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Objectives: To examine the value of 3-T MRI for evaluating the difference between the
pancreatic parenchyma of intraductal papillary mucinous neoplasm with a concomitant
invasive carcinoma (IPMN-IC) and the pancreatic parenchyma of patients without an
IPMN-IC.Methods: A total of 132 patients who underwent abdominal 3-T MRI. Of the
normal pancreatic parenchymal measurements, the pancreas-to-muscle signal
intensity ratio in in-phase imaging (SIR-l), SIR in opposed-phase imaging (SIR-O), SIR
in T2-weighted imaging (SIR-T2), ADC (x10-3 mm2/s) in DWI, and proton density fat
fraction (PDFF [%]) in multi-echo 3D DIXON were calculated. The patients were
divided into three groups (normal pancreas group: n = 60, intraductal papillary
mucinous neoplasm (IPMN) group: n = 60, IPMN-IC group: n = 12).Results: No
significant differences were observed among the three groups in age, sex, body mass
index, prevalence of diabetes mellitus, and hemoglobin A1c (p = 0.141 to p = 0.657). In
comparisons among the three groups, the PDFF showed a significant difference (p <
0.001), and there were no significant differences among the three groups in SIR-I, SIR-
0, SIR-T2, and ADC (p = 0.153 to p = 0.684). The PDFF of the pancreas was
significantly higher in the IPMN-IC group than in the normal pancreas group or the
IPMN group (p < 0.001 and p < 0.001, respectively), with no significant difference
between the normal pancreas group and the IPMN group (p = 0.916).Conclusions:
These observations suggest that the PDFF of the pancreas is associated with the
presence of IPMN-IC.
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Abstract

Objectives: To examine the value of 3-T MRI for evaluating the difference between the
pancreatic parenchyma of intraductal papillary mucinous neoplasm with a concomitant
invasive carcinoma (IPMN-IC) and the pancreatic parenchyma of patients without an

IPMN-IC.

Methods: A total of 132 patients who underwent abdominal 3-T MRI. Of the normal
pancreatic parenchymal measurements, the pancreas-to-muscle signal intensity ratio in
in-phase imaging (SIR-1), SIR in opposed-phase imaging (SIR-0), SIR in T2-weighted
imaging (SIR-T2), ADC (x10°® mm?/s) in DWI, and proton density fat fraction (PDFF
[%]) in multi-echo 3D DIXON were calculated. The patients were divided into three
groups (normal pancreas group: n = 60, intraductal papillary mucinous neoplasm

(IPMN) group: n = 60, IPMN-IC group: n = 12).

Results: No significant differences were observed among the three groups in age, sex,
body mass index, prevalence of diabetes mellitus, and hemoglobin Alc (p =0.141top
= 0.657). In comparisons among the three groups, the PDFF showed a significant
difference (p < 0.001), and there were no significant differences among the three groups

in SIR-I, SIR-O, SIR-T2, and ADC (p = 0.153 to p = 0.684). The PDFF of the pancreas



O©CoO~NOOTA~AWNE

was significantly higher in the IPMN-IC group than in the normal pancreas group or the

IPMN group (p < 0.001 and p < 0.001, respectively), with no significant difference

between the normal pancreas group and the IPMN group (p = 0.916).

Conclusions: These observations suggest that the PDFF of the pancreas is associated

with the presence of IPMN-IC.

Key words: Pancreas; MR cholangiopancreatography (MRCP); intraductal papillary

mucinous neoplasm (IPMN); proton density fat fraction (PDFF); pancreatic ductal

adenocarcinoma (PDAC)

Key points:
e The cause and risk factors of IPMN with a concomitant invasive carcinoma
have not yet been clarified.

o The PDFF of the pancreas was significantly higher in the IPMN-IC group
than in the normal pancreas group or the IPMN group.

o Pancreatic PDFF may be a potential biomarker for the development of IPMN
with a concomitant invasive carcinoma.

