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Abstract
Metachronous development of intraductal papillary mucinous neoplasms in the remnant pancreas following resection is a
significant clinical burden. Our aim was to characterize the clinicopathological and molecular features of the patients with
metachronous tumor development to identify predictive factors and the possible route(s) of dissemination. Seventy-four
patients who underwent resection of intraductal papillary mucinous neoplasms with no invasive compartment or associated
carcinoma were retrospectively analyzed. In patients with metachronous tumor development, targeted sequencing of 18 genes
associated with pancreatic tumorigenesis and immunohistochemical detection of four proteins (p53, SMAD4, p16, and β-
catenin) were performed on both primary and metachronous tumors. The distributions of microscopic neoplastic lesions were
examined at surgical margins and in apparently normal tissue apart from the primary tumor. During the median follow-up
period of 52 months, 9 patients (12%) developed metachronous tumors in the remnant pancreas. Primary tumors located in the
body/tail of the pancreas (odds ratio, 15; 95% confidence interval, 1.6–131) and of the pancreatobiliary type (odds ratio, 6.1;
95% confidence interval, 1.1–35.7) were identified as significant risk factors for subsequent metachronous tumor development.
Eight of the nine patients 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. Our data suggest that these
post-resection metachronous tumors develop by skip dissemination of the primary tumor, potentially via the pancreatic duct.
The development of strategies to better predict and prevent this form of tumor progression is necessary.

Introduction

Intraductal papillary mucinous neoplasms of the pancreas
are a spectrum of neoplasms with varying grades of
dysplasia and epithelial types [1, 2]. The incidence of

metachronous tumors within the remnant pancreas is
8–21% in noninvasive intraductal papillary mucinous neo-
plasms [3], indicating a survival benefit (even in intraductal
papillary mucinous neoplasm-associated pancreatic cancer)
for microinvasive disease relative to classic pancreatic
ductal adenocarcinoma [4]. To obtain better prognoses, it is
crucial to manage metachronous tumor development in the
context of multiple clinical issues: the feasibility of total
pancreatectomy [3], the significance of the surgical margin
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[5, 6], and the requirement for surveillance after surgical
intervention [7–9]. Thus, it is essential to know whether
metachronous tumors are recurrences of the primary tumors
or independent tumors associated with polyclonal tumor
initiation. Several reports have shown that intraductal
papillary mucinous neoplasms are polyclonal [10, 11] and
others have demonstrated monoclonal skip progression in a
subset of main-duct type tumors [12–14].

Within intraductal papillary mucinous neoplasms, the
specific tumor types giving rise to disseminated cancerous
cells, the possible routes of dissemination, and the mechan-
isms of cell seeding have not been fully investigated [15–17].
Thus, the fundamental question is how a subset of neoplastic
cells releases from the primary tumor and migrates to a
distant area within the organ or a specific metastatic site
where the selected clones are able to regrow [18–21]. The
temporal and environmental factors required for such cells to
reform clinically visible tumors have not been elucidated in
humans [22, 23]. Detailed clinicopathological and molecular
analyses are therefore crucial to adequately address these
issues. Our goal was to characterize the clinicopathological
features and the clonal relatedness of metachronous tumors
that arise following resection of primary lesions. Moreover,
we traced related tumor cells in the surgical margins and
histologically normal regions of pancreas in the resected
specimens using targeted resequencing of genes associated
with the pancreatic cancer [24, 25].

Methods

Patients

This study was approved by the Institutional Review Board
of Teine-Keijinkai Hospital (#RIN2018-030). Written
informed consent was obtained from the patients prior to
enrollment for genetic analysis. Data from 122 patients who
underwent surgical resection for intraductal papillary
mucinous neoplasms between 2004 and 2016 at Teine-
Keijinkai Hospital, diagnosed with “high-risk stigmata” or
“worrisome features,” were retrospectively analyzed [26].
Patients with familial pancreatic cancer were not included in
the study. Patients who underwent total pancreatectomies
(n= 4) and those with <12 months of follow-up after sur-
gical resection (n= 17) were excluded. Patients with con-
comitant pancreatic ductal adenocarcinoma, defined as a
tumor having no histological continuity with either intra-
ductal papillary mucinous neoplasm or an adjoining low-
grade component, were excluded [27, 28]. After these
exclusions, 74 patients, including those diagnosed with
intraductal papillary mucinous neoplasms with no invasive
compartment or associated carcinoma, remained and were
enrolled (Fig. 1, Supplementary Table 1).

