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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 
36 months vs. 15.5 months, 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
For the clinical management of intraductal papil-
lary mucinous neoplasms of the pancreas (IPMN), an 
international consensus guideline was provided by 
the International Association of Pancreatology [1–3]. 
These guidelines for clinical management, including 
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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, 

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 6 months 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%CIs) 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 

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 (n =  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 = 38, 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 71 months and 
72.7 months, respectively. IPMC had the shortest recur-
rence-free time, followed by HGD and LGD; 2/5/10 year 
recurrence rates were 26/36/65% in IPMC, 6/18/26% in 
HGD, 0/0/16% in LGD, respectively (p = 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 8 months vs. 35 months, p < 0.0001; median OS 
25 months vs. 72 months, p < 0.0001) (Fig. 3a, b).
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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) 0.41

Sex
 Female, n (%) 34 (37.4) 20 (30.8) 10 (52.6) 4 (57.1) 0.12

 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 (37.4) 22 (33.9) 11 (57.9) 1 (14.3)

MPD diameter
 mm, median (IQR) 5.5 (3.1-8) 5.5 (3.1-8.7) 5.2 (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) 0.62

Multifocal IPMN
 yes, n (%) 23 (25.6) 15 (23.1) 7 (38.9) 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 (12.3) 1 (5.3) 0 (0)

 none, n (%) 77 (84.6) 57 (87.7) 17 (89.5) 3 (42.9)

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) 0.39

MPD stenosis or disruption
 yes, n (%) 17 (19.8) 6 (9.8) 8 (44.4) 3 (42.9) 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 (28.6)

 Class 4, n (%) 3 (3.9) 2 (3.8) 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) 2.6 (1.7-4.2) 2.4 (1.7-3.1) 2.9 (2.4-8.1) 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 (47.4) 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 (21.1) 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 (47.4) 4 (57.1) 0.005

 LGD, n (%) 22 (24.2) 17 (26.2) 4 (21.1) 1 (14.3)

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

 IPMC, n (%) 3 (3.3) 0 (0) 2 (10.5) 1 (14.3)
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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 

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 (4.1) 2 (7.4) 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 (33.3) 3 (27.3) 5 (71.4) 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, IQR 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

Fig. 1 Correlations between the pathological grade of the resected IPMN lesion and recurrence patterns
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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 five years 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 five years 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 > 10 mm, 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 

Fig. 2 a Cumulative recurrence rate at the remnant pancreas, stratified by primary tumor grading (n = 91). b Cumulative recurrence rate at the 
remnant pancreas, stratified by risk factor (n = 86)
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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 

Table 2 Univariate and multivariate analyses to examine risk factors for remnant pancreatic recurrence

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

Variables Number Univariate analysis Multivariate analysis

Hazard ratio 95% CI p‑value Hazard ratio 95% CI p‑value

Background factor
 Age (years) ≥65 vs < 65 68 vs 23 1.05 0.40-3.27 0.919 – – –

 Sex Male vs Female 57 vs 34 0.51 0.20-1.26 0.144 – – –

Preoperative factor
 Location of IPMN pancreas head vs pancreas 

body/tail
57 vs 34 0.48 0.19-1.19 0.114 – – –

 Multifocal IPMN vs single lesion 23 vs 67 1.80 0.66-4.56 0.239 – – –

 Obstructive jaundice present vs absent 5 vs 86 4.15 0.22-24.39 0.266 – – –

 Enhancing solid component 
on CT

present vs absent 25 vs 66 1.88 0.66-4.83 0.225 – – –

 Main pancreatic duct (mm) ≥ 10 vs < 10 16 vs 75 0.82 0.19-2.46 0.743 – – –

 Size of BD-IPMN (mm) ≥ 30 vs < 30 36 vs 39 0.51 0.14-1.57 0.247 – – –

 Definite mural nodule on 
EUS

present vs absent 51 vs 35 1.21 0.49-3.26 0.682 – – –

 MPD stenosis or disruption present vs absent 17 vs 69 8.03 2.92-21.54 <.001 10.63 2.40-45.48 0.002

 Pancreatic fluid cytology class4-5 vs 1-3 17 vs 61 4.20 1.52-10.87 0.007 0.36 0.08-1.56 0.169

