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Intraductal papillary mucinous neoplasm 
(IPMN)

• Grossly visible (typically >5 mm) intraductal epithelial neoplasm of 

mucin producing cells arising in main pancreatic duct and/or its 

branches WHO 2010: typically >1 cm in diameter
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• Lesions in 0.5 to 1 cm size with long finger-like papillae, intestinal-type 

mucin or GNAS mutations 

Incipient IPMN

PanIN

<0.5 cm

IPMN

>1 cm

0.5-1 cm

Incipient IPMN

Basturk O and Hong SM et al. Am J Surg Pathol 2015
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Incipient IPMN lined with intestinal-type papillae

Basturk O and Hong SM et al. Am J Surg Pathol 2015
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2019 WHO classification of IPMN

2010 (Previous) 2019 (Current)

IPMN,

low-grade dysplasia

IPMN, 

low-grade
IPMN, 

intermediate-grade 

dysplasia

IPMN, 

high-grade dysplasia

IPMN, 

high-grade

IPMN with an associated invasive 

carcinoma

Low-grade dysplasia Intermediate-grade dysplasia

High-grade dysplasia

IPMN, low-grade

IPMN, high-grade
Basturk O and Hong SM et al. Am J Surg Pathol 2015
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Gastric Intestinal Pancreatobiliary

Histologic subtypes of IPMN in WHO 2019

Oncocytic

New Entity in WHO 2019
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Grade Histologic subtype Localization

2010 (Previous)
2019 

(Current)
2010 (Previous) 2019 (Current) 2010 (Previous) 2019 (Current)

IPMN,

low-grade dysplasia
IPMN, 

low-grade

Gastric Gastric

Branch duct Branch duct

IPMN, intermediate-

grade dysplasia
Intestinal Intestinal

IPMN, 

high-grade 

dysplasia

IPMN, 

high-grade
Pancreatobiliary Pancreatobiliary Main duct Main duct

Oncocytic Separate entity Combined Combined

2019 WHO classification of IPMN
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Concomitant Vs. Associated invasive carcinoma

• IPMN with associated invasive carcinoma : carcinoma arise in area of IPMN

• IPMN with concomitant invasive carcinoma : carcinoma is not continuous with IPMN

• Sampling of intervening tissue between IPMN and carcinoma to assess concomitant 
versus associated status

Concomitant invasive carcinoma
Genetically distinct from an IPMN

Associated invasive carcinoma 
Genetically similar to IPMN

Basturk O and Hong SM et al. Am J Surg Pathol 2015

Adsay NV et al. Ann Surg 2016
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Multifocal IPMN

• A subset of IPMNs are multifocal

• Either synchronously or metachronously detected

• Reported prevalence: 20% (range, 0% ~ 83%)

• Different methodologies used for assessing multifocality

• Synchronous multifocal IPMNs: relying solely on imaging criteria

Matthaei H et al. Ann Surg 2012 
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Various prevalence of multifocal IPMN

Matthaei H et al. Ann Surg 2012 11

Possible reasons 
of various prevalence of multifocal IPMNs

• Different techniques used in different studies

• Failure to histological documents multifocality

• Histopathologic examination of BD-IPMNs detected more multifocal IPMNs than 
reported preoperative radiologic examination (26% vs 15%)

• Grape-like localized BD-IPMN mimic multifocal IPMN

• Challenging distinction between large PanIN and small IPMN

Matthaei H et al. Ann Surg 2012 12
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Hypothesis of multifocal IPMN

• Clonally related neoplasms arising from a single or few progenitor cells that 
exhibit shared genetic alterations

- Haphazard intraductal growth of a single neoplasm could mimic true multifocality

• Familial setting:  entire ductal epithelium having an increased risk of developing 
a neoplasm

- Common germline inactivating mutation with a “second hit” on the remaining 
allele within each independent lesion

• Entirely unrelated independent genetic events in anatomically distinct areas of 
the pancreas.

Matthaei H et al. Ann Surg 2012 
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The seed and soil hypothesis 
in multifocal and recurrent tumors

Dotto PG. J Clin Inv 2014 

Bad soil hypothesis

Bad seed hypothesis
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Clonality assessment

• Clonally related: shared molecular alterations at all informative 
microsatellite loci and in KRAS gene

• Clonally distinct:

- 2 cysts had completely discordant KRAS gene mutation or LOH patterns

- The cysts shared some, but not all, molecular alterations (2 cysts harbored 
the same KRAS mutant clone, whereas only one of the two demonstrated a 
2nd distinct pattern of LOH)

