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Abstract  

Background: Pancreatic mucinous cystic neoplasms MCNs are rare mucin-producing cystic 

tumours defined by the presence of ovarian-type stroma. MCNs have a malignant potential 

and thus surgery is frequently performed. In this cohort study we aim to better define the 

criteria for surgical resection in MCN. 

Methods: This multicentre retrospective study included all resected MCNs between 2003-

2015 in participating centres. Lesions without ovarian-type stroma were excluded. Patient 

characteristics, preoperative findings, histopathology and follow-up data were recorded. 

Results: The study included 211 patients. Median age was 53 (range 18–82) years and 95.7 

per cent (202 of 211) occurred in women. Median pre-operative tumour size was 55 (range 

12-230) mm. Thirty-two of the 211 (16.1 per cent) were malignant and high-grade dysplasia 

(HGD) was found in a further 6.2 per cent (n=13). A third of MCNs in men were associated 

with invasive cancer compared to 15.3 per cent in women. Five cases of malignant 

transformation occurred in MCNs <4cm. All cases of malignancy or HGD were associated 

with symptoms or features of concern on pre-operative cross-sectional imaging. On 

multivariate analysis, raised CA19-9 (OR 10.9; 95 per cent confidence interval (c.i.):1.9–24.5 

p<0.001), mural nodules (OR 6.9; 95 per cent c.i..:1.3–36.1, p=0.023), weight loss (OR 2.7; 

95 per cent c.i.:1.5–14.6, p=0.004) and tumour size (OR 1.019; 95 per cent c.i.: 1.0–1.0, 

p=0.020) were independent factors, predictive of malignant transformation. 

Conclusions: Small indeterminate MCNs without symptoms or features of concern may 

safely be observed and have a low risk of malignant transformation. 
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Introduction  

MCNs are neoplastic cystic tumours of the pancreas, which have the potential to evolve into 

an invasive cancer. They have been classified separately from IPMNs by the World Health 

Organization (WHO) since 1996,1  and the Armed Forces Institute of Pathology (AFIP) from 

1997.23 Pancreatic mucinous cystic neoplasms are defined as well-demarcated cystic lesions, 

lined by a mucin-producing columnar epithelium overlying an ovarian-type stroma.1 

Although MCNs are relatively rare tumours, the overall incidence of Pancreatic Cystic 

Neoplasms is increasing.2-4 MCN are estimated to account for between 10-45% of all resected 

pancreatic cysts.5, 6 

 Although MCN are classified as neoplastic lesions7 their actual malignant potential 

remains uncertain, with rates of associated invasive cancer ranging anywhere between 0 and 

34% in the current literature.8 Associated malignancy was substantially higher in older 

studies, but these series included many larger lesions and lesions classified prior to the latest 

WHO pathological criteria for MCN, so may have inadvertently incorporated a proportion of 

intraductal papillary mucinous neoplasms (IPMN), potentially explaining the higher rates of 

malignancy observed.9 Recent publications from single centres have suggested that malignant 

transformation in MCN may actually be rare, especially when the tumours are small in size 

(<4cm).10-16 

 The current management of a pancreatic cystic neoplasms is defined by a number of 

consensus guidelines from the International Association of Pancreatology (IAP),17 European 

expert consensus statement on cystic tumours of the pancreas,18 and the American 

Gastroenterology Association.19 The IAP and European guidelines specifically mention the 

management of MCN and both stipulate that where the diagnosis is certain and the patient is 

an operative candidate then surgical resection should be performed. Within the European 

consensus statement on cystic lesions of the pancreas, there is a proviso that where the 

diagnosis is uncertain, and there are no associated worrisome features and the lesion is less than 

4cm, then surveillance may be appropriate. However, to date very few studies have described 

the natural history of small MCN to support this management strategy and no one has validated 

the current recommendation within the European guidelines. 

 As the guidelines for MCN to date have primarily advocated surgical resection, very 

few studies have described which worrisome features would predict malignant transformation 

if these lesions were to be surveyed. With the exception of a recent systematic review20 and a 

single multi-institution US study,21 worrisome features in MCN have been drawn from small 
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singe centre experiences or extrapolated from findings in IPMN. Further large patient cohorts 

that have undergone careful classification and long-term follow up are therefore needed to 

better inform the natural history and optimal criteria for surgical resection of these lesions. 

The aim of this large multi-institution European study was to determine the rate of associated 

malignancy in resected MCN, define which clinical and radiological features predicted 

malignant transformation and validate the management guidelines for MCN proposed by the 

European consensus statement on pancreatic cystic neoplasms. 
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Patients and methods  

Setting and study design 

A multicentre retrospective, observational study from nine pancreatic centres from across 

Europe [Supplementary Table 1]. The study was conducted in accordance with STROBE 

guidelines for case-control studies. 

