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Abstract
Purpose To evaluate whether pancreatic parenchymal abnormalities on magnetic resonance imaging (MRI) are associated with
pancreatic intraepithelial neoplasia (PanIN) on histology.
Materials and methods Retrospective study approved by institutional review board. One hundred patients (48men, 52 women; mean
age, 53.2 ± 16.29 [SD]) underwent MRI before pancreatectomy for pancreatic tumors analyzed by two independent observers blinded
to histopathological results for the presence of non-communicating microcysts and pancreatic atrophy (global or focal) beside tumors.
MRI findings were compared to histopathological findings of resected specimens. Interobserver agreement was calculated. The
association between parenchymal abnormalities and presence of PanIN was assessed by uni- and multivariate analyses.
Results PanINwas present in 65/100 patients (65%). The presence of microcysts onMRI had a sensitivity of 52.3% (34/65 [95%CI,
51.92–52.70%]), a specificity of 77.1% (27/35 [95%CI, 76.70–77.59]), and accuracy of 61% (61/100 95%CI [50.7–70.6]) for the
diagnosis of PanIN while global atrophy had a sensitivity of 24.6% (16/6 [95%CI, 24.28–24.95]) and a specificity of 97.1% (34/35
[95%CI, 96.97–97.32%]). In multivariate analysis, the presence of microcysts (OR, 3.37 [95%CI, 1.3–8.76]) (p = 0.0127) and global
atrophy (OR, 9.79 [95%CI, 1.21–79.129]) (p = 0.0324) were identified as independent predictors of the presence of PanIN. The
combination of these two findings was observed in 10/65 PanIN patients and not in patients without PanIN (p = 0.013 with an OR of
infinity [95%CI, 1.3–infinity]) and was not discriminant for PanIN-3 and lower grade (p = 0.22). Interobserver agreement for the
presence of microcysts was excellent (kappa = 0.92), and for the presence of global atrophy, it was good (kappa = 0.73).
Conclusion The presence of non-communicating microcysts on pre-operative MRI can be a significant predictor of PanIN in
patients with pancreatic tumors.
Key Points
• In patients with pancreatic tumors who had partial pancreatectomy, MR non-communicating pancreatic microcysts have a
52.3% sensitivity, a 77.1% specificity, and a 61% accuracy for the presence of PanIN with univariate and with an odds ratio of
3.37 with multivariate analyses.

• The association of global atrophy and non-communicating microcysts increases the predictive risk of PanIN.
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Abbreviations
BD-IPMN Branch duct IPMN
IPMN Intraductal papillary mucinous

neoplasm
Microcysts Pancreas, non-communicating

micro cysts
MRCP MR imaging with MR

cholangiopancreatography
MRI Magnetic resonance imaging
NET Neuroendocrine tumors
P-NET Pancreas NET
Pancreatic carcinoma Pancreatic ductal carcinoma
PanIN Pancreatic intraepithelial neoplasia
SPPT Solid and pseudo papillary tumors

Introduction

Pancreatic intraepithelial neoplasia (PanIN) is a microscopic
papillary or flat epithelial neoplasm that develops in the pan-
creatic acinus either in the absence of acinus dilatation or with
a dilatation < 5 mm. Based on the degree of cellular and nu-
clear atypia, PanIN progresses from PanIN-1 (low-grade dys-
plasia), characterized by hyperplastic ductal atypia, to PanIN-
2 (moderate dysplasia) and PanIN-3 (carcinoma in situ or
high-grade dysplasia) [1–3].

Although PanIN-1 is observed in up to 40% of adults in the
absence of invasive pancreatic carcinoma [4, 5], PanIN-2 is
often described in association with pancreas abnormalities and
PanIN-3 is always associated with pancreas anomalies [6].
Recently, early-stage PanIN-2 lesions have been shown to
contain many somatic gene alterations involved in the devel-
opment of pancreatic carcinoma [6, 7]. PanIN lesions are more
frequent in patients with intraductal papillary mucinous neo-
plasm (IPMN) and PanIN-3 lesions are seen in 11% and 26%
of patients with benign and malignant IPMN, respectively [8].

