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PURPOSE
We aimed to assess the performance of quantitative 3D shape analysis in the differential diagno-
sis of pancreatic serous oligocystic adenoma (SOA) and mucinous cystic neoplasm (MCN).

METHODS

Four hundred thirty-two patients diagnosed with serous cystic neoplasms (SCNs) or MCNs
were retrospectively reviewed from August 2014 to July 2019 and finally 87 patients with MCNs
(n=45) and SOAs (n=42) were included. Clinical data and magnetic resonance morphologic fea-
tures with 3D shape analysis of lesions (shape sphericity, compacity, and volume) were recorded
and compared between MCNs and SOAs according to the pathology. Univariable and multivari-
able regression analyses were used to identify independent impact factors for differentiating
MCN from SOA.

RESULTS

The age of MCN patients was younger than SOAs (43.02 + 10.83 years vs. 52.78 + 12.31 years;
OR=0.275;95% Cl: 0.098-0.768; P=.014). MCN has a higher female/male ratio than SOA (43/2 vs.
27/15; OR=40.418; 95% Cl: 2.704-604.171; P=.007) and was more often located in the distal of
pancreas (OR=31.403; 95% Cl: 2.985-330.342; P=.004). Shape_Sphericity derived from 3D shape
analysis was a significant independent factor in the multivariable analysis and the value of MCN
was closer to 1 than SOA (OR=35.153; 95% Cl: 5.301-237.585; P < .001). Area under the receiver
operating characteristic curve (AUC) of Shape_Sphericity was 0.923 (optimal cutoff value was
0.964876).

CONCLUSION
Shape_Sphericity in combination with age, sex, and location could help to distinguish MCN from
SOA.

iven the advances and expanding use of image examination, more and more

pancreatic cystic lesions (PCLs) are being identified by accident. The diagnostic

prevalence of PCLs was reported between 2.4% and 49.1% for different detect-
ing modalities, and magnetic resonance imaging (MRI) outperformed computed tomog-
raphy (CT) for detecting PCLs and providing additional preoperative information on
surgical resection.’® PCLs consist of numerous pathological types and a part of cystic
pancreatic neoplasms has potential malignant transformation. Serous cystadenoma and
pseudocysts have scarce potential of malignancy, whereas mucinous cystic neoplasms
(MCNs) and intraductal papillary mucinous neoplasms are considered to have malignant
potential. Goh et al. reported that PCLs can be assumed to be malignant in about 31%
and potentially malignant in 29% of cases, which required differentiated management.’
Although the knowledge of the pathological and radiological characteristics of PCLs has
broadened considerably, the accuracy of conventional imaging features used to distin-
guish serous cystadenoma (SCA) and mucinous cystadenoma (MCA) is still unsatisfac-
tory. It has been reported that blind reviewers may correctly identify above 90% of MCAs
or SCAs, whereas another research showed that SCA and MCA are correctly distinguished
in only 27% and 25%.'"
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Since Lewandrowski et al. reported
that macrocystic SCA could present as a
unilocular lesion, many researches have
revealed that some serous oligocystic
adenoma (SOA) were misdiagnosed as
other cystic lesions of the pancreas, which
were treated inappropriately.’>® It is
essential to make an accurate diagnosis to
allow subsequent decisions. Unnecessary
surgery for SOA should be avoided
because it is always benign, but MCN
should be considered to know whether
surgical resection is needed.’® Typical
cases such as a typical serous cystic neo-
plasm (SCN) with a distinctive central stel-
late scar could be correctly diagnosed by
routine images, but only about 20% of the
tumors have this feature.” It is difficult
to distinguish SCA, especially oligocystic
types, from mucinous cystadenoma based
on images.?>?

In the past, quantitative three-dimen-
sional (3D) shape analysis of medical
images was approached with more inter-
est, since it provided a reproducible and
particular quantitative assessment of
morphology. Some studies have reported
that the 3D shape parameters obtained
from the lesions could help to discrimi-
nate risk level of different tumors, such
as thymoma and gastrointestinal stromal
tumors, among others.?*?* However, to our
knowledge, no study to date attempted to
identify serous marcocysitc adenoma and
mucinous cystadenoma by computerized
3D shape analysis, especially using MRI,
which can show more internal details of
lesions than CT. We evaluated the morpho-
logical features and 3D shape analysis to
distinguish SOA from MCA.