Abbreviations and acronyms
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BMI: Body mass index

DM: Diabetes mellitus

FOV: Field of view

HbAlc: Hemoglobin Alc

IPMN: Intraductal papillary mucinous neoplasm

IPMN-IC: Intraductal papillary mucinous neoplasm with a concomitant invasive

carcinoma

PACS: Picture Archiving and Communication System

PDAC: Pancreatic ductal adenocarcinoma

PDFF: Proton density fat fraction

SIR: Signal intensity ratio

SIR-I: Signal intensity ratio in in-phase imaging

SIR-O: Signal intensity ratio in opposed-phase imaging

SIR-T2: Signal intensity ratio in T2-weighted imaging

T1WI: T1-weighted imaging

T2WI: T2-weighted imaging

TE: Echo time

TR: Repetition time
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TSE: Turbo spin echo
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Introduction

Intraductal papillary mucinous neoplasm (IPMN) is characterized by an expansion of

the main pancreatic duct or a branch due to a papillary growth of the epithelium, with

rich mucin production. The IPMN is a precursor of pancreatic ductal adenocarcinoma

(PDAC) caused by the papillary proliferation of the epithelium (1-10). There are two

types of IPMN-related pancreatic carcinoma, one in which the IPMN itself becomes

malignant (IPMN with associated invasive carcinoma) and the other in which pancreatic

cancer develops in a site distant from the IPMN (IPMN with a concomitant invasive

carcinoma: IPMN-IC) (2, 4-6, 8-13). It is often difficult to distinguish between IPMN

with associated invasive carcinoma and IPMN-IC, but special attention should be paid

to the appearance of IPMN-IC, which causes pancreatic cancer at a site distant from the

IPMN (14). Regarding the risk of developing IPMN with associated invasive

carcinoma, the findings of “high-risk stigmata” and “worrisome features” were

proposed by the international consensus guidelines for the management of IPMN and

mucinous cystic neoplasm of the pancreas (15). On the other hand, the cause of IPMN-

IC and its risk factors have not yet been clarified. If the risk factors that cause IPMN-IC

can be elucidated on radiological images, it would lead to early detection of pancreatic

cancer, which would be very useful clinically. Recent reports suggest that pancreatic
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fatty infiltration is a risk factor for conventional PDAC (16-23). Pancreatic fatty

infiltration induces chronic inflammation caused by the release of various cytokines and

chemokines by adipose tissue, leading to the development of pancreatic cancer.

Therefore, in this study, the proton density fat fraction (PDFF) was included among the

pancreatic parenchymal measurements. The purpose of this study was to clarify the

quantitative magnetic resonance imaging (MRI) indices associated with IPMN-IC using

3-T MRI.

Materials and Methods

Patients

The Institutional Review Board approved this retrospective study and waived the

requirement for informed consent. Patient selection and the collection of clinical data

were performed by the study coordinator (**). From January 2017 to December 2020,

12 patients who were histologically diagnosed with IPMN-IC underwent abdominal

MRI including MR cholangiopancreatography (MRCP) and multi-echo 3D DIXON

using 3-T MRI (IPMN-IC group). The location of the tumor was in the head of the

pancreas in 4 (33.3%), in the body in 3 (25%), and in the tail in 5 (41.7%). All IPMN-

ICs were branch duct type. Next, the study coordinator selected patients with matching
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clinical data including age, sex, body mass index (BMI [kg/m?]), hemoglobin Alc
(HbA1c), and the presence or absence of diabetes mellitus (DM) for comparison with
the IPMN-IC group. The presence of DM was defined as HbAlc > 6.5% and/or
treatment for DM. As a result, 60 consecutive patients without pancreatic disease
(normal pancreas group) and 60 consecutive patients with IPMN and no invasive
carcinoma (IPMN group) were selected using medical record and MRI findings within
the same period. These patients also underwent the same abdominal MRI examinations
as the IPMN-IC group. There were no significant differences in age, sex, BMI, HbAlc,
and presence or absence of DM among the normal pancreas group, IPMN group, and
IPMN-IC group. Finally, a total of 132 patients were analyzed in this study. A normal
pancreas was defined as no obvious cysts or neoplastic lesions on MRI. IPMN was
defined as branch duct dilatation (> 5 mm) communicating with the main pancreatic
duct on MRI (15). Sixty patients in the IPMN group were followed up by
ultrasonography, CT, and MRI for an average of 37.2 months (1-61 months), and only
one of them was clinically diagnosed with IPMN with associated invasive carcinoma.
Cases diagnosed with IPMN-IC were not included in the IPMN group. Twelve IPMN-
ICs were defined as histologically proven PDAC by surgically resected specimens in 8

lesions or pancreatic biopsy using endoscopic ultrasonography in 4 lesions. Of 11
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IPMN-ICs, PDAC was obviously distant from the IPMN lesion according to the MRCP
images. The remaining one IPMN-IC in which PDAC was close to the IPMN lesion on
MRCP images was found to lack the transition of IPMN to PDAC.
Imaging techniques