PanIN is a microscopic lesion that is theoretically impossi-
ble to visualize macroscopically. However, cystic changes
(< 5 mm by definition) are part of the spectrum of PanIN
lesions on pathology and may be detected by imaging studies
[1, 3, 4]. Actually, we decided to work on that topic having
observed some of our patients with small non-communicating
microcysts on MRI whose pathologic specimen of total pan-
createctomy showed PanIN-3 (Fig. 1).

PanIN lesions may also be associated with focal or extend-
ed pancreatic fibrosis, and a consensus conference has stated
that chronic pancreatitis may be associated with atrophy [1,
7–10]. Therefore, we hypothesized that both mild pancreatic
acinar dilatation appearing as microcysts or the accompanying
or resulting fibrosis appearing as foci of abnormal signal and/
or pancreatic atrophy could be visible on magnetic resonance
imaging (MR imaging) [9–11].

A successful screening protocol for the detection of pan-
creatic cancer should identify patients at risk of developing
pancreatic cancer such as those with PanIN-2 and PanIN-3
[12–15]. At the same time, genomic sequencing has shown
that pancreatic cancer progresses from initial to metastatic
stages over a 15-year period, suggesting that early detection
could play a major role in this disease [7, 15, 16]. As well,
progression from PanIN-1 to PanIN-3 and from PanIN-3 to
cancer seems to be slow with a simulation virtual model [17].
Until now, no biological or imaging procedures have been
shown to be effective in the detection of premalignant lesions
especially in high-risk patients [13, 14, 18] (that is, with
inherited predisposition such as Peutz-Jeghers syndrome, he-
reditary pancreatitis, familial atypical mole multiple melano-
ma, familial BRCA2) [14], or familial pancreatic cancer (6.4
to 32-fold) [14]. These patients are included in the screening
process, mainly by MR imaging, throughout the world.

Several studies have reported an increased risk of pancre-
atic cancer in patients with pancreatic cysts, particularly when
multiple, whatever the etiology and size [1, 10, 14, 19, 20]. In
some cases, and especially in high-risk patients, MR imaging
with MR cholangiopancreatography (MRCP) and diffusion-
weighted MR sequences help identify very small round cysts
without pattern of communication with the pancreatic ducts
[20–24]. The nature of these very small cysts is still unclear
(Fig. 1).

Until now, endoscopic ultrasound has been the single val-
idated imaging tool to identify indirect findings (microcysts or
foci of fibrosis) associated with PanIN [8, 25]. However, the
value of MR imaging has not yet been studied for this
purpose.

Fig. 1 Index case suggesting us to work on a possible association
between MR findings and PanIN. A 53-year-old man who underwent
Whipple procedure for pancreas adenocarcinoma. Abundant PanIN-3
was present. A preventive, secondary total pancreatectomy was
discussed, but a pancreas adenocarcinoma developed in the tail of the
pancreas 8 months following Whipple procedure. 2D-MRCP images in
the coronal plane that are repeated in different angles show multiple non-
communicating microcysts of the all pancreatic parenchyma. The tumor
appears as a round ill-defined hypersignal. Mild stricture of the main
pancreatic duct related to the tumor (arrow)
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The goal of this study was to retrospectively evaluate
whether pancreatic parenchymal abnormalities seen on MR
imaging and MRCP including non-communicating
microcysts are associated with the presence of PanIN on sur-
gical specimens.

Material and methods

Patients

This study was approved by our Institutional Review Board
and the requirement for informed consent was waived.

A total of 1202 patients underwent pancreatectomy in our
institution from August 2007 to October 2014. The selection
of our patient population had two goals: first, to have a close
imaging–pathological correlation between the resected tumor
and the adjacent pancreatic parenchyma and second, to avoid
a selection bias. Exploring the association of microcysts and
PanIN in an Bas normal pancreas as possible^was our way for
this preliminary study. We have chosen patients with benign
pancreatic tumors and parenchyma supposed to be as normal
as possible at pathology, taking into account the literature
concerning pathological series of BD-IPMN, P-NET, and
SPPT. A flow chart is presented in Fig. 2.

The inclusion criteria were as follows: (i) non-IPMN patients
with a thin main pancreatic duct (MPD < 4 mm in the head and
< 3 mm in the body tail of the pancreas) or BD-IPMN patients
with MPD not larger than 6 mm (the 6-mm cut-off concerned
exclusively doubtful mixed-type IPMN, requiring surgery) [26];
(ii) the presence of pancreatic parenchyma on the surgical spec-
imen; and (iii) patients with a MR imaging examination of the
pancreas according to our acquisition protocols, to limit the bias
of the morphological analysis.

