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a b s t r a c t
Intraductal papillary mucinous neoplasms (IPMNs) of the pancreas are primary pancreatic neoplasms that can
act as precursors to invasive adenocarcinoma of the pancreas. The peritumoral stroma has been increasingly recognized to play an important role in many types of tumors. Therefore, to investigate the clinicopathological signiﬁcance of the peritumoral stroma in IPMNs, we examined the histological features of the peritumoral stroma in
each subtype and histological grade of IPMNs. Eighty-two patients with IPMN, who underwent surgical resection,
were reviewed clinicopathologically. Intraductal papillary mucinous neoplasms (86 lesions in total) were histologically subclassiﬁed into gastric (n = 51), intestinal (n = 22), pancreatobiliary (n = 11), and oncocytic (n =
2) subtypes. Peritumoral histological features between the gastric and intestinal subtypes were evaluated by
each histological grade. The results showed that subepithelial edema and inﬂammatory cell inﬁltration were
more commonly observed in the gastric subtype (74% and 79%, respectively) than in the intestinal subtype
(12% and 25%, respectively) of low-grade IPMNs. On the other hand, mucus lakes were more commonly observed
in the intestinal subtype (100%) than in the gastric subtype (0%) of high-grade IPMNs. In addition,
pancreatobiliary subtype IPMNs tended to exhibit acute inﬂammation such as neutrophil predominance. This
study showed that peritumoral histological features differed among subtypes of IPMNs from low-grade tumors.
These differences suggest the possibility that each subtype of IPMNs has a distinct mechanism from an early stage
of tumor progression, which is reﬂected in the properties of the peritumoral stroma.
© 2015 Elsevier Inc. All rights reserved.

1. Introduction
An intraductal papillary mucinous neoplasm (IPMN) is now recognized as a precursor lesion in pancreatic cancer [1]. Intraductal papillary
mucinous neoplasms show multistep progression that can be observed
from the premalignant to invasive stages of cancer progression, and are
classiﬁed into 4 subtypes: gastric, intestinal, pancreatobiliary (PB), and
oncocytic [2]. To clarify the characteristic clinicopathological features
according to these subtypes, several studies have reported that differences among IPMN subtypes reﬂect distinct mechanisms of tumor progression [3–6].
The peritumoral stroma has been increasingly recognized to play an
important role in many types of tumors, including pancreatic cancer [7].
In addition, the possibility that the peritumoral stroma may affect drug
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http://dx.doi.org/10.1016/j.anndiagpath.2015.07.005
1092-9134/© 2015 Elsevier Inc. All rights reserved.

and treatment efﬁcacy has been suggested previously [8]. Although several studies have investigated the role of the peritumoral stroma in
IPMN progression [5,9–13], the correlations between IPMN subtypes
and the histological features of peritumoral stroma have not been elucidated in detail. Therefore, in this study, we assessed the histological
characteristics of the peritumoral stroma according to each IPMN histological subtype and grade.
2. Materials and methods
2.1. Patients
Tissue samples were retrospectively evaluated from 82 patients (49
men and 33 women; mean age, 66.3 years; range, 32-82 years) who
underwent surgical resection of IPMNs (86 lesions in total) at Jichi Medical
University Hospital (Shimotsuke, Japan) from 2000 to 2013. The study protocol was approved by the Ethics Committee of Jichi Medical University.
2.2. Histological evaluation
Intraductal papillary mucinous neoplasms were classiﬁed into 3 histological grades based on the 2010 WHO Classiﬁcation of Tumours of the
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Digestive System (4th Edition) [14]: low- or intermediate-grade dysplasia (IPMN-L), high-grade dysplasia (IPMN-H), and IPMN with associated
invasive carcinoma (IPMN-IC). Furthermore, based on the immunological and histological proﬁles of proliferating epithelial cells, IPMNs were
classiﬁed into 4 subtypes: gastric, intestinal, PB, and oncocytic. When 2
or more subtypes coexisted in the same lesion, the dominant subtype
was used for analysis. With regard to the tumor size, we traced the outline of the IPMN and associated invasive carcinoma on each slide and
put the tumor areas together on the gross photographs, then measured
the largest dimension of the tumor. One case without a detailed report
on the tumor volume was excluded from the analysis of tumor size. In
terms of distribution predominance, we classiﬁed IPMNs into 2 groups
according to the involvement of the main pancreatic duct or a branch
of the pancreatic duct. In addition, we classiﬁed the histology of invasion
as colloid carcinoma or tubular adenocarcinoma. When 2 different invasive features coexisted in the same lesion, the dominant component of
invasive carcinoma was used for analysis.
The peritumoral histological features of IPMNs were evaluated and
classiﬁed according to 6 criteria and then subclassiﬁed as “−” or “+”
as follows: (1) subepithelial edema (none to b1/3 of the lesion vs N1/3
of the lesion; Fig. 1a and b); (2) subepithelial inﬂammatory cell

