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Large Duct Pancreatic Ductal Adenocarcinoma:
A Morphological Variant of Pancreatic Ductal
Adenocarcinoma With Distinct CT and MRI Characteristics
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Objective: To investigate the imaging characteristics of large duct pancreatic ductal adenocarcinoma (LD-PDAC) on computed
tomography (CT) and magnetic resonance imaging (MRI).

Materials and Methods: Thirty-five patients with LD-PDAC (63.2 + 9.7 years) were retrospectively evaluated. Tumor morphology
on CT and MRI (predominantly solid mass vs. solid mass with prominent cysts vs. predominantly cystic mass) was evaluated.
Additionally, the visibility, quantity, shape (oval vs. branching vs. irregular), and MRI signal intensity of neoplastic cysts within
the LD-PDAC were investigated. The radiological diagnoses rendered for LD-PDAC in radiology reports were reviewed.

Results: LD-PDAC was more commonly observed as a solid mass with prominent cysts (45.7% [16/35] on CT and 37.1%
[13/35] on MRI) or a predominantly cystic mass (20.0% [7/35] on CT and 40.0% [14/35] on MRI) and less commonly as a
predominantly solid mass on CT (34.3% [12/35]) and MRI (22.9% [8/35]). The tumor morphology on imaging was significantly
associated with the size of the cancer gland on histopathological examination (P = 0.020 [CT] and 0.013 [MRI]). Neoplastic
cysts were visible in 88.6% (31/35) and 91.4% (32/35) of the LD-PDAC cases on CT and MRI, respectively. The cysts
appeared as branching (51.6% [16/35] on CT and 59.4% [19/35] on MRI) or oval shapes (45.2% [14/35] on CT and 31.2%
[10/35] on MRI) with fluid-like MRI signal intensity. In the radiology reports, 10 LD-PDAC cases (28.6%) were misinterpreted
as diseases other than typical PDAC, particularly intraductal papillary mucinous neoplasms.

Conclusion: LD-PDAC frequently appears as a solid mass with prominent cysts or as a predominantly cystic mass on CT and
MRI. Radiologists should be familiar with the imaging features of LD-PDAC to avoid misdiagnosis.

Keywords: Pancreas; Pancreatic ductal adenocarcinoma; Large duct pancreatic ductal adenocarcinoma; Computed
tomography; Magnetic resonance imaging

INTRODUCTION and have been reported in as many as 10% of PDAC cases
[5-7]. Cystic changes noted among PDAC cases have been
Pancreatic ductal adenocarcinoma (PDAC), a common reportedly caused by large cancer glands [6-9]. Bagci et
pancreatic malignancy with a poor prognosis [1-3], al. [7] introduced the term large duct PDAC (LD-PDAC)
typically appears as a hypovascular solid mass on computed  to describe this specific morphological variant, which is
tomography (CT) and magnetic resonance imaging (MRI) characterized by cancer glands measuring > 0.5 mm and
[4]. However, cystic changes in PDAC are not uncommon occupying more than 50% of the tumor. The World Health
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Organization (WHO) adopted this classification in the 5th
edition of the ‘WHO classification of tumours’ [10].

Although some studies have reported cystic features
on imaging of PDAC [11-14], research on LD-PDAC is
lacking, and whether CT or MRI accurately represents the
characteristic large cancer glands of LD-PDAC remains
uncertain. Given a recent report showing a more favorable
outcome for patients with LD-PDAC compared with that of
patients with conventional PDAC [15], exploring whether LD-
PDAC exhibits distinct imaging characteristics differentiating
it from conventional PDAC is important.

Therefore, we aimed to describe the CT and MRI
characteristics of pathologically proven LD-PDAC.
Additionally, through a retrospective review of radiology
reports, we examined whether the LD-PDAC lesions were
misdiagnosed, particularly with less aggressive diseases
such as pancreatic cystic neoplasms (specifically, intraductal
papillary mucinous neoplasms [IPMN]) [16-18], or solid
pancreatic tumors with cystic degeneration [19,20].

