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ABSTRACT
Importance Intraductal Pancreatic Mucinous Neoplasms have been recognized with increasing frequency in clinical practice; however, 
several aspects of their clinical management are poorly defined. Few studies have ever focused on the intra- and post-operative management 
of the pancreatic remnant following curative intent surgical resection. Objective Overview of the current literature describing approaches 
to pancreatic preservation, local-regional and systemic recurrences following curative intent surgical interventions for intraductal 
pancreatic mucinous neoplasms. Findings Intraductal pancreatic mucinous neoplasms carry a variable risk of developing into non-
invasive (high-grade dysplasia to carcinoma in situ) or invasive pancreatic cancer. Management of resection margin is dictated by the 
location of the lesion, by the grade of residual cellular dysplasia, and by patient’s overall health. In the majority of surgical series to date, the 
risk of recurrence of non-invasive intraductal pancreatic mucinous neoplasms seems to be lower when compared to invasive intraductal 
pancreatic mucinous neoplasms as the extent of the invasive component seems to predict outcome. The presence of adenoma or low-grade 
dysplasia at the transected pancreatic margin does not affect long-term survival. The role of adjuvant therapy in the setting of resected 
invasive intraductal pancreatic mucinous neoplasms is unclear, however, treatment regimens used to treat pancreatic adenocarcinoma 
seem reasonable.  Pancreatic remnants should undergo surveillance with computed tomography scan or gadolinium enhanced magnetic 
resonance imaging following surgery. Conclusion Current knowledge of the management of pancreatic remnant in the setting of resected 
intraductal pancreatic mucinous neoplasms comes from retrospective series and is limited by small sample size and short follow-up. 
Additional studies with long term follow-up, focusing separately on main-duct intraductal pancreatic mucinous neoplasms and branch-
duct intraductal pancreatic mucinous neoplasm are needed to define the natural history of this disease and guide intraoperative and 
postoperative management. 
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INTRODUCTION 

Intraductal Pancreatic Mucinous Neoplasms (IPMNs) 
represent approximately 1% of invasive pancreatic 
neoplasms and 24% of pancreatic cystic neoplasms. In 
contemporary surgical series, IPMN accounts for 8% to 
20% of pancreatic resections [1, 2]. Despite advancement 
in understanding the natural history and molecular 
mechanisms involved in the neoplastic progression of 
IPMN, several aspects of clinical management continue 
to be poorly defined. We sought to review the surgical 
literature for a better understanding of trends in intra 

and postoperative management of the pancreatic remnant 
following surgical resections performed for IPMN.

Histologic Classification

The World Health Organization classifies IPMN 
histologically into four successive stages: mild dysplasia 
(IPMN adenoma), moderate dysplasia (IPMN borderline), 
severe dysplasia (IPMN carcinoma in situ), and invasive 
carcinoma [3-5].

Risk factors for malignancy 

Based on location, IPMN can be distinguished as main-
duct IPMN, branch-duct IPMN, and mixed type involving 
both the main-duct and branch-duct. Main-duct IPMNs 
harbor a five-year actuarial risk of malignancy of 60% 
(range: 11% to 81%). Branch-duct IPMNs have a risk of 
malignant transformation of approximately 26% (range: 
6% to 47%) [6-8]. Mixed IPMNs have a risk of malignant 
transformation between 35% to 40% [9]. 

SURGICAL MANAGEMENT
According to the International Consensus Guidelines for 
the management of IPMNs released in 2012, all high-risk 
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main-duct or mixed IPMNs should be resected due to high 
incidence of malignant transformation if the patient is a 
surgical candidate [6]. Management of branch-duct IPMNs 
is more controversial due to the lower risk of malignant 
transformation.  In the development of the treatment 
algorithm of branch-duct IPMNs different factors were 
taken into account such as cyst size, patient symptoms 
(abdominal pain, pancreatitis, jaundice and constitutional 
symptoms for cancer), and high-risk features (mural 
nodules, rapidly increasing cyst size, high-grade atypia). 
Resection is recommended in patients with IPMN ranging 
from one cm to three cm in the presence of symptoms or 
high risk-features (mural nodules with a blood flow signal 
confirmed by contrast enhanced endoscopic ultrasounds 
and exclusion of mucous clots, rapidly increasing cyst size 
of more than two mm/yr, high-grade dysplasia) [6, 10, 11].  
Resection can be recommended in patients with IPMNs 
greater than three cm based on size alone although size 
itself is a weaker indicator of malignancy than presence of 
some other high-risk features [6, 12, 13]. 