Histological evaluation and molecular analysis

All histological sections were examined by three pathologists
(YO, TS, and TF) who identified types of epithelia (gastric,
pancreaticobiliary, intestinal, or oncocytic) and grade of
dysplasia (low- or high-grade) of tumor samples; this
scoring was performed for patients with and without meta-
chronous pancreatic tumors as described previously [27, 28].
Primary tumors, metachronous tumors, and microscopic
neoplastic lesions in apparently normal pancreas, including
at surgical margins, presumably containing either pancreatic
intraepithelial neoplasias or incipient intraductal papillary
mucinous neoplasms, were mapped on the resected speci-
mens. Distances between lesions and distribution patterns of
the associated neoplastic foci were assessed (i.e., canceriza-
tion of the duct versus discontinuous skip dissemination).

Immunohistochemistry for p53, SMAD4, p16, and β-
catenin was performed on primary and metachronous tumors
using specific antibodies (details in Supplementary Meth-
ods) [24]. Tumor mutation profiles were determined via
targeted amplicon sequencing of 18 pancreatic cancer-
associated genes: KRAS, TP53, SMAD4, CDKN2A, GNAS,
RNF43, PIK3CA, STK11, BRAF, TGFBR1, TGFBR2,

Fig. 1 Patient selection flow diagram. Seventy-four patients were eligible
for the study after exclusion of patients who had concomitant pancreatic
ductal adenocarcinoma (n= 27), who had undergone a total pancrea-
tectomy (n= 4), or had less than 12 months of follow-up after surgery
(n= 17). During the follow-up period, recurrence was found in 14 of 74
patients, with recurrent lesions emerging in the remnant pancreas in nine
(eight intraductal papillary mucinous neoplasms and one pancreatic
ductal adenocarcinoma); the others showed recurrence at other sites

972 K. Nagai et al.



MAP2K4, ARID1A, KDM6A, SF3B1, RBM10, IDH1, and
CTNNB1, using the Ion PGM System (Supplementary
Methods) [24]. For patients in whom the distance
between primary and metachronous tumor was more than
30 mm, microscopic neoplastic lesions in the intermediate
sections also were microdissected and subjected to sequen-
cing. Pancreatic sections on the surgical margin were ana-
lyzed for mutations in KRAS (codons 12 and 13) and GNAS
(codon 201) using digital PCR (Supplementary Methods).

Statistical analyses

Odds ratios and 95% confidence intervals were calculated
using a logistic regression model for risk factors associated
with the development of intraductal papillary mucinous
neoplasms with high-grade dysplasia or invasive carcino-
mas in the remnant pancreas. Statistical and bioinformatics
analyses were performed using R (version 3.3.2; The R
Foundation). Results with a two-sided P value < 0.05 were
considered to be statistically significant.

Results

Patient characteristics

Histological grading of the 74 intraductal papillary muci-
nous neoplasms revealed 18 with low-grade dysplasia
(24%), 38 with high-grade dysplasia (51%), and 18 intra-
ductal papillary mucinous neoplasm-associated carcinomas
(24%). Epithelial type scoring was intestinal in 32 patients
(43%), gastric in 27 (39%), pancreaticobiliary in 12 (17%),
and oncocytic in 3 (4%).

During the median follow-up period of 52 (range 13–154)
months, 14 of the 74 patients (19%) developed metachronous
lesions, and 9 (12%) developed tumors within the remnant
pancreas, of which 8 (11%) were resected by remnant pan-
createctomies and one was treated with chemotherapy
after histological diagnosis via the main pancreatic duct, due to
the patient’s poor condition (Supplementary Table 1). Histolo-
gical analyses of these nine lesions in the remnant pancreas
confirmed the presence of eight intraductal papillary mucinous
neoplasms (three high-grade dysplasia and five associated car-
cinomas) and one concomitant pancreatic ductal adenocarci-
noma. The remaining five patients had extrapancreatic tumors:
two had peritoneal dissemination, two had metastases to the
superior mesenteric plexus, and one had liver metastases.

