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ABSTRACT

Background: There are studies reporting that the location of intraductal papillary mucinous neoplasia (IPMN) predicts malignancy.
Therefore, we evaluated the cyst location’s relationship with malignancy, and the possibility of using cyst size and location to distinguish
between non-main duct (non-MD)-IPMNs, mucinous cystic neoplasia (MCN), and cystic pancreatic ductal adenocarcinoma (PDAC).
Methods: We performed a retrospective analysis of data from 122 patients with a definite cyto-histological diagnosis of non-MD-
IPMNs, LR-MCNSs, and cystic PDACs via endoscopic ultrasound fine-needle aspiration between October 2011 and October 2020. We
grouped the cyst locations as head, uncinate, neck (HUN), and corpus or tail (CT). On histology, low-grade dysplasia and intermediate-
grade dysplasia were considered low risk (LR), whereas high-grade dysplasia and invasive carcinoma were considered high risk (HR).
Results: Of the 122 patients (61 (560%) women, median age 61.5 years (range 19-85), there were 34 (27.9%) LR-non-MD-IPMNs,
33 (27%) HR-non-MD-IPMNs, 19 (15.6%) LR-MCNs, and 36 (29.5%) cystic PDACs. We found no significant difference between LR-
and HR-non-MD-IPMN locations (P = .803). Low-risk non-MD-IPMNs were significantly smaller than HR-non-MD-IPMNs (P < .001),
LR-MCNs (P =.002), and cystic PDACs (P < .001). The area under the receiver operating characteristic curve (AUROC) was 0.819 (95%
Cl: 0.716-0.902; P < .0001), and demonstrated a cyst size cut-off <2.2 cm to differentiate LR cysts, while cysts <1.6 cm had a negative
predictive value (NPV) of 100% in non-MD-IPMNs.

Conclusion: Cyst location is not predictive of malignancy in non-MD-IPMNs. Low-risk non-MD-IPMNs were smaller than HR-non-MD-
IPMNs, LR-MCNSs, and cystic PDACs. The cyst size cut-off was 2.2 cm; however, <1.6 cm had a 100% NPV differentiating LR- from

HR-non-MD-IPMNs.
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INTRODUCTION

Pancreatic cystic lesions (PCLs) are divided into 2 groups
according to mucin content, as mucinous and non-muci-
nous. Mucinous PCLs have a 15% risk of malignancy.!
Intraductal papillary mucinous neoplasms (IPMNs), muci-
nous cystic neoplasms (MCNs), intraductal oncocytic
papillary neoplasms, cystic changes in ordinary ductal
adenocarcinomas, and other invasive carcinomas, such
as cystic pancreatic ductal adenocarcinoma (PDAC), are
included in the mucinous PCL group.?

For predicting whether neoplastic cysts need surgery or
conservative management, the frequently used methods
in diagnosis are cross-sectional imaging and endoscopic
ultrasonography (EUS), with or without fine-needle aspi-
ration (FNA). Also, in recent years, there are many emerg-
ing techniques such as needle-based confocal laser
endomicroscopy, microforceps biopsy from the cyst wall,

and DNA and molecular analysis of the cystic fluid for cyst
evaluation.®

When pancreatic cysts are detected in cross-sectional
or EUS imaging, compliance with the criteria described
in guidelines such as Fukuoka 2012, AGA 2015, Revised
Fukuoka 2017, and AGA 2018 is being investigated, since
there is not a single gold standard test to make a defini-
tive diagnosis. However, the determinants of these crite-
ria are unfortunately limited to detect early malignancy in
mucinous PCLs.*"

Cyst sizes are essential in identifying malignant cysts,
but size alone is insufficient to predict malignancy (8).
Also, in many studies conducted on IPMNs earlier, it has
been stated that the location of the cyst in the head or
uncinate or neck (HUN) of the pancreas predicts malig-
nancy.®'* Accordingly, we aimed to compare cyst location
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and size to evaluate the relationship between cyst loca-
tion and malignancy and distinguish between non-main
duct (non-MD)-IPMNs, MCNs, and cystic PDACs, which
have been diagnosed cyto-histologically.

