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Abstract

Background Pancreatic ductal adenocarcinoma (PDAC) with cystic features presents significant challenges in
achieving an accurate preoperative diagnosis and in implementing appropriate clinical management. The aim of this
study was to analyze the dynamic contrast-enhanced computed tomography (DCE-CT) findings of PDACs with cystic
lesions and correlate them with histopathological findings.

Methods \We retrospectively reviewed 40 patients with pathology-proven PDACs exhibiting cystic lesions who
underwent preoperative DCE-CT imaging. The CT manifestations were classified into three subtypes based on the
morphological characteristics of the cystic lesions: Type 1, small proportion (< 50%) of intratumoral cystic lesions, with
or without associated peritumoral cystic lesions; Type 2, large proportion (> 50%) of intratumoral cystic lesions, with or
without associated peritumoral cystic lesions; Type 3, a solid pancreatic mass with accompanying peritumoral cystic
lesions. The DCE-CT findings were analyzed based on location, size, contour, enhancement patterns, and secondary
findings, and compared with the corresponding pathological diagnoses.

Results Among the 40 patients, 23 (57.5%) tumors were located in the pancreatic body or tail. Type 1 was identified
in 21 cases, Type 2 in 6 cases, and Type 3 in 13 cases. All masses exhibited a bulging pancreatic contour, with 4 cases
showing isoattenuating enhancement on DCE-CT. Secondary signs were present in 87.5% (35/40) of cases. Notably,
15 cases (37.5%) were misdiagnosed or missed. Surgical resection specimens demonstrated common pathological
features, including large duct-like cysts and coagulative necrosis.

Conclusion Atypical PDAC with cystic lesions is a relatively uncommon variant that exhibits a range of DCE-CT
features, along with distinct pathological characteristics. Familiarity with these imaging features is essential for
radiologists in order to minimize the risk of misdiagnosis and guide appropriate clinical management of these
challenging cases.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is a highly
aggressive malignancy with a poor prognosis, marked by
a dismal 5-year survival rate of less than 9% [1, 2]. Imag-
ing techniques, including computed tomography (CT)
and magnetic resonance (MR) imaging, are crucial in
the detection and staging of PDAC, with CT being the
primary modality for providing reliable morphological
information to assist in diagnosis. While most PDACs
exhibit typical CT features of solid and hypovascular
masses, some present with atypical imaging characteris-
tics, including cystic features [3]. The presence of “cystic”
components can lead to missed diagnoses of PDCA or
misdiagnosis due to their overlap with other pancreatic
cystic tumors, thus posing significant challenges to pre-
operative diagnosis and clinical management [4].

Kosmahl et al. [5] in a 2005 study were the first to clas-
sify cystic lesions of PDACs from a perspective of pathol-
ogy into four categories: (i) large duct-like cysts lined by
atypical cuboidal or flat epithelial cells; (ii) degenerative
cystic changes with necrotic and hemorrhagic tissue; (iii)
retention cysts due to duct obstruction from the tumor;
and (iv) pseudocysts resulting from tumor-related pan-
creatitis. Subsequent radiological-pathological studies
have revealed additional presentations of cystic PDACs,
including multiple large neoplastic cysts with dysplas-
tic or malignant epithelium lining the cyst walls [6, 7],
intratumoral neoplastic cysts lined by mucin-producing
neoplastic cells surrounded by the fibrous stroma of
typical PDACs [8, 9], and large-duct variants character-
ized by microcystic and papillary patterns on pathology
[10-12]. Cystic changes in pancreatic cancer are rare and
exhibit a wide range of origins and morphological varia-
tions. However, previous studies have primarily focused
on (i) pathological studies of PDACs with cystic changes,
and (ii) case reports or studies that primarily use MRI to
examine specific cystic pathological changes in PDAC
[11, 13]. There is currently no comprehensive, systematic
report on the CT imaging features of PDACs with cystic
lesions.