 

Ethics 

The study protocol was reviewed and ethical approval obtained from the local review board 

in each centre. In the UK the Health Research Authority deemed the study to be primarily an 

audit of current practice and therefore formal ethical review was not required. The study 

protocol conforms to the ethical guidelines of the Declaration of Helsinki. 

 

Inclusion criteria 

All consecutive patients with a histologically confirmed MCN of the pancreas resected 

between January 1st 2003 and December 31st 2015 in each participating centre. Cases were 

identified though individual unit’s pancreatic cyst databases, multidisciplinary team meeting 

records and pathology records.  

 

Exclusion Criteria 

After a local review of the pathology report any patients with an MCN without ovarian-type 

stroma were excluded from the study. 

 

Data Recorded 

For each patient, the medical records were reviewed in each centre and the following 

information, where available, was recorded in the study spreadsheet: name of hospital, 

gender, age at diagnosis and medical history, American Society of Anaesthesiology (ASA) 

score, diabetes, smoking, previous pancreatic disease, previous cancer, family history of 

cancer.  

Any associated symptoms were also recorded; an MCN was defined as symptomatic 

when identified on imaging performed for the evaluation of abdominal or back pain, 

obstructive jaundice, acute/recurrent pancreatitis or any documented history of recent weight 

loss. The following preoperative blood tests, when undertaken, were recorded; amylase, 



 
7 

serum carcinoembryonic antigen (CEA; normal range <4.0 ng/mL), serum carbohydrate 

antigen 19-9 (CA 19-9; normal range <37 U/mL).  

Radiological data recorded included type of scan; ultrasound, computed tomography 

(CT), magnetic resonance cholangiopancreatography (MRCP), endoscopic ultrasound (EUS), 

fine needle aspiration (FNA). From the cross-sectional imaging (CT or MRI/MRCP), the 

following features were recorded: lesion size (maximal dimension), location and number of 

cystic lesions, presence of a solid component (mural nodules, solid component, calcification 

of the cyst or the wall, wall thickening), presence of septations, features of acute or chronic 

pancreatitis, and dilatation of the main pancreatic duct to >6mm (upstream of the cyst) or 

biliary tree dilatation. For patients undergoing EUS-FNA, cytology and cyst fluid 

biochemistry (CEA and amylase) results were also recorded.  

Operative details recorded included date of surgery and type of resection, post-

operative adverse events (according to Clavien-Dindo grading),22 30-day mortality, final 

histology, length of follow-up (time from surgery to the last MCN-related or other relevant 

outpatient appointment), follow-up imaging data and evidence of recurrence.  

 

Histopathological analysis 

The diagnosis of an MCN was confirmed locally in each centre. Presence of ovarian type 

stroma was considered mandatory for the diagnosis and inclusion in the study. In cases where 

the original report was inconclusive and in all male patients a second review by an 

experienced local pancreatic pathologist was performed to confirm the diagnosis. Dysplasia 

was classified in accordance with the most aggressive histological epithelial changes as 

defined by the World Health Organization (WHO) classification system.7 Tumours were 

graded as having low or intermediate grade dysplasia, high-grade dysplasia including 

carcinoma in situ, and malignant when invasive carcinoma was present.7 

 

Statistics 

All statistical analyses were performed using SPSS version 22.0 (SPSS Inc., Chicago, IL, 

USA). In the tables, “n” indicates the number of patients with available data. Chi-square or 

Fisher's exact test was applied for analysis of categorical variables. Median values and inter-

quartile ranges were considered for continuous variables. The non-parametric Mann-Whitney 

test was used to compare continuous variables. Multiple logistic regression models were used 

to identify independent factors for malignant transformation. Long-term survival was 
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analysed using Kaplan Meier log rank analysis. All tests were two-tailed and a P-value < 

0.050 was considered to be significant. 
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Results  

Two hundred and eleven patients with a histologically confirmed surgically resected MCN 

were included in the study. Median age at the time of surgery was 53 (range 18–82) years and 

95.7 per cent (202/211) were women. Sixty three percent of the patients were symptomatic 

and in 37 per cent the diagnosis was made incidentally during abdominal cross-sectional 

imaging performed for other reasons. Ninety percent of patients were investigated with CT 

with the remainder having an MRI/MRCP. Twenty eight percent of patients had both a CT 

and MRI. On pre-operative imaging, the median tumour size was 55 (range 12-230) mm and 

an MCN was suspected clinically in 49.7 per cent (73/147), an IPMN in 11.6 per cent 

