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Abstract
Objectives To evaluate the value of MRI in differentiating benign (b-MCN) and malignant (m-MCN) MCN. European guide-
lines suggest that certain mucinous cystic neoplasms (MCN) of the pancreas can be conservatively managed.
Methods A retrospective single-center study of consecutive patients with resected MCN.MRIs were independently reviewed by
two readers blinded to the pathological results. The authors compared b-MCN (i.e., mucinous-cystadenoma comprising high-
grade dysplasia (HGD)) and m-MCN (i.e., cystadenocarcinoma).
Results Sixty-three patients (62 women [98%]) with 63 MCN (6 m-MCN, 2 HGD) were included. m-MCN tumors had a
tendency to be larger than b-MCN (median 86 [25–103] vs. 45 [17–130] mm, p = .055). The combination of signal heterogeneity
on T2-weighted imaging, wall thickness ≥ 5 mm, the presence of mural nodules ≥ 9 mm, and enhancing septa had an area under
the ROC curve of 0.97 (95% CI 0.91–1.00) for the diagnosis of m-MCN. A total of 24 (37%), 20 (32%), 10 (16%), 5 (8%), and 4
(6%) out of 63 MCNs showed 0, 1, 2, 3, and 4 of these features, respectively. The corresponding rate of m-MCN was 0%, 0%,
10%, 20%, and 100%, respectively, with a good-to-excellent inter-reader agreement. Patterns with a high NPV for m-MCN
included an absence of enhancing septa or walls (NPV 97% and 100%, respectively), wall thickness < 3 mm (NPV 100%), and
no mural nodules (NPV 100%).
Conclusions A combination of 4 imaging features suggests malignant MCN on MRI. On the other hand, visualization of a thin
non-enhancing wall with no mural nodules suggests benign MCN.
Key Points
• A heterogenous signal on T2-weighted MRI, a ≥ 5-mm-thick wall, mural nodules ≥ 9 mm, and/or enhancing septa suggest
malignant MCNs.

• A thin non-enhancing wall with no mural nodules suggests benign MCNs.
•MRI should be performed in the pre-therapeutic evaluation of MCN to help determine the therapeutic strategy in these patients.
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Abbreviations
b-MCN Benign mucinous cystic neoplasm
HGD High-grade dysplasia
MCN Mucinous cystic neoplasms
m-MCN Malignant mucinous cystic neoplasm

Introduction

Mucinous cystic neoplasms (MCNs) of the pancreas are a
group of cystic lesions that mainly occur in women. Like
many other epithelial tumors, they follow the dysplasia-
carcinoma sequence. Reported rates of high-grade dysplasia
and malignant transformation into carcinoma ranged between
0 and 34% [1–3].

The prognosis of patients is highly dependent on the sever-
ity of epithelial lesions. While patients with dysplasia, includ-
ing high-grade-dysplasia, have a favorable long-term progno-
sis without recurrence or related death, those with invasive m-
MCN have amuch poorer prognosis with a median survival of
22.9 months [4].

Besides its diagnostic value, imaging plays an important
role in helping to determine the treatment strategy. Indeed,
when the features of local invasion are identified, an endo-
scopic ultrasound is usually performed to confirm invasive-
ness and to biopsy the suspected solid malignant component
[5–8]. In confirmed cases of invasive carcinoma, neoadjuvant
chemotherapy is the recommended treatment [9] and curative-
intent radical resection is recommended [10, 11]. In other
cases, imaging can help the surgeon decide on the type of
surgery needed. Since the recurrence rate of MCNs with no
suspected local invasion is low, especially in small lesions,
parenchyma-sparing resection tends to be the preferred ap-
proach (such as distal pancreatectomy without splenectomy,
middle pancreatectomy, or enucleation) to reduce the risk of
post-operative endocrine and/or exocrine pancreatic insuffi-
ciency and to preserve the spleen [9]. This approach is usually
a preventive option for benign MCN, whatever the grade of
dysplasia [9–11].

Recent European guidelines suggest that certain MCNs of
the pancreas can be conservatively managed by surveillance if
they are < 40 mm, with no risk features such as suspicious
mural nodules or symptoms, or associated with other risk fac-
tors such as age, comorbidities, and increased surgical risk.
Patient preference may also be taken into account [9].