Types of Surgical Procedures

The surgical procedure of choice is based on the location 
of the lesion within the pancreas with additional 
consideration given to short-term and long-term 
implications related to surgery. Total pancreatectomy, 
classic pancreaticoduodenectomy, pylorus preserving 
pancreaticoduodenectomy, central pancreatectomy, distal 
pancreatectomy with splenectomy, spleen preserving 
distal pancreatectomy, and enucleation have all been 
described and widely utilized [1, 14-19]. 

Interpretation and Management of Positive Pancreatic 
Resection Margins

Currently, there are no clear guidelines for the management 
of pancreatic transection margins following resections for 
high risk IPMN. The risk of recurrent IPMN in the pancreatic 
remnant has to be balanced against the long-term side 
effects of extensive pancreatectomies and finding this 
balance can be difficult, especially in an aging population 
with increasing co-morbidities. Positive margins following 
IPMN resection can be classified into positive margins with 
mild to moderate dysplasia (non-invasive IPMN), positive 
margins with high-grade dysplasia or carcinoma in situ 
(non-invasive IPMN) and positive margin with invasive 
carcinoma. However, the definition of positive margin 
varies amongst different authors [20-23].

Unfortunately, the majority of the studies available 
combine patients with primary noninvasive IPMN (term 
that encompasses a wide range of histologies from mild 
dysplasia to carcinoma in situ) and invasive IPMN making 
it difficult to draw conclusions for the management of 
positive margins. In addition, patients with branch-duct 
versus main-duct IPMN are also usually lumped together 
making it challenging to compare rates of margin positivity 
and recurrences between two disease entities with clearly 
different risk of malignancy. 

Positive Margins with Non-Invasive IPMN 

Tanaka et al. reported that positive margins for resected 
adenomas and borderline lesions more closely resembling 
adenomas (low-grade or moderate-grade dysplasia) do 
not warrant subsequent resection [24]. In a review of 
the literature done by Moriya et al. [17] which included 
nine studies totaling 1131 cases, 18% of individuals with 
some form of noninvasive IPMN had a positive resection 
margin. No correlation was found between positive 
margins following resection and development of a new 
lesion in the pancreatic remnant after median follow-up of 
24 to 64 months. The authors concluded that pancreatic 
preservation should be a priority. The five-year overall 
survival rate following resection for non-invasive IPMN 
ranges between 77% to 100% [20, 25-27]. 

In a study by White et al. [27] only one of 50 patients (2%) 
with margins negative for IPMN recurred versus four of 
23 patients (17%) with margins positive for IPMN. Only 
two of the reported recurrences were clearly borderline or 
invasive recurrences. 

He et al. [25] analyzed the fate of the remnant pancreas of 
130 patients. Atypia or low-grade dysplasia was present in 
the resection margin of 26 (20%) patients of these patients 
20% (6 of 30) had recurrence at a median of 38 months 
when compared to 16% (16 of 100) without IPMN at the 
margin that developed recurrence. In this study there 
was no correlation between margin status and risk of 
recurrence except for family history of pancreatic cancer 
independently predicting recurrence. 

