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Abstract

Background: The international consensus guidelines for intraductal papillary mucinous neoplasm of the pancreas
(IPMN) presented clinical features as indications for surgery. Whereas surveillance for recurrence, including de novo
lesions, is essential, optimal surveillance protocols have not been established.

Aim and methods: This study aimed to assess the clinical features of recurrence at the remnant pancreas (Rem-Panc)
and extra-pancreas (Ex-Panc) after surgery for IPMN. Ninety-one patients of IPMN that underwent detailed preopera-
tive assessment and pancreatectomy were retrospectively analyzed, focusing especially on the type of recurrence.

Results: The IPMNs were finally diagnosed as low-grade dysplasia (LDA, n=42), high-grade dysplasia (HAD, n=19),
and invasive carcinoma (IPMC, n=30). Recurrence was observed in 26 patients (29%), of which recurrence was seen
at Rem-Panc in 19 patients (21%) and Ex-Panc in 7 patients (8%). The frequency of Rem-Panc recurrence was 10% in
LDA, 21% in HDA, and 37% in IPMC. On the other hand, Ex-Panc recurrence was observed only in IPMC (23%). Ex-Panc
recurrence showed shorter median recurrence-free survival (RFS) and overall survival (OS) than Rem-Panc recurrence
(median RFS 8 months vs. 35 months, p <0.001; median OS 25 months vs. 72 months, p < 0.001). Regarding treat-
ment for Rem-Panc recurrence, repeat pancreatectomy resulted in better OS than no repeat pancreatectomy (MST
36months vs. 15.5months, p=0.033). On multivariate analysis, main duct stenosis or disruption as a preoperative
feature (hazard ratio [HR] 10.6, p=0.002) and positive surgical margin (HR 4.4, p=0.018) were identified as risk factors
for Rem-Panc recurrence.

Conclusions: The risk factors for Rem-Panc and Ex-Panc recurrence differ. Therefore, optimal surveillance on these
features is desirable to ensure that repeat pancreatectomy for Rem-Panc recurrence can be an appropriate surgical
intervention.
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Introduction
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*Correspondence: y.umeda@d9.dion.nejp lary mucinous neoplasms of the pancreas (IPMN), an
! Department of Gastroenterological Surgery, Okayama University Graduate international consensus guideline was provided by

School of Medicine Dentistry and Pharmaceutical Sciences, 2-5-1 Shikata-cho, the International Association of Pancreatology [1-3].

Okayama 700-8558, Japan Th ideli fe linical t includi
Full list of author information is available at the end of the article ese guidelines for clinical management, including

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-022-09650-w&domain=pdf

Fuji et al. BMC Cancer (2022) 22:588

radiological and endoscopic follow-up and surgical indi-
cations, have been widely accepted. After surgical resec-
tion, the postoperative recurrence rate of IPMN was
reported to be 6.8 to 9.6% with non-invasive IPMN and
32.2 to 65% with invasive IPMN [4-7]. Notably, IPMN
recurrences have various temporospatial distributions
[7]. Previous studies of postoperative recurrence sites of
IPMN showed that distant metastasis occurred mostly in
invasive IPMN. The form of recurrence depends on the
differentiation of the primary IPMN; the recurrence rates
were 0-7.7% with remnant pancreas (Rem-Panc) recur-
rence, 0-1.3% with extra-pancreatic (Ex-Panc) metas-
tasis, and 0-0.8% with both sites in non-invasive IPMN,
whereas they were 5.7-15.0%, 35.0-45.7%, and 2.9-8.8%
in invasive cancer [4, 5, 8]. Perioperative risk factors for
the recurrence pattern have been debated. Risk factors
for Rem-Panc recurrence were reported to be the pres-
ence of high-grade dysplasia in resected specimens, posi-
tive surgical margins, and a family history of pancreatic
ductal adenocarcinoma (PDAC). It was also suggested
that the gastric or pancreatobiliary type as IPMN sub-
types could be potential indicators of carcinogenic recur-
rence as PDAC in Rem-Panc [9, 10].

