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ABSTRACT 

Objective: Increasing incidence of non-inflammatory cystic lesions of the pancreas challenges work-up algorithms, 
surgery and surveillance. We have reviewed our experience with these tumours in accordance with International Con-
sensus Guidelines and evaluated the outcome. Patients and Methods: From 1999 to 2009, 34 cases referred to Hauke-
land University Hospital were operated upon; ten were serous (SCN), twenty-one IPMNs, one MCN, and two solid 
pseudopapillary neoplasms (SPPN). A thorough medical history was supplemented by CT, MRI, and US before each 
case were discussed in a MDT to decide on the best subsequent care. Results: All SCN and SPPN patients had benign 
histopathology, and no deaths were reported. Survival for malignant IPMN was, 2 years: 75%, and 5 years: 67%, where 
after no deaths were registered in the observation period. Presence of jaundice had the highest impact on survival (p = 
0.0009), followed by weight loss (p = 0.005) and dilatation of the common bile duct (p = 0.04). In the IPMN group two 
had pancreatic juice leakage, and reoperation was performed in one. Conclusions: All SCN turned out benign which 
justify a high threshold for resection unless unacceptable symptoms dominate. For branch duct IPMNs resections of 
asymptomatic and smaller lesions (<3 cm) should be avoided but kept under surveillance, whereas symptomatic and 
lager lesions together with main duct IPMNs lodge a substantial malignant potential and should be resected. Sympto-
matic or large SPPNs can be, or turn, malignant which require resection. 
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1. Introduction 

Pancreatic cancer is a common malignancy worldwide and 
the prognosis is poor. However, non-inflammatory cystic 
lesions of the pancreas are increasingly recognized and 
include subgroups of malignant lesions with considerably 
better outcome than the conventional pancreatic ductal 
adenocarcinomas. 

The increasing incidence of cystic tumours reflects the 
backdrop that only a few patients are symptomatic but the 
availability and ubiquitous use of imaging techniques re- 
veal many lesions. These factors together explain that a 
considerable number of referred patients have incidenta- 
lomas detected by US, CT or MR done for other reasons 
or found by wild screening. In addition, nearly 50% of 
patients in an autopsy material lodged cystic pancreatic 
lesions [1-3]. Asymptomatic patients especially challenge 
the algorithms of work-up, treatment, and follow-up. 

The non-inflammatory cystic lesions are usually trifur- 
cated in serous, mucinous, and solid pseudopapillary neo-
plasms. Other rare pancreatic cystic tumours exist 

and have been reported, but have not been found in our 
material and therefore not further discussed. 

Serous cystic neoplasms are defined as benign neoplasms 
composed of numerous small cysts lined by cuboidal epithe-
lial cells around a central stellate scar. Most are referred 
as fairly large incidentalomas, whilst a minority suffers 
from symptomatic lesions [4]. 

WHO’s classification from 1996, for the first time es- 
tablished the concept of different groups of mucinous cys-
tic lesions of the pancreas, making Mucinous Cystic Neo-
plasms (MCN) and Intraductal Papillary Mucinous Neo-
plasm (IPMN) independent entities, and defined the latter 
as a neoplasm of the main pancreatic duct or side branches, 
with variable degrees of papillary formation, mucin pro-
duction, and cystic dilation. The WHO classification has 
been updated in 2000 and 2010 [5]. This change led to 
stepwise improved classification, and international con-
sensus guidelines for management surfaced in 2006 [6]. 

Intraductal papillary mucinous neoplasm (IPMN) is by 
far the largest group and dichotomized in main duct and 
branch duct lesions, and can furthermore be divided in 
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gastric, intestinal, pancreatobiliary, and oncocytic subtype 
[7]. 

Solid pseudopapillary neoplasms (SPPN) are rare le- 
sions and account for 1% to 2% of all exocrine pancre- 
atic tumours. They are most often encountered in young 
females, pathogenesis is unknown, and tumour markers 
like CEA and CA 19-9 are usually negative. Most tumours 
are benign and most often referred as incidentalomas al-
though malignancy can be seen rarely in advanced cases 
[8-10]. 