METHODS

Study Design and Participants

Demographic data, medical history, and cross-sectional
imaging results were retrieved from the electronic medi-
cal records of 122 cyto-histologically diagnosed mucinous
PCL patients evaluated with EUS-FNA at an academic ter-
tiary medical center between October 2011 and October
2020. We included non-MD-IPMNs, benign MCNs, and
cystic PDACs from the mucinous PCL group. We excluded
all patients with main duct (MD)-IPMNs and pancre-
atic PDACs without cystic components. We removed
MD-IPMNs because these lesions had high malignant
potential and did not have apparent cystic formations.
Where available, the results of patient demographic data,
EUS findings, and cytological or histopathological diag-
noses were recorded from the electronic database. All
procedures were carried out according to the principles
in the Declaration of Helsinki. The local ethics committee
approved the study protocol for this retrospective study
(03/68. February 16, 2021).

Endoscopic Ultrasound Technique

All patients underwent EUS examination (Pentax;
A121091, H121645, H121435, H121637; Pentax
Medical Co. Montvale, NJ, USA; Fujinon K1U047K062)
after checking their coagulation status, international

MAIN POINTS

We found that the location of benign and malignant cysts
in non-main duct (non-MD)-intraductal papillary muci-
nous neoplasia (IPMN) did not differ significantly between
pancreas head or uncinate or neck (HUN) and corpus or tail
(CT).

Low-risk (LR) non-MD IPMNs' sizes were significantly
smaller than high risk (HR) non-MD-IPMNs, LR mucinous
cystic neoplasia (MCN), and cystic pancreatic ductal ade-
nocarcinoma (PDAC).

Our single-center results determined the cyst size cut-off
value of 2.2 cm among LR/HR non-MD-IPMNs by calculat-
ing the area under the receiver operating characteristic
curve (AUROC), with 87.8% sensitivity, 67.6 % specificity,
72.5 % positive predictive value (PPV), and 85.2 % negative
predictive value (NPV).

We found the NPV of cysts below 1.6 cm as 100% to dif-
ferentiate LR cysts in non-MD-IPMNs.

normalized ratio, and adequate platelet count. Any antico-
agulant or antiplatelet drug was replaced with subcutane-
ous low-molecular-weight heparin before the procedure
to obtain adequate coagulation. Endoscopic ultrasound-
FNA was performed with either a 22- or 25-gauge FNA
needle (Cook Medical, Bloomington, IN, USA, or Boston
Scientific, Marlborough, MA, USA). All patients received
prophylactic, single-dose, intravenous antibiotics before
the procedure.

Diagnostic Criteria for Pancreatic Cystic Lesions
Endoscopic Ultrasound Imaging

After the EUS evaluation of the cyst morphology and
location and the demographic and clinical data, a pre-
liminary diagnosis was made. Cyst locations were divided
into 2 groups. Cysts in the HUN were included in group
1, and cysts in the corpus or tail (CT) were included in
group 2.

Cytology

The cystic fluid aspirate was analyzed for cell morphol-
ogy and mucin presence. All cytological analyses were
carried out or reviewed by an expert cytopathologist.
Sample reports were categorized as diagnostic (with
mucinous epithelium) or non-diagnostic (samples that
contained either a non-mucinous epithelium or no epi-
thelial cells).

Histology

Histological interpretations of the surgical specimens
were performed or reviewed by the study pathologist. For
MCN diagnosis, an ovarian-type stroma was required. The
World Health Organization classification system was used
to categorize the resected cystic lesions.'® Pathological
diagnosis was established following the 2010 WHO clas-
sification and the Baltimore consensus meeting, accord-
ing to which a mucinous epithelium was graded based
on the degree of cytoarchitectural dysplasia as LR, low-
grade dysplasia (LGD), or intermediate-grade dysplasia
(IGD), or HR, high-grade dysplasia (HGD) or invasive car-
cinoma (16). Therefore, the resected MCNs and IPMNs
were classified as LR (LGD or IGD) or HR (HGD or invasive
carcinoma).