Several guidelines for IPMN refer to the risk of post-
operative recurrence and the follow-up policy. For non-
invasive IPMN, including low-grade and high-grade
dysplasia, surveillance with a focus on the remnant
pancreas is recommended because early detection of
a malignant lesion and surgical resection may improve
the prognosis. The International Consensus Guideline
2017 advocates that cross-sectional imaging be required
for high-risk factors for Rem-Panc recurrence, such as
a family history of pancreatic cancer; non-invasive IPMN
or IPMN-associated invasive carcinoma (IPMC) at the
surgical margin; and non-intestinal subtypes [3]. How-
ever, in reality, the first two are relatively rare. In addi-
tion, the European Study Group On Cystic Tumors of
The Pancreas guidelines specify high-grade dysplasia and
main duct type as high-risk factors [11], and the AGA
guidelines do not recommend periodic screening for
IPMN low-grade dysplasia (LGD) because of its lack of
cost-effectiveness [12]. Thus, there has not been a con-
sensus in this field. From these points of view, this study
aimed to assess the clinical features of IPMN recurrence.

Materials and methods

Study subjects

A total of 91 patients of IPMN that underwent initial
surgical resection with curative intent in Okayama Uni-
versity Hospital from May 2007 to December 2014 were
retrospectively reviewed. In addition, demographic
information, symptoms at presentation, radiological and
endoscopic findings, surgical procedures, pathology,
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and postoperative course were collected from medical
records.

With regard to precise preoperative tumor assessment,
all patients were assessed by endoscopic ultrasonogra-
phy (EUS) using contrast enhancement for intraductal
mural nodules and pancreatic juice cytology under endo-
scopic retrograde cholangiopancreatography (ERCP). In
addition, the main pancreatic duct diameter or size of
the branched cyst was measured by computed tomog-
raphy (CT) or MRI. These diagnostic modalities deter-
mined definite mural nodules or pancreatic duct features
such as stenosis or disruption. Preoperative pancreatitis
and obstructive jaundice were judged by clinical findings
including laboratory or radiological imaging data.

Surgical indications, pathological examination,

and postoperative follow-up

Indications for surgery were determined on the basis of
international consensus guidelines in 2006 [1] or 2012
[2]. Patients with a preoperative diagnosis or highly sus-
picious of invasive cancer underwent pancreatectomy
with regional lymph node dissection. Resected speci-
mens were reviewed by pathologists and classified into
three groups according to the World Health Organiza-
tion (WHO) classification: IPMN low-grade dysplasia
(LGD), IPMN high-grade dysplasia (HGD), and IPMN-
associated invasive carcinoma (IPMC). If different grades
coexisted in one lesion, the highest degree of dysplasia
was adopted as the classification. Surgical margins were
examined at pancreatic transection margins and dis-
sected peripancreatic tissue margins, which were clas-
sified as negative or positive for LGD, HGD, and IPMC.
The final staging was based on these findings and the
TNM classification in the seventh edition [13].

For six months, adjuvant chemotherapy by gemcit-
abine or a fluorouracil-based agent was given to the
patients with a final pathological diagnosis of IPMC.
Postoperative follow-up with CT or MRI was performed
according to the final pathology. Follow-up intervals
varied by IPMN-classification: 6 to 12 months for LGD,
3 to 6months for HGD, and three months for IPMC.
If suspected tumor recurrence or metastasis was sus-
pected, further examinations, including EUS, CT, and
MRI, were performed as needed.

