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Objective: To evaluate the current guidelines as a model
to predict malignancy and to determine further radiolog-
ical predictors of malignancy in intraductal papillary
mucinous neoplasms (IPMNs).

Methods: 384 patients who had undergone a pancreatic
operation with the pathological diagnosis of IPMN as
well as applicable pre-operative imaging (CT/MRI) were
included in the study. Images were evaluated retrospec-
tively in consensus by two radiologists, using a standard-
ized checklist. Descriptive statistics, binary logistic
regression and receiver operator curve analysis were
performed to assess the International Consensus Guide-
lines and other radiological predictors of clinical malig-
nancy (defined as carcinoma /n situ and invasive
carcinoma).

Results: The best independent predictors of malignancy
(n =191) were solid components [odds ratio (OR) 3.98],
parenchymal atrophy with main pancreatic duct dilation
5-9mm (OR: 5.1) and common bile duct (CBD) dilation
(OR: 31.26). >96% of all cases with CBD dilation were
malignant IPMNs (positive-predictive value 96.4%;

INTRODUCTION

Pancreatic intraductal papillary mucinous neoplasms
(IPMNs) are mucin-producing tumours arising from
cells either from the main duct or the branch ducts of
the pancreas that have malignant potential.”> IPMNs
can be classified according to the duct they arise from:
these are branch duct intraductal papillary mucinous
neoplasm (BD-IPMN), main duct intraductal papillary
mucinous neoplasm (MD-IPMN) and mixed-type
IPMN with main duct involvement having a higher
malignant potential.”*

negative-predictive value 63.1%). Analysis of the current
guidelines showed a diagnostic improvement with the
addition of CBD dilation on determining the malignancy
of IPMNs (sensitivity 82.2%/86.9%; specificity 72.7%/
74.6%). Subanalysis of branch duct intraductal papillary
mucinous neoplasms (BD-IPMNs; n=168) also resulted
in a diagnostic improvement with the addition of CBD
dilation (sensitivity 28.6%/45.2%; specificity 92.9%/
92.1%). The best independent predictors of malignancy
for BD-IPMNs were parenchymal atrophy (OR: 4.00) and
CBD dilation (OR: 29.3). Frequency analysis revealed
that even small BD-IPMNs had already undergone
malignant transformation (=1cm: 15%; 1-2cm: 26%;
2-3cm: 20%) with about 10% of those having a dilated
bile duct.

Conclusion: CBD dilation was a significant positive pre-
dictor of malignancy in IPMNs regardless of their size.
Advances in knowledge: Introduction of CBD dilation as
a radiological predictor for malignancy might increase
the diagnostic accuracy of current imaging-based
guidelines.

Although many radiological predictors of malignancy have
been studied, such as main pancreatic duct (MPD) dilation
and presence of mural nodules, the radiological detection
of malignancy in IPMNs still remains challenging.”® As
most of these lesions are detected incidentally during im-
aging studies performed for unrelated reasons,”® imaging
characteristics that are helpful for stratification of patients
into resection or careful watching are necessary. Although
all IPMNs have malignant potential, finding the right time
for resection is crucial with benefits and risks being
weighed up individually.”'® This depends on the patients’
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co-morbidities, age and radiological characteristics of the lesion,
e.g. an elderly patient with an IPMN defined by more benign
radiological characteristics is an ideal candidate for further
follow-up. The International Association of Pancreatology has
issued consensus guidelines in 2006° and revised them in 2012,*
which could help the clinicians in deciding whether to operate
a patient or to follow-up. The revision of 2012 defined radiological
high-risk stigmata (MD-IPMN with MPD dilation >1 cm, mural
nodules) vs worrisome features (BD-IPMN cyst size =3 cm,
thickened cyst walls, MPD stenosis with distal pancreatic atrophy,
adjacent lymphadenopathy) that can help clinicians on stratifying
patients into operation and further follow-up with imaging. All of
these parameters are under constant re-evaluation as more
knowledge is gained through clinical experience. The size of BD-
IPMN:s is one criterion that is especially scrutinized. The original
consensus guideline from 2006 recommended surgery in BD-
IPMNs with a cyst size >3 cm but subsequent analyses have yielded
relatively low rates of malignancy in these patients,'"'> which
resulted in the downgrading of this characteristic into worrisome
features in the 2012 iteration of the guidelines. It remains contro-
versial in current literature'” if size is a helpful feature for stratifi-
cation of patients into treatment by operation and further follow up
by imaging.