The following patients were excluded from the study: (i)
Patients with a markedly enlarged (> 6 mm) MPD or with more
than three visible thin branch ducts due to underlying obstructive
disease were excluded because obstructive chronic pancreatitis
branch duct enlargement can prevent visualization of the pres-
ence of microcysts. MPD enlargement was present in 181 pa-
tients with IPMN and 160 patients withMPDdilatation upstream
from the resected tumor (i.e., 111 with neuroendocrine tumors
(NET), 47 withmucinous cystadenoma or cystadenocarcinomas,
and 2 with solid and pseudo papillary tumors (SPPT)). (ii) One
hundred fifty patients with tumor enucleation were excluded, i.e.,
70 NET, 35 branch duct IPMN, 17 SPPT, 14 serous
cystadenomas, and 14 mucinous cystadenomas. (iii) One hun-
dred one patients with unsatisfactoryMR imaging results (move-
ment artifacts, lack of MRCP, no injection of gadolinium che-
lates) were excluded, i.e., 37 patients with branch duct IPMN, 50
with NET, and 14 with SPPT.

Patients with a high predicted rate of high-grade PanIN
were also excluded, such as pancreatic carcinoma (510

patients resected for pancreatic carcinoma were excluded) to
avoid an inclusion bias with an oversized rate of PanIN-3,
knowing that PanIN-3 is known to be associated with pancre-
as adenocarcinoma.

The mean interval between MR imaging and surgery was
118 days ± 102 (SD) (range, 1–290 days). All indications for
surgical resection were discussed during a multidisciplinary
teammeeting. Briefly, indications for resection of IPMN includ-
ed worrisome features or high-risk stigmata of malignancy ac-
cording to the international conference of experts [26], in par-
ticular cysts > 3 cm (9 patients), doubtful mixed-type IPMN on
endoscopic ultrasound and MR imaging results (17 and 5 pa-
tients with the main pancreatic duct measuring 6 mm and 5mm,
respectively), and mural nodules (9 patients). Patients with NET
or SPPT underwent resection due to the risk of malignancy.

MR imaging protocol

All MR imaging examinations were performed using consec-
utively a 1.5-T and 3-T device (Intera®, Ingenia®; Philips
Healthcare) (Table 1). The MR imaging protocol included
axial fat-suppressed T2-weighted spectral presaturation with
inversion recovery (SPIR) sequences, axial and coronal T2-
weighted single-shot half-Fourier (SSH) sequences, and axial
T1-weighted gradient echo sequences. Axial three-
dimensional (3D) T1-weighted ultra-fast gradient echo
(THRIVE®, mDixon) sequences were obtained after intrave-
nous administration of 0.1 mmoL/kg of body weight of
gadoterate meglumine using a power injector at a flow rate
of 2 mL/s (at 30, 70, and 120 s).

MRCP images were obtained with coronal and sagittal 2D
heavily T2-weighted radiated thick slices (25 mm) and coro-
nal 3D T2-weighted thin slices. The same protocol has been
performed since 2007 using the same equipment (1.5 T then
3 T since November 2012) with minimal changes.

Image analysis and imaging criteria

MR imaging examinations were reviewed on a picture archiv-
ing and communication system (PACS) workstation
(Directview®, 11.3 version, Carestream Health Inc) by two
abdominal radiologists (L.M. andM-P.V. with 15 and 25 years
of experience in MR imaging of the pancreas). The two radi-
ologists evaluated images independently and were blinded to
the results of the histopathological examinations.

Several MR imaging findings were evaluated using a stan-
dardized data collection form including the presence of non-
communicating microcysts, atrophy of the pancreatic paren-
chyma and focal, small, pancreatic obstructive lobular lesions.
In case of disagreement between the two observers, a consen-
sus was reached and these results were used for further statis-
tical analysis.
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A non-communicating microcyst was defined as a round
cyst no more than 5 mm in diameter, with no ducts surround-
ing the cyst, and no tubular pattern communicating with
downstream ducts. The size of ≤ 5 mm was based on the
histopathological definition of PanIN [2–4]. If a non-
branched microcyst was identified, it was analyzed for loca-
tion (head, body, or tail), its largest diameter was measured,
and cysts were counted.