Tumor recurrence was classified into two types. One
type was Rem-Panc recurrence, including de novo
IPMN, PDAC, and obvious enlargement of preexisting
IPMN in the remnant pancreas. The diagnosis of Rem-
Panc recurrence required an endoscopic biopsy. The
other type was extrapancreatic (Ex-Panc) recurrence,
including metastases to the liver, lung, lymph node, and
peritoneum (Supplemental Fig. 1).
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Statistical analysis

Clinical variables were compared using the Mann-Whit-
ney U test for continuous data and Pearson’s correlation
coefficient for categorical data. Continuous variables
are presented as medians and interquartile range (IQR).
Values of p<0.05 were considered significant. Overall
survival (OS), recurrence-free survival (RFS), and inci-
dence of Rem-Panc recurrence were evaluated using
the Kaplan-Meier method and compared using log-rank
tests. Cox’s proportional hazards model with clinical var-
iables including high-risk stigmata and worrisome EUS
features [2] was used to identify prognostic factors for
Rem-Panc recurrence. For this analysis, clinical variables
showing values of p<0.05 on univariate analyses were
entered into the multivariate analysis. The event of Ex-
Panc recurrence and other causes of death were treated
as censored. Hazard ratios (HRs) and 95% confidence
intervals (95%Cls) were calculated. All statistical analyses
were performed using JMP version 14 (SAS Institute Inc.,
Cary, NC, USA).

Ethics approval and consent to participate

This study conformed to the Declaration of Helsinki on
Human Research Ethics standards and was approved
by the Okayama University Hospital Institutional Eth-
ics Board (number 1902-019). The need for written,
informed consent was waived by the Okayama University
Hospital Institutional Ethics Board because of the retro-
spective design.

Results

The enrolled patients’ clinical and pathological back-
ground characteristics are summarized in Table 1. As
preoperative examinations, contrast-enhanced CT was
performed in all patients, EUS in 89 patients (97.8%),
and pancreatic juice cytology in 78 patients (85.7%).
The most frequent pathological type was LGD (n=42,
46.2%), followed by IPMC (n=30, 33.0%) and HGD
(n=19, 20.9%). Sixty patients (65.9%) had negative sur-
gical margins; the other 31 patients had positive surgi-
cal margins. These surgical margins were pathologically
diagnosed as LGD (n=22, 24.2%), HGD (n=6, 6.6%),
and IPMC (n=3, 3.3%). In three patients with positive
margins as IPMC, postoperative diagnosis overturned
the result, despite a negative margin on intra-opera-
tive frozen section examination. There was no hospital
mortality. Twenty patients received adjuvant chemo-
therapy based on a final pathology of IPMC with T3-4
or positive lymph node; one patient was diagnosed as
stage 1A, and the other 19 patients were as UICC-stage
2A/2B. The median follow-up periods after resection
were 71 months (IQR, 37-103 months). In this follow-up
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period, tumor recurrence was confirmed in 26 patients
(28.6%), of whom 19 patients (20.9%) showed Rem-
Panc recurrence, and seven patients (7.7%) showed Ex-
Panc recurrence (Supplementary Fig. 1).

Ex-Panc recurrence was characterized by a higher
CA19-9 level and higher rates of clinical symptoms,
enhancing solid component, class 4/5 on pancreatic
juice cytology, and lymph node metastasis than Rem-
Panc recurrence. Ex-Panc recurrence was observed
only in IPMC patients as the primary pathology (n=7,
23.3%). Distant metastatic sites in Ex-Panc recurrence
were liver (n=1), lung (n=2), lymph nodes (n = 2),
and peritoneum (# = 2). On the other hand, from the
viewpoint of primary pathology, the frequency of Rem-
Panc recurrence increased with pathological malig-
nant grade; Rem-Panc recurrence occurred the most
frequently in IPMC (n=12, 36.7%), followed by HGD
(n=15, 21.1%) and LGD (n =138, 9.5%) (Fig. 1). Regard-
ing the relation between surgical margin and Rem-Panc
recurrence, a positive surgical margin defined as IPMC
or HGD was seen in six patients, of which four patients
resulted in Rem-Panc recurrence at the distant site
from the surgical margin.