Results of imaging are encouraging to distinguish patients
who require radical resection from those who do not [9–12].
Tumor size and the presence of mural nodules have been
reported to be the most predictive features of malignant trans-
formation [13]. In a systematic review including studies pub-
lished between 1970 and 2015, a 0.03% rate of malignant
transformation was reported in MCNs < 4 cm with no mural
nodules on preoperative imaging [3]. Many other features,

such as the number of locules, septal or wall thickness, and
locules of various intensities on T1-weighted imaging (T1-
WI), have also been reported [7–13].

The aim of the present study was to reassess the value of
MRI in differentiating benign frommalignant mucinous cystic
neoplasms of the pancreas in a large series of resected tumors.

Materials and methods

This single-center retrospective study was approved by our
Institutional Review Board, and the requirement for informed
consent was waived. (Institutional Review Board - IRB
00006477- of HUPNVS, Paris 7 University, AP-HP).

Patient population

We extracted all consecutive patients who underwent pancre-
atic resection for a MCN in our institution between November
2009 and January 2020, from a pathological database. Five of
the 121 identified consecutive patients with no ovarian stroma
on the pathology specimen were excluded, to exclude mucin-
ous non-neoplastic cysts of the pancreas, which is a different
entity from MCN [15]. We then excluded 53 patients without
preoperativeMRI or in whom it was performed more than one
year before the surgery. Finally, 63 patients were included.
Figure 1 shows the flow chart of the study.

Image analysis

All MRI examinations were performed on a 1.5-T (from
November 2009 to November 2012) or a 3-T (since
November 2012) clinical MRI scanner (Intera®, Ingenia®;
Philips Healthcare). Table 1 describes the MRI acquisition
protocol. MRI examinations were independently reviewed
on a picture archive and communication system (PACS)
workstation (Directview®, v11.3, Carestream Health Inc.)
by two abdominal radiologists (J.G. and M.P.V. with 8 and
25 years of experience in MRI of the pancreas). Readers were
aware that patients had MCNs but were blinded to the results
of the pathological examinations. Readings were performed
using a standardized data collection form. Maximum tumor
diameter was assessed either on axial or coronal plane images
in millimeters.

Readers were asked to report the following items for each
tumor (Figs. 2, 3, 4, and 5):

– Location: “head, body, or tail” according to conventional
anatomical landmarks; “posterior” or “anterior” part of
the parenchyma (yes/no); “exophytic aspect” (part of the
lesion contours arising from the outer surface of the pan-
creas with no surrounding pancreatic parenchyma ≥ 1/3
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Fig. 1 Flow chart of the study

Table 1 MR imaging protocol. Imaging parameters used for MR imaging and MR cholangiopancreatography (acquired with an 1.5T, or 3T magnet)

MR sequence N of sections TR/TE (ms) Flip angle (°) Matrix size Voxel size (mm) Section thickness (mm) Nex

T2-weighted single-shot sequence 32 890/85 90 320 × 320 5 1

42 433/120 90 188 × 216 1.60 × 1.65 4 1

T2-weighted fast spin-echo sequence
with spectral fat saturation

36 1800/90 90 512 × 512 4 1

32 571/140 90 216 × 251 1.30 × 1.51 5.50 1

T1-weighted fat-suppressed spoiled
gradient-recalled echo sequence a

90 4.6/2.2 10 240 × 240 3 2

111 4/1.40 10 188 × 207 1.60 × 1.72 3.60 1

Diffusion-weighted b 32 4033/63 90 256 × 256 6 6

36 1207/55 90 132 × 97 3.03 × 3.11 4.5 1

2D MRCP coronal radiated 9 8000/800 90 480 × 480 25 1

9 8000/688 90 300 × 238 0.93 × 1.18 25 1

3D MRCP 54 5371/753 90 292 × 193 1.37 × 1.95 3 1

54 4924/737 90 292 × 193 1.20 × 1.61 3 1

TR repetition time, TE time of excitation, Nex number of excitations
a Axial three-dimensional (3D) T1-weighted ultra-fast gradient echo sequences were obtained after intravenous administration of 0.1 mmol/kg of body
weight of gadoterate meglumine (Dotarem, Guerbet®) using a power injector at a flow rate of 2 mL/s without the use of a bolus trigger. Pancreatic
arterial, portal venous, and delayed phases were obtained 30, 70, and 120 s after the initiation of injection
bDWI covering the pancreas was acquired with respiratory gating with b-values of 0, 150, 600, or 800 s/mm2 . ADCmaps were automatically calculated
based on a mono-exponential fit
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of the circumference (yes/no); close to the left adrenal
gland (yes/no). (Fig. 2)

