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Abstract

Background Patients with branch duct type intraductal
papillary mucinous neoplasm (BD-IPMN) without invasion
usually show favorable prognosis. However, the prognosis
becomes poor when the IPMN lesions give rise to invasive
carcinoma cells. In addition, recent studies have revealed
that BD-IPMN is frequently complicated by common type
pancreatic ductal carcinoma. Thus, the prognosis of BD-
IPMN depends on the occurrence of these two types of
invasive carcinoma. However, little is known about the risk
factors for the development of these invasive carcinomas in
BD-IPMN. This study aims to identify the factors which
predict the development of invasive carcinoma in BD-
IPMN.

Methods Invasive pancreatic carcinoma associating with
BD-IPMN was classified as invasive IPMN group (invasive
carcinoma derived directly from IPMN lesions) and con-
comitant group (common type of invasive carcinoma
concomitant with BD-IPMN). The relation between the
incidence of each type of invasive carcinoma in BD-IPMN
and the clinicopathological parameters was retrospectively
analyzed.

Results There were 12 patients with invasive IPMN and 7
patients with concomitant cancer in 159 patients with BD-
IPMN. Diameter of dilated branch (P < 0.001) or main
pancreatic duct (MPD) (P = 0.001), size of mural nodule
(P <0.001), serum CEA level (P < 0.001) and serum
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CA19-9 level (P < 0.001) were factors associated signifi-
cantly with invasive IPMN by univariate analysis. Among
these factors, mural nodule with size larger than 6.5 mm
[odds ratio 14.86 (95% CI 1.37-60.45); P = 0.02] and
serum carcinoembryonic antigen (CEA) level over 5 ng/ml
[odds ratio 6.91 (95% CI 1.17-54.13); P = 0.03] were
found to be the factors independently associated with
invasive IPMN. On the other hand, both univariate and
multivariate analyses revealed that elevated carbohydrate
antigen 19-9 (CA 19-9) levels were associated with the
occurrence of concomitant ductal carcinoma in BD-IPMN
[odds ratio 10.31 (95% CI 1.77-81.51); P = 0.01].
Conclusions Our results suggested that careful imaging
study of the entire pancreas in addition to tumor lesions and
measurement of serum CEA and CA19-9 would be
required to find out the development of the two types of
invasive carcinoma in BD-IPMN.
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Abbreviations

IPMN Intraductal papillary mucinous neoplasms

BD-IPMN  Branch duct type intraductal papillary
mucinous neoplasms

CEA Carcinoembryonic antigen

CA19-9 Carbohydrate antigen 19-9

EUS Endoscopic ultrasonography

CT Computed tomography

MRI Magnet resonance imaging

ERCP Endoscopic retrograde
cholangiopancreatography

MPD Main pancreatic duct
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Introduction

Intraductal papillary mucinous neoplasms (IPMN) repre-
sent a particular type of pancreatic cystic neoplasm first
described by Ohhashi et al. in Japan in 1982. It was
introduced as a “new” type of mucinous neoplasm of the
pancreas arising from pancreatic ducts showing prominent
duct ectasia and grossly visible mucin excretion from
the orifice of the papilla Vater [1]. Since then, such
neoplasms have been reported with increasing frequency
and in 1996 the World Health Organization (WHO)
established criteria to classify IPMN and defined it as
intraductal mucin-producing neoplasms showing tall,
columnar, mucin-containing epithelium with or without
papillary projections [2].

IPMNs are classified into main duct IPMN (MD-IPMN)
and branch duct IPMN (BD-IPMN) based on the location
of main tumor which can be detected by imaging studies or
histological examinations. MD-IPMN is considered to be
malignant because about 70% (57-92%) of them are can-
cer, of which two-thirds are invasive ones [3—11]. There-
fore, international consensus guideline recommends
surgical resection for all MD-IPMN. On the other hand,
only 6-46% of BD-IPMN are reported to be cancer, sug-
gesting low malignant potential compared with MD-IPMN
[3—10]. The international consensus guideline suggests that
presence of more than one of the following is an indication
for surgical resection: (1) cyst-related symptoms, (2) the
caliber of the main pancreatic duct diameter larger than
6 mm, (3) cyst size larger than 30 mm, (4) presence of
intramural nodules, or cytological demonstration of suspi-
cious/positive malignancy for cyst fluid [12]. Although,
these criteria could identify all patients with malignant
BD-IPMN, the specificity was low (23%), so that more
than 70% of BD-IPMN patients would undergo pancreatic
resection in spite of the benign nature of the lesion.