Concerning recurrence and survival analysis, median
and mean follow-up periods were 71months and
72.7 months, respectively. IPMC had the shortest recur-
rence-free time, followed by HGD and LGD; 2/5/10year
recurrence rates were 26/36/65% in IPMC, 6/18/26% in
HGD, 0/0/16% in LGD, respectively (»=0.001) (Fig. 2a).
Multivariate analysis using perioperative parameters
identified main duct stenosis or disruption (HR 10.63,
p=0.002) and HGD/IPMC at the surgical margin
(HR4.4, p=0.018) as independent risk factors for Rem-
Panc recurrence (Table 2). Patients with one of these
risk factors showed a significant potential for Rem-Panc
recurrence compared to patients with no risk factors
(2—/5—/10- year recurrence rates 27/56/64% vs. 3/3/20%,
p<0.001) (Fig. 2b).

Regarding the possible effect of adjuvant chemother-
apy, of 30 patients diagnosed with IPMC, eight patients
developed a Rem-Panc recurrence, and six patients
developed Ex-Panc recurrence, despite adjuvant chemo-
therapy (p =0.243). Furthermore, Rem-Pac recurrence-
free survivals in 30 patients of IPMC and 23 patients of
UICC-stage 2A/2B revealed that adjuvant chemotherapy
did not significantly impact Rem-Panc recurrence (Sup-
plementary Fig. 2). However, tumor advancements of
IPMC were heterogeneous between patients with or
without adjuvant chemotherapy (Supplementary Table).

Concerning RFS and OS, Ex-Panc recurrence resulted
in a worse prognosis than Rem-Panc recurrence (median
RFS 8months vs. 35months, p<0.0001; median OS
25 months vs. 72 months, p <0.0001) (Fig. 3a, b).



Fuji etal. BMC Cancer ~ (2022) 22:588 Page 4 of 10

Table 1 Summary of clinicopathological characteristics and correlations between recurrence patterns

All no recurrence Rem-Panc Ex-panc p value’
n=91 n =65 n=19 n=7

Age

years, mean (IQR) 68.9 (64-74) 69.1 (65-75) 69.2 (63-74) 65.0 (59-73) 041
Sex

Female, n (%) 34 (37.4) 20 (30.8) 10 (52.6) 4(57.1) 012

Male, n (%) 57 (62.6) 45 (69.2) 9(47.4) 3(42.9)
Location of IPMN

Head of the pancreas, n (%) 57 (62.6) 43 (66.2) 8(42.1) 6(85.7) 0.07

Pancreas body and tail, n (%) 34 (374) 22 (33.9) 11 (57.9) 1(14.3)
MPD diameter

mm, median (IQR) 55(3.1-8) 55(3.1-87) 52(2.8-7.6) 6.0 (3.6-7) 0.93
Size of cyst

mm, median (IQR) 29 (20-40) 30 (20-44) 24 (18-38) 33(16-42) 062
Multifocal IPMN

yes, n (%) 23 (25.6) 15(23.1) 7(389) 1(14.3) 0.31
Clinical symptom

Jaundice, n (%) 5(5.5) 0(0) 1(5.3) 4(57.1) <0.001

Pancreatitis, n (%) 9(9.9) 8(123) 1(5.3) 0(0)

none, n (%) 77 (84.6) 57(87.7) 17 (89.5) 3(429)
Enhancing solid component at CT

yes, n (%) 25(27.5) 14 (21.5) 6(31.6) 5(71.4) 0.02
Definite mural nodule at EUS

yes, n (%) 51(59.3) 34 (55.7) 12 (63.2) 5(83.3) 039
MPD stenosis or disruption

yes, n (%) 17(19.8) 6(9.8) 8 (44.4) 3(429) 0.002
Pancreatic fluid cytology

Class 1, n (%) 1(1.3) 0(0) 1(5.6) 0(0) <0.001

Class 2, n (%) 32(41.0) 27 (50.9) 5(27.8) 0(0)