MRI was performed under fasting conditions (3 hours) using a 3-T scanner (Ingenia 3-
T CX Quasar Dual; Philips Medical Systems) with a 32-channel phased-array coil (n =
108; normal group 53, IPMN group 48, IPMN-IC group 7), a 3-T scanner (Vantage
Titan 3-T; Canon Medical Systems) with a 16-channel phased-array coil (n = 20;
normal group 7, IPMN group 12, IPMN-IC group 1) or a 3-T scanner (Ingenia Elition;
Philips Medical Systems) with a 32-channel phased-array coil (n = 4; IPMN-IC group
4). The MRI examinations included axial in-phase and opposed-phase imaging, axial
T2-weighted imaging (T2WI), axial diffusion-weighted imaging (DWI), multi-echo 3D
DIXON, and MRCP.

Ingenia 3-T CX Quasar Dual

The following were acquired: 3D T1W mDIXON axial in-phase and opposed-phase
imaging (repetition time [TR], 3.2 ms; echo time [TE], 2.0 and 1.14 ms; matrix, 224 x
192; bandwidth, 1992.8 Hz per pixel; field of view [FOV], 350 x 300 mm?; flip angle,

10°; acquisition time, 18.5 s; slice thickness, 3 mm; no interslice gap; parallel imaging
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factor, 2.3); axial turbo spin echo (TSE) T2WI (TR, 1346 ms [respiratory trigger]; TE,
80 ms; matrix, 320 x 320; bandwidth, 1531.9 Hz per pixel; FOV, 350 x 350 mm?; flip
angle, 90°; acquisition time, 2 min 33 s [respiratory trigger]; slice thickness, 6 mm;
interslice gap, 1 mm; parallel imaging factor, 2.3); axial single-shot spin echo echo-
planar DWI (TR, 1203 ms [respiratory trigger]; TE, 70 ms; matrix, 128 x 106;
bandwidth, 2421.4 Hz per pixel; FOV, 350 x 295 mm?; flip angle, 90°; acquisition time,
2 min 6 s [respiratory trigger]; slice thickness, 6 mm; interslice gap, 1 mm; parallel
imaging factor, 2; b-values, 0 and 800 s/mm?); and multi-echo 3D DIXON (3D
mDIXON quant) (TR, 5.9 ms; TE, 1.02 ms; ATE, 0.7 ms; matrix, 144 x 106;
bandwidth, 2515.7 Hz per pixel; FOV, 350 x 350 mm?; flip angle, 3°; acquisition time,
15.4 s; slice thickness, 3 mm; no interslice gap; parallel imaging factor, 2 [phase]: 1.2
[slice]). Apparent diffusion coefficient (ADC) maps were calculated for a pair of b-
values (0 and 800 s/mm?) by mono exponential fitting. Parametric PDFF maps were
automatically generated on the imager software from the 6 echo mDIXON examination.
MRCP (TR, 2007 ms [respiratory trigger]; TE, 600 ms; matrix, 336 x 336; bandwidth,
375.8 Hz per pixel; FOV, 300 x 300 mm?; flip angle, 90°; acquisition time, 2 min 27 s
[respiratory trigger]; slice thickness, 2 mm:; no interslice gap; compressed sensing, 5)

was also acquired.
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3-T MR scanner with Vantage Titan 3T; Canon