(17/147) and the diagnosis remained uncertain in 38.8 per cent (57/147) of the cases. Mural 

nodules were present in 23.4 per cent, cyst wall calcification in 18.8 per cent and septations 

in 52.9 per cent of the cases. In 8.8 per cent the diameter of the main pancreatic duct was ≥6 

mm (upstream of the cyst) [Table1]. In addition to cross-sectional imaging by CT or MRI 39 

per cent of patients had an EUS and an FNA was performed in 28% of patients. Cytology had 

a sensitivity, specificity, positive predictive value and negative predictive value of 66.7 per 

cent, 98.1 per cent, 66.7 per cent, 98.1 per cent respectively for malignant transformation. 

 

A distal pancreatectomy was performed in 82.9 per cent, pancreatoduodenectomy in 8.5 per 

cent and an enucleation in 4.3 per cent. Mortality at 30-days was 0.9 per cent. 30-day 

morbidity was 37.9 per cent; classified as Clavien-Dindo Grade 1 in 10.4 per cent, Grade 2 in 

15.2 per cent, Grade 3 in 9.5 per cent and Grade 4 in 1.9 per cent. 

 

The median resected tumour size was 55.5 (range 20-300) mm. Invasive cancer was present 

in 16.1 per cent (34/211), with high-grade dysplasia (HGD) seen in a further 6.2 per cent 

(13/211) of patients. For patients with invasive MCN cancer, the tumour was classified as 

stage Ia in 9 (26.5 per cent) patients, stage Ib in 8 (23.5 per cent), stage IIa in 6 (17.6 per 

cent), stage IIb in 6 (17.6 per cent) and stage III in 5 (14.7 per cent) patients. Malignant 

transformation was associated with presence of symptoms (88.2 vs. 58.2 per cent; p=0.001), 

especially in those presenting with pancreatitis (26.5 vs. 9.6 per cent; p=0.018), jaundice 

(20.6 vs. 1.7 per cent; p<0.0001), or who had significant weight loss (32.3 vs. 6.2 per cent; 

p<0.0001) [Table 2]. 
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The rate of invasive cancer correlated with increasing tumour size [Figure 1a]. In lesions 

greater than 12 cm the rate of invasive cancer was 30 per cent, compared to just 5 per cent in 

lesions 3.0-3.9 cm and 6 per cent in lesions 0-2.9 cm. When stratified by sex the rate of 

malignancy in lesions less than 3cm in female patients decreased to 3 per cent (HGD 3 per 

cent) compared to 25 per cent in men (HGD 25 per cent) [Figure 1b and c]. All patients with 

malignant lesions or HGD, regardless of tumour size had symptoms or one or more feature of 

concern on cross-sectional imaging [Table 4]. 

On univariate analysis, we found that presence of symptoms, previous pancreatitis, 

jaundice, raised Ca19-9, recent weight loss, tumour size and mural nodules were significant 

risk factors predictive of invasive cancer. On multivariate analysis, raised CA19-9 (OR 10.5; 

95 per cent c.i.: 2.9-18.2, p<0.001), mural nodules (OR 3.6; 95 per cent c.i.: 1.3-20.6, 

p=0.002), weight loss (OR 3.4; 95 per cent c.i.:2.3–12.3, p=0.034) and tumour size (OR 4.2; 

95 per cent c.i.: 3.0–11.0, p=0.001) remained independent factors of malignant 

transformation. The model was a good predictor of malignant transformation with 

Nagelklerke R Square value of 0.7 [Table 3]. 

Median survival for patients with a malignant MCN was 44 months (range 0-167 

months), 12 patients died during follow up of which 10 was due to disease recurrence. A non-

significant but notable difference in survival was also observed between men and women 

(p=0.134) [Figure 2]. 
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Discussion 

 

In this large cohort of patients, resected after the introduction of the new pathological 

classification of MCN, the overall rate of associated invasive cancer was low; 16.1% 

compared to up to 34% in some earlier publications.8 Rates of HGD were lower than in other 

single centre series 12, 13, 16 at 6.2% but similar to the rate found in a recent multicentre study 

from North America.21  

 In clinical practice, differentiating MCN from other uni- and oligocystic tumors (i.e. 

branch duct-IPMN and serous cystadenoma) remains a significant challenge, as to date 

features which predict invasive malignancy in MCN have been poorly characterised and 

often overlap with other cystic lesions of the pancreas.24 When pancreatic cysts are small the 

diagnosis can be especially difficult as many of the typical radiological features (i.e. 