The aim of this paper is to analyze and report results 
following work-up and surgery for non-inflammatory cys-
tic lesions of the pancreas at a tertiary referral hospital in 
Norway for a ten-year period, and explore significant sur-
vival factors. 

2. Patients and Methods 

During the years 1999 to 2009, 34 patients were referred 
to Department of surgery for non-inflammatory cystic 
lesions of the pancreas. The study is retrospective and data 
were retrieved from the patients’ medical records and 
filed in a database for further analyses. 

Work-up was mainly based on CT and MR/MRCP and 
supplemented with ERCP, EUS and biochemical markers 
as found indicated. All cases were discussed in multidis- 
ciplinary team meetings to decide on subsequent treat- 
ment. 

Most patients underwent a partial pancreatectomy, ei- 
ther a pylorus preserving pancreaticoduodenectomy (PP- 
PD) or a classic Whipple procedure (WP) with distal gas- 
trectomy. The latter was preferred in cases where an R0- 
resection could not be achieved by PPPD. Distal pan- 
createctomy was done in left-sided neoplasms and total 
pancreatectomy in patients with advanced tumours af- 
fecting both the head and body/tail of the pancreas. Tu- 
mour classification and pathology assessment was per- 
formed according to WHO classifications [5]. 

Pancreatic juice leakage was defined as amylase-rich 
fluid collected from drains or wounds on or after posto- 
perative day three [11]. 

Follow-up was done in accordance with the histopa- 
thological assessment in order to monitor patients at risk 
for recurrent disease in the remnant pancreas. 

All patients had a follow-up until death or observation 
was censored at 31 December 2009. Date of death was 
obtained from The Death Registry at The Norwegian In-
stitute of Public Health. The project was performed ac-
cording to the Declaration of Helsinki and approved by 
the Regional Committees for Medical and Health Re- 
search Ethics. 

3. Statistical Analyses 

The statistical analyses were performed using the soft- 

ware package Statistica 6.0 (StatSoftTM Inc., Tulsa, OK). 
A Chi-square test was used to compare categorical vari- 
ables. Non-parametric data were analyzed by Mann-Wit-
ney-U-test or Kruskal-Wallis analysis of ranks. Continuous 
variables where analyzed by Student’s t-test or ANOVA. 

Survival was assessed by the Kaplan-Meier method, 
and log-rank (LR) or Cox-F for test of significance. A 
p-value ≤ 0.05 was chosen for statistical significance. 

4. Results 

In this series of 34 cases with cystic pancreatic neoplasms 
ten were serous (SCN), twenty-one IPMNs, one MCN, 
and two solid pseudopapillary neoplasms (SPPN). 

4.1. Serous Cystic Neoplasms (SCN) 

Ten patients (seven females and three men with median 
age of 77 years (55 - 84), and 72 years (71 - 79) had se-
rous cystic neoplasms. Seven patients with sparse phe- 
notypic features were referred as incidentalomas, whereas 
two patients had pain, and one had jaundice. Five pa- 
tients were treated with PPPD and five had a resection of 
the pancreatic body and tail. Indications for surgery were 
pain, jaundice, and uncertainty of malignant degeneration 
in the larger lesions with impression of the stomach. 

Median tumour size was 5 cm (1 - 10), median operat- 
ing time 205 min (66 - 295) and blood loss 400 ml (250 - 
3500). There were no postoperative complications, his- 
topathology examination turned out to be benign in all 
cases, and no deaths were reported in the observation 
period (12 to 100 months), (Figures 1(1a)-(1d)). 

4.2. Mucinous Tumours 

The mucinous tumour group is subdivided into Intraduc- 
tal Papillary Mucinous Neoplasms (IPMN) and Mucinous 
Cystic Neoplasms (MCN). 

Twenty-two patients, 11 men and 11 women, with me- 
dian age 64 and 67 years, respectively, had mucinous tu-
mours (Table 1). MCN was only diagnosed in one 51 
years old woman who had a benign lesion, and is there- 
fore not further discussed. 