– Outer wall: wall thickness (mm); thick wall (i.e., > 3
mm); enhancement (yes/no); peripheral hypointense rim

on diffusion-weighted imaging (DWI) (yes/no). When a
preoperative CT was available, the presence of wall cal-
cifications was recorded.

– Shape and contours: oval or round (yes/no); locules (ab-
sent if the cyst had completely regular outer contour);
unilocular (< 2 inner cysts) or multilocular (≥ 2 cysts).

– Signal intensities: Signal intensity on T1- and T2-WI im-
ages considered to be hypointense, isointense, or hyper-
intense compared to the adjacent pancreas; homogeneity
(yes/no, all inner components could be responsible for
heterogeneity, including nodules, septa, fluid level); pres-
ence of inner cysts with various signal intensities on T1-
WI (yes/no); inner fluid-containing cysts with a signal
drop on high b-value DWI (yes/no) with a corresponding
apparent diffusion coefficient (ADC) value.

– Inner septa: presence (yes/no); thick septa (i.e., > 2 mm)
(yes/no); enhancement (yes/no); indentation of the exter-
nal wall facing septa (yes/no).

– Mural nodules: presence (yes/no); if present, number and
size (in mm, in case of multiple nodules, we selected the
size of the largest; enhancement (yes/no); signal intensity
on DWI separating low, intermediate, and high signal
intensity; the ADC value of the mural nodule was not
reported due to their small size.

– Central scar (yes/no) or microcysts defined as multiple
cysts < 2 cm separated by thin fibrous septa [16] (yes/no).

Fig. 2 Benign mucinous cystic neoplasm (b-MCN) of the pancreas in a
49-year-old woman. Contrast-enhanced portal-phase axial T1-weighted
MRI shows a 27-mm exophytic (i.e., not surrounded with pancreas pa-
renchyma at its posterior part) posterior cyst, located in the body of the
pancreas in front of the left adrenal gland (arrow). The lesion has a thin
wall (i.e., < 3 mm), with no enhancement

Fig. 3 Pancreatic malignant
mucinous cystic neoplasm (m-
MCN) in a 59-year-old woman. a
Axial T2-weighted image shows
a large heterogeneous cyst, with
septa perpendicular to the wall
(arrow heads in b), and with a
thick wall (arrows in b). On
portal-phase contrast-enhanced
axial T1-weighted MRI (c), the
mural nodules (arrow in c) and the
septa (black arrow in d) show
contrast enhancement. The wall is
thickened up to 9 mm. The patient
underwent neoadjuvant chemo-
therapy based on a MRI-based
suspicion of m-MCN confirmed
by the results of an endoscopic
ultrasound–guided puncture. The
lesion was resected and was clas-
sified as pT2N0R0. Pathological
analysis revealed many large pa-
pillae and numerous malignant
portions, the largest measuring 5
cm, with focal invasion of the
wall, but without invasion of the
parenchyma of the pancreas
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– Adjacent pancreas: enlargement of the upstream main
pancreatic duct (MPD) if > 3 mm (yes/no), hypointense
signals of the upstream pancreas parenchyma on
precontrast T1-WI images (yes/no).

In case of disagreement between the two observers, a con-
sensus was reached, and these results were used for further
statistical analysis.

Pathological analysis

Pathological analyses were performed by expert pathologists
in the field of pancreatic tumors. The size of all lesions was
recorded, and fresh and surgical specimens were carefully
examined to identify areas with papillae, nodules (or solid
masses in larger nodules), or wall thickening. After formalin
fixation, all suspicious areas were sampled together with a
thorough sampling of less suspicious areas before paraffin
embedding. The 2019 World Health Organization (WHO)
histological criteria were used to make a diagnosis of mucin-
ous cystic neoplasms (namely the presence of a mucinous
epithelial lining of the cyst underlined by an ovarian-type
stroma, positive for anti-progesterone immunohistochemistry)
[1]. Dysplasias were also graded according to WHO 2019
guidelines. Tumors were separated into two groups: benign
lesions (b-MCN) including mild-, moderate-, or high-grade
dysplasia but with no traces of malignant tissue, and malig-
nant lesions corresponding to invasive m-MCN [1, 2].

