoarchitectural atypia and were therefore
classified as intraductal oncocytic papillary carcinomas
(IOPCs). The presence, histologic type, and extent of any
associated invasive carcinoma were determined. Invasive
carcinomas were classified as tubular if they resembled con-
ventional infiltrating ductal adenocarcinomas, with predomi-
nately tubular neoplastic glands associated with a desmoplas-
tic stroma in the absences of significant stromal mucin.
Invasive carcinomas were classified as colloid if they con-
sisted of more than 80% of large pools of extracellular mucin
containing relatively scant strips, clusters, and individual
neoplastic cells.19 In cases exhibiting an invasive component,

the proportion of the overall tumor consisting of invasive
carcinoma was estimated, as was the greatest microscopic
dimension of the invasive component. Sections were also
examined for the presence of perineural invasion, vascular
invasion, and lymph node metastases.

In all cases with available material, the distal (for
pancreatoduodenectomy specimens) or proximal (for distal
pancreatectomy specimens) resection margins were re-eval-
uated (total pancreatectomy specimens having no parenchy-
mal resection margin). Each en face margin section was
examined for any intraductal proliferative lesions. In many
instances, individual IPMNs extended diffusely throughout
medium sized as well as smaller ducts. In the smaller ducts,
the appearance was indistinguishable from independent foci
of pancreatic intraepithelial neoplasia (PanIN).20 Because
controversy exists regarding criteria to distinguish indepen-
dent foci of PanIN from peripheral extension of IPMNs, all
intraductal lesions were considered when evaluating the pa-
renchymal margins. Each margin was scored based on the
greatest degree of atypia, with foci of IPM adenoma or
PanIN1 recorded as “positive, mild atypia,” foci of IPM,
borderline or PanIN2 recorded as “positive borderline
atypia,” and foci of IPMC or PanIN3 recorded as “positive,
carcinoma in situ.” Parenchymal margins were also evaluated
for the presence of invasive carcinoma in cases containing an
invasive component. Only the margins exhibiting no prolif-
erative lesions within the ducts were recorded as “negative.”

Clinical data were obtained from a combination of
medical record review, reports of outside medical records and
communication with patients and their other physicians. For
radiologic data, no specific review of the actual radiographs
was undertaken. Survival analysis was performed by the
methods of Kaplan and Meier with log rank univariate com-
parisons. All deaths from causes other than IPMN were
censored at the time of last follow-up. Interrelationships
between factors and associations of factors with a recurrence
episode and presence of invasive disease were performed
using �2 and Fisher exact test as appropriate. Statistical
analysis was carried out with SPSS for Windows, version
10.0 (Statistical Package for the Social Sciences, SPSS, Inc.,
Chicago, IL). P values less than 0.05 were considered statis-
tically significant.

RESULTS

Demographics
From October 1983 through June of 2000, 63 patients

with IPMN were managed surgically with curative intent.
The median age was 70 (range, 41–87). There were 32
females (51%) and 31 males (49%). Eighteen patients (29%)
had a history of a previous extrapancreatic malignancy. There
was a significant family history of cancer (excluding non-
melanoma skin cancers), defined as at least 1 first-degree
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relative afflicted, in 27 of 55 (49%) evaluatable patients. A
complete history regarding alcohol consumption and smoking
could be obtained in 62 patients. There were 6 (10%) heavy
or former heavy alcohol users, 24 (39%) social drinkers, and
32 (51%) patients that denied alcohol use. There were 10
(16%) current and 18 (29%) former smokers. Thirty-four
(55%) patients denied any history of smoking.

Presentation
The majority of patients (81%) were symptomatic at

presentation (Table 1). Six patients (10%) presented with
pancreatic exocrine insufficiency requiring oral pancreatic
enzymes. One patient presented with a palpable abdominal
mass. Nine patients (14%) presented with new onset diabetes
or had a recent worsening of their diabetes at presentation. A
serum bilirubin greater than 1 mg/dL was found at presenta-
tion in 15 (24%) patients.

Endoscopic retrograde cholangio-pancreatography was
attempted in 36 patients and successful in 32. A dilated
pancreatic duct was noted in 22 of 27 cases (81%) where the
size of the duct was commented on. Mucin at the papilla was
noted in 7 of 29 cases (24%) where this was commented on.
All patients had at least 1 cross-sectional imaging study in the
form of magnetic resonance cholangio-pancreatography or
computed tomography. Computed tomography was used
most often and performed in 62 cases (98%). There was a
distinct mass reported on 55 of the scans (88%), of which 45
(75%) were considered cystic in appearance.