communication with the main pancreatic duct in case of BD-IPMNs) are not present. The 

pre-operative uncertainty in defining these lesions was clearly reflected in this study, with 

less than half of MCN being correctly classified prior to resection. Current guidelines are 

clear and consistent when the diagnosis of MCN is certain, recommending surgical resection 

in all patients. However when the pre-operative diagnosis is less clear, as in a large 

proportion of cases in this study, the European guidelines have suggested that if the lesion is 

small in size (<4cm) and is without worrisome features, then a period of surveillance may be 

appropriate to better define the diagnosis prior to surgery. However, few studies have 

explored the natural history of MCN to support the safely of this proposed management 

strategy.18 

Over the last three decades the size at which MCN are detected has decreased.20 

Given that features of concern are often absent in small lesions, cyst diameter has remained 

the most important radiologic predictor of malignant transformation. At what size of MCN 

patients should be referred for surgical resection remains uncertain. In this large cohort study, 

invasive cancer occurred in 9.8% of lesions less than 4cm and 5.3% less than 3cm. In the five 

cases of invasive cancer in lesions less than 4cm [Table 4], as well as all cases of cancer or 

HGD in this study, at least one pre-operative worrisome feature was present to prompt 

surgical resection. When stratified by sex the rate of associated invasive cancer in women 

with lesions less than 4cm was 5.5% and in lesions less than 3cm was just 2.9%.  Although 

this retrospective data was drawn from surgically resected cases and will need to be 

confirmed by prospective surveillance studies, these findings do suggest that the 
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conservative management of indeterminate cystic lesions which are probably an MCN, is 

feasible, as advocated by the European guidelines. Particularly in small lesions (<4cm), 

occurring in women without worrisome features. 

MCN differ from other pancreatic cystic neoplasms, by predominantly occurring in 

female patients. Whether MCN, defined by the presence of ovarian-type stroma, can even 

occur in male patients has been debated,25 but a number of cases in male patients have been 

described.12, 13, 16 In this study with careful pathological characterization, just 4.3% of MCN 

occurred in men, one of the lowest rates reported to date. Rates of invasive cancer and high-

grade dysplasia were also much more common in men than women and appeared to occur at 

an earlier stage when the lesions were still small in size [Table 2].  

 In the multivariate analysis, in addition to tumour size, this study also found that a 

raised CA 19-9 and a solid component were also independent predictors of invasive cancer. 

This supports the findings of other studies which have also found that CA19-9,13, 21 and the 

presence of a solid component or a mural nodule to be reliable predictors of invasive 

malignancy in MCN.10, 13, 15, 16, 24, 26   

 The survival of patients with a malignant MCN is superior to pancreatic ductal 

adenocarcinoma.6 A non-significant difference in survival was also observed between male 

and female patients, which although unexpected, perhaps further supports the more 

aggressive behavior MCN observed in male patients in this cohort and others.21 In other 

female predominant pancreatic cystic neoplasms, such as solid pseudopapillary tumours, 

male patients have also been observed to have a poorer prognosis.28 All cases of malignancy 

were solely seen in MCN with symptoms or worrisome features, regardless of tumour size. A 

raised CA19-9, a solid component, weight loss or large tumour size (≥4cm) predicted 

malignant transformation in these lesions. Therefore in small indeterminate lesions without 

symptoms or features of concern, a more conservative approach is potentially feasible, as 

advocated in the European consensus statement on cystic tumours of the pancreas. 

 This study has several strengths; it analyses a large cohort of carefully characterized 

patients with a pathologically confirmed MCN, where ovarian-type stoma was present in all 

cases. The dataset includes comprehensive demographic, clinical, radiological, surgical, 

pathological and follow-up data, which has allowed us to better define features, which predict 

malignant transformation. Potential limitations include that most cases have been recruited 
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from tertiary referral centres, so the proportion of high-risk lesions and malignant cases may 

be higher. Large community based cohorts and surveillance cohorts of pancreatic cystic 

neoplasms have reported much lower incidences of associated malignancy.29 However 

without being able to pathologically define MCN lesions it would be impossible to carry out 

this study in this group. Some patients included in the study may have been included in 

previously reported case series. 

. 

 

 



 
14 

References 

1. Kloppel G, Solcia E, Longnecker D. World Health Organization international 

classification of tumours. Histological typing of tumors of the exocrine pancreas 2. 

Springer: Berlin Heidelberg New York, 1996; 1-61. 

2. Lee KS, Sekhar A, Rofsky NM, Pedrosa I. Prevalence of incidental pancreatic 

cysts in the adult population on MR imaging. Am J Gastroenterol 2010;105(9): 2079-

2084. 