Statistical analysis

Categorical variables are presented as numbers and percent-
ages, and continuous variables as means and standard devia-
tions (SD) or medians and ranges, as appropriate.
Comparisons were performed with the chi-2 or Fisher exact

Fig. 4 Pancreatic malignant mucinous cystic neoplasm (m-MCN) in a
60-year-old woman. a Unenhanced axial T1-weighted MRI shows a 90-
mm hypointense posterior lesion, located in the body-tail of the pancreas,
next to the left adrenal gland, containing an ill-defined nodule (arrow). b
On a portal-phase contrast-enhanced axial T1-weighted image, the mural
nodule shows enhancement (arrow). c On diffusion-weighted imaging (b
800 s/mm2), the mural nodule appears hyperintense (arrow) and with a

low apparent diffusion coefficient (ADC) (arrow in d). A second nodule
is depicted (arrowhead). The lesion was resected and was classified as
pT1N0R0. Pathological analysis showed three portions with large papilla
(2.5, 2, and 1.5 cm) containing four malignant mural nodules (ranging
from 1 to 5 mm), with focal invasion of the wall but without invasion of
the parenchyma of the pancreas and without peri-pancreatic invasion

Fig. 5 Benign mucinous cystic neoplasm (b-MCN) of the pancreas in a
28-year-old woman. Unenhanced axial T1-weighted MRI shows a 13-cm
multilocular and heterogeneous cyst. The wall is thin (< 3 mm thick) and
no nodule is depicted
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tests for categorical variables, and with Mann-Whitney U test
for continuous variables. Positive predictive values (PPV) and
negative predictive values (NPV) of imaging features for the
differentiation of b-MCN and m-MCN are provided. Inter-
reader agreement was assessed by the Cohen’s kappa statis-
tics. All tests were two-sided and p < 0.05 was considered to
be significant. Analyses were performed using SPSS software
(v23.0; SPSS Inc.).

Results

Patients and tumors

Sixty-three patients were included with 62 women (98%),
median age 49 (24–85). Median delay between surgery and
MRI was 4 months (0–12).

The median size of the lesions was 47 mm (17–130 mm).
Sixty MCN were located in the body/tail (60/63, 95%). Fifty-
six were posterior in the parenchyma (56/63, 89%), 57 were
exophytic (57/63, 91%), and 50 were located close to the left
adrenal gland (50/63, 79%).

Comparison between benign and malignant tumors

A total of 55/63 (87%) tumors displayed low-grade dysplasia,
two (3%) displayed HGD, and six (10%) were associated with
m-MCN. Tables 2 and 3 describe the imaging features of
MCNs and the comparison between b-MCN and m-MCN.

Patients and tumor characteristics

Patients with m-MCNwere significantly older than those with
b-MCN (median 63 [52–85] vs. 48 [24–76] years old, p =
.006). There was a trend towards larger tumors in m-MCN
compared to b-MCN (median 86 [25–103] vs. 45 [17–130]
mm, p = .055). Tumors > 80 mm were more frequently m-
MCN (5/6, 83%) (p = 0.01). Other clinical characteristics were
not significantly different between benign and malignant
tumors.

Imaging features

Inter-reader agreement for imaging reading was found to be
good to excellent for most features except for ADC values in
cysts, which were poor (Table 3). Results of the most experi-
enced readers are provided here. Details of both readings are
provided in Table 3.

Most lesions were hyperintense on T2-WI (62/63, 98%)
and hypointense on T1-WI (55/63, 87%). There were no cen-
tral scars or microcysts. Inner cysts with various signal inten-
sities on T1-WI (p = .032) were found more frequently in the
six m-MCN, as well as enhancing septa (p = .026), wall ≥

5 mm thick (p < .001), and mural nodules (p < .001). When
present, mural nodules more frequently enhanced (p = < .001),
with a hypersignal on DWI (p = .018) in m-MCN. Nodules ≥
9 mm (including solid masses) were never observed in b-
MCN, but were identified in all malignant tumors (p = .011)
(Figs. 3 and 4). Other features including tumor shape, loca-
tion, and lobulations were not different between groups.