Class 3, n (%) 28(35.9) 21(39.6) 5(27.8) 2(286)

Class 4, n (%) 339 2(38) 0(0) 1(14.3)

Class 5, n (%) 14 (20.0) 3(5.7) 7(38.9) 4(57.1)
Serum CEA

ng/ml, median (IQR) 2.6 (1.8-4.0) 26(1.7-4.2) 24(1.7-3.1) 2.9(24-8.1) 0.34
Serum CA19-9

U/ml, median (IQR) 16.8 (8.6-41) 13.8(8.2-30) 18.8 (12.4-63) 151 (83-155) <0.001
Operative procedure

Pancreatoduodenectomy, n (%) 57 (62.6) 42 (64.6) 9(474) 6(85.7) 0.14

Middle pancreatectomy, n (%) 5(5.5) 2(3.1) 3(15.8) 0(0)

Distal pancreatectomy, n (%) 29(31.9) 21(32.3) 7 (36.8) 1(14.3)
Pathology

LGD, n (%) 42 (46.2) 38(58.5) 4(21.0) 0(0) <0.001

HGD, n (%) 19 (20.9) 15 (23.1) 4(21.1) 0(0)

IPMC, n (%) 30(33.0) 12 (18.5) 11(57.9) 7 (100)
Surgical margin

Negative, n (%) 60 (65.9) 47 (72.3) 9(474) 4(57.1) 0.005

LGD, n (%) 22(24.2) 17 (26.2) 4(21.0) 1(14.3)

HGD, n (%) 6 (6.6) 1(1.5) 4(21.1) 1(14.3)

IPMC, n (%) 3(33) 0(0) 2(10.5) 1(14.3)
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Table 1 (continued)
All no recurrence Rem-Panc Ex-panc p value”
n=91 n =65 n=19 n=7
T factor of HGD/IPMC**
Tis, n (%) 19 (38.8) 15 (55.6) 4(26.7) 0(0) 0.02
T1,n (%) 5(10.2) 2(7.4) 3(20.0) 0(0)
T2,n (%) 2(4.0) 2(74) 0(0) 0(0)
T3,n (%) 23 (46.9) 8(29.6) 8(53.3) 7 (100)
Lymph node metastasis in IPMC'
yes, n (%) 12 (25.0) 4(333) 3(273) 5(714) 0.146
no, n (%) 18 (60.0) 8 (66.7) 8(72.7) 2(28.6)
Adjuvant chemotherapy for IPMC'
yes, n (%) 20 (66.7) 6 (50.0) 8(72.7) 6(85.7) 0.243
no, n (%) 10(33.3) 6 (50.0) 3(27.3) 1(14.3)

Abbreviations: CA19-9 carbohydrate antigen 19-9, CEA carcinoembryonic antigen, EUS endoscopic ultrasonography, HGD high-grade dysplasia (non-invasive IPMN),
IPMC IPMN with an associated invasive carcinoma, QR interquartile range, LGD low- and intermediate-grade dysplasia, MPD main pancreatic duct

" Comparison between no recurrence, Rem-Panc, and Ex-Panc recurrence
" Counting for HGD and IPMC
* Counting for IPMC

No
recurrence

Rem-Panc

Ex-Panc

1.00
12 (40%)
0.75 —
15 (79%)
38 (90%)
0.50 —
0.25 -
LGD HGD IPMC
Pearson: <0.001
Fig. 1 Correlations between the pathological grade of the resected IPMN lesion and recurrence patterns

In patients with Rem-Panc recurrence (n=19),
repeat pancreatectomy was performed in 9 patients
(47.3%). Survival after Rem-Panc recurrence of patients
treated by repeat pancreatectomy was better than that
of patients without any surgical intervention (median
OS 36 months vs 15.5 months, p=0.033) (Fig. 4).

