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Abstract

Objective—Fukuoka consensus guidelines classify pancreatic cystic lesions (PCLs) presumed to 

be intraductal papillary mucinous neoplasms (IPMNs) into Fukuoka positive (FP) (subgroups of 

high-risk (HR) and worrisome features (WFs)) and Fukuoka negative (FN) (non-HR feature/WF 

cysts). We retrospectively estimated 5-year risk of pancreatic cancer (PC) in FN, WF and HR cysts 

of patients with PCL-IPMN.

Design—From Mayo Clinic databases, we randomly selected 2000 patients reported to have a 

PCL; we excluded inflammatory or suspected non-IPMN cysts and those without imaging follow-

up. We re-reviewed cross-sectional imaging and abstracted clinical and follow-up data on PCL-

IPMNs. The study contained 802 patients with FN cysts and 358 with FP cysts.

Results—Patients with PCL-IPMN had median (IQR) follow-up of 4.2 (1.8–7.1) years. Among 

FN cysts, 5-year PC risk was low (2–3%) regardless of cyst size (p=0.67). After excluding events 

in the first 6 months, 5-year PC risk remained low (0–2%) regardless of cyst size (p=0.61). Among 

FP cysts, HR cysts (n=66) had greater 5-year PC risk than WF cysts (n=292) (49.7% vs 4.1%; 

p<0.001). In HR cysts, 3-year PC risk was greatest for obstructive jaundice versus enhancing solid 

component or main pancreatic duct >10 mm (79.8% vs 37.3% vs 39.4%, respectively; p=0.01).
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Conclusions—Fukuoka guidelines accurately stratify PCL-IPMNs for PC risk, with FN cysts 

having lowest and HR cysts having greatest risk. After 6-month follow-up, WF and FN cysts had a 

low 5-year PC risk. Surveillance strategies should be tailored appropriately.

BACKGROUND

Pancreatic cyst lesions (PCLs) are routinely identified on imaging studies performed for 

unrelated reasons. Prevalence is estimated to range from 0.2% to 19.6% and increases with 

age.1-4 When a PCL is identified, a clinical and imaging assessment is made to determine 

the nature of the cyst. Many cysts are deemed to be most consistent with intraductal 

papillary mucinous neoplasms (IPMNs),5 which we call PCL-IPMNs. Two international 

consensus guidelines clarify the management and surveillance of PCL-IPMNs, the Sendai 

guidelines6 and, more recently, the Fukuoka guidelines,7 named for the Japanese cities 

where they were developed. The new American Gastroenterological Association guidelines 

recommend less intensive surveillance than the international consensus guidelines.8 

However, all guidelines recommending surveillance or surgical resection are based on low-

quality evidence.67

The Fukuoka guidelines classify PCL-IPMNs into Fukuoka positive (FP) (cyst subgroups 

with high-risk (HR) and worrisome features (WFs)) and Fukuoka negative (FN) (non-

HR/WF cysts). HR cysts are recommended to undergo surgery because of high cancer 

prevalence; WFs cysts, endoscopic ultrasonography (EUS) for further risk stratification; and 

FN cysts, periodic surveillance at various intervals. Our goal was to determine whether this 

classification system of PCL-IPMNs provides meaningful risk stratification to inform about 

imaging surveillance of PCL-IPMNs. We retrospectively assembled a cohort of 2000 

patients with cysts, of whom 1082 were deemed to have PCL-IPMNs. The cysts were further 

subclassified as FN or FP at baseline. In patients with FN cysts, we determined the 3-year 

and 5-year risk of FP features, pancreatic surgery for PCL and pancreatic cancer (PC). In FP 

cysts, we determined the 3-year and 5-year risk of pancreatic cyst surgery and PC. In 

addition, we sought to determine whether cyst diagnosis of suspected IPMNs had a greater 

risk of surgery or PC than the pancreatic cysts that undergo surveillance with the assumption 

that they are IPMNs or presumed IPMNs.