Operative Therapy
Pancreaticoduodenectomy was the most common oper-

ation and was performed in 41 cases (66%), 6 of which were

pylorus preserving. A distal pancreatectomy was performed
in 14 cases (23%) and was considered to be a subtotal
pancreatectomy in 8 of these cases (pancreas divided to the
right of the porto-mesenteric vessels). Six patients (10%)
underwent a total pancreatectomy. An enucleation was per-
formed in 1 patient (2%) and 1 patient (2%) had a locally
unresectable tumor. Of the 20 cases where a distal or total
pancreatectomy was performed, 12 had concomitant splenec-
tomy. A resection of the portal vein or superior mesenteric
vein was required in 4 cases, 1 of which included a colec-
tomy. Three patients were treated with postoperative chemo-
radiation.

Frozen section of the pancreatic margin was not routine
and was performed in 17 cases (27%). In 14 of these 17 cases,
the frozen section was negative (82%). One patient who had
undergone a subtotal pancreatectomy had IPMN with mild
atypia at the margin and the resection was not extended to a
total pancreatectomy. Two patients had carcinoma in situ at
the margin. One underwent a total pancreatectomy and the
other was extended from a distal pancreatectomy to a subtotal
pancreatectomy, but stopped here despite a persistently pos-
itive margin.

There were 40 complications in 31 patients yielding a
50% morbidity rate. The majority of complications were
gastrointestinal or anastomotic (40%) and infectious (18%).
Urinary, cardiovascular, and hemorrhagic complications ac-
counted for 13%, 10%, and 10% of all complications, respec-
tively. There were 2 in-hospital deaths (3%) and 2 other (3%)
out-of-hospital deaths within 30 days, yielding a total oper-
ative mortality of 6%. The out-of-hospital deaths were sec-
ondary to a myocardial infarction in 1 case and a massive
gastrointestinal bleed in the other. Data on long-term mor-
bidity were available for the remaining 59 patients. New
onset malabsorption requiring oral pancreatic enzyme sup-
plementation occurred in 21 patients (33%) whereas new-
onset or worsening of diabetes from baseline occurred in 11
patients (17%). Two patients (3%) developed a biliary stric-
ture and 1 patient (2%) developed a persistent pseudocyst.

Pathology
The pathologic findings are detailed in Table 2. Forty-

six (74%) of the tumors were located in the head, and 15
(24%) were located in the body or tail. There was 1 case of
multifocal tumor, with 1 in the head and 1 in the tail. The
median size of the primary tumor was 3.4 cm with a range of
0.8 to 14 cm. In tumors with an invasive component (n � 30)
the median size of the invasive component was 1.5 cm (range,
0.1–4.8 cm) and the median percentage of the overall tumor
estimated to be invasive was 40% (range, 1–80%). Of the 10
cases with involved lymph nodes, 7 involved a single node, 1
involved 3, and 1 involved 6 nodes.

TABLE 1. Patient Symptoms and Duration at Presentation

Preoperative Symptoms No. (%) Mean Duration (Months)

Any symptom(s) 51 (81)
Abdominal pain 31 (49) 7.5
Weight loss 27 (43) 24 lbs/7 mths*
Diarrhea 14 (22) 28.4
Jaundice 11 (18) 1.4
Fatigue 8 (13) 7.8
Anorexia 7 (11) 3.6
Nausea/vomiting 7 (11) 9
Back pain 6 (10) 5.5
Fever† 4 (6)
Early satiety 2 (3) 4
Constipation 2 (3) 4.5
Flu symptoms 1 (2) 3

*Mean wt loss over mean duration of time weight loss occurred over.
†Fever refers to at least 1 febrile episode as part of the symptomatic

complex lbs indicates, pounds; mths, months.
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Outcome
Of the 63 cases taken to the operating room with

curative intent, 1 (2%) was found to be locally unresectable.
The diagnosis of IPMN was made by intraoperative biopsy.
This patient died of disease 21 months after surgery of local
tumor progression and hepatic failure. The median follow up
for all 62 resected patients was 32 months (range, 0.1–177),
and the median follow up for survivors was 38 months
(range, 6–177). Figure 1 illustrates the disease specific sur-
vival for the 62 completely resected patients. The actuarial 5-
and 10-year survival rates were 75% and 60%, respectively.