Positive Margins with Invasive IPMN 

The management of surgical margins for invasive IPMN 
is less controversial given its higher risk of recurrence 
and poor five-year survival ranging from 40%-85% 
for node-negative invasive IPMN and 0-45% for node-
positive invasive IPMN. The lymph node positivity rates 
for invasive IPMN range between 33% and 54% in most 
recent studies. In a meta-analysis by Kai-Ming Leng et al. 
[28], 339 patients with invasive IPMNs were identified in 
11 cohort studies. Recurrence after resection occurred in 
39% of patients with margin-negative resection versus 
54% with margin-positive resection (OR: 0.47; 95% CI: 
0.25-0.88, p=0.020) suggesting that positive margins 
are relevant to the risk of recurrence in this setting. 
However, in a study by Schnelldorfer et al. [14] only 15% 
of those with recurrence had a positive operative margin 
at resection (5 patients: malignant positive, 4; benign 
positive, 1). In this same study, 46 patients who underwent 
partial pancreatectomy had a total recurrence rate of 54% 
and a distant recurrence rate of 39%. These recurrence 
rates were not significantly different when compared 
to the 11 patients in the same series who underwent 
total pancreatectomy and had a 73% overall recurrence 
rate and 73% distant recurrence rate.  This finding is 
similar to other described series [14, 15, 20, 29, 30] and 
suggests that the pursuit of negative margins in patients 
with IPMNs may not significantly impact the patient’s risk 
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of IPMN recurrence, suggesting a field defect. However 
many authors still advocate for negative margins (R0) 
when faced with a positive margin for invasive IPMN or 
in presence of diffuse pancreatic involvement with this 
premalignant condition [20, 31, 32]. Studies conducted 
to evaluate the concordance rate between intraoperative 
frozen sections and definitive pathological evaluation of 
pancreatic margins reported rates ranging between 57% 
and 99% (Table 1) [1, 15, 22, 27, 33, 34]. Nevertheless, 
according to the International Consensus Guidelines, 
intraoperative frozen sections are useful to assess margin 
status and decide the extent of resection [6, 22]. In the 
absence of other severe comorbidities, the presence of 
positive margins for high-grade dysplasia or invasive 
adenocarcinoma, should prompt additional pancreatic 
resections to achieve negative margins [35]. 

Risk of Recurrence 

Following surgical resection, the pancreatic remnant has 
a persistent risk for metachronous or “recurrent” disease. 
Metachronous lesions represent new occurrence of IPMNs 
or pancreatic ductal adenocarcinoma that arise following 
prior complete resection of the initial pancreatic lesion 
[36]. Two types of recurrence can occur: metachronous 
multifocal occurrence of IPMNs in the remnant pancreas 
or metastatic or local recurrence of invasive carcinoma. 

There is increasing evidence that some synchronous 
pancreatic lesions identified at the time of the original 
operation are genetically distinct entities from the target 
lesion [37]. It is reasonable to speculate that some of the 
metachronous lesions could represent de novo IPMNs or 
pancreatic ductal adenocarcinoma without any genetic 
relations with the original resected lesion.

Non-Invasive IPMN

A recent meta-analysis completed by Kai-Ming Leng et al. 
[28] reported that post-operative recurrence rate with 
non-invasive IPMNs was 4.9% over a follow up period of 
24 to 65 months. Palaez-Luna et al. [38] found that up to 
8% of patients with benign branch-duct IPMNs will have 
recurrence in the remnant pancreas (median follow-up of 
15 months). White et al. [27] found a 7.7% local recurrence 
rate following resections for noninvasive IPMN at a median 
of 40 months follow-up. Recurrence histology was only 
known in three patients out of a total of six recurrences 
with only one patient having clearly invasive recurrence. 

Based on these data, organ preservation should be a priority 
in the setting of surgical resections for non-invasive IPMN 
(Table 2). The possibly higher rates of recurrences in the 
pancreatic remnant do not justify an initially aggressive 
surgical resection with possible total pancreatectomy 
unless diffuse high-grade dysplasia is encountered. 

Table 1. Concordance rate of intraoperative frozen section and definitive pathologic analysis.

