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ABSTRACT

Background: To retrospectively evaluate whether quantitative information
derived from spectral imaging can improve the differential diagnosis of
pancreatic cystic masses including pancreatic solid pseudopapillary epithelial
neoplasms (SPENs), mucin- producing cysts and pseudocysts. Materials and
Methods: From June 2015 to October 2017, 56 patients (22 pseudocysts, 18
mucin-producing cysts and 16 SPENs) who underwent spectral CT imaging
were included in the study. Conventional characteristics and quantitative
parameters were compared among the three groups. The receiver-operating
characteristic curve was used to evaluate the diagnostic performance of
parameters which had statistical significance among the three groups. Two
radiologists diagnosed the pancreatic cystic masses blinded in consensus,
without and with the information of the statistical analysis. Results: The
conventional characteristics including age, contour, nodule and septum were
the independent factors correlated with category. The quantitative
parameters including effective-Z, slope of energy spectral curve (slope),
iodine (water) concentration and calcium (water) concentration
demonstrated significantly lower values in pseudocysts group when
compared with mucin-producing cysts and SPENs groups. Slope in portal
venous phase, threshold of less than 0.50, was the best discriminator
between pseudocysts group and mucin-producing cysts group, with a
sensitivity of 95.5%, and a specificity of 88.9%. The best quantitative
parameter for differentiate SPENs from mucin-producing cysts was the iodine
(water) concentration in portal venous phase. With the knowledge of
statistical analysis, the accuracy of the two radiologists increased from 78.5%
to 90.9%. Conclusion: Multi-parametric analysis with the combination of
quantitative parameters derived from CT spectral imaging could improve the
diagnostic performance.

Keywords: Pancreatic cystic masses, Spectral curve, Effective-Z, Iodine (water)
concentration, Calcium (water) concentration.

INTRODUCTION cystic masses of the pancreas are frequently

detected (23). Cystic masses of the pancreas may

Cystic masses of the pancreas are common in be congenital, non-neoplastic or neoplastic,
the general population, and their incidence epithelial or mesenchymal, true or degenerative.
increases with age(®), With the widespread use of Cystic neoplasms of the exocrine pancreas
cross-sectional imaging techniques, incidental include the true epithelial-lined serous
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neoplasms, mucinous cystic neoplasms (MCNs),
and intraductal papillary mucinous neoplasms
(IPMNs), together with solid pseudopapillary
epithelial neoplasms (SPENs) in which
cystic change is due to degeneration. Pancreatitis
-associated pseudocysts (inflammatory
pancreatic fluid collections) are not considered
to be true cysts owing to the absence of an
epithelial component (4.

The management of the pancreatic cystic
mass primarily depends on their malignant
potential. Pancreatic pseudocysts have no risk of
malignant transformation. Thus, non-surgical
therapy or surveillance is generally warranted
5). IPMNs and MCNs are often grouped together
as “mucin-producing cysts” because they contain
a thick, viscous, mucinous-type fluid. In contrast
to pancreatic pseudocysts, mucin-producing
cysts have malignant potential. [PMNs are
classified into main-duct (MD) and branch-duct
(BD) IPMNs depending on their involvement of
the main pancreatic duct. Surgery is usually
recommended for MD-IPMNs and MCNs in
patients who are surgical candidates, as they are
considered high-risk masses, and for cysts with
“worrisome” features concerning malignancy (6
8. BD-IPMNs have much lower malignant
potential, but surveillance is suggested (8. SPEN
is a low-grade malignant tumor, and surgical
resection would be the preferred management
10), Therefore, differentiation of pancreatic
pseudocysts (no malignant  potential),
mucin-producing  cysts (some malignant
potential) and SPENs (low-grade malignant) has
important clinical implications. This is
highlighted by large surgical series, in which just
over 20% of patients were found to have a
benign cyst, such as an SCA or a pseudocyst,
whereas almost 80% of resected BD-IPMNs have
either low, or intermediate-grade dysplasia, and
thus, in retrospect, did not require surgical
resection (11,12),