Methods

This retrospective research was approved
by the Ethics Committee at Zhongshan
Hospital of Fudan University and written

- It is difficult to distinguish serous
oligocysticadenomas (SOA) and mucinous
cystic neoplasms (MCN) before surgery by
routine imaging.

- SOA is often treated by unnecessary sur-
gery, even though it has a scarce potential
of malignancy.

- Shape_Sphericity in combination with
age, sex, and location played an important
role in differentiating MCN from SOA.

informed consent was waived. The decision
number was B2014-019.

Study subjects

From August 2014 to July 2019, 321
consecutive patients with a pathologic
diagnosis of MCNs SCNs were identified
at our institution. The inclusion criteria of
the study were: (a) preoperative contrast-
enhanced MRI examination with magnetic
resonance cholangiopancreatography
(MRCP), (b) less than 4 weeks between MRI
examination and surgical resection, and (c)
lesions diagnosed as MCN and SCN by his-
topathology. The exclusion criteria were:
(a) preoperative MRI examinations in other
hospitals (n=76), (b) use of CT or unen-
hanced MRI for preoperative examination
(n=84), (c) diagnosed as SCN rather than
SOA (n=46), (d) unqualified MR images
such as breathing artifact (n=13), and (e)
more than 4 weeks between MRI and sur-
gery (n=15). Finally, 45 patients with MCN
and 42 patients with SOA were enrolled.
Figure 1 shows the flowchart of this study.

Magnetic resonance imaging acquisition

All  abdominal examinations were
performed using 1.5T MRI scanners
(Avanto and Aera; Siemens Healthcare).
The sequences of our protocols were
(1) axial T2-weighted turbo spin-
echo) sequence; (2) axial T1-weighted
sequence with in- and out-of-phase; (3)
diffusion-weighted imaging (b=0, 50,
500 s/mm?) sequence with a free-breath-
ing technique. Corresponding apparent

diffusion coefficient maps were also needed;
(4) coronal T2-weighted MRCP; (5) post-
contrast images of dynamic T1-weighted
examination including arterial (20-30 s),
portal venous (70-80 s), and delayed phases
(180 s) obtained after a 0.2 mL/kg bolus
injection of gadopentetate dimeglumine
(Magnevist, Bayer HealthCare) at a speed
of 2 mL/s. Parameters of MRI sequences are
summarized in Table 1.

3D shape analysis

Obtained MR images were copied to a
computer for analysis. 3D shape analysis
was extracted from enhanced-MR images
by using LIFEX software, which can be
accessed through the website (http://www.
lifexsoft.org).?¢ Two board-certified radiolo-
gists with 5 years and 13 years of abdominal
diagnosis experience (reader 1 and 2) sub-
sequently contoured images of the cysts
by the software and intraclass correlation
coefficient (ICC) was calculated. Both read-
ers only had images and were unaware
of pathological and clinical information.
Region of interest was drawn manually
on every image until the entire lesion was
included. Then 3 quantitative 3D shape
parameters were calculated: (1) sphericity:
how spherical a volume of interest is, which
ranges from 0 to 1. If sphericity is closer to
1, then the shape is closer to a sphere, (2)
compacity: reflecting how compact the
volume of interest is, and (3) volume (vox-
els): the volume of interest in voxels. The
3D shape parameter formulas are shown as
follows:

321 consecutive patients were diagnosed as MCNs or SCNs confirmed

by histopathology after surgery between Aug 2014 and Jul 2019

Exclusion of patients for:

(1) Preoperative MR examinations in other hospitals or unenhanced
examinations (n= 160)

(2) diagnosed as serous cystadenoma rather than oligocystic serous
cystadenoma (n= 46)

(3 unqualified MR imaging (n= 13)

(4) time interval between MR examination and surgery more than 1

month (n=15)

87 patients were finally enrolled

MCN
(n=45)

SOA
(n=42)