Diagnostic value of MRI features

Features favoring malignancy

We selected the four features that were significantly more
frequent in m-MCN for both readers (multivariate analysis
was performed to identify features because of the limited num-
ber of malignant cases) and were not collinear: signal hetero-
geneity on T2-WI, wall thickness ≥ 5 mm, mural nodules ≥ 9
mm, and enhancing septa. The “presence of mural nodules”
and “enhancing nodules”were not selected because they were
collinear with “nodules ≥ 9 mm.”

A total of 24 (37%), 20 (32%), 10 (16%), 5 (8%), and 4
(6%) of the 63 tumors showed 0, 1, 2, 3, and 4 of the selected
features, respectively. The corresponding rate of m-MCN was
0%, 0%, 10%, 20%, and 100%, respectively. The association
of the four criteria of interest had an area under the ROC curve
of 0.969 (95% CI 0.917–1.0) for the diagnosis of m-MCN.
Addition of size > 4 cm did not improve the diagnostic per-
formance. Details on the two patients with high-grade dyspla-
sia are provided as Supplemental material.

Features favoring benignity

The absence of several features was shown to have > 90%
NPV for the diagnosis of m-MCN (Table 4), namely the ab-
sence of low-intensity signals for cyst fluid on high b DWI
(NPV 91%), the absence of enhancing septa (NPV 97%) or of
an enhancing wall (NPV 100%), wall thickness < 3 mm (NPV
100%), the absence of mural nodules (NPV 100%),
hypointense signal of mural nodules on high b-value DWI
(NPV 100%), no upstream MPD enlargement (NPV 92%),
and no wall calcifications on CT (NPV 95%) (Fig. 2).

Discussion

The goal of this retrospective study was to reassess the value
of MRI in differentiating benign from malignant mucinous
cystic neoplasms of the pancreas. Our results suggest that
malignancy should be suspected in MCN with heterogenous
signals on T2-WI, wall thickness ≥ 5 mm, mural nodules ≥ 9
mm, and enhancing septa. On the other hand, visualization of
thin non-enhancing walls with no mural nodules suggests be-
nign lesions.
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Table 2 Comparison of MR imaging findings of benign (b-MCN) and malignant mucinous cystic neoplasms (m-MCN)

