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Subtype of intraductal papillary mucinous neoplasm of the
pancreas is important to the development of metachronous
high-risk lesions after pancreatectomy
Ji Eun Kwon1, Kee-Taek Jang2, Youngju Ryu1, Naru Kim1, Sang Hyun Shin1,
Jin Seok Heo1, Dong Wook Choi1, and In Woong Han1
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Backgrounds/Aims: Although intraductal papillary mucinous neoplasm (IPMN) has showed a favorable prognosis compared to pancreatic ductal adenocarcinoma, its recurrence patterns have somewhat questionable in detail. After partial
pancreatectomy for IPMN, the evaluation for risk of metachronous occurrence of high-risk lesions (HRL) in the residual
pancreas is important to establish a postoperative surveillance modality and duration of follow-up. This study aimed
to evaluate the factors that may predict the metachronous occurrence of HRL in the remnant pancreas after surgery
of the IPMN. Methods: From 2005 to 2016, clinicopathologic and surveillance data for 346 consecutive patients who
underwent surgical resection for IPMN were reviewed retrospectively. Histologic subtype was classified as gastric, intestinal, pancreato-biliary, or oncocytic type. Results: All of IPMN were classified as main duct (n=64, 18.5%), branch
duct (n=171, 49.4%), and mixed type (n=111, 32.1%). Forty-eight patients (13.9%) experienced recurrence during follow-up. Among these, 9 patients (2.6%) were identified to metachronous development of HRL in the remnant pancreas.
After multivariate analysis, high-grade dysplasia (HGD) or invasive carcinoma (IC) compared to low- or intermediate
dysplasia was only independent risk factor for recurrence (HR 3.688, 95% CI 2.124- 12.524, p=0.009). The independent
risk factors for metachronous development were HGD/IC (HR 8.414, 95% CI 4.310- 16.426, p=0.001), and intestinal/
pancreato-biliary subtype compared to gastric subtype (HR 7.874, 95% CI 3.650- 27.027, p=0.010). Conclusions:
Patients with high-grade dysplasia or invasive carcinoma, and with intestinal or pancreatobiliary subtype should undergo
close, long-term surveillance of the remnant pancreas after initial resection. (Ann Hepatobiliary Pancreat Surg 2019;23:
365-371)
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INTRODUCTION

probably represents a pancreatic “field defect”, which
means all pancreatic ductal epithelial cells are at risk of

Intraductal papillary mucinous neoplasm (IPMN) is a

dysplastic change, and this can be apparent in patients

cystic precursor of pancreatic cancer characterized by di-

with multifocal BD-IPMNs.2,4 Also, it is recognized that

lated main and/or branch ducts with papillary projections

a proportion of resected patients for IPMN evolve over

1-4

composed of dysplastic mucinous epithelium.

IPMN has

time and can become metachronous IPMN that patients

a wide histological spectrum ranging from low- (LGD),

are at an increased risk of developing conventional pan-

intermediate-(IGD), high-grade dysplasia (HGD) to in-

creatic ductal adenocarcinoma (PDAC) elsewhere in the

vasive carcinoma (IC), and the management of IPMN

residual gland. Because of this, all patients with IPMN,

continues to evolve.

1-4

including even those with non-invasive IPMN with neg-

IPMNs have unique features, and multiple sites of oc-

ative surgical margin, should undergo surveillance after

currence in the same pancreas are often observed. IPMN

resection to detect the development of a new IPMN re-
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quiring surgery or concomitant PDAC.

However, the

risk factors and characteristics of metachronous occurrence of IPMNs in the remnant pancreas have been unclear. As a result, there has been still debated the details
for follow-up, such as, indication, methods, interval, and
2-4

timing of follow-up.

The cell lineage of the “papillary component” of IPMNs,
such as, gastric, intestinal, pancreatobiliary, and oncocytic
2,4,8-11

forms has been known clinicopathologic significance.

The prognostic significance of these subtype showed heterogeneous results for recurrences and metachronous IPMN
development in remnant pancreas after initial partial pan6,9-11

createctomy.