Table 3 demonstrates the clinical and pathologic factors
associated with outcome in the 62 completely resected pa-
tients. Of the clinical factors analyzed, a serum bilirubin
elevated above normal (�1 mg/dL) was the only factor
significantly associated with a poor outcome. Elevated serum
alkaline phosphatase predicted outcome in a similar way
(data not shown).

A number of pathologic factors were significantly as-
sociated with outcome. The presence of an invasive compo-

nent, found in 48% of cases, was a strong predictor of poor
outcome (Fig. 2A). Of the 32 cases in which no invasive
component was found in the specimen, 3 cases had a poor
outcome. One patient with IOPC had IOPC at the resection
margin and recurred in the pancreatic stump. This patient’s
tumor was re-resected at 39 months, and she is currently alive
without evidence at disease at 47 months from the original
resection. The second patient had IPMC with a negative
margin and recurred in the pancreatic stump at 8 months
postoperatively. This patient did not undergo repeat surgery
and died of disease 36 months later. The third patient had a
tumor with borderline atypia and a negative margin. This
patient died of disease 13 months postoperatively of diffuse
intraabdominal recurrence. The histologic type of invasive
carcinoma (tubular or colloid) also had a strong association
with outcome (Fig. 2B). The extent of the invasive compo-
nent appeared to have an effect on survival. As seen in Table
3, increasing size of the invasive component (not including
the intraductal component of the tumor) and percent of the
tumor containing an invasive component portended a worse
prognosis.

Lymph node positivity was associated with poor out-
come (Fig. 3). The median survival of the 10 patients with
involved lymph nodes was 29 months. Vascular invasion,
although an uncommon event, was a significant predictor of
poor outcome as well. All 4 patients with vascular invasion
were dead of disease within 4 years. The 8 patients with
perineural invasion also had a worse prognosis (Table 3), but
the difference only approached statistical significance (P �
0.13). Patients with a tumor originating from a main duct
appeared to have a worse prognosis than those with a branch

TABLE 2. Pathologic Characteristics of the 62 Resected
Cases

Macroscopic type Main duct 43 (69%)
Branch duct 19 (31%)

Extent of papillae Minimal 14 (23%)
Moderate 24 (39%)
Marked 24 (39%)

Histologic classification Adenoma 6 (10%)
Borderline adenoma 9 (15%)
Carcinoma in situ 12 (19%)
Oncocytic carcinoma in situ 5 (8%)
Invasive carcinoma 30 (48%)

Type of papilla Intestinal 48 (77%)
Pancreatobiliary 9 (15%)
Oncocytic 5 (8%)

Invasive carcinoma type
(n � 30)

Tubular
Colloid

17 (57%)
13 (43%)

Lymph node status Negative 52 (84%)
Positive 10 (16%)

Vascular invasion No 58 (94)
Yes 4 (7)

Perineural invasion No 54 (87)
Yes 8 (13)

Ductal Margin status Negative 30 (48%)
Mild atypia 10 (16%)
Borderline atypia 10 (16%)
Carcinoma in situ 9 (15%)
Oncocytic carcinoma in situ 2 (3%)
Invasive carcinoma 1 (2%)*

*Soft tissue margin of a total pancreatectomy specimen.

FIGURE 1. Kaplan–Meier actuarial disease-specific survival
curve of 62 patients who had complete resection.
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duct origin (Table 3), but this did not reach statistical signif-
icance (P � 0.12).

The presence of atypia (mild or borderline) or carci-
noma in situ at the resection margin had no association with

outcome (Table 3). Carcinoma in situ was demonstrated at
the ductal margin in 11 patients and in 1 case, invasive
carcinoma in the soft tissue margin of a total pancreatectomy
specimen was noted. Of these 12 cases, there were 3 cases of

TABLE 3. Log Rank Univariate Comparisons of Clinical and Pathologic Factors
Associated With Outcome

Factor n 5-yr survival (%) Log rank (P)