Pancreatic atrophy was considered to be present when the
largest anteroposterior thickness of the pancreas was < 2 cm
[12]. It was categorized as global when it involved more than
one-third of the pancreatic parenchyma or focal when it in-
volved less than one-third [27, 28].

Stigmata of focal obstructive lobular lesions was consid-
ered to be present on MR imaging when the pancreatic paren-
chyma had small (< 1 cm) foci of decreased signal intensity
compared with the liver on fat-suppressed T1-weighted MR
images that were hyperintense on portal venous or delayed
phase MR images compared with the adjacent pancreas [4,
9, 27, 28].

Standard of reference

All pancreatic surgical specimens were sliced using the bread
loaf technique for left pancreatectomies and the axial slicing
technique for pancreaticoduodenectomies with 5-mm slices.

Fig. 2 Flow chart diagram. IPMN
indicates intraductal papillary
mucinous neoplasm; BD-IPMN,
branch duct intraductal papillary
mucinous neoplasm; MRI,
magnetic resonance imaging;
MPD, main pancreatic duct

Eur Radiol (2019) 29:5731–57415734



All macroscopic lesions were sampled. At least one sample was
taken every three slices in an apparently normal pancreas. Two
experienced pathologists (A.C. and J.C.) reviewed hematoxylin-
eosin slides for each surgical specimen. The specimens were
carefully evaluated for the presence of ductal lesions. If dysplas-
tic cells were found lining the ductal lesions, they were classified
as PanIN and graded from 1 to 3 [1–5]. If several grades of
PanIN were identified, the highest grade was kept. When a di-
lated duct was lined by non-dysplastic flattened ductal-like cells,
this lesionwas classified as amechanical microcyst. Considering
the size < 5 mm, IPMN was ruled out [5].

Statistical analyses

Quantitative data were expressed as means, SDs, and ranges.
Categorical data were expressed as raw numbers, proportions,
and percentages. Non-parametric continuous data, in a small
group, was expressed as median with interquartile range.

We compared patients with (group 1) and without (group 2)
PanIN to identify variables associatedwith the diagnosis of PanIN
on MR imaging. Qualitative variables were compared with the
chi-squared test or, when not applicable, the Fisher exact test.

The unweighted Cohen Kappa test was used to assess in-
terobserver agreement of categorical data, with kappa values
of 0.00–0.20 considered to indicate poor agreement; 0.21–
0.40, fair agreement; 0.41–0.60, moderate agreement; 0.61–
0.80, good agreement; 0.81–0.99, excellent agreement; and
1.00, perfect agreement [29].

The sensitivity, specificity, and accuracy of the different
variables for the diagnosis of PanIN were calculated with their
corresponding 95% exact confidence intervals (CIs).
Univariate logistic regression and multivariate analysis were
performed to identify MR imaging features associated with

PanIN. Odds ratios and the corresponding 95%CIs for propor-
tions were calculated.

All statistical tests were two-tailed and p < 0.05 was con-
sidered to be significant. Statistical analyses were performed
using the software Statistical Analysis System, SAS 9.2.

Results

Patient characteristics

There was no statistically significant difference between the
two groupswith andwithout PanIN in terms of age and gender
distribution and relative proportion primary indications such
as BD-IPMN, P-NET, and SPPT. The median age range was
50 (39–61.5) to 59 (49–67) years, except SPPT patients who
were younger but with similar age in both groups (inherent to
the epidemiology of the tumor) (Table 2).

Surgical resections were duodenopancreatectomy, n = 46;
total pancreatectomy, n = 4; left pancreatectomy ± splenecto-
my, n = 31; and median pancreatectomy, n = 19.

Histopathological results

Microcysts < 5 mm being present at pathology were of two
types, some with dysplasia permitting the diagnosis of PanIN
and some without dysplasia, being also currently observed
beside PanIN. These two types of microcysts were too small
to be correlated each to the corresponding microcyst seen on
the MRCP images (Figs. 3c and 4c).