Therefore, this retrospective study aims to systemati-
cally analyze and summarize the DCE-CT morphological
features of PDACs with cystic lesions, and explore their
associated clinicopathological characteristics. The find-
ings aim to improve the understanding of PDACs with
atypical CT presentations, reduce the risk of diagnostic
misinterpretation, and facilitate more accurate diagnostic
practices.

Materials and methods

Study population

This retrospective study was approved by the Ethics
Committee of Yichang Central People’s Hospital. Due to
the retrospective nature of the study, the requirement for
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written informed consent was waived. A total of 257 con-
secutive patients with pathologically confirmed PDAC
were identified from the hospital’s pathology database
between January 2016 and June 2023. The inclusion cri-
teria were as follows: (1) presence of cystic lesions on CT
imaging; (2) DCE-CT data obtained within two weeks
prior to surgery or biopsy. Exclusion criteria were: (1)
insufficient preoperative radiological data; (2) cystic
lesions less than 5 mm or with poorly defined margins;
(3) prior preoperative treatment; (4) imaging features
suggestive of chronic pancreatitis, which is associated
with a higher incidence of pseudocysts; (5) co-existing
pancreatic cystic neoplasms. Following these criteria, 40
patients were ultimately included in this study. A flow
diagram of the patient inclusion process is shown in
Fig. 1.

CT protocol

All abdominal CT examinations were performed using
the following scanners: SOMATOM Definition Flash
(Siemens Healthcare), Toshiba Aquilion 320 (Toshiba
Medical Systems), and LightSpeed VCT 64 (GE Health-
care). Imaging parameters were as follows: tube voltage
of 120 kV, tube current-time product of 150-300 mA, or
automated tube current modulation (200—400 mA), with
a noise index section and a slice thickness of 1-5 mm,
matrix of 512 x 512. For the DCE-CT acquisition, a non-
ionic contrast agent with iodine concentrations ranging
from 300 to 350 mg/mL was injected intravenously at a
rate of 2.5-3.5 mL/s and a dose of 1.5 mL/kg. Imaging
was performed at three phases: pancreatic phase (35—
40 s), portal venous phase (65-70 s), and delayed phase
(180-300 s).

Image analysis

CT classification criteria

Cystic lesions in PDACs were classified according to the
following criteria: (1) no enhancement in all DCE-CT
phases; (2) the average CT value of the region of interest
(ROTI) was between — 10 HU and 20 HU [14], and the ROI
occupied at least half of the cystic area; (3) measurements
and evaluations were performed using axial images from
the delayed phase; (4) the cystic lesion had a short diam-
eter greater than 5 mm with well-defined margins. Based
on these features, atypical PDACs with cystic lesions
were classified into three subtypes based on their mor-
phological characteristics: Type 1, Small intratumoral
cystic lesions (proportion of cystic components<50%),
with or without peritumoral cystic lesions; Type 2, Large
intratumoral cystic lesions (proportion of cystic compo-
nents >50%), with or without peritumoral cystic lesions;
Type 3, Solid pancreatic mass with peritumoral cystic
lesions. A schematic illustration of these three subtypes
is shown in Fig. 2.
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Patients with pathologically confirmed PDAC between
January 2016 and June 2023(n=257)

Exclude

1) Insufficient preoperative
radiologic data(n=4)

2) Typical CT imaging feature
of PDAC without cyst-like
lesion(n=182)

PDAC with cyst-like lesion on CT imaging(n=71)

Exclude Exclude

3) Cyst-like lesion with poor-defined margins or 7) Patients with preoperative
less than 5 mm (n=14) ) [ chemotherapy or

4) Average CT value of the cyst more than chemoradiotherapy(n=3)
20HU(n=8) »| 8) Patients with adenocarcinoma
5) Peritumoral cysts located far away from tumor related to intraductal papillary
(n=2) mucinous neoplasms(IPMN) or

mucinous cystic neoplasms(MCN)(n=4)

Atypical PDAC with cyst lesions (n=40)

l
4 v Al
Type 1 Type 2 Type 3
(n=21) (n=6) (n=13)