The type of pancreatic cysts may be assessed
based on imaging features and cyst fluid analysis
pre-operatively (13). Imaging may show specific
morphological features or “worrisome” signs of
malignant  transformation. However, the
differentiation of pseudocysts, mucin-producing
cysts and SPENs of the pancreas is often not
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possible on conventional CT images because all
three can appear as simple unilocular cystic
masses with variable cystic wall thickness (4.
Even the high-quality MR examinations offers
relatively limited sensitivity in the
differentiation. Particularly small pseudocysts
are difficult to differentiate from cystic tumors
of the pancreas. A report from a high-volume
center showed an overall preoperative
diagnostic accuracy in pancreatic cysts of only
68% (15), When imaging is not diagnostic, cyst
fluid analysis may be performed, which consists
of cytological and fluid marker evaluation.
Cytological analysis can reveal features that are
specific for a certain class of cyst, but offers
limited sensitivity in detecting malignant/
premalignant cysts (16). Measurement of tumour
markers, particularly carcinoembryonic antigen
can also be informative, but there is a wide
overlap among the various classes of cyst (7).
Studies have shown that the currently available
cyst fluid markers are imperfect at identifying
cyst type, and cannot identify the presence of
high-grade dysplasia or invasive carcinoma.
Moreover, cyst fluid analysis is an invasive
procedure, and the fluid sample is often
inadequate (18-20),

subtypes of cystic masses of the pancreas pre
-operatively. In recent years, a new spectral CT
imaging mode based on the rapid switching
between high- and low-energy data sets from
view to view was introduced to several clinical
applications (21-26),  including preoperative
detection of insulinoma, differentiating
hypervascular hepatic masses and diagnosis of
pulmonary embolism etc. One of the main values
of this imaging method over conventional CT is
the ability to generate additional quantitative
information, which contains monochromatic CT
values at different energy levels from 40 to 140
keV, iodine and water material density
measurements, and effective-Z values et al
Therefore, the purpose of our study was to
investigate whether quantitative information
derived from spectral imaging can improve the
differential diagnosis of pancreatic cystic masses
including SPENs, mucin-producing cysts and
pseudocysts. To our knowledge, such a study has
not yet been reported.
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MATERIALS AND METHODS

Patients

The Ethics Committee of our institution
approved this retrospective study and waived
the requirement for informed consent. On
review of our institution's medical records, from
June 2015 to October 2017, 56 patients (18 men,
38 women; mean age 46.3 + 13.5 years; 14-79
years) underwent CT examinations and were
included in the study. All the patients underwent
surgery after the imaging diagnosis and the final
diagnosis was made by histopathological
examination.

Pancreatic cystic masses other than
pseudocyst, IPMN, MCNs (mucinous cystic
adenoma/ adenocarcinoma) or SPEN were not
included for evaluation in our study. A total of
141 patients were excluded from the study
because the cysts measured under 1 cm, too
small cystic components for measurement,
unsatisfactory imaging quality resulting from
body movement and artifacts, and dual-phase
contrast material-enhanced CT examinations
were not performed using the spectral imaging
mode.

CT examinations

Non-enhanced CT and two-phase contrast
material-enhanced CT examinations were
performed by using the Discovery CT750 HD
scanner. All patients were scanned
craniocaudally while in the supine position.
Non-enhanced CT images were acquired
following scout scans with the conventional
helical scan mode at 120 kVp tube voltage,
auto-tube current with a noise index of 10 HU
and 5 mm section thickness. Patients were then
injected with non-ionic contrast medium
(iopamidol, 300 mg iodine/ml; lopamiro 300,
Shanghai BRACCO Sine Pharmaceutical, China)
via antecubital venous access at a rate of 3-4 ml/
s for a total of 80-100 ml during the late arterial
phase (AP) and portal venous phase (PP). The
scanning delay for AP imaging was determined
using semiautomatic scan-triggering software
(SmartPrep; GE Healthcare, Milwaukee, WI,
USA). AP scanning automatically began 8 s after
the trigger attenuation threshold (100 HU) was
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reached at the level of the supraceliac abdominal
aorta. For PP, the delay was 35 s after the end of
AP.