Discussion

International consensus guidelines suggest that there
should be no time limit for follow-up after the resec-
tion of IPMNs, but the specific surveillance protocol
remains unclear [3]. This study aimed to assess the clini-
cal features of IPMN recurrence which could contribute
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(a) 2yrs 5yrs (b) 2yrs 5yrs
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Time after surgery (month)
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IPMC 30 23 17 12 8 8 3 2 2 1 0 0 0
HGD 19 18 16 14 14 13 12 9 9 6 2 1 0
LGD 42 41 40 38 34 32 24 19 14 6 3 1 0

remnant pancreas, stratified by risk factor (n=86)

80
60
Log rank: p<0.001

40

20

Cumulative Incidence of Rem-Panc (%)

o]
0 12 24 36 48 60 72 84 96 108 132 156 180

Time after surgery (month)

Number at risk
Risk-negative 66 62 56 52 48 46 35 27 23 12 5 2 0

Risk-positve 20 15 13 9 6 5 2 2 2 1 0 0 0

Fig. 2 a Cumulative recurrence rate at the remnant pancreas, stratified by primary tumor grading (n=91). b Cumulative recurrence rate at the

to establishment of optimal surveillance protocols. RFS
and OS differed between the recurrence patterns: Ex-
Panc recurrence tended to occur earlier in the post-
operative period and to resulted in a poorer prognosis
than Rem-Panc recurrence. In the comparing of clinical
background characteristics between patients with intra-
pancreatic or extrapancreatic recurrence, as shown in
Fig. 2, all Ex-Panc recurrences occurred in primary IPMC
cases. In addition, Ex-Panc recurrence showed a higher
serum CA19-9 level, jaundice, and advanced UICC stage.
Namely, Ex-Panc recurrence could rely heavily on pri-
mary tumor biology, and systemic screening during the
early postoperative period would be preferable. Perhaps
adjuvant chemotherapy or neoadjuvant chemotherapy
should be considered in these cases.

On the other hand, Rem-Panc recurrence also depends
on primary tumor biology. IPMC or HGD as primary
pathology showed higher and earlier Rem-Panc recur-
rence than LGD. Furthermore, IPMC or HGD as a posi-
tive surgical margin could be an independent risk factor
for Rem-Panc recurrence. Based on these results, the
potential for ductal instability of Rem-Panc would be
reflected in the degree of differentiation of the primary
tumor. Furthermore, the fact that LGD showed Rem-
Panc recurrence even after fiveyears suggests that sur-
veillance of Rem-Panc after resection of IPMN should be
continued throughout the patient’s lifetime, regardless
of tumor grading. Regarding post-Rem-Panc recurrence

survival, only repeated surgery could be a curative treat-
ment option that would contribute to long-term survival.
The main reason why ten patients of Rem-Panc recur-
rence did not have the opportunity for repeat pancreatec-
tomy was locally advanced Rem-Panc IPMC or ductal cell
carcinoma with distant metastasis because of the delayed
diagnosis of recurrent disease.

As the present results show, about half of the patients
with the risk-positive disease develop Rem-Panc recur-
rence within fiveyears after surgery, suggesting that
repeated imaging checks each year, especially focusing
on the pancreatic duct by MRCP, are recommended for
early detection of Rem-Panc recurrence. Hirono reported
recurrence patterns and risk factors after surgical resec-
tion of 1074 IPMNs as a project study of the Japan Pan-
creas Society [14]. This analysis classified recurrence
types into “High-risk lesions in the remnant pancreas”
and “Extrapancreatic recurrence” Preoperative clini-
cal symptoms, pancreatic body/tail as the IPMN loca-
tion, main duct size >10mm, and HGD/invasive IPMC
were identified as independent risk factors for “High-risk
lesions in the remnant pancreas” In addition to these
findings, we first identified that preoperative EUS find-
ings could be an essential predictor of Rem-Panc recur-
rence after IPMN resection, including HGD/IPMC at
the surgical margin and main duct stenosis or disrup-
tion as a preoperative EUS feature. According to previ-
ous studies, there are contradictory opinions about the
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Table 2 Univariate and multivariate analyses to examine risk factors for remnant pancreatic recurrence