Fig. 1 The patient inclusion flowchart

Type 3

Fig. 2 Chematic of atypical PDAC with cystic lesions: Type 1 features small intratumoral cystic lesions, with cystic component comprising < 50% of the
tumor, with or without peritumoral cystic lesion; Type 2 is characterized by large intratumoral cystic lesions, with the cystic component accounting
for >50% of the tumor, with or without peritumoral cystic lesion. Type 3 presents as a solid mass within the pancreatic parenchyma, accompanied by
peritumoral cystic lesion
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CT imaging evaluation

CT imaging features were evaluated based on the fol-
lowing parameters: tumor subtype (according to the
classification criteria outlined in this study); tumor loca-
tion (head/uncinate or body/tail, based on their location
relative to the superior mesenteric vein); tumor contour
(bulging or not), tumor size (maximal axial dimension
in the pancreatic phase); cystic lesion characteristics
(location, number, and size, with the largest lesion being
measured if multiple cystic lesions were present); tumor
attenuation on DCE-CT (hypoattenuating masses or
nodules in the pancreatic parenchymal phase, isoatten-
uating lesions in both the pancreatic and portal venous
phases [15]); Secondary signs, including pancreatic duct
abnormalities (e.g., abrupt cutoff, or upstream dilatation
of the main pancreatic duct, with the diameter exceeded
3 mm at the pancreatic head and 2 mm in the body and
tail), biliary tree abnormalities (e.g., abrupt cutoff, or
upstream dilatation, with a diameter greater than 9 mm),
and upstream pancreatic parenchymal atrophy (defined
as subjective narrowing of the parenchyma compared
with both upstream and downstream surrounding tissue,
unless atrophy was confined to the edge of the pancreas,
in which case it was compared with adjacent parenchyma
on one side [16]), were also assessed; vascular invasion
(including abutment, encasement, occlusion, and tumor
thrombosis) was evaluated; peripancreatic organ invasion
or distant metastases (metastasis to lymph nodes outside
the typical drainage pathways was included) were consid-
ered. All DCE-CT images of PDACs with cystic lesions
were independently reviewed by two experienced radi-
ologists. The radiologists were blinded to the final diag-
nosis but were informed that the individuals included in
the study cohort were suspected to have PDAC. Discrep-
ancies in interpretation were resolved by consensus. To
assess interobserver agreement, we performed Cohen’s
kappa (x) statistics to assess interobserver agreement for
morphological classification and primary CT features
interpretation. The agreement levels were categorized
according to the Landis and Koch criteria: 0.81-1.00 as
almost perfect, 0.61-0.80 as substantial, and 0.41-0.60 as
moderate, 0.21-0.40 as fair, and <0.20 as poor agreement.

Histopathologic analysis

Histopathological materials including digital reports and
H&E staining specimen slices from all 23 patients under-
went surgical resection were retrospectively reviewed by
a gastrointestinal pathologist at our institution. The his-
topathological reports and gross specimen photographs
of all patients were thoroughly examined. Pathological
features from the 23 surgical resections were assessed,
including tumor size, TNM staging [17], histological
differentiation grading(well-differentiated, moderately
differentiated, or poorly differentiated), and evidence of
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direct peripancreatic infiltration ( perineural invasion
and peripancreatic fat involvement) were assessed. Addi-
tionally, the pathologist identified cystic structures in
both macroscopic and microscopic examinations, noting
features such as large duct-type cysts, coagulative necro-
sis, cystic degeneration, and extracellular mucin deposits.

Result

Patient characteristics

This study included 40 patients diagnosed with PDACs,
consisting of 22 men and 18 women, aged between 42
and 91 years, with a mean age of 60.4+10.2 years. Of
these patients, 5 had preoperative carbohydrate anti-
gen 19-9 (CA 19-9) levels below 37 U/mL, while the
remaining 35 patients had CA 19-9 levels>37 U/mL. In
this cohort, 23 patients underwent surgical resection and
were pathologically confirmed, while 17 patients were
confirmed through endoscopic ultrasound-guided fine-
needle aspiration (EUS-FNA) or histological biopsy.

