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INTRODUCTION

Intraductal papillary mucinous neoplasms (IPMNs) can be 
classified as either main pancreatic duct (MPD)–type IPMNs 
(MD-IPMNs) or branched duct–type IPMNs (BD-IPMNs) 

according to the tumor site and mode of progression. The inci-
dence of malignancy differs between the two types of IPMNs; 
therefore, the classification of the type of neoplasm is useful in 
determining the treatment course.1-6 However, imaging diag-
nosis and tissue diagnosis do not always correlate.7

Endoscopic diagnosis has achieved remarkable progress 
owing to improvements in videoscopy and observation equip-
ment.8 In recent years, small-diameter videoscopes have been 
developed,9,10 enabling the examination of the interior of the 
MPD. Thus, videoscopic imaging has considerably improved 
and its clinical application is increasing.11-19 Furthermore, a 
clearer image can be obtained when using a videoscope.20-23 
IPMNs are pancreatic intraductal tumors characterized by 
papillary proliferation of mucin-producing epithelial cells and 
include various lesions, ranging from hyperplastic changes 
to adenocarcinomas. By observing the MPD using peroral 
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pancreatoscopy (POPS), it is possible to directly inspect the el-
evated lesions and di�erentiate between benign and malignant 
types based on the lesion morphology.24-28

Since 2003, we have performed image-enhanced endosco-
py (IEE) with POPS using a videoscope. With narrow-band 
imaging (NBI), small protrusions and vessels can be clearly 
observed within the pancreatic duct for endoscopic diagnosis, 
as previously reported.29

�is study aimed to examine the usefulness of POPS in de-
termining the prognosis of IPMNs.

MATERIALS AND METHODS

Subjects
�is single-center retrospective study enrolled 39 patients 

with IPMNs who were admitted to Toho University Medical 
Center Omori Hospital between April 2003 and September 
2018. Imaging studies (e.g., computed tomography, ultraso-
nography, and magnetic resonance cholangiopancreatogra-
phy) were performed, followed by POPS, in 39 cases. All pa-
tients had dilatation of the main papilla and MPD, as observed 
during endoscopic retrograde cholangiopancreatography 
(ERCP). �is study included 27 male and 12 female patients 
with an average age of 68.4 years. Patients who could not un-
dergo endoscopy because of chronic respiratory failure, heart 
failure, or other reasons were excluded from the study.

Methods
We performed POPS during ERCP using the mother–baby 

scope method with injection of saline. �e mother scope used 
in the procedure was Olympus TJF-240 or TJF-260V (Olym-
pus, Tokyo, Japan), and the baby scope was CHF-BP260, 
CHF-B260, or CHF-B290 (Olympus, Tokyo, Japan). 

�e EVIS240/EVIS260SL/EVISCLV-290SL system (Olym-
pus, Tokyo, Japan) was used as the observation equipment. 
EVIS260SL was used from July 2007 to February 2013. 
�erea�er, from March 2013, EVISCLV-290SL was used for 
observation with IEE using NBI. Still and moving images were 
recorded on a hard disk using an electronic �ling system.

�e results of insertion of the baby scope into the MPD, 
characteristics of the target lesion site, morphology of protru-
sions, preoperative morphology, and histopathologic diagnosis 
were examined. �e morphology of protrusions was classi�ed 
into the following four types: sessile morphology (Is) (Fig. 
1A and B), semipedunculated morphology (Isp) (Fig. 1C and 
D), villous morphology (Vil) (Fig. 2A and B ), and vegetative 
morphology (Veg) (Fig. 2C and D ).24,26 On the basis of preop-
erative pathologic �ndings, cytology was classi�ed into classes 
0, I, II, IIIa, IIIb, IV, and V and biopsy results were classi�ed 

as follows: no tissue, hyperplasia, mild atypia, adenoma, and 
adenocarcinoma.

Patients in whom malignancy was suspected on the basis of 
the morphology of protrusions and cytology/biopsy �ndings 
underwent surgical resection. �e preoperative pathologic di-
agnosis and the histologic interpretations of the resected speci-
mens were performed by one or two experienced pathologists.

�is study was approved by the Ethics Committee of Toho 
University Medical Center Omori Hospital (M20248). Details 
of the study are available on the Institute's website and consent 
was obtained on an opt-out basis. 

Statistical analysis
All clinical and endoscopic variables were obtained from 

the database. For the purpose of analysis, cytologic specimens 
were categorized as positive (classes IIIb, IV, and V) or negative 
(classes I, II, and IIIa). Similarly, biopsy specimens were cate-
gorized as positive (adenocarcinoma) or negative (no tissue, 
hyperplasia, mild atypia, or adenoma). Sensitivity, speci�city, 
and negative predictive values were calculated on the basis of 
the positive and negative �ndings of cytology and biopsy. 