Age � 60 7 80
� 60 55 74 0.50

Gender Male 30 79
Female 32 71 0.85

Total bilirubin Elevated 15 40
Normal 47 83 0.001

Hx pancreatitis Yes 10 67
No 52 72 0.83

Symptoms Yes 50 72
No 12 87 0.43

Tumor size � 3 cm 23 76
� 3 cm 39 73 0.68

Extent of papilla Minimal 14 92
Moderate 24 74
Marked 24 68 0.48

Duct type Main duct 43 67
Branch duct 19 87 0.12

Intraductal type Intestinal 48 79
Pancreatobiliary 9 50
Oncocytic 5 100 0.19

Invasive component Yes 30 58
No 32 91 0.01

Invasive type None 32 91
Colloid 17 73
Tubular 13 50 0.008

Size invasive component 0 32 91
0.1–1.9 cm 17 67
� 2 cm 13 42 0.04

% tumor that is invasive 0 32 91
1–49% 16 72
� 50% 14 44 0.04

Lymph node status Negative 52 83
Positive 10 30 0.0002

Vascular invasion Absent 58 83
Present 4 0 �0.001

Neural invasion Absent 54 77
Present 8 57 0.13

Margin status Negative 30 71
Atypia* 20 90
Carcinoma* 12 71 0.81

*Atypia includes mild and borderline atypia, carcinoma includes 11 cases of carcinoma in situ at the ductal
margin and 1 case of invasive carcinoma in a soft tissue margin.

Yr indicates year, Hx, history.
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recurrent disease with a median follow-up 19 months. Two of
these cases were in tumors containing tubular invasive car-
cinoma with involved lymph nodes. The third case was a case
of IOPC that had a recurrence in the pancreatic stump and has
subsequently been resected. The patient with invasive carci-
noma at the soft tissue margin of a total pancreatectomy
specimen died in the hospital from multiple postoperative
complications. There were 10 patients with borderline atypia
at the resection margin, 3 of whom had recurrence of disease
with a median follow-up of 33 months. All 3 of the recur-
rences occurred in patients with tumors containing lymph
node positive tubular invasive carcinoma. Ten patients had

mild atypia at the resection margin and at a median follow-up
of 30 months there has been no recurrence of disease. Only 2
of these 10 cases had invasive disease, but they were both
colloid carcinomas without lymph node metastases.

Inter-relationships of Predictive Factors
A multivariate analysis of factors predictive of outcome

was not statistically feasible because of the small sample size.
It is therefore important to analyze how the significant prog-
nostic factors are related to each other. Of the clinical factors
analyzed, serum total bilirubin was the only significant factor
found. Using �2 comparisons, total bilirubin was significantly
associated with the presence of an invasive component (P �
0.03), increasing size (P � 0.05) and percent (P � 0.02) of
the invasive component, involved lymph nodes (�0.0001),
and tubular type carcinoma (P � 0.03) but was not signifi-
cantly associated with the presence of vascular invasion (P �
0.24).

All patients with involved lymph nodes and vascular
invasion had invasive disease in the primary tumor. As the
size and percent of the invasive component increased there
was a statistically significant increase in lymph node metas-
tases (P � 0.0001), and a statistical association approaching
significance with vascular invasion (P � 0.1 and 0.06).
Additionally, tubular carcinoma (as compared with colloid)
was significantly associated with lymph node metastases
(P � 0.0001) and closely associated with vascular invasion
(P � 0.06). Lastly, among the subset of patients with invasive
disease (n � 30), serum total bilirubin, lymph node metasta-
ses and vascular invasion continued to predict outcome im-
plying an association somewhat independent of simply hav-
ing invasive disease. There were trends toward a worse
survival in patients with an increasing extent of invasive
carcinoma and in those with tubular carcinoma, but these did
not reach statistical significance in this subset (Table 4).

FIGURE 3. Kaplan–Meier actuarial disease-specific survival
curves of patients with noninvasive disease and uninvolved
lymph nodes (——), invasive disease with uninvolved lymph
nodes (- - - -), and invasive disease with involved lymph nodes
(— - —).

FIGURE 2. Kaplan–Meier actuarial disease-specific survival curves of (A) noninvasive (——) versus invasive (- - - -) disease and (B)
noninvasive (——) versus invasive colloid carcinoma (- - - -) versus invasive tubular carcinoma (— - —).
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Recurrence Patterns
Of the 62 completely resected patients, there were 14

disease recurrences (23%), 12 of whom are dead of disease.
The median time to recurrence was 20 months (range, 8–70).
Half of the recurrences occurred in the first 2 years after
surgery, and all except 1 occurred within 4 years.