Both the AP and PP scans were performed
using the spectral imaging mode with fast tube
voltage switching (0.5 ms) between 80 and 140
kVp on adjacent views during a single rotation.
Other imaging parameters were as follows:
0.625 mm collimation thickness, 50-cm scan
field of view; 630-640 mA tube current; 0.5-0.6-s
rotational speed; and a helical pitch of 1.375.
The CT volume dose index (CTDIvol) for the
spectral CT mode was 12.7-15.6 mGy. Images
were reconstructed with projection-based
material decomposition software and a standard
reconstruction kernel. The adaptive statistical
iterative reconstruction (ASiR) algorithm was
applied to suppress image noise of the
decomposition images. Three types of images
were reconstructed from the single spectral CT
acquisition for analysis: conventional
polychromatic images obtained at 140 kVp,
water-, iodine- and calcium-based
material-decomposition images, and
monochromatic images obtained at energies
ranging from 40 to 140 kilo electron voltage
(keV). All images were reconstructed with
1.25-mm section thickness.

Measurement

The spectral CT image sets were loaded on an
advanced workstation (AW4.6; GE Healthcare)
with the Gemstone Spectral Imaging viewer (GSI
viewer, GE Healthcare). GSI viewer allows the
review of monochromatic energy images at a
default as well as user-selectable energy levels,
and the detailed analysis using material
decomposition images (in our study, iodine-, and
calcium- and water-based images). A radiologist
with 5 years of experience, who did not know
the final diagnosis of the patients, performed
the quantitative measurements on the
monochromatic images using GSI Viewer.
Circular or elliptical regions of interest (ROIs)
were drawn to encompass as much of the cystic
component of the masses as possible avoiding
the septum, nodule, and wall of the masses
(median area 249 mm?; range 16-3799 mm2). A
ROI data file was saved for each measurement,
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which contains monochromatic CT values at
different energy levels from 40-140 keV (with
10 keV increment), iodine, calcium and water
material density measurements, and effective-Z
values. These measurements were performed at
three adjacent image levels, and the average
values were calculated. For all measurements,
the size, shape, and position of the ROIs were
kept constant between the two phases (AP and
PP) by applying the copy-and-paste function.
The recently introduced parameter slope of the
spectrum curve was calculated by the following
formula: slope = | CT (90 keV) - CT (40 keV)
| /50, which was used to analyze the composition
and the iodine concentration in ROIs. The
radiologist also recorded the following
characteristics of pancreatic cystic mass on a
standardized template: symptom (negative/
positive), location (head-neck/ body-tail), size
(longest axis of the tumor), CT values of the
cystic component before contrast enhancement,
contour (smooth/ lobular/ irregular), septum
(negative/ positive), nodule (negative/ positive),
and calcification (negative/ positive).

Conventional diagnosis

Two radiologists (with 3 and 15 years of
experience respectively) blinded to the
histopathological diagnosis for each cyst,
attempted to diagnose each cyst by means of
consensus agreement based on the conventional
CT findings via the picture archiving and
communication system (PACS). With knowledge
of the statistical analysis, the radiologists
diagnosed these patients again together and
blinded.

Statistical analysis

Chi-square test was used to evaluate the
differences in the qualitative nominal
parameters, including gender, symptom,
location, contour, septum, nodule, and
calcification among the three groups. The
differences in the quantitative variables,
including age, long axis of the tumor, non-
enhanced CT value, Slope, iodine-water or
calcium-water concentration and effective-Z
in AP and PP among the three groups
were evaluated with variance analysis.
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Multi-parametric analysis was performed using
binary logistic regression with quantitative
variables obtained by spectral CT imaging.

AUC was used to evaluate the diagnostic
performance for each parameter with
statistically significant difference among the
three groups. Traditionally, the accuracy of a
diagnostic test is classified using the following
criteria: AUC=0.9-1.0 (excellent), 0.8-0.9 (good),
0.7-0.8 (fair), 0.6-0.7 (poor), 0.5-0.6 (fail).