3. Laffan TA, Horton KM, Klein AP, Berlanstein B, Siegelman SS, Kawamoto 

S, Johnson PT, Fishman EK, Hruban RH. Prevalence of unsuspected pancreatic cysts 

on MDCT. AJR Am J Roentgenol 2008;191(3): 802-807. 

4. Spinelli KS, Fromwiller TE, Daniel RA, Kiely JM, Nakeeb A, Komorowski 

RA, Wilson SD, Pitt HA. Cystic pancreatic neoplasms: observe or operate. Ann Surg 

2004;239(5): 651-657; discussion 657-659. 

5. Fernandez-del Castillo C, Targarona J, Thayer SP, Rattner DW, Brugge WR, 

Warshaw AL. Incidental pancreatic cysts: clinicopathologic characteristics and 

comparison with symptomatic patients. Arch Surg 2003;138(4): 427-423; discussion 

433-424. 

6. Brugge WR, Lauwers GY, Sahani D, Fernandez-del Castillo C, Warshaw AL. 

Cystic neoplasms of the pancreas. N Engl J Med 2004;351(12): 1218-1226. 

7. Adsay NV, Fukushima N, Furukawa T, Hruban RH, Klimstra DS, Kloppel G, 

al. e. Intraductal neoplasm of the pancreas. In: Bosman FT, Carneiro F, Hruban RH, 

Theise ND, editors. WHO classification of tumors of digestive system. WHO Press: 

Lyon, 2010. 

8. Kosmahl M, Pauser U, Peters K, Sipos B, Luttges J, Kremer B, Kloppel G. 

Cystic neoplasms of the pancreas and tumor-like lesions with cystic features: a review 

of 418 cases and a classification proposal. Virchows Archiv : an international journal 

of pathology 2004;445(2): 168-178. 

9. Tanaka M, Fernandez-del Castillo C, Adsay V, Chari S, Falconi M, Jang JY, 

Kimura W, Levy P, Pitman MB, Schmidt CM, Shimizu M, Wolfgang CL, Yamaguchi 

K, Yamao K. International consensus guidelines 2012 for the management of IPMN 

and MCN of the pancreas. Pancreatology 2012;12(3): 183-197. 

10. Jang KT, Park SM, Basturk O, Bagci P, Bandyopadhyay S, Stelow EB, 



 
15 

Walters DM, Choi DW, Choi SH, Heo JS, Sarmiento JM, Reid MD, Adsay V. 

Clinicopathologic characteristics of 29 invasive carcinomas arising in 178 pancreatic 

mucinous cystic neoplasms with ovarian-type stroma: implications for management 

and prognosis. The American journal of surgical pathology 2015;39(2): 179-187. 

11. Sarr MG, Carpenter HA, Prabhakar LP, Orchard TF, Hughes S, van Heerden 

JA, DiMagno EP. Clinical and pathologic correlation of 84 mucinous cystic 

neoplasms of the pancreas: can one reliably differentiate benign from malignant (or 

premalignant) neoplasms? Annals of surgery 2000;231(2): 205-212. 

12. Reddy RP, Smyrk TC, Zapiach M, Levy MJ, Pearson RK, Clain JE, Farnell 

MB, Sarr MG, Chari ST. Pancreatic mucinous cystic neoplasm defined by ovarian 

stroma: demographics, clinical features, and prevalence of cancer. Clinical 

gastroenterology and hepatology : the official clinical practice journal of the 

American Gastroenterological Association 2004;2(11): 1026-1031. 

13. Park JW, Jang JY, Kang MJ, Kwon W, Chang YR, Kim SW. Mucinous cystic 

neoplasm of the pancreas: is surgical resection recommended for all surgically fit 

patients? Pancreatology 2014;14(2): 131-136. 

14. Le Baleur Y, Couvelard A, Vullierme MP, Sauvanet A, Hammel P, Rebours 

V, Maire F, Hentic O, Aubert A, Ruszniewski P, Levy P. Mucinous cystic neoplasms 

of the pancreas: definition of preoperative imaging criteria for high-risk lesions. 

Pancreatology 2011;11(5): 495-499. 

15. Gil E, Choi SH, Choi DW, Heo JS, Kim MJ. Mucinous cystic neoplasms of 

the pancreas with ovarian stroma. ANZ journal of surgery 2013;83(12): 985-990. 

16. Crippa S, Salvia R, Warshaw AL, Dominguez I, Bassi C, Falconi M, Thayer 

SP, Zamboni G, Lauwers GY, Mino-Kenudson M, Capelli P, Pederzoli P, Castillo 

CF. Mucinous cystic neoplasm of the pancreas is not an aggressive entity: lessons 

from 163 resected patients. Annals of surgery 2008;247(4): 571-579. 