MATERIALS AND METHODS

This study was approved by the institutional review board
of Asan Medical Center (Approval No. 2021-0964), and the
requirement for informed consent was waived given the
retrospective nature of the study.

Patient Selection

An electronic search of the pathological reports of
patients with PDAC treated at a single tertiary institution
between January 2014 and January 2021 was performed. We
retrospectively enrolled 35 patients (mean age + standard
deviation [SD]: 63.2 + 9.7 years; 18 males; tumor size:
3.5 + 1.7 cm) with surgically confirmed LD-PDAC following
preoperative CT or MRI (Fig. 1). LD-PDAC was defined
as having characteristic large cancer glands measuring
> 0.5 mm in diameter or a macroscopically identifiable
microcystic growth pattern occupying more than 50% of the
total tumor area [7]. For an additional comparative analysis
of tumor morphology on imaging and survival, we included
35 patients with conventional PDAC (i.e., PDAC not meeting
the LD-PDAC definition) through 1:1 matching with the
patients with LD-PDAC based on age, tumor size, and tumor
location (mean age + SD: 63.4 + 9.9 years; 21 males; tumor
size: 3.5 + 2.3 cm).
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Patients with PDAC following upfront sugery
(between 2014 and 2021, n = 1721)

Surgically proven large duct PDAC
(n=43)

Exclusion criteria

* Not meeting the criteria
for large duct PDAC after
pathological review (n = 7)

* No available pathologic slide
(n=1)

v
‘ Large duct PDAC (n = 35) ‘

Fig. 1. Flow diagram of the study population. A total of 35
patients with surgically confirmed large duct PDAC were included
in our study from 2014 to 2021. PDAC = pancreatic ductal
adenocarcinoma

Clinical and Pathological Analysis

Demographic and laboratory data were retrieved from an
electronic database. Carbohydrate antigen (CA) 19-9 was
obtained within 1 month of resection. Pathologic data,
including pathologic TNM staging according to the 8th
edition of the American Joint Committee on Cancer staging
system [21], resection margin, tumor differentiation, and
major vascular, perineural, and lymphovascular invasions,
were obtained from the histopathological records of
the surgical specimens. Postsurgical progression-free
survival (PFS), defined as the time from surgery to disease
progression or death, and postsurgical overall survival (0S),
defined as the time from surgery to death, were assessed
[22]. Patients without disease progression or death were
censored at the final follow-up date.

Two board-certified pathologists (S.J.K. and S.M.H.,
with 4 and 21 years of experience in pancreatic pathology,
respectively) performed central histopathological reviews
of all surgically resected pancreatic specimens. Pathological
characteristics were re-analyzed, including: 1) coexisting
IPMN components within the epithelial lining of large cancer
glands, 2) the largest size of the cancer glands, 3) the
proportion of large cancer glands (defined as the area of large
cancer glands larger than 0.5 mm divided by the total tumor
area), and 4) the presence of communication with the main
pancreatic duct. The pathologists were blinded to all clinical
and imaging characteristics.

Imaging Analysis
Imaging protocols for CT and MRI are detailed in
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Supplementary Method and Supplementary Table 1. The CT
and MRI analyses were conducted by two board-certified
radiologists (S.J.C. and D.W.K., with 5 and 10 years of
experience in abdominal imaging, respectively) who were
blinded to the clinical and pathological data. Disagreements
between the two readers were resolved by consensus.

The imaging characteristics of the tumors were reviewed,
including location, size, margin, CT radiodensity (arterial
and portal venous phases), MRI signal intensity on contrast-
enhanced T1-weighted imaging (arterial, portal venous,
and delayed phases), T2-weighted imaging, and diffusion-
weighted imaging. The presence of upstream ductal
dilatation and parenchymal atrophy was also evaluated.