CT findings

The interobserver agreement for morphological clas-
sification and interpretation of primary CT features
between the two radiologists was quantitatively assessed
using a simple «k analysis. The analysis revealed excellent
interobserver agreement for most imaging characteris-
tics, including morphological classification (k=0.876),
pancreatic parenchymal atrophy (k=0.948), pancreatic
duct abnormalities (k=1.00), and biliary tree abnor-
malities (k=1.00). Substantial agreement was observed
for peripancreatic organ invasion or distant metastases
(k=0.781), vascular invasion (k=0.754), and enhance-
ment patterns (k =0.722).

Among the 40 patients, 23(57.5%) were predomi-
nantly located in the body/tail of the pancreas. Most
patients (90%) exhibited hypoattenuation on DCT-CT.
All patients demonstrated bulging contours with lobu-
lated or irregular shapes, consistent with expansive or
exophytic growth patterns (100%). The mean tumor size
was 4.9 cm (range 1.5-13.5 cm). Secondary signs were
present in 87.5% of cases (35/40). One case (2.5%) was
missed, and 14 cases (35%) were misdiagnosed (Table 1).

Type 1 was observed in 21 patients (52.5%), where
intratumoral cystic lesions were eccentrically located,
ranging from 1 to 5 cysts, with the proportion of
cystic components being less than 50%(as shown
in Figs. 3a and 3b). Peritumoral cystic lesions were
seen in 5 patients, with a mean maximal diameter of
2.1 cm (range 0.9-3.6 cm) as shown in Figs. 3c and 3d.
One patient exhibited isoattenuating enhancement
on DCE-CT. 7 cases involved adjacent organs. Liver
metastasis was detected in 5 patients. Type 2 atypi-
cal PDACs with cystic lesions occurred in 6 patients
(15%), characterized by 1 to 2 intratumoral cystic
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Table 1 Clinical and dynamic contrast-enhanced CT imaging characteristics of pancreatic adenocarcinomas with cystic lesions

Variables Total Type1l Type 2 Type3
(n=40) (n=21) (n=6) (n=13)

Mean age (y)* 604+10.2 59.1+84 585+9.8 633+£129
Sex

male 22 (55%) 9(42.9%) 4 (66.7%) 9 (69.2%)

female 18(45%) 12 (57.1%) 2 (33.3%) 4 (30.8%)
CA199

<37 U/mL 5(12.5%) 2 (9.6%) 1(16.7%) 2(15.4%)

>37 U/mL 35 (87.5%) 19 (90.4%) 5 (83.3%) 11 (84.6%)
Size (cm)t 43(3.2,56) 4.1(32,5.2) 54(3.9,63) 39(28,5.8)
Location

head/uncinate 11 (27.5%) 6 (28.6%) 1(16.7%) 4 (30.8%)

body/ tail 23 (57.5%) 11 (52.4%) 4 (66.7%) 8(61.5%)

simultaneously involved 6 (15%) 4 (19.0%) 1(16.7%) 1(7.7%)
Tumor Contour bulging

Absence 0(0) 0(0) 0(0) 0(0)

Presence 40 (100%) 21 (100%) 6 (100%) 13 (100%)
Enhancement pattern on DCE-CT

isoattenuating 4 (10%) 1 (4.8%) 1(16.7%) 2 (15.4%)

hypoattenuating 36 (90%) 20 (95.2%) 5(83.3%) 11 (84.6%)
Secondary signs& 35 (87.5%) 19(90.5%) 5(83.3%) 11(84.6%)

pancreatic duct abnormalities 34 (85%) 19 (90.5%) 5(83.3%) 10 (76.9%)

biliary tree abnormalities 10 (25%) 6 (28.6%) 0(0) 4 (30.8%)

pancreatic parenchymal atrophy 24 (60%) 13(61.9%) 3 (50%) 8(61.5%)
vascular invasion 31 (77.5%) 16 (76.2%) 6 (100%) 9 (69.2%)
peripancreatic organ invasion or distant metastases 24(60%) 11(52.4%) 6(100%) 7(50%)
Missed diagnosis 1(2.5%) 1 (5%) 0(0) 0(0)
Misinterpreted diagnosis 14 (35%) 4 (19%) 5 (83.3%) 5 (38.5%)