The purpose of this study was to evaluate the current guidelines
with regard to radiological features in order to predict malignancy
and to determine further radiological markers of malignancy.

METHODS AND MATERIALS

Patient population and study design

Institutional review board approval was obtained for this study
by our respective ethical committee. We included retrospectively
all patients who had undergone pancreatic surgery at the Uni-
versity Hospital of Heidelburg, Germany, between March 2004
and July 2012 with the final pathological diagnosis of IPMN
derived from a surgical database. All patients had applicable
pre-operative imaging [CT and/or MRI with MR chol-
angiopancreatography (MRCP)].

The study population consisted of 384 patients (197 females and
187 males; age range 28-87 years, mean 64 years, standard de-
viation 10.3 years) who were analysed in this study.

Imaging

All included patients had at least one pre-operative CT (n = 270)
scan with a non-enhanced and a contrast-enhanced phase
(mandatory portal venous phase, optional an additional arterial
phase) and/or an MRI examination (n = 217) with T} weighted
(pre-contrast and post-contrast) in axial orientation, T, weighted
in axial and coronal orientation and MRCP-sequences. In all
patients, the time interval between imaging and operation did not
exceed 12 weeks. Based on these pre-operative imaging studies,
each patient was assigned a radiological diagnosis of MD-IPMN,
BD-IPMN, mixed-type IPMN, pseudocyst or “other” (mostly
cystic adenocarcinoma and chronic pancreatitis). For the differ-
entiation of IPMN subtypes in BD- or MD-/mixed-type IPMNss,
a cut-off value of 5mm was defined for the MPD, which is in
agreement with the current guidelines.* All radiological criteria
(Table 1) were evaluated retrospectively in consensus by two
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radiologists (AS, 5 years’ experience in pancreas imaging, and
MK, 12 years’ experience in pancreas imaging), using a stan-
dardized checklist including: size, location, presence of a solid
component, septum formation, vascular involvement (evaluated
according to Klauss et al'*), lymphadenopathy (defined as short-
axis diameter of =1cm'”), parenchymal atrophy, common bile
duct (CBD) dilation (defined as =8 mm or =1 cm in diameter
post cholecystectomy'®'”) and MPD diameter. Although the
radiologists knew that they were presented images of histologi-
cally proven IPMNs, they were blinded for the histological type.

Histopathological analysis

All radiological variables included on the standardized checklist
(Table 1) were analysed comparing them with the histopatho-
logical results derived from the pathological report. The lesions
were histologically diagnosed as low-grade dysplasia (adenoma),
moderate dysplasia (borderline), high-grade dysplasia (carci-
noma in situ) or invasive carcinoma, according to the guidelines
of the World Health Organization."”'® The latter two of these
histological diagnoses were considered to be clinically malignant.

The diagnosis was established by a pathologist (FB) experienced
in pancreatic pathology based on the recommendations of the
World Health Organization classification.

Statistical analyses

Descriptive statistics were calculated for all variables. For each
continuous variable, normality was assessed by skewness, kur-
tosis and the Kolmogorov—Smirnov test.