17. Tanaka M, Fernández-del Castillo C, Adsay V, Chari S, Falconi M, Jang J, 

Kimura W, Levy P, Pitman M, Schmidt C, Shimizu M, Wolfgang C, Yamaguchi K, 

Yamao K. International consensus guidlines 2012 for the management of PIMN and 

MCN of the pancreas. Pancreatology 2012;12(3): 183-197. 

18. Del Chiaro M, Verbeke C, Salvia R, Kloppel G, Werner J, McKay C, Friess 

H, Manfredi R, Van Cutsem E, Lohr M, Segersvard R, European Study Group on 

Cystic Tumours of the P. European experts consensus statement on cystic tumours of 



 
16 

the pancreas. Dig Liver Dis 2013;45(9): 703-711. 

19. Scheiman JM, Hwang JH, Moayyedi P. American gastroenterological 

association technical review on the diagnosis and management of asymptomatic 

neoplastic pancreatic cysts. Gastroenterology 2015;148(4): 824-848 e822. 

20. Nilsson LN, Keane MG, Shamali A, Millastre Bocos J, Marijinissen van 

Zanten M, Antila A, Verdejo Gil C, Del Chiaro M, Laukkarinen J. Nature and 

management of pancreatic mucinous cystic neoplasm (MCN): A systematic review of 

the literature. Pancreatology 2016;16(6): 1028-1036. 

21. Postlewait LM, Ethun CG, McInnis MR, Merchant N, Parikh A, Idrees K, 

Isom CA, Hawkins W, Fields RC, Strand M, Weber SM, Cho CS, Salem A, Martin 

RC, Scoggins C, Bentrem D, Kim HJ, Carr J, Ahmad S, Abbott DE, Wilson GC, 

Kooby DA, Maithel SK. Association of Preoperative Risk Factors With Malignancy 

in Pancreatic Mucinous Cystic Neoplasms: A Multicenter Study. JAMA surgery 2016. 

22. Dindo D, Demartines N, Clavien PA. Classification of surgical complications: 

a new proposal with evaluation in a cohort of 6336 patients and results of a survey. 

Annals of surgery 2004;240(2): 205-213. 

23. Solcia E, Capella C, Kloppel G. Tumors of the pancreas. In: Atlas of Tumor 

Pathology, Rosal J, Sobin L (eds). Armed Forces Institute of Pathology: Washington, 

DC, 1997. 

24. Yamao K, Yanagisawa A, Takahashi K, Kimura W, Doi R, Fukushima N, 

Ohike N, Shimizu M, Hatori T, Nobukawa B, Hifumi M, Kobayashi Y, Tobita K, 

Tanno S, Sugiyama M, Miyasaka Y, Nakagohri T, Yamaguchi T, Hanada K, Abe H, 

Tada M, Fujita N, Tanaka M. Clinicopathological features and prognosis of mucinous 

cystic neoplasm with ovarian-type stroma: a multi-institutional study of the Japan 

pancreas society. Pancreas 2011;40(1): 67-71. 

25. Suzuki Y, Atomi Y, Sugiyama M, Isaji S, Inui K, Kimura W, Sunamura M, 

Furukawa T, Yanagisawa A, Ariyama J, Takada T, Watanabe H, Suda K, Japanese 

multiinstitutional study of intraductal papillary mucinous t, mucinous cystic t. Cystic 

neoplasm of the pancreas: a Japanese multiinstitutional study of intraductal papillary 

mucinous tumor and mucinous cystic tumor. Pancreas 2004;28(3): 241-246. 

26. Zamboni G, Scarpa A, Bogina G, Iacono C, Bassi C, Talamini G, Sessa F, 

Capella C, Solcia E, Rickaert F, Mariuzzi GM, Kloppel G. Mucinous cystic tumors of 

the pancreas: clinicopathological features, prognosis, and relationship to other 



 
17 

mucinous cystic tumors. The American journal of surgical pathology 1999;23(4): 

410-422. 

27. Waung JA, Todd JF, Keane MG, Pereira SP. Successful management of a 

sporadic pancreatic insulinoma by endoscopic ultrasound-guided radiofrequency 

ablation. Endoscopy 2016;48 Suppl 1: E144-145. 

28. Machado MC, Machado MA, Bacchella T, Jukemura J, Almeida JL, Cunha 

JE. Solid pseudopapillary neoplasm of the pancreas: distinct patterns of onset, 

diagnosis, and prognosis for male versus female patients. Surgery 2008;143(1): 29-34. 