Effects of tumor location, grade, and epithelial
subtype on outcome

We then analyzed risk factors associated with the devel-
opment of metachronous lesions with high-grade dysplasia

or invasive carcinoma (both intraductal papillary mucinous
neoplasm-associated carcinoma and classic pancreatic duc-
tal adenocarcinoma) in the remnant pancreas (Table 1).
Univariate analysis revealed that the primary tumor identi-
fied in the pancreatic body or tail (P= 0.011) or of the
pancreaticobiliary type (P= 0.013) were significantly
associated with metachronous neoplasms in the remnant
pancreas. Multivariate analysis confirmed that primary
lesions located in the pancreas body or tail (Odds ratios:
14.6; 95% confidence intervals: 1.6–131; P= 0.017) or of
the pancreaticobiliary type (Odds ratios: 6.1; 95% con-
fidence intervals: 1.05–35.7; P= 0.044) were significantly
associated with metachronous development.

Of the nine patients who developed metachronous
tumors in the remnant pancreas, seven tumors were diag-
nosed within 3 years of resection. Table 2 shows histolo-
gical information for primary and metachronous tumors for
these nine patients. Eight patients presented with high-grade
dysplasia (n= 5) or intraductal papillary mucinous
neoplasm-associated invasive carcinoma (n= 3) in their
primary lesions. In two of the three patients presenting with
invasive compartments associated with the primary lesion,
the depth of the invasion was <2 mm, and lymphovascular
invasion was not evident in all three. In addition, two
patients exhibited concordant grading of their tumors,
whereas the remaining six were discordant, with high-grade
dysplasia in the primary but invasive lesions in the sec-
ondary tumors in four patients, and vice versa in two
patients.

Two (patients 2 and 8) of the three identified invasive
primary lesions recurred as intraductal tumors. One patient
with low-grade dysplasia in the primary lesion developed an
invasive compartment in the secondary lesion. However, all
resected metachronous invasive carcinomas were deter-
mined to be node-negative except for those of patient 9, in
which concomitant pancreatic ductal adenocarcinoma with
regional lymph node metastasis was identified. Lastly, all
specimens were negative for high-grade dysplasia or inva-
sive carcinoma at the surgical margins of their primary
lesions; however, low-grade dysplasia was identified in two
patients, both continuous with the primary tumor (patients 3
and 5).

Molecular analyses of primary and metachronous
tumors

Our analysis consisted of three components: epithelial
typing, immunohistochemical analyses, and targeted
sequencing (Table 3, Supplementary Table 2). The types of
epithelia identified within primary tumors were gastric in
two patients, intestinal in three, and pancreaticobiliary in
four. The epithelial types identified were concordant with
their primary lesions in seven metachronous intraductal
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papillary mucinous neoplasm patients and discordant in
one patient, in whom the primary tumor was classified
as gastric and the secondary intestinal (patient 5). Immu-
nohistochemistry revealed that aberrant expression of
SMAD4 and p16 was shared between the primary and

metachronous lesions of five (63%) and three (38%) of the
eight metachronous patients, respectively. Nuclear accu-
mulation of β-catenin was observed in four primary tumors.
None of the lesions, neither primary nor metachronous,
expressed aberrant levels of p53.

Table 2 Clinical and pathological characteristics of metachronous recurrent IPMNs

Patient Primary IPMNs Recurrent lesions

Age/Sex Cyst
size (mm)

MPD
diameter (mm)

Operation Histology Depth of
invasion (mm)

LVI Resection
margin

Histology Time to second
operation (years)

1 81/M 20 10 DP HGD 0 – Negative INV 2.1

2 74/F 20 6 DP INV 2 Negative Negative HGD 1.9

3 74/M 60 3 DP HGD 0 – LGD HGD 2.5

4 73/M 30 8 Whipple INV 1 Negative Negative INV 1.3

5 65/F 12 9 DP LGD 0 – LGD INV 4.5

6 57/F 35 6 DP HGD 0 – Negative INV 2.8

7 54/F 60 7 DP HGD 0 – Negative INV 0.9

8 55/M 35 2 DP INV 8 Negative Negative HGD 2

9 66/M 26 6 MP HGD 0 – Negative Concomitant
PDAa

4.4

DP distal pancreatectomy, MP middle pancreatectomy, INV invasive carcinoma (IPMN-associated carcinoma), HGD high-grade dysplasia, LGD
low-grade dysplasia, PDA pancreatic ductal adenocarcinoma, LVI lymphovascular invasion
aPDA independently developed from the primary IPMN

Table 1 Univariate and multivariate analyses of risk factors for metachronous neoplasms in the remnant pancreas