Variable Overall
N = 63

b-MCN
N = 57

m-MCN
N = 6

p value

N /mean % /SD/range N/mean %/SD/range N/mean %/SD/range .006

Median age (range) (years old) 49 24–85 48 24–76 63 52–85

Women 62 98 56 98 6 100 > .999

Median size (range), in mm 47 17–130 45 17–130 86 25–103 .0.055

Shape .684

Round 37 59 34 60 3 50

Oval 26 41 23 40 3 50

Lobulation .698

No 32 51 28 51 4 66

Focal 30 48 28 40 2 33

Diffuse 1 2 1 1 0 0

Loculation

Unilocular 18 29 17 30 1 16 .497

2 12 32 11 19 1 17

3 6 10 6 11 0

≥ 4 27 43 23 40 4 67

Various signal intensity on T1WI 12 19 10 18 2 33 .032

Signal on T1WI

Hypointense 55 87 50 88 5 83 .617

Isointense 3 5 3 5 0 0

Hyperintense 5 8 4 7 1 17

Heterogenous 19 30 15 26 4 67 .062

Signal on T2WI > .999

Isointense 1 2 1 2 0 0

Hyperintense 62 98 56 98 6 100

Heterogenous 24 38 19 33 5 83 .026

Global signal hyperintensity on DWI 53a 96 48b 98 5 83 .208

Location

Head 3 5 2 4 1 17 .350

Body-tail 60 95 55 96 5 83

Exophytic 57 91 52 91 5 83 .466

Posterior 57 91 53 93 4 67 .129

Near left adrenal 50 79 45 79 5 83 > .999

Septa

Present 37 59 33 58 4 67 > .999

Enhancing when present 24 38 19 33 5 83 .026

Thickness > 2 mm 16 25 13 23 3 50 .156

Indentation facing septa 19 30 18 32 1 17 .658

Wall

≥ 3 mm thick 45 71 39 68 6 100 .321

≥ 5 mm thick 14 22 9 16 5 83 < .001

Enhancement 55 97 49 86 6 100 > .999

Hypointense appearance on DWI 25a 40 21b 43 4 67 .394

Mural nodules

Present 17 27 11 19 6 100 < .001

n = 1 15 24 10 18 5 83 < .001

n = 2–3 1 2 1 1 0 0

1303Eur Radiol (2022) 32:1297–1307



As in previous studies, our results confirm thatMCNs pres-
ent with a fairly typical pattern: most were round or focally
lobulated cystic lesions found in women, located in the body/
tail of the pancreas, and with septa [2, 3, 9, 17–20]. It is
important to note that we also report additional and as yet
rarely described findings, in particular a posterior location

close to the left adrenal gland, and an exophytic appearance
that can mimic an extra-pancreatic origin. Since we did not
include patients with other pancreatic cystic lesions, we could
not assess the diagnostic value of these features for the diag-
nosis of MCNs. Nevertheless, it is consistent with the hypoth-
esis of a dysembryogenic origin for these cysts suggested by

Table 2 (continued)

Variable Overall
N = 63

b-MCN
N = 57

m-MCN
N = 6

p value

N /mean % /SD/range N/mean %/SD/range N/mean %/SD/range .006

n > 3 1 2 0 0 1 17

Size ≥ 9 mm 6 10 0 0 6 100 .011

Enhancing 11 16 6 11 5 83 < .001

Hypersignal on high b DWI 17a 27 11b 42 6 100 .018

Upstream MPD enlarged 15 16 13 23 2 33 .622

Wall calcification on CT 13c 10d 12 3 50 .072

Results correspond to the consensus between readers. N = number of cases; % = percentage; SD, standard deviation. Significance was searched for using
the χ2 test or Fisher exact test. Significant p values are bold

DWI diffusion-weighted imaging, MPD main pancreatic duct, T1WI/T2WI T1-weighted imaging/T2-weighted imaging
a Available for 55 patients
b Available for 49 patients
c Available for 33 patients
d Available for 27 nodules

Table 3 Comparison of MR imaging findings of benign (b-MCN) and malignant mucinous cystic neoplasms (m-MCN) for both readers

Features N total Reader 1 Reader 2 Inter-observer agreement

b-MCN
N = 57

m-MCN
n = 6

p value b-MCN
N = 57

m-MCN
N = 6

p value Kappa 95% CI

Size > 4 cm 63 34 (60%) 5 (83%) .394 34 (60%) 5 (83%) .394 .967 .902–1.00

Wall thickness ≥ 5 mm 63 9 (16%) 5 (83%) < .001 7 (12%) 5 (83%) < .001 .779 .595–.962

Heterogeneous on T1WI 63 15(26%) 4(67%) .062 14 (25%) 6 (100%) < .001 .893 .775–1.00

Heterogeneous on T2WI 63 19 (33%) 5 (83%) .026 16 (28%) 6 (100%) .001 .801 .617–.986

Multilocular 63 40 (70%) 5 (83%) .664 43 (75%) 5 (83%) > .999 .725 .536–.915

Septa enhancement 63 19 (33%) 5 (83%) .026 17 (30%) 2 (33.3%) > .999 .759 .591–.926

Mural nodules 63 9 (16%) 6 (100%) < .001 11 (19%) 6 (100%) < .001 .667 .455–.879

Enhancing mural nodules 63 6 (11%) 5 (83%) < .001 5 (9%) 4 (66.7%) .003 .738 .410–1.00

Mural nodule > 9 mm 63 3 (5%) 6 (100%) < .001 2 (4%) 6 (100%) < .001 .636 .291–.982

Mural nodule with DWI hypersignal 33 11/27 (41%) 6 (100%) .180 11/27 (41%) 5 (83.3%) < .001 .739 .051–.978

High ADC values in cysts 42 39/39 (100%) 3/4 (75%) .077 38/39 (97%) 3/4 (75%) .183 − .023 − .055–009