29. Wu BU, Sampath K, Berberian CE, Kwok KK, Lim BS, Kao KT, Giap AQ, 

Kosco AE, Akmal YM, Difronzo AL, Yu W, Ngor EW. Prediction of malignancy in 

cystic neoplasms of the pancreas: a population-based cohort study. The American 

journal of gastroenterology 2014;109(1): 121-129; quiz 130. 



 
18 

 

Table 1. Characteristics and radiological features of study cohort 

 % n 

Demographics and clinical symptoms    

Sex 

 Female 

 Male  

 

95.7  

4.3 

 

202/211  

9/211 

Age, years median (interquartile range)  53 (43-63) 

BMI*, kg/m2 median (interquartile range)  25 (23-29) 

Presence of symptoms 

 Abdominal pain 

 Acute or recurrent pancreatitis 

 Weight loss 

 Jaundice 

63.0 

46.0 

12.3 

10.4 

4.7 

133/211  

97/211 

26/211 

22/211 

10/211 

Pre-operative radiological features   

Location 

 Head/uncinate process 

 Body 

 Tail 

 Missing data 

 

10.9 

27.5 

55.9 

5.7 

 

23/211 

58/211 

118/211  

12/211 

Median tumour size, mm (interquartile range)  55 (30-91) 

Mural nodules 23.4 37/158 

Cyst wall calcification 18.8 32/170 

Dilated main pancreatic duct  8.8 14/159 

Septations 52.9 83/157 

Surgery performed and outcomes   

Type of surgery 

 Distal pancreatectomy 

 

82.9 

 

175/211 
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 Pancreatico-duodenectomy 

 Enucleation 

 Other** 

8.5 

4.3 

4.3 

18/211 

9/211 

9/211 

30-day adverse events 37.9 80/211 

Peri-operative 30-day mortality 0.9 2/211 

Presence of invasive cancer 16.1 34/211 

* BMI Body Mass Index. ** Includes total pancreatectomies and multi-visceral resections.
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Table 2. Features of benign and malignant MCN stratified by sex. 
 

 All patients (n=211) Female (n=202) Male (n=9) 

 Patients with 
invasive cancer 

(n = 34) 

Patients with 
benign 
disease 

including 
HGD (n=177) 

p 
value 

Patients 
with 

invasive 
cancer 
(n = 31) 

 

Patients 
with 

benign 
disease 

including 
HGD 

(n=171) 

p 
value 

Patients 
with 

invasive 
cancer 
(n=3) 

Patients with 
benign 
disease 

including 
HGD (n=6) 

 

p 
value 

Risk factors, clinical symptoms and serum tumour markers 

Male 3 (8.8) 6 (3.4) 0.161 - - - - - - 

Age, years 
median 
(interquartile 
range) 

55 (44-66) 52 (43-62) 0.349 53 (43-64) 51 (43-61) 0.565 68 (64-68) 70 (60-79) 0.905 

Smoking  5 (35.7) 29 (29.3) 0.765 3 (25.0) 27 (28.7) 1.000 2 (100) 2 (40) 0.429 

BMI, median 
(interquartile 
range) 

25 (23-28) 26 (23-29) 0.732 25 (23-29) 25 (23-30) 0.943 24 (22-24) 27 (24-28) 0.250 

Diabetes 
mellitus 

1 (3.3) 14 (8.5) 0.475 1 (3.7) 12 (7.5) 0.696 0 (0.0) 2 (33.3) 0.50 

Presence of 
symptoms  

30 (88.2) 103 (58.2) 0.001 27 (87.1) 98 (57.3) 0.001 3 (100.0) 5 (83.3) 1.000 

Jaundice  7 (20.6) 3 (1.7) 
<0.00

1 
5 (16.1) 2 (1.2) 0.001 2 (66.7) 1 (16.7) 0.226 

History of 
pancreatitis  

9 (26.5) 17 (9.6) 0.018 8 (25.8) 15 (8.8) 0.012 1 (33.3) 2 (33.3) 1.000 

Personal 
history of 
cancer 

2 (5.9)  13 (7.3) 1.000 2 (6.5) 12 (7.0) 1.000 0 (0) 1 (16.6) 1.000 

Family history 
of pancreatic 
cancer 

0 (0) 8 (4.5) 0.360 0 (0) 8 (4.7) 0.611 0 (0) 0 (0) 1.000 

Recent weight 
loss  

11 (32.4) 11 (6.2) 
<0.00

1 
8 (25.8) 10 (5.8) 0.002 3 (100.0) 1 (16.7) 0.048 

Raised serum 
Ca19-9 

11 (68.8) 13 (16.0) 
<0.00

1 
9 (69.2) 13 (16.9) <0.001 2 (66.7) 0 (0.0) 0.143 

Cross-sectional imaging features 

Size of tumour, 
mm median 
(interquartile 
range) 