Figure 1. The flow diagram shows inclusion and exclusion criteria for the study. MCN, mucinous cystic
neoplasm; SCN, serous cystic neoplasm; MR, magnetic resonance; SOA, serous oligocystic adenoma.
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Table 1. MRI acquisition parameters

Area 1.5T Avanto 1.5T
3D GRE TSE

Sequence TSET2WI DWI T1WI T2WI DWI 3D GRET1WI
Repetition 3500 3200 4.38 3300 2400-2600 5.04
time (ms)
Echo time (ms) 84 56 1.93 70 66 2.31
Matrix size 194 x 256 84x128 216 x 288 207 x 384 112x 128 250 x 512
Field of 360 X360 380-400 x 380-400x 330x%x330to 330x330to 330x330to
view (mm?) 300-324 300-324 380 x 380 380 x 380 380 % 380
Slice thickness 5 5.5 5 7 3
(mm)

TSE T2WI, turbo spin-echo T2-weighted imaging; DWI, diffusion-weighted imaging; 3D GRE T1WI, 3-dimensional

gradient recalled echo T1-weighted imaging.

:
- (6-Volume )2/3

A
where V and A correspond to the vol-
ume and the surface of the volume of inter-

est based on the Delaunay triangulation.

3/2
2. SHAPE_Compacity = v

1. SHAPE_Sphericity =

where V and A correspond to the vol-
ume and the surface of the volume of inter-
est based on the Delaunay triangulation.

3. SHAPE_Volume (mLand voxels) = ZVi

where V, corresponds to volume
voxel i of the volume of interest.

Detailed explanations can be found in
the Texture-Guide on the LIFXE website. An
example of contouring of mucinous cystad-

enomas on MR images is shown in Figure 2.

Clinical and morphologic features
analysis

The following series of clinical data were
collected: age, sex, symptom, and the time
interval between MRI examination and sur-
gery. Radiologists also evaluated the fol-
lowing features of images: the maximum

diameter of the lesion, locations, morphol-
ogy (round or oval and lobulation), and the
presence of septa. If there was any disagree-
ment between reader 1 and 2, another
experienced abdominal radiologist made
the final decision. For multiple lesions, only
the largest was recorded. A lesion was con-
sidered to be lobulated if it had the shape
of a closed curve with smooth and multiple
external undulations.”

Statistical analysis

Normal distribution was determined by
the Kolmogorov-Smirnov test. Descriptive
statistics of the data are presented with n
(%) and normal distributions are shown as
mean + standard deviation (SD). An inde-
pendent t test was used to compare normally
distributed variables and the Pearson chi-
square test was used to compare categori-
cal variables. Univariable and multivariable
logistic regression analyses were performed
using the backward method. Wald was per-
formed to statistically assess the difference
and discriminate performance between
SOAs and MCNs. All the continuous param-
eters in univariate or multivariate analyses

were expressed as the mean values from
the 2 observers and transformed into z score
normalization to reduce the bias caused by
different dimensions. Factors with a P value
of .10 or less at univariate analyses were
included in the multivariable model. Odds
ratios and 95% Cls were calculated. Receiver
operating characteristic (ROC) curve and area
under the ROC curve with 95% Cls were cal-
culated for the continuous variables which
were statistically significant at multivariable
analysis. The corresponding sensitivity and
specificity values and the optimal cutoff
value were calculated. A two-sided P value
of less than .05 was considered indicative of
a significant difference. All statistical analyses
were conducted in Statistical Package for the
Social Sciences software (version 24.0, IBM).

Results

Among the 321 patients, 87 patients
(mean age: 47.74 + 12.51 years) includ-
ing 19.54% (17/87) men (49.35 + 13.98
years) and 80.46% (70/87) women (47.34
+ 12.20 years) were finally enrolled, with
SOAs (n=42) and MCNs (n=45) according
to the pathology. Of the patients, 37.93%
(33/87) had symptoms at initial diagnostic
time. Around 51.11% (23/45) of patients
with MCNs and 61.90% (13/42) of patients
with SOAs had symptoms such as abdomi-
nal pain or abdominal distension, but there
was no significant difference (OR=1.785;
95% Cl: 0.741-4.301; P=.197). The mean
age of MCNs patients was less than SOAs
(43.02 + 10.83 years vs. 52.78 + 12.31 years;
OR=0.576; 95% Cl: 0.365-0.908; P=.018).
There were 2 males in the MCNs popula-
tion and 15 males in the SOAs, which had
statistical significance (OR=11.944; 95% Cl:
2.530-56.384; P=.002).