Features correspond to those found significantly different between b-MCN and m-MCN for at least one reader, and to features previously reported to be
different between benign and malignant MCNs [9, 11, 12, 14]. 95% CI 05% confidence interval. Significant p values are in bold. For inter-reader
agreement, the Cohen kappa test was used. The rating was as follows: kappa values of 0.00–0.20 were considered to indicate poor agreement; kappa
values of 0.21–0.40, fair agreement; kappa values of 0.41–0.60, moderate agreement; kappa values of 0.61–0.80, good agreement; kappa values of 0.81–
0.99, excellent agreement; and kappa value of 1.00, perfect agreement [25]

T1WI/T2WI/DWI T1-weighted imaging/T2-weighted imaging/diffusion-weighted imaging, ADC apparent diffusion coefficient
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Zamboni et al (ectopic primary yolk cells) with the pancreatic
and ovarian ridges that are strictly adjacent during early em-
bryogenesis [2, 20].

We showed that several features were more frequent in m-
MCNs. Since the malignant transformation occurs on the ep-
ithelium lining the cysts, some of these features are likely to
represent the local proliferation and the abnormal angiogene-
sis observed during the dysplasia-carcinoma transition (e.g.,
thickness of tumor walls, nodules). The presence of nodules
and solid masses in malignant MCNs has been previously
reported. In a clinico-pathological study describing 163
resected MCNs, and 19/163 (12%) invasive carcinomas, nod-
ules were reported in 16/19 invasive carcinomas [9]. In a
cohort of 52 patients with MCNs, Procacci et al reported the
presence of nodules on CT in 5/16 (31%) malignant MCNs
(HGD/carcinoma in situ) and 4/36 (11%) benign MCNs [21].
Mural nodules were found in all tumors on CT in a study of 60
MCNs by Le Baleur et al that pooled patients with HDG (n =
7/60, 12%) and those with invasive carcinoma (n = 3/60, 5%).
Themedian nodule size was 19mm (range 4–65). The presence
of nodules had a sensitivity of 91% and a specificity of 98% for
malignancy [12]. Assessing the presence of nodules on MRI
has previously been described in a study by Di Paola et al,
which also pooled HGD MCNs with invasive carcinoma and
found 20/22 malignant lesions and 0/43 benign MCNs [14].

We chose to pool low-grade and HDG MCNs because of
the good prognosis of these lesions. However, it can be argued
that surveillance could be sufficient in low-grade dysplasia,
while preventive resection should be performed in HDG. The
two patients with HGD MCN were very different. We retro-
spectively applied our imaging criteria to one of these patients
who was well classified for the need for resection based on the
extent of HGD. On the other hand, resection of the other HGD
lesion could be considered preventive because of the very
small size of dysplasia. The latter case shows one weakness
of radiopathological correlations, in which very small and flat

hot spots of high-grade dysplasia may be sufficient to classify
the entire lesion, while they are too small to be detectable with
cross-sectional imaging.

Evidence suggests that a size of > 4 cm is associated with a
higher risk of malignancy [3]. Our results do not confirm this
because nearly 60% of b-MCN were > 4 cm in our cohort.
Garces-Descovich et al found that a threshold of 8.5 cm was
highly sensitive for malignancy [22]. However, in our cohort,
50% of m-MCN were < 8.5 cm and one was 2.5 cm.
Interestingly, in this case, the only suspicious feature was a
9-mm nodule which only contained a small malignant area of
< 3 mm on pathology. Although we retrospectively added the
4-cm threshold to the four imaging criteria we identified, this
did not improve the results.

A hyperintense signal of the cyst on T1-WI, as well as a
multilocular pattern, have also been described as being asso-
ciated with malignancy [15, 22]. We did not confirm these
findings, as hyperintense T1-WI images were found in both
malignant (1/6, 17%) and benign (4/57, 7%) lesions (p =
0.617), and a multilocular pattern was present in 5/6 (83%)
malignant lesions and in 40/57 (70%) benign lesions (p =
0.664). It should be noted that 22/26 lesions presenting with
more than 3 locules were benign (Fig. 5). We did not find any
significant difference according to the presence of calcifica-
tions in the wall and/or septa as reported by Proccaci et al.
These authors reported their presence in seven (44%) malig-
nant MCNs (HGD/carcinoma in situ) and three (8%) benign
MCNs (p = 0.006) [21]. In our study, a lack of wall calcifica-
tions suggested a benign lesion.