 CEA (ng/ml) elevated vs not elevated 24 vs 67 0.48 0.11-1.45 0.211 – – –

 CA19-9 (U/ml) elevated vs not elevated 24 vs 67 1.62 0.52-4.27 0.380 – – –

Operative factor
 Operative procedure pancreatoduodenectomy vs 

distal/middle pancreatectomy
57 vs 34 0.58 0.23-1.45 0.243 – – –

 Surgical margin IPMC/HGD vs negative/LGD 9 vs 82 7.00 2.48-18.27 <.001 4.40 1.31-14.60 0.018

 Pathological classification IPMC vs LGD 30 vs 42 9.05 3.00-33.42 <.001 2.39 0.57-10.82 0.235

HGD vs LGD 19 vs 42 2.18 0.51-9.22 0.280 2.18 0.47-9.94 0.308

IPMC vs HGD 30 vs 19 4.15 1.36-15.46 0.011 1.09 0.31-4.49 0.891
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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 
five years 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 two years 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 
three months for the first two years, alternating CT 
and MRCP to Rem-Panc for 3-5 years, 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 five years 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.

Fig. 3 a Recurrence-free survival curves after resection, stratified by recurrence pattern (n = 26). b Overall-survival curves after resection, stratified 
by recurrence pattern (n = 91)



Page 9 of 10Fuji et al. BMC Cancer          (2022) 22:588  

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12885- 022- 09650-w.

Additional file 1: Supplementary Figure 1. Representative CT images 
of extra- and remnant pancreatic recurrence (a. liver metastasis; b. lung 
metastasis; c. peritoneal dissemination; d. solid component at remnant 
pancreas; e. main pancreatic duct dilatation with enhanced mural nodule).

Additional file 2: Supplementary Figure 2. (a) Cumulative recurrence 
rate at the remnant pancreas, stratified by adjuvant chemotherapy (IPMC, 
n = 30). (b) Cumulative recurrence rate at the remnant pancreas, stratified 
by adjuvant chemotherapy (UICC-stage 2A/2B, n = 23).

Additional file 3: Supplementary Table. Clinicopathological characteris-
tics of patients diagnosed as IPMC (n = 30).

Acknowledgements
Not applicable.

Authors’ contributions
Tomokazu FUJI: data analysis and writing. Yuzo UMEDA: study design, data 
analysis, and writing. Ryuichi YOSHIDA, Kazuhiro YOSHIDA, Kosei TAKAGI, 
Kazuya YASUI, Kazuyuki MATSUMOTO, Hironari KATO, Takahito YAGI, and 
Toshiyoshi FUJIWARA: data collection. The author(s) read and approved the 
final manuscript.

Funding
None.

Availability of data and materials
The datasets generated and/or analyzed during the current study are not pub-
licly available due owing to data privacy policy at our facility, but are available 
from the corresponding author on reasonable request.

Declarations

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 
Ethics Board (number 1902–019). The need for written, informed consent was 
waived by the Okayama University Hospital Institutional Ethics Board because 
of the retrospective design.

Consent for publication
Not applicable.

Competing interests
None.

Author details
1 Department of Gastroenterological Surgery, Okayama University Graduate 
School of Medicine Dentistry and Pharmaceutical Sciences, 2-5-1 Shikata-cho, 
Okayama 700-8558, Japan. 2 Department of Gastroenterology and Hepatology, 
Okayama University Graduate School of Medicine Dentistry and Pharmaceuti-
cal Sciences, Okayama, Japan. 

Received: 29 November 2021   Accepted: 26 April 2022

Fig. 4 Overall survival curves after remnant pancreatic recurrence, comparing patients with and without repeat pancreatectomy (n = 19)

https://doi.org/10.1186/s12885-022-09650-w
https://doi.org/10.1186/s12885-022-09650-w


Page 10 of 10Fuji et al. BMC Cancer          (2022) 22:588 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

References
 1. Tanaka M, Chari S, Adsay V, Fernandez-del Castillo C, Falconi M, Shimizu 

M, et al. International Association of P: international consensus guidelines 
for management of intraductal papillary mucinous neoplasms and muci-
nous cystic neoplasms of the pancreas. Pancreatology. 2006;6(1-2):17–32.