Thus, the aim of this study was to identi-

Surgical procedure
Surgical procedures, such as, pancreaticoduodenectomy,
central pancreatectomy or distal pancreatectomy, were determined according to the location and extent of the IPMN.
If no invasive lesions were detected preoperatively, then
laparoscopic procedures or limited resection were undertaken. In case of multifocal lesions, lesions without highrisk indications were not resected, in accordance with the
2006 IAP Sendai guidelines and Fukuoka guidelines in
1,2
2012. Most of pancreatic resection margins were accessed intraoperatively using frozen sections. Additional
pancreatic resection or completion total pancreatectomy
was done if HGD or IC was recognized.

fy the factors including these subtypes that predict recurrences and metachronous occurrence high-risk lesions (HRL)
in the remnant pancreas after partial pancreatectomy for
IPMN, and to make comprehensive follow-up strategy after resection of IPMN.

PATIENTS AND METHODS
After our institutional review board approval (No.
2017-07-016-005), clinicopathologic and surveillance data
of consecutive 346 patients who underwent pancreatectomy for IPMN at the Samsung Medical Center from January 2005 to December 2016 were reviewed retrospectively
from prospectively maintained electronic database system
(MDBⓒ, Seoul, Korea).

Surgical indication
Before 2014, surgical indications followed International
Association of Pancreatology (IAP) Sendai guidelines in
2006,1 including main duct type IPMNs, branch duct type
IPMNs with cysts larger than 30 mm, main pancreatic duct
dilatation exceeding 5 mm, the appearance of new mural
nodules, or the presence of any symptoms. Surgery was
also performed when cysts showed significant growth or
when there was increased suspicion of malignancy. From
2014 to 2016, surgical indication was modified according
to IAP Fukuoka guidelines in 2012,2 and were categorized
as ‘high risk stigmata’, that are ‘obstructive jaundice in
a patient with cystic lesion of the head of the pancreas’,
‘enhancing solid component within cyst’, and ‘main pancreatic duct ＞10 mm in size’.

Postoperative surveillance
Postoperative follow up based on radiologic examination and blood test including tumor markers was performed every 3 to 6 months. Radiologic examination,
such as Computed Tomography (CT) or Magnetic Resonance Imaging (MRI) was carried out every 3 months during the initial 1 to 2 years after surgery for invasive IPMN
and/or concomitant PDAC, and every 6 months thereafter.
Additional endoscopic ultrasonography and/or endoscopic
retrograde pancreatography were conducted in case of abnormal findings such as elevation of tumor markers, worsening diabetes mellitus, presence of new lesions, dilation
of the main pancreatic duct, or morphological changes in
residual IPMNs. After 2014, the 2012 IAP Fukuoka surveillance guidelines have been followed.2
Histologic classifications of IPMN
Pancreas specimens were serially sectioned at 5 mm
intervals. The degree of dysplasia was classified to four
distinct categories, such as, LGD, IGD, HGD, and IC.
Also, all of IPMNs were subclassified as gastric, intestinal, pancreatobiliary, and oncocytic type.8-10 All of surgical specimen were reviewed by single pancreas-specialized pathologist with over 20 years of experiences to determine subtypes of IPMN.
Definition and recurrence or metachronous high
risk lesion
Tumor recurrence detected with CT or MRI was confirmed by biopsy if possible. New tumors including remnant pancreas, resection margin, peri-pancreatic area, or
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systemic metastasis were included recurrences. However,
recurrences resulting from malignancies in other organs
were not included in the analysis. Remnant pancreas were
thoroughly examined, and the occurrence of new IPMNs
was monitored. Metachronous HRL was defined by all
newly occurring IPMNs in the remnant pancreas except
resection margin, which was examined histologically as
HGD or IC. In non-resected cases, HRLs were diagnosed
by cytological examination or radiological findings, which
strongly suggested malignancy according to IAP guide1,2,4

lines.

Statistical analysis
The Kaplan-Meier method was used to estimate survival. Variables that were significant in univariate analysis
were analyzed by multiple regression analysis using the
Cox proportional hazards regression model to determine
independent predictive factors. Two-sided p-value less
than 0.05 was considered statistically significant. All statistical analyses were conducted using SPSS 23.