Characteristic Univariate Multivariate

Metachronous IPMN/PDA
in remnant pancreas (n= 9)

No recurrence in
remnant pancreas
(n= 60)

OR 95% confidence
interval

p value OR 95% confidence
interval

p value

Age, median (quantile) 66 (57–74) 66 (59–71) 1.02 0.94–1.10 0.70

Men 5 (56%) 27 (45%) 0.66 0.16–2.68 0.56

Location of IPMN

Pancreas body to tail 8 (89%) 20 (33%) 16.00 1.87–137 0.01 14.6 1.62–131 0.02

MPD diameter ≥5 mm 7 (78%) 46 (77%) 1.07 0.20–5.72 0.94

Serum CA 19-9 level

Abnormal (≥37 U/mL) 1 (11%) 8 (13%) 0.86 0.09–7.93 0.89

Histology of the primary tumor

LGD 1 (11%) 17 (28%) 0.32 0.04–2.72 0.30

HGD 5 (56%) 32 (53%) 1.09 0.27–4.48 0.90

IPMN-associated
carcinoma

3 (33%) 11 (18%) 2.23 0.48–10.30 0.31

Epithelial types

Intestinal 3 (33%) 28 (47%) 0.57 0.13–2.50 0.46

Gastric 2 (22%) 23 (38%) 0.46 0.08–2.41 0.36

Pancreatobiliary 4 (44%) 6 (10%) 7.20 1.51–34.3 0.01 6.13 1.05–35.7 0.04

Positive surgical
margina

2 (22%) 10 (17%) 1.43 0.26–7.91 0.68

MPD main pancreatic duct, LGD low-grade dysplasia, HGD high-grade dysplasia, OR odds ratio
aDysplasia of any grade
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From our analysis of 18 pancreatic cancer-associated
genes, all metachronous lesions had the same mutations in
KRAS and GNAS present in the primary lesion (Table 3).
Variants of tumor suppressor genes such as CDKN2A,
SMAD4, and TP53, which are frequently mutated in classic
pancreatic cancer and intraductal papillary mucinous
neoplasm-associated invasive pancreatic cancers, were not
detected in any tumors [24]. However, traceable mutations
in STK11 (patients 2, 6, and 8), CTNNB1 (patients 4 and 7),
and RNF43 (patient 1) were identified in both primary and
metachronous lesions. Lastly, one metachronous pancreatic
ductal adenocarcinoma in the remnant pancreas was found to
harbor driver mutations completely distinct from those pre-
sent in the primary lesion (patient 9; Supplementary Fig. 2).

Of the four primary intraductal papillary mucinous neo-
plasms with nuclear accumulation of β-catenin, three carried
mutations in CTNNB1 or RNF43. However, only one
recurrent tumor had the CTNNB1 S37L mutation and sub-
sequent abnormal protein expression. CTNNB1 G34V, a
pathogenic variant found in the primary lesion, was not
found in the metachronous lesion, indicating that alterations
in CTNNB1 do not contribute to recurrence (patient 8;
Table 3, Supplementary Fig. 2). The metachronous pan-
creatic ductal adenocarcinoma of patient 9 stained positive
for nuclear p53, although the tumor was wild type for TP53
mutations.

States of surgical margins and normal-appearing
pancreases

In the six patients with metachronous intraductal papillary
mucinous neoplasm, no neoplastic lesions were identified at
the surgical margins, in the main pancreatic duct or branch
duct (Table 3). Neither KRAS nor GNAS mutations were
detected by digital PCR of the margins in these patients
(Supplementary Table 3). Of the two patients with a posi-
tive surgical margin at the time of resection of the primary
lesion, low-grade dysplasia at the main pancreatic duct in
one contained mutations identical to those of the primary
and metachronous lesions (patient 5). The other patient was
also characterized as having low-grade dysplasia at the main
pancreatic duct, in which an identical KRAS mutation was
captured by digital PCR assay in both primary and meta-
chronous tumors, with another low-grade dysplasia in the
branch duct having an additional GNAS mutation on the
surgical margin (patient 3; Fig. 2).