Noninvasive BD-IPMN including carcinoma in situ
exhibited favorable prognosis after surgery and 5-year
survival rate was reported to be 77-100% [3-11]. In con-
trast, 5-year survival rate of patients after resection of
invasive IPMN ranged widely from O to 62% according to
reported series [10, 13—19]. Invasive IPMN is generally
considered to develop through the adenoma—carcinoma
sequence since various grades of cell atypia ranging from
hyperplasia to invasive carcinoma can be observed even in
the same tumor [20-22]. However, it is unknown whether
all IPMN have potential for invasion because invasive
IPMN is detected only in 17-43% of all IPMN lesions
[4, 10, 13, 15, 23, 24]. In addition, recent studies revealed
that complication of BD-IPMN by common type invasive
pancreatic cancer is not infrequent [25-27]. Therefore, the
prognosis of BD-IPMN would be influenced greatly by the
occurrence of these two types of invasive carcinoma.

However, little is known concerning the relation between
the occurrence of these types of invasive carcinoma and
clinicopathological parameters. In the present study, we
carried out a retrospective study to find out the factors
predicting the progression of invasive carcinoma derived
from IPMN and the development of common type pan-
creatic carcinoma in BD-IPMN patients.

Method
Patients

A total of 159 patients with BD-IPMN were studied among
patients attending at the Tohoku University Hospital during
the period from December 1995 to September 2007.
Medical records were retrospectively reviewed and data
including age, sex, clinical presentation, last date of
patients visit, and contact information were collected. The
BD-IPMN patients were followed-up by imaging studies at
least once a year. The diameter of branch duct and main
duct, and the size of mural nodule in branch duct were
measured by endoscopic ultrasonography (EUS). Follow-
up visits and/or imaging studies on the patients who had
not come to our hospital longer than a year after their last
visit were scheduled by phone.

Definition

The diagnosis of IPMN was made when a pancreatic cyst
with size larger than 1 cm was found to communicate with
the main pancreatic duct by EUS and one or more addi-
tional imaging studies including computed tomography
(CT), magnet resonance imaging (MRI), and endoscopic
retrograde cholangiopancreatography (ERCP). The type of
tumor was classified based on the findings of the EUS and/
or ERCP by two endoscopists (A.K. and K.S.): MD-IPMN
was defined as a tumor predominantly located in the dif-
fusely or segmentally dilated main pancreatic duct; BD-
IPMN was defined as a mucin-producing tumor showing
cystic dilatation of the pancreatic duct branches. A mixed
type tumor which had spread to both the main pancreatic
duct and its branches was categorized as either MD- or BD-
IPMN based on the predominant location of the main
tumor. The development of invasive carcinoma was diag-
nosed by imaging studies including CT and EUS, or by
histological examination when surgical resection or biopsy
from invasive lesion was performed. The type of invasive
carcinoma was considered to be invasive carcinoma
derived from BD-IPMN (invasive IPMN group) when the
invasive solid mass extended continuously from IPMN
(Fig. 1), while it was considered to be common type pan-
creatic carcinoma developed in BD-IPMN (concomitant
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Fig. 1 A representative

case of invasive IPMN group.
a Computed tomography (CT)
showed a papillary protrusion in
the dilated branch of the
pancreas (arrow). b Endoscopic
ultrasonography (EUS)
demonstrated a low echoic
tumor derived continuously
from IPMN lesion (arrowhead)
in the head of the pancreas
(arrow). ¢ Magnetic resonance
cholangiography (MRCP)
exhibited cystic dilatation of
branch duct with multiple areas
of low intensity (arrow). The
areas of low intensity in cystic
branch represented mural
nodules. d Histological
examination revealed that
papillary tumor (IPMN lesion,
arrowhead) was accompanied
by infiltrating component of
well-differentiated
adenocarcinoma (arrow)

Fig. 2 A representative case of concomitant cancer group. CT
exhibited cystic lesion (arrow in a) and abnormal attenuating area
(arrow in b) in the head and tail of pancreas, respectively. EUS
showed a dilated branch in the head (arrow in ¢) and low echoic
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tumor (arrow in d) in the tail of the pancreas. e Microphotograph of
tumor in the pancreatic tail demonstrated poorly differentiated
adenocarcinoma and no IPMN was found adjacent to invasive
component
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Fig. 3 Management of IPMN
patients in this study
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cancer group) when the invasive solid mass was located
separately from the IPMN (Figs. 2, 3).