inﬁltration; (3) congestion (none to sparsely vs moderately to diffusely;
Fig. 1a, b, and f); (4) lymphoid follicles (0-2 vs ≥3; Fig. 1e); (5) parenchymal atrophy and ﬁbrosis (none to focally vs multifocally to diffusely;
Fig. 1c and d); (6) mucus lakes without ﬂoating tumor cells (presence
vs absence; Fig. 1c and d). In IPMN-IC grade lesions, we evaluated stromal features surrounding the intraductal components, which are adjacent to the invasive carcinoma. Each section was reviewed by 2
authors (MS and NF), and a consensus was reached in all cases. In the
analysis of peritumoral histological features, we excluded 6 lesions
that had acute inﬂammation such as neutrophil predominance.
2.3. Immunohistochemistry
A representative section of each lesion was selected for analysis. Immunohistochemical analysis was performed on 4-μm sections of
parafﬁn-embedded, formalin-ﬁxed tissues. All procedures were performed using a BenchMark ULTRA fully automated staining instrument
(Ventana Medical Systems Inc., Oro Valley, AZ, USA). Each section was
deparafﬁnized and incubated in Cell Conditioning Solution 1 (pH 8.5;
Ventana Medical Systems Inc.) for 64 minutes at 95°C for antigen retrieval. Then, the sections were incubated with primary antibodies

Fig. 1. Peritumoral histological features. (a) Intestinal subtype IPMN; subepithelial edema (−), inﬂammatory cell inﬁltration (−). (b) Gastric subtype IPMN; subepithelial edema (+),
inﬂammatory cell inﬁltration (+). (c) Gastric subtype IPMN; atrophy and ﬁbrosis (−), mucus lakes (−). (d) Intestinal subtype IPMN; parenchymal atrophy and ﬁbrosis (+), mucus
lakes (+, arrows). (e) Intestinal subtype IPMN; lymphoid follicles (+, arrows). (f) Gastric subtype IPMN; congestion (+).
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against the following molecules (all obtained from Novocastra Laboratories Ltd., Newcastle Upon Tyne, UK) for 32 minutes: mucin (MUC) 1
(clone Ma695; 1:100 dilution), MUC2 (clone Ccp58; 1:200 dilution),
MUC5AC (clone CLH2; 1:100 dilution), and MUC6 (clone CLH5; 1:100
dilution). Signals were visualized using an iView DAB Universal Kit
(Ventana Medical Systems Inc.). Finally, the sections were counterstained with Hematoxylin II (Ventana Medical Systems Inc.) for 8
minutes and post-stained with Bluing Reagent (Ventana Medical Systems Inc.) for 4 minutes. The results of immunohistochemistry were
considered positive if at least 5% of the tumor cells were stained, according to previous report [15].