In the remaining 21 cases of IPMNs, abdominal symp- 
toms occurred significantly more often in malignant than 
in benign cases (p = 0.02). Jaundice and pain were more 
frequently found in malignant cases whereas neither weight 
loss nor anorexia dichotomized our patients significantly 
(Table 1). 

Serum median (range) levels of bilirubin, ALP, and 
γGT were 12 μmol/l (6 - 572), 242U/l (39 - 1614), and 
61U/l (14 - 957), respectively, and breakdown by malig- 
nant versus benign lesions turned out to be significant for 
bilirubin (p = 0.02) and ALP (p = 0.02), but not for γGT. 
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Figure 1. CT, macro- and microscopic features of cystic tumours. 1a: Contrast enhanced CT reveal honey-comb features of 
serous cystic tumour; 1b: Per-operative macroscopic findings of serous cystic tumour in body and tail; 1c: Microscopic over-
view of serous cystic tumour. HE. Bar = 2 mm; 1d: Cuboid epithelium lining in serous cystic tumour. HE. Bar = 50 μm; 2a: 
Contrast enhanced CT of IPMN affecting both main and branch ducts in body and tail; 2b: Macroscopic findings of dilated 
main and branch ducts in resected IPMN specimen; 2c: Microscopic transverse section of part of the main duct. HE. Bar = 2 
mm; 2d: Microscopic picture of dilated branch duct that opens into the main duct. HE. Bar = 2 mm; 3a: Contrast enhanced 
CT of Solid Pseudopapillary Neoplasm in the pancreatic head; 3b: Macroscopic findings in transverse section of SPPN with 
duodenum attached; 3c: Microscopic illustration of pseudopapillary growth and hyaline globules in SPPN. HE. Bar = 100 μm; 
3d: Microscopic immune histology with vimentin staining in SPPN. Bar = 200 μm. 
 

Radiological evaluation (CT or MRCP) of the pancre- 
atic duct dilatation did not reveal significant differences 
between the malignant and benign IPMNs (p = 0.2). 
Dilatation of the common bile duct was, however, a sig- 
nificant feature separating the two (p = 0.03). 

Median tumour size also differed significantly between 
malignant 6 cm (2 - 10) and benign cases 2.25 cm (1.2 - 
3) (p = 0.02). 

Of the 21 IPMNs, 12 turned out to be malignant, leav- 
ing nine in the benign group. The IPMN group was bi- 

furcated after assumed origin into main duct or branch 
duct lesions, although multiple foci throughout the com- 
plex duct system must be anticipated to occur in several 
(mixed) cases. Furthermore, both main duct and branch 
duct lesions were dichotomized into malignant and benign 
forms. We found a tendency of more malignant IPMNs to 
occur in the main duct compared to the branch ducts (p = 
0.25) (Table 1). The prevalence of cancer at diagnosis 
was 70% for main duct lesions and 45% in branch duct 
cases. 



Cystic Tumours of the Pancreas—A Rare and Diverse Type of Tumours 225

 
Table 1. Patients operated for intraductal papillary mucinous neoplasms. 

 Malignant Benign 

 All Main duct Branch duct All Main duct Branch duct 

Operations (n) 12 7 5 9 3 6 

Gender; F:M 8:4 5:2 3:2 2: 7 0:3 2:4 

Age; years, median (range) 65 (48 - 80) 69 (55 - 80) 64 (48 - 75)  67 (67 - 70) 63 (60 - 78) 

PPPD:WP:Body-tail:Total 5:4:1:2 1:3:1:2 4:1:0:0 2:4:3:0 1:1:1:0 1:3:2:0 

Symptoms, yes:no 11:1 6:1 5:0 4:5 1:2 3:3 

Jaundice, yes:no 4:8 2:5 2:3 None - - 

Pain, yes:no 11:1 6:1 5:0 3:6 1:2 2:4 

Anorexia, yes:no 1:10 1:6 0:4 None - - 

Weight loss, yes:no 5:7 3:4 2:3 3:6 1:2 2:4 

Preoperative stent 1 0 1    

Tum size; cm, median (range) 6.0 (2.0 - 10) 6.5 (4.2 - 10) 2.0 (2.0 - 2.5) 2.25 (1.2 - 3.0) 2.75 (2.5 - 3.0) 1.9 (1.2 - 2.5) 