Author Specimens 
Evaluated n

Concordance rate of Intraoperative Frozen 
Section  with Final Pathologic Analysis 

PPV of Frozen 
Section

NPV of Frozen 
Section

Salvia et al. [15] 140 100% 100% 100%

Fujii et al. [33] 92 99% - -

Raut et al. [1] 25 97% - -

Couvelard et al. [22] 127 94% - -

White et al.  [27] 27 67% 50% 74%

Frankel et al. [34] 44 57% 57% 41%

Marchegiani et al. [35] 276 96.30% - -

PPV positive predictive value; NPV negative predictive value

Author Year n Positive Margin 
%

Recurrence, n 
(%)

Recurrence With Invasive 
Transformation, n (%)

Estimated Five 
Year OS, %

Median Follow-Up, 
Months 

Chari et al. [20] 2002 60 3 5 (8) 2 (3) 85 37
Sohn et al. [40] 2004 84 24 7 (8) 5 (6) 77 24‡

Salvia et al. [15] 2004 80 22 1 (1) 0 100 31
D’Angelica et al. [50] 2004 32 52° 3 (9) 1 (3) 91 32
Wada et al. [16] 2005 75 7 1 (1) 0 100 56‡

Raut et al. [1] 2006 22 0 0 0 100 34
White et al. [27] 2007 78 30 6 (8) 4 (5) 87 40
Schnelldorfer et al. [51] 2008 143 9 11 (8) 3 (2) 94 38
Fujii et al. [33] 2010 103 27 10 (10) 8 (8) - 41
Miller et al. [26] 2011 191 4 31 (20) 4 (2) 83 66‡

He et al. [25] 2013 130 20 22 (17) 5 (4) 81 38
Frankel et al. [34] 2013 192 45 40 (21) 3 (2) 32 46
Marchegiani et al. [35] 2015 316 16*° 28 (9) 6 (2) 85 58

Table 2. Fate of remnant pancreas after resection of Noninvasive Intraductal Papillary Mucinous Neoplasm.

* Pancreas margin not present in 21 total pancreatectomies
° Refers to Non-invasive and Invasive-margin.
‡ Refers to mean follow-up. 
OS, overall survival.
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Invasive IPMN

The aim of surgical intervention is a margin negative 
resection for high-grade dysplasia or invasive cancer 
in good-surgical risk patients diagnosed with invasive 
IPMN. This has to balance against the high risk of systemic 
recurrence in the setting of invasive IPMN resulting in 
poor survival (Table 3). When compared to node negative 
disease, in the presence of node positive disease, the driver 
of final outcome seems to be the development of extra 
pancreatic disease [15, 39, 40]. 

Utilizing the Surveillance, Epidemiology, and End Results 
Program, Wasif et al. [39] reported a five-year survival 
of 22% (median survival 21 months) that was highly 
influenced by the node status. In patients with node-
negative disease five-year survival was 35% for invasive 
IPMN (median survival 34 months). 

Poultsides et al. [41] analyzed 312 patients with IPMN 
undergoing pancreatectomy. The authors found that 
invasive carcinoma arising in the setting of IPMN had a 
better outcome compared to standard pancreatic carcinoma 
with an overall median survival of 43 months versus 
19 months and a five-year survival of 42% versus 19% 
(p<0.001). This significant survival difference persisted 
when comparing patients without nodal metastasis but 
disappeared in patients with nodal metastasis. Similar 
findings where reported by Schnelldorfer et al. [14]. 

Follow Up 

Currently there is only limited evidenced-based data 
available to guide clinicians in the follow up of patients 
with pancreatic IPMN. The intervals at which imaging 
studies are obtained are highly influenced by the presence 
of residual macroscopic IPMN and microscopic margin 
status of the pancreatic remnant. In addition, patient 
age, family history, symptoms, comorbidities, perceived 
pancreatic cancer risk, and patient preferences all play an 
important role. 

Surveillance after resection is critical considering that 
recurrence has been described to occur even 10 years 
after resection [35]. Residual IPMN can be left in place at 
the time of the planned surgical resection with relatively 
low risk of these lesions developing into lesions requiring 

a surgical resection later on, as long as they have low risk 
criteria [6]. Commonly this scenario is due to the presence of 
a branch-duct IPMN or multifocal branch-duct IPMNs that 
did not meet initial criteria for resection. A retrospective 
analysis by Moriya et al. [17] focused on residual lesions 
in the pancreatic remnant. They identified 31 patients 
with recurrences after a median follow up of 40 months.  
These lesions were either left in the remnant at the time 
of resections (14 patients) or identified by imaging during 
follow-up (new lesions). The authors noted that the 14 
residual lesions were consistent with branch-duct-type 
IPMN that were less than three cm, none of these lesions 
changed in size or caused any symptoms. 