�e long-term prognosis of all patients was examined using 
the Kaplan–Meier method and log-rank test, and the progno-
ses of benign and malignant lesions a�er endoscopic diagnosis 
were compared.

Statistical signi�cance was set at p<0.05. All statistical anal-
yses were performed using JMP® so�ware (SAS Institute Inc., 
Cary, NC, USA).

RESULTS

POPS and observation success rates
We inserted the baby scope into the MPD in all 39 patients 

(Fig. 3). Protrusions in the MPD were observed using POPS 
in 36 patients (93%), and the observation was unsuccessful in 
3 patients. �e reasons for failure of the procedure were strong 
bending of the MPD in one patient and BD-IPMNs in two 
patients. �ese two patients were not included in the determi-
nation of prognosis. In one patient, the baby scope could not 
pass through the pancreatic neck because of the strong bend-
ing of the MPD at the transitional part of the pancreatic head, 
whereas branch-type IPMNs were observed in two patients. 
No lesions were observed in the MPD. From April 2004, the 
other 36 patients were observed with IEE using NBI. Post-ER-
CP pancreatitis was not observed in the present study.

Endoscopic �ndings 
�e examination revealed 7 cases of the Is morphology, 10 

cases of the Isp morphology, 10 cases of the Vil morphology, 
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Fig. 1. Peroral pancreatoscopy images of intraductal papillary mucinous neoplasms. (A, B) White-light imaging and narrow-band imaging of a sessile morpholgy.  
(C, D) White-light imaging and narrow-band imaging of a semipedunculated morphology.

Fig. 2. Peroral pancreatoscopy images of intraductal papillary mucinous neoplasms. (A, B) White-light imaging and narrow-band imaging of a villous morphology.  
(C, D) White-light imaging and narrow-band imaging of a vegetative morphology.
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and 9 cases of the Veg morphology (Table 1). Cytology was 
performed in 33 cases, and biopsy was performed in 8 cases; 
both cytology and biopsy were performed in 7 cases.

Cytologic diagnosis
On the basis of the cytologic findings, the Is morphology 

was class I in one case, class II in one case, class IIIa in three 
cases, and class 0 (no tissue) in two cases. 

The Isp morphology was class I in none of the cases, class II 
in one case, class IIIa in four cases, class IIIb in two cases, class 
IV in one case, and class 0 (no tissue) in two cases. The Vil 
morphology was class II in one case, class IIIa in three cases, 
class IIIb in four cases, and class V in two cases. The Veg mor-
phology was class IIIa in five cases, class IIIb in one case, class 
IV in one case, and class V in two cases.

Biopsy findings
One patient with the Isp morphology was diagnosed with 

hyperplasia; three patients with the Vil morphology were 
diagnosed with adenocarcinoma; one patient with the Vil 
morphology was diagnosed with mild atypia; and one and two 
patients with the Veg morphology were diagnosed with low-
grade adenoma and carcinoma, respectively.

Accuracy of POPS and pathologic findings
Cytology/biopsy had a diagnostic sensitivity of 85% and 

specificity of 87.5%. The positive and negative predictive val-
ues were 89.5% and 82.4%, respectively. Of the 19 patients who 
underwent surgery, 18 (95%) patients had negative margins 
and 1 (5%) patient had a positive margin.

Endoscopic morphology and clinical course
All seven patients with the Is morphology were followed 

up (mean observation period, 81 months). The pathology 
of six patients remained unchanged. In one patient, the cyst 
increased in size and POPS reexamination showed a change 
to the Vil morphology. The cancer worsened, and the patient 
died after refusing surgical intervention (at 113 months) (Fig. 
4).

Of the 10 patients with the Isp morphology, 7 patients were 
followed up and all of them survived (mean observation pe-
riod, 107 months). Of them, two patients had severe atypia. 
One patient had multiple lesions consisting of mild atypia in 
the head of the pancreas and invasive adenocarcinoma in the 
body and tail of the pancreas. The remaining patient had gas-
tric cancer and IPMN (moderate atypia) simultaneously and 
underwent gastropancreatoduodenectomy (Fig. 5).