Variables Number Univariate analysis Multivariate analysis
Hazard ratio 95% Cl p-value Hazardratio 95% Cl p-value
Background factor
Age (years) >65 Vs <65 68vs23  1.05 040-3.27 0919 - - -
Sex Male vs Female 57vs34 051 020-1.26 0.144 - - -
Preoperative factor
Location of IPMN pancreas head vs pancreas 57vs34 048 0.19-1.19  0.114 - - -
body/tail
Multifocal IPMN vs single lesion 23vs67 180 0.66-456  0.239 - - -
Obstructive jaundice present vs absent 5vs86 415 0.22-2439 0.266 - - -
Enhancing solid component  present vs absent 25vs66 1.88 0.66-4.83 0225 - - -
on CT
Main pancreatic duct (mm) > 10vs <10 16vs75 082 0.19-246 0.743 - - -
Size of BD-IPMN (mm) >30vs<30 36vs39 051 0.14-1.57 0247 - - -
Definite mural nodule on present vs absent 5Tvs35 121 049-3.26  0.682 - - -
EUS
MPD stenosis or disruption  present vs absent 17vs69 8.03 2.92-2154 <001 10.63 2.40-45.48 0.002
Pancreatic fluid cytology class4-5vs 1-3 17vs61 420 1.52-10.87 0.007 036 0.08-156 0.169
CEA (ng/ml) elevated vs not elevated 24vs67 048 0.11-145 0211 - - -
CA19-9 (U/ml) elevated vs not elevated 24vs67 162 0.52-4.27 0380 - - -
Operative factor
Operative procedure pancreatoduodenectomy vs 57vs34 058 0.23-145 0243 - - -
distal/middle pancreatectomy
Surgical margin IPMC/HGD vs negative/LGD 9vs82  7.00 248-18.27 <.001 4.40 1.31-1460 0.018
Pathological classification IPMC vs LGD 30vs42  9.05 3.00-3342 <.001 239 0.57-10.82 0.235
HGD vs LGD 19vs42 218 051-922 0280 218 047-994 0308
IPMC vs HGD 30vs19 415 1.36-15.46 0.011 1.09 031-449 0.891

Abbreviations: CA19-9 carbohydrate antigen 19-9, CEA carcinoembryonic antigen, HGD high-grade dysplasia (non-invasive IPMN), IPMC IPMN with an associated

invasive carcinoma, LGD low-grade and intermediate-grade dysplasia

surgical margin. It has been reported that a positive
margin is associated with the risk of postoperative recur-
rence [15, 16], whereas another paper showed there was
no relationship [17, 18]. Interestingly, Frankel reported
that dysplasia at the margin after pancreatectomy for
non-invasive IPMN is associated with recurrence in the
remnant gland [19]. In their analysis, 85% of Rem-Panc
recurrence occurred at distant sites of Rem-panc epi-
thelium from the surgical margin. They considered that
when dysplasia is present at multiple locations within
the pancreas, such as the surgical margin and/or extra-
cystic duct, patients are at increased risk of developing
recurrent IPMN, supporting the concept of a ‘field defect!
Similarly, 67% (4/6) of positive surgical margin resulted
in Rem-Panc recurrence at the distant site from the sur-
gical margin in our subject. Thus, IPMNs with positive
margins would mean that pancreatic ductal epithelium
with high carcinogenic potential is present in the entire
remaining pancreas, and the residual pancreas is prone to
recurrence. Moreover, Rem-Panc recurrence could occur
not only at the actual surgical margin but at distant sights

of Rem-Panc epithelium from the margin. Hence, it is
suggested that a positive margin is more likely a marker
of diffuse ductal instability rather than a local oncologic
failure.