Final Diagnosis

According to the suggestions of valid guidelines such as
Fukuoka 2012, AGA 2015, Revised Fukuoka 2017, or ACG
2018,*7 the approach to patients was based on multidis-
ciplinary council decisions. The final diagnosis was based
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on cytohistological examination of surgical resection
specimens or EUS-FNA of a solid component or cyst wall.

Data Collection

All data were retrospectively collected from an electronic
database. The study group consisted of patients with spe-
cific final diagnoses based on cytology or specimen histol-
ogy. The receiver operating characteristic (ROC) curve was
plotted for cyst sizes to differentiate LR-non-MD-IPMNs
from HR-non-MD-IPMNs. The area under the ROC curve
(AUROC) was calculated. Sensitivity, specificity, positive
predictive value (PPV), and negative predictive value (NPV)
were calculated for cyst size cut-off level to maximize the
ratio of correct diagnoses of HR-non-MD-IPMNSs.

Statistical Analysis

All statistical analyses were done with SPSS Statistics
software version 25 (IBM Corp., Armonk, NY, USA) and
MedCalc Statistical Software version 19.2.5 (MedCalc
Software Ltd., Ostend, Belgium; https://www.medcalc.org;
2020). The Kolmogorov-Smirnov and Shapiro-Wilk tests
indicated a non-parametric data distribution. Descriptive
analyses have been presented using median (min-max) for
non-parametric and ordinal variables. Categorical variable
comparisons were made using the chi-square or Fisher's
exact (for cases with frequencies lower than 5) tests, as
appropriate. Cyst size was compared among the 4 cyst
types: LR-MCNs, LR-non-MD-IPMNs, HR-non-MD-IPMNs,
and cystic PDACs using the non-parametric Kruskal-Wallis
test. When the Kruskal-Wallis test results were statistically
significant, the 4 groups were compared in pairs in a total
of 6 comparisons using the Mann-Whitney test. We used
Bonferroni's adjustment. The group included 4 subgroups
(LR-MCNs, LR-non-MD-IPMNs, HR-non-MD-IPMNs, and
cystic PDACs). Due to multiple pairwise comparisons, a
P-value of <.013 was required for significance. Cyst size
datawere used to plota ROC curve to differentiate LR-non-
MD-IPMNs from HR-non-MD-IPMNs, and the AUROC was
calculated. The AUROC was defined as low (0.5 to <0.7),
moderate (0.7 to <0.9), or high (>0.9). MedCalc Statistical
Software version 19.2.5 (MedCalc Software Ltd., Ostend,
Belgium; https://www.medcalc.org; 2020) was used to
accurately determine the cyst size cut-off level diagnostic
differentiation of LR-non-MD-IPMNs from HR-non-MD-
IPMNSs. A P-value of <.05 was considered significant.

RESULTS

Patient Characteristics

Of the cyto-histologically diagnosed cases, 122 patients
(median age 61.5 years, range, 19-85 years; 61 (50 %)

women) were included. The demographic data, diagnostic
methodology, and available cytological and histopatho-
logical results of patients are shown in Table 1.

Comparison of Locations Among Non-main duct-
IPMNs, Low-risk-Mucinous Cystic Neoplasias, and
Cystic Pancreatic Ductal Adenocarcinomas

LR-MCNs were significantly CT localized when compared
to non-MD-IPMNs and cystic PDACs. While LR/HR non-
MD-IPMNs were primarily located in the HUN of the pan-
creas, cystic PDACs were mainly located in the CT but
were not significant (Table 2).

Table 1. Baseline Patient Characteristics and Cyst Types (n = 122)

Characteristic Data
Age, y, median (min-max) 61.5 (19-85)
Female 59 (19-80)
Male 65 (36-85)
Gender’ 122
Female 61 (50)
Male 61 (50)
Cyto-histology” 122 (100)
FNA cytology 106 (86.8)
Resection material 50 (40.9)
Cyst types with final diagnosis” 122 (100)
LR-non-MD-IPMNs 34 (27.9)
HR-non-MD-IPMNs 33 (27)
LR-MCNs 19 (15.6)
Cystic PDACs 36 (29.5)
Cyst diameter in subgroups (mm),
median (min-max)
LR-non-MD-IPMNs 20 (9-60)
HR-non-MD-IPMNs 35.0(17-90)
LR-MCNs 45.0 (10-130)
Cystic PDACs 37.5 (12-80)

Location (HUN/CT)
LR-non-MD-IPMNs
HR-non-MD-IPMNs
LR-MCNs
Cystic PDACs

*Values are represented as n (%).

