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Abstract

We assessed the growth kinetics of pathologically proven benign neoplastic cystic lesions of the pancreas. The volume
and longest axial diameter (LAD) of 20 pathologically proven pancreatic cystic lesions (12 mucinous cystic neo-
plasms (MCN) and 8 serous cystadenomas (SCN)) on 2 multidetector computed tomography scans, obtained before
resection, were measured. Reciprocal of doubling time, doubling time and growth rate based on volume and LAD
were calculated. A P value 50.05 was considered significant. For all cysts, growth kinetics based on volume were:
reciprocal of doubling time (mean¼ 3.03, median¼1.0), doubling time (mean¼ 644, median¼ 388 days) and growth
rate (mean¼ 74.7, median¼ 5.7 ml/year). Results based on LAD were: reciprocal of doubling time (mean¼ 3.09,
median¼ 1.3), doubling time (mean¼ 752, median¼ 273 days) and growth rate (mean¼ 24.5, median¼ 5.6 mm/
year). These variables were not statistically different between MCNs and SCNs (P40.05 in all instances). Reciprocal
of doubling time based on volume and LAD were comparable (P40.05). We concluded that the mean reciprocal
of doubling time was 3.03 and 3.09 using volume and LAD, respectively. This may aid in designing follow-up
guidelines for pancreatic cysts.
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Introduction

Due to the improvements in imaging technologies in
the modern era, pancreatic cystic lesions are identified
much more frequently as an incidental finding[1,2].
Although most pancreatic cysts have an inflammatory
nature, differential diagnosis and management of neo-
plastic cystic lesions of pancreas are still a clinical chal-
lenge. Neoplastic cystic lesions of the pancreas have
different histologic types with serous cystadenomas
(SCNs), mucinous cystic neoplasms (MCNs) and intra-
ductal papillary mucinous neoplasms (IPMNs) making
up more than 90%[3]. Pathologically, neoplastic cystic
lesions of the pancreas may be completely benign, a

precursor of malignancy or may already harbor malig-
nancy[4]. This wide range of malignant potential makes
imaging follow-up a good option for some neoplastic
cystic lesions of the pancreas[5,6].

There is no uniform consensus for imaging follow-up of
pancreatic cysts. Several reports suggest noninvasive
follow-up of asymptomatic cysts less than 3 cm in
size[6�8]. As there is a lack of information on the natural
history and growth kinetics of these lesions, different
follow-up strategies have been suggested for neoplastic
cystic lesions of the pancreas[6,7]. To our knowledge
there is no report in the literature of the growth kinetics
of MCNs. The growth kinetics of pancreatic cysts are
commonly based on a single dimensional measurement
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or the extrapolated volume of the cysts[9,10]. We have
shown previously that extrapolated volume may overesti-
mate the true volume of pancreatic cysts[11]. We aimed to
assess the growth kinetics of benign pancreatic cystic
lesions based on both the true volume and the longest
axial diameter (LAD) of the cysts, which may be useful
for designing a more objective guideline for the follow-up
of pancreatic cysts.

Materials and methods

This retrospective Health Insurance Portability and
Accountability Act (HIPAA) compliant study was
approved by our institutional review board. Patient
informed consent was waived. Patient selection was per-
formed in our departmental electronic radiology report
database search engine using the following key words:
�pancreatic cyst� and �MDCT.� A total of 119 (97
benign, 22 premalignant/malignant) pathologically
proven pancreatic cysts that underwent multidetector
computed tomography (MDCT) before resection were
included. Ninety-nine patients (including all 22 premalig-
nant/malignant cysts) had one CT available before resec-
tion and, therefore, could not be evaluated for growth
kinetics. Reason for having one CT in these 99 patients
included suspicious morphology and size of the lesion
that warranted immediate resection, follow-up with mag-
netic resonance imaging (MRI) or lack of availability of
the baseline CT that was obtained at an outside institu-
tion. Our study population, therefore, consisted of
20 patients with surgically proven benign cysts who
had 2 MDCT examinations before resection, allowing
calculation of growth kinetics.