Table 2
Immunohistochemical expression of MUC series

MUC1, no. (%)
MUC2, no. (%)
MUC5AC, no. (%)
MUC6, no. (%)

Gastric

Intestinal

Pancreatobiliary

Oncocytic

(n = 51)

(n = 22)

(n = 11)

(n = 2)

5 (9)
7 (14)
49 (96)
47 (92)

0 (0)
22 (100)
19 (86)
5 (23)

11 (100)
3 (27)
10 (91)
10 (91)

0 (0)
1 (50)
2 (100)
2 (100)

3.2. Peritumoral histological ﬁndings, tumor size, and predominant distribution
2.4. Statistical analysis
All statistical analyses were performed using EZR software (Saitama
Medical Center, Jichi Medical University, Saitama, Japan) [16]. Differences in the patient age and tumor size among groups were assessed
by one-way analysis of variance, whereas all other features were compared using Fisher exact probability test. Correction for multiple comparisons was performed using Bonferroni method. A probability (P)
value of less than .05 was considered statistically signiﬁcant.
3. Results
The clinicopathological features of the 82 patients (86 lesions) are
summarized in Table 1. Of the 86 lesions, 51 were classiﬁed as the gastric subtype, 22 as the intestinal subtype, 11 as the PB subtype, and 2 as
the oncocytic subtype. The results of immunohistochemistry for MUC1,
MUC2, MUC5AC, and MUC6 in each histological subtype are shown in
Table 2. According to the histological grade, 49 lesions were classiﬁed
as IPMN-L, 16 as IPMN-H, and 21 as IPMN-IC.
3.1. Histological subtypes of IPMNs and their clinicopathological features
Of the 51 lesions classiﬁed as the gastric subtype, 38 (75%) were classiﬁed further as grade IPMN-L, whereas 14 (64%) of the 22 lesions of the
intestinal subtype were classiﬁed as grades IPMN-H or IPMN-IC. In addition, 9 (82%) of the 11 lesions with a PB subtype were classiﬁed as
grades IPMN-H or IPMN-IC. Of the 2 lesions classiﬁed as the oncocytic
subtype, 1 was classiﬁed further as grade IPMN-L and the other as
grade IPMN-H. These results showed that the histological grade was signiﬁcantly higher for lesions of the intestinal and PB subtypes than that
of the gastric subtype (P = .023 and P b .001, respectively). There were
no signiﬁcant correlations between the IPMN subtype and age, gender,
tumor size, predominant distribution, or invasive features (Table 1).

To investigate the inﬂuence to the peritumoral stroma of the tumor
size and existing tumors in the main pancreatic duct, we analyzed correlations between the peritumoral histological ﬁndings and tumor size
or predominant distribution. There was no signiﬁcant positive correlation between all 6 peritumoral histological ﬁndings and tumor size.
On the other hand, there was a signiﬁcant positive correlation between
several peritumoral histological ﬁndings and predominant distribution
(Table 3). Mucus lakes, and parenchymal atrophy and ﬁbrosis were
signiﬁcantly more common in lesions of the main pancreatic duct (7/
31, 23% and 19/31, 61%) than in lesions of the branch pancreatic duct
(3/49, 6% vs 4/49, 8%) (P = .041 and P b .001, respectively).

3.3. Intraductal papillary mucinous neoplasm histological grade and
peritumoral histological ﬁndings
Lymphoid follicles were signiﬁcantly more common in the IPMN-IC
group than in the IPMN-L group (15/17, 88% vs 13/49, 27%; P b .001).
On the other hand, lymphoid follicles were observed in half of the lesions classiﬁed as grade IPMN-H (7/14, 50%), although there was no signiﬁcant difference in comparisons with other grades. Parenchymal
atrophy and ﬁbrosis were signiﬁcantly more common in lesions classiﬁed as grades IPMN-IC (13/17, 76%) and IPMN-H (7/14, 50%) than in
those classiﬁed as grade IPMN-L (3/49, 6%) (P b .001 and P = .016, respectively). Mucus lakes were signiﬁcantly more common in grade
IPMN-IC (8/17, 47%) than in grade IPMN-L (0/49, 0%) (P b .001).
Mucus lakes were observed in approximately one-seventh of the lesions
classiﬁed as grade IPMN-H (2/14, 14%), although there was no
signiﬁcant difference in comparisons with the other grades. There
were no signiﬁcant correlations with the histological grades of IPMNs
in terms of the peritumoral stromal features of subepithelial edema,
subepithelial inﬂammatory cell inﬁltration, or congestion (Table 4).

