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Abstract
AIM: To investigate the progression rate of small 
pancreatic cystic lesions and identify characteristics 
associated with their progression.

METHODS: Patients with pancreatic cystic lesions 
with at least 1-year of follow-up were evaluated 
retrospectively. We excluded patients with cysts larger 
than 3 cm or with features that were a concern for 
malignancy. In total, 135 patients were evaluated. 
The interval progression of the cysts was examined. 
Characteristics were compared between patients with 
and without progression.

RESULTS: The pancreatic cysts ranged from 3 to 29 
mm. The mean follow-up period was 4.5 ± 2.3 years 
and the mean progression rate was 1.0 ± 1.3 mm/year. 
Ninety patients showed interval progression and were 
divided into two groups; the minimal-change group (n  
= 41), who had cyst progression at less than 1 mm/
year, and the progression group (n  = 49), who had a 
progression rate of more than 1 mm/year. Compared 
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Retrospective Study

Features associated with progression of small pancreatic 
cystic lesions: A retrospective study



with increased risk of malignancy, including cystic 
lesions larger than 3 cm, a dilated pancreatic duct 
and the presence of solid mural nodules[7-10], are 
advised to undergo further pathology diagnosis or 
surgical resection. Conversely, emerging data support 
observation as the preferred approach for patients who 
have small cystic lesions detected incidentally[11-13]. 
Nevertheless, approximately 3.3% of patients 
with small pancreatic cystic lesions were found to 
have occult malignancy after surgical resection[10]. 
Subjecting these patients to unnecessary testing 
and treatment can result in a potentially harmful and 
expensive cascade of tests and procedures. However, 
lesions left for observation can cause anxiety for both 
patients and clinicians because of the potential specter 
of a lethal malignancy. 

The shape and number of cysts have been used to 
differentiate low or no malignant potential for serous 
oligocystic adenoma from lesions with malignant 
potential, including mucinous cystic neoplasm and 
IPMN[14]. By reviewing the images of our patients with 
small pancreatic cystic lesions, we aimed to determine 
the progression rate of these small lesions and to 
find the characteristic features that could differentiate 
progressive from non-progressive lesions. Hopefully, 
our findings will help in risk stratification and decision-
making for the appropriate management and follow-
up strategy in patients with small pancreatic cystic 
lesions.

MATERIALS AND METHODS
Patient selection
Institutional review board approval was obtained for 
this retrospective study; informed patient consent was 
not obtained. From January 2004 through December 
2011, we identified 523 patients with cystic lesions of 
the pancreas that had been detected by sonography, 
CT or MR imaging. One hundred and sixty seven 
patients with prior clinical and laboratory evidence of 
pancreatitis were excluded. Eight patients with co-
existing pancreatic malignancies, including four cases 
of adenocarcinoma and four cases of lymphoma, 
were excluded. Of the remaining 348 patients, 41 
(11.8%) underwent surgical resection because of 
presence of symptoms, high-risk of stigmata (such as 
dilated main pancreatic duct or mural nodule), or at 
the patient’s request. To focus on the progression of 
small pancreatic cystic lesions without features that 
are a concern for malignancy, we further excluded 
172 patients with lesions larger than 3 cm (n = 12), 
a dilated pancreatic duct greater than 5 mm (n = 5), 
less than 1-year of follow-up (n = 123), or those who 
had only been evaluated by ultrasonography (n = 32). 
Finally, data from the remaining 135 patients with 
incidentally detected small pancreatic cystic lesions (94 
men, 41 women; age range, 20-92 years; mean age, 
67 years) were evaluated. Of these patients, 90 had 
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with the cysts without progression, the lesions of the 
progression group were more frequently associated 
with tubular cyst, septation or a prominent pancreatic 
duct (P  < 0.05). The odds ratio for progression was 
5.318 for septation and 4.582 for tubular cysts.

CONCLUSION: Small pancreatic cysts progress 
slowly. Lesions with tubular shape, septa, or prominent 
pancreatic duct were more likely to progress, and 
required further diagnostic intervention or shorter 
surveillance interval.