R0/R1 9/3 6/1 3/2    

N0/N1
* 7/3* 5/1 2/2    

R0N0 7 5 2    

R0N1 0 - -    

R1N0 0 - -    

R1N1 3 1 2    

Intra abd compl (IAC)       

Pancreatic juice leakage 0 - - 2 0 2 

Postoperative bleeding 1 0 1 0   

Delayed gastric emptying 1 0 1 0   

Extra abd compl (EAC)       

Pneumonia 1 1 0 0   

Acute myocardial infarction 0   1 1 0 

Note: *lymph node status was not retrievable in two cases. 

 
4.3. Operative Procedures in the IPMN Group 

Pancreatic head resections (PPPD (7) and Whipple (8)) 
made up 71% of all, whereas the frequencies of body/tail- 
resections (4) and total pancreatectomy (2) were 19%, and 
10%, respectively. 

The median operating time was 238 min (102 - 455), 
272 min (220 - 455) for malignant versus 184 min, (102 - 
255) for the benign lesions (p = 0.006). Furthermore, 
peroperative median blood loss for all was 750 ml (150 - 
2500), 1200 ml (400 - 2500) for the malignant versus 500 
ml (150 - 1000) for benign lesions (p = 0.01). 

4.4. IPMN Tumour Characteristics and 
RN-Status 

Tumour size differed between the resection types, PPPD 
2.25 cm (1.2 - 7), Whipple 2.5 cm (1.7 - 10), body/tail 2.5 
cm (2.5 - 5), and total pancreatectomies 7.5 cm (6 - 

9), but not in a significant manner. However, malignant 
tumours were larger than benign tumours, 6 cm (2 - 10) 
versus 2.25 cm (1.2 - 3), respectively (p = 0.02). 

Furthermore, breakdown by tumour location to main 
duct 6 cm (2.5 - 10 cm) versus branch duct 2 cm (1.2 - 
2.5 cm) revealed highly significant differences in tumour 
size (p = 0.0008). 

Due to small numbers, the RN-status of 12 malignant 
mucinous tumours was limited to two categories, R0N0 
and R1N1, since all R0 cases were free from lymph node 
metastasis, and on the contrary all R1 cases also had lymph 
node metastasis. Breakdown of RN-status by main duct 
and branch duct tumours revealed no significant differ-
ences. We found no differences in stage of disease or 
differentiation in these subgroups. 

4.5. Outcome—Complication and Mortality 

Six patients in the IPMN group (29%) had postoperative 
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complications. Two had pancreatic juice leakage, and one 
each of postoperative bleeding, delayed gastric emptying, 
postoperative pneumonia, and myocardial infarction. 

Reoperation was performed in one case suffering pan- 
creatic juice leakage, the rest was treated conservatively, 
and no one died form complications. 

4.6. Survival in the IPMN Group 

Significant univariate survival predictors are listed in Ta-
ble 2. 

Survival for malignant mucinous tumours was, 2 years: 
75%, and 5 years: 67%, where after no deaths were reg-
istered in the observation period. 

In the malignant IPMN-group, presence of jaundice or 
not had the highest significant impact on survival (LR p 
= 0.0009), trailed by weight loss (LR p = 0.005), and 
finally dilatation of the common bile duct (Cox’s F-test p 
= 0.04). 

Neither operating time nor blood loss was significantly 
related to survival. Furthermore, we found no difference 
in survival between the main duct and branch duct sub- 
groups, but a significant survival difference for R0N0 ver-
sus R1N1 cases (LR p = 0.02), (Figure 2). As for sur- 
vival for various stages of disease and histological dif- 
ferentiation our numbers are too small to perform com- 
parative analyses. 

For the whole IPMN group survival was better for 
those without complications (LR p = 0.02), and in the 
malignant subgroup survival was close to significantly 
reduced for those suffering complications (LR p = 0.06). 