The following were acquired: T1W dual echo axial in-phase and opposed-phase
imaging (TR, 160 ms; TE, 1.3 and 2.6 ms; matrix, 320 x 224; bandwidth, 781 Hz per
pixel; FOV, 350 x 350 mm?; flip angle, 60°; acquisition time, 19 s; slice thickness, 6
mm; interslice gap, 1 mm; parallel imaging factor, 2); axial fast spin-echo T2WI1 (TR,
3000 ms; TE, 75 ms; matrix, 320 x 224; bandwidth, 325.5 Hz per pixel; FOV, 350 x
350 mm?; flip angle, 90°; acquisition time, 42 s; slice thickness, 6 mm; interslice gap, 1
mm; parallel imaging factor, 2.5); axial single-shot spin echo echo-planar DWI (TR,
6000 ms; TE, 69 ms; matrix, 144 x 128; bandwidth, 1953.1 Hz per pixel; FOV, 350 x
350 mm?; flip angle, 90°; acquisition time, 3 min 36 s; slice thickness, 6 mm; interslice
gap, 1 mm; parallel imaging factor, 3; b-values, 0 and 800 s/mm?); and multi-echo 3D
DIXON (2 point DIXON) (TR, 5.1 ms; TE, 1.1 and 2.8 ms; matrix, 208 x 160;
bandwidth, 1302 Hz per pixel; FOV, 350 x 350 mm?; flip angle, 12°; acquisition time,
18 s; slice thickness, 5 mm; no interslice gap; parallel imaging factor, 2). ADC maps
were calculated for a pair of b-values (0 and 800 s/mm?) by mono exponential fitting.
Parametric PDFF maps were automatically generated on the imager software from the 2
echo DIXON examination. MRCP (TR, 3649 ms [respiratory trigger]; TE, 494 ms;

matrix, 352 x 320; bandwidth, 488 Hz per pixel; FOV, 300 x 300 mm?; flip angle, 90°;
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acquisition time, 3 min 21 s [respiratory trigger]; slice thickness, 2 mm; no interslice
gap; parallel imaging factor, 3) was also acquired.

Ingenia Elition 3.0T

The following were acquired: 3D T1W mDIXON axial in-phase and opposed-phase
imaging (TR, 3.5 ms; TE, 2.3 and 1.14 ms; matrix, 224 x 192; bandwidth, 1487.9 Hz
per pixel; FOV, 350 x 350 mm?; flip angle, 10°; acquisition time, 21 s; slice thickness, 3
mm; no interslice gap; parallel imaging factor, 2.3); axial TSE T2WI (TR, 1685 ms
[respiratory trigger]; TE, 80 ms; matrix, 320 x 320; bandwidth, 1347 Hz per pixel;
FOV, 350 x 350 mm?; flip angle, 90°; acquisition time, 3 min 9 s [respiratory trigger];
slice thickness, 6 mm; interslice gap, 1 mm; parallel imaging factor, 2); axial single-shot
spin echo echo-planar DWI (TR, 1195 ms [respiratory trigger]; TE, 69 ms; matrix, 128
x 128; bandwidth, 2290.8 Hz per pixel; FOV, 350 x 295 mm?; flip angle, 90°;
acquisition time, 4 min 12 s [respiratory trigger]; slice thickness, 3.5 mm; no interslice
gap; parallel imaging factor, 2; b-values, 0 and 800 s/mm?); and multi-echo 3D DIXON
(3D mDIXON quant) (TR, 5.7 ms; TE, 0.98 ms; ATE, 0.7 ms; matrix, 144 x 118;
bandwidth, 2314.8 Hz per pixel; FOV, 350x350 mm?; flip angle, 3°; acquisition time,
15 s; slice thickness, 3 mm; no interslice gap; parallel imaging factor, 2 [phase]: 1.2

[slice]). ADC maps were calculated for a pair of b-values (0 and 800 s/mm?) by mono
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exponential fitting. Parametric PDFF maps were automatically generated on the imager
software from the 6 echo mDIXON examination. MRCP (TR, 2007 ms [respiratory
trigger]; TE, 600 ms; matrix, 336 x 336; bandwidth, 375.8 Hz per pixel; FOV, 300 x
300 mm?; flip angle, 90°; acquisition time, 2 min 27 s [respiratory trigger]; slice
thickness, 2 mm; no interslice gap; compressed sensing, 5) was also acquired.
Image analysis

The image analysis was performed by two fellowship-trained radiologists with 7 years
and 15 years of experience in abdominal MRI (** and **, respectively) in consensus.
Of the normal pancreatic parenchymal measurements, the pancreas-to-muscle (erector
spinae muscles) signal intensity ratio (SIR) on in-phase imaging (SIR-I = pancreas Sl
on in-phase/SI of erector spinae muscle on in-phase), the SIR on opposed-phase
imaging (SIR-O = pancreas S| on opposed-phase/SI of erector spinae muscle on
opposed-phase), the SIR on T2WI (SIR-T2 = pancreas S| on T2WI/SI of erector spinae
muscle on T2W1), the ADC on the ADC map (x10° mm?/s), and the PDFF (%) were
calculated using the region of interest (ROI) placement technique. MRI measurements
were manually performed on a standard picture archiving and communication system
(PACS) (Synapse; Fujifilm). Measurements of the ROI were taken in the head of the