All the statistical analyses were performed
using SPSS for Windows (version 20; SPSS,
Chicago, IL, USA). A p-value of <0.05 was
considered to indicate a statistically significant
difference.

RESULTS

The demographic data and conventional
imaging characteristics of the 56 patients
included in our study are summarized in table 1.
Fifty-six patients were included: the average age
of discovery of mucin-producing cysts (52.3 #
11.2, years) were higher than that of pseudocysts
(45.2 = 12.5, years), and higher than that of
SPENs (36.6 = 17.1, years), the difference was
statistically significant (p = 0.006). The AUC of
the age for differential diagnosis of the three
groups was 0.449, the corresponding sensitivity
and specificity were 1.000 and 0.147. 9.1% of
pseudocysts, 33.3% of mucin-producing cysts,
and 75.0% of SPENs had nodules. 18.2% of
pseudocysts, 66.7% of mucin-producing cysts,
and 37.5% of SPENs had septa. Regarding the
contour of pancreatic cysts, half of pseudocysts
(11/22) were irregular, majority  of
mucin-producing cysts (8/18) were lobulate and
most of SPENs (9/16) were smooth. The AUC of
the contour, septum, and nodule for differential
diagnosis of the three groups were 0.774, 0.674,
and 0.719, respectively. With the sensitivity and
specificity were 0.955 and 0.412, 0.818 and
0.529, 0.909 and 0.529. There were no
differences regarding gender, symptom, location,
calcification, long axis, and non-enhanced CT
value among the three groups (all p-values >
0.05) (table 1).

Regarding the quantitative variables of the
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cystic component of the mass derived from CT
spectral imaging, the slope, iodine (water)
concentration, calcium (water) concentration
and effective-Z in AP and PP were all higher in
SPENs than those in mucin-producing cysts, and
then those in pseudocysts (figure 1). The
monochromatic CT values at 40 to 140 keV in AP
are higher in SPENs than that in mucin-
producing cysts, and then that in pseudocysts,
furthermore the differences were more
prominent at low keV levels (figure 2).

The optimal thresholds of quantitative
parameters in AP and PP for differentiating
pseudocysts, mucin-producing cysts and SPENs
are listed in table 2 and 3. The AUCs of slope,
iodine (water) concentration, calcium (water)
concentration and effective-Z for differentiating
mucin-producing cysts from pseudocysts were
in AP: 0.885, 0.952, 0.741, 0.962 and in PP:
0.975, 0.955, 0.712, 0.896, respectively. With the
threshold of slope in PP set to =0.5 for
diagnosing  mucin-producing  cysts, the
sensitivity and specificity were 95.5% and
88.9% (table 2). The AUCs of slope, iodine
(water)  concentration, calcium  (water)
concentration and effective-Z for differentiating
SPENs from mucin-producing cysts were in AP:
0.917, 0.969, 0.549, 0.878 and in PP: 0.943,

0.976, 0.569, 0.931, respectively. With the
threshold of iodine (water) concentration in PP
set to 25.03 100ug/cm3 for diagnosing SPENSs,
the sensitivity and specificity were 100% and
93.7% (table 3).

Multi-parametric analysis with logistic
regression was performed by combining the
above statistically significant parameters. The
results showed that the canonical discriminant
functions coefficients of slope, iodine (water)
concentration, calcium (water) concentration
and effective-Z were in AP: 868.13, 2742.64, -
162.67 and 66.499; in PP: -190.99, 206.55, 63.20
and -34.09; the constant item is -11133.07. The
joint distribution map (figure 3) showed that
SPENs and pseudocysts could be significantly
distinguished from each other. However, there
was overlap between mucin-producing cysts and
pseudocysts, as there was between SPENs and
mucin-producing cysts. The discriminant
function could predict the type of pancreatic
cystic masses to some extent.