Finally, in the malignant subgroup, four patients died 
during the follow-up period. 

A single R0N0 case, with a 7 cm primary in the main 
duct, experienced relapse after three and a half months, 
and died from liver metastasis ten months later. The re- 
maining three, classified as R1N1 cases, succumbed due 
to lung metastases. 

4.7. Solid Pseudopapillary Neoplasms (SPPN) 

Solid PseudoPapillary Neoplasm (SPPN) is also named 
Frantz’s tumour. This neoplasm is diagnosed incidentally, 
or otherwise work-up is usually triggered by abdominal 
pain complaints. SPPNs are rare, usually benign, and were 
typically diagnosed in only two young females, 22 and 
30 years old, respectively. One was referred due to an 
incidental finding by US and the other because of dif- 
fuse abdominal pain. CT scans revealed an eight cm le- 
sion in the pancreatic head and a thirteen cm neoplasm in 
the body/tail, respectively (Figures 1(3a)-(3d)). They 
were operated upon by a PPPD and a body/tail resection, 
and both had an uneventful recovery. So far, they have 
had relapse free survival for 80 and 110 months. 

Table 2. Significant survival predictors for malignant 
IPMNs listed. 

Predictor Groups Log Rank p 

Jaundice present vs absent 0.0009 

Weight loss present vs absent 0.005 

Dilated CBD no vs yes 0.04 

RN status R0N0 vs R1N1 0.02 

 

 

Figure 2. Kaplan-Meyer survival curves of malignant IPMNs. 
R0N0 vs R1N1. Log Rank p = 0.02. 
 
5. Discussion 

5.1. Serous Cystic Neoplasms (SCN) 

In accordance with the literature 70% of our SCNs were 
incidentalomas, and were resected either due to symptoms 
of pain, weight loss, jaundice, or uncertainty of malig-
nant degeneration at the time of diagnosis in the larger 
lesions with impression on the stomach. 

Asymptomatic patients with classic radiology findings 
and smaller lesions are suitable for follow-up with reas- 
suring information. Watchful expectation monitors the 
natural history of the lesions and makes intervention pos- 
sible on a later stage if needed [4]. 

5.2. Intraductal Papillary Mucinous Neoplasms 
(IPMN) 

Neither the natural development of this disease entity 
over a period of time, nor the exact time frame from be- 
nign lesions to malignancy is known. However, accord- 
ing to the literature, patients with malignant IPMNs are 5 - 
7 years older on the average than those lodging benign 
IPMNs [12,13]. Moreover, anatomic site of the lesion in 
the main duct is associated with malignant transforma- 
tion and cancer prevalence in approximately 70% of the 
patients, whereas branch duct lesions are associated with 
malignancy in approximately 25% of operated cases [14]. 

The uncertainty of malignant potential calls for a me- 
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ticulous work-up that should include a thorough medical 
history focusing on discrete symptoms easily overseen. 
Moderate weight-loss and abdominal discomfort often 
discreetly appear ahead of jaundice and pain. In our ma- 
terial symptom presence itself (p = 0.02), jaundice (p = 
0.04), and pain (p = 0.009) were found significantly more 
often in malignant cases (Table 1). 

Pre-operative biochemical tests can be supplemented 
by tumour markers as KRAS mutations and CEA in cyst 
fluid, but sensitivity and specificity levels of the latter, at 
approximately 67% and 79%, respectively, calls for cau- 
tious interpretation as all tests might come across as ne- 
gative even in malignant cases [15]. Considerable scepti- 
cism to cyst fluid CEA levels and DNA analysis predict- 
tion capabilities of malignancy was also voiced in accor- 
dance with results in the PANDA study [16]. However, 
upcoming tests like interleukin 1b (IL 1b) in cyst fluid 
seems promising in predicting the risk of malignancy, but 
further validation in clinical practice is needed [17]. 

In accordance with the literature, and despite our easily 
available EUS resources, FNA of cyst fluid was not rou- 
tinely used. Noteworthy however, we found serum me- 
dian values of bilirubin (p = 0.02) and ALP (p = 0.02) 
significantly higher in the malignant cases. 