pancreas in the normal pancreas group and the IPMN group (Figs. 1, 2). In the IPMN-
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IC group, the ROI of the normal pancreas region was set downstream of the tumor to
avoid the effect of the tumor on the pancreatic parenchyma (Fig. 3). The radiologists
carefully drew the ROI as a circle or oval as large as possible in a homogeneous region
of the pancreatic parenchyma, avoiding the pancreatic duct, vessels, retroperitoneal fat,
and artifacts. An ROl was placed on the erector spinae muscle in a region that showed
uniform signal intensity on either the left or right side with reference to T2WI. The ROI
placements of pancreatic parenchyma and erector spinae muscle in each patient were
carefully performed to be as co-located as possible between sequences using five MR
sequences including in-phase T1WI, opposed-phase TIWI, T2WI, ADC map, and
parametric PDFF map aligned on the PACS monitor.
Statistical analysis

The quantitative MRI indices and clinical data were compared using Kruskal-Wallis,
¥2, and Mann-Whitney U tests. The Kruskal-Wallis test and the y? test were used to
compare differences among the three groups. If a significant difference was found, the
two relevant groups were further compared using the 2 test and the Mann-Whitney test.
Data were analyzed using SPSS for Windows v24.0 software (SPSS, Chicago, IL). A p

value less than 0.05 was taken to indicate significance.
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Results

All quantitative MRI indices using ROI placement technique were successfully

calculated for all 12 patients with IPMN-IC, 60 patients with normal pancreas, and 60

patients with IPMN. Table 1 shows the comparison of the patients’ clinical

characteristics among the three groups. The PDFF showed a significant difference (p <

0.001), and there were no significant differences among the three groups in SIR-1, SIR-

O, SIR-T2, and ADC (p = 0.423, p = 0.153, p = 0.348, and p = 0.684, respectively).

Table 2 shows the comparison of the quantitative MRI indices among the three groups.

Indeed, only slight overlap was seen between the PDFF of the IPMN-IC group and the

normal pancreas group or the IPMN-IC group and the IPMN group (Fig. 4). The PDFF

of the pancreas was significantly higher in the IPMN-IC group than in the normal

pancreas group or the IPMN group (p < 0.001 and p < 0.001, respectively), and there

was no significant difference between the normal pancreas group and the IPMN group

(p = 0.916).

Discussion

Using surgically resected samples or pancreatic biopsies as the pathological reference

standard, quantitative indices of pancreatic parenchyma were compared using 3-T MRI
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among three groups (normal pancreas group, IPMN group, and IPMN-IC group), with

matching clinical features of age, sex, BMI, and DM. The present study is the first to

evaluate the risk factors for carcinogenesis of IPMN-IC using MRI.

IPMNss progress from adenomas to carcinomas. It is known that there are two types of

IPMN-related pancreatic carcinomas, IPMN with associated invasive carcinoma and

IPMN-IC (2, 4, 5, 11, 12). IPMN with associated invasive carcinoma is better known

than before, and the international consensus guidelines for management of IPMN and

mucinous cystic neoplasm of the pancreas are used to address the risk factors for

carcinogenesis. Although the “high-risk stigmata” and “worrisome features” proposed

in the Fukuoka guidelines are very useful in predicting IPMN with associated invasive

carcinoma and high-grade dysplasia, the risk factors for IPMN-IC have not yet been

clarified (15). In 2002, Yamaguchi et al. reported the clinicopathologic findings of 7

Japanese patients with IPMN-IC first (6). Since then, cases of IPMN-IC have been

reported mainly from Japan, with a frequency of 4% to 10% of resected IPMNs (6, 7,

9). The clinical outcome of patients with IPMN-IC is better than that of conventional

PDAC patients, because IPMN-IC is diagnosed earlier than conventional PDAC due to

the opportunity for clinical detection of IPMN, or because the clinicopathological

features of IPMN-derived PDAC are different from those of conventional PDAC (4).
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Murakami et al. showed that the overall 5-year survival rates of patients with IPMN-

derived PDAC were significantly higher than those of patients with conventional PDAC