The morphological characteristics were
imported from MR images, including

Figure 2. a-c. A 61-year-old woman with a mucinous cystadenoma. Example of semiautomatic contouring of mucinous cystadenomas on MR images.
(@) When a reader manually created ROIs (the area filled with purple) on consecutive MRl slices, the software automatically generated ROIs of coronal
and sagittal slices (b and c). In cases in which ROIs automatically generated by the software were not sufficiently accurate, readers could manually

modify them.
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maximum diameter, location, morphology,
and septum. Among 87 patients, the mean
diameter of lesions was 39.85 + 21.79 mm.
The mean diameter of MCNs was larger
than that of SOAs (45.69 + 26.60 vs. 33.60 +
12.61 mm; OR=1.031; 95% Cl: 1.006-1.058;
P=.015). About 88.89% (40/47) of MCNs
were in the distal pancreas (pancreatic
body and tail), compared to 57.14% (24/42)
of SOAs (OR=6.00; 95% Cl: 1.972-18.253;
P=.002). Regarding tumor contour, MCNs
were more smooth than SOAs (82.22% vs.
17.78%, OR=0.068; 95% Cl: 0.024-0.192; P <
.001).

Regarding the quantitative variables of the
lesions extracted from MRI, the mean SHAPE_
Volume (# vx) of MCNs was 36 395.76 + 52
275.67, compared to 17 128.07 + 19 224.72
in SOAs (OR=2.424; 95% Cl: 1.036-5.671;
P=.041), but no significant difference was
found after multivariate analysis. The mean
SHAPE_Sphericity of MCNs was also higher
than SOAs (0.979977 + 0.12 vs. 0.950264 +
0.18, OR=19.973; 95% Cl: 5.939-67.170; P <
.001). No significant difference was found in
Shape_Compacity between MCNs and SOAs.
The ICC of SHAPE_Volume (# vx), SHAPE_
Sphericity, and Shape_Compacity between
reader 1 and 2 were 0.905, 0.883,and 0.892 (P
<.001), respectively.

Age, sex, location, SHAPE_Volume,
and SHAPE_Sphericity were entered into

the multivariate model after univariate
analyses. Age was still a significant fac-
tor for differentiating MCN from SOA
(OR=0.275; 95% Cl: 0.098-0.768; P=.014).
MCN has a higher female/male ratio than
SOA (OR=40.418; 95% Cl: 2.704-604.171;
P=.007) and is more frequently located in
the distal pancreas (OR=31.403; 95% ClI:
2.985-330.342; P=.004). Shape_Sphericity
was the only significant factor in 3D shape
analysis and the value of MCN was closer
to 1 than SOA (OR=35.153; 95% Cl: 5.301-
237.585; P < .001). They indicate the P
value regarding the significance of the
model to be <.05 and adjusted R square
value to be 0.600. Baseline characteristics
of patient population and conventional
MRI findings are summarized in Tables 2
and 3. Samples of MCN and SOA are pre-
sented in Figures 3 and 4. The area under
the ROC curve (AUCQ) of age, sex, location,
and Shape_Sphericity was 0.270 (95% Cl:
0.165, 0.376), 0.656 (95% Cl: 0.540, 0.773),
0.659 (95% Cl: 0.542, 0.775), and 0.923
(95% Cl: 0.864, 0.982), the P values were
<.001, .012, .011, and <.001, respectively.
The AUC of Shape_Sphericity was highest
and the optimal cutoff value of Shape_
Sphericity was 0.964876 and the sensitiv-
ity and specificity were 91.1% and 88.1%,
respectively. The result is shown in Table 4
and Figure 5.