Note—Except for age and size, Data are in number of occurrences. Data in parentheses represent percentages
*Data are expressed as mean  standard deviation

tData are expressed as median (IQR, 1st to 3rd quartile)

&any Secondary sign indicates positivity

Type 1 without peritumoral cystic lesion
(n=16)

Type 1 with peritumoral cystic lesion
(n=5)

Fig. 3 CT morphology of PDAC with cystic lesions: a, b Type 1 without peritumoral cystic lesions in two different patients. ¢, d Type 1 with multiple
peritumcral cystic lesions in the same patient
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Type 2 without peritumoral cystic lesion
(n=4)

Type 2 with peritumoral cystic lesion
(n=2)

)
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Fig. 4 CT morphology of PDAC with cystic lesions: a, b Type 2 without peritumoral cystic lesions in two different patients. ¢, d Type 2 with peritumoral

cystic lesions in the same patient

Type 3 with mono-peritumoral cystic
lesion (n=6)

Type 3 with multi-peritumoral cystic
lesion (n=7)

a8 =

Fig. 5 CT morphology of PDAC with cystic lesions: a, b Type 3 with a single peritumoral cystic lesion in two different patients. ¢, d Type 3 with multiple

peritumoral cystic lesions in the same patient

lesions, where cystic components comprised>50%
of the tumor, as shown in Figs. 4a-4c. Two of these
patients presented with a peritumoral cyst as shown
in Fig. 4d. The mean cyst diameters were 1.4 cm and
3 cm, respectively. One patient showed isoattenuating
enhancement on DCE-CT. 3 cases involved adjacent
organs. Distant metastasis was observed in 4 patients,

with 3 of these patients developing liver metastasis
and 1 metastasizing to mesenteric lymph nodes. Type
3 solid PDACs with peritumoral cystic lesions were
seen in 13 patients (32.5%), where the number of cysts
ranged from 1 to 7, with a mean maximal diameter
of 3.3 cm (range 0.9-5.6 cm), as shown in Fig. 5a-5d.
Two patients exhibited isoattenuating enhancement
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on DCE-CT. 3 cases involved adjacent organs. Distant
metastases were detected in 7 patients, including 2
with liver metastasis and 5 with metastasis to lymph
nodes outside the common drainage pathways or
omental invasion.

Pathological findings
Among 23 surgically resected cases, 14 PDACs (60.9%)
were moderately differentiated, while 9 PDACs (39.1%)
were poorly differentiated. Peripancreatic perineu-
ral invasion was observed in 19 cases (82.6%), and fat
invasion was present in 14 cases (60.9%). Macroscopi-
cally, 15 cases (65.2%) exhibited visually cyst-like cavi-
ties (Fig. 6b and e). Microscopically, 14 cases (60.9%)
exhibited visually cyst-appearing lesions, 6 cases
showed large duct-type features(Fig. 6c), including
1 case featured extracellular mucin deposits. 6 cases
exhibited coagulative necrosis (Fig. 6f) .2 cases fea-
tured extracellular mucin deposits. (Table 2).
Additionally, as indicated in Supplemental Table 1,
the rate of fat invasion in PDACs with peritumoral cys-
tic lesions was significantly higher than in those with-
out peritumoral cysts (90.9% vs. 36.3%,). Furthermore,
moderately differentiated PDACs were more common
in cases with peritumoral cystic lesions compared to
those without peritumoral cysts (83.3% vs. 36.3%).
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Discussion