MDCT imaging protocol

All MDCT scans were obtained using a Siemens
Somatom Sensation 16- or 64-slice scanner (Siemens
Medical Solutions) or GE LightSpeed 4-slice scanner
(GE HealthCare). Image acquisition consisted of a tri-
phasic pancreatic protocol that included unenhanced
images of the abdomen, followed by pancreatic parench-
ymal phase of the abdomen obtained at 40 s and portal
venous phase of the abdomen and pelvis obtained at 70 s.
The pancreatic parenchymal phase was obtained using a
0.6-, 0.75- or 1.25-mm collimation and 2- or 2.5-mm slice
thickness during intravenous administration of 125 ml
of iohexol-350 (GE Healthcare; total dose of iodine,
43.75 g) at the rate of 4 ml/s. Intravenous contrast was
administered via an antecubital vein using an 18- to
20-gauge intravenous catheter and a mechanical injector
(Stellant, Medrad).

Image Analysis

Image analysis was done by single reader using the pan-
creatic parenchymal phase images. Commercially avail-
able volumetry software (CT Oncology; Siemens Medical

Solutions) was used on an image-processing workstation
(Leonardo Workstation, Syngo 2008 A VE26A Multi-
Modality platform; Siemens Medical Solutions) for seg-
mentation of the cysts and volume analysis. The applica-
tion of this software in the segmentation of abdominal
masses has been described previously by Keil et al.[12].
The graphic user interface is divided into 4 small screens:
axial, coronal, sagittal and three-dimensional views. The
software segments the entire lesion automatically and
generates a volume of interest (VOI) around the line
drawn across the cyst in one image plane by the investi-
gator. This stage is followed by three-dimensional reason-
ing to remove adjacent normal pancreatic tissue. The
included regions are indicated by a colored edge. This
process was done for both baseline and follow-up MDCT
images side by side for better comparison and fine-tuning
of the segmentation. After finalizing the segmentation,
the software analyzed the segmented regions and pro-
vided pancreatic cyst volume and LAD (Fig. 1). Image
analysis time for volumetry of the lesions was measured.
High interobserver reproducibility of this software has
been previously reported[11].

Doubling time, reciprocal of doubling time
and growth rate calculation

The volume doubling time was calculated by using the
Schwartz formula[13]: volume doubling time¼ (t2�t1)� �
log2/�(logV2�logV1) where V1 is the segmented volume in
the base line study, V2 is the segmented volume in the
follow-up study and t2�t1 is the time interval between
studies. Since the doubling time is an exponential func-
tion, its calculation may not provide normally distributed
numbers. This limitation has been addressed in the liter-
ature by converting doubling time to the reciprocal of
doubling time (reciprocal of doubling time¼ 365/dou-
bling time) to obtain a linear function[14�17].
Reciprocal of doubling time is the linear representation
of tumor growth rate. When there is no change in size,
reciprocal of doubling time approaches 0 and a negative
and positive reciprocal of doubling time corresponds to
lesion shrinkage and expansion, respectively, from base-
line to follow-up examination. We also calculated the
growth rate to make it possible to compare for our results
with previously published studies on growth kinetics of
pancreatic cystic lesions. Volume growth rate was calcu-
lated using the following equation: volume growth
rate¼ (V2�V1)/(t2�t1). For calculation of the doubling
time, the reciprocal of doubling time and the growth rate
with reference to LAD, the same equations were used by
substituting LAD for volume[17]. Doubling time is inver-
sely proportional to reciprocal of doubling time and
growth rate[16,18].

Statistical analysis

We used MedCalc for Windows, version 9.6.4.0
(MedCalc Software, Mariakerke, Belgium) for statistical
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analysis. Mean or median (95% confidence interval (CI))
values for segmented volume, LAD, doubling time,
growth rate and reciprocal of doubling time were calcu-
lated. Chi-square test was used for assessment of the rela-
tionship between gender and cyst type. Wilcoxon test and
paired-sample t-test were used for identifying the change
in tumor size between 2 observations and comparing
the reciprocal of doubling time between different meth-
ods (volume vs LAD). The Mann�Whitney test and
Student�s t-test were used for comparing the variables
between MCNs and SCNs. The significance level was
set at 0.05.