The histopathological analysis of patients is reported in
Table 2. Sixty-five (65/100; 65%) patients had PanIN; 28
(28/65; 43%) had PanIN-1, 31 (31/65; 48%) had PanIN-2;
and 6 (6/65; 9%) had PanIN-3. PanIN was present in 32/42

Table 1 Imaging parameters used for MR imaging and MR cholangiopancreatography (1.5 T, 3 T)

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

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 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

Italicized entries are 3T values
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patients with BD-IPMN (76%), 29/45 patients with P-NET
(64%), and 4/13 patients with SPPT (31%). PanIN was as
frequent with IPMN as with P-NET (p = 0.25).

The tumor results of patients with BD-IPMN, P-NET, and
SPPT corresponded to usual findings.

MR imaging results

Non-communicating microcysts were visible on MR imaging
in 42/100 patients (42%) (Figs. 3 and 4) with a total of 194
microcysts (mean, 4.5 ± 3.09 [SD] per patient [1–12]). The
number and size of the non-communicating microcysts iden-
tified on MR imaging were not different in patients with and
without PanIN.

Results of the combinations of imaging features are shown
in Tables 3, 4, and 5.

Correlation between PanIN and MR imaging findings

Non-communicating microcysts seen on MR imaging were
present in 34/65 patients with PanIN (52%) and in 8/35 with-
out (23%) (p = 0.0044; OR = 3.7; 95%CI, 1.5–9.4) (Figs. 3
and 4) (Table 3). Therefore, the presence of non-
communicating microcysts on MR imaging had a sensitivity
of 52.3%, a specificity of 77.1%, a NPVof 46.6%, a PPVof
81%, and an accuracy of 61% for the diagnosis of PanIN
(Table 5). Non-communicating microcysts were present in
14 (14/28; 50%) patients with PanIN-1, 15 patients (15/31;
48%) with PanIN-2, and 5 patients (5/6; 83%) with PanIN-3.

Eighteen of the 42 patients with microcysts onMR imaging
had branch duct IPMN, 1 without PanIN, and 17 with PanIN
(17/18, 94%). In 42 patients with branch duct IPMN, 10 had
no PanIN (10/42, 24%) and 32 had PanIN (32/42, 76%). In

patients with BD-IPMN, the presence of microcysts was as-
sociated with the presence of PanIN (p = 0.026).

As SPPT are developed in young patients where incidence
of PanIN is known to be significantly less, we have calculated
the diagnostic performance without SPPT patients.
Sensitivity, specificity, and negative and positive predictive
values for the diagnosis of PanIN were 57%, 77%, 43%, and
85%, respectively.

Four of the eight false-positive patients had only one
microcyst onMR imaging (the others had 2, 5, 6, and 6 cysts).
With > 1 cyst as the criterion, the sensitivity, specificity, and
negative and positive predictive values for the diagnosis of
PanIN were 52%, 89%, 50%, and 80%, respectively, with a
p < 0.001; OR, 8.5 (95%CI, 3.9–17). With > 2 cysts, the sen-
sitivity, specificity, and negative and positive predictive values
for the diagnosis of PanIN were 42%, 91%, 47%, and 90%,
respectively, with a p < 0.001; OR, 7.7 (95%CI, 2.1–27.9).

Global atrophy of the pancreatic parenchyma was more
frequent in patients with PanIN (16/65; 25%) (Table 3) (in-
cluding PanIN-1 (7/16, 44%), PanIN-2 (6/16, 38%), and
PanIN-3 (3/16, 18%)) than in those without (1/35; 2.8%)
(p = 0.005). There were very few cases of focal atrophy of
the pancreatic parenchyma (3/100) and this was not different
between the two groups of patients. Thus, global pancreatic
atrophy had a sensitivity of 25% and a specificity of 97% for
the diagnosis of PanIN (Table 5).

Hypointense T1-weighted images were identified in 12/65
patients with PanIN (18.5%) and 3/35 patients without (8.6%)
(p = 0.186, ns). Pancreatic areas of portal or delayed enhance-
ment were not statistically different between PanIN and non-
PanIN patients.