Cysts representing large cancer glands visible on CT
and MRI (hereafter referred to as neoplastic cysts) were
investigated. To differentiate neoplastic cysts from other
types (e.g., pseudocysts or retention cysts), only cystic
lesions within the imaging boundary of the tumor were
included in the imaging analysis. In addition, to exclude
intratumoral necrosis and pseudocysts, indeterminate cystic
lesions were re-evaluated after they were retrospectively
matched with pathological slides. Tumors were categorized
according to their morphology on CT and MRI as follows
(Fig. 2): 1) predominantly solid mass, defined as visible
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neoplastic cysts < 10%, 2) solid mass with prominent
cysts, defined as 10%-50% visible neoplastic cysts, and
3) predominantly cystic mass, defined as > 50% visible
neoplastic cysts.

The visibility, number, shape, and MRI signal intensity
of the neoplastic cysts were evaluated. To evaluate which
cystic abnormalities the neoplastic cysts resembled, shapes
were categorized as: 1) oval (or round; potential mimickers
of mucinous cystic neoplasms, serous cystadenoma, and
pseudocyst), 2) branching (or tubular; potential mimickers
of IPMN), or 3) irregular with a poor margin (potential
mimickers of intratumoral necrosis) (Fig. 3) [11,23,24].

Retrospective Review of Imaging Interpretations in
Radiology Reports

Radiology CT and MRI reports of patients with LD-PDAC
from clinical practice were retrospectively collected from
an electronic database. The most likely diagnosis and other
possible diagnoses were obtained from the radiology reports.

Statistical Analysis

LD-PDAC tumor morphology on imaging, associated
histopathological characteristics, and imaging
interpretations were analyzed using one-way analysis of

A B

Fig. 2. Morphology of large duct pancreatic ductal adenocarcinoma on CT and MRI. The pancreatic tumors are depicted as yellow
masses, while the neoplastic cyst components are colored blue. Predominantly solid mass (A), solid mass with prominent cysts (B), and
predominantly cystic mass (C). CT = computed tomography, MRI = magnetic resonance imaging
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Fig. 3. Neoplastic cyst shapes on CT and MRL. Oval (A), branching (B), and irregular (C) with a poor margin. CT = computed tomography,

MRI = magnetic resonance imaging
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variance (ANOVA) and Fisher’s exact test, respectively.
Inter-reader agreement regarding imaging features of the
neoplastic cysts and tumor morphology on CT and MRI was
analyzed using Cohen’s kappa (k) and percent agreement. The
tumor morphology of the LD-PDAC and conventional PDAC
cases on imaging was compared using the chi-square test

or Fisher's exact test, as appropriate. Post-surgical 0S and
PFS were analyzed using the Kaplan-Meier survival curve and
compared using the log-rank test. P values of < 0.05 were
considered statistically significant. Statistical analyses were
performed using SPSS software (version 21.0; IBM Corp.)
and R software (version 3.6.0; R Foundation for Statistical
Computing).

RESULTS

Clinical and Pathological Characteristics

The clinical and pathological characteristics of the
patients with LD-PDAC are presented in Table 1. LD-PDAC
was most commonly located in the pancreatic head (54.3%),
followed by the tail (31.4%) and body (14.3%). Two patients
(5.7%) had T1 stage cancer, 25 (71.4%) had T2, and eight
(22.9%) had T3. Seventeen patients (48.6%) had regional
lymph node metastases (N1 or N2). Eleven tumors (31.4%)
were well differentiated, and 24 (68.6%) were moderately
differentiated. The mean size of the largest cancer glands
was 8.9 mm (SD, + 5.6 mm). The proportion of cancer glands
measuring > 0.5 mm within the tumor cell area ranged from
51.7% to 90% (mean + SD, 67.5% + 11.4).

Throughout the follow-up period, 18 patients (51.4%) had
postsurgical tumor progression and five patients (14.3%)
died. The median post-surgical PFS and OS were 26.3 months
and 99.8 months, respectively, indicating significantly
extended post-surgical PFS (compared with that at 13.5
months; P = 0.024) and post-surgical 0S (compared with
that at 37.9 months; P = 0.003) compared with those of
conventional PDAC (Supplementary Fig. 1).