We further analyzed patients 6 and 7 to investigate
whether the longer distance (>30 mm) between the primary
and metachronous tumors in the normal-appearing pan-
creases was associated with the dissemination of tumor cells
from the primary tumor. Microscopic neoplastic lesions
were identified in the intermediate sections, and a shared
KRAS variant was identified in three of four small branch-

duct lesions found in patient 7, suggestive of skip dis-
semination (Fig. 3). In addition to the KRAS mutation, a
CTNNB1 S37L mutation was identified in the microscopic
lesions, further implicating distant seeding from the primary
tumor via the pancreatic ductal system. On the other hand,
in patient 6, identical KRAS mutations suggestive of such
seeding were not observed in the microdissected samples
(Supplementary Fig. 1).

Discussion

Previous studies hypothesized that floating carcinoma cells
may seed the pancreatic duct downstream of the flow of
pancreatic secretions, resulting in implantation of a sec-
ondary tumor [12–14]. Our study supports the hypothesis
that primary tumors located in the distal pancreas are more
likely to develop recurrent lesions in the remnant proximal/
head pancreas. Our findings indicated that even intraductal
papillary mucinous neoplasms with no invasive compart-
ment are capable of initiating implantation, resulting in
metachronous tumor formation. We performed detailed
pathological examinations using tissue sections prepared
from entire resections, which allowed us to identify small
invasive compartments (1–8 mm deep) in three patients;
however, no lymphovascular or perineural infiltrations fre-
quently associated with invasion were evident. Mutations
were not observed in any of the primary intraductal papil-
lary mucinous neoplasms in genes encoding the tumor
suppressors p16, SMAD4, and p53, which are characteristic
of KRAS-induced pancreatic cancer precursors and invasive
properties. Thus, the tumors observed in this study may
have had less-aggressive phenotypes [29, 30]. Alternatively,
mutations in STK11 and CTNNB1 were enriched in a small
portion of our cohort. This may be a unique genetic profile
that can promote migration through the pancreatic duct
system [31, 32].

We demonstrated that the most common histological type
of recurrent neoplasms was associated with intraductal
papillary mucinous neoplasms (high-grade dysplasia and
invasive carcinoma; 8/9, 89%) rather than concomitant pan-
creatic ductal adenocarcinoma, which harbored driver muta-
tions distinct from those of the corresponding primary
lesions. By genotyping each tumor compartment, Pea et al.
classified the development of metachronous neoplasms in
patients with intraductal papillary mucinous neoplasms into
three mechanisms: residual microscopic disease at the
resection margin, intraparenchymal spread of neoplastic cells,
and multifocal disease with genetically distinct lesions [33].
Accordingly, we demonstrated that five of the seven meta-
chronous intraductal papillary mucinous neoplasms in our
study had molecular profiles (e.g., mutation profiles of driver
and traceable genes) identical to those of primary tumors with
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negative surgical margins, strongly suggesting spreading by
seeding and skip dissemination.

Pathological examination of the resected specimens from
dysplastic lesions surrounding the primary neoplasms
indicated intraductal spread, with low-grade dysplasia
toward the surgical margin of the main pancreatic duct
observed in two patients. Genetic analysis of low-grade
dysplasia using digital PCR demonstrated identical KRAS
mutations to those present in the primary lesion. Skip dis-
semination was clearly evident in patient 7. Therefore,
movement of tumor cells in the pancreatic ductal system
appears to be a more frequent cause of metachronous tumor
development within the remnant pancreas than intraductal
continuous cancer extensions [34].

The metachronous tumor can more frequently merge
following resection of intraductal papillary mucinous

neoplasm primarily developed in the pancreatic body and
tail. The direction of dissemination of tumor cells through
the pancreatic duct is consistent with the physiological
secretory flow. However, studies by our group and others
have demonstrated metachronous tumor development
against the direction of secretion with identical driver
mutations in cases of pancreatic cancer [35, 36]. Therefore,
our observations of patient 4 in this study were not
surprising.

Aside from the specific location of the primary intra-
ductal papillary mucinous neoplasm being in the pancreas
body or tail, we determined that pancreaticobiliary subtype
was predictive for local recurrence. Similarly, another study
demonstrated that a broad spectrum of epithelial types is
found in intraductal papillary mucinous neoplasm syn-
chronous lesions and metachronous tumors following