Key words: Pancreas; Cystic lesion; Progression; 
Imaging features; Observation
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Core tip: Observation is advised for small pancreatic 
cyst without features that are a concern for malignancy. 
Our study determined that small pancreatic cysts with 
borderline pancreatic duct dilation, tubular shape, or 
septa were associated with risk of progression. Our 
findings may be helpful to stratify patients for different 
management planning according to their risk of 
progression.
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INTRODUCTION
The increased utilization of cross-sectional imaging, 
such as multi-detector computed tomography (MDCT) 
and magnetic resonance (MR) imaging, has resulted 
in the increased detection of pancreatic cystic lesions, 
generally for unrelated reasons[1,2]. Pancreatic cystic 
lesions are encountered in up to 3% of computed 
tomography (CT) examinations and 20% of MR 
imaging studies among individuals with no prior history 
of pancreatic disease[3,4]. It is estimated that 10% of 
individuals have a pancreatic cystic lesions by the age 
of 70[4].

Pancreatic cystic lesions not only have diverse 
histologies and imaging features, but also differ in 
terms of clinical presentation, biological behavior 
and risk of malignancy[5]. According to the risk of 
malignancy, lesions can be categorized into: (1) those 
with no malignant potential (pseudocysts and serous 
cystadenomas); and (2) those that are precancerous 
or cancerous (mucinous cystic neoplasms and intra
ductal papillary mucinous neoplasms)[6]. Patients with 
imaging features that are considered to be associated 



undergone CT only, 22 had undergone MR imaging 
only and 23 had undergone CT and MR imaging. The 
interval progression was examined by using the initial 
and the last imaging of the cyst, not necessarily using 
a the same imaging modality. None of our patients 
were associated with features that were a concern 
malignancy; therefore, none of them had been studied 
by endoscopic ultrasonography. 

Imaging protocol
Most of our patients underwent the imaging exami
nation to study other abdominal disease; therefore, 
the protocols we used were not specific to pancreatic 
disease but were those that we routinely used for 
abdomen examination.

Helical CT with two different multi-detector 
helical CT scanners (Sensation-16, Siemens Medical 
Systems, Forchheim, Germany or Definition Flash, 
Siemens Medical Systems, Forchheim, Germany) 
were performed in all patients. A Routine abdominal 
CT beginning 60-70 s after intravenous injection of 
contrast material was the most commonly performed 
examination. For routine CT scanning, 120-150 mL 
of nonionic contrast material (300-350 mg/mL) was 
injected at a rate of 2.5-3.0 mL/s, and images were 
acquired at a 5-mm section thickness after a 70 s 
delay. The field of view was adjusted according to the 
size of the patient.

MR imaging was performed with a 1.5-T system 
(Achieva, Philips Medical Systems, Netherland B.V.) 
using a phased-array torso coil. T2 weighted axial 
(TR/TE/FA 558/150/90) and coronal fat suppression 
images (TR/TE/FA 686/150/90), as well as two-
dimensional (TR/TE/FA 8000/800/90) and three-
dimensional MR cholangiopancreatography (TR/TE/FA 
2000/700/90) were obtained. T1-weighted in-phase 
(TR/TE/FA 175/4.6/80) and opposed-phase (TR/TE/FA 
175/2.3/80) images were acquired. Subsequently, 
axial breath hold three-dimensional T1-weighted high 
resolution isotropic volume examinations (TR/TE/FA 
4.3/2.1/14; reconstructed slide thickness, 2.5 mm) 
were taken before and after intravenous contrast 
injection during the arterial (15 and 50 s), portal 
venous (90 s), and equilibrium (150 and 300 s) 
phases.

Image analysis
The CT and MR images were reviewed retrospectively 
by two radiologists (Tsai HM and Liu YS, with 20 and 
10 years of experience, respectively). The shape 
(spherical or tubular), number, size and location of 
the cysts, the existence of a prominent pancreatic 
duct (3-4 mm in diameter), and the morphological 
features of the cysts, such as presence or absence 
of calcifications, and/or septa on CT and MR images, 
were recorded. When multiple cysts were present 
within the pancreas, the diameter and morphological 
features of the largest lesion were recorded. When 
the shape was not spherical, the longest diameter was 
recorded.