 2. Tanaka M, Fernandez-del Castillo C, Adsay V, Chari S, Falconi M, Jang JY, 
et al. International consensus guidelines 2012 for the management of 
IPMN and MCN of the pancreas. Pancreatology. 2012;12(3):183–97.

 3. Tanaka M, Fernandez-Del Castillo C, Kamisawa T, Jang JY, Levy P, Ohtsuka 
T, et al. Revisions of international consensus Fukuoka guidelines for the 
management of IPMN of the pancreas. Pancreatology. 2017;17(5):738–53.

 4. Chari ST, Yadav D, Smyrk TC, DiMagno EP, Miller LJ, Raimondo M, et al. 
Study of recurrence after surgical resection of intraductal papillary muci-
nous neoplasm of the pancreas. Gastroenterology. 2002;123(5):1500–7.

 5. Schnelldorfer T, Sarr MG, Nagorney DM, Zhang L, Smyrk TC, Qin R, et al. 
Experience with 208 resections for intraductal papillary mucinous neo-
plasm of the pancreas. Arch Surg. 2008;143(7):639–46 discussion 646.

 6. Winner M, Epelboym I, Remotti H, Lee JL, Schrope BA, Chabot JA, et al. 
Predictors of recurrence in intraductal papillary mucinous neoplasm: 
experience with 183 pancreatic resections. J Gastrointest Surg. 
2013;17(9):1618–26.

 7. Marchegiani G, Mino-Kenudson M, Ferrone CR, Morales-Oyarvide V, War-
shaw AL, Lillemoe KD, et al. Patterns of recurrence after resection of IPMN: 
who, when, and how? Ann Surg. 2015;262(6):1108–14.

 8. Yogi T, Hijioka S, Imaoka H, Mizuno N, Hara K, Tajika M, et al. Risk factors 
for postoperative recurrence of intraductal papillary mutinous neoplasms 
of the pancreas based on a long-term follow-up study: proposals for 
follow-up strategies. J Hepatobil Pancreat Sci. 2015;22(10):757–65.

 9. Ideno N, Ohtsuka T, Matsunaga T, Kimura H, Watanabe Y, Tamura K, et al. 
Clinical significance of GNAS mutation in intraductal papillary mucinous 
neoplasm of the pancreas with concomitant pancreatic ductal adenocar-
cinoma. Pancreas. 2015;44(2):311–20.

 10. Miyasaka Y, Ohtsuka T, Tamura K, Mori Y, Shindo K, Yamada D, et al. Predic-
tive factors for the Metachronous development of high-risk lesions in the 
remnant pancreas after partial Pancreatectomy for Intraductal papillary 
mucinous neoplasm. Ann Surg. 2016;263(6):1180–7.

 11. European study group on cystic Tumours of the P. European 
evidence-based guidelines on pancreatic cystic neoplasms. Gut. 
2018;67(5):789–804.

 12. Vege SS, Ziring B, Jain R, Moayyedi P. Clinical guidelines C, American 
gastroenterology a: American gastroenterological association institute 
guideline on the diagnosis and management of asymptomatic neoplas-
tic pancreatic cysts. Gastroenterology. 2015;148(4):819–22 quize812-813.

 13. American Joint Committee on C, Edge SB. AJCC cancer staging manual. 
7th ed: NY, USA: Springer; 2010.

 14. Hirono S, Shimizu Y, Ohtsuka T, Kin T, Hara K, Kanno A, et al. Recurrence 
patterns after surgical resection of intraductal papillary mucinous 
neoplasm (IPMN) of the pancreas; a multicenter, retrospective study 
of 1074 IPMN patients by the Japan pancreas society. J Gastroenterol. 
2020;55(1):86–99.

 15. Leng KM, Wang ZD, Zhao JB, Cui YF, Zhong XY. Impact of pancreatic 
margin status and lymph node metastases on recurrence after resection 
for invasive and noninvasive intraductal papillary mucinous neoplasms of 
the pancreas: a meta-analysis. Dig Surg. 2012;29(3):213–25.