With the knowledge of statistical analysis, the
accuracy of the two radiologists increased from

785% to 90.9%. There was statistically
significant  difference regarding accuracy
between the first and second diagnosis
(p <0.001).

Table 1. Demographic data and conventional imaging features of 56 patients with pseudocysts, mucin-producing cysts and SPENs.

Characteristics Ps(e::i:zc;lst Ml:(;:t;p(r:::;; ne SPEN(n=16) p-Value AUC
Gender F/M:13/9 F/M:12/6 F/M:13/3 |0.349(x2=2.103) | _
Age (mean t standard deviation), years | 45.2+12.5 52.3%11.2 36.6+17.1 0.006(F = 5.689) |0.499
Symptom (positive) 20/2 (290.9%)| 14/18 (77.8%) [10/16 (62.5%)| 0.108(x2 = 4.450) | _
Location (head-neck/body-tail) 6/16 9/9 10/6 0.094(x2=4.721) | _
Contour (smooth/lobulate/irregular) 10/1/11 7/8/3 9/6/1 0.005(x2 = 15.034)(0.774
Septum (positive) 4/22 (18.2%) | 12/18 (66.7%) |6/16 (37.5%) | 0.007(x2 = 9.787) |0.674
Nodule (positive) 2/22(9.1%) | 6/18 (33.3%) [12/16 (75.0%)/0.000(x2 = 17.592)|0.719
Calcification (positive) 2/22 (9.1%) | 6/18 (33.3%) |6/16 (37.5%)|0.083(x2 =4.972) | _
Long axis (cm) 70.4+48.3 55.6+28.7 59.3+33.0 | 0.456(F=0.796) | _
Non-enhanced CT value, HU 9.5%+4.3 10.3+¥7.9 13.1+8.1 0.175(F =1.782) _
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Figure 1. Bar-charts of the quantitative parameters of slope (A), iodine (water) concentration (B), calcium (water) concentration (C),
and effective-Z (D), which indicate pseudocysts, mucin-producing cysts, and SPENSs.

Spectral HU Curves

Figure 2. Graph depicts the average CT spectral
radiodensity (in Hounsfield units) curves of pseudocysts E

(n =22), mucin-producing cysts (n=18) and SPENs (n=16) of 30
the pancreas in AP. The monochromatic CT values at 40 to 90 0
keV are significantly higher in SPENs than that in
mucin-producing cysts, and then that in pseudocysts. 0
40 50 60 70 80 90 100 110 120 130 140
keV
— pseudocyst —— mucin-producing cysts —— SPEN
Table 2. The optimal thresholds of quantitative parameters Table 3. The optimal thresholds of quantitative parameters
in AP and PP for differentiating mucin-producing cysts from in AP and PP for differentiating SPENs from mucin-producing
pseudocysts. cysts.
Group (1,2) | AUC [Threshold Sen(s:Atl)wty Spez:;gqty Group (2,3) | AUC |Threshold Sen(s;)tl)wty Spe((;:;qty
AP AP
Slope 0.885| 0.44 90.9 88.9 Slope 0.917| 0.79 83.3 81.2
lodine(Water) {0.952| 2.79 90.9 88.9 lodine (Water) [0.969| 4.16 88.9 93.7
Calcium(Water)|0.741| 3.54 90.9 66.1 Calcium (Water)|0.549| 5.07 100.0 25.0
Effective-Z |0.962| 7.76 100.0 77.8 Effective-Z |0.878| 7.96 94.4 68.7
PP PP
Slope 0.975| 0.50 95.5 88.9 Slope 0.943| 0.75 88.9 81.2
lodine(Water) |0.955| 2.56 90.9 88.9 lodine (Water) |0.976| 5.03 100.0 93.7
Calcium(Water)|0.712| 2.55 77.3 72.2 Calcium (Water)|0.569| 4.78 88.9 31.2
Effective-Z |0.896| 7.68 81.8 88.9 Effective-Z |0.931| 7.92 83.3 87.5
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Figure 3. The joint distribution map shows that SPENs and
pseudocysts could potentially be distinguished from each

other. However, there are overlaps between mucin-producing
cysts and pseudocysts, as there are between SPENs and mucin

-producing cysts.