Grouping
The sizes of the cysts on the patient’s first and last 
follow-up images were measured. The cyst progression 
rate was determined by dividing the change in size 
by the follow-up time in years. Accordingly, patients 
were first divided into those without progression of 
cystic lesions and those with interval progression. 
Patients with interval progression of cysts were further 
divided into the minimal-change and the progression 
groups, determined by a progression rate that was 
lower or higher than the mean cyst progression rate. 
Accordingly, the patients were divided into three 
groups: non-progression, minimal-change, and the 
progression. 

Statistical analysis
The demographic data and imaging features were 
compared among the three groups. Comparisons 
were made using a Fisher’s exact test or χ 2 test for 
nominal variables and a Student’s t-test for continuous 
variables. A univariate analysis was performed to 
identify risk factors for progression, using logistic 
regression analysis. To evaluate independent predictors 
of malignancy, a multivariate analysis was performed 
with a model using factors identified as being significant 
in the univariate analysis or those with a P-value less 
than 0.20. A P-value less than 0.05 was considered 
statistically significant. Results are presented as means 
± standard deviation.

RESULTS
Clinical features
The mean cyst progression rate was 1 mm per year (1.0 
± 1.3 mm/year). The patients were divided into three 
groups, the non-progression (n = 45), the minimal 
change (n = 41), and the progression groups (n = 
49). Although the age of our patients ranged from 20 
to 92 years, most of them were elderly (mean age, 
67.3 ± 12.4 years). The mean age of the progression 
group was the highest among the three groups, 
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Table 1  Clinical characteristics of patients

Non-progression 
group (n  = 45)

Minimal-change 
group (n  = 41)

Progression 
group (n  = 49)

Follow-up (yr)  3.6 ± 2.01  5.6 ± 2.02,3 4.3 ± 2.51

Age (yr) 67.9 ± 10.3 63.2 ± 12.93 70.0 ± 13.01

Sex (M:F) 29:16 33:8 32:17

1Significant difference vs minimal-change group; 2Significant difference vs 
non-progression group; 3Significant difference vs progression group. By 
ANOVA and χ 2 test, data are expressed as the mean ± SD.
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were located in the periphery. 

Regression analysis
Cystic lesions with septa or a tubular shape were 
included for the regression analysis; whereas, cysts 
with a prominent pancreatic duct were not analyzed, 
because this feature was exclusively found in lesions 
with interval progression. By multivariate regression 
analysis, lesions with septa had 5.318-fold increased 
odds of interval progression than lesions without 
septa; the odds ratio of progression was 4.582 for the 
tubular shape lesion (Table 3).

Follow-up
The interval progression diameter ranged from 0 to 
54 mm (average, 4.1 ± 7.2 mm) with a progression 
rate ranging from 0 to 6.2 mm per year (average 1.0 
± 1.3 mm per year). No mural nodules were found 
during the follow-up period. Twelve patients had 
cysts that progressed to more than 3 cm in diameter 
(range from 6.4 cm to 3.0 cm) within a mean follow-
up period of 5.9 ± 2.8 years (range from 1.5 to 10.0 
years). Two patients underwent surgery because of 
concern of malignant potential based on the growth 
characteristics. The pathologies of these two lesions 
were serous adenoma and serous oligocystic adenoma, 

but it was not significantly different from that of the 
non-progression group (Table 1). Male gender was 
predominant in all three groups. The follow-up period 
of our patients ranged from 1.1 to 10.1 years, with a 
mean of 4.5 ± 2.3 years. Although the progression 
group had a longer follow-up time than the non-
progression group, it was not statistically significant 
(Table 1).