 16. White R, D’Angelica M, Katabi N, Tang L, Klimstra D, Fong Y, et al. Fate of 
the remnant pancreas after resection of noninvasive intraductal papillary 
mucinous neoplasm. J Am Coll Surg. 2007;204(5):987–93 discussion 
993-985.

 17. Fujii T, Kato K, Kodera Y, Kanda M, Nagai S, Yamada S, et al. Prognostic 
impact of pancreatic margin status in the intraductal papillary mucinous 
neoplasms of the pancreas. Surgery. 2010;148(2):285–90.

 18. Tamura K, Ohtsuka T, Ideno N, Aso T, Shindo K, Aishima S, et al. Treatment 
strategy for main duct intraductal papillary mucinous neoplasms of the 
pancreas based on the assessment of recurrence in the remnant pan-
creas after resection: a retrospective review. Ann Surg. 2014;259(2):360–8.

 19. Frankel TL, LaFemina J, Bamboat ZM, D’Angelica MI, DeMatteo RP, Fong Y, 
et al. Dysplasia at the surgical margin is associated with recurrence after 
resection of non-invasive intraductal papillary mucinous neoplasms. HPB 
(Oxford). 2013;15(10):814–21.

 20. Pea A, Yu J, Rezaee N, Luchini C, He J, Dal Molin M, et al. Targeted DNA 
sequencing reveals patterns of local progression in the pancreatic 

remnant following resection of Intraductal papillary mucinous neoplasm 
(IPMN) of the pancreas. Ann Surg. 2017,266(1):133-141.

 21. Rivera JA, Fernandez-del Castillo C, Pins M, Compton CC, Lewandrowski 
KB, Rattner DW, et al. Pancreatic mucinous ductal ectasia and intraductal 
papillary neoplasms. A single malignant clinicopathologic entity. Ann 
Surg. 1997;225(6):637–44 discussion 644-636.

 22. Pelletier AL, Hammel P, Rebours V, Couvelard A, Vullierme MP, Maire F, 
et al. Acute pancreatitis in patients operated on for intraductal papillary 
mucinous neoplasms of the pancreas: frequency, severity, and clinico-
pathologic correlations. Pancreas. 2010;39(5):658–61.

 23. Venkatesh PG, Navaneethan U, Vege SS. Intraductal papillary mucinous 
neoplasm and acute pancreatitis. J Clin Gastroenterol. 2011;45(9):755–8.

 24. Marchegiani G, Mino-Kenudson M, Sahora K, Morales-Oyarvide V, Thayer 
S, Ferrone C, et al. IPMN involving the main pancreatic duct: biology, 
epidemiology, and long-term outcomes following resection. Ann Surg. 
2015;261(5):976–83.

 25. Saito M, Imada H, Suzuki T, Sata N, Yasuda Y, Maetani I, et al. Distinct 
patterns of peritumoral histological findings in subtypes of intraductal 
papillary mucinous neoplasms of the pancreas. Ann Diagn Pathol. 
2015;19(5):347–52.

 26. Okada K-i, Imaizumi T, Hirabayashi K, Matsuyama M, Yazawa N, Dowaki 
S, et al. The distance of tumor spread in the main pancreatic duct of an 
intraductal papillary-mucinous neoplasm: where to resect and how to 
predict it. J Hepatobiliary Pancreat Sci. 2010;17(4):516–22.

 27. Kawakami S, Fukasawa M, Shimizu T, Ichikawa S, Sato T, Takano S, et al. 
Diffusion-weighted image improves detectability of magnetic resonance 
cholangiopancreatography for pancreatic ductal adenocarcinoma 
concomitant with intraductal papillary mucinous neoplasm. Medicine. 
2019;98(47):e18039.

 28. Kamata K, Takenaka M, Minaga K, Omoto S, Miyata T, Yamao K, et al. Value 
of additional endoscopic ultrasonography for surveillance after surgical 
removal of intraductal papillary mucinous neoplasms. Dig Endosc. 
2018;30(5):659–66.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Optimal surveillance of intraductal papillary mucinous neoplasms of the pancreas focusing on remnant pancreas recurrence after surgical resection
	Abstract 
	Background: 
	Aim and methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Study subjects
	Surgical indications, pathological examination, and postoperative follow-up
	Statistical analysis
	Ethics approval and consent to participate

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