Table 1
Subtypes of IPMNs and clinicopathological features

Age, y (mean ± SD)
Gender
Men, no. (%)
Women, no. (%)
Tumor size, cm (mean ± SD)
Dominant distribution
Main pancreatic duct, no. (%)
Branch pancreatic duct, no. (%)
Histological grade
IPMN-L, no. (%)
IPMN-H, no. (%)
IPMN-IC, no. (%)
Invasive phenotype
Colloid, no. (%)
Tubular, no. (%)

Total

Gastric

Intestinal

Pancreatobiliary

Oncocytic

(n = 86)

(n = 51)

(n = 22)

(n = 11)

(n = 2)

66.3 ± 9.2

65.3 ± 9.8

66.6 ± 7.9

70.3 ± 6.6

67.0 ± 18.4

52 (60)
34 (40)
4.40 ± 2.8

31 (61)
20 (39)
4.37 ± 3.1

15 (68)
7 (32)
4.42 ± 2.8

5 (45)
6 (55)
4.24 ± 1.5

1 (50)
1 (50)
5.50 ± 2.1

34 (40)
52 (60)

16 (31)
35 (69)

13 (59)
9 (41)

5 (45)
6 (55)

0 (0)
2 (100)

49 (57)
16 (19)
21 (24)

38 (75)a,b
8 (16)
5 (10)

8 (36)a
6 (27)
8 (36)

2 (18)b
1 (9)
8 (73)

1 (50)
1 (50)
0 (0)

7 (33)
14 (67)

0 (0)
5 (100)

5 (63)
3 (38)

2 (25)
6 (75)

0 (0)
0 (0)

Colloid: colloid carcinoma; Tubular: tubular adenocarcionma.
a
P = .023.
b
P b .001.
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Table 3
Predominance distribution and presence of peritumoral stromal features

Subepithelial edema, no. (%)
Subepithelial inﬂammatory cell inﬁltration, no. (%)
Congestion, no. (%)
Lymphoid follicles, no. (%)
Parenchymal atrophy and ﬁbrosis, no. (%)
Mucus lakes, no. (%)

Table 5
Subtypes of IPMNs and the presence of peritumoral stromal features

MD

BD

Gastric

Intestinal Pancreatobiliary Oncocytic

(n = 31)

(n = 49)

(n = 49)

(n = 20)

14 (45)
25 (81)
4 (13)
18 (58)
19 (61)a
7 (23)b

29 (59)
33 (67)
15 (31)
17 (35)
4 (8)a
3 (6)b

Abbreviations: BD, branch pancreatic duct; MD, main pancreatic duct.
a
P b .001.
b
P = .041.

Subepithelial edema, no. (%)
Subepithelial inﬂammatory
cell inﬁltration, no. (%)
Congestion, no. (%)
Lymphoid follicles, no. (%)
Parenchymal atrophy and
ﬁbrosis, no. (%)
Mucus lakes, no. (%)
a
b
c