CT, corpus or tail; FNA, fine-needle aspiration; HR; high risk, HUN, head or
uncinate or neck; IPMN, intraductal papillary mucinous neoplasia; LR; low risk;
MCN, mucinous cystic neoplasia; MD, main duct; PDAC, pancreatic ductal
adenocarcinoma; y, years.

20 (61.8)/13 (38.2)
18 (54.5)/14 (42.4)
1(5.3)/18 (94.7)
16 (44.4)/20 (55.6)
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Table 2. Comparison of Locations Among Non-MD-IPMNss,
LR-MCNs, and cystic PDACs

Table 3. Comparison of Cyst Sizes Between Mucinous PCL
Subgroups

Location
Cyst Types HUN CT P
IPMN’ LR 21(61.8) 13(382) .803
HR 18(56.3) 14 (43.8)
IPMN' vs AlIPMNs 39 (59.1) 27 (40.9) <.001
LR-MCN LR-MCNs 1(5.3) 18 (94.7)
LR-MCN vs Cystic PDAC 16 (44.4) 20 (55.6) .002
CysticPDAC | o MCNs 1(5.3)  18(94.7)
LR-IPMN' vs LR-IPMN'  21(56.8) 13(39.4) .161
CystiePDAC 0 (icPDAC 16 (44.4) 20 (55.6)
HR-IPMN'vs  HR-IPMN'  18(56.3) 14 (43.8) .466
CystiePDAC 0 (icPDAC 16 (44.4) 20 (55.6)

Mucinous Cysts Types Cyst Size, cm,

(n=122) Median (Min-Max) P-value

LR-MCNs (n =19) 4.5 (1-13) <0.001¥ 0.002’,
<0.0017,

LR-non-MD IPMNs (n = 34) 2 (0.9-6) <0.001™",

HR-non-MD IPMNs (n = 33) 3.5(1.7-9) 0.48(7)*2,35634%

Cystic PDACs (n = 36) 3.75 (1.2-8) ’

P shows the differences between all groups. *Kruskal-Wallis test: LR-nonMD
IPMN versus LR-MCN versus HR-nonMD IPMN versus Cystic-PDAC.

P shows the differences among the two groups, significant <.05. Mann-
Whitney U test:'LR-non-MD IPMN versus LR-MCN, “LR versus HR-non-MD
IPMN, "“LR-non-MD IPMN versus cystic PDAC, THR-nonMD IPMN versus LR-
MCN, ‘HR-non-MD IPMN versus cystic PDAC, TCystic PDAC versus
LR-MCN.

LR; low risk, HR; high risk, MCN, mucinous cystic neoplasm; MD, main duct;
IPMN, Intraductal papillary mucinous neoplasm; PDAC, pancreatic ductal
adenocarcinoma.

Values are represented as n (%).

*Non-main duct.

P shows the differences between the groups and significant <.05.

CT, corpus or tail; HR; high risk, HUN, head or uncinate or neck; IPMN, intra-
ductal papillary mucinous neoplasia; LR; low risk; MCN, mucinous cystic neo-
plasia; PDAC, pancreatic ductal adenocarcinoma.

Distribution of Cysts by Gender in Non-main duct-IPMNs
and Cystic Pancreatic Ductal Adenocarcinomas

When we evaluated cyst location according to gender,
we found that cysts in women were significantly located
on CT (P = .002). After MCNs were excluded, we com-
pared the location of non-MD-IPMNs and cystic PDACs
between females and males. CT placement was higher in
females (56 %), while HUN placement was higher in males
(60.7%), but we found no significant difference (P =.109).
Among HR-non-MD-IPMNs, cysts were present in both
regions of the pancreas in a female patient.