Imaging Characteristics on CT and MRI

The CT and MRI characteristics of the patients with LD-
PDAC are shown in Table 2. LD-PDACs typically presented
with ill-defined margins (88.6% [31/35] on CT and 82.9%
[29/35] on MRI). Furthermore, LD-PDAC exhibited hypo-
density or hypo-signal intensity on the arterial phase
(93.9% [31/35] on CT and 85.3% [29/35] on MRI), which
was less commonly observed on the portal venous phase
(80.0% [28/35] on CT and 58.8% [20/35] on MRI) and
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the delayed phase (38.2% [13/35] on MRI). Patients with
LD-PDAC occasionally presented with upstream ductal
dilatation (48.6% [17/35] on CT and MRI) and parenchymal
atrophy (40.0% [14/35] on CT and 42.9% [15/35] on

Table 1. Clinical and pathologic characteristics

Large duct pancreatic

Characteristics ductal adenocarcinoma

(n=35)
Age, yr 63.2+£9.7
Sex, male 18 (51.4)
Body mass index, kg/m? 22.5+2.5
CA 19-9*, U/mL 67.5 (16.5-127.4)
Size, cm 3.5+£1.7
Location
Head 19 (54.3)
Body 5 (14.3)
Tail 11 (31.4)
Negative resection margin, i.e., RO 29 (82.9)
T stage
1 2 (5.7)
T2 25 (71.4)
3 8 (22.9)
T4 0 (0.0)
N stage
NO 18 (51.4)
N1 10 (28.6)
N2 7 (20.0)
M stage
Mo 35 (100.0)
Tumor differentiation
Well differentiated 11 (31.4)
Moderately differentiated 24 (68.6)
Poorly differentiated or undifferentiated 0 (0.0)
Portal vein/superior mesenteric 3 (8.6)
vein invasion
Perineural invasion 28 (80.0)
Lymphovascular invasion 13 (37.1)
Coexisting IPMN components 4 (11.4)

Cancer glands
Largest size, mm
Proportion (%) of cancer glands
larger than 0.5 mm

8.9 + 5.6 (3.0-26.0)
67.5 + 11.4 (51.7-90.0)

Communication with main
pancreatic duct

0 (0)

Unless otherwise indicated, data are mean + standard deviation
with or without range in parentheses for continuous variables

and the number with percentage in parentheses for categorical
variables.

*Data are median (range).

CA 19-9 = carbohydrate antigen 19-9, IPMN = intraductal papillary
mucinous neoplasm
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Table 2. Imaging characteristics of large duct pancreatic ductal
adenocarcinoma

Characteristics CT (n=35) MRI (n =35)

Margin
Ill-defined 31(88.6) 29 (82.9)
Well-defined 4 (11.4) 6 (17.1)
Tumor attenuation/signal intensity in arterial phase'
Iso 2 (6.1) 5 (14.7)
Hypo 31 (93.9) 29 (85.3)
Tumor attenuation/signal intensity in portal venous phase
Iso 7(20.0) 14 (41.2)
Hypo 28 (80.0) 20 (58.8)
Tumor/signal intensity in delayed phase
Iso NA 20 (58.8)
Hypo NA 13 (38.2)
Upstream duct dilatation 17 (48.6) 17 (48.6)
Upstream parenchymal atrophy 14 (40.0) 15 (42.9)
Diffusion restriction* NA 27 (79.4)
Neoplastic cysts
Visibility 31 (88.6) 32 (91.4)
Size, cm 1.4 (0.4-7.1) 1.6 (0.5-7.2)
Number
0 4 (11.4) 3 (8.6)
1-5 24 (68.6) 20 (57.1)
6-10 1(2.9) 3 (8.6)
> 10 6 (17.1) 9 (25.7)
Dominant shape
Oval 14 (45.2) 10 (31.2)
Branching 16 (51.6) 19 (59.4)
Irregular with poor margin 1(3.2) 3 (9.4)
Tumor morphology
Predominantly solid mass 12 (34.3) 8 (22.9)
Solid mass with prominent cysts 16 (45.7) 13 (37.1)
Predominantly cystic mass 7 (20.0) 14 (40.0)

Data are number of patients with percentage in parentheses for
categorical variables and median with a range in parentheses for
neoplastic cyst size.