PATIENTS AND METHODS

Study design

Mayo Clinic Institutional Review Board approved the study. We assembled a retrospective 

cohort of patients with pancreatic cysts seen at Mayo Clinic in Rochester, Minnesota, 

between 1 January 2000 and 31 December 2012, who had provided consent for minimal-risk 

chart review studies. We identified patients from the electronic health records using 

International Classification of Diseases, ninth edition, codes 577.2 (cyst and pseudocyst of 

pancreas) and 211.6 (benign neoplasm of pancreas, except islets of Langerhans). A total of 

6143 patients were identified. Simple random sampling was used to select a sample of 2000 

patients. Study data were collected and managed with Research Electronic Data Capture 

electronic data capture tools hosted at Mayo Clinic in Rochester.9
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Inclusion and exclusion criteria

We excluded patients for the following reasons: no imaging to review or no pancreatic cysts 

(n=235); inflammatory fluid collections secondary to acute pancreatitis and pancreatic cysts 

associated with parenchymal calcification (n=328); strongly suspected non-IPMN pancreatic 

cysts based on imaging, such as mucinous cystic neoplasm (n=40); serous cystic neoplasm 

(SCN) (n=32); cystic pancreatic neuroendocrine tumour (n=4); solid pseudopapillary 

neoplasm (n=3); pancreatic adenocarcinoma with cystic degeneration (n=5); and pancreatic 

cysts associated with polycystic kidney disease or Von Hippel-Lindau disease (n=19). We 

also excluded patients who had no imaging or clinical follow-up after the initial study 

(n=26) (figure 1A). In addition, for the FN group, we excluded patients with PC or 

undergoing pancreas surgery (n=32) within 6 months of initial cyst diagnosis and patients 

with follow-up of <6 months (n=168) (figure 1B). The study contained 802 patients with FN 

cysts and 358 with FP cysts. Among 358 patients with FP cysts, 59 patients initially 

presented as FN cysts and developed FP features on follow-up.

Study variables

We abstracted multiple demographic and clinical variables: age at cyst diagnosis, sex and 

race (white and Caucasian). We re-reviewed all imaging studies and EUS reports. Three 

investigators (SM, AA-K and NdP) abstracted the data. One investigator (SM) re-reviewed 

each imaging study and recorded the findings. These findings were then compared with the 

radiology report. When a discrepancy was found between the investigator’s findings and the 

radiology report or when data of some variables were not recorded in the radiology report, a 

senior GI radiologist (NT) was consulted and images were re-reviewed.

Data noted on imaging study variables included indication for initial imaging study, type of 

imaging study (CT, MRI, MR cholangiopancreatography or EUS) and date of imaging. For 

each scan, the total number of cysts was recorded. If a patient had <5 cysts on the imaging 

study, individual data for characteristics of each cyst were recorded; if the patient had >5 

cysts, data on the largest cyst were recorded. The recorded cyst characteristics included 

location, maximum diameter, presence of septa, wall thickening, calcification, 

communication with the main pancreatic duct (MD) and a solid component with or without 

enhancement. Data on other, non-cyst variables that were abstracted included maximum MD 

diameter (head, body and tail), presence of MD irregularity, presence and dimension of 

mural nodule in MD, uncinate duct dilation, parenchymal atrophy, parenchymal 

calcifications and bile duct dilation. For patients who underwent EUS and fine-needle 

aspiration of the cyst, we recorded the cytological characteristics and carcinoembryonic 

antigen (CEA) level.