Failue (n=3)

Sessile (Is)
(n=7)

Villous (Vil)
(n=10)

Vegetative (Veg)
(n=9)

Semipeduncluated (Isp) 
(n=10)

MPD strong bending (n=1)
Branched type (n=2)

IPMN
(n=39)

Success
(n=36)

Fig. 3. Study flowchart. IPMN, intraductal papillary mucinous neoplasm; MPD, main pancreatic duct; POPS, peroral pancreatoscopy

Table 1. Endoscopic Classification of Protrusions

Is (n=7) Isp (n=10) Vil (n=10) Veg (n=9)

Sex: M/F 3/4 10/0 6/4 6/3

Average age (years) 74.2 65.8 67.9 70.7

Surgery +/− 0/7 6/4 6/4 7/2

Pathologic diagnosis after surgery NA Adenocarcinoma: 3, atypia: 3 Adenocarcinoma: 5, atypia: 1 Adenocarcinoma: 7

F, female; Is, sessile morphology; Isp, semipedunculated morphology; M, male; NA, not applicable; Veg, vegetative morphology; Vil, vil-
lous morphology.
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Among the 10 patients with the Isp morphology, 6 under-
went surgery (3 patients with cancer and 3 patients with be-
nign lesions). The reasons for surgery were cytologic diagnosis 
of class IIIb in three patients, diagnosis of class IVb in one pa-
tient, simultaneous resection of gastric cancer in one patient, 
and repetitive pancreatitis in one patient (Fig. 5).

During the follow-up, three deaths occurred. One death was 
due to cancer (at 45 months), and two deaths were due to oth-
er diseases (at 41 and 84 months) (Fig. 5).

Among the 10 patients with the Vil morphology, 6 patients 
underwent surgery. Of these six patients, two had invasive ad-
enocarcinoma, one had microinvasion, two had noninvasive 
adenocarcinoma, and one had severe atypia. After the surgery, 
four patients were alive and two patients died (one patient 
with cancer and one patient without cancer). The four patients 
who did not undergo surgery were followed up without treat-
ment. Of them, one patient was alive and three patients died 
(two patients died of cancer and one patient died of respirato-
ry failure) (Fig. 6).

Surgery was performed in seven of the nine patients with 
the Veg morphology (seven patients with adenocarcinoma)

(Fig. 7). Of the seven patients who underwent surgery, six sur-
vived with an average observation period of 85 months, and 
one patient died after postoperative recurrence (at 53 months). 
The two patients who refused surgery showed an increased 
tendency for malignant transformation; however, there was no 
invasion to other organs, and they were still alive during the 
study period.

In the comparison between the Is +  Isp and Vil +  Veg 
groups, the Kaplan–Meier method showed a 50% survival 
period of 239 months in the Is +  Isp group and 133 months in 
the Vil +  Veg group, indicating that the overall survival of the 
Is +  Isp group was longer than that of the Vil +  Veg group; 
however, no significant difference was observed (p =0.1473) 
(Fig. 8). Long-term prognosis (excluding deaths from other ill-
nesses) was classified as benign or malignant according to the 
preoperative endoscopic diagnosis. The overall survival tended 
to be longer in the benign group than in the malignant group; 
however, no significant difference was observed (p =0.1114) 
(Fig. 9). Analyses with χ2 testing were not possible because of 
the small number of patients in this study.

Survival (n=6)  
81 M

Enlarge
Death (n=1)

Death with Ca 113 M

Sessile morpholgy (Is)
Follow-up (n=7)

Surgery (n=4)
219 M Surgery (n=2)Follow-up (n=3)

325 M Follow-up (n=1)

Survival (n=7)
107 M

Moderate atypia (n=1)
Severe atypia (n=2)

Invasive adenoca (n=1)

No change (n=2)
Refuse operation (n=1)

Class II (n=1)
Death without 

Carcinoma 
84 M

Invasive 
adenocarcinoma (n=1)

Death without Ca
41 M

Invasive 
adenocarcinoma (n=1)

Death with Ca
45 M

Death (n=3)
57 M

Semipeduncluated morpholgy (Isp)
(n=10)

Fig. 4. Prognosis of sessile morphology (Is): endoscopic morphology and clinical course. Ca, Adenocrcinoma. M, months.

Fig. 5. Prognosis of semipedunculated morphology (Isp). M, months.
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Fig. 6. Prognosis of villous morphology (Vil). M, months.

Fig. 8. Prognosis of sessile morphology (Is) + semipedunculated morphology 
(Isp) versus villous morphology (Vil) + vegetative morphology (Veg).

Fig. 9. Comparison of prognosis between the benign and malignant groups 
based on endoscopic diagnosis.
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Fig. 7. Prognosis of vegetative morphology (Veg). Ca, Adenocrcinoma; M, months. 
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DISCUSSION

In this single-center retrospective study, POPS was used 
to examine the endoscopic morphology and prognosis of 
IPMNs. The diagnostic sensitivity and specificity of cytology 
and biopsy were high in the Vil and Veg groups. With respect 
to prognosis based on preoperative endoscopic diagnosis, 
the benign group showed longer overall survival than the 
malignant group (p =0.1114). In the study by El Hajj et al.,30 
postoperative pancreatitis was observed in approximately 4% 
of the patients; however, in our study, none of the patients had 
postoperative pancreatitis or other complications.