Statistical analysis

Comparisons of nominal data were conducted by the >
test, and continuous variables were compared by Mann—
Whitney U test between subgroups. The optimal cutoff
levels for EUS findings (diameter of cystic branch and
MPD, and size of nodule) to differentiate noninvasive from
invasive tumors were determined by receiver operating
characteristic (ROC) curves and identified the point which
showed equal sensitivity and specificity on the curve.
Sensitivity and specificity were also calculated. Multivar-
iate analysis was performed by multiple logistic regression
analysis by using JMP 7.0.1 statistical software (SAS
Institute Inc., Cary, NC). Results are presented as
mean =+ standard error and differences were considered to
be significant when the P value was less than 0.05.

Results
Clinical characteristics of IPMN

The biography and outcome of 159 BD-IPMN patients are
shown in Table 1 and Fig. 1, respectively. The patients
were 96 male and 63 female and their average age was
68.8 £ 10.7 years. The mean observation period for all
patients was 1590 £ 1432.3 days. Although surgical
resection was recommended to the patients according to the
international consensus guideline for IPMN described
above they were followed up conservatively if they refused
the surgery for various reasons such as advanced age and
concomitant diseases. Of 159 patients, 115 were followed
without operation and 44 patients underwent surgical
resection. Of 44 patients with resection, 28 patients had
histologically malignant tumors including 4 invasive [IPMN
and 3 concomitant ductal carcinoma, while 16 patients
turned out to have benign tumors. Of 3 cases with con-
comitant ductal carcinoma, 2 cases had IPMN and ductal
carcinoma synchronously, and 1 case developed ductal
carcinoma 2 years after the resection of IPMN. All the
IPMN complicated by pancreatic cancer were benign

Table 1 Summary of clinicopathological findings of BD-IPMNs

Sex (M/F)
Age (years; mean £ SD)

96:63

68.8 £ 10.7

1590 + 1432.7

44 (malignant 28, benign 16)

Median follow-up period (days)
Operation

tumors. Among 115 patients followed up, 12 patients
developed invasive pancreatic carcinoma, 8 were invasive
IPMN and 4 were concomitant pancreatic cancer, and all
died of invasive pancreatic carcinoma. As shown in
Tables 2 and 3, 8 cases of invasive IPMN were histologi-
cally confirmed as cancer by biopsy or cytology. On the
other hand, the other 4 invasive IPMN cases were diag-
nosed as so without histological confirmation because CT
and EUS findings were compatible with typical invasive
IPMN as shown in Figs. 1 and 2. The IPMN patients after
occurrence of invasion showed very poor survival as shown
in Tables 2 and 3.

Predictive factors for invasive BD-IPMN
and concomitant pancreatic cancer

To find out the predictive factors, we investigated the
correlation between clinicopathological parameters and the
incidence of invasive IPMN. As shown in Table 4, uni-
variate analysis clarified the significant factors associated
with invasive IPMN, these being diameter of dilated branch
(P < 0.001) or MPD (P = 0.001), size of mural nodule
(P < 0.001), serum CEA level (P < 0.001), and serum
CA19-9 level (P < 0.001). By multivariate analysis, mural
nodule with size of larger than 6.5 mm [odds ratio 14.86
(95% CI 1.37-60.45); P = 0.02] and serum CEA level
higher than 5 ng/ml [odds ratio 6.91 (95% CI 1.17-54.13);
P = 0.03] were found to be independently associated with
invasive IPMN (Table 5).