For patients who underwent pancreas surgery, we recorded whether the procedure was 

performed for PCL or other indication, date of surgery, type of surgery and final 

histopathological diagnosis. For patients with PC, we recorded whether the cancer developed 

at site of pancreatic cyst or away from pancreatic cyst. We noted the date of diagnosis of PC 

based on the date of histopathological diagnosis, when available. When no histopathological 

result was available, we selected the date on which imaging study was suggestive of PC. We 

also recorded the date of last follow-up in the clinic or through contact with the patient.
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Cyst definitions

On the basis of initial imaging study, cysts were classified into the following categories: (1) 

suspected branch duct (BD) IPMN or a PCL >5 mm in diameter communicating with the 

MD and/or cyst fluid analysis with CEA >192 ng/mL and/or multifocal cysts, at least one of 

which clearly communicated with MD;7 (2) presumed BD-IPMN or PCL without clear 

communication with MD and/or CEA >192 ng/mL (when measured) that were clinically 

managed as BD-IPMNs;5 (3) suspected main duct (MD) IPMN or segmental or diffuse 

dilation of MD >5 mm without any obvious cause of pancreatic duct obstruction;7 (4) 

indeterminate BD-IPMN/SCN or a cluster of microcysts or macrocysts lacking 

communication with MD and no central scar and/or CEA level between 5 and 192 ng/mL; 

and (5) suspected mixed IPMNs with cysts meeting criteria for both MD-IPMN and BD-

IPMN. Definitions of non-IPMN cysts are described in online supplementary material 1. 

Categories of IPMN (1–5) are PCLs managed as IPMN (PCL-IPMN) and are the subject of 

the present study.

Classification based on Fukuoka criteria

PCL-IPMNs were further classified as FP (including those with HR features or WFs) or FN 

(neither HR feature nor WF). HR cysts had one or more of the following: obstructive 

jaundice with cystic lesion of the pancreas head, enhancing solid component within cyst or 

MD >10 mm in head, body or tail. Cysts with WFs had one or more of the following: 

pancreatitis without another identifiable aetiological basis, cyst >3 cm, thickened or 

enhancing cyst walls, MD measuring 5–9 mm in head, body or tail, non-enhancing mural 

nodule, lymphadenopathy and an abrupt change in calibre of pancreatic duct with distal 

pancreatic atrophy FN cysts had neither HR features nor WFs.

Outcomes

Among PCL-IPMNs that were FP, we determined 3-year and 5-year risks of undergoing 

pancreatic cyst surgery or PC development. In PCL-IPMNs that were FN, we determined the 

3-year and 5-year risk of FP features—HR or WF—undergoing pancreatic cyst surgery or 

PC development.

Outcome ascertainment—Outcomes were identified by chart review. Pancreas cyst 

surgery was ascertained by review of surgical reports of the included patients. Pancreas 

cancer was diagnosed if surgical histopathology was consistent with PC or imaging 

suggested malignancy and EUS-guided biopsy was positive for adenocarcinoma and/or 

CA-19-9 >300 U/mL.

Statistical analysis

Continuous patient characteristics and baseline cyst features are presented as median and 

IQR and differences between subgroups were assessed with the Kruskal-Wallis test. 

Categorical characteristics and features are presented as number and percentage and were 

compared through χ2 test or Fisher’s exact test when expected counts were small. Kaplan-

Meier method was used to calculate the 3-year and 5-year survival rates both overall and by 

subgroup with the log-rank test being used to test for differences in survival rates between 
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groups. The patients in the study were broken down into groups based on cyst size (<1 cm, 1 

to <2 cm, 2 to <3 cm, 3+ cm), Fukuoka risk level (worrisome vs high-risk features) and 

presumed versus probable IPMN.

RESULTS

Of 2000 patients, 1101 fulfilled the study inclusion criteria, including 194 suspected IPMNs 

(146 (75.3%)) suspected BD-IPMNs, 18 (9.3%) suspected MD-IPMNs and 30 (15.5%) 

suspected mixed IPMNs) and 907 presumed IPMNs (70 (7.7%) indeterminate BD-IPMNs or 

SCNs and 837 (92.3%) presumed BD-IPMNs). Table 1 shows the baseline cyst 

characteristics between the FN and FP cysts.