Univariate analysis of variables that were normally distributed was
carried out by the use of unpaired #-tests and a one-way analysis
of variance. Variables that were not normally distributed were
analysed by non-parametric equivalents including x* test for in-
dependence without Yates’ continuity correction, Mann—Whitney
U test and Kruskal-Wallis test for variance. The variables that
obtained a p-value <0.2 with univariate analysis were subjected to
a multistep multivariate binary logistic regression. Factors that
had a p-value of <0.2 after the first step of multivariate analysis
were subjected to a second-step analysis. Beyond the second step,
variables that had p < 0.05 were subjected to further analysis, and
other variables were removed from the model. This was contin-
ued until all remaining variables were significant at p < 0.05.

Receiver operator curves (ROCs) were used to identify whether
the size of the tumour or MPD dilation had any trend in pre-
dictive values. Associations of radiological and pathological
typing of IPMNs were analysed with x* test for independence
and a non-parametric test for bivariate correlation.

Evaluation of the International Consensus Guidelines (ICG)
was assessed with the calculation of each patient meeting one
or more of the following radiological variables as defined by
the 2006 and 2012 ICGs: radiologically diagnosed MD-IPMN
or mixed-type IPMN or MPD =10 mm or the presence of
a solid component (mural nodule) or BD-IPMN =30 mm in
size (only valid for the ICG 2006). All patients were tested
against these radiological criteria from the ICGs and com-
pared with histopathologically proven malignancy of lesions
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(defined as carcinoma in situ and invasive carcinoma). In the
second step, the radiological criterion of CBD dilation (the
overall most important independent risk factor for malig-
nancy, according to our results, that is not part of the ra-
diological criteria of the ICGs) was added, and the results
were compared with the unmodified versions based on the
radiological characteristics of the ICGs.

The sensitivity, specificity and diagnostic accuracy were de-
termined by the use of binary logistic regression, and a x” test

for independence was used to compare the correlations between
the different evaluations of the guidelines.

Subgroup analysis of BD-IPMNs was conducted to find predictors of
malignancy specifically associated with this patient group, using the
same statistical techniques as described in the previous paragraphs.

All analyses were conducted using SPSS® v. 21 (IBM Corp., New
York, NY; formerly SPSS Inc., Chicago, IL), and statistical sig-
nificance was set at a p-value of <0.05.

Table 1. Radiological characteristics of all intraductal papillary mucinous neoplasms (IPMNs)

Radiological Malignant Benign b Sensitivity Specificity PPV NPV Accuracy
characteristics (n=191) (n=193) P (%) (%) (%) (%) (%)
Invasive growth 82 (42.9) 17 (8.8) <0.001 4.9 91.2 82.8 61.8 67.2
Arterial
ofliration 19 (9.9) 1(0.5) 0.003 9.9 99.5 95.0 52.8 54.9
Central scarring 7 (3.7) 4 (2.0) 0.350 3.7 97.5 63.6 50.7 51.0
Venous infiltration 58 (30.3) 11 (5.7) <0.001 30.4 94.3 84.1 57.8 62.5
Calcification 19 (9.9) 5 (2.6) 0.003 11 97 79.2 52.2 53.9
Solid component 104 (54.5) 26 (13.5) <0.001 54.5 86.5 80.0 65.8 70.6
Lymphadenopathy 40 (20.9) 8 (4.1) <0.001 20.9 95.9 83.3 55.1 58.6
Bile duct dilation 80 (41.9) 3 (1.6) <0.001 41.9 98.4 96.4 63.1 70.3
Septum formation 107 (56.0) 74 (38.3) 0.001 56 61.7 59.1 58.6 58.9
Parenchymal
atrophy 107 (56.0) 34 (17.6) <0.001 56 82.4 75.9 65.4 69.2
MD-IPMN 33 (17.3) 15 (7.8) 0.006 17.3 19.2 68.8 53.0 55.0
Mixed-type IPMN 84 (44) 45 (23.3) <0.001 44 76.7 65.1 58.0 60.4
I;fbl(\f[(]l)—IPMN 117 (61.3) 60 (31.1) <0.001 68.9 61.3 66.1 64.3 65.1
Location