Results

Demographics

The study population consisted of 20 pathologically
proven pancreatic cystic lesions (12 MCNs and 8
SCNs) with at least 2 MDCT scans performed before
resection during the period between October 2005 and
October 2007. Seven cysts were resected after their diam-
eter increased to more than 3 cm. Others were resected
because they were symptomatic or at the patient�s
request. No cyst was stable in size during the follow-up
period. Five (25%) cysts were located in the head, 6
(30%) were located in the body and 9 (45%) were located

in the tail of the pancreas. There were 14 (70%) female
and 6 (30%) male patients. The mean age of the females
was 60� 15 years (range 20�77 years) and 47� 17 years
(range 33�70 years) for males (P¼ 0.09). Age was also
comparable between MCNs (61� 15 years) and SCNs
(49� 16 years, P¼ 0.08). MCNs were more prevalent
(P¼ 0.019) in females (11/12, 92%) and SCNs were
more common in males (5/8, 63%). The median time
interval between obtaining MDCT scans was 226 days
(range 35�1454 days, 95% CI 106�364 days).

MDCT volumetry

Median cyst volume in the baseline study was 2.25 ml
(range 0.35�170 ml, 95% CI 1.07�4.4 ml). Median
volume for the follow-up study was 6.7 ml (range
0.63�187 ml, 95% CI 1.8�28.7 ml). Median LAD was
1.9 cm (range 0.94�8.3 cm, 95% CI 1.3�2.6 cm) at base-
line and 2.4 cm (range 0.98�8.6 cm, 95% CI 1.6�4.6 cm)
at follow-up (Table 1). The mean time required for volu-
metry of the lesions was 27� 9 s (range 19�45 s).

Mean values for the reciprocal of doubling time with
reference to volume were 3.03 (95% CI 0.64�5.4) in the
whole cohort, 3.6 (95% CI �0.46 to 7.7) in MCNs and
2.1 (95% CI 0.59�3.6) in SCNs. The reciprocal of dou-
bling time based on volume and LAD was comparable
between MCNs and SCNs (P40.05). The reciprocal
of doubling time was also comparable between different

Figure 1 MDCT images of a pancreatic MCN in a 67-year-old woman. (a) Baseline axial and (b) volume rendered
images. The LAD (3.34 cm) and segmented volume (16.9 ml) of the cyst were calculated. (c) Axial and (d) volume
rendering MDCT images 251 days later. LAD and segmented volume have increased to 8.13 cm and 184 ml,
respectively.
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methods of measurement (volume vs LAD) in the whole
cohort, MCNs and SCNs (P40.05 in all instances)
(Fig. 2). The mean and median values for the reciprocal

of doubling time, doubling time and growth rate with
reference to segmented volume and LAD are presented
in Table 2. All variables were comparable between MCNs
and SCNs (P40.05 in all instances) (Figs. 3 and 4 and
Table 2).

Discussion

Pancreatic cystic lesions are more common than pre-
viously recognized and are being increasingly identified
as an incidental finding due to the advances in imaging

Table 1 Volumetry and LAD of serous and benign muci-
nous pancreatic cystic neoplasms on baseline and follow-up
measurements

Baseline volume Follow-up volume P value

Volume (ml)
MCN 50.001

Median 3.1 6.7
95% CI 1�4.4 2.2�62.8
Range 0.35�16.9 0.89�184

SCN 50.05
Median 1.8 8.4
95% CI 0.53�130 0.65�140
Range 0.47�170 0.63�187

Total 50.001
Median 2.25 6.9
95% CI 1.07�4.4 1.8�28.7
Range 0.35�170 0.63�187

LAD (cm)
MCN 50.05

Median 2.0 2.4
95% CI 1.3�2.8 1.7�4.7
Range 1.0�3.3 1.3�8.6

SCN 40.05
Median 1.6 2.6
95% CI 1.07�6.8 1�7.2
Range 0.94�8.3 0.98�8.6

Total 50.05
Median 1.9 2.4
95% CI 1.32�2.6 1.6�4.6
Range 0.94�8.3 0.98�8.6

P values indicate differences between baseline and follow-up measure-
ments of the entire cohort, MCNs and SCNs.