Imaging characteristics
The pancreatic cystic lesions ranged from 3 to 29 
mm (mean, 12.5 ± 6.5 mm), based on the longest 
diameter. The initial size was not related to future 
progression and was similar among the three groups 
(Table 2). Although a trend for increasing multiple-
cystic lesions was noted from the non-progression 
group to the progression group, the difference was 
not statistically significant (Table 2). Few cystic 
lesions were detected over the uncinate process. The 
remaining cystic lesions were evenly distributed across 
all the other sites of the pancreas and there was no 
predilection site for progressive pancreatic cystic 
lesions (Table 2).

As shown in Table 2, more patients in the pro
gression group had a septated (Figure 1) or a tubular 
(Figure 2) cyst than those in the non-progression 
group (septated: 26.5% vs 8.9%, P < 0.05, tubular: 
28.6% vs 11.1%, P < 0.05). Nine patients (18.4%) 
in the progression group had a prominent pancreatic 
duct (Figure 3), which was in marked contrast to none 
observed in the non-progression group (P < 0.01). E 
could not check the calcification of pancreatic cysts in 
22 of our patients because they underwent MR imaging 
only. In the other 113 patients who had a CT scan 
examined during the follow-up, only four patients had 
a calcified pancreatic cystic lesions and all calcifications 
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Table 2  Imaging characteristics of cysts  n  (%)

Non-progression 
group (n  = 45)

Minimal-
change group 

(n  = 41)

Progression 
group 

(n  = 49)

Lesion characteristics
   Initial size (mm) 12.0 ± 5.4 11.6 ± 6.5 13.8 ± 7.4
   Multiple cystic lesions 3 (6.7)   5 (12.2) 9 (18.4)
Location
   Uncinate 1 (0.2) 1 (2.4) 4 (8.2)
   Head   9 (20.0)   9 (22.0) 13 (26.5)
   Neck 17 (37.8)   7 (17.1)   9 (18.4)
   Body 10 (22.2) 14 (34.1) 12 (24.5)
   Tail   8 (17.8) 10 (24.4) 11 (22.4)
Imaging features
   Septation 4 (8.9)1   5 (12.2) 13 (26.5)2

   Tubular cyst 5 (11.1)1   8 (19.5) 14 (28.6)2

   Calcification 2 (4.5) 1 (2.5) 1 (2.0)
   Prominent pancreatic 
   duct

0 (0)1 3 (7.3)   9 (18.4)2

1Significant difference vs the progression group; 2Significant difference vs 
the non-progression group, by ANOVA and χ 2 test. Data are expressed as 
the mean ± SD.

A

B

Figure 1  Contrast-enhanced computed tomography scans and T2-
weighted magnetic resonance images. Contrast-enhanced computed 
tomography scans obtained during the portal venous phase showing a septated 
cystic lesion in the body of the pancreas (A; arrow). An axial T2-weighted 
magnetic resonance image showing a T2 hyperintense lesion with septa (B; 
arrow) in the body of the pancreas.
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respectively. The remaining patients were kept under 
observation according to the patients’ preference. 

DISCUSSION
The decision to proceed with surgical resection for a 
small pancreatic cystic lesion is difficult because of 
the significant morbidity and mortality associated with 
pancreatic surgery, especially in the elderly. Accordingly, 
the Sendai guidelines recommend surveillance only for 
cysts less than 3 cm without “worrisome features” or 
“high-risk stigmata”[15]. Despite the good performance 
of the Sendai surveillance guidelines, which have been 

validated recently in a report showing that patients 
who met the criteria had a 97% probability of benign 
follow-up for up to 7 years and 8 mo[16], they are not 
prefect, because some small cysts were still found to 
have malignant outcomes on long-term follow-up. 
Surveillance, therefore, is associated with concern, 
anxiety and fear about the uncertainty of the diagnosis 
and the natural history of these cysts. Our study 
revealed the slow progression rate of small pancreatic 
cystic lesions and indicated that tubular cysts or cysts 
associated with prominent pancreatic ducts or septa 
tended to be progressive. Our study may provide more 
information to ease the uncertainty associated with 
the follow-up strategy chosen for patients with a small 
pancreatic cystic lesions.