Some studies also reported an increased risk of 
extrapancreatic malignancies (24-52%) that were identified 
prior, at the time or after the index surgery [14, 42-46]. 
There are no existing guidelines for screening for possible 
secondary malignancies, although some data suggest that 
surveillance should be pursued. 

Residual Not Resected IPMN

According to the most recent international consensus 
patients with residual (not resected) IPMN should be 
followed according to the presence or absence of “high risk 
stigmata” [6]. In patients without “high risk stigmata” a 
short interval (three to six months) pancreatic MRI/MRCP 
(or CT) should be obtained to establish the stability of the 
lesion. In stable lesions, following this initial assessment, 
subsequent imaging studies should be dictated by size 
stratifications. For lesions less than one cm a CT/MRI is 
obtained in two to three years. For lesions between one 
and two cm a CT/MRI is obtained yearly for two years and 
then at lengthened intervals if no change. Lesions between 
two and three cm should undergo EUS in three to six 
months, then lengthen interval alternating MRI with EUS 
as deemed appropriate by physician and patients. Lesions 
greater than three cm should undergo close surveillance 
every three to six months, alternating MRI/CT with EUS, 
however surgery should be considered in these patients if 
feasible. Recently, several reports identified a yearly risk 
of 0.7–0.9 % of pancreatic ductal adenocarcinoma arising 
from side branch IPMN [47]. These residual synchronous 
or metachronous IPMNs could represent genetically 
independent lesions and the same criteria for resectability 

Table 3. Fate of remnant pancreas after resection of Invasive Intraductal Papillary Mucinous Neoplasm.

Author Year n Positive margin % Recurrence, n 
(%)

Estimated Five Year 
OS, %

Median follow-up, 
months

Chari et al. [20] 2002 40 26 26(65) 36 42
Sohn et al. [40] 2004 52 39 21(54)- 43 24‡

Salvia et al. [15] 2004 58 28 7(12) 60 31
D’Angelica et al. [15] 2004 30 52° 9 (30) 58 32
Wada et al. [16] 2005 25 12 12(46) 46 56‡

Raut et al. [1] 2006 13 8 7 (54) - 61
Schnelldorfer et al. [51] 2008 63 29 36(58) 31 38
Marchegiani et al. [35] 2015 84 16*° 37(47) 49 58

* Pancreas margin not present in 21 total pancreatectomies.
° Refers to Non-invasive and Invasive-margin. 
‡ Refers to mean follow-up.
OS, overall survival.
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and follow-up dictated by the International Consensus 
statement should apply [37]. Some authors continue to 
recommend serial follow up with CT or MRCP every six 
months.

Negative Margin Resections (Including Non Dysplastic 
Changes)

There are no clear guidelines on the type and frequency of 
follow-up studies [25, 48]. Some authors are recommending 
CT/MRI every six-twelve months for an initial period of 
two years in the setting of resected non-invasive IPMN 
followed by a yearly surveillance thereafter.

Positive Margins of Resection for Low-Grade or 
Moderate-Grade Dysplasia

There are no definitive recommendations in the literature 
to guide the type or the intervals of imaging following 
resections of IPMN with positive margins for low or 
moderate dysplasia. The 2012 IAP suggests that history/
physical examination and CT/MRCP be performed twice a 
year for the first two to three years [6]. 

IPMN with Foci of Invasive Adenocarcinoma

This group of patients should be followed with a strategy 
identical to that currently in use for pancreatic ductal 
adenocarcinoma. Some authors recommend imaging every 
three months for two years for the detection of recurrent 
disease in the setting of invasive IPMN with decreasing 
the frequency of follow-up studies to every six months 
afterwards in the setting of resected invasive IPMN. 
Worrisome lesions developing in the pancreatic remnant 
during surveillance imaging should be assessed with EUS 
with or without sampling [6]. 
Type of Surgical Resection for Recurrent IPMN in the 
Pancreatic Remnant 
Little to no data exist on the type and extent of secondary 
resections for patients with IPMN. Moriya et al. [17] 
described a total of five patients, three with completion 
pancreatectomy, one with mass excision from the body 
of pancreas, and one with unresectable disease. Histology 
evaluation following re-resections revealed two cases of 
invasive cancer, one carcinoma in situ and two cases with 
adenomas. Predictably, both patients with invasive disease 
had disease recurrence/persistence following second 
surgery with short survival. 