Evaluation of Cyst Sizes Between Non-main
duct-IPMNs, Low-risk Mucinous Cystic Neoplasias,

and Cystic Pancreatic Ductal Adenocarcinomas

We found that cyst sizes in LR-non-MD-IPMNs were sig-
nificantly smaller than LR-MCNs, HR-non-MD-IPMNs,
and cystic PDACs. The significance persisted after
Bonferroni correction (P < .013). Besides, we found no
significant difference in cyst sizes between LR-MCNs,
HR-non-MD-IPMNs, and cystic PDACs (Table 3).

The Results of Our Center in Determining Cyst Size
Cut-Off Value Between LR and HR Cysts in Non-

main Duct-IPMNs

We calculated the cyst size cut-off value to differentiate
LR cysts from HR cysts using the ROC curve in non-MD-
IPMNs (Figure 1).

ROC Curve

08

06

Sensitivity

04

02

00 02 04 06 08 10
1 - Specificity
Diagonal segments are produced by ties.

Figure 1. ROC analysis to differentiate LR/HR-non-MD-IPMNs. Cyst
size cut-off value >2.2 cm resulted in an AUC of 0.819 (95% ClI:
0.716 to 0.902) (P < .0001).

Using AUROC calculation, we detected a cut-off of
2.2 cm between LR cysts and HR cysts in the non-MD-
IPMN group. We found the diagnostic validation of 2.2 cm
cut-off value between LR cysts and HR cysts as: sensi-
tivity, 87.8%; specificity, 67.6%; PPV, 72.5%; and NPV,
85.2%. Besides, according to ROC analysis results, the
NPV of cysts below 1.6 cm was 100%.
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When we evaluated the cysts below 2.2 cm in the non-
MD-IPMN group, we found that the cyst size of 10 patients
with LR was 2.2 cm and above. Seven of them were sent
for resection according to the decision of the multidisci-
plinary council, and 3 of them had a conservative follow-up
for 11, 60, and 60 months, respectively. On the other hand,
we found that 3 patients (2 cytological, 1 resected) with
a cyst size of 2.2 cm or less (1.7, 1.7, and 2.2 cm, respec-
tively) were diagnosed with HR-non-MD-IPMN. However,
we did not detect any signs of malignancy in cysts smaller
than 1.6 cm in the non-MD-IPMN group.

DISCUSSION

In this study, we compared the localization areas and cyst
sizes between LR- and HR-non-MD-IPMNs, LR-MCNs, and
cystic PDACs. We included 122 (61 (50%) women), median
age 61.5 years, (range 19-85)) patients with a definite cyto-
histological diagnosis in this retrospective study. Of these
patients, 34 (27.9%) were diagnosed with LR-non-MD-
IPMNs, 33 (27%) with HR-non-MD-IPMNs, 19 (15.6%)
with LR-MCNs, and 36 (29.5%) with cystic PDACs.

We compared the locations and sizes of the cysts between
these specific mucinous PCL subgroups. Accordingly,
we found that cysts were significantly localized in HUN
in men and CT in women (P = .002). In this study, we
detected all MCNs in women and they were located in
the CT region. Therefore, we have determined that the
location of cysts in LR-MCNs is significantly different
from non-MD-IPMNs and cystic PDACs (P < .001 and
P =.002, respectively).

Jun et al. concluded that cyst size and location were not
significant in predicting invasive IPMNs." However, most
recently, Kerlakian et al. stated that among IPMNs, those
located in the HUN region significantly predicted malig-
nancy.® Also, older studies are supporting this conclusion
of Kerlakian et al.®'* In this study, when we compared the
LR and HR cyst locations in the non-MD-IPMN group, we
found that LR (60%) and HR (56.3%) cysts were located
more often in the HUN region, but this was not signifi-
cant (P = .812). In addition, we did not find a significant
localization difference between cystic PDACs and LR
or HR-non-MD-IPMNs (P = .161 and .466, respectively).
However, studies that find significant HUN localization in
malignant IPMNs might have a selection bias, since they
only cover patients with resection. Therefore, our study
data includes not only those that suggested for resec-
tion but also the conservative oncologic management
patients in whom we made a definitive diagnosis with

adjunct cytological findings in addition to cross-sectional
and EUS imaging diagnoses.