RESULTS
Clinicopathologic characteristics
Demographic findings of the study are shown in Table 1.
Mean age of patients was 63.2 and 70% of patients were
male. All of IPMN were classified as main duct (n=64,
18.5%), branch duct (n=171, 49.4%), and mixed type (n=
111, 32.1%). Forty-eight patients (13.9%) experienced recurrence during follow-up. Among these, 9 patients (3.0%)
were identified to metachronous development of HRL in
the remnant pancreas (Table 1).
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Table 1. Clinicopathological features of 346 resected IPMN
Demographics, n=346
Age, mean, years (SD)
Gender (male:female)
2
Body mass index, mean, kg/m (SD)
CEA, median (range)
CA19-9, median (range)
IPMN type
Main duct
Branch duct
Mixed
Location
Head
Body, tail
Diffuse
Cyst size, mean, cm (SD)
Operation
pancreatoduodenectomy
Distal pancreatectomy
(with or without splenectomy)
Total pancreatectomy
Central pancreatectomy
Enucleation
Pathology
Low-grade dysplasia
Intermediate-grade dysplasia
High-grade dysplasia
Invasive carcinoma
Subtype (Gastric/Intestinal/
Pancreatobiliary/Oncocytic)
Metachronous high risk lesion*
Recurrences

N, % or range
63.1 (9.2)
234:112
23.7 (2.9)
1.7 (0.05-119.5)
12.0 (0.2-43984)
64 (18.5)
171 (49.4)
111 (32.1)
206
96
44
3.43

(59.5)
(27.7)
(12.7)
(1.8)

193 (55.7)
122 (35.2)
44 (12.7)
14 (4.0)
13 (3.7)
131 (37.9)
107 (30.9)
15 (4.3)
93 (26.8)
225/75/29/5
9 (3.0)
48 (13.9)

*Patients after total pancreatectomy were excluded by definition

CI 1.265- 14.002, p=0.008), and intestinal/ pancreatobiliary subtype compared to gastric subtype (HR 3.135, 95%
CI 1.681- 5.848, p=0.001) were identified risk factor for
recurrence. However, HGD/IC was only independent risk
factor for recurrence (HR 3.688, 95% CI 2.124- 12.524,

Risk factors analysis for recurrences after initial
surgery
Patients with HGD/IC had significantly lower 5-year
disease-free survival (5Y DFS) than among those with
LGD/ IGD (5Y DFS 69.5% vs. 90.1%, p=0.008; Fig. 1A).
Also, the patients with intestinal or pancreatobiliary subtype IPMNs had significantly lower DFS than those with
gastric subtype IPMNs (5Y DFS 71.1% vs. 89.4%, p=
0.001; Fig. 1B). After univariate analysis, high serum CA
19-9 level (HR 2.941, 95% CI 1.028- 8.416, p=0.048),
cyst size larger than 3 cm (HR 2.568, 95% CI 1.035- 4.953,
p=0.042), HGD/IC compared to LGD/IGD (HR 4.624, 95%

p=0.009) after multivariate analysis (Table 2).

Risk factors analysis for metachronous
development of high risk lesion
After uni- and multivariate analysis, the independent
risk factors for metachronous development of HRL were
HGD/IC (HR 8.414, 95% CI 4.310- 16.426, p=0.001), and
intestinal/pancreatobiliary subtype compared to gastric
subtype (HR 7.874, 95% CI 3.650- 27.027, p=0.010)
(Table 3). All of patients details who developed metachronous HRL were described in Table 4.
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Fig. 1. Disease-free survival after pancreatectomy for IPMN. (A) DFS according to initial pathology. (B) DFS according to
initial IPMN subtype. HGD, high-grade dysplasia; IGD, intermediate-grade dysplasia; LGD, low-grade dysplasia; IC, invasive
carcinoma; 5Y DFS, 5-year disease-free survival; G, gastric subtype; I, intestinal subtype; PB, pancreato-biliary subtype.

Table 2. Risk factors analysis for recurrences after initial surgery
Variables
Female gender
Age (＞65)
Body Mass Index (＞25)
Location (Body/tail vs. head)
MD or mixed (vs. BD)
CEA ＞5 ng/ml
CA 19-9 ＞37 (U/ml)
Cyst size ＞3 cm
HGD/IC vs. LGD/IGD
Microscopic residual tumor (HGD/IC)
I/PB vs. G

Univariate analysis

Multivariate analysis

HR

95 % CI

p

HR

95 % CI

p

1.610
1.253
2.106
1.300
1.683
1.595
2.941
2.568
4.624
1.227
3.135

0.437-5.698
0.823-4.574
0.756-4.238
0.531-6.858
0.435-6.073
0.856-2.971
1.028-8.416
1.035-4.953
1.265-14.002
0.741-10.677
1.681-5.848