Table 2. Characteristics of patients and SOAs and MCNs detected by MRI from 2014 to 2019

Characteristics

Age (years), mean + SD
Sex (M/F), n (%)
Maximum diameter (mm), mean + SD
Location, n (%)

Head and neck

Body and tail
Symptom, n (%)

Presence

Absence
Morphology, n (%)

Rounded

Lobulated
Septa, n (%)

Presence

Absence

Time interval between MRI examination and
surgery (days), mean + SD

47.74 £ 12.51
17 (19.54%)/70(80.46%)
39.85 +21.79

23 (26.44%)
64 (73.56%)

33(37.93%)
54 (62.07%)

47 (54.02%)
40 (45.98%)

49 (56.32%)
38 (43.68%)
8.45 +6.79

M/F, male/female.
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Discussion

The routine examination to distinguish
SCA and MCA is still unsatisfactory. This
study aimed to use new technology to
explore more imaging features to improve
clinical diagnosis accuracy. Due to the dif-
ferent biological characteristics between
MCNs and SOAs, the current guidelines usu-
ally recommend resection for MCNs but not
for SOAs.52° So making an accurate diag-
nosis before surgery is essential to avoid or
minimize inappropriate surgical resection,
and decide which mucinous cystadenoma
requires surgical resection.'®?' However, it is
difficult to distinguish serous cystadenoma,
especially oligocystic types, from muci-
nous cystadenoma by noninvasive imaging
methods.?>*

This study evaluated the differences
between the MCNs and SOAs by morpho-
logical features and 3D shape analysis.
The results suggest age, location, sex, and
Shape_Sphericity as important features for
differentiating MCNs from SOAs. The factors
associated with MCNs were older female
patients and lesions located at the distal
pancreas (body and tail) and the Shape_
Sphericity was closer to 1.

Studies reported that the incidence of
serous cystadenoma is about 10% and
women (>65%) are detected with more
frequency, with a peak age of 65 years.
According to the classification of the World
Health Organization, SOA as a subgroup of
SCA is equal to macrocystic serous cystade-
noma.'?*® Moreover, the incidence of muci-
nous cystadenoma is about 8%; MCNs occur
mostly in women aged between 42 and
60 years, with a potential of malignant
transformation.?' In this study, we found
that patients with MCNs were younger
than SOAs (43.02 + 10.83 vs. 52.78 + 12.31),
which was in accordance with the previous
studies.

To date, several reports suggested that
location and sex could help us to differenti-
ate MCNs from SOAs. We found that more
MCNs located in the distal pancreas, com-
pared to SOAs. At the same time, we found
that mucinous cystadenoma has a higher
female/male ratio than serous cystad-
enoma (43/2 vs. 27/15). One theory is that
the MCN has an ovarian stroma.” Another
theory suggests that the female hormones
stimulate the immature stroma or that
the dorsal pancreas is affected because
of being near the genital tract during

Zhu et al.



Table 3. Results of univariate and multivariate analyses of risk factors for MCNs versus SOAs

MCN vs. SOA
MCN SOA Univariate analysis Multivariable analysis

Parameter (n=45) (n=42) P Odds ratio (95% Cl) P Odds ratio P
Age (years), mean + SD 43.02 +10.83 52.78 +12.31 <.001 0.576 (0.365, 0.908) .018 0.275 (0.098, 0.768) .014
No. of male patients 2 (4.44%) 15 (35.71%) <.001 11.944 (2.530, 56.384) .002 40.418 (2.704, 604.171) .007
Symptom 195

Presence 20 (44.44%) 13 (30.95%) 1.785(0.741,4.301) 197

Absence 25 (55.56%) 29 (69.05%)
MRI findings
Location 022

Head and neck 5(11.11%) 13 (42.86%)

Body and tail 40 (88.89%) 29 (57.14%) 3.586(1.151,11.177) .028 31.403 (2.985, 330.342) .004
Septa 310 311

Presence 23(51.11%) 26 (61.90%) 0.643 (0.274,1.511)

Absence 22 (48.89%) 16 (38.10%)
SHAPE_Volume (# vx), 36 395.76 + 17 128.07 + .030 2424 (1.036, 5.671) .041
mean + SD 52 275.67 19 224.72

SHAPE_Sphericity (only for 0.979977 +0.12 0.950264 + 0.18 <.001 19.973 (5.939,67.170)  <.001 35.153 (5.201, 237.585) <.001
3D ROI (nz >1), mean + SD

SHAPE_Compacity only for 5.94 +2.61 5.09 +1.73 .073 1.507 (0.949, 2.394) .083
3D ROI (nz>1), mean + SD

P value for the significance of the model was <.05 and adjusted R square value was 0.600.
MCN, mucinous cystic neoplasm; SOA, serous oligocystic adenoma; SD, standard deviation.