PDAC typically presents as solid tumor, however, it may
occasionally exhibit cystic components, which can lead
to diagnostic confusion with pancreatic cystic neoplasms
on imaging. Despite significant advancements in imaging
techniques for PDAC, the diagnosis of PDAC with cys-
tic lesions remains challenging. This is primarily due to
the lack of a clear definition of cystic changes and insuf-
ficient recognition of cystic degeneration in PDACs. In
this study, we proposed a CT-based morphological classi-
fication system for PDACs with cystic lesions, categoriz-
ing them into three subtypes. This classification system
showed excellent interobserver agreement (k=0.876)
among different radiologists. The prevalence of PDACs
with cystic components is low, accounting for approxi-
mately 1-8% of PDAC cases according to previous
studies [5, 8, 9, 12, 18-21]. In our cohort of 257 PDAC
patients, the incidence of PDAC with cystic lesions con-
firmed by surgical resection pathology was 8.9% (23/257),
consistent with previously reported rates. Unlike conven-
tional of PDACs, which typically occur in the pancreatic
head, we found that the majority of PDACs with cystic
lesions (57.5%) were located in the pancreatic body/
tail. Type 1, characterized by small intratumoral cys-
tic lesions, was the most common subtype in our study,
accounting for 52.5% (21/40) of cases. Notably, PDACs
with cystic lesions can closely minic pancreatic cystic
neoplasms on imaging [22, 23].

Fig. 6 A 60-year-old woman with poorly differentiated PDAC: a CT post-contrast image showing a mildly bulging lesion in the pancreatic tail, which
demonstrates hypoattenuating enhancement during the venous phase with an eccentric small cystic lesion. b Macroscopic photography of the speci-
men reveals a tan-white solid mass with an intratumoral small cyst and areas of hemorrhage. ¢ Microscopic image (hematoxylin & eosin; original magni-
fication x40) shows an irregular, large duct-type gland with partial shedding of the epithelium

A 75-year-old woman diagnosed with moderately differentiated pancreatic cancer: d CT post-contrast image displaying a mildly bulging mass with a
large intratumoral cyst in the pancreatic body/tail. @ Macroscopic specimen reveals an irregular cavity at the center of the mass. f Microscopic image
(hematoxylin & eosin; original magnification x40) demonstrates focal coagulation necrosis
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Table 2 Histopathologic characteristics of surgically resected pancreatic adenocarcinomas with cystic lesions
Data Total Typel Typell Typellll
(n=23) (n=13) (n=3) (n=7)
Size*, cm 55423 56%25 68+19 48+22
Tumor stage
T1 1(4.3%) 0(0) 0(0) 1(14.3%)
T2 6 (26.1%) 4 (30.8%) 0(0) 2 (28.6%)
T3 14(60.1%) 8(61.5%) 3(100%) 3(42.8%)
T4 2(8.7%) 1(7.7%) 0(0) 1(14.3%)
Node satge
NO 18 (78.3%) 9 (69.2%) 3(100%) 6 (85.7%)
N1 5(21.7%) 4 (30.8%) 0(0) 1(14.3%)
N2 0(0) 0(0) 0(0) 0(0)
Histological grading
Well differentiated 0(0) 0 (0) 0(0) 0(0)
Moderately differentiated 14 (60.9%) 7 (53.8%) 1(33.3%) 6 (85.7%)
Poorly differentiated 9(39.1%) 6 (46.2%) 2 (66.7%) 1(14.3%)
Peripancreatic infiltration
perineural invasion 19 (82.6%) 12 (92.3%) 2 (66.7%) 5(71.4%)
fat invasion 14 (60.9%) 6(46.2%) 2 (66.7%) 6 (85.7%)
Macroscopic cyst-like cavities
Absence 8 (34.8%) 5(38.5%) 1(33.3%) 2 (28.6%)
Presence 15 (65.2%) 8(61.5%) 2 (66.7%) 5(71.4%)
Microscopy appearance
Absence 9(39.1%) 3(23%) 2(66.7%) 4(57.1%)
Presence 14(60.9%) 10(77%) 1(33.3%) 3(42.9%)
Large duct-type 5(35.7%) 3 (30%) 0(0) 2 (66.7%)
Coagulative necrosis 6(42.9%) 4 (40%) 1 (100%) 1(33.3%)
Extracellular mucin deposit 2 (14.2%) 2 (20%) 0(0) 0(0)
Large duct-type concomitant extracellular mucin deposition 1(7.1%) 1(10%) 0(0) 0(0)

