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ABSTRACT 

Context There are few studies regarding the surveillance period and interval of resected or observed branch duct intraductal 

papillary mucinous neoplasms (IPMNs) of the pancreas in terms of early detection of concomitant pancreatic ductal 

adenocarcinoma. Despite a strict surveillance protocol, some patients are diagnosed with metastatic distinct ductal 

adenocarcinoma after resection of IPMN. Case report We herein report a patient with unresectable pancreatic ductal 

adenocarcinoma that developed in the remnant pancreas 18 months after resection of branch duct IPMN. Although the 

patient was surveyed every 6 months after the operation and imaging studies at 6 and 12 months postoperatively 

demonstrated no evidence of recurrence, invasive ductal adenocarcinoma with liver metastasis appeared 18 months after 

the operation. The patient subsequently underwent chemotherapy; however, he died 9 months after the diagnosis of 

metachronous pancreatic ductal adenocarcinoma. Conclusions In some patients with branch duct IPMNs, 6-month 

surveillance seems to be insufficient to detect resectable concomitant pancreatic ductal adenocarcinoma. Therefore, 

identification of high-risk patients who require surveillance at shorter intervals is urgently needed. 

 

INTRODUCTION 

Intraductal papillary mucinous neoplasms 

(IPMNs) of the pancreas, first described by Ohashi 

et al. in 1982 [1], are morphologically characterized 

as intraductal mucin-producing neoplasms with 

definitive malignant potential. Furthermore, 

according to recent surveillance studies of patients 

with branch duct IPMNs, they are expected to 

become a good predictor of early detection of 

distinct pancreatic ductal adenocarcinoma (PDAC) 

[2, 3, 4, 5]. However, some metachronous PDACs are 

found to be unresectable in long-term follow-up 

after the initial pancreatectomy for branch duct 

IPMNs. We previously reported two patients with 

unresectable PDAC that developed in the remnant 

pancreas 7 and 14 years after distal pancreatectomy 

for branch duct IPMNs with high-grade dysplasia of 

gastric subtype features [6]. In these two patients, 

unresectable PDAC with hepatic metastases 

developed 8 and 13 months after previously normal 

imaging studies [6]. Several recent reports of the 

development of distinct PDAC in patients with 

branch duct IPMN suggest that surveillance using 

computed tomography (CT) or magnetic resonance 

cholangiopancreatography (MRCP) at 6-month 

intervals might be suitable based on the 0.7% to 

1.1% yearly risk of PDAC development [2, 3, 4, 5, 7, 

8, 9]. Thus, annual examination seems to be 

insufficient to detect concomitant PDACs in 

resectable situations. For this reason, we have been 

checking all patients by alternate CT and magnetic 

resonance imaging (MRI) using a 6-month protocol, 

even during long-term follow-up after resection of 

IPMNs [6]. 
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However, despite such a frequent and strict 

surveillance protocol, we recently experienced a 

patient with unresectable PDAC in the remnant 

pancreas diagnosed during surveillance after 

resection of branch duct IPMN every 6 months. We 

herein present the patient’s clinical course and 

emphasize the importance of frequent investigation 

of patients with IPMN, especially patients with 

branch duct IPMNs at high risk for distinct PDAC. 

CASE REPORT 

A 55-year-old Japanese male patient was 

admitted to our hospital for detailed examination of 

cystic lesions in the pancreas. He had neither a past 

history of diabetes mellitus nor a family history of 

malignancy, including PDAC. Physical examination 

showed no abnormalities. Laboratory examination 

revealed slight elevation of the serum carcino-

embryonic antigen (CEA) level (4.3 ng/mL; 

reference range: 0-2.5 ng/mL at our institution), 

while the carbohydrate antigen (CA) 19-9 level (0.6 

IU/mL) was within normal limits (reference range: 

0-37 IU/mL). Enhanced CT and MRCP demonstrated 

multilocular cystic lesions in the pancreas head (25 

mm in diameter) and body (16 mm in diameter) 

(Figure 1). Endoscopic ultrasonography (EUS) 

showed multiple branch duct IPMNs without 

findings suspicious for a mural nodule. Endoscopic 

retrograde pancreatography (ERP) showed a 

dilated duodenal papilla orifice caused by mucus 

hypersecretion and revealed that the cystic lesions 

in the pancreas head and body communicated with 

the main pancreatic duct; however, no irregularity 

of the main pancreatic duct itself was noted (Figure 

2a). Subsequent peroral pancreatoscopy showed a 

fish egg-like appearance at the orifice of the dilated 

branch duct in the pancreas head, and pancreatic 

juice cytology revealed class V, highly suggestive of 

adenocarcinoma (Figure 2b). 