There was no significant difference for the presence of
microcysts or for the diameter of the main pancreatic duct

Table 2 Demographic and histopathological findings in 100 patients

n = 100 No PanIN (n = 35) PanIN (n = 65)
PanIN-1 (28), PanIN-2 (31), PanIN-3 (6)

Gender (M/W) (12/23) (30/35)
PanIN-1 (11/17), PanIN-2 (14/17), PanIN-3 (5/1)

Age (years) 50 [39–61.5] 59 [49–67]

BD-IPMN (n = 42) 60.5 [54.75–66.25] n = 10 (24%) 62.5 [51.75–69.5] n = 32 (76%)
PanIN-1 (n = 17; 53%)
PanIN-2 (n = 9; 28%)
PanIN-3 (n = 6; 19%)

P-NET (n = 45) 55 [46–63.5] n = 16 (36%) 58 [50–63] n = 29 (64%)
PanIN-1 (n = 8; 28%)
PanIN-2 (n = 21; 72%)

SPPT (n = 13) 32 [24–40] n = 9 (69%) 31 [28.5–33.5] n = 4 (31%)
PanIN-1 (n = 3; 75%)
PanIN-2 (n = 1; 25%)

Numbers in italic are the median age with [interquartile range] of each population

No PanIN, patients without pancreatic intraepithelial neoplasia; PanIN, patients with pancreatic intraepithelial neoplasia; BD-IPMN, branch duct
intraductal pancreas mucinous neoplasia; PNET, pancreatic neuroendocrine tumor; SPPT, solid and pseudo papillary tumor
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(assessed onMRCP) in patients with PanIN and in those with-
out (mean diameter 3.55 to 3.58 mm in each population).

Univariate and multivariate analyses showed that non-
communicating microcysts and global atrophy were the most

discriminating findings to differentiate patients with and with-
out PanIN (Table 4). The association of global atrophy and
microcysts was discriminating. If both abnormalities were as-
sociated, the presence of PanIN was highly probable with a
sensitivity of 15% (10/65), a specificity of 100% (0/35), a
PPVof 100%, and a NPVof 39.9%.

Except for a higher rate of microcysts in patients with
PanIN-3 (5/6; 83%), no other significant MR patterns were
found for the different grades of PanIN.

Interobserver agreement

Interobserver agreement was excellent for the presence of
non-communicating microcysts on MR imaging, good for fo-
cal atrophy, and moderate for global atrophy and
hypointensity on T1-weighted images and their enhancement.
Detailed Kappa values are presented in Table 3.

Discussion

This study shows that the presence of non-communicating
microcysts of the pancreas on MR imaging could be associat-
ed with the presence of histologically diagnosed PanIN on
surgical specimens. MRI showed no microcysts in 58% of
our study population and 73% of patients with no PanIN had
no microcysts seen on MR.

Microcysts were identified microscopically in all our pa-
tients with microcysts on MR imaging and PanIN on pathol-
ogy, suggesting these cysts may be strongly hyperintense on
T2- and MRCP images. In fact, they are filled with pancreatic
juice. Although communication between PanIN microcysts
and pancreatic ducts has frequently been identified in patho-
logical studies, this communication is probably too small to be
visible on MR imaging [1, 3]. While there was a significant
correlation between the presence of microcysts on MR imag-
ing and PanIN on pathology, false-positive and false-negative
cases were observed. Small cysts (3–5 mm) identified on im-
aging may not be found in the final pathological examination
either because they are contained in thick tissue Bslices^ that

Fig. 3 A 59-year-old man who underwent a Whipple procedure for a
neuroendocrine tumor of the pancreatic head. PanIN-2 was identified
on the histopathological analysis of resected specimen. No BD-IPMN
and no chronic pancreatitis were present. a 2D-MRCP images in the
coronal plane that are repeated in different angles show 4 non-
communicating microcysts (arrows) of the pancreatic head. The main
pancreatic duct is normal. bAxial T2-weighted SSFSEMR image shows
3 non-communicating microcysts (arrows) of the cranial and posterior
part of the pancreatic head. c Pancreas sample (Hematoxylin Eosin
Safran stain (× 10 magnification)) with PanIN-2. The arrow indicates
the Wirsung duct that appears normal. The square, magnified at × 100
in the upper-left corner isolates an enlarged branch duct with PanIN-2
lesion

R
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are larger than the cyst or because they are mistaken for reten-
tion cysts during macroscopic examination and not sampled.