Fukuoka-negative cysts

Of 802 cysts that were FN at baseline, 395 cysts were <1 cm, 319 cysts were 1 to <2 cm and 

88 cysts were 2 to <3 cm.

Risk of FP features according to cyst size—On 5-year follow-up, 42 of 802 FN cysts 

had FP features (4 (9.5%) HR features and 38 (90.5%) WFs). The median time to develop 

FP features was 1.9 years (range 0.5–5 years). The risk of FP features for cysts <1 cm, 1 to 

<2 cm and 2 to <3 cm was 3.00% (95% CI 0.58% to 5.36%), 5.68% (95% CI 2.42% to 

8.78%) and 26.93% (95% CI 11.78% to 39.48%) at 3 years and 6.35% (95% CI 2.29% to 

10.23%), 11.38% (95% CI 6.13% to 16.34%) and 30.25% (95% CI 14.01% to 43.42%) at 5 

years, respectively. At 5 years, cysts between 2 and <3 cm had a higher risk of FP features 

than the other sizes (p<0.001) (figure 2A).

Risk of undergoing pancreatic cyst surgery according to cyst size—On 5-year 

follow-up, 17 patients with FN cysts underwent pancreatic cyst surgery (<1 cm: 3, 1 to <2 

cm: 11; and 2 to <3 cm: 5). The risk of undergoing pancreatic cyst surgery for cysts <1 cm, 1 

to <2 cm and 2 to <3 cm was 0.26% (95% CI 0.00% to 0.76%), 2.30% (95% CI 0.60% to 

3.97%) and 3.92% (95% CI 0.00% to 8.18%) at 3 years and 1.21% (95% CI 0.00% to 

2.60%), 4.40% (95% CI 1.73% to 6.99%) and 7.77% (95% CI 0.82% to 14.22%) at 5 years. 

Cysts of 2 to <3 cm had a higher risk of undergoing pancreatic cyst surgery than smaller 

cysts (p<0.001) (figure 2B) (see online supplementary material 2).

Risk of PC according to cyst size—On 5-year follow-up, five patients with FN cysts 

developed PC (<1 cm: 2, 1 to <2 cm: 3; and 2 to <3 cm: 0). The risk of PC for cysts <1 cm, 

1 to <2 cm and 2 to <3 cm was 0.00% (95% CI 0.00% to 0.00%), 0.49% (95% CI 0.00% to 

1.43%) and 0.00% (95% CI 0.00% to 0.00%) at 3 years and 1.66% (95% CI 0.00% to 

3.92%), 2.04% (95% CI 0.00% to 4.38%) and 0.00% (95% CI 0.00% to 0.00%) at 5 years. 

No difference was found in risk of PC according to cyst size between the three groups (p = 

0.61) (figure 2C) (see online supplementary material 3).
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Fukuoka-negative cysts (including those with pancreas cyst surgery and pancreas cancer 
within first 6 months)

Fukuoka-positive cysts—Among the 1101 PCL-IPMNs, 299 had FP features at baseline 

and 59 FN cysts had FP features on follow-up. Thus, 358 cysts had FP features, of which 66 

(18.4%) had HR features and 292 (81.6%) had WFs (see online supplementary material 4). 

Among the HR cysts, 16 (24.2%) had MD dilation >10 mm; 40 (60.6%), enhancing solid 

component; and 10 (15.2%), obstructive jaundice with bile duct dilation secondary to cyst in 

the pancreas head. Among cysts with WFs, 18 (6.2%) had pancreatitis without any 

identifiable cause; 150 (52.3%), a cyst >3 cm; 49 (16.8%), thickened or enhancing cyst walls 

or a non-enhancing solid component in the cyst; 53 (18.2%), MD 5 to <10 mm in head, body 

or tail; 54 (18.5%), lymphadenopathy; 11 (3.8%), a non-enhancing mural nodule; and 7 

(2.4%), an abrupt change in calibre of pancreatic duct with distal pancreatic atrophy.