100 (45-131) 52 (30-85) 0.001 111 (54-133) 52 (30-86) <0.001 30 (28-30) 33 (17-49) 0.714 

Mural nodules  12 (60.0) 25 (18.1) 
<0.00

1 
10 (58.8) 22 (16.5) <0.001 2 (66.7) 3 (60.0) 0.741 

Dilation of the 
main 
pancreatic duct 

4 (21.1) 10 (7.1) 0.067 3 (18.8) 7 (5.2) 0.074 1 (33.3) 3 (60.0) 1.000 

Septations  12 (57.1) 71 (52.2) 0.815 10 (55.6) 70 (53.4) 1.000 2 (66.7) 1 (20.0) 0.464 

Cyst wall 
calcification  

7 (35.0) 25 (19.4 0.142 6 (35.3) 24 (19.4) 0.201 1 (33.3) 1 (20.0) 1.000 

Head location 7 (20.6) 16 (9.0) 0.067 4 (12.9) 13 (7.6) 0.304 3 (100) 3 (50) 0.464 

CBD dilatation 4 (18.2) 4 (3.0) 0.014 2 (10.5) 3 (2.3) 0.122 2 (66.7) 1 (20.0) 0.464 
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Data are presented as absolute number (percentage) unless otherwise indicated. BMI: Body Mass Index CBD: Common Bile Duct
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Table 3. Binary logistic regression of preoperative risk factors for invasive adenocarcinoma 
arising from a MCN 

 

Variable Univariate analysis  Multivariate analysis 

Clinical features OR (95% CI) 
p 

value 
 OR (95% CI) 

p 
value 

Male gender 2.76 (0.66-11.62) 0.167 
 

 
NS 

Symptomatic  5.39 (1.82-15.95) 0.002 
 

 
NS 

History of pancreatitis 3.39 (1.36-8.43) 0.009 
 

 NS 

Jaundice 15.04 (3.66-61.71) <0.001 
 

 NS 

Weight loss 7.22 (2.81-18.53) <0.001 
 

3.40 (2.34-12.34) 0.034 

Serum Ca19-9 11.51 (3.42-38.68) <0.001 
 

10.54 (2.85-18.23) <0.001 

Tumour size * 5.09(1.47-17.61) 0.010 
 

4.23 (3.02-11.03) 0.001 

Tumour location: 
Head of pancreas 

2.61 (0.98-6.93) 0.054 
 

 NS 

Solid component 6.78 (2.51-18.32) <0.001 
 

3.55 (1.31-20.55) 0.002 

Dilation of main 
pancreatic duct 

3.47 (0.97-12.43) 0.056 
 

 NS 

* Tumour size was used as a categorical variable ≥ 4cm 
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Supplementary Table 1.  Age, sex, worrisome features associated with invasive MCNs 
of less than 4cm  
 

 Age Sex Tumour size Worrisome features 

Case 1 74 F 33 Symptoms, raised Ca 19-9, dilated main PD 

Case 2 70 M 28 
Symptoms, raised Ca 19-9, mural nodules, 

cyst wall calcification, septations 

Case 3 37 F 35 Symptoms, mural nodules 

Case 4 64 M 30 
Symptoms, raised Ca 19-9, septations, dilated 

CBD 

Case 5 65 F 16 Symptoms 

 

Supplemental table 2. Cases provided by each participating centres in the 

cohort: 

Centre Country 
N. of 

cases 
Percentage 

Tampere University Hospital Finland 47 22.3 

University College London  

United 

Kingdom 
33 15.6 

Southampton University Hospital 

United 

Kingdom 
31 14.7 

Department of Surgery, Karolinska 

University Hospital 
Sweden 30 14.2 
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Freeman Hospital, Newcastle 
United 

Kingdom 
27 12.8 

Miguel Servet University Hospital, 

Zaragoza 
Spain 15 7.1 

Chirurgische Klinik, Klinikum rechts 

der Isar, Technische Universität 

München 

Germany 13 6.2 

Ciudad Real University Hospital Spain 8 3.8 

Nijmegen University Hospital Netherlands 7 3.3 

 

 

 

Figure 1a. Percentage of associated invasive cancer at different tumour sizes  

 

 

Figure 1b. Percentage of associated invasive cancer at different tumour sizes 
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in women 

 

Figure 1c. Percentage of associated invasive cancer at different tumour sizes 

in men 

  
 

Figure 2.  Kaplan-Meier curve for patients undergoing surgical resection for 
invasive MCNs in men and women (n=34) 
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P=0.13
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