In 12 of the 14 cases of recurrent disease, data on the
recurrence pattern was obtained. There were 3 cases of
distant recurrence alone (25%). In 4 cases (42%), diffuse
intraabdominal recurrence occurred, 1 of which was in asso-
ciation with distant metastases. There were 4 pancreatic
stump recurrences (33%) and 2 of these were in association
with distant metastases. There was one case of locoregional
nodal recurrence in conjunction with distant metastases.
Overall, distant sites were involved in 7 of the recurrences
(58%).

Elevated serum total bilirubin, presence, extent and
type (tubular � colloid) of invasive component, lymph node
metastases, vascular invasion and perineural invasion were
all significantly associated with the recurrence of tumor.
Margin status was not associated with disease recurrence
(data not shown) and of note, of the 4 documented stump
recurrences only 1 had an involved ductal margin.

Recurrence patterns were documented in 9 patients
with an invasive primary tumor and all were multifocal or
involved distant sites. There were 3 recurrences in patients

with a noninvasive primary tumor. Two were isolated stump
recurrences and 1 was a diffuse intra-abdominal recurrence.

Predicting the Presence of Invasive Disease
An analysis of factors significantly associated with the

presence of invasive disease was carried out. The presence of
any symptom, elevated serum bilirubin, jaundice and weight
loss were significantly associated with the presence of inva-
sive disease. All other preoperative factors including age,
gender, tumor location, history of pancreatitis and all other
specific symptoms had no significant association with the
presence of invasive disease. Pathologic factors that may
have implications for preoperative radiologic studies were
also studied. Tumors greater than 3 cm and tumors with a
main duct origin were significantly associated with the pres-
ence of an invasive component. Cyst type (multicystic versus
single cyst) had no association with the presence of invasive
disease.

DISCUSSION
IPMN of the pancreas is now being identified with

increasing frequency.10,12,13 To date, small numbers of cases
and minimal follow-up have limited studies on this enti-
ty.10–14 Therefore a number of clinical and pathologic con-
troversies about this neoplasm persist.

In our series, the presentation of the patients was
similar to previous studies. The median age was higher than
most other studies (70) and although many studies have
suggested a male preponderance,2–6,8,11 our study and most
recent larger series have found an equal sex preponder-
ance.10–13 IPMN presents with symptoms and, like other
studies, 80% of our patients presented with some symptom,
most commonly pain (50% abdominal 10% back). Unlike
adenocarcinoma of the pancreas, jaundice was an uncommon
presentation.13

In common with others,6,9–13 we have shown that
40–50% of resected IPMN specimens contain invasive car-
cinoma (48% in our series), with the other tumors containing
varying degrees of borderline atypia or carcinoma in situ. The
tumors with invasive components all occurred within areas of
carcinoma in situ, and the percent of the overall tumor that
was invasive was variable. This may suggest that this tumor
progresses slowly along a spectrum of neoplastic transforma-
tion as more than half of the specimens had not yet pro-
gressed to invasive carcinoma. This is in stark contrast to
ductal pancreatic adenocarcinoma, which commonly presents
in an advanced state.

Long-term survival for completely resected IPMN of
the pancreas is favorable and the tumor exhibits an indolent
course in most cases. Five-year actuarial survival was 75%,
but 2 deaths from disease occurred after 5 years resulting in
an actuarial 10 year survival of 60%. There were 16 actual
5-year survivors. This is consistent with other recently pub-

TABLE 4. Association of Prognostic Factors With Outcome
in 30 Patients With Invasive Disease

Factor n
5-year

survival (%)
Log rank

(P)

Lymph node status
Negative 20 73
Positive 10 30 0.02

Vascular invasion
Absent 26 74
Present 4 0 0.009

Serum bilirubin
Normal 19 67
Elevated 11 38 0.05

% invasive
1–49% 16 72
50–100% 14 44 0.24

Size invasive
0.1–1 cm 17 56
�1.0 cm 13 42 0.56

Type of invasive
Colloid 13 72
Tubular 17 50 0.15

D’Angelica et al Annals of Surgery • Volume 239, Number 3, March 2004

© 2004 Lippincott Williams & Wilkins406



lished series.10–13 Despite the overall favorable outcome,
there are clearly cases with poor prognosis.