We next examined the correlation of clinicopathological
factors with the occurrence of concomitant pancreatic
cancer in BD-IPMN. Univariate analysis revealed signifi-
cant association of serum CA19-9 level (P < 0.001) and
serum CEA level (P = 0.006) with the event of concomi-
tant pancreatic cancer in BD-IPMN (P < 0.001) (Table 6).
Elevated CA19-9 level (>37 IU/ml) still demonstrated the
significant relation even if examined by multivariate
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Table 2 Summary of clinicopathological features in invasive BD-IPMNs

No. Age Sex Follow-up FUP from the Dilated Mural Main CEA CA19-9 Confirmation  Prognosis/cause
period date detecting  branch  nodule  pancreatic of invasion of death
(FUP) invasion (mm) (mm) duct (mm)

1 73 M 648 648 50 24 12 3.6 6.1 CT and EUS DBC

2 72 F 126 126 73 20 5 976 29.8 CT and EUS DBC

3 76 F 1078 443 50 20 8 6.6 56.8 CT and EUS DBC

4 77 M 6271 268 25 6 8 524 16.3 CT and EUS DBC

5 72 M 3142 120 40 15 3 13.8 1502 CT and EUS DBC

6 68 M 343 343 38 27 6 19.2 192.2 CT and EUS DBC

7 69 F 153 153 75 60 9 35 2 CT and EUS DBC

8 78 M 50 50 50 15 13 2380 2 CT and EUS DBC

9 73 M 203 203 42 35 12 2.4 664 Operation DBC

10 70 F 199 199 38 35 6.4 33 13.7 Operation Alive

11 63 M 372 372 45 20 7 192 715 Operation Alive

12 63 M 336 336 50 13 10 9.1 567 Operation Alive

DBC death by pancreatic cancer

Table 3 Summary of clinicopathological features in concomitant pancreatic carcinoma developed in BD-IPMNs

No. Age Sex Follow- FUP from the Dilated Mural Main CEA CA19-9 Confirmation Prognosis/ Location Location
up period date detecting branch nodule pancreatic of invasion  cause of of IPMN of invasive
(FUP) invasion (mm) (mm) duct (mm) death cancer

1 67 F 949 180 23 3 4 34 95 CTand EUS DBC Head Head (uncus)

2 72 M 479 285 25 5 5 14 528 CTand EUS DBC Head Head

3 8 F 397 397 40 4 3 182 - CT and EUS DBC Body Head

4 69 F 2392 315 30 3 8 - 59.7  CT and EUS DBC Tail Head

5 69 M 2082 1594 15 3 4 9.6 449.2  Operation Alive Head Body

6 68 M 384 384 27 2 2 7.6 657 Operation DBC Body Head

7 67 F 859 859 25 2 2 54 262  Operation DBC Head Body

DBC death by pancreatic cancer

Table 4 Results for comparison of clinical parameters between
invasive IPMN and other groups in univariate analysis

Table 5 Multivariate analysis
invasive IPMN

of potential predictive factors for

Subgroups P value

Invasive Others

IPMN
Male/female 8:4 85:55 0.71
Age (mean £ SD) 72.8 £ 1.6 722 £9.2 0.81
Follow-up period 1077 £ 532 1557.7 &£ 14649  0.15

(days)

Dilated branch (mm) 472 + 43 274 £+ 14.2 <0.001*
MPD (mm) 8.7+ 1.1 4.6 + 3.6 0.001*
Mural nodule (mm) 25.8 + 4.1 39 +35 <0.001%*
CEA 290.8 £+ 206.1 3.4 + 2.8 <0.001*
CA19-9 260.8 £+ 130.6 269 £ 15.7 <0.001*

* Statistically significant

@ Springer

QOdds ratio 95% CI P value
Dilated branch (>30 mm) 3.90 0.42-88.45 0.24
MPD (>5.5 mm) 3.56 0.54-31.09 0.19
Mural nodule (>6.5 mm) 14.86 1.37-60.45 0.02*
CEA (>5 ng/ml) 6.91 1.17-54.13 0.03*
CA19-9 (>37 IU/ml) 5.97 0.94-50.83 0.06

* Statistically significant

analysis [odds ratio 10.31 (95% CI 1.77-81.51); P = 0.01].
Consequently, elevated CA19-9 level (>37 IU/ml) was
identified as an independent predictive factor for the
development of ductal pancreatic carcinoma in BD-IPMN