3.4. Intraductal papillary mucinous neoplasm histological subtype and
peritumoral histological ﬁndings
Subepithelial edema was signiﬁcantly more common in lesions classiﬁed as the gastric subtype (35/49, 71%) than in those classiﬁed as the
intestinal subtype (5/20, 25%) and PB subtype (2/9, 22%) (P = .006 and
.048, respectively). Although subepithelial edema was observed in half
of lesions classiﬁed as the oncocytic subtype (1/2, 50%), there were no
signiﬁcant differences in comparisons with the other subtypes. On the
other hand, parenchymal atrophy and ﬁbrosis were signiﬁcantly more
common in the intestinal subtype than in the gastric subtype (13/20,
65% vs 6/49, 12%; P b .001). Although parenchymal atrophy and ﬁbrosis
were observed in approximately half of lesions with a PB subtype (6/11,
55%) and absent in all lesions classiﬁed as the oncocytic subtype (0/2,
0%), there was no signiﬁcant difference in comparisons with the other
subtypes. Mucus lakes were signiﬁcantly more common in the intestinal
subtype than in the gastric subtype (8/20, 40% vs 1/49, 2%; P b .001). Although mucus lakes were rare in the PB subtype (1/9, 11%) and
oncocytic subtype (0/2, 0%), there was no signiﬁcant difference in comparisons with the other subtypes. With regard to the peritumoral stromal features of subepithelial inﬂammatory cell inﬁltration and
congestion, and lymphoid follicles, there were no statistically signiﬁcant
correlations with IPMN subtypes (Table 5).
3.5. Correlations of peritumoral histological ﬁndings between gastric and
intestinal subtypes of each IPMN histological grade
To exclude the inﬂuence of the histological grade between gastric
and intestinal subtypes, which are the main IPMN subtypes, we evaluated the peritumoral histological features between these subtypes according to each IPMN histological grade. Among lesions graded as IPMN-L,
subepithelial edema was signiﬁcantly more common in the gastric subtype than in the intestinal subtype (28/38, 74% vs 1/8, 12%; P = .002).
Subepithelial inﬂammatory cell inﬁltration was also signiﬁcantly more
common in the gastric subtype than in the intestinal subtype (30/38,
79% vs 2/8, 25%; P = .006). Similarly, a signiﬁcant positive correlation
was observed between subepithelial edema and inﬂammatory cell

d

(n = 9)

(n = 2)

5 (25)b
35 (71)a,b
38 (78)
12 (60)

2 (22)a
6 (67)

1 (50)
2 (100)

14 (29)
17 (35)
6 (12)c

4 (20)
10 (50)
13 (65)c

0 (0)
7 (78)
4 (44)

1 (50)
1 (50)
0 (0)

8 (40)d

1 (11)

0 (0)

1 (2)d

P = .048.
P = .006.
P b .001.
P b .001.

inﬁltration (P = .002). Two cases were observed which the gastric
and intestinal subtypes of IPMN-L coexisted in the same lesion. In one
of these cases, subepithelial edema and inﬂammatory cells inﬁltration
were observed in the gastric subtype area, but not observed in adjacent
intestinal subtype area (Fig. 2). With regard to the other features, there
were no signiﬁcant differences associated with grade IPMN-L (Table 6).
Among lesions graded as IPMN-H, parenchymal atrophy and ﬁbrosis
were signiﬁcantly more common in the intestinal subtype than in the
gastric subtype (5/5, 100% vs 2/7, 29%; P = .006). There were no significant differences between the other peritumoral features among subtypes of grade IPMN-H.
Among lesions graded as IPMN-IC, mucus lakes were signiﬁcantly
more common in the intestinal subtype than in the gastric subtype (7/
7, 100% vs 0/4, 0%; P b .003). There were no signiﬁcant differences between the other peritumoral features among subtypes of grade IPMN-IC.

3.6. Neutrophil-enriched lesions
In the analysis of peritumoral histological features, we excluded 6 lesions that had acute inﬂammation such as neutrophilic predominance.
All of these 6 lesions were classiﬁed as IPMN-H or IPMN-IC, including
2 PB subtypes (Fig. 3), 2 gastric subtypes, and 2 intestinal subtypes. In
addition, one of the lesions classiﬁed as the gastric subtype had coexistence of a PB subtype component.

Table 4
Histological grades of IPMNs and the presence of peritumoral stromal features

Subepithelial edema, no. (%)
Subepithelial inﬂammatory cell inﬁltration, no. (%)
Congestion, no. (%)
Lymphoid follicles, no. (%)
Parenchymal atrophy and ﬁbrosis, no. (%)
Mucus lakes, no. (%)
a
b
c
d

P b .001.
P b .001.
P = .016.
P b .001.