(24). In other words, by recognizing the risk factors for carcinogenesis and detecting

them earlier, it is expected that the prognosis will be further improved. Previous studies

identified the following predictors of PDAC associated with IPMN: age > 70 years,

elevated serum carbohydrate antigen 19-9 levels, worsening DM, gastric IPMN without

GNAS gene mutations, or multifocal cysts (11, 14, 25, 26). In contrast, other studies

have previously reported that there are no imaging and morphological features of IPMN

that predict IPMN-IC (10, 13). In the present study, the pancreatic PDFF with multi-

echo 3D DIXON, which is a quantitative index of pancreatic steatosis using MRI (16,

27-30), was significantly higher in the IPMN-IC group than in the normal pancreas or

IPMN group, and there was no significant difference between the normal pancreas and

IPMN groups. In addition, no association was observed between other MRI quantitative

indices of the pancreas including SIR-I, SIR-O, SIR-T2, and ADC and the incidence of

IPMN-IC. Pancreatic adipose infiltration, or replacement of normal pancreatic tissue

with adipose tissue, has been demonstrated to be associated with obesity, DM, old age,

metabolic factors, and non-alcoholic fatty liver disease (16, 31). In addition, recent

reports suggest that pancreatic fat infiltration is a risk factor for PDAC (16-23).
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Pancreatic fat infiltration induces chronic inflammation caused by the release of pro-

inflammatory adipokines/cytokines, such as leptin and monocyte chemotactic protein-1,

by adipose tissue, leading to the development of PDAC (23). Fukui et al. showed that

MRI-PDFF was correlated with the histological pancreatic fat fraction, demonstrating

that MRI-PDFF was higher in the PDAC group than in the control group (16). In

addition, they reported that MRI-PDFF was the only independent risk factor for PDAC

on multivariate analysis (16). Kashiwagi et al. reported that IPMN cases had

significantly higher fat content than cases without IPMN (1). The present results

showed no significant difference in fat content between the IPMN group and the normal

pancreas group. The difference in results between those studies may be due to the fact

that Kashiwagi et al. used CT, since the MR multi-echo 3D DIXON is superior to CT in

quantifying fat degeneration (32). In particular, CT, which offers a semi-quantitative

approach, has less accuracy in detecting mild degrees of steatosis, whereas the

sensitivity and specificity of multi-echo 3D DIXON in detecting histologic steatosis

were 95.0% and 100%, respectively (33, 34). Thus, given that the PDFF was

significantly higher in the IPMN-IC group than in the normal pancreas or IPMN group,

it is possible that an increase in fat content in IPMN causes the occurrence of IPMN

with a concomitant invasive carcinoma.
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This study has some limitations. First, it was a retrospective, single-center study with a

small number of patients with IPMN-IC. However, the present study is the first to

evaluate the carcinogenetic risk factors for IPMN-IC using MRI. In the future, it will be

necessary to confirm the present results in prospective, multicenter, clinical trials with a

larger number of patients. Second, since the present study was performed using three 3-

T MR scanners from two different vendors, there may be an error in the MR

quantitative indices between the scanners. However, semi-quantitative MR indices such

as SIR-1, SIR-O, and SIR-T2 SI, and ADC values using the same b-values among

scanners may have minimal error. In addition, recent studies reported that estimation of

the PDFF with hepatic MR using multipoint DIXON techniques is highly reproducible

across field strengths and vendors (35, 36). One scanner was a 2-point Dixon, whereas

the two other scanners were 6-point Dixon. It is generally known that the accuracy of

PDFF is reduced with 2-point Dixon due to the T1 bias, the effect of T2* signal decay

due to iron deposition, and the inability to consider the multi-peak of fat (34). However,

the effects of iron deposition on the pancreas are thought to be small. Third, pancreatic

fat infiltration is sometimes heterogeneous, and the measured location of the pancreas

may not represent the full spectrum of pancreatic fat infiltration. However, the ROI was

carefully set based on the consensus of the two experienced radiologists for abdominal
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MRI to obtain the most accurate measurement possible. Last, we selected patients with

matching clinical data including age, sex, BMI, HbAlc, and the presence or absence of

DM in this study. However, hepatic steatosis, alcohol, medication, and ethnicity may

also have effects, but we have not considered them this time. In the future, it will be

necessary to consider these factors as well