All grades of PanIN are not associated with the same
risk of developing pancreatic carcinoma and the risk is
higher in PanIN-3 [6, 30]. Microcysts on MR imaging
were present in 83% of patients with PanIN-3 and we did
not identify different MR patterns according to the

different pathological grades. Our results are similar to
those by Matsuda et al, which showed cystic changes in
71% of the pancreas with PanIN-3 [1].

Although a reliable diagnosis of PanIN was only possible
on histopathology in the past, recent studies have reported that
endoscopic ultrasound shows pancreatic abnormalities sug-
gesting PanIN [8, 25, 31]. PanIN lesions were observed in
78% of cases in a series of 40 patients who underwent resec-
tion for IPMN, and endoscopic ultrasonography changes
(microcysts and/or hyperechoic foci) corresponded to PanIN
lesions in 83% of cases. Like our results with MR imaging,
endoscopic ultrasonography could not differentiate the three
grades of PanIN [8].

It is interesting to note that patients with pancreatic cysts
have a significantly higher overall risk of pancreatic carcino-
ma, although most studies lack radiopathological correlations
[1, 20, 21, 23]. Munigala et al reported a hazard ratio of 19.64
for pancreatic carcinoma in all patients with macrocysts com-
pared with those without [21]. In a screening program for
familial pancreatic cancer, five of 125 at-risk individuals with
multiple, small (2–10 mm) unicystic lesions and/or
multicystic single lesions on MR imaging underwent surgical
resection, and all had PanIN-2 and PanIN-3 lesions on histol-
ogy. Four of these five patients also had branch duct IPMN,
which raises the problem of a differential diagnosis [20].

In our series, global atrophy of the pancreatic parenchyma
was more frequent in patients with PanIN than in those with-
out. Focal hypointensity on T1-weighted images and their
enhancement was not associated with the presence of PanIN
on histology. Pathologically, PanINs produce obstructive lob-
ular atrophy [1, 9]. PanIN-3 is accompanied by higher grade
extralobular fibrosis [1]. A few reports have described endo-
scopic ultrasound features associated with lobular atrophy in
PanIN, such as hyperechoic foci without shadowing and
lobularity with honeycombing [8, 25]. It is not surprising that
MR imaging is less accurate than endoscopic ultrasound in
detecting these subtle features because of the lower spatial
resolution of the former [20, 24].

Indeed, we excluded patients with pancreatic carcinoma be-
cause most of these patients would have had pancreatic duct
dilatation and the high incidence of PanIN-3 associated with

Fig. 4 A 63-year-old-woman who underwent a left pancreatectomy for a
neuroendocrine tumor of the pancreatic tail. PanIN-1 was identified at
histopathological analysis of the resected specimen. No BD-IPMN and no
chronic pancreatitis were present. The parenchyma was diffusely
atrophied. a 2D-MRCP images in the coronal plane that are repeated in
different angles show two non-communicating microcysts (arrows) of the
pancreatic body. The main pancreatic duct is normal. b Axial T2-
weighted SSFSE MR image shows one additional microcyst in the tail
of the pancreas (arrowhead). Body and tail of the pancreas are small and
globally atrophied. c Pancreas sample (Hematoxylin Eosin Safran stain
(× 10 magnification)) with resected G2 TNE (dotted circle) and PanIN
(not shown).Microcyst secondary to focal duct obstruction, 2 mm (square
and magnification), adjacent to the resected tumor
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pancreatic carcinoma would have created a selection bias. Our
population included patients with IPMN, neuroendocrine tu-
mors, and SPPT. Interestingly, patients with SPPT had a signif-
icantly lower percentage of PanIN on histology, which might be
related to the younger age of these patients [1, 30]. Patients with
IPMN and NET had similar percentages of PanIN. The associa-
tion between IPMN and PanIN has been previously described
and was confirmed in our series [1, 8, 25]. On the contrary, the
association between pancreatic NETand PanIN identified in our
study has not been previously described.

We chose to include IPMN, which could be a subject of
debate because the ductal abnormalities associated with IPMN,
including small ducts, could be misinterpreted as non-
communicating PanIN microcysts [1, 7, 30]. However, the re-
sults of our pathological correlation show that the small non-
communicating cysts we saw were related to PanIN but not
BD-IPMN.