Note—Except for size, Data are in number of occurrences. Data in parentheses represent percentages

*Data are expressed as mean + standard deviation

So far, there is no universally accepted standard for
defining cystic features in PDACs on CT imaging, pre-
vious studies have predominantly relied on subjective
visual descriptors, such as “cyst-like features,” “obvious
low attenuation,” or “hypodense cystic lesions,” some-
times compared to “gallbladder density” Additionally,
the heterogeneous composition of cystic fluid compli-
cates the accurate identification of cystic degeneration in
PDAC:s. For instance, Adsay et al. [21]edasdocumented
instances where lesions initially identified as radiologi-
cally evident cysts, presumed to be “pseudocysts,” were
subsequently found to consist of solid tissue upon patho-
logical examination. In our series, we observed six cases
of PDACs with cyst-appearing lesions on DCE-CT, four
of which were ultimately pathologically confirmed as
solid masses without cystic lesions. Retrospective analy-
sis revealed that the CT values of all six lesions exceeded
20 HU and showed no enhancement on DCE-CT. Con-
sequently, our study implemented a stringent inclusion
criterion for defining cystic lesions, setting the average
CT values of cystic lesions ranging between —10 HU
and 20 HU, consistent with parameters utilized in prior

studies [14]. This approach ensures higher accuracy and
reproducibility of defining cystic lesions in the context of
PDAC.

Secondary signs are crucial diagnostic indicators in
the detection of PDAC. Our findings are consistent with
previous research that highlights the significance of pan-
creatic duct abnormalities in the diagnosis of PDAC.
However, we also acknowledge the importance of consid-
ering PDACs that may occur in the absence of second-
ary signs. As noted by Tamada et al. [24], cases of PDAC
without secondary signs can be explained by anatomical
and histopathological factors. In our cohort, five cases
were initially misdiagnosed for lack of secondary signs,
four cases demonstrated exophytic growth, extending
towards the dorsal side of the pancreas, one of which
located in the uncinate. The remaining one involved
nearly the entire pancreas. These growth patterns may be
attributable to the exophytic nature of the tumors, which
develop away from the pancreatic duct, or to the involve-
ment of the entire main pancreatic duct.

In our cohort of surgically resected PDAC cases, the
average pathological size was 5.5 c¢m, with all tumors
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being moderately or poorly differentiated, and no well-
differentiated cases were observed. Additionally, peripan-
creatic invasion was notably more common, suggesting a
potentially poor prognosis [25]. Interestingly, we found
that PDACs with associated with peritumoral cystic
lesions in our group are more frequently characterized
by fat infiltration and moderate differentiation. Further-
more, coagulative necrosis and large duct-type cystic
changes were relatively common under microscopic
examination, while extracellular mucin deposits were
less frequently observed. Our study also identified three
cases exhibiting multiple large cystic structures on DCE-
CT, which resembled the multiple large cystic phenotype
described by Nitta et al. [7]. In our study, most of the CT
findings (PDAC tumor entity and accompanying cystic
lesions) were consistent with the pathological changes.
However, CT findings did indeed show discrepancies
with the final pathology in some cases. For example, in
2 cases of Type 3 tumors, the CT images of tumor entity
of pancreatic parenchyma did not show typical cystic
changes, while microscopic examination revealed coag-
ulative necrosis and large duct features, which may be
related to the relatively low number of cystic large ducts.