(Table 7).
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compasson of linical Subgroups P value

parameters between Concomitant cancer Others

concomitant cancer and other

groups in univariate analysis Male/female 3:4 85:55 0.37
Age (mean SD) 734 £ 1.7 722 +£9.2 0.72
Follow-up period (days) 1077 £+ 312.6 1557.7 £ 1464.9 0.34
Dilated branch (mm) 247 £ 3.5 274 £+ 142 0.63
MPD (mm) 36+0.5 4.6 + 3.6 0.84
Mural nodule (mm) 3.0 £ 0.36 39435 0.36
CEA 35.0 £ 29.5 34 +£28 0.006%*
CA19-9 363.3 £+ 181.1 26.9 + 15.7 <0.001°*

* Statistically significant

Table 7 Multivariate analysis of potential predictive factors for
concomitant pancreatic carcinoma development in BD-IPMN

Risk factor Odds ratio 95% CI Multivariate p value

CEA (>5 ng/ml) 4.27
CA19-9 (>37 IU/ml) 10.31

0.73-26.52 0.11
1.77-81.51 0.01*

* Statistically significant
Discussion

IPMN has been thought to have malignant potential
because of its broad histological spectrum, ranging from
adenoma to invasive carcinoma in the same tumor [2].
According to several reports, noninvasive IPMN such as
adenoma, borderline neoplasms, and carcinoma in situ
recur infrequently if they are removed completely, and
5-year survival rate is favorable regardless of the degree of
epithelial dysplasia in the tumor [28-31]. Conversely,
prognosis becomes poor when the tumor extends to the
stage of invasive IPMN [3, 4, 14]. Therefore, it is important
to predict invasion rather than histological grade of
malignancy for the decision of treatment for IPMN.
However, only a few studies have been reported concern-
ing the factors for the prediction of invasive BD-IPMN so
far. Sugiyama et al. [9] analyzed 32 cases of BD-IPMN and
demonstrated the association of jaundice with invasive BD-
IPMN. On the other hand, Schmidt et al. [32] reported from
the analysis of 14 invasive tumors out of 103 BD-IPMN
that the presence of mural nodule showed tendency to
predict invasion (P = 0.06) when univariate analysis was
performed, while atypical cytopathology was a sole inde-
pendent predictive factor for invasion by multivariate
analysis. Interestingly, both studies showed that the pres-
ence of mural nodule was an independent factor predictive
for invasion when main duct and branch duct type IPMN
were investigated together. In addition, Ogawa et al. [33]
examined CT findings of 61 IPMNs (41 noninvasive and 20
invasive tumors) and reported that mural nodule of larger
than 3.7 mm within a cystic branch duct was associated
with the incidence of invasive IPMN by univariate

analysis. Consistent with these results, we also demon-
strated that the size of mural nodule was related to inva-
siveness of IPMN by univariate analysis and mural nodule
of larger than 6.5 mm was an independent predictor of the
invasiveness of BD-IPMN by multivariate analysis, sug-
gesting the importance of the size of mural nodule for
predicting the development of invasive BD-IPMN. This
hypothesis is further supported by the recent report by
Tanno et al. [34] on the natural history (median 61 months)
of 82 patients with BD-IPMN without mural nodule. They
demonstrated that BD-IPMN without mural nodule
remained unchanged in size and shape during long-term
follow-up, indicating that such IPMN Iesions will not
progress into invasive IPMN.

In the present study, we also found significant associa-
tion of MPD and branch duct diameter with the incidence
of invasive IPMN by univariate analysis, although the
significance disappeared when multivariate analysis was
performed. The parameters have been shown to be asso-
ciated with the malignant nature of BD-IPMN by a number
of studies [6, 9, 19], indicating that they reflect, at least in
part, biological aggressiveness of IPMN. Although further
studies would be required to clarify whether these findings
would truly correlate with invasive BD-IPMN, the mea-
surement of the diameter of MPD and/or cystic branch
might be helpful to predict malignancy and/or invasion of
IPMN patient clinically because these parameters can be
easily determined by US or CT while validation of mural
nodule in cystic branch requires EUS.