The patient underwent pancreaticoduodenectomy 

based on the preoperative diagnosis of a malignant 

branch duct IPMN of the pancreas head. 

Intraoperative frozen section histology of the 

pancreatic cut margin and intraoperative irrigation 

cytology of the pancreatic duct in the remnant 

pancreas [10] were both negative for neoplastic 

cells. The IPMN in the pancreas body was left 

without resection in the remnant pancreas. 

Histological examination of the resected IPMN 

specimen showed high-grade dysplasia of 

pancreatobiliary subtype in a gastric subtype back-

ground (Figure 3). In addition, molecular analysis 

revealed no GNAS gene mutation at codon 201 in 

the resected neoplasm. 

Thereafter, the patient was surveyed using 

alternate CT and MRCP at 6-month intervals to 

check for possible occurrence of distinct PDAC and 

morphological changes of the residual IPMN in the 

remnant pancreas according to our postoperative 

surveillance protocol after resection of IPMN [6]. 

Postoperative imaging studies, such as CT at 6 

months and MRCP at 12 months postoperatively, 

showed no morphological changes of the residual 

branch duct IPMN and no evidence of a new lesion 

Figure 1. Preoperative enhanced computed tomography (CT) 

and magnetic resonance cholangiopancreatography (MRCP). a.

Enhanced CT shows a 20-mm diameter multilocular cystic lesion 

in the head of the pancreas (arrow). b. MRCP also shows a 

multilocular cystic lesion in the head of the pancreas 

(arrowhead) and a unilocular cystic lesion in the body (arrow), 

indicating multiple branch duct IPMNs. 

Figure 2. Preoperative endoscopic retrograde pancreatography 

(ERP) and peroral pancreatoscopy. a. ERP shows cystic lesions in 

the pancreas head (arrowhead) and body (arrow), both of which 

communicate with the main pancreatic duct. The main pancreatic 

duct in the pancreas head is slightly dilated. b. Peroral 

pancreatoscopy reveals a fish egg-like appearance at the orifice

of the dilated branch duct in the pancreas head. 
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in the remnant pancreas (Figure 4ab). Notably, 

although the serum CEA level decreased to 2.4 

ng/mL immediately after the operation, it increased 

to 4.4 ng/mL 12 months after the operation. At 18 

months after the operation (i.e., 6 months after the 

latest MRCP), the serum CEA and CA 19-9 levels 

increased to 6.5 ng/mL and 55.4 IU/mL, 

respectively; the hemoglobin A1c level also 

increased to 7.0% (reference range: 4.3-5.8%). 

Enhanced CT 18 months after the operation showed 

a 20-mm diameter solid mass with delayed 

enhancement in the remnant pancreas (Figure 4c). 

EUS-guided fine needle aspiration cytology revealed 

adenocarcinoma. In addition, MRI and positron 

emission tomography revealed a solitary liver 

metastasis in the right hepatic lobe (Figure 4de). 

The patient was diagnosed with PDAC with liver 

metastasis and subsequently underwent chemo-

therapy using gemcitabine; however, he died 9 

months after the diagnosis of PDAC. 

DISCUSSION 

Since the publication of the international 

consensus guidelines for the management of IPMN 

of the pancreas in 2006 and their revision in 2012, 

IPMNs have been widely recognized [11, 12]. In 

addition, their biological behaviors and the possible 

coexistence of concomitant PDACs have been 

gradually clarified in recent reports [2, 3, 4, 5]. 