Knowledge about the correlation between recurrence
risk and stenosis/disruption of the main pancreatic
duct has been insufficient. Pea advocated three different
mechanisms to explain the development of malignant
lesions in the residual pancreas after IPMN surgery [20]:
(1) tumor resection at the surgical margin of the pan-
creas; (2) spread of tumor cells into pancreatic ducts or
parenchyma; and (3) independent multifocal lesions.
The features of the main pancreatic duct might suggest
tumor spread into remnant pancreatic parenchyma as in
the second mechanism. In general, most studies did not
report any significant difference in the risk of obstruc-
tive pancreatitis between benign and malignant IPMNs
[21-23] because mucous embolism of the main pancre-
atic duct is more frequent in intestinal type with a better
prognosis [24, 25]. In addition, the maximum diameter
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(b)

== No recurrence (n=65) MST Not reached
MST 72 months

MST 25 months

Rem-Panc recurrence (n=19)
Ex-Panc recurrence (n=7)

100

80

60 Log rank: p<0.001

40

Overall survival (%)

20

0

0 12 24 36 48 60 72 84 96 108 132 156 180

Time after surgery (month)

Number at risk

Norecurrence 65 62 58 54 48 47 35 29 25 14 5 2 0
Rem-Panc 19 19 18 15 13 11 10 8 7 3 1 0 0
Ex-Panc 7 5 4 1 0 0 0 0 0 O 0 0 0

of the main pancreatic duct was correlated with the dis-
tance of tumor spread in the main pancreatic duct [26].

Consequently, a specific surveillance protocol for
IPMN should be stratified, focusing on two differ-
ent types of recurrence since half of the patients with a
high risk of Rem-Panc recurrence would recur within
fiveyears after surgery. Therefore, Rem-Panc patients
should be closely checked by various diagnostic modali-
ties, including EUS or MRCP [27, 28]. Even in patients
without any risk factors, the possibility of Rem-Panc
recurrence persists throughout the patients’ lifetime;
thus, uninterrupted surveillance is necessary. On the
other hand, Ex-Panc recurrence was characterized only
by IPMC as the primary lesion and would recur within
two years. Therefore, careful follow-up 3-4 times a year
for twoyears after surgery is desirable, and the selection
of neo-adjuvant and adjuvant chemotherapy in addition
to surgery is an issue for further study.

Practically, the following surveillance protocol accord-
ing to the grade of IPMN could be suggested. In cases
of IPMC, whole-body CT should be performed every
threemonths for the first twoyears, alternating CT
and MRCP to Rem-Panc for 3-5years, and twice-yearly
MRCP focusing on Rem-Panc for life after the 5th year.
On the other hand, in cases of HGD or LGD, MRCP for
Rem-Panc should be performed twice a year and once a
year, respectively, for a lifetime. Moreover, in cases with

some risks of Rem-Panc recurrence, surveillance should
be enhanced more closely for the first fiveyears and
include proactive use of EUS.

Some limitations of our study were that it was a ret-
rospective study at a single center, and the surveillance
strategy was not standardized throughout the follow-up
period. And though adjuvant chemotherapy for IPMC is
generally accepted, it seemed not to improve Rem-Panc
recurrence in our patients’ cohort. However, it should
also be noted that the small size of the subjects and the
likelihood of bias and heterogeneity made it difficult to
analyze various aspects with great statistical power. It
would be appropriate to address this topic explicitly in
the future. Nonetheless, despite these limitations, it could
be worthwhile to suggest the follow-up protocol based on
the risk factors for Rem-Panc or Ex-Panc recurrence.

Conclusions

The present study showed the possibility of IPMN strati-
fication by risk according to a type of relapse using perio-
perative factors for the treatment strategy. IPMC cases
might need systemic surveillance focusing on EX-Panc
recurrence within two years after primary pancreatec-
tomy. On the other hand, in any type of IPMN, remnant
pancreatic screening is necessary for life, and interval
screening depends on risk factors.
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