0.344
0.754
0.624
0.358
0.522
0.142
0.048
0.042
0.008
0.095
0.001

1.055
1.969
3.688
2.262
1.175

0.427-2.105
0.816-4.021
2.124-12.524
0.538-8.870
0.978-4.667

0.896
0.152
0.009
0.238
0.067

HR, hazard ratio; CI, confidence interval; MD, main duct; BD, branch duct; HGD, high-grade dysplasia; IGD, intermediate-grade
dysplasia; LGD, low-grade dysplasia; IC, invasive carcinoma; G, gastric subtype; I, intestinal subtype; PB, pancreato-biliary subtype

Table 3. Risk factors analysis for metachronous development of high risk lesion
Variables
Female gender
Age (＞65)
Body mass index (＞25)
Location (Body/tail vs. head)
MD or mixed (vs. BD)
CEA ＞5 ng/ml
CA 19-9 ＞37 (U/ml)
Cyst size ＞3 cm
HGD/IC vs. LGD/IGD
Microscopic residual tumor (HGD/INV)
I/PB vs. G

Univariate analysis

Multivariate analysis

HR

95 % CI

p

0.723
1.353
1.632
0.418
1.875
1.595
1.807
1.598
3.980
3.259
1.916

0.060-8.698
0.623-6.574
0.485-1.965
0.108-2.180
0.435-6.073
0.856-2.971
0.360-9.060
0.956-3.267
1.697-9.057
0.354-10.489
1.112-5.495

0.796
0.652
0.857
0.055
0.483
0.142
0.365
0.089
0.017
0.317
0.009

HR

95 % CI

p

0.521

0.881-4.027

0.281

8.414

4.310-16.426

0.001

7.874

3.650-27.027

0.010

HR, hazard ratio; CI, confidence interval; MD, main duct; BD, branch duct; HGD, high-grade dysplasia; IGD, intermediate-grade
dysplasia; LGD, low-grade dysplasia; IC, invasive carcinoma; G, gastric subtype; I, intestinal subtype; PB, pancreato-biliary subtype
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Table 4. Patients details with metachronous high risk lesion
Age/sex

Initial
surgery

54/F
72/M
63/F
47/M
61/M
57/F
50/F
71/M
64/M

Central
SPDP
DP
DP
PPPD
SPDP
DP
PPPD
PPPD

Histologic
grade

Location

IGD
LGD
IC
IC
IGD
HGD
LGD
HGD
IGD

Body
Tail
Body
Body to tail
Head
Tail
Body
Head
Head

Morphologic
type
BD
BD
MD
Mixed
Mixed
BD
MD
Mixed
BD

Subtype

DFS
(mo)

G
I
I
I
I
G
P
G

20.6
96.8
26.7
55.4
18.4
48.6
34.2
20.0
12.6

Second
Second
surgery histologic grade
Total
-

IC
-

DFS, disease-free survival; MD, main duct; BD, branch duct; HGD, high-grade dysplasia; IGD, intermediate-grade dysplasia;
LGD, low-grade dysplasia; IC, invasive carcinoma; G, gastric subtype; I, intestinal subtype; PB, pancreato-biliary subtype; SPDP,
spleen-preserving distal pancreatectomy; DP, distal pancreatectomy; PPPD, pylorus-preserving pancreatoduodeectomy

DISCUSSION

type even regarded that gastric type is typically low grade,
with only a small percentage developing into carcino-

It is now widely accepted that patients with IPMN who

ma.2,4,9 As a result, to determine the relationship for risk

undergo partial pancreatectomy reportedly remain at risk of

of metachronous development and subtype of IPMN, the

5,7,11,12

developing metachronous IPMN or concomitant PDAC.

larger population study such as nationwide- based cohort

Moreover, some patients have secondary IPMNs with

study will be needed.