Head 118 (61.8) 138 (71.5) 0.043 38.2 71.5 57.0 53.9 54.9
Body 32 (16.8) 21 (10.9) 0.095 16.8 89.1 60.4 52.0 53.1
Tail 33 (17.3) 30 (15.5) 0.647 17.3 84.5 5.0 16.0 51.0
g:;::ega};out 8 (4.2) 1(0.5) 0.243 42 97.9 50.8 66.7 51.3
lf;/i[frgeter“*“ (mnm) 8.12 (+1.03) 4.41 (+0.52) <0.001
Cyst size™ (mm) 28.70 (+3.25) 23.90 (+2.27) 0.284
Age (years)“’d 64.5 (+0.76) 63.7 (£0.73) 0.475
Gender
Male 100 (52.4) 87 (45.1) 0.154
Female 91 (47.6) 106 (54.9)

MD-IPMN, main duct intraductal papillary mucinous neoplasm; MPD, main pancreatic duct; NPV, negative-predictive value; PPV, positive-

predictive value.
Values in parentheses are percentages unless otherwise indicated.

“Values are expressed in mean, standard deviations given in parentheses.

5)? test.
‘Mann-Whitney U test.
9Unpaired ¢ test.
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Figure 1. (a, b) Examples of malignant branch duct intraductal papillary mucinous neoplasms with an associated dilated common bile duct
(arrows). (a) Axial T, haste and (b) MR cholangiopancreatography coronal images; note the non-dilated main pancreatic duct.

RESULTS

Patients

191 patients (49.7%) had a malignant IPMN according to the final
pathological diagnosis. Among these lesions, 20.4% were classified
as high-grade dysplasia (Cis; n = 39) and 79.6% as invasive carci-
noma (n = 152). 17.3% of all these 191 malignant lesions had the
main radiological diagnosis MD-IPMN (n = 33), 22% BD-IPMN
(n = 42), 44% mixed-type IPMN (n = 84), 15.7% “other” (n = 30)
and 1% were considered to represent a pseudocyst (n=2). All
patients had at least cystic components of the lesions.

Predictors of malignancy

Of all malignant lesions, 42.9% had invasive growth with 9.9%
having an arterial infiltration and 30.4% showing a venous in-
filtration (most commonly the superior mesenteric vein). Solid
components including mural nodules and thickened wall com-
ponents were seen in 54.5% of these patients. Lymph node
enlargement (>1-cm short axis) was present in 20.9% of cases.
41.9% of all malignant lesions were accompanied by dilation of
the CBD (defined as =8 mm or =1 cm diameter in the case of
prior cholecystectomy). More than 96% of all cases with a di-
lated CBD were malignant IPMNs [positive-predictive value
(PPV) 96.4%; negative-predictive value 63.1%].

Univariate analysis showed that the most important single pre-
dictors of malignancy were CBD dilation (sensitivity 41.9%,
specificity 98.5%; p < 0.001; Figures 1 and 2) and solid compo-
nents (sensitivity 54.5%, specificity 86.5%; p < 0.001; Figure 3).

In total, only three benign IPMNs had a dilated CBD: one
radiological BD-IPMN with 3-cm diameter and septum

formation but without any other predictors of malignancy—
this lesion was pathologically diagnosed as mixed-type IPMN
adenoma; one radiological MD-IPMN with a size of 52 mm in
the head of the pancreas with solid components, calcifications
as well as MPD dilation of 14 mm and parenchymal atrophy
that was pathologically diagnosed as mixed-type IPMN ade-
noma; one radiological mixed-type IPMN with multiple cysts
in the head of the pancreas, solid components, septum for-
mation and MPD dilation of 8 mm that was pathologically
diagnosed as mixed-type IPMN with moderate dysplasia
(borderline).