Risk of undergoing pancreas surgery according to HR features or WFs—On 5-

year follow-up, 89 FP cysts underwent pancreatic cyst surgery (WF 65 and HR 24). The 3-

year and 5-year risks of undergoing pancreas surgery for FP cysts with HR features were 

41.94% (95% CI 27.22% to 53.68%) and 41.94% (95% CI 27.22% to 53.68%); for those 

with WFs, the 3-year and 5-year risks were 26.12% (95% CI 20.19% to 31.61%) and 

27.89% (95% CI 21.55% to 33.72%) (p=0.020) (figure 3A). Among patients with HR 

features at 3 years, a significant difference existed in the risk of pancreatic cyst surgery 

among those with enhancing solid component compared with MD >10 mm and with 

obstructive jaundice secondary to cyst in pancreas head (30.73% (95% CI 13.80% to 

44.34%) vs 82.40% (95% CI 40.06% to 94.83%) vs 20.00% (95% CI 0.00% to 41.32%); 

p=0.036) (see online supplementary material 2).

Risk of PC according to HR features or WFs—On 5-year follow-up, 25 FP cysts 

developed PC (WF 7 and HR 18). The 3-year and 5-year risks of PC in FP cysts with HR 

features were 49.68% (95% CI 26.27% to 65.65%) and 49.68% (95% CI 26.27% to 

65.65%); for those with WFs, the 3-year and 5-year risks were 4.09% (95% CI 1.03% to 

7.05%) and 4.09% (95% CI 1.03% to 7.05%) (p<0.001) (figure 3B). Among patients with 

HR features, a significant difference was found in the risk of PC at 3 years in patients with 

enhancing solid component compared with MD >10 mm and with obstructive jaundice 

secondary to cyst in the pancreas head (37.27% (95% CI 14.52% to 53.97%) vs 39.39% 

(0.00% to 73.35%) vs 79.75% (95% CI 0.00% to 96.01%); p=0.014) (figure 3C) (see online 

supplementary material 3).

Outcomes 6 months after development of FP features

Six months after development of FP features, 3 cysts with WF and 15 with HR underwent 

surgery. The 5-year risk of pancreatic cyst surgery was 10.48% (95% CI 0.00% to 21.03%) 

for HR and 10.68% (95% CI 5.22% to 15.38%) for WF (p=0.89) (see online supplementary 

figure S1A).

Six months after development of FP features, two cysts with WF and two with HR 

developed PC. The 5-year risk of PC was greater for HR than WF (17.97% (95% CI 0.00% 
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to 38.67%) vs 1.49% (95% CI 0.00% to 3.52%); p=0.02) (see online supplementary figure 

S1B and supplementary material 5).

Suspected and presumed IPMNs

FN-suspected IPMNs had a higher risk of PC than FN-presumed IPMNs (p=0.04). FP-

suspected IPMNs had a higher risk of undergoing surgery (p<0.001) and PC (p<0.001) than 

FP-presumed IPMNs (see online supplementary figure S2 and supplementary material 6).

Risk for surgery based on year of diagnosis of cyst

In FN cysts, the risk for undergoing pancreas cyst surgery was greater when cyst was 

diagnosed in earlier time period (2000–2005) compared with recent time period (2006–

2012)—5.27% (95% CI 2.30% to 8.15%) vs 1.87% (95% CI 0.38% to 3.33%); p=0.027 (see 

online supplementary figure S3A). However, this was not observed in FP cysts—30.05% 

(95% CI 21.17% to 37.94%) vs 32.23% (95% CI 23.99% to 39.57%); p=0.73 (see online 

supplementary figure S3B).