Postlewait et al suggested that male gender was associated
with malignancy [23]. In their study, up to 11% of patients
were men with 29% presenting with a malignant lesion [23].
This proportion of men was surprisingly high compared to the
large systematic review by Nilsson et al [3] or to the 2018
study by Keane et al which included 4.3%men, with one third
having invasive cancer [24]. In our cohort, only one man who

Table 4 Features with > 90%
NPV for the diagnosis of
malignant mucinous cystic
neoplasm (m-MCN) (consensus
reading)

MR features Negative predictive value (%)

Hyperintensity on T1WI 91

Absence of high signal of cyst fluid on high b DWI 91

No enhancing septa 97

Wall thickness < 3 mm 100

No enhancing wall 100

No hypointense rim on high b DWI 93

No mural nodule 100

No enhancing mural nodule 98

No signal hyperintensity at high b DWI of mural nodule 100

No wall calcification on CT 96

T1WI T1-weighted imaging, DWI diffusion-weighted imaging
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did not present with m-MCN was included. Finally, the pa-
tients in our series with m-MCN were older, like in previous
studies [10–22].

The rate of m-MCN in our series was low, close to 10%,
and only two more patients had HGD (3%). This is consistent
with published studies. A large US series of 349 resected
MCNs reported a 12.6% rate of invasive carcinoma and
2.3% of HGD [23]. Di Paola et al reported a higher rate of
malignancies (24%), but the authors chose to include patients
with liver metastases whom we excluded from our surgical
study population [14]. We chose to separate patients with
MCNs and HGD from those with invasive carcinoma, be-
cause the latter have been shown to have a poor prognosis,
similar to that in patients with ductal carcinoma [4], while
patients with MCN and HGD have a similar prognosis to
those with a lower grade of MCN [13]. Nevertheless, preven-
tive resection should be performed in these high-grade lesions
and they should not simply be observed, especially when our
combined malignant criteria are present.

Importantly, we report that visualization of a thin, non-
enhancing wall with no mural nodules is a pattern that strong-
ly suggests benign tumors. This is important because it can be
used as criteria for the surgeon to perform parenchyma-
sparing resection [10–25]. As previously mentioned,
European guidelines suggest that someMCNs of the pancreas
(i.e., < 4 cmwithout nodule) could be conservatively managed
by surveillance. Those two additional features (thin non-
enhancing wall) may be added to the two suggested by the
guidelines. Overall, our study confirms both the diagnostic
and prognostic value of MRI in the evaluation MCNs, as well
as its role in excluding the presence of an invasive component.

Our study has certain limitations. First, it is a retrospective
and single-center study. However, the patients were well doc-
umented and the study population was fairly large. Second, two
different MRImachines, a 1.5-T and a 3.0-TMRI scanner have
been used. The imaging protocols remained largely unchanged,
as we only adjusted parameters to the field strength, and the
manufacturer was the same for both machines. Moreover, the
vast majority of imaging features we analyzed were qualitative
and categorical and not quantitative. Third, this is a surgical
series. Thus, non-resected lesions were not included. This
may have introduced biases, and have favored certain MRI
features in the analysis. Moreover, DWI was not available in
all patients. Although we identified several valuable DWI fea-
tures associated with MCN malignancy, they should be
interpreted with caution. Finally, we did not compare MCNs
to other round, unicystic lesions such as pseudocysts or
macrocystic serous cystadenomas that may be difficult to dif-
ferentiate from MCNs as this was not the aim of our study.

In conclusion, MCNs appear as round or oval cystic lesions
of the left pancreas, which are typically posterior, exophytic,
and located next to the left adrenal. On MRI, signal heteroge-
neity on T2-WI, wall thickness ≥ 5 mm, mural nodules

(especially when ≥ 9 mm or enhancing), and enhancing septa
were independently associated with malignancy. On the other
hand, visualization of a thin, non-enhancing wall with no mu-
ral nodules suggests benign lesions.
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