Table 2 Reciprocal of doubling time, growth rate and doubling time measurements of serous and benign mucinous
pancreatic cystic neoplasms

Total MCN SCN P value

Reciprocal of doubling time
Volume

Mean (95% CI) 3.03 (0.64�5.4) 3.6 (�0.46 to 7.7) 2.1 (0.59�3.6) 0.52
Median (95% CI) 1.0 (0.6�3.4) 0.7 (0.54�4.5) 1.6 (0.17�4.3)

LAD
Mean (95% CI) 3.09 (0.57�5.6) 3.7 (�0.24 to 7.7) 1.8 (�0.1 to 3.8) 0.47
Median (95% CI) 1.3 (0.46�2.3) 0.8 (0.4�6.3) 1.5 (0.29�4.8)

Doubling time (day)
Volume

Mean (95% CI) 644 (275�1014) 620 (137�1103) 649 (�110 to 1408) 0.93
Median (95% CI) 388 (107�608) 518 (85�674) 137 (73�2093)

LAD
Mean (95% CI) 752 (195�1309) 885 (27�1742) 509 (�147 to 1164) 0.51
Median (95% CI) 273 (158�786) 439 (60�1059) 244 (90�1511)

Growth rate
Volume (ml/year)

Mean (95% CI) 74.7 (�4.5 to 154) 117.2 (�16 to 251) 11.2 (�1.8 to 24.1) 0.19
Median (95% CI) 5.7 (0.7�28.3) 10 (2�213) 3.6 (1.3�28)

LAD (mm/year)
Mean (95% CI) 24.5 (3.54�45.6) 31.6 (�1.6 to 64.6) 11.7 (0.83�24.2) 0.61
Median (95% CI) 5.6 (2.5�13.6) 5.6 (2�7.9) 7 (3.8�30.5)

P values indicate differences between MCNs and SCNs.

Figure 2 Mean reciprocal of doubling time calculated for
MCNs, 3.6 (95% CI �0.46 to 7.7) and SCNs, 2.1 (95%
CI 0.59�3.6) based on volume. Reciprocal of doubling
time was also measured for MCNs, 3.7 (95% CI �0.24
to 7.7) and SCNs, 1.8 (95% CI �0.1 to 3.8) based on
LAD. Reciprocal of doubling time was not statistically
different (P40.05) between different pathologies as well
as different methods of measurement (volume vs LAD).
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modalities, particularly in the last decade[1,2,19]. Cystic
pancreatic neoplasms have different histological types
with SCN, MCN and IPMN accounting for 90% of pri-
mary cystic neoplasms of the pancreas[3]. Among the
true cystic neoplasms of the pancreas, SCNs are the
most prevalent followed by MCNs and IPMNs[20].
Based on the World Health Organization (WHO) histo-
logical classification for tumors, 3 grades have been
described for cystic neoplasms of the pancreas: benign,
low-grade malignant (borderline), and malignant (carci-
noma in situ and invasive cancer)[4]. Detection of a pan-
creatic cyst prompts concerns with regard to the best
management strategy. Substantial limitations exist in
definitive identification of the malignant potential of
the pancreatic cystic neoplasms despite the many

improvements in imaging techniques. Therefore, manage-
ment of these cystic lesions remains a clinical dilemma.
Although it is clear that a malignant lesion should be
surgically resected after considering the patient�s surgical
risk, there is no evidence-based strategy for the best
follow-up plan for non-resected pancreatic cystic lesions.
Different follow-up intervals have been proposed in the
literature. Some have suggested annual imaging surveil-
lance for SCNs less than 4 cm[6]. Others have recom-
mended the following strategy for non-resected MCNs
and IPMNs: annual imaging if the lesion is less than
10 mm in size, 6�12 monthly follow-up for lesions
between 10 and 20 mm, and 3�6 monthly follow-up for
lesions larger than 20 mm[7]. We believe that better
understanding of the growth kinetics of pancreatic

Figure 3 Growth over time in MCNs. (a) Median growth rate based on LAD¼ 5.6 mm/year (95% CI 2�7.9). (b)
Median growth rate based on volume¼ 10 ml/year (95% CI 2�213).
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cystic neoplasms can help with designing a more evi-
dence-based follow-up strategy for these lesions.