Fig. 2 Clinicopathological course in a patient with low-grade dysplasia
in the surgical margin. Representative images and histology of primary
and metachronous tumors are shown for patient 3. Yellow ovals: mural
nodules in the dilated pancreatic ductal system. a A cystic mass with a
solid component (arrowhead) in the pancreatic tail was resected and
the main component of the intraductal papillary mucinous neoplasm
was scored as high-grade dysplasia of the pancreatobiliary type (blue
line). Microscopically, low-grade dysplasia was evident in the main
pancreatic duct at the pancreatic cut margin (PCM; red dashed line),

contiguous to the primary tumor. b Recurrent tumors emerging 2.5
years after resection histologically resembled the main component of
the primary tumor (blue line). Low-grade dysplasia found at the distal
end of the main pancreatic duct of the remnant pancreas (red arrow)
was contiguous to the main component of the metachronous tumor
(high-grade dysplasia). Identical KRAS mutations were found in the
primary and recurrent lesions, including low-grade dysplasia in the
PCM of the primary pancreatectomy. Scale bar: 10 mm
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resection, with the time required for recurrence following
resection longer than in this study, with a median of 5
(range 2–7) years [14]. In our study, three of the seven
patients with genotype-matched tumors (43%) relapsed and
were diagnosed with the pancreaticobiliary subtype. We
could not, however, quantify the relative risk of recurrence
within the same epithelial type due to lack of data from
nonrecurrent patients.

A specific subset of tumor cells may develop the ability
to grow and spread as skip lesions. Notably, the pancrea-
ticobiliary subtype is known to be associated with the
highest risk of the four epithelial types [37]; we previously
demonstrated that highly dysplastic lesions are frequently
located in mural nodules in this subtype [38]. Although the
molecular mechanism underlying the more aggressive
phenotype is still unclear, a recent study demonstrated that
pancreatobiliary type IPMN is associated with PTEN
inactivation, which leads to hyperactivation of the ERK
signaling [39]. It is therefore important to identify bio-
markers that can be exploited for use as noninvasive diag-
nostics. In addition to mutation profiling, gene expression,
and epigenetic signatures may better describe which tumor
types may disseminate aggressively among the intraductal
papillary mucinous neoplasms.

A limitation of the present study is that its molecular
landscape was constructed based on data from only 18
genes and a small sample size, giving our study low sta-
tistical power. Furthermore, assessment of the clonal relat-
edness between primary and recurrent tumors that contain
shared KRAS and GNAS variants alone could not be con-
sidered to be absolute, since an incidental match can occur
by chance, albeit at low probability [25]. Thus, a compre-
hensive mutational analysis of primary intraductal papillary
mucinous neoplasms, with or without metachronous dis-
ease, may provide a more accurate genetic profile for
tumors that efficiently disseminate via the pancreatic duct.

Another limitation is that patients with tumor recurrence
in alternate sites following resection of the primary intra-
ductal papillary mucinous neoplasm were not subjected to
genetic analysis because of their advanced disease; there-
fore, our findings may only be representative of patients
with less-aggressive disease. The term of post-operative
follow-up was short, only including secondary tumors that
recurred within 5 years. Independent metachronous disease
is likely to occur more frequently in the remnant pancreas if
we extend the term of post-operative follow-up or do not
decide to perform a second surgery. Another concern is that
our cohort comprised patients from only a single institution.

Fig. 3 Clinicopathological
course before and after
recurrence in a representative
patient with intraductal
dissemination. Multiple
recurrent tumors in the
pancreatic head (arrowheads)
emerging 0.9 years after
resection of a mixed-type
intraductal papillary mucinous
neoplasm with massive mural
nodules in the pancreatic tail
(patient 7). Both primary and
recurrent lesions harbored the
KRAS G12V and CTNNB1 S37L
mutations. The surgical margin
was negative for neoplasia;
however, a series of skip lesions
marked by identical mutations in
KRAS and CTNNB1 with
intervening normal tissue in the
branch pancreatic ducts was
observed. Dashed line: surgical
margin. Scale bars: 1 mm
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Finally, we performed endoscopic retrograde pancreato-
graphy as a diagnostic procedure for pancreatic juice
cytology and pancreatic duct biopsy, which itself may have
affected the natural migration of disseminated and pre-
implanted tumor cells. A multicenter study using a larger
number of patients and a full mutational profile is necessary
to further clarify these issues.

To conclude, metachronous tumors following resection
of intraductal papillary mucinous neoplasms may develop
from skip dissemination of the primary tumor, potentially
via the pancreatic duct. The development of diagnostic,
therapeutic, and predictive strategies to prevent this form of
tumor progression is therefore necessary.
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