Using multistep multivariate binary logistic regression to take
interactions of other variables into account showed that the
statistically significant independent predictors of malignancy
(Table 2) were the presence of a solid component [odds ratio
(OR) 3.98; 95% confidence interval (CI), 2.2-7.1; p<0.001],
bile duct dilation (OR: 31.26; 95% CI: 9.2-105.8, p < 0.001),
parenchymal atrophy (OR: 4.57; 95% CI: 2.6-7.9, p <0.001),
MPD diameter =1 cm (OR: 3.6; 95% CI: 1.6-8.1, p = 0.002),
MPD diameter 5-9 mm (OR: 2.0; 95% CI: 1.1-3.7; p =0.019)
and an MPD diameter of 5-9 mm coupled with parenchymal
atrophy (OR: 5.1; 95% CI: 1.6-8.1; p < 0.001).

ROC analysis showed that there was no correlation between
increasing size of the lesion and malignancy [area under the
curve (AUC): 0.532; p =0.284]. Analysis showed that an in-
creasing MPD diameter was correlated with malignancy (AUC:
0.701; 95% CI, 0.648-0.754, p << 0.001) with a maximum sen-
sitivity (61.8%) and specificity (73.1%) at a cut-off value of
6 mm (Youden index = 0.349).

Figure 2. Common bile duct dilation as a single predictor of malignancy in all intraductal papillary mucinous neoplasms (IPMNs) and
in branch duct intraductal papillary mucinous neoplasms only. NPV, negative-predictive value; PPV, positive-predictive value.

All IPMNs: common bile duct dilation as single predictor

Sensitivity  Specificity Accuracy Phi* PPV NPV
41.9% 98.5% 70.3% 0.490 96.4% 63.1%
BD-IPMNs: common bile duct dilation as single predictor

Sensitivity  Specificity Accuracy Phi* PPV NPV
38.1% 99.2 83.9% 0.540 94.1% 82.8%
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Figure 3. (a, b) Examples of malignant intraductal papillary mucinous neoplasms with solid components (arrows). (a) Post-contrast
T, weighted axial and (b) MR cholangiopancreatography coronal images.

Accuracy of guidelines

The present data show that a dilated bile duct is strongly associated
with malignancy. The criterion “bile duct dilation” has been added
to the current guidelines, and their sensitivity, specificity and di-
agnostic accuracy have been compared (Figure 4).

The model with the lowest diagnostic accuracy was the 2006
ICG’ (sensitivity of 85.9%, specificity of 51.3% and accuracy of
68.5%). The addition of a dilated bile duct (CBD dilation) to the
2006 guidelines yielded a sensitivity of 90.1% with an unchanged
specificity of 51.3% (accuracy of 70.6%).

The 2012 ICG* could improve on the 2006 guidelines with an
increase of a diagnostic accuracy of 3.7% at the cost of sensi-
tivity. Introducing CBD dilation to the 2012 ICG could increase
the sensitivity without having a significant negative impact on
the specificity (sensitivity of 86.9% vs 82.2%, specificity 62.2% vs
62.7% and accuracy of 74.6% vs 72.2%). This modified 2012
ICG had the highest ¢ correlation coefficient (¢ 0.506) and
accuracy (74.6%) of all analysed models.

Branch duct intraductal papillary mucinous
neoplasm subanalysis

Univariate subanalysis of BD-IPMNs (Table 3) showed that the
most reliable single predictor of malignancy was CBD dilation
(sensitivity of 38.1%, specificity of 99.2%, accuracy 83.9%, ¢
0.540; Figure 2). In fact, there was only one BD-IPMN with CBD
dilation that was benign. The MPD diameter was of little help in
differentiating benign and malignant BD-IPMNs although malig-
nant lesions had a tendency of a more prominent MPD (benign
BD-IPMNs:  2.39 +0.08 mm; malignant BD-IPMNs: 2.94 =
0.22mm; p=0.048). Solid components were also significantly
associated with malignancy using univariate logistic regression
(sensitivity 28.6%, specificity 92.9%, accuracy 76.8%, ¢ 0.281).
Multistep multivariate binary logistic regression showed that the
independent predictors of malignancy (Table 2) were parenchymal
atrophy (OR: 4.00; 95% CI: 1.3-12.2; p = 0.015) and CBD dilation
(OR: 29.3; 95% CI: 3.8-574.8; p<<0.001). ROC analysis showed
that there was no significant correlation between increasing size of
the lesion (AUC: 0.525; p =0.633) or increasing MPD diameter
(AUC: 0.599; p =0.055). There was no correlation between size
and malignancy. Frequency analysis revealed that even small
BD-IPMNs had already undergone malignant transformation
(=1cm: 15%; 1-2cm: 26%; 2-3cm 20%) with about 10% of
those having a dilated CBD. Analysing CBD dilation as an