IPMN-L

IPMN-H

IPMN-IC

(n = 49)

(n = 14)

(n = 17)

29 (59)
34 (69)
12 (24)
13 (27)a
3 (6)b,c
0 (0)d

7 (50)
11 (79)
5 (36)
7 (50)
7 (50)c
2 (14)

7 (41)
13 (76)
2 (12)
15 (88)a
13 (76)b
8 (47)d
Fig. 2. Subepithelial stromal changes in the lesion that gastric and intestinal subtype
coexisted. Subepithelial edema and inﬂammatory cells inﬁltration are observed in gastric
subtype area (left side of the ﬁgure), but not observed in adjacent intestinal subtype area
(right side of the ﬁgure).
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Table 6
Presence of peritumoral stromal features in gastric and intestinal types of each histological grade
IPMN-L

Subepithelial edema, no. (%)
Subepithelial inﬂammatory cells inﬁltration, no. (%)
Congestion, no. (%)
Lymphoid follicles, no. (%)
Parenchymal atrophy and ﬁbrosis, no. (%)
Mucus lakes, no. (%)
a
b
c
d

IPMN-H

IPMN-IC

Gastric

Intestinal

Gastric

Intestinal

Gastric

Intestinal

(n = 38)

(n = 8)

(n = 7)

(n = 5)

(n = 4)

(n = 7)

28 (74)a
30 (79)b
11 (29)
10 (26)
1 (3)
0 (0)

1 (12)a
2 (25)b
1 (12)
1 (12)
1 (12)
0 (0)

4 (57)
4 (57)
2 (29)
3 (43)
2 (29)c
1 (14)

1 (20)
5 (100)
2 (40)
3 (60)
5 (100)c
1 (17)

3 (75)
4 (100)
1 (25)
4 (100)
3 (75)
0 (0)d

3 (43)
5 (71)
1 (14)
6 (86)
7 (100)
7 (100)d

P = .002.
P = .006.
P = .006.
P = .003.

4. Discussion
In this study, we found signiﬁcant differences in the peritumoral histological features of IPMN subtypes. Subepithelial edema and inﬂammatory
cell inﬁltration were more commonly observed in the gastric subtype,
whereas parenchymal atrophy and ﬁbrosis in addition to mucus lakes
were more common in lesions classiﬁed as the intestinal subtype. Furthermore, lymphoid follicles, parenchymal atrophy and ﬁbrosis, and mucus
lakes were more commonly observed with increasing histological grades.
Subepithelial edema and inﬂammatory cell inﬁltration were more
commonly observed in the low-grade gastric subtypes of IPMNs,
which is in agreement with fact that edema results from increases in
vasopermeability and subsequent inﬂammation. Hiraoka et al [9] reported that, the greater the histological grade of the IPMN, the greater
the number of FOXP3 + regulatory T cells in the peritumoral stroma of
the IPMN. Moreover, low-grade IPMNs have greater numbers of
intraepithelial CD8 + cytotoxic T cells and dendritic cells than highgrade IPMNs [10]. These observations suggest that the various subtypes
of inﬂammatory cells exert multiple actions in each step of the progression processes of IPMNs. Our results suggested that inﬂammatory cells
might play a role in the early stage of gastric subtype IPMN progression.
Clark et al [17] reported that the number of inﬁltrating stromal leukocytes increases from the early stage of pancreatic intraepithelial neoplasia in a mouse model of pancreatic ductal adenocarcinoma. In addition,
the authors suggested that K-ras signaling may be directly responsible
for the inﬂammatory environment within tumors. Furthermore, Mohri
et al [6] reported that the incidence of K-ras gene mutation is signiﬁcantly greater in gastric subtype IPMNs than in the intestinal subtype.
They also stated that the gastric and intestinal subtypes likely use distinct mechanisms in pancreatic tumor progression and that the K-ras

Fig. 3. Pancreatobiliary subtype IPMN with abundant stromal neutrophils.