Septa can be associated both with a malignant 
or potentially malignant mucinous cystic neoplasm 
and a benign serous cystadenoma[17,18]. Sahani et 
al[12] reported that small pancreatic cysts without 
septa or solid components are almost always benign; 
however, since 20% of their septated cystic lesions 
were associated with malignancies or borderline 
malignancies, detecting septa within small cysts should 
raise a concern for malignancy. Our study found that 
small septated cysts had an increased risk of interval 
progression, further supporting the observation that 
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Figure 3  Contrast-enhanced computed tomography scans and T2-
weighted magnetic resonance images. Contrast-enhanced computed 
tomography scans obtained during the portal venous phase showing a tubular 
cyst (A; arrowhead) in the body of the pancreas, with a prominent pancreatic 
duct (A; arrow). Axial T2-weighted magnetic resonance image showing a T2 
hyperintense tubular cyst (B; arrowhead) in the body of the pancreas, with a 
prominent pancreatic duct (B; arrow).

Figure 2  Contrast-enhanced computed tomography scans and T2-
weighted magnetic resonance images. Contrast-enhanced computed 
tomography scans obtained during the portal venous phase showing a 
tubular cyst in the neck of the pancreas (A; white arrow). Axial T2-weighted 
magnetic resonance image showing a T2 hyperintense tubular lesion (B; 
white arrow) in the neck of the pancreas. The tubular lesion (C; white arrow) 
was more clearly appreciated on two dimensional magnetic resonance 
cholangiopancreaticography.

A

B

C

A

B
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septa in a small cyst increase the level of suspicion of 
malignancy.

IPMN has a malignant potential and tends to be 
progressive. As the tumor produces mucin content, 
dilatation of the main pancreatic duct is frequently 
found with main duct IPMN. A dilated main pancreatic 
duct of 5-9 mm is considered a “worrisome feature”, 
while a diameter of more than 10 mm is one of the 
“high-risk stigmata”[15] that warrant further diagnosis 
or surgery. In our study, cysts with these features were 
initially excluded; however, we found that cysts with 
a prominent pancreatic duct of 3 to 4 mm in diameter 
still showed a tendency for interval progression. In 
addition, cysts with a tubular shape could be caused 
by the dilation of the pancreatic duct branch and 
are frequently associated with branch duct IPMN[14]. 
As both features are characteristics of IPMN, which 
possesses malignant potential, the more tubular cysts 
or cysts with prominent pancreatic ducts found in our 
progression group may indicate the presence of more 
IPMN cases in this group.

Peripheral calcification was prevalent in mucinous 
cystic neoplasms, while head location or multiple cysts 
were more frequently associated with branch duct 
IPMN[5]; therefore, cysts with these features would be 
expected to be progressive. However, calcification was 
rarely found in our cases. While the number of cases 
with multi-cystic lesions showed an increasing trend 
in the progression group, it did not reach statistical 
significance. The above-mentioned imaging features, 
although also characteristic features of mucinous 
cystic lesions, were less valuable to distinguish small 
pancreatic cystic lesions with different progression 
rates in our study.

Male gender was predominant across all three 
groups in this study, which was contradictory to previous 
studies reporting that female gender was predominant 
in serous and mucinous cystic neoplasms[19]. All our 
cystic lesions were asymptomatic and were found 
coincidentally during imaging examinations for 
abdominal organs other than the pancreas; therefore, 
this finding might simply reflect the male predominance 
of liver diseases in this liver diseases endemic country. 

This was a retrospective study; therefore, the 
follow-up intervals of imaging were not the same for all 
patients. It may be argued that the progressive lesions 
observed in our patients could simply result from a 

longer follow-up period. Undeniably, the longest follow-
up period seen in our minimal-change group may 
actually reflect this possibility. However, the similar 
follow-up periods between the non-progression and 
progression groups indicated there were factors other 
than “time” that determined the risk of progression in 
pancreatic cystic lesions. 