*Diffusion weighted imaging was obtained in 34 patients, 'Arterial
phase was obtained in 33 patients, ‘Delayed phase was obtained
in 33 patients.

CT = computed tomography, MRI = magnetic resonance imaging,
NA = not applicable

MRI). Most (79.4% [27/34]) LD-PDAC cases exhibited
diffusion restriction on MRI, although 55.6% (15/27) of
the diffusion-restricted LD-PDAC cases did not exhibit
restriction within the area of the neoplastic cysts.
Regarding tumor morphology (with an inter-reader
agreement of k = 0.77 on CT and 0.76 on MRI, as shown in
Supplementary Table 2), only 34.3% (12/35) of the LD-PDAC
tumors were characterized as predominantly solid masses on (T,
and this was less frequently observed on MRI (22.9% [8/35]).
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These findings are significantly different from those of
conventional PDAC, which generally exhibits predominantly
solid masses on both CT (100%; P < 0.001) and MRI (91.4%;
P < 0.001) (Supplementary Table 3). In contrast, LD-PDAC
often manifested either as a solid mass with prominent cysts
in 45.7% (16/35) and 37.1% (13/35) of cases on CT and
MRI, respectively (Fig. 4), or as a predominantly cystic mass
in 20.0% (7/35) and 40.0% (14/35) of cases on CT and MRI,
respectively (Fig. 5).

The tumor morphology of LD-PDAC on CT and MRI was
significantly associated with the size of the cancer glands on
histopathology (P = 0.020 and 0.013, respectively; Table 3)
but not with the proportion of cancer glands > 0.5 mm (P =
0.079 and 0.400, respectively; Table 3).

The inter-reader agreements regarding the radiological
characteristics of the neoplastic cysts are shown in
Supplementary Table 2. Neoplastic cysts were visible in
most patients with LD-PDAC on both CT (88.6% [31/35])
and MRI (91.4% [32/35]) (Table 2). Neoplastic cyst shapes
commonly appeared as either branching (51.6% [16/35] on
CT and 59.4% [19/35] on MRI) or oval (45.2% [14/35] on
(T and 31.2% [10/35] on MRI), which potentially resembled
pancreatic cystic neoplasms (e.g., IPMN, mucinous cystic
neoplasms, and serous cystadenoma) or pseudocysts.
Approximately 90% of all neoplastic cysts exhibited fluid-
like signal intensities on both T2-weighted (90.6% [29/32])
and pre-contrast T1-weighted (93.8% [30/32]) MRI.