independent predictor for malignancy yields a PPV of 94.1% and
a negative-predictive value of 82.8% with a sensitivity of 38.1% and
a specificity of 99.2%.

Analysing all BD-IPMNs (according to the radiological di-
agnosis) yielded the best model data with the 2012 ICG with the
addition of CBD dilation (Figure 5). The 2012 ICG could detect
12 out of 42 malignant BD-IPMNs (28.6%), whereas the addi-
tion of CBD dilation to the 2012 ICG was able to detect 19 out
of 42 malignant lesions (45.2%). Out of all 42 malignant BD-
IPMN:Ss, only 14 (33%) were =3 cm in diameter.

DISCUSSION

In this study, we show that among all analysed radiological
features, a dilated CBD was found to be the best independent
predictor of malignancy in IPMNs having a PPV of 96.4%.
However, having a sensitivity of only 41.9%, this marker is not
suitable for the exclusion of malignancy. Addition of CBD di-
lation to the ICGs has yielded a significant improvement for
the detection of malignant IPMNs, without having a major
negative impact on specificity, a fact that is especially important

Table 2. Odds ratios (ORs) and corresponding 95% confidence
intervals (Cls) for significant markers of malignancy for all
intraductal papillary mucinous neoplasms (IPMNs) and branch
duct intraductal papillary mucinous neoplasms (BD-IPMNs) only
derived from multistep multivariate binary logistic regression

Radiological characteristics OR (95% CI)

All IPMN types

CBD dilation 31.26 (9.2-105.8)

MPD diameter 5-9 mm with parenchymal

atrophy 5.10 (1.6-8.1)

Parenchymal atrophy 4.57 (2.6-7.9)

Solid component 3.98 (2.2-7.1)
MPD diameter =1 cm 3.60 (1.6-8.1)
MPD diameter 5-9 mm 2.00 (1.1-3.7)

BD-IPMN

CBD dilation 29.30 (3.8-574.8)

Parenchymal atrophy 4.00 (1.3-12.2)

CBD, common bile duct; MPD, main pancreatic duct.
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Figure 4. Systematic approach to analysing the international consensus guidelines (ICG): the addition of bile duct dilation to the
radiological criteria for malignancy yielded a significant improvement for the 2006 as well as the 2012 ICGs. *X2 test with ¢
correlation coefficient. BD-IPMN, branch duct intraductal papillary mucinous neoplasms; IPMN, intraductal papillary mucinous

neoplasms; MD, main duct; MPD, main pancreatic duct.

2006 (ICGs): MPD=10mm, BD-IPMN=30mm, MD or
Mixed-type IPMN, solid component.

Sensitivity
85.9%

Specificity
51.3%

Accuracy Phi*
68.5% 0.396

2012 ICGs high-risk stigmata: MPD>10mm, MD or
Mixed-type IPMN, solid component.

Sensitivity
82.2%

Specificity
62.7%

Accuracy Phi*
72.7% 0.458

for the subgroup of BD-IPMNs. Factoring in a dilated CBD as
a radiological criterion for the detection of malignancy could
increase the detection rate by over 60% without a significant
increase in false positives.