We suspected that the progression rate of cyst 
might not be constant and could be accelerated 
when the cyst becomes larger, which challenged the 
progression rate of 1 mm/year that was determined 
by observing cyst progression at different follow-up 
intervals instead of year-by-year. Such suspicion might 
be reasonable in those lesions larger than 3 cm, but it 
should be trivial in our study, because all our lesions 
were smaller than 3 cm and the mean initial size was 
similar among groups with different interval changes.

As observed from the benign pathology in our 
two patients who had cysts growing greater than 3 
cm and who underwent surgery, the increase in the 
size of the cyst was not necessarily associated with 
malignancy. However, cyst progression remains a 
key point to be followed on surveillance images[15,20]. 
Our study determined the mean growth rate as 
1 mm per year after a mean follow-up period of 
about 6 years, which supports the low incidence of 
malignant transformation; i.e., of 0.4% per year 
during surveillance[20], and the current proposed 
annual surveillance strategy for small cysts without 
high risk stigmata or worrisome features[15]. The 
addition of molecular profiling, cytology and chemistry 
of pancreatic cystic fluid to imaging studies, has 
defined an integrated approach to molecular pathology 
testing that has increased the accuracy of assessing 
the malignant potential of pancreatic cysts[16]. Our 
study explored imaging features associated with the 
risk of progression in small pancreatic cystic lesions 
that might be helpful to stratify patients into those 
who require cystic fluid testing and those who merely 
require observation.

COMMENTS
Background
Pancreatic cystic lesions are encountered in up to 3% of computed tomography 
examinations and 20% of magnetic resonance imaging studies among 
individuals with no prior history of pancreatic disease. Pancreatic cystic lesions 
not only have diverse histologies and imaging features, but also differ in terms 
of clinical presentation, biological behavior and risk of malignancy. Emerging 
data supports observation as the preferred approach for patients who have small 
cystic lesions without features that are a concern for malignancy. Nevertheless, 
approximately 3.3% of patients with small pancreatic cystic lesions were found to 
have occult malignancy after surgical resection. The authors aimed to determine 
the progression rate of these small lesions and to identify the characteristic 
features that can differentiate progressive from non-progressive lesions.

Research frontiers
There was little data dealing with the progression and characteristic findings of 
small pancreatic cysts. The results of this study contributed to the identification 
of the progression rate of small pancreatic cysts and the characteristics 
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Table 3  Regression analysis between non-progression and 
progression groups

Univariate Multivariate

OR (95%CI) P  value OR (95%CI) P  value

Septation 3.701 (1.107-2.372) 0.034 5.318 (1.539-18.374) 0.008
Tubular 
content

3.200 (1.047-9.782) 0.041 4.582 (1.450-14.480) 0.010

By binary logistic regression analysis.
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associated with such progressive cysts. 

Innovations and breakthroughs
This study determined the mean growth rate of small pancreatic cyst as 1 mm 
per year after a mean follow-up period of about 6 years. This study indicated 
that tubular cysts or cysts with prominent pancreatic ducts or septa were 
imaging features associated with risk of progression in small pancreatic cystic 
lesions. 

Applications
This study provides more information to ease the uncertainty associated with 
the follow-up strategy chosen for patients with a small pancreatic cyst and to 
select patients at risk of progressive disease to undergo EUS-FNA for cystic 
fluid analysis. 

Terminology
High-risk stigmata: pancreatic cyst with enhanced solid components and a 
main pancreatic duct dilation ≥ 10 mm. Worrisome features: pancreatic cyst 
≥ 3 cm, with thickened enhanced cyst walls, non-enhanced mural nodules, 
main pancreatic duct of 5-9 mm, an abrupt change in the main pancreatic duct 
caliber with distal pancreatic atrophy, and lymphadenopathy. 

Peer-review
This valuable paper deals with the imaging features that are associated with 
meaningful progression of pancreatic cysts. Although there is not histological 
correlation, I believe that interesting data are derived from this research, and 
that it could be published after minor revision.
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