The Mayo Clinic series described a total of three re-resections 
in a study with a mean follow-up of 3.2 years [14]. All 
three patients underwent completion pancreatectomy, 
with details on recurrent disease histology being reported 
in only one patient who was found to have recurrent 
adenoma. Only two repeat resections were performed in 
the study by Ohtsuka et al. [36], both being completion 
pancreatectomies. Both patients were originally operated 
on for high-risk main-duct IPMN and both were found to 
have non-invasive IPMN in the pancreatic remnant upon 
final histologic exam (Figure 1). 

No clear recommendations can be made to guide the 
extent of surgical re-resections in the few patients who 

are candidates for reoperation for locally recurrent IPMN. 
All described patients above, except one, underwent a 
completion pancreatectomy, likely for concern of these 
recurrences representing a field defect. 
Adjuvant Treatment Following Resection for Invasive 
IPMN
To our knowledge, few studies in the current surgical 
literature address the risks and benefits of adjuvant 
chemo and/or radiation therapy in the setting of resected 
invasive IPMN [1, 49]. Only a limited number of studies 
ever compared the risk of local/systemic recurrence 
for patients with invasive IPMN versus pancreas ductal 
adenocarcinoma not arising from IPMN [14, 39].  The risk 
of developing systemic disease seems to be high, with 
overall survival curves being quite poor in both disease 
entities (five-year survival 20-30%), especially for node 
positive disease. 

Raut et al. [1] described six patients receiving postoperative 
adjuvant therapy for invasive IPMN and five patients 
receiving intraoperative radiotherapy. Histologic re-review 
determined that there was no invasive cancer in nearly half 
of these patients. No treatment details were described. 

In the absence of better clinical evidence, administration of 
adjuvant treatment protocols used for invasive pancreas 
ductal adenocarcinoma seems reasonable for patients 
with invasive IPMN secondary to the high risk of systemic 
disease recurrence. However, the exact benefits of such 
treatment protocols remain questionable. 

CONCLUSIONS AND FINAL RECOMMENDATIONS
Current knowledge of the natural history, management and 
prognosis of IPMN derives from retrospective series and 
is limited by small sample size and short follow-up. There 
are even less evidenced-based data available to guide 
clinicians in the management of the residual pancreas and 
its subsequent follow up. IPMNs meeting current guidelines 
for surgical resection should be completely removed, with 
appropriate lymph node dissection. Pancreatic transection 
margins should be assessed intraoperatively and further 
resection should be considered for cases of high-grade 
dysplasia or invasive cancer at the margins. Pancreas 
preservation should be a priority. Adenoma or low-grade 
dysplasia at the pancreatic transection margin does not 
affect long-term outcome and does not require further 
pancreatic resection in our opinion. The rate of systemic 
recurrence is high with invasive IPMN especially in the 
setting of node positive disease. The role of adjuvant therapy 
in the setting of resected invasive IPMN is unclear. Since 
node positive invasive IPMN has a high risk of systemic 
recurrence, administration of adjuvant therapy similar to 
pancreatic adenocarcinoma seems reasonable. Pancreatic 
remnants should be followed for concerns of developing 
new lesions with at least yearly pancreatic protocol 
computed tomography or magnetic resonance imaging. 
Lesions not meeting resection criteria in the remnant of 
the pancreas and intentionally left behind are less likely to 
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progress during follow-up. The current recommendations 
in the evolving field of IPMN management are likely to 
change with larger clinical studies and longer follow-up 
as more detailed information becomes available on the 
natural history and recurrence pattern of IPMN lesions. 
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