DISCUSSION

In our study, we focused on the use of
quantitative parameters derived from CT
spectral imaging to attempt to discriminate
pancreatic cystic masses including SPENs,
mucin-producing cysts and pseudocysts. Our
results indicate that four quantitative
parameters (effective-Z, slope, iodine (water)
concentration and calcium (water)
concentration) demonstrated statistically
significantly lower values in pseudocysts
group when compared with mucin-producing
cysts and SPENSs groups.

These results are due to different formation
mechanisms of pancreatic cysts. With the
cystic change of SPENs are due to
degeneration or hemorrhage of neoplastic
parenchyma (16), the cystic fluid of SPENs are
heterogeneous and thus have higher
effective-Z. Whereas the effective-Z of
pseudocysts are minimum because of they
contain thin “serous”-type fluid content,
including a small amount of pancreatic
enzymatic secretions and inflammatory cells
(6). The effective-Z of mucin-producing cysts

Int. J. Radiat. Res., Vol. 19 No. 1, January 2021

are centered because of they contain mucinous
fluid with thick extracellular clean mucin(®).
The energy spectral curve reflects the
material CT value varying with the energy
of the X-rays and the absorption
characteristics to the different energy of X-rays
(24), Various composition of cystic fluid exhibit
changes in chemical molecular structures,
and different chemical molecule structures
have modified energy attenuation -curves.
Therefore, we can distinguish the chemical
composition of cystic fluid by comparing the
slope of the spectrum curve. Spectral CT
imaging also generates material
decomposition images so that the composition
of the imaged subject can be represented as an
equivalent mixture of two basis materials (for
example, iodine and water) for quantitative
density measurements (22, Qur study
demonstrated that the iodine and calcium
concentration of SPENs are larger than that of
mucin-producing cysts, and larger than that of
pseudocysts. Yet, there were no differences
regarding water concentration among the
three groups in both AP and PP.

Among the quantitative parameters we
compared, a slope in PP, threshold of less than
0.50, was the best discriminator between
pseudocysts group and mucin-producing cysts
group, with a sensitivity of 95.5%, and a
specificity of 88.9%. In addition, the best
quantitative parameter for differentiate SPENs
from mucin-producing cysts was the iodine
(water) concentration in PP. The threshold of
5.03 100ug/cm3 yielded sensitivity and
specificity of 100% and 93.7%, respectively.

Regarding the conventional imaging features
of pancreatic cystic masses, the results of our
study showed that the nodule, septum and
contour of pancreatic cysts were the most
important characteristics in their differential
diagnosis. Majority of the SPENs had
nodules (figure 4), majority of the
mucin-producing cysts had septa (figure 5, 6),
whereas majority of the pseudocysts did not
have nodules or septa (figure 7). Similar to
other studies (27), our series be also showed that
most of the pseudocysts were smooth or
irregular, whereas most of the mucin-producing
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cysts and SPENs were smooth or lobulate. In higher than that of pseudocysts (45.2 * 12.5,
addition, the average age of discovery of years), and higher than that of SPENs (36.6 *
mucin-producing cysts (52.3 + 11.2, years) were 17.1, years).

O - G et o

Figure 4. A 44-year-old woman with pancreatic SPEN. (A) The contrast-enhanced CT &, =~ o (v\. " '—:*.. R NI :.:a“ oty
image in AP revealed a lobular cystic solid mass in the body of pancreas with the solid :'.. % Y f.--;.:." 34 AN ""',',
part mildly enhanced (white arrow). (B) lodine-based and (C) calcium-based material s &y o R J,H