DISCUSSION

This study provides insight into the natural history of pancreatic cysts that are monitored in 

clinical practice per IPMN guidelines. Currently, such cysts are risk-stratified by various 

Fukuoka features. We show that cysts without Fukuoka features, which we refer to as FN 
cysts, have a low 5-year risk of PC. By comparison, cysts with FP features have a high risk 

of PC cancer within the first 6 months of feature development, especially cysts with HR 

Fukuoka features. Subsequent risk decreases sharply in cysts without HR features. In 

addition, pancreatic cysts with higher likelihood of being IPMN, or suspected IPMN had a 

greater risk of undergoing cyst surgery and developing PC than the presumed IPMN 

category of cysts. Metachronous PC rarely developed in PCL-IPMNs in our cohort.

International consensus guidelines for management of IPMNs—the initial Sendai and the 

revised Fukuoka guidelines—have been widely followed. Few studies have investigated the 

surveillance recommendations proposed in the guidelines, which are largely based on expert 

opinion. We categorised cysts on the basis of Fukuoka recommendations and noted that the 

risk of HR stigmata or WF was low, especially for cysts <2 cm. It was significantly higher 

for cysts between 2 and <3 cm, largely driven by increase in size to >3 cm. Earlier studies 

have not specifically looked at Fukuoka positivity as an outcome because most of these 

studies predated the Fukuoka guidelines. However, similar outcomes have been investigated, 

such as increase in cyst size, dilation of MD or development of solid nodules. In a large 

study by Chung et al,10 7.6% of cysts <2 cm grew in size to >2 cm. In another study, 18% 

cysts ‘progressed’, defined as a cyst size increase of >1 cm, MD dilation of >2 mm, and 

appearance of mural nodules.11 In contrast, our study shows lower rates of progression in 

cysts <2 cm in size but shows comparable rates in those 2 to <3 cm.

The risk of undergoing pancreas surgery for cysts <1 cm, 1 to <2 cm and 2 to <3 cm was 

1.4%, 4.3% and 7.6% at 5 years, respectively. Of patients who underwent surgery, 20% had 

high-grade dysplasia or invasive cancer on histopathological examination. A large study by 

Gaujoux et al11 showed similar findings, with 6.5% of cysts undergoing surgery on follow-
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up, of which 25% had invasive cancer. In addition, the study showed that cysts >2 cm had 

significantly greater risk of undergoing surgery than those <2 cm. The risk for surgery for 

FN cysts was higher in the time period preceding Sendai guidelines (2000–2005) compared 

with after Sendai guidelines (2006–2012), reflecting a change in practice pattern with a 

higher threshold to operate patients in the more recent time period.

Risk of PC was low in FN cysts: five cancers developed among a total of 813 cysts. 

Although there was no difference in risk of PC between different cyst size groups, our study 

was underpowered to detect any such difference given low rates of cancer in this population. 

Studies on conservatively monitored cysts estimate a risk of malignancy from 0% to 12% on 

conservative follow-up.1013-24 These studies included a heterogeneous population of 

pancreatic cysts and represented both FN and FP IPMNs. Our results suggest a low risk of 

malignancy in FN BD-IPMNs. However, drawing conclusions regarding surveillance 

intervals is difficult because few patients had cancer. Development of PC away from PCL-

IPMN was initially described in a Japanese study, where 8% BD-IPMN patients developed 

metachronous PC on follow-up.23 However, these observations were not replicated in studies 

from the USA and Europe,25-27 in which metachronous PC was observed in 0.1–1% of PCL-

IPMNs. Although the absolute risk is quite low, it is nearly three times greater than age-

matched and gender-matched controls.27 Our observations are similar, with only 3 of 1101 

patients developing metachronous PC in our entire cohort.