Retrospective Review of Imaging Interpretation in
Radiology Reports

The imaging interpretations of the 35 cases obtained
retrospectively from radiology reports are shown in
Supplementary Table 4. LD-PDAC was not directly interpreted
as the most likely diagnosis based on imaging in any case.
Ten LD-PDAC cases (28.6%) were misinterpreted as diseases
other than typical PDAC, including IPMN with or without
associated invasive carcinoma (n = 6), solid pseudopapillary
neoplasm (n = 2), serous cystadenoma (n = 1), and
neuroendocrine neoplasm (n = 1). Those cases misinterpreted
as diseases other than typical PDAC were less likely to present
as predominantly solid masses (10.0% [1/10] on CT and 0%
[0/10] on MRI) than cases interpreted and diagnosed as
typical PDAC (36.0% [9/25] on CT and 28.0% [7/25] on MRI;
Supplementary Table 5). Additionally, in 40% of the cases
(10/25) with the most likely diagnosis of typical PDAC, other
diseases were suggested as second possible diagnoses by
the radiologists (IPMN with associated invasive carcinoma
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Fig. 4. A 66-year-old male with large duct pancreatic ductal adenocarcinoma which appeared as a solid mass with prominent cysts on
CT and MRI. A: Portal phase axial contrast-enhanced CT image shows a 5.6-cm hypodense mass (arrow) in the pancreatic head with
prominent oval-shaped cysts (arrowheads). B, C: Arterial phase axial contrast-enhanced T1-weighted MRI (B) shows hypointensity in
the solid portion of the tumor (arrows), which is less prominent on delayed phase imaging (C). D: Axial T2-weighted MRI identifies more
neoplastic cysts with fluid signal intensity (arrowheads) within the mass. E, F: Diffusion-weighted (b = 900 s/mm?) MRI (E) and apparent
diffusion coefficient map (F) depict diffusion restriction in solid parts (arrows) of the tumor whereas no restriction is observed in the
cysts (arrowheads). Typical PDAC was the most likely diagnosis; however, mucinous cystic neoplasm was suggested as a possible diagnosis
in the radiology report. G: The gross surgical specimen shows a 5.1-cm yellowish mass (arrows) with pathologically confirmed neoplastic
cysts (arrowheads). H: A photomicrograph of the surgical specimen (hematoxylin and eosin stain, x10) reveals multiple neoplastic glands
greater than 0.5 mm (asterisks) within the tumor, which may have appeared as cysts on CT and MRI compared with smaller neoplastic
glands (arrowheads). PDAC = pancreatic ductal adenocarcinoma, CT = computed tomography, MRI = magnetic resonance imaging

Fig. 5. A 74-year-old female with large duct pancreatic ductal adenocarcinoma. A: Portal phase axial contrast-enhanced CT image
demonstrates a 5.6-cm predominantly solid mass (arrows) in the pancreatic body without demonstrable cysts. B, C: However, the tumor
appears as a predominantly cystic mass (arrows) with numerous intratumoral cysts on axial T1-weighted contrast-enhanced (B) and T2-
weighted (C) MRI. D: Coronal T2-weighted MRI shows the branching shape of the neoplastic cysts (arrows). The tumor was interpreted as
an intraductal papillary mucinous neoplasm in the radiology report. E: The gross specimen shows a 5.5 cm yellowish mass (white arrows)
in the pancreatic body with visible microcysts (arrowheads), which was confirmed as large duct pancreatic ductal adenocarcinoma. A
yellowish mass in the pancreatic tail (black arrows) that was confirmed as conventional pancreatic ductal adenocarcinoma does not have
visible microcysts. F: A photomicrograph of the surgical specimen (hematoxylin and eosin stain, x10) reveals multiple cancer glands
greater than 0.5 mm (asterisks) throughout the tumor, compared with conventional pancreatic ductal adenocarcinoma in the pancreatic
tail (inset) composed of small neoplastic glands. CT = computed tomography, MRI = magnetic resonance imaging
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Table 3. Histopathologic features according to tumor morphology of large duct pancreatic cancer on CT and MRI
Morphology
Histopathology Imaging Predominantly Solid mass with Predominantly p
modality solid mass prominent cysts cystic mass
Size of the largest cancer glands, mm CT 4.8+2.8 10.4 £ 6.1 11.1+ 4.8 0.020
MRI 3.9+1.2 11.3 £ 6.6 9.0+ 4.4 0.013
Proportion of cancer glands > 0.5 mm, % CT 61.1+9.6 69.1 + 10.5 73.2 £ 13.8 0.079
MRI 62.4 + 11.4 68.2 + 10.2 69.5 + 12.5 0.400

Data are mean =+ standard deviation.
CT = computed tomography, MRI = magnetic resonance imaging

[n = 5], neuroendocrine neoplasm [n = 3], mucinous cystic

neoplasm [n = 1], and pancreatitis with pseudocysts [n = 1]).