decomposition images generated automatically by drawing region of interest (ROI) to B e 3 o y
the cystic component of the mass (black arrow). (D) HE staining (x 200). The tumor cells . - 5o ’ ) S ;o ," |
were polygonal, and arranged in a pseudo-papillary shape around the axis of the fine - ’: 24 & r ]
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Figure 5. A 52-year-old man with pancreatic mucinous cystadenoma. (A) The
contrast-enhanced CT image in AP revealed a lobular cyst in the head of pancreas with
mildly enhanced septa (white arrow) in it. (B) lodine-based and (C) calcium-based
material decomposition images generated automatically by drawing region of interest
(ROI) to the cystic component of the mass (black arrow). (D) HE staining (x200). The lining
epithelial hyperplasia manifested as complex nipple structures, and the nuclei were

multi-layered and pleomorphic.
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Figure 6. A 45-year-old woman with pancreatic mucinous cystadenocarcinoma. (A) The
contrast-enhanced CT image in AP revealed a circular cyst in the body of pancreas with
prominent enhanced nodule and septum (white arrow) within it. (B) lodine-based and
(C) calcium-based material decomposition images generated automatically by drawing
region of interest (ROI) to the cystic component of the mass (black arrow). (D) HE
staining (x200). The tumor manifested as multiple cysts in different sizes. Some of the
epithelium is papillary, local invasive growth. Nuclei enlargement, heterotype, deep

staining, with mitosis.

Figure 7. A 35-year-old man with pancreatic pseudocyst. (A) The contrast-enhanced CT image
in AP revealed a circular cyst in the body of pancreas accompanied with dilatation of the main
pancreatic duct (white arrow). (B) lodine-based and (C) calcium-based material decomposition
images generated automatically by drawing region of interest (ROI) to the cyst (black arrow).
(D) HE staining (x100). There was a large amount of inflammatory cell infiltration around the

[ DOR: 20.1001.1.23223243.2021.19.1.18.9]

[ DOI: 10.29252/ijrr.19.1.155]

remaining pancreatic tissue.

The diagnostic performance according to the
general information and  morphological
characteristics can be variant and unstable
between centers and between radiologists. At
the start of our study, the diagnostic accuracy
was 78.5% for the two radiologists, and twelve
patients were misdiagnosed by  both
radiologists. With the knowledge of statistical
analysis of quantitative parameters derived from
CT spectral imaging, the accuracy of the two
radiologists increased from 78.5% to 90.9%.
This result demonstrated the additional
information generated from spectral CT imaging
can be used to differentiate the pancreatic cystic
masses.

Int. J. Radiat. Res., Vol. 19 No. 1, January 2021

Our results indicate that quantitative
parameters derived from spectral imaging may
have a potential role in the differentiation of (a)
pseudocysts that will require non-surgical
therapy from (b) SPENs or mucin-producing
cysts in which surgical resection or surveillance
will be suggested. Especially, our data suggest
that slope and iodine (water) concentration in
PP  performs better in differentiating
mucin-producing cysts from pseudocysts, and
SPENs from mucin-producing cysts, respectively,
which may reduce unnecessary surgeries. On the
basis of these initial results, spectral CT imaging
may be a useful noninvasive imaging tool in the
differentiation of pancreatic cystic masses. In
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fact, spectral CT imaging provides all of the
clinical information (eg, location, size,
non-enhanced CT value, contour, septum,
nodule, and calcification) of conventional CT,
with the added benefit of quantitative
parameters to help discriminate chemical
composition of cystic fluid.

Limitations of our study included the
consensus interpretation and the small number
of patients evaluated. Also, there were not
enough patients with MRI examination images
to perform a comparison study with spectral CT
imaging. The iodine (water) concentration used
herein was not normalized to the iodine
concentration in aorta. Hence the variation in
injection rate and amount of iodinated contrast
would affect the concentration of iodine on
iodine (water) images. Moreover, the specimen
of the cystic contents was not examined for
performing an in vitro study. A larger study
would be advisable to confirm these preliminary
results.

In conclusion, spectral CT imaging represents
a promising new imaging tool for the non-
invasive differentiation of pancreatic cystic
masses and can provide additional quantitative
information for their diagnostic differentiation.
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accordance with the ethical standards of the
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