HGD/IC, which is an indication for resection, although

From the point of view that a metachronous lesion is

the initial surgical margins were free from neoplastic

a kind of multifocality, there is no convincing evidence

lesions.11,13 However, the rate of new recurrence of meta-

that the risk of invasive IPMN multiplies according to the

chronous IPMN following resection is difficult to deter-

number of lesions. In one study, patients with unifocal

2

mine from the literature, because MPD dilation in the

BD-IPMN carried a higher risk than those with multifocal

distal pancreas following resection may be secondary to

BD-IPMNs,15 whereas another reported a higher rate of

anastomotic stenosis or caused by true IPMN recurrence,

IC or HGD in multifocal BD-IPMNs.16 Also, Miyasaka

and better imaging in the postoperative setting may reveal

et al.11 reported that initial HGD/IC was an independent

a previously undetected IPMN. Because of these limi-

predictive factor for metachronous HGD/IC in the rem-

tations, the recurrence rates in the remnant gland were re-

nant pancreas. In this study, HGD/IC is one of the in-

2,5,11,13,14

but the characteristics of pa-

dependent risk factors for metachronous development of

tients harboring such lesions have not been well assessed.

HRL (Table 3). As a result, we think HGD/IC indicate

ported to be 0-20%,

In this study, intestinal or pancreatobiliary subtype is

that close attention should also be paid to the remnant

one of the independent risk factors for metachronous de-

pancreas for the possible development of metachronous

velopment compared to gastric subtype (Table 3). It is well

HRL.

known that intestinal subtype IPMNs can have invasive
2,8

carcinoma with relatively indolent behavior.

In this study, type of IPMN, such as, main duct or

Also, pan-

mixed type, was not a risk factor for metachronous devel-

creatobiliary type is regarded by some as an aggressive

opment (Table 3). However, a recent molecular analysis

2,4,8,9

There was

demonstrated the possibility of monoclonal skip implan-

a similar report that partial pancreatectomy for pancreato-

tation in main duct type IPMN could cause potential meta-

biliary subtype of IPMN was a predictor for the metachro-

chronous lesions.17 Also, Kang et al.5 reported that the

nous development of concomitant PDAC in the pancreatic

rate of recurrent IPMN in the remnant pancreas requiring

and high-grade version of the gastric type.

6,11

remnant.

However, Ideno et al.

10

showed that IPMN

surgical treatment was higher in main duct type than in

having concomitant PDAC were frequently of gastric sub-

branch duct type IPMNs. To find out this discrepancy, we
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have a plan to perform nationwide multicenter study to

tient received secondary completion total pancreatectomy

identify relationship between the type of IPMN and meta-

who revealed with IC. The other 8 patients were strongly

chronous development.

suspicious for HRL, such as, main pancreatic duct dilata-

Although invasive IPMN may be associated with a poor

tion or enhancing mural nodule in CT or MRI but not

prognosis, the long-term outcome after resection of most

conformed histologically because of unfit or refusal for

cases of IPMN is globally better than that of conventional

secondary surgery. At second, we excluded oncocytic sub-

PDAC. In this study, Patients with HGD to IC had a sig-

type for analysis as risk factor for metachronous develop-

nificantly higher rate of recurrence (Table 2) and a lower

ment because of very small population (n=5, Table 1) and

DFS rate (Fig. 1A) than patients with LGD to IGD in

no patient with oncocytic subtype developed metachro-

5,18

agreement with previous results.

There were some stud-

nous lesion (Table 4). A larger study population is neces-

ies that the subtype of IPMN appears to be an independent

sary to clarify the relationship between oncocytic subtype

predictor of patient prognosis that intestinal or pancreato-

and metachronous development.

biliary type IPMN showed poor survival than gastric type
IPMN.

4,8

In conclusion, the risk of recurrence and metachronous

However, in this study, the subtype of IPMN

development of high risk lesion does not diminish over

was even correlated with the DFS rate (Fig. 1B), but mul-

time following resection, and surveillance should continue

tivariate analysis revealed that there was no correlation be-

indefinitely as long as the patient remains fit for surgery.

tween the subtype of IPMN and recurrence rate (Table 2).

Also, special attention should be paid to the remnant pan-

The decision to follow an IPMN is a matter of clinical

creas in case of initial pathology with high grade dyspla-

judgment based on the patient age, family history, symp-

sia/ invasive carcinoma, and intestinal/ pancreatobiliary

toms, comorbidities, perceived pancreatic cancer risk, and

subtype.

patient preference. There is still controversy in the literature to guide the frequency and type of surveillance for
IPMNs.1-4 American Gastroenterological Association guide-
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