The current PCL surveillance guidelines define that the
cyst size cut-off value is determined as 3 cm in the
differentiation of benign and malignant IPMNs.47 We
found the optimal cyst size cut-off value to discriminate
LR cysts to be 2.2 cm, with a significant AUROC 0.831
(95% CI: 0.716 to 0.914) in non-MD-IPMNs (P < .0001)
(Figure 1). The diagnostic ability of this cut-off level to
differentiate LR cysts in non-MD-IPMNs had a sensitiv-
ity of 87.8%, specificity of 67.6%, a PPV of 72.5%, and a
NPV of 88.2%. Han et al.’® followed-up 1369 BD-IPMN
patients with a cyst size of less than 3 cm with cross-
sectional imaging (CT) at regular intervals for a median of
62 months, and they were able to detect HR cysts in only
13 (0.9%) of 46 patients who were operated on with HR
findings.

While evaluating non-MD-IPMN cyst sizes with the ROC
curve, we found the NPV of cysts below 1.6 cm for malig-
nancy as 100%. This cut-off value is consistent with the
results of 2 sizeable 5-year follow-up studies conducted
in BD-IPMNSs in recent years.'®2° Pergolini et al.'s 5-year
BD-IPMN surveillance study found that cyst sizes were
<15 cm in 108 (30%) patients out of 577 BD-IPMN
patients. In addition, they observed that malignancy
developed in only 1 patient (0.9%) in the follow-up of
this 108-patient subgroup over 5 years.?' Accordingly,
they stated that the cut-off value of <1.5 cm showed an
NPV for malignancy of 99%. Therefore, our cyst size cut-
off with an NPV of 100% is the same as Pergolini et al.
with a value of <1.6 cm. However, there are some differ-
ences between our cohort and the cohorts of the other
2 studies. The first difference is that most patients (459,
79.5%) in the 577-PCL group of Pergolini et al. were
diagnosed only by MRI, CT, and EUS imaging. Similarly,
Crippa followed 144 patients diagnosed with magnetic
resonance imaging (MRI) for 5 years and reported the
development of malignancy as an independent pre-
dictor in patients with cyst size >1.5 cm at the time of
diagnosis.'”® However, our cohort consisted of 77 non-
MD-IPMNs with gold standard cyto-histologic confir-
mation, in addition to cross-sectional and EUS imaging.
The second difference is that while Crippa et al.'s and
Pergolini et al.'s cohorts consisted of only BD-IPMNs,
our cohort consisted of mixed-type IPMNs and
BD-IPMNs.'®2" Accordingly, we may exclude the possi-
bility of malignancy in non-MD-IPMNs below 1.6 cm, at
least at the time of diagnosis. Additionally, Crippa et al,,
Pergolini et al.,, and Lee et al. stated that cysts <1.5 cm
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in BD-IPMNs have a much lower risk of malignant trans-
formation than cysts >1.5 cm in the first 5 years of
follow-up.1®-2!

In this study, we found that LR-non-MD-IPMNs were
significantly smaller than HR-non-MD-IPMNs (P < .001),
LR-MCNs (P =.003), and cystic PDACs (P < .001). Besides,
we did not find a significant difference in cyst sizes between
HR-non-MD-IPMNs, cystic PDACs, and LR-MCNss.

The strengths of our study include that in addition to the
data of patients who underwent resection in our study,
we think that the current study is more applicable to
real-life data since it includes data from patients with
cytological diagnosis. Therefore, we think that our study
results reflect the relationship between cyst localization
and malignancy prediction more accurately in terms of
“real-life data” in non-MD-IPMNs.

The limitation of our study is that it is a retrospective sin-
gle-center study utilizing a single-center cohort. This may
or may not limit the generalizability of our results.

In conclusion, the location of the cyst is not predictive of
malignancy in non-MD-IPMNs. LR-non-MD-IPMNs were
the smallest among HR-non-MD-IPMNs, LR-MCNs, and
cystic PDACs. According to our single-center data, the
optimal cyst size cut-off value to discriminate LR cysts
was 2.2 cm, and cysts below 1.6 cm had a 100% NPV in
non-MD-IPMNs.
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