The presence of an invasive component in the tumor
was a significant predictor of poor outcome. It appears un-
common that adverse oncologic events occur in patients with
noninvasive IPMN. Three of 32 patients with noninvasive
disease in this series had recurrence of tumor. Two of them
were pancreatic stump recurrences in patients with carcinoma
in situ (1 of which had a positive margin). The third case was
a case of borderline atypia with a normal margin that rapidly
died of intra-abdominal recurrence. It is possible that an
invasive component was not appreciated in this patient due
pathologic sampling error, or a separate unresected focus of
invasive cancer was present, as it is difficult to ascribe any
biologic mechanism to his rapid demise. A recent series from
Johns Hopkins reported similar survival in patients with and
without an invasive component, but the cause of death in the
patients with noninvasive disease was not known in more
than half of the cases.13

Our study demonstrated that other pathologic factors
beyond the presence of an invasive component were associ-
ated with poor outcome. An increasing extent (size and
percent of tumor) of invasive component and the type of
invasive component (tubular worse than colloid) were signif-
icant predictors of outcome. The presence of vascular and
neural invasion both were associated with a poor outcome as
well, although only vascular invasion reached statistical sig-
nificance. Analysis of these factors has not been reported in
other series. Lymph node involvement, while not common,
was also associated with a poor outcome. This was also
demonstrated in the recent study from Johns Hopkins.13 The
only clinical factor that was associated with a poor outcome
was an elevated serum bilirubin. Additionally, the presence of
an elevated serum bilirubin was associated with nearly all the
adverse pathologic factors described above. While we do not
believe that the bilirubin level is causally related to outcome,
it appears to be a significant clinical marker of adverse
pathology and outcome.

The extent of resection required for adequate treatment
of IPMN of the pancreas is controversial and much of this
controversy lies in the status of the margin. The majority of
published series have reported a much lower rate of margin
positivity, although they usually did not perform specific
pathologic re-review of the margins.9,10,13 In a recent series
from Italy where margins were specifically analyzed, the rate
of margin involvement was approximately 50% and mirrors
our experience.12 We recorded even small duct involvement
with minimal atypia, a lesion otherwise designated PanIn 1,
and regarded to be very common and of minimal clinical
significance, as positive. Others may have called this a
negative margin.

Our analysis demonstrates that the pathologic charac-
teristics of the primary tumor and not the margin status

determine early oncologic outcome. Overall, the rate of
disease specific outcomes (recurrence or death) was no dif-
ferent among those with and without involved margins. Of
the 4 patients who developed pancreatic stump recurrences,
only 1 had an involved margin. The Hopkins group has also
reported that the status of the margin had no association with
outcome or tumor recurrence.13 The effect of an involved
margin, however, must be viewed with caution as IPMN is an
indolent neoplasm and follow-up in this series may not be of
sufficient length to capture all recurrences. The use of intra-
operative frozen sections of the transection margin is a
difficult and controversial issue because the true long-term
implication of transection margins containing noninvasive
disease is not completely understood. When contemplating
extended resections or total pancreatectomy one must weigh
the long-term morbidity of the procedure against the fact that
no benefit has ever been documented. We believe that routine
total pancreatectomy is not indicated and should only be
performed for obvious extensive, but resectable disease in-
volving the whole gland.

Other series4,12,13 and cases in our series have shown
that patients can recur in the pancreatic stump regardless of
margin status and that these patients can be re-resected for
cure. In contrast, Sho et al21 reported on 4 patients that were
re-explored for stump recurrences and all 4 were unresectable
because of distant metastases or massive local invasion.
There were 2 cases of isolated stump recurrences in our
series, both potentially resectable, but only 1 came to oper-
ation. Neither of these cases involved invasive disease. The
recurrences in patients with invasive disease in our series
almost always involved distant sites and were usually multi-
focal.

In summary, IPMN of the pancreas is a unique tumor
that is generally indolent, but has significant malignant po-
tential warranting surgical treatment. We have shown that
outcome is dictated by the pathologic characteristics of the
tumor. The presence of noninvasive disease at transection
margins has little effect on early disease recurrence and
disease specific death. Diligent follow-up in patients who are
candidates for further surgery is warranted, as there is the
potential for curative re-resections of recurrent pancreatic
tumor. The extent of resection and intraoperative manage-
ment of the pancreatic margin remain controversial issues
that will only be answered by ongoing long-term follow-up.
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