Figure 3. a-c. Images of a 46-year-old woman with a large mucinous cystadenoma located in the body and tail of the pancreas. Transverse T2-weighted
fat-suppressed TSE MR image (a) shows one large rounded cystic lesion with well-defined and homogeneous high signal intensity (arrow). Several low
signal intensity separations were shown within the lesion. Axial T1-weighted image (b) and venous phase image (c) show the low signal intensity of lesion
and cyst wall and separations were slightly strengthened. The value of Shape_Sphericity was 0.9925. TSE, turbo spin-echo; MR, magnetic resonance.

Figure 4. a-c. Images of a 70-year-old woman with a serious oligocystic adenoma confirmed by pathology located in the head of the pancreas. Transverse
T2-weighted fat-suppressed TSE MR image (a) shows one large lobulated cystic lesion with well-defined and homogeneous high signal intensity (arrow).
Several low signal intensity separations were shown within the lesion. Axial T1-weighted image (b) and venous phase image (c) show the low signal intensity
of lesion and cyst wall and separations were slightly strengthened. The value of Shape_Sphericity was 0.9285. TSE, turbo spin-echo; MR, magnetic resonance.
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Table 4. Diagnostic performance of significant features for predicting MCNs

Features Sensitivity Specificity Accuracy PPV NPV
Age (<21.5 years) 0 (0/45) 97.62% 47.12% 0(0/1) 47.67%
(41/42) (41/87) (41/86)
Sex (Female) 95.74% 35.71% 68.97% 62.50% 88.24%
(45/47) (15/42) (60/87) (45/72) (15/17)
Location (body and tail) 88.89% 30.95% 60.92% 57.97% 72.22%
(40/45) (13/42) (53/87) (40/69) (13/18)
SHAPE_Sphericity 91.11% 88.10% 89.66% 89.13% 90.24%
(>0.964876) (41/45) (37/42) (78/87) (41/46) (37/41)

PPV, positive predictive value; NPV, negative predictive value.
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Figure 5. The graph shows the utility of the receiver operating characteristic curve of Shape_
Sphericity to discriminate SOAs and MCNs. The AUC of Shape_Sphericity was 0.923 (95% Cl: 0.864,
0.982) with the optimal Shape_Sphericity cutoff value of 0.964876. SOA, serous oligocystic adenoma;
MCN, mucinous cystic neoplasm; AUC, area under the receiver operating characteristic curve.

embryogenesis.>?** This result concurred
with previous finding.??

In the past, many studies have reported
that the textural parameters obtained
from lesions can be used to discriminate
between benign and malignant tumors
in different organs.3** In this study, the
advantage of quantitative 3D shape analy-
sis is that it provided more detailed infor-
mation on morphology from images. The
degree of lobulation could be quantita-
tively evaluated and it could assess the best
cutoff value for distinguishing MCAs from
SOAs. Some researchers have reported that
the morphology of lesions was the most
useful feature to differentiate SOA from
MCA.2 They found that lobulated shape
was more common in SOA, but smooth
shapes were more common in MCN. This is
consistent with our research.

This study has several limitations. First,
this study was retrospective and the num-
ber of patients was small, so we did not use
texture analysis or radiomics analysis. This

limitation is currently unavoidable to some
extent, and subsequent large-sample and
multi-center studies need to be carried
out. Second, we used 2 MR scanners, but
at the same thickness (3 mm) which has
limited affection on the 3D shape analysis.
Moreover, whether the novel results could
be transferred to 3.0T scanners are doubt-
ful and we will include more samples to
verify this result. Third, there are still a few
subjective errors when drawing the region
of interest of the lesion.

In conclusion, our results suggest that
age, sex, location, and Shape_Sphericity
were important features for differentiating
MCNs from SOAs. 3D shape analysis could
provide a reproducible and quantitative
assessment of morphology.
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