Risk of malignancy is derived from surgical series, based on certain concerning features (HR 

and WF) identified on preoperative imaging. However, the actual risk of surgery or 

malignancy when these cysts are conservatively observed is unclear. The present study 

shows that cysts with HR stigmata had a greater 5-year risk of surgery (41.2% vs 28.8%) 

and an even greater risk of cancer (49.7% vs 5.1%) than those with WFs. A substantial 

number of operations in cysts with WFs likely reflect a low threshold in sending patients for 

surgery. Six months after diagnosis, the overall risk of surgery was much lower and was not 

different between the two groups (10.1% vs 10.9%). However, cysts with HR stigmata had 

greater risk of malignancy (18.0% vs 1.6%). Interestingly, no difference in risk of cancer 

occurred between cysts with WF and FN cysts. These findings are similar to some of the 

recent studies, which show 13–14% risk of cancer on conservative follow-up2829 in FP cysts.

We further stratified cysts with HR stigmata and found that obstructive jaundice that 

developed secondary to cyst in the head of pancreas had a higher risk of cancer than cysts 

with solid component or MD dilation. However, we also observed that most of the cysts with 

MD dilation >10 mm underwent surgery compared with those that had obstructive jaundice. 

Patients with obstructive jaundice possibly had advanced malignancy and did not undergo 

surgery. Whether cysts with MD >10 mm have lower risk of cancer cannot be concluded 

because most of these cysts underwent surgery and whether they would have developed 

cancer in future is unclear.

One limitation of current guidelines is that recommendations for surveillance are based on 

the presumed histopathological diagnosis of the cysts. Since majority of cysts rarely undergo 

surgery, their histological subtype is never known and they are managed as presumed 

IPMNs.530 Demonstration of communication of cysts with MD, typical of IPMN, is not 
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often possible on cross-sectional imaging or EUS. In our study, this communication with the 

MD was visible in about 15% of the BD-IPMNs, which is similar to a study by Lee et al,2 

who found such communication in 13% of their MR imaging scans. In a recent meta-

analysis conducted by the American Gastroenterological Association, studies discussing 

conservative follow-up of ‘suspected IPMNs’ had three times greater risk of invasive cancer 

than studies describing pancreatic cysts or ‘presumed IPMNs’ (0.72% vs 0.24%/year).8 In 

our study, we also found nearly three times higher risk of cancer for FP cysts in suspected 

versus presumed IPMN categories (26% vs 8%). Similarly, the risk of PC in FN cysts was 

greater for suspected versus presumed IPMN categories (6% vs 1%).

The present study has important implications. It validates the stratification proposed in 

Fukuoka guidelines and suggests that cysts with HR stigmata, especially with obstructive 

jaundice, have the greatest risk of PC, followed by those with WFs. The study provides 

valuable prognostic information for patients presenting in clinic with these cysts. Often, 

these patients are elderly with multiple comorbidities and therefore have a high risk of 

surgical morbidity and death. Thus, the risk of surgical complications can be weighed 

against the chance of having PC and an informed decision can be made. Close observation is 

recommended for cysts within 6 months of presentation. If the cysts are stable for 6 months, 

then their risk of cancer is less and the cysts can be safely observed at less frequent intervals 

than currently proposed. The study also highlights a lower risk of cancer in cysts with WFs, 

and we suggest a higher threshold to recommend surgery for these patients. The smaller 

cysts have a low risk of cancer, and the cost-effectiveness of surveillance needs to be 

determined. The study also shows that most of the cysts seen do not have classic features to 

subcategorise them into a histopathological subtype.

Earlier studies describing the natural history of pancreatic cysts had several limitations such 

as small number of cysts, lack of morphological description of cysts and cyst classification 

not per Fukuoka guidelines, and thus the outcomes were not assessed on the basis of 

Fukuoka categories. In the current study, we analysed a large cohort of patients seen at Mayo 

Clinic in Rochester, Minnesota, and included various cysts—from small subcentimeter cysts 

to large cysts with concerning features. The cysts were classified according to Fukuoka 

categories and the outcomes determined accordingly. Patients were randomly selected from 

health records and were not limited to those seen exclusively in the pancreas clinic. A study 

be Lee et al2 suggested that two of three pancreatic cysts are not reported by radiologists. 