status in the gastric subtype is similar to that in the conventional subtype of pancreatic ductal adenocarcinoma. Moreover, a K-ras mutation
is considered to be the ﬁrst genetic change in pancreatic tumor progression [18]. On the basis of the collective ﬁndings of the aforementioned
reports, the increase in the incidence of subepithelial edema and inﬂammatory cell inﬁltration in the low-grade gastric subtype of IPMN may be
associated with K-ras mutations in the early stage of gastric subtype
IPMN progression. One of the cases that gastric and intestinal subtypes
coexisted in the same lesion, subepithelial edema, and inﬂammatory
cells inﬁltration was observed in gastric subtype area, but not observed
in adjacent intestinal subtype area. This fact supports the possibility that
these stromal changes occur in interaction with the tumor epithelium of
the gastric subtype IPMN. Additionally, in our study, we excluded 6
cases that had acute inﬂammation such as neutrophilic predominance
in the analysis of peritumoral histological features. There were 2 PB subtype IPMNs, and one of these IPMNs classiﬁed as the gastric subtype had
coexistence a PB subtype component. Reid et al [19] reported signiﬁcant
numbers of tumor-inﬁltrating neutrophils in the PB subtype of IPMNs
and in mucinous cystic neoplasms with a carcinomatous high-grade papillary component, and that MUC1 expression in these tumors may have
biological implications. Our results are consistent with this previous report. Neutrophil inﬁltration is due to secondary acute inﬂammation by
pancreatic duct obstruction, and neutrophils may also appear in association with tumor progression. However, further study is needed to elucidate correlations between subepithelial edema and inﬂammatory cell
inﬁltration in the low-grade gastric subtype of IPMNs and K-ras mutations. Furthermore, investigations of the functions of the different subtypes of inﬂammatory cells in each development process of each IPMN
subtype are needed in future studies.
Mucus lakes were more commonly observed in the intestinal subtype IPMN-IC. In addition, parenchymal atrophy and ﬁbrosis were commonly observed in the intestinal subtype IPMN-H. Ban et al [5] also
reported that mucus lakes and parenchymal atrophy are more common
in intestinal subtype IPMNs than in gastric subtype IPMNs. Furthermore,
Fukushima et al [11] observed subepithelial “mucin droplets” linked to
peripheral stromal mucin pools in IPMNs with associated colloid carcinoma. These “mucin droplets” are only observed in high-grade IPMNs.
Our results are consistent with those of previous reports. These
peritumoral histological ﬁndings were found to correlate with lesions
of the main pancreatic duct. Therefore, these ﬁndings were considered
to possibly indicate secondary changes due to obstruction and elevated
intraductal pressure of the main pancreatic duct by intraductal tumor
growth and mucus hypersecretion. Similarly, Fukushima et al [11] also
reported inﬁltration processes of IPMNs, in which “mucin droplets”
are the ﬁrst step of inﬁltration, and mucus leakage due to elevated
intraductal pressure leads to tumor cells in the extraductal space. Furthermore, Fukushima et al [12] reported that periostin deposition by
myoﬁbroblasts in the peritumoral stroma of IPMNs increases with the
histological grade, and periostin deposition is more frequent in IPMNs
classiﬁed as the intestinal subtype than in those classiﬁed as the
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nonintestinal subtype. Periostin is considered to perpetuate ﬁbrogenic activity and support tumor cell growth [20]. Therefore, Fukushima et al speculated that these peritumoral stroma changes may reﬂect tumor-stromal
cell interactions in IPMN progression. According to our study, parenchymal atrophy and ﬁbrosis did not correlate with intestinal subtype IPMN
progression. Fukushima et al investigated subepithelial myoﬁbroblasts in
their study. Therefore, the investigated area with parenchymal atrophy
and ﬁbrosis might have been different from that in our study.
In conclusion, we identiﬁed differences in peritumoral stromal characteristics among IPMN subtypes. Furthermore, we found that some of
these differences begin to occur in low-grade IPMNs. These ﬁndings
suggest that each IPMN subtype employs a distinct mechanism from
the early stage of development, which is reﬂected to the properties of
the peritumoral stroma. Further study is needed to elucidate the involvement of peritumoral stroma in the progression of each IPMN subtype.
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