• Clonally indeterminate: either retention of heterozygosity or 
noninformative alleles at microsatellite loci, or harbored wild-type KRAS
alleles

Matthaei H et al. Ann Surg 2012 

Branch duct
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Median interval: 20 months

Matthaei H et al. Ann Surg 2012 

Branch duct
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Multifocal IPMN
KRAS Pyrosequencing

Loss of Heterozygosity Analysis: 4 loci (D6S1040, D6S1009, D17S974, D17S1298)

Matthaei H et al. Ann Surg 2012 

Branch duct
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Clonally related

(23%)

Clonal heterogeneity

(69%)

Matthaei H et al. Ann Surg 2012 

Branch duct

18
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Multifocal IPMN

• Low grade dysplasia

• Gastric subtype

• Clonal heterogeneity and distinct molecular alterations 

• Independent lesions

Matthaei H et al. Ann Surg 2012 

Branch duct

19
Pea A et al. Ann Surg  2016

Metachronous

Targeted-NGS from 13 IPMN and PDAC patients who developed 

disease progression in remnant pancreas following resection of IPMN
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Clinicopathologic characteristics of 260 patients who underwent resection of noninvasive IPMNs

Pea A et al. Ann Surg  2016
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Risk factors of development of high-grade IPMN  or 

invasive carcinoma in remnant pancreas

Patients with a primary IPMN with HGD or with positive family history are at an 

increased risk to develop subsequent high-risk neoplasms in the remnant pancreas

Pea A et al. Ann Surg  2016
22

Residual IPMN 

at margin

Two independent 

lPMNs

Genetically distinct

Preoperative IPMN 

spreading

Genetically related

Mechanisms of local progression

after resection of IPMNs 

Pea A et al. Ann Surg  2016

Metachronous

23
Date K et al. Ann Surg  2017

Scattered plots and heat map comparing different samples

Whole genome microarray from 2 patients with metachronous MD-IPMNs 

Pt1T1

Pt1T2

Pt1T1

Pt2T1

Pt1N1

Pt1N2

Pt1T1

Pt1N1

MetachronousMain duct type
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Date K et al. Ann Surg  2017

GNAS/KRAS mutational status and immunohistochemistry 
from 28 distinct IPMNs from 12 patients

Main duct type
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• Incidence: 8~12% in non-invasive IPMN

• Recurrence of primary tumors or independent tumors associated 
with polyclonal tumor initiation?

- Polyclonal tumors 

- Monoclonal skip progression in a subset of main duct type tumors

• Issues of management of metachronous IPMNs

- Feasibility of total pancreatectomy

- Significance of surgical margin

- Requirement of surveillance after surgical resection

Metachronous IPMN

Nagai K et al. Mod Pathol 2020

Izawa T et al. Cancer 2001

Matthaei H et al. Ann Surg 2012 

Tamura K et al. Ann Surg 2014

Tamura K et al. Surgery 2015
Date K et al. Ann Surg 2017 

Main duct type
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Nagai K et al. Mod Pathol 2020

Main duct type
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Nagai K et al. Mod Pathol 2020

Mean: 2.4 months 

Main duct type
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Nagai K et al. Mod Pathol 2020
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• Median follow-up period: 52 months

• Metachronous tumors developed in 9 patients (12%)

• Risk factors for metachronous tumor development

- Location: body/tail

- Pancreatobiliary subtype 

• Eight cases shared molecular aberrations between their primary and 
metachronous tumors

• Suggesting migrations from the primary tumor to the pancreatic duct as the cause 
of metachronous tumor development

• Post-resection metachronous tumors develop by skip dissemination of the 
primary tumor, potentially via the pancreatic duct

Multifocal IPMN

Nagai K et al. Mod Pathol 2020

Main duct type

30
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Significance of surgical margin evaluation

• Since metachronous tumors develop by skip dissemination of the primary tumor, evaluation of 

resection margin can not be predicted residual tumor

• Possible scenario of resection margin evaluation

- Presence of carcinomas: more resection

- Presence of high grade IPMN: may be more resection

- Absence of IPMN: No guarantee of tumor free

31

• Careful clinical follow-up after the resection is warranted regardless of 
recurrence or growth of separate lesion 

Requirement of surveillance 
after surgical resection
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• Synchronous

• Branch duct type

• Low grade dysplasia

• Gastric subtype

• Clonal heterogeneity and distinct 
molecular alterations 

• Independent lesions

• Metachronous

• Main duct type

• Location: body/tail

• High grade dysplasia

• Pancreatobiliary subtype 

• Skip dissemination of the primary 
tumor, potentially via the pancreatic 
duct

Summary of multifocal IPMN
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Thank you for attention!
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