Similarly in our study, we re-reviewed all scans of the patients and identified cysts in many 

old scans that were not reported. Thus, we could accurately determine the natural history of 

these pancreatic cysts. Our study was not limited to surgically resected pancreatic cysts and 

instead considered all patients with pancreatic cysts. It provides an estimated risk of surgery 

and PC of patients seen in the outpatient clinic because the majority of them do not have 

concerning features and can be counselled regarding the future risk of cancer.

Our study has several limitations. It was a retrospective study, and cysts were managed 

before Fukuoka guidelines were published. Hence, a lot of heterogeneity was present in the 

follow-up of these cysts. In addition, most cysts were presumed IPMNs. At our institution, 

an EUS-guided fine-needle aspiration of cyst contents, and biochemical and molecular 

characterisation of the aspirate is not routinely performed. Some of these cysts may have 
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been benign and not IPMNs, but the study does reflect everyday practice. EUS reports were 

reviewed to abstract information. It is possible that some morphological features were not 

identified by endosonographer and, therefore, were considered absent in the study.

In conclusion, the results of our study show that Fukuoka guidelines allow risk stratification 

of cysts for PC. However, overall risk of PC is low in FN and FP cysts with WFs beyond 6-

month follow-up. Identifying the small subset of cysts destined to develop PC continues to 

be a challenge. Surveillance strategies should be tailored appropriately.
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Refer to Web version on PubMed Central for supplementary material.
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Significance of this study

What is already known on this subject?

• Pancreatic cysts suspected to be branched duct intraductal papillary mucinous 

neoplasms can develop pancreatic cancer.

• Various guidelines (Sendai, Fukuoka, AGA) have been proposed for 

management of these cysts supported by low-quality evidence.

• Estimated risk for pancreatic cancer for cysts managed with imaging 

surveillance ranges from 0% to 12%.

What are the new findings?

• Among Fukuoka-negative cysts, 5-year risk of pancreatic cancer is low (0–

2%) regardless of cyst size.

• Beyond 6 months of developing Fukuoka-positive features, risk of pancreatic 

cancer in cysts with worrisome features is not different from Fukuoka-

negative cysts.

• Cysts with high-risk stigmata (solid component, main duct dilation >10 mm 

or obstructive jaundice) have the highest risk of developing pancreatic cancer.

How might it impact on clinical practice in the foreseeable future?

• This study validates the risk stratification proposed in Fukuoka guidelines and 

suggests that cysts with high-risk stigmata, especially with obstructive 

jaundice, have the greatest risk of pancreatic cancer, followed by those with 

worrisome features.

• Fukuoka-negative cysts have a low risk of cancer, and the cost-effectiveness 

of surveillance needs to be determined.

• Close observation is recommended for cysts within 6 months of presentation. 

If the cysts are stable for 6 months, then their risk of cancer is less and the 

cysts can be safely observed at less frequent intervals than currently proposed.
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Figure 1. 
Flow charts of selection from suspected or presumed intraductal papillary mucinous 

neoplasm (IPMN). (A) Exclusion of non-IPMN cysts. (B) Selection of Fukuoka-negative 

cysts. (C) Selection of Fukuoka-positive cysts. ICD, International Classification of Diseases.
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Figure 2. 
Survival-free rates among patients with Fukuoka-negative cysts at baseline by cyst size. (A) 

Fukuoka-positive findings. (B) Pancreatic cyst surgery. (C) Pancreatic cancer.
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Figure 3. 
Survival-free rates among patients with Fukuoka-positive cysts by high-risk or worrisome 

features. (A) Pancreatic cyst surgery. (B) Pancreatic cancer. (C) Pancreatic cancer by high-

risk feature subgroups of obstructive jaundice secondary to cystic lesion in head of pancreas, 

solid component in cyst and main pancreatic duct diameter >10 mm.
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