MD-IPMNs are characterized by ductal dilatation and 
intraductal papillary growth that can become malignant in 
65–70% of the patients.31 Although initial diagnostic efforts 
rely on radiographic imaging and cystic fluid analysis, these 
modalities have limited sensitivity and they are often unable to 
differentiate benign from malignant lesions.1,32 

Patients with MD-IPMNs have a 5-year survival rate of 31–
54% after resection,32 which is a relatively good survival rate 
for pancreatic cancer, and surgery should be selected if ma-
lignant transformation is suspected. According to a follow-up 
observational report on nonresected BD-IPMNs, the frequen-
cy of progression to high-risk IPMNs was 0–0.3% during the 
follow-up period, and BD-IPMNs with no evidence of high-
risk features had a favorable course; however, the incidence 
of pancreatic cancer with IPMN was relatively high, and the 
5-year survival rate of patients with pancreatic cancer with 
IPMN was 2.2–8.8%.4,33-35

Previous reports have shown the benefits of POPS and NBI 
with POPS. In 2002, Hara et al.27,28 effectively diagnosed be-
nign and malignant lesions using a combination of POPS and 
intraductal ultrasonography (IDUS) for IPMNs and reported 
a large neoplastic lesion with a fish-egg-like appearance28 on 
endoscopy and a nodule ≥4 mm in size on IDUS, with an 
88% malignancy rate. The 3-year cumulative survival rate of 
IPMN resection cases was 95%; 1 of 40 cases had a positive 
surgical margin, and POPS was reported to be effective in de-
termining the resection line.36 In our department, when using 
POPS alone, large, elevated lesions were often malignant, with 
a sensitivity of 85%. The rate of accurate diagnosis was also 
high.

The prognosis of class I lesions is good, and follow-up is 
considered useful. Dye endoscopy is performed to detect small 
lesions in the digestive tract; however, POPS is not performed 
in the pancreatic duct, as it may cause acute pancreatitis. 
Therefore, it is difficult to diagnose flat lesions. However, the 
introduction of IEE with NBI enabled color and structural en-
hancement of the pancreatic duct and facilitated the detection 
of small, elevated lesions. Using NBI, it is possible to confirm 

the presence or absence of tumor vessels, which is considered 
to aid the diagnosis of benign and malignant lesions. It is im-
possible to insert a scope into the MPD in cases in which the 
MPD diameter is small; however, it is possible to distinguish 
benign and malignant lesions in cases of IPMNs in which the 
MPD diameter is large.

We examined the prognosis according to the morphologic 
classification obtained from the imaging diagnosis. In our 
study participants, Is cases had an increasing tendency, Isp 
cases were categorized as class IV or IIIb based on cytology, 
and Vil and Veg cases were malignant; hence, surgery was in-
dicated.

IPMNs are usually diagnosed using ultrasonography and 
magnetic resonance cholangiopancreatography. For the 
diagnosis of benign and malignant conditions, endoscopic 
ultrasonography (Fukuoka guidelines for the management of 
IPMNs)37 and IDUS28 are used to measure the pattern of cysts 
and the height of elevated lesions.38 Although these are effec-
tive for large protrusions, it may be challenging to visualize the 
border of flat lesions using IDUS or endoscopic ultrasonogra-
phy. 

In this study, cytology/biopsy performed at the time of 
POPS had sensitivity and specificity values of 85% and 87.5%, 
respectively. Furthermore, if a scope can be inserted into the 
target site for diagnosing malignancy requiring surgical re-
section, it is considered useful in determining the resection 
line before surgery. With respect to the ability of POPS to 
determine the resection line, the margin was negative and 
positive in 95% and 5% of the patients, respectively. Hence, it 
was considered effective in diagnosing small lesions and in de-
termining the surgical resection line, as also reported by Hara 
et al.28 When IPMNs were observed for a long time based on 
the endoscopic morphology of the tumor, the prognosis was 
considered poor in the case of large, elevated lesions. However, 
cases that were followed up without surgery were often be-
nign, and the long-term prognosis of such cases may be good.

This study had some limitations. As it was a single-center 
study, the number of cases was small. Moreover, this was a 
retrospective study; therefore, multicenter, prospective studies 
with long-term follow-up periods are required to validate our 
findings.

Endoscopic diagnosis of IPMNs was performed by combin-
ing videoscopy and NBI, resulting in a clear image that helped 
in diagnosing blood vessel patterns and small ridges of the 
mucous membrane. Similarly, it was possible to diagnose be-
nign and malignant IPMNs based on the type of protrusions. 
The ability to determine the surgical resection line was equally 
useful. Additionally, it was possible to estimate the long-term 
prognosis based on morphology. Strict follow-up was consid-
ered necessary in patients with small protrusions and tumor 
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blood vessels. Nevertheless, further studies with a long-term 
follow-up are needed in the future. 
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