There are several limitations to our study including its ret-
rospective design with a potential inclusion bias. However, we
tried to avoid most biases by only including patients without
or with moderate main pancreatic duct dilatation. Second, one
of our main imaging features was non-communicating cyst on
MRI and its possible association with PanIN. It does not mean
that communication does not exist at pathology. We chose this
criterion to avoid possible false-positive cases on IPMN.
Third, the presence of PanIN was assessed by histopatholog-
ical analysis of the resected pancreas, which could underesti-
mate the prevalence of PanIN. Nevertheless, this is the first
radiopathological study of PanIN in a large patient cohort.
Finally, assessment was focused on identifying possible im-
aging features associated with PanIN. This could increase the
rate of detection of tiny cysts because readers were probably
more attentive to small cysts because this was the feature they
were asked to report. However, the control group was

Table 3 Comparison of MR imaging findings for categorical criteria between 65 patients with PanIN (group 1) and 35 patients without PanIN (group
2) with interobserver agreement for categorical MRI variables in 100 patients (kappa)

Variable Group 1 (PanIN +) Group 2 (PanIN−) p value k value 95%CI

Pr % Pr %

Microcysts 34/65 52.3 8/35 22.9 0.0044 0.92 [0.83–1.00]

Global atrophy 16/65 24.6 1/35 2.8 0.005* 0.73 [0.53–0.94]

Focal atrophy 1/65 1.5 2/35 5.7 0.34* 0.82 [0.58–1]

T1 hypointense foci 12/65 18.5 3/35 8.6 0.186* 0.60 [0.38–0.81]

Size mean (std.dev.) 13 (7) 12 (13) 0.35

Enhancement (portal or late) 10/12 83 3/3 100 0.58 0.55 [0.39–0.80]

Global atrophy and microcysts 10/65 15.4 0/35 0 0.0134*

Global atrophy or microcysts 30/65 46.2 9/35 25.7 0.007

No atrophy nor microcysts 25/65 38.5 26/35 74.3 0.0006

Pr, proportion; %, percentage. Significance was searched for using the χ2 test or *Fisher exact test. The unweighted Cohen Kappa test was used. The
rating was as follows: κ values of 0.00–0.20 were considered to indicate poor agreement; κ values of 0.21–0.40, fair agreement; κ values of 0.41–0.60,
moderate agreement; κ values of 0.61–0.80, good agreement; κ values of 0.81–0.99, excellent agreement; and κ value of 1.00, perfect agreement [29].
95%CI indicates confidence interval

Table 4 Results of univariate and multivariate analyses using a conditional logistic regression model for several variables found in a series of 65
patients with PanIN and 35 patients without PanIN

Univariate analysis Multivariate analysis

Effect OR [95%CI] p value OR [95%CI] p*

Microcysts 1 vs. 0 3.7 [1.4–9.35] 0.0044 3.371 [1.297–8.764] 0.0127

Global atrophy 1 vs. 0 11.1 [1.4–87.7] 0.0049 9.787 [1.21–79.129] 0.0324

Focal atrophy 1 vs. 0 0.33 [0.053–2.13] 0.34

HypoT1 1 vs. 0 1.5 [0.487–4.62] 0.47

Global atrophy and microcysts 1 vs. 0 Infinity [1.31–infinity] 0.0134

Global atrophy or microcysts 1 vs. 0 4.622 [1.86–11.45] 0.0006

No atrophy nor microcysts 1 vs. 0 0.216 [0.08–0.53] 0.0006

OR, odds ratio; 95%CI, 95% exact confidence interval. 1 vs. 0 means present vs. absent. *Indicates exact conditional logistic regression. Odd ratios and
95%CI are not shown for some variables because zero value in the corresponding cell frequencies (Table 3) led to unstable estimate of these parameters
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included to assess the diagnostic value of our results.
Moreover, interobserver variability was excellent for the pres-
ence of non-communicating microcysts on MR imaging,
confirming the reliability of our findings. Indeed, we acknowl-
edge that our surgical population might be different from a
general population and our results cannot be extrapolated.

In conclusion, our study shows a significant association
between the presence of non-communicating microcysts on
MR imaging and the presence of PanIN on histopathological
analysis in patients with tumors and pancreatectomy. In pa-
tients enrolled in screening programs, these imaging features
should be described. Further prospective and follow-up stud-
ies are needed to confirm whether MR imaging can help iden-
tify PanIN, in particular, PanIN-3.
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