DISCUSSION

To our knowledge, this study is the first to report CT and
MRI characteristics specifically focused on pathologically
proven LD-PDAC. Most patients in our cohort with LD-PDAC
had visible neoplastic cysts (88.6% [CT] and 91.4% [MRI]),
which appeared as branching (51.6% [CT] and 59.4% [MRI])
or oval shapes (45.2% [CT] and 31.2% [MRI]), with fluid-
like MRI signal intensities. Thus, LD-PDAC was commonly
observed as a solid mass with prominent cysts (45.7% [CT]
and 37.1% [MRI]) or as a predominantly cystic mass (20.0%
[CT] and 40.0% [MRI]).

Although LD-PDAC shares certain imaging characteristics
with PDAC such as ill-defined margins, poor enhancement,
and upstream ductal dilation [25], our study revealed a
significant prevalence of cystic components within the LD-
PDAC masses. Therefore, LD-PDAC cases exhibited distinct
imaging features (i.e., a solid mass with prominent cysts
or a predominantly cystic mass) that differentiated them
from conventional PDAC (i.e., predominantly solid mass).
These imaging findings likely reflect the histopathological
characteristics of LD-PDAC, which comprises irregularly
distributed large cancer glands [7]. Our findings are
consistent with those of previous studies that investigated
the radiological characteristics of PDAC with prominent
neoplastic cysts [11-14], in which the neoplastic cysts
varied in sizes (0.5-3.0 cm) and demonstrated fluid-like
(T radiodensity or MRI signal intensity [11,12,14]. Kim
et al. [13] also reported that PDAC with visible neoplastic
cysts is associated with LD-PDAC. Additionally, we found
that neoplastic cysts within LD-PDAC typically displayed
branching or oval shapes. Branching shapes on CT and MRI
may correspond with the microscopic features of irreqularly
dilated cancer glands [6,7], and oval shapes may depict the
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honeycomb-like patterns formed by microcysts [6,8].

Due to these imaging characteristics, LD-PDAC could

potentially be mistaken for diseases other than PDAC.

Our retrospective review of radiology reports revealed

that 28.6% of the LD-PDAC cases were misdiagnosed.
Importantly, IPMN has emerged as the most relevant
differential diagnosis due to its frequent presentation as

a cystic mass with tubular or branching morphology on CT
and MRI [23,26-28], which is likely attributed to pancreatic
ductal dilatation induced by mucin accumulation. In
particular, distinguishing colloid carcinoma, a major

type of invasive IPMN, from LD-PDAC can be challenging
because colloid carcinoma manifests as an ill-defined mass
containing heterogeneously dispersed cystic components
[29]. Although additional imaging characteristics such as
progressive and sponge-like contrast enhancement, multiple
amorphous septations, calcification, and communication
with and dilatation of the main pancreatic duct [29-31], may
serve as essential factors in diagnosing colloid carcinoma and
IPMN, further research is required to identify the imaging
characteristics that distinguish LD-PDAC from IPMN.

This study had the following limitations. First, the cohort
was small. Given that the concept of LD-PDAC has only
recently been adopted in clinical practice, certain cases may
not have received a specific pathological diagnosis and were
excluded from the analysis. Nevertheless, our study sufficiently
demonstrated and described the imaging characteristics of
LD-PDAC on CT and MRI. Second, we only included patients
with LD-PDAC who underwent surgical resection, which could
have led to a selection bias. However, this was unavoidable
because LD-PDAC should be confirmed exclusively through the
analysis of surgical specimens. Third, the surgical specimens
were retrospectively reviewed based on photographs of the
gross specimens and previously prepared pathology slides;
therefore, correlating the size, number, and shape of the
cancer gland cysts in the radiology images with those in the
pathology slides was difficult. Further prospective studies are
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required to precisely evaluate the pathological characteristics
of LD-PDAC. Fourth, the high misdiagnosis rate (28.6%) in
radiologic reports should be interpreted with caution given
the relatively recent acceptance of LD-PDAC as a recognized
diagnosis in clinical practice.

In conclusion, LD-PDAC presents on CT and MRI as a solid
mass with prominent cysts or as a predominantly cystic
mass. Radiologists should be familiar with the characteristic
imaging features of LD-PDAC to prevent misdiagnosing
masses as less aggressive pancreatic diseases, such as IPMN.
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