There have been several reports showing synchronous or
metachronous occurrence of ductal carcinoma and IPMN.
Yamaguchi et al. [25] detected ductal carcinoma of the
pancreas in 7 of 76 patients (9%) with IPMN. The IPMNs
were all BD-IPMN with an average size of 30 mm and
with adenoma showing moderate dysplasia. Tada et al. [26]
found development of 5 ductal carcinoma during follow-up
of 197 patients with cystic lesions including 80 BD-IPMN
for average period of 3.8 years. Uehara et al. [27] found
development of ductal carcinoma (8%) in 5 cases of 60
BD-IPMN with nodule less than 10 mm during follow-up
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for average 87 months. In the current study, we found 7
cases of concomitant ductal carcinoma (4.4%) in 159 cases
of BD-IPMN. Of these cases, 4 (3.4%) were detected
during follow-up (average 53 months) of 115 BD-IPMN.
The frequency of concomitant pancreatic carcinoma in our
series of BD-IPMN was similar to those of previous stud-
ies, suggesting that BD-IPMN itself may be a risk factor for
ductal pancreatic carcinoma and may be a precancerous
condition that cannot be demonstrated by imaging studies.
However, little is known about the risk factors for devel-
opment of ductal carcinomas in BD-IPMN other than one
report studying the risk factor for concomitant pancreatic
cancer in IPMN. Uehara et al. analyzed the occurrence of
ductal carcinoma in subgroups of patients with BD-IPMN
and revealed that patients older than 70 developed ductal
carcinoma significantly more frequently than those under
69, but other factors such as MPD diameter and size of
branch duct or mural nodule did not have significant
association with development of ductal carcinoma. In the
current study, we also found no correlation between the
image findings such as the diameter of MPD or branch duct
or the size of mural nodule and the occurrence of con-
comitant ductal carcinoma, suggesting that imaging studies
for IPMN lesions cannot give signs for development of
ductal carcinoma. Therefore, we have to follow up the
patients with BD-IPMN carefully, especially those aged 70
or older, to detect development of pancreatic carcinoma at
an early stage.

On the other hand, we clarified that elevated serum
CA19-9 was an independent predictive factor for the
development of ductal carcinoma in BD-IPMN by multi-
variate analysis. In addition, serum CEA level showed a
tendency toward correlation with the development of
ductal carcinoma (P = 0.006) by univariate analysis,
indicating the importance to check serum CEA level in
addition to CA19-9 for early detection of the concomitant
pancreatic cancer in BD-IPMN. In addition, elevated CEA
level was identified as the independent factor which
showed correlation with invasive BD-IPMN by multivari-
ate analysis. It is reported that the expression of CEA is
frequently observed in invasive IPMN (87.5%) and com-
mon type pancreatic carcinoma (93.3%) while it is seen
infrequently (11.1%) in noninvasive IPMN, indicating that
the expression of CEA is characteristics common to both
type of invasive pancreatic carcinomas. Altogether, these
findings suggested that examination of serum CEA and
CA19-9 may be helpful to predict the occurrence of both
types of invasive pancreatic carcinoma in BD-IPMN.

In the current study, we clearly revealed the factors that
predicts invasion of BD-IPMN. However, previous studies
discussed above and our present result indicate that inva-
sive cancer associated with IPMN shows a poor prognosis.
Therefore, the best timing of operation for BD-IPMN
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patients is when the IPMN has progressed to a carcinoma
in situ. The international consensus guideline suggests that
presence of more than one of the following is indication for
resection of BD-IPMN: cyst-related symptom, cysts greater
than 30 mm in size, intramural nodules, or dilatation of
main pancreatic duct greater than 6 mm [12]. This indi-
cation could identify all patients with malignancy; how-
ever, its specificity for malignancy was low (23-30%) [35,
36]. Although several researchers have attempted to dif-
ferentiate malignant from benign IPMN by using several
factors, it is impossible to pick up the malignant cases
completely. Moreover, it is very difficult to detect only the
carcinoma in situ cases at this time. Collectively, further
studies would be required to find the best operative timings
for BD-IPMN patients by various approaches in addition to
detect the predictive factors for invasiveness of BD-IPMN.

In summary, we studied 159 cases of BD-IPMN and
revealed that size of mural nodule in branch duct
(>6.5 mm) and elevated serum CEA level (>5 ng/ml) are
independent predictive factors for the occurrence of inva-
sion, while elevated CA19-9 level (>37 IU/ml) is a pre-
dictor of concomitant pancreatic carcinoma in BD-IPMN,
respectively. Based upon our results, careful follow-up by
imaging study of the pancreas and measurement of serum
CEA and CA19-9 is important to find the development of
invasive carcinoma in BD-IPMN.
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