Isoattenuating enhanced PDACs have been recog-
nized as a distinct subtype, as reported in the literature
[15, 26, 27], which is one of the primary causes of missed
diagnosis or misdiagnosis [3]. In our study, four cases of
isoattenuating enhanced PDACs were misdiagnosed as
neuroendocrine carcinoma. Upon reviewing the imaging
characteristics of these cases, two were relatively small,
consistent with previously reported cases [15, 26, 27].
The other two cases demonstrated larger size with higher
T-grade, and the presence of intratumoral proliferation
of small arteries were found in these two tumors. Pevious
studies have indicated that the presence of intratumoral
arterioles is associated with poorer prognosis in PDACs
[28], suggesting that monitoring intratumoral arterioles
may serve as a potential prognostic factor in the manage-
ment of PDACs.

PDACs with cystic lesions can mimic cystic neoplasms
on imaging. In our study, one case was missed diagnosed
(2.5%), while 14 cases (35%) were misdiagnosed. The
majority of type 2 cases were misdiagnosed as other cys-
tic malignancies of the pancreas (83.3%), possibly due to
the large size of the cystic components. It is noteworthy
that several pancreatic neoplastic and non-neoplastic
entities may mimic the imaging appearance of PDAC
with cystic lesions. (1) Pancreatic neuroendocrine tumors
(PNETSs) may demonstrate atypical hypovascularitymas-
ses [29] with cystic degeneration, making them difficult
to distinguish from PDAC with cystic lesions. however,
PNETs typically exhibit more well-defined margins and
less severe upstream pancreatic ductal dilatation, and CT
attenuation values during the arterial and portal venous
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phase may help differentiate them from PDAC [30]; (2)
Solid pseudopapillary tumors (SPTs) are indolent pancre-
atic neoplasms with malignant potential, predominantly
occurring in young women. Imaging features such as the
“floating cloud sign” are more commonly seen in SPTs
rather than PDACs [31]; (3) Serous cystic neoplasms
(SCNs) and mucinous cystic neoplasms (MCNs) with
thick enhancing cyst wall or solid components can be dif-
ficult to distinguish with PDAC, SCA is among the few
hypervascular cystic pancreatic neoplasms, and MCNs
are seen nearly exclusively in women [32, 33]; (4) Mass-
forming pancreatitis (MFP) can mimic PDAC when pre-
senting as a hypoattenuating mass. Key differentiating
features include a clinical history of pancreatitis and the
“duct-penetrating sign” are more commonly associated
with MFP [34].

This study has several limitations. First, the sample size
is relatively small due to the rarity of PDACs with cystic
lesions, therefore, it is difficult to collect many cases in a
short time period. Future studies will focus on gathering
additional cases to provide a more comprehensive and
detailed analysis of the radiological-pathological corre-
lation. Second, while CT is the preferred first-line imag-
ing modality for PDAC, and this study mainly focused on
the CT imaging features of PDACs with cystic lesions,
we acknowledge that MRI may be better suited for visu-
alizing small cystic foci, and future studies could inte-
grate MRI findings for further analysis. Third, based on
our limited experience, we defined the CT value of cys-
tic lesions as ranging from - 10 HU to 20 HU, mainly to
avoid misclassifying solid PDACs as having cystic fea-
tures. However, this criterion may exclude a small num-
ber of cystic lesions with complex components (e.g., high
protein or bleeding). Fourth, this study did not investi-
gate the prognosis of PDACs with different types of cystic
lesions, and prospective follow-up studies are needed to
clarify the clinical significance of these subtypes.

In conclusion, our study classifies PDACs with cystic
lesions into three types based on their morphological
characteristics observed on CT. We found that PDACs
with cystic lesions are more common in the pancreatic
body and tail, with histopathological findings of coagu-
lative necrosis and large duct-type cystic changes. Type
2 cases exhibit a high misdiagnosis rate, particularly due
to large intratumoral cystic components, which indicated
that although PDACs with cystic lesions are relatively
rare, their possibility should be considered in the differ-
ential diagnosis when cystic lesions of the pancreas are
observed on imaging.
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