With the evolving imaging technology that allows
acquisition of high-resolution volumetric images, volu-
metric analysis of pancreatic cysts has become possi-
ble[11,12,21]. We analyzed the growth kinetics of MCNs
and SCNs of the pancreas based on their volume and
LAD. Volumetric evaluation of the growth rate has the
advantage of considering the entire tumor size instead of
using the longest diameter as a surrogate for the tumor
volume. Volumetric growth rate of benign pancreatic
cystic masses has not been previously reported. In our
analysis, the mean reciprocal of doubling time based on
volume was 3.03, 3.6 and 2.1 for the whole cohort,
MCNs and SCNs, respectively. The mean reciprocal of
doubling time based on LAD was calculated as 3.09, 3.7
and 1.8 for the whole cohort, MCNs and SCNs, respec-
tively. In our analysis there was no difference between the

reciprocal of doubling time measured based on volume
and LAD. This might be secondary to the limited power
due to the relatively small sample size in our analysis.

The growth rate calculated based on volume was
10 ml/year and 3.6 ml/year for MCNs and SCNs, respec-
tively. In order to be able to compare our data with pre-
vious reports that have used LAD, we also calculated
growth variables based on LAD. Our results demon-
strated that the growth rate was 5.6 mm/year for MCNs
and 7 mm/year for SCNs when using LAD (Figs. 3a and
4a). Of interest, a few of these lesions showed very fast
growth rates despite being benign. In a study performed
on 24 SCNs, Tseng et al.[9] reported a comparable
growth rate of 6 mm/year for SCNs. Similar parameters
for benign MCNs have not been reported and, therefore,
we were unable to compare our results with other reports.

In our analysis, the median doubling time for benign
MCNs and SCNs was 439 days and 244 days based on

Figure 4 Growth over time in SCNs. (a) Median growth rate based on LAD¼ 7 mm/year (95% CI 3.8�30.5). (b) Median
growth rate based on volume¼ 3.6 ml/year (95% CI 1.3�28). Values for cases 1 and 8 were out of the scales of (b).
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LAD and 518 days and 137 days based on volume,
respectively. Tseng et al.[9] reported a doubling time of
2.84 years (1036 days) for SCNs larger than 4 cm and
doubling time of 0.64 years (233 days) for SCNs smaller
than 4 cm based on volume. The difference between our
data and Tseng et al.�s data is most likely due to the
method of calculating volumetric doubling time. Tseng
et al. used extrapolated volume from their data, whereas
we used the true volume that was segmented on high-
resolution CT scans. We have shown previously that
extrapolated volume may overestimate the true volume.
According to our previous report, volume measurements
based on LAD might have up to 50% overestimation
compared with the true volume measured by MDCT-
based segmentation[11].

This study has some limitations. First, our relatively
small sample size may limit the power of analysis in find-
ing a statistically significant difference between the
growth kinetics of SCNs and MCNs. However, due to
strict inclusion criteria for this type of study, large sam-
ples may be difficult to obtain. Second, we did not find
benign IPMNs with serial MDCT images in our database
to provide a more comprehensive depiction of the growth
kinetics of benign neoplastic cysts of the pancreas. Third,
growth kinetics of benign and malignant pancreatic cystic
lesions might be different and hypothetically can help in
the identification of malignant potential of these lesions.
Further investigations including malignant neoplastic
cysts of the pancreas are warranted to develop an algo-
rithm for follow-up of cystic pancreatic neoplasms.

In conclusion, our findings show similar growth rates
for SCNs and benign MCNs of the pancreas. This infor-
mation may be helpful in developing an algorithm for
follow-up imaging of pancreatic cystic lesions.
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