Subanalysis of all patients with CBD dilation has shown that the
mechanism is not solely a result of direct compression of the bile
duct by the neoplasm. A study by Maker et al'® has shown that
viscous cyst fluid is significantly associated with highly dysplastic
lesions. This study hypothesized that the increase of viscosity is
the result of higher glycoprotein or mucin expression. Further
studies analysing pancreatic fluid cysts have shown that many
transmembrane proteins and mucinous columnar cells are
sloughed with higher grades of dysplasia, which may also impact
viscosity,”” a fact which is currently under evaluation for predicting
malignant potential in cystic pancreatic neoplasms using diffusion-
weighted imaging.*' Therefore, inference may be drawn that CBD
dilation occurs owing to increased viscosity of the pancreatic fluid
and the change of the fluid dynamics. Also, differences in com-
pliance and elasticity of the MPD and CBD might also play a role

2006 (ICGs) with bile duct dilation: MPD=10mm,
BD-IPMN=30mm, MD or Mixed-type IPMN, solid component.

Accuracy Phi*
70.6% 0.448

Sensitivity
90.1%

Specificity
51.3%

2012 ICGs high-risk stigmata with bile duct dilation:
MPD=10mm, MD or Mixed-type IPMN, solid component, bile
duct dilation

Accuracy Phi*

74.6% 0.506

Sensitivity
86.9%

Specificity
62.2%

and explain cases where there is a dilated CBD but not MPD
dilation. This may be supported by the lack of correlation between
size and cholestasis or MPD dilation. Another possible explanation
could be the secondary formation of an adenocarcinoma beside the
IPMN that causes CBD dilation.

It is therefore strongly recommended that other reasons for
CBD dilation (such as stones or additional papillary neo-
plasms) should be excluded before ultimately choosing the
appropriate treatment.

The importance of other well-known predictors of malignancy
including MPD dilation, presence of solid components and
parenchymal atrophy were confirmed in this study.”

However, it was an interesting finding, that although solid com-
ponents are a significant predictor of malignancy in all IPMNs, they
were only a significant predictor in the subgroup of BD-IPMNs
using analysis of variance but lost their significance in multistep
multivariate analysis, in contrast to parenchymal atrophy and

Table 3. Radiological characteristics of branch duct intraductal papillary mucinous neoplasms only

Radiological Malignant Benign b Sensitivity Specificity PPV NPV Accuracy

characteristic (n=42) (n=126) p (%) (%) (%) (%) (%)
Invasive growth 7 (16.7) 6 (4.8) 0.030 16.7 95.2 53.8 77.4 75.6
Solid component 12 (28.6) 9 (7.1) <0.001 28.6 92.9 57.1 79.6 76.8
Bile duct dilation 16 (38.1) 1(0.8) <0.001 38.1 99.2 94.1 82.8 83.9
Parenchymal

11 (26.2) 9 (7.1) 0.001 26.2 92.9 55.0 79.1 76.2

atrophy
MPD e 2.94 (£0.22) 2.39 (*+0.08) 0.048
diameter™ (mm)

MPD, main pancreatic duct; NPV, negative-predictive value; PPV, positive-predictive value.

Values in parentheses are percentages unless otherwise indicated.

“Values are expressed in mean, standard deviations given in parentheses.

©y? test.
“Mann-Whitney U test.
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Figure 5. Systematic approach to analysing the international consensus guidelines (ICG) for radiologically diagnosed branch duct
intraductal papillary mucinous neoplasms (BD-IPMNs): the addition of bile duct dilation to the radiological criteria for malignancy
yielded a significant improvement for the 2006 as well as the 2012 ICGs. *)(2 test with ¢ correlation coefficient. IPMN, intraductal

papillary mucinous neoplasms; MPD, main pancreatic duct.

BD-IPMNs only: 2006 (ICGs): MPD=10mm,
BD-IPMN=30mm, solid component.

Sensitivity
45.2%

Specificity
75.4%

Accuracy Phi*
60.3% 0.195

BD-IPMNs only: 2012 ICGs high-risk stigmata:
MPD=10mm, solid component.