As a consequence of imaging findings, FNAC sampl- 
ing can seem tempting, but again on should be aware of 
the marginal utility in surgical decision-making cytology 
alone holds, as it neither represents, nor give trustworthy 
estimates of the degree of dysplasia that is known to vary 
throughout the cystic lesions [18]. 

With this backdrop, final decision making on treatment 
is preferably done by a multidisciplinary team, consider-
ing all the work-up results of the case, to provide the best 
subsequent management. 

According to the literature, malignancy is verified in 
60% - 90% of main duct IPMNs [19,20], which corrobo- 
rates our finding of cancer prevalence of 70% in this group. 
We also found 86% symptom presence in malignant ver-
sus 33% in benign main duct IPMNs. 

All main duct lesions were operated with standard pan-
creatic resections. High rate of established malignancy 
when operated and the likelihood of dysplastic lesions to 
progress, have led to the recommendation that all main 
duct IPMNs should be resected. Furthermore, the surgi-
cal resection should be done at referral centers where 
per-operative pathology assessment of the resection mar-
gins is accessible and guide an extended resection when-
ever needed [21]. 

On the contrary, branch duct IPMNs’ all over less ma- 
lignant character opens a window of opportunity to watch-
ful expectation for asymptomatic smaller lesions (<3 cm), 
whereas others are considered suited for resection with-
out delay. The latter group consists of symptomatic pa-
tients, patients lodging lesions with mural nodules, or 

lesions larger than 3 cm [6,22]. 
In our series, all malignant branch duct IPMNs pre- 

sented with pain despite the fact that all were smaller than 
3 cm, underlining the importance of a meticulous medical 
history interview. 

Non-operative management should be based on an es- 
tablished surveillance program, and consider patient age 
and co-morbidity as well as willingness and ability to go 
through with it. 

Intra abdominal complications (IAC) were registered 
in four patients, of whom two had pancreatic juice leak- 
age, but only one eventually needed reoperation. This is 
well within the leakage rate reported in other series of 
pancreatic resections [23-25]. 

The main findings in the group of malignant IPMNs 
were survival at 2 years of 75% and 5 years of 67%. Our 
series is too small for multivariate analysis. It should, how-
ever, be noted that we found no differences in survival in 
main duct versus branch duct malignant IPMNs. Per- 
operative standard lymph node dissection is recommend- 
ed and differences in survival for RxNx groups are de-
picted in Figure 2 [26]. Although all over survival for 
patients suffering malignant IPMNs is considerably bet- 
ter than for conventional pancreatic ductal adenocarcino-
mas, they are not in the clear when it comes to recurrent 
disease. 

In addition to surveillance of non-operated asympto- 
matic cases, follow-up is advocated for operated cases 
who may suffer curable recurrences in the pancreatic 
remnant, and finally also for cases lodging multifocal 
lesions with immanent potential for malignant transfor- 
mation [19,27]. 

5.3. Solid Pseudopapillary Neoplasms (SPPN) 

Solid Pseudopapillary Neoplasms accounts for 1% to 2% 
of all exocrine pancreatic tumours. SPPN should espe- 
cially be kept in mind during work-up of incidentalomas 
found in young females. Even though clinical features 
are discrete or absent and tumour markers are negative, 
the tumours lodge a malignant potential and should al- 
ways be referred to a specialist center for resection. 

5.4. Conclusions 

Patients lodging SCN should not be operated unless wor-
risome symptoms have surfaced, impression on neigh- 
bouring viscera afflicts the patient or malignancy cannot 
be ruled out. 

All main duct IPMNs are recommended resected where- 
as asymptomatic branch duct lesions, less than 3 cm and 
without mural nodules can be subjected to watch- ful 
expectation of symptoms and up-dated radiology exami-
nations at regular intervals. Supplementary work-up with 
EUS at specialist centers is recommended and opens the 
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possibility for biochemical analyses following FNA in 
difficult cases. Patients with SPPN should always be re-
ferred to a specialist center for work-up and MDT e-valua-
tion. 
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