Tanno et al. reported that concomitant PDAC was 

found in 5.4% (9/168) of patients with branch duct 

IPMN [8]. We also reported that concomitant PDAC 

was detected synchronously or metachronously in 

9.3% (22/236) of patients with IPMN treated by 

surgical resection [2], and that about 80% of the 

patients with concomitant PDAC underwent 

curative resection [6]. Therefore, IPMN has been 

recognized as a potential clue to early detection of 

PDAC. However, there are few studies describing 

effective surveillance protocols in terms of duration, 

interval, and diagnostic modalities for resected or 

observed branch duct IPMN for early detection of 

concomitant PDAC. 

IPMNs are considered to represent a pancreatic 

“field defect” theory, and all pancreatic ductal 

epithelial cells are at risk of dysplastic change. This 

must be true because many patients have multifocal 

branch duct IPMNs. Izawa et al. [13] reported a 

hypothesis of a field cancerization effect in patients 

with IPMN using molecular analysis, which allowed 

for the identification of frequent, multiple, and 

distinct K-ras gene mutations in different areas of 

ductal hyperplasia within the same pancreas. On the 

other hand, pathological examinations of resected 

IPMNs revealed extensive pancreatic intraepithelial 

neoplastic lesions (PanIN), which are recognized as 

possible precursors of PDACs, in the whole 

pancreatic ductal system [14, 15]. This finding 

suggests that all patients who undergo partial 

pancreatectomy for IPMNs may have a risk of 

developing distinct PDAC in the remnant pancreas 

despite a negative surgical margin at the time of the 

operation. 

We previously demonstrated that careful 

inspection of the entire pancreatic gland is 

necessary for early detection of PDACs in patients 

with branch duct IPMNs [3], especially when 

deterioration of diabetes mellitus or abnormal 

serum CA 19-9 levels have manifested [2]. In fact, 

the serum CA 19-9 level in our patient had 

increased to 55.4 IU/mL and deterioration of 

diabetes mellitus had already been observed before 

the diagnosis of unresectable PDAC. It might be 

necessary to add ERP and/or EUS to our current 

surveillance protocol using alternate CT and MRI 

Figure 3. Pathological findings of the resected specimen. a. b.

Microscopic finding of the resected specimen demonstrates high-

grade dysplasia of IPMN of the pancreatobiliary subtype (a. H&E 

x40; b. H&E x200). c. Most of the neoplastic lesions comprise 

low-grade dysplasia of IPMN with the gastric subtype (H&E 

x100). 

Figure 4. Postoperative imaging studies. a. Enhanced CT 6 

months after the operation shows no evidence of recurrence. b.

MRCP 12 months after the operation also shows no 

morphological changes of the residual branch duct IPMN (white 

arrow) and no evidence of a new lesion in the remnant pancreas. 

c. Enhanced CT 18 months after the operation shows a solid mass 

with delayed enhancement in the remnant pancreas (white 

circle). d. Enhanced MRI reveals a ring-enhanced solid mass in 

the right lobe of the liver, indicating a liver metastasis 

(arrowhead). e. Positron emission tomography also reveals a 

solitary liver metastasis in the right lobe of the liver. 
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every 6 months for such high-risk patients, because 

ERP and EUS can often detect early-stage PDACs 

that cannot be diagnosed by CT or MRI [16]. 

Alternatively or additionally, shortening the 

surveillance interval to every 3 to 4 months in such 

high-risk patients may be necessary. A prospective 

setting is necessary to determine the most effective 

surveillance protocol for early detection of a PDAC 

in high-risk patients with branch duct IPMNs. 

We recently showed that IPMN with distinct 

PDAC is frequently of the branch duct type, gastric 

subtype, and GNAS gene wild type [17]. The present 

patient had the pancreatobiliary subtype of IPMN in 

a gastric type background and GNAS gene wild type, 

as did the other two patients with unresectable 

metachronous PDACs described in the introduction 

section of the present paper. Therefore, patients 

with gastric subtype and GNAS gene wild type 

branch duct IPMNs might also be candidates for 

frequent and intense imaging investigations in 

addition to patients with such clinical signs as 

elevation of the CA 19-9 level and deterioration of 

glucose tolerance or diabetes. 

In conclusion, in some patients with branch duct 

IPMNs, every-6-month surveillance seems to be 

insufficient to detect resectable concomitant PDACs; 

thus, identification of high-risk patients who require 

intense surveillance using shorter intervals or 

ERP/EUS is urgently necessary. 
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