Sensitivity
28.6%

Specificity
92.9%

Accuracy Phi*
60.7% 0.281

a dilated bile duct. These seem to be the major criteria which
radiologists should focus when reporting about BD-IPMN.

In univariate analysis, there was a significant tendency of more
prominent MPD diameters in every IPMN subgroup, but no
significant cut-off value in subgroup ROC analysis. Looking at
all IPMNs, dilation of the MPD was an independent predictor of
malignancy with the best cut-off value at 6 mm, according to
ROC analysis—an MPD of 5-9 mm is already considered to be
a “worrisome feature”,* according to the current guidelines.

However, if these guidelines are taken into consideration, this is
a finding of low clinical value because such a BD-IPMN with an
MPD diameter of =6 mm would favour the diagnosis mixed-type
IPMN instead of BD-IPMN that leads to a recommendation for
resection by itself.>*

A more interesting finding is that parenchymal atrophy in associ-
ation with a dilated MPD is a significant co-finding with MPD
dilation of 59 mm coupled with parenchymal atrophy having an
even higher OR of malignancy in IPMNs than MPD dilation of
=1 cm regardless of atrophy.

Size of the lesions is also of little help to detect the malignant
lesions as there is no significant correlation between a lesions’ size
and its dignity, a finding that is especially interesting for the sub-
group of BD-IPMN, as the 2006 ICG recommended a resection of
lesions =3 cm. A cut-off value for a lesion’s size regarding its
malignant potential could not be found, so size is of no help for the
prediction of malignancy.”

The 2006 ICG’ were very clear in giving advice based on ra-
diological data recommending resection or not. This has been
convoluted with the release of the ICG of 2012* by the in-
troduction of “worrisome features” vs “high-risk stigmata”
without a clear-cut guideline whether to resect the tumour. We
therefore defined the “high-risk” stigmata of the 2012 ICG as
indication for resection, whereas further follow-up was deemed
sufficient in case of “worrisome features”

BD-IPMNs only: 2006 (ICGs) with bile duct dilation:
MPD=10mm, BD-IPMN=30mm, solid component.

Sensitivity Specificity Accuracy Phi*

59.5% 75.4% 67.5% 0.321
BD-IPMNs only: 2012 ICGs high-risk stigmata with bile
duct dilation: MPD=10mm, solid component, bile duct
dilation.

Sensitivity Specificity Accuracy Phi*

45.2% 92.1% 68.7% 0.427

The 2012 ICG could improve on the 2006 guidelines with an
increase of diagnostic accuracy, a finding which has been
reported in previous literature.**

In contrast to some literature,>>2° there was neither a gender
preference for IPMNs nor a significant difference between age
and gender for malignant and benign lesions.

One limitation of the study is that it was designed for the evalu-
ation of radiological predictors of malignancy only. As this study
was conducted to increase the radiologist’s reporting on IPMNs as
an independent tool for clinical decision-making, clinical findings
or laboratory values were not taken into consideration.

Another limitation is that only patients who have been resected were
included. This introduces the risk of spectrum bias—suspicious
imaging findings might be overrepresented in this patient group,
compared with the patients who remain under watch and wait—
although only 49.7% of the resected specimens had a malignant
histology. CBD dilation might be overrepresented in the operated
study group (owing to a higher probability of these patients to be
clinically suspicious), but the high association of this feature with
malignancy in these lesions was a surprising result. Nevertheless,
these results should be confirmed with a prospective study including
non-operated patients with IPMN.

While all patients had pre-operative contrast-enhanced imaging
that was considered of good quality, protocols and scanners
changed over the period of the study.

In conclusion, we showed that CBD dilation is the most important
radiological feature to predict malignancy in IPMNs. The diameter
of a BD-IPMN did not correlate with the likelihood of malignancy,
and parenchymal atrophy was a significant predictor of malignancy,
especially if combined with MPD dilation.
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