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Abstract

The management algorithm for pancreatic cystic neo-
plasms (PCN) has evolved with rapid advancements in the 
knowledge of the diagnostic features, natural history and 
biology of these neoplasms together with the introduction 
of new and improvement in diagnostic modalities and 
tests. Over time, the management of PCNs has gradually 
trended from an aggressive resection approach in the past 
towards a more conservative approach with surveillance 
at present. Due to controversy in the management of intra-
ductal papillary mucinous neoplasms (IPMN) especially 
with regards to branch duct (BD)-IPMN over the past 2 
decades, several international consensus guidelines have 
been formulated to guide clinicians on the management of 
these neoplasms. These guidelines in general serve 2 
main objectives: (1) diagnostic workup and clinical deci-
sion making and (2) surveillance protocol including 
methods, interval and duration. The present consensus 
guidelines’ are useful in in guiding clinicians in decision 
making for the management of IPMNs by utilizing widely 
and easily available clinical parameters and morphologi-
cal features from conventional cross-sectional imaging. 
Nevertheless, present guidelines remain far from ideal 
and are still associated with various limitations.

53.1  Introduction

Over the past three decades, the management algorithm for 
pancreatic cystic neoplasms (PCN) has evolved with rapid 
advancements in the knowledge of the diagnostic features, 
natural history and biology of these neoplasms together with 

the introduction of new and improvement in diagnostic 
modalities and tests [1–3]. In general, management of PCNs 
has gradually trended from an aggressive resection approach 
in the past towards a more conservative approach with sur-
veillance at present [3–5]. Today, with the widespread use of 
cross-sectional imaging; there is an exponential increase in 
the number of incidental asymptomatic PCNs detected 
worldwide [3, 4, 6]. However, numerous investigators have 
demonstrated that the vast majority of these lesions have an 
indolent nature and a benign natural history [3–6].

The main pathological types of PCNs are intraductal pap-
illary mucinous neoplasms (IPMN), serous cystic neoplasms 
(SCN), mucinous cystic neoplasms (MCN) and solid pseu-
dopapillary neoplasms (SPPN) [7, 8]. At present, it is widely 
accepted that SCNs are almost universally benign and can be 
managed conservatively unless they grow to a large size 
resulting in  local compressive symptoms [1, 8]. SPPNs on 
the other hand are potentially malignant neoplasms which 
occur in children and young adults especially females and 
hence, aggressive surgery when technically feasible is almost 
always warranted [1, 8, 9]. Similarly, surgical resection is 
usually indicated for MCNs as these premalignant neoplasms 
usually occur in middle-aged females [10]. Nonetheless, 
selected cases of small (<4 cm) MCN [8] may be observed 
especially in older patients with a shorter life-expectancy.

However, unlike the management of SCN, SPPN and 
MCN; the management approach towards IPMN remains 
controversial and debatable [1, 5]. Depending on the site of 
involvement of the pancreatic duct, IPMNs are classified into 
main-duct (MD), branch-duct (BD) and mixed-duct IPMNs 
(MT-IPMNs) [11, 12]. At present, there is uniform consensus 
among experts that most MD-IPMN and MT-IMPNs should 
be surgically removed due to the high-risk (>50%) of harbor-
ing malignancy or progressing to malignancy. On the other 
hand, most BD-IPMNs can be treated conservatively due to 
their indolent biology and only selected cases require surgical 
resection [8, 11, 12]. At present, several clinical and radio-
logical criteria are now widely-accepted and have been well-
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validated to be associated with malignancy in IPMN. These 
include parameters such as main pancreatic duct dilatation, 
larger cyst size, enhancing mural nodule/solid component, 
positive cytology, pancreatitis, jaundice and elevated serum 
carbohydrate antigen (CA) 19-9 which are utilized in most 
management guidelines for IPMN [8, 11–14].

Due to controversy in the management of IPMNs espe-
cially with regards to BD-IPMN over the past 2 decades, sev-
eral international consensus guidelines have been formulated 
to guide clinicians on the management of these neoplasms. 
These guidelines in general serve 2 main objectives: (1) 
diagnostic workup and clinical decision making and (2) sur-
veillance protocol including methods, interval and duration 
[1, 15]. In 2006, international experts convened in Sendai 
and formulated the first widely-accepted expert guidelines 
for IPMN and MCN which came to be widely known as the 
Sendai Guidelines (SG06) [11]. SG06 (Table  53.1) was a 

Table 53.1 Summary of international consensus guidelines criteria for 
the management pancreatic cystic neoplasms

Guideline Criteria Management
Sendai 2006
MCN NA Surgery
IPMN Symptoms

MPD >6 mm
Size >3 cm
Mural nodule
Positive cytology

Surgery

Fukuoka Guidelines 
2012, revised 
2017—IPMN onlya

IPMN High risk
–  Proximal lesion with 

obstructive jaundice
–  Enhancing mural 

nodules ≥ 5 mma 
(enhancing solid 
component)

–  Dilated main duct 
≥10 mm

Surgery

Worrisome risk
–  Size ≥3 cm
–  Pancreatitis
–  Enhancing mural 

nodule < 5 mma 
(non-enhanced mural 
nodule)

–  Thickened, enhancing 
cyst walls

–  Dilated main duct 5 to 
9 mm

–  Abrupt change in duct 
caliber with distal 
atrophy

–  Lymphadenopathy
–  Elevated Ca 

19-9 > 37 U/mla

–  Rapid growth 
rate > 5 mm/2 yearsa

EUS: mural 
nodule, main duct 
involvement, 
positive or 
suspicious 
cytology – 
surgery
Size >3 cm—
strongly consider 
surgery in young 
fit patients

Table 53.1 (continued)

Guideline Criteria Management
Low risk Surveillance

Size 2–3 cm: 
consider surgery 
in young fit 
patients

MCN NA Surgery
European Guidelines 
2018
IPMN Absolute indication

–  Jaundice
–  Enhancing mural 

nodule ≥5 mm
–  Solid component
–  Dilated main duct 
≥10 mm

–  Positive cytology for 
HGD or carcinoma

Surgery

Relative indication
–  Size ≥4 cm
–  Pancreatitis
–  New onset diabetes
–  Dilated main duct 5 to 

9.9 mm
–  Growth rate ≥ 5 mm/

year
–  Enhancing mural 

nodule <5 mm
–  Elevated Ca 

19-9 ≥ 37 U/ml

Surgery: no 
significant 
comorbidities: 
significant 
comorbidities/≥2 
RI
Intensive 
surveillance: 
significant 
comorbidities/1 
RI

No indication Surveillance
MCN –  Symptomatic

–  Size ≥4 cm
–  Mural nodule
–  Growth rate

Surgery

SCN –  Compressive 
symptoms

Surgery

SPPN NA Surgery
PNEN – >20 mm, symptoms Surgery
American 
Gastroenterological 
Association 2015
Asymptomatic 
IPMN/MCN

–  Dilated main duct 
≥5 mm and solid 
component/positive 
cytology for 
malignancy

–  At last 2 high-risk 
features: Size ≥3 cm, 
Dilated pancreatic 
duct, solid component

–  < 3 cm, no solid 
component, no dilated 
duct

Surgery
EUS-FNA
Surveillance

American College of 
Gastroenterologists 
2018

(continued)
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risk lesions (HRFG12) were to be managed via surgical resec-
tion whereas those which were low-risk could be conserva-
tively managed via close surveillance [12]. The revised 
guidelines also recognized the role of endoscopic ultrasound 
(EUS) which had been increasingly utilized in the diagnostic 
evaluation of PCNs. In general, the use of EUS was recom-
mended for IPMNs with WRFG12 although upfront surgical 
resection could be considered for selected WRFG12 such as 
young healthy patients with cysts ≥3 cm [12]. Notably, some 
of the major revisions in the FG12 to highlight was that cyst 
size ≥3 cm and pancreatic duct dilatation between 5-9 mm 
were no longer regarded as high risk indications for immedi-
ate surgical intervention but were only considered as worri-
some risks. Furthermore, the need for enhancement on 
imaging was included to confirm that a mural nodule/solid 
component was suspicious as it was recognized that mucin 
within the cyst could mimic a non-enhancing nodule on 
cross-sectional imaging [1]. Systematic reviews [17–19] 
summarizing the literature have been performed to evaluate 
the utility of both the SG06 and FG12 and both guidelines 
have been shown to be associated with a low PPV but high 
NPV.  Nonetheless, the FCG seemed to have a better PPV 
than the SCG (47% vs 33%) albeit at the expense of a slightly 
lower NPV [18].

In 2017, further refinements were made to the FG12 with 
regards to the management of IPMN (Table 53.1) [16, 20]. 
This included demoting enhancing mural nodules <5 mm to 
the WRFG12 and adding features such as elevated Ca 19-9 and 
cyst growth rate to WRFG12. To date, these revisions remain 
the most recent updates to the guidelines (FG17) [20].

53.1.2  European Guidelines 2018 (EG18)

The EG18 [8] represents an update to the previous European 
guidelines published in 2013 [21]. It was formulated by a 
multidisciplinary expert panel from several European asso-
ciations and unlike the FG12/17 which focused on IPMN, 
treatment recommendations for different pathological types 
of PCNs were included. Of note, whereas the FG12 recom-
mended resection for all MCNs, the EG18 was more conser-
vative than its predecessors and proposed surgical resection 
only for MCNs with worrying features such as presence of 
mural nodules or a cyst size >4 cm [8].

Similar to the FG12/17, the EG18 was a 3-tier system 
(Table  53.1) which classified IPMN into three categories 
according to the indication for surgery: absolute indication 
(AIEG18), relative indication (RIEG18) and no indication for 
surgery (Table 53.1). These were in general very similar to 
the FG17 with a few notable differences [1]. Upfront resec-
tion was recommended for patients in the absolute AIEG18 
group like the HRFG17 group. Similarly, patients were conser-
vatively managed in the no indication group like the FG17 

Guideline Criteria Management
IPMN/MCN –  Jaundice

–  Acute pancreatitis
–  Elevated Ca 19-9
–  Mural nodule/solid 

component
–  Dilated main duct 

>5 mm
–  Concerning focal 

dilatation of main duct
–  Change in main duct 

caliber with upstream 
atrophy

–  Size ≥3 cm
– Cytology showing 
HGD or carcinoma

EUS and/or 
referral to MDT 
for consideration 
of resection

–  New onset or 
worsening diabetes

–  Increase in cyst size 
≥3 mm/year

Short interval 
MRI/EUS-FNA

a2017 revisions

Table 53.1 (continued)

2-tier system which proposed that in addition to MCNs; all 
MD-IPMNs and BD-IPMNs with features such as size 
>3 cm, symptoms or main pancreatic duct diameter > 6 mm 
be considered for surgical resection. These guidelines were 
adopted in clinical practice world-wide for over 5 years but 
numerous studies subsequently performed to validate the 
utility of these guidelines [12, 13] demonstrated several 
major limitations. The main criticism of the guideline was its 
“over-aggressive” recommendation for surgical resection of 
BD-IPMN. The SG06 was demonstrated to have a low posi-
tive predictive value (PPV) of only about 33% for predicting 
malignant IPMN and adherence to the guideline resulted in 
overtreatment of patients whereby many benign BD-IPMNs 
were resected [16, 17]. The risks associated with the over-
treatment of patients with IPMN should not be underesti-
mated as despite advances in pancreatic surgery today, it 
remains a major operation associated with a significant mor-
bidity and mortality even in high volume centers [16]. Hence, 
bearing the limitations of SG06 in mind, international experts 
convened in Fukuoka and proposed a new revised guideline 
termed the Fukuoka Consensus Guidelines in 2012 (FG12) 
[12]. Similar to SG06 the FG12 recommended resection for 
all MCN but revisions were made to the management 
 guidelines for IPMN. The main objective was of the FG12 
was to reduce the number of “unnecessary” surgical inter-
ventions and overtreatment of BD-IPMN [12].

53.1.1  Fukuoka Guidelines 2012 (Revised 2017)

Unlike the original SG06 guideline, the FG12 was a 3-tier 
system which categorized IPMNs into high risk, worrisome 
risk (WRFG12) and low risk groups (Table 53.1) [12]. High 
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low risk group. Notably, for the RIEG18 group, EG18 was 
more aggressive in proposing upfront surgery. Surgery was 
recommended for patients without significant comorbidity 
and 1 RIEG18 and for patients with significant comorbidity 
and 2/more RIEG18. This differed from the WRFG17 which rec-
ommended further investigation via EUS-FNA and to only 
consider surgery in young healthy patients with cyst ≥3 cm. 
Unlike FG17, the EG18 also took into account the number of 
worrisome features and patients’ comorbidities in their rec-
ommendations [1].

Several other minor differences between the EG18 and 
FG17 worth highlighting include the inclusion of new onset 
diabetes, using a cyst growth rate of ≥5 mm/year rather than 
2 years and notably the change in cyst size cut-off from 3 to 
4 cm in the RIEG18 [1]. The obvious impact of the change in 
the size cut-off is that this would result in a larger group of 
patients which can be managed conservatively via surveil-
lance. However, more studies are needed to confirm if 
patients with BD-IPMN within the 3 to 4 cm size range can 
be observe safely. Due to its recency, not surprisingly, there 
are remain relatively few studies to date [22, 23] validating 
the EG18. The PPV for HGD/IC of AIEG18 and RIEG1 has been 
reported to range from 48.3% to 72.7% and 40.5% to 47.4% 
within the limitations of surgical series’. Of note, the false 
negative rate for malignancy of the EG18 was reported to be 
1.9% [22].

Thus far the 3 guidelines discussed (SG06, FG12/17 and 
EG18) are the most common guidelines used to date 
(Table 53.1). In addition to these 3 guidelines, other guide-
lines less commonly used outside the United States include 
the American Gastroenterological Association (AGA) 2015 
guidelines [13] and the American College of Gastroenterology 
(ACG) 2018 guidelines [14] which will not be discussed 
here. It is interesting to note that the EG18, AGA, ACG were 
formulated based on the evidence-based GRADE framework 
[16] whereas the SG06 and FG12 was developed based on 
expert opinion.

53.1.3  Surgery for IPMN

The objective of surgical resection in IPMN is complete 
removal of the tumor with negative margins (FG17) [20]. 
Depending on the tumor location, this may require a proxi-
mal or distal pancreatectomy. However, it is important to add 
that the exact type of resection may not always be easy to 
determine such as for diffuse type MD-IPMN without a defi-
nite focal lesion. This may also be difficult to distinguish 
from chronic pancreatitis. In such cases, ERCP or EUS may 
be useful to identify features of IPMN such as visualization 
of a mural nodule or mucin extrusion from a dilated papilla. 
A formal pancreatectomy with lymphadenectomy such as a 
pancreatoduodenectomy, left-sided pancreatectomy or total 

pancreatectomy should be the standard treatment when sur-
gery is performed for suspected malignancy. However, more 
limited resections [20, 24] such as enucleation, middle pan-
createctomy or spleen-saving pancreatectomy may be con-
sidered in selected cases of BD-IPMN when preoperative 
suspicion of malignancy is low. Frozen section should be 
routinely performed on parenchyma transection margins 
[20]. In the event of the presence of invasive cancer or high 
grade dysplasia at the transection margin, further resection 
should be performed and all patients should be counselled on 
the possibility of a total pancreatectomy. The presence of 
IPMN with low grade dysplasia does not warrant further 
resection of the margins.

53.1.4  Surveillance for IPMN

Based on present knowledge, all patients with IPMN man-
aged conservatively should continue life-long surveillance 
(until deemed unfit for surgery) as the risk of progression 
does not diminish over time. It is also important to be cogni-
zant of the development of concomitant pancreatic ductal 
adenocarcinoma especially in patients with a significant 
family history of pancreatic cancer and these patients would 
require more intensive surveillance. Similarly, patients who 
had undergone complete resection of non-invasive IPMN 
should undergo life-long surveillance for similar reasons due 
to the field-change effect associated with IPMN [25].

53.2  Discussion

The ideal guideline for the management IPMN should not 
only identify current risk of harboring HGD or invasive can-
cer but also future risk of developing malignancy. This would 
enable early intervention and avoid prolong surveillance. It 
must be emphasized that patients with IPMN on surveillance 
should undergo resection before the development of invasive 
carcinoma due to the poor prognosis of invasive IPMN which 
is similar to pancreatic ductal adenocarcinoma [26]. It is also 
imperative to add that an ideal guideline should also avoid 
surgical overtreatment resulting in unnecessary operations in 
patients who have little or no risk of developing malignancy 
during their lifetime [1, 2]. At present, it may be assumed 
that the optimal timing for surgery in IPMN in most patients 
would be when lesions harbor HGD as surgical resection 
will result in cure.

Management of patients with IPMN should be individual-
ized and tailored according to a patient’s risk-benefit profile 
for surveillance versus resection [1, 27]. In addition to the 
malignancy risk of the IPMN, other important factors to con-
sider in the clinical decision-making process include the 
patient’s projected life expectancy which would be deter-
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mined by his/her age and presence of comorbidities, opera-
tive risk which is determined by the type of resection and 
patient’s overall fitness; and even cost-effectiveness. 
Unfortunately, most guidelines today do not take into con-
sideration these other important factors other than the recent 
EG18 which has included presence of comorbidities into the 
guidelines [1].

The present consensus guidelines’ are useful in in guiding 
clinicians in decision making for the management of IPMNs. 
These guidelines utilize widely and easily available clinical 
parameters and morphological features from conventional 
cross-sectional imaging [1, 8, 12, 20], However present 
guidelines remain far from ideal and are still associated with 
various limitations. More robust scientific evidence is needed 
to support many of their recommendations [4]. Moreover, 
the added difficulty in accurately distinguishing IPMN from 
other PCNs preoperatively, frequently further diminishes the 
accuracy and hence, utility of these guidelines [1]. Several 
promising parameters which have been shown to be associ-
ated with malignancy in IPMN include inflammatory indices 
such as neutrophil lymphocyte ratio or platelet lymphocyte 
ratio [28] and the additive effect of increasing number of 
worrisome or high risk features on the malignancy risk. 
These should be considered in future updates of the guide-
lines [29]. Pathological subtypes of IPMN such as gastric, 
intestinal and pancreatobiliary subtypes have also been 
shown to be associated with the malignancy risk of IPMN 
and may have a major role in future guidelines [30].

Development of novel prognostic nomograms [31, 32] 
may also enable better prediction of the risk of malignancy 
of IPMN. The use of these nomograms when coupled with 
mathematical tools predicting an individual patient’s surgi-
cal risk and estimated life expectancy would enable clini-
cians to determine the most appropriate management option 
for an individual patient with greater precision.

Moreover, recent advancements in imaging and diagnos-
tic modalities such as confocal laser endomicroscopy [16], 
micro-forceps biopsy and identification of novel cyst fluid 
DNA-based, micro-RNA-based or protein-based biomarkers 
are showing great promise in the future management of 
IPMN and PCNs in general [4, 16]. Together these develop-
ments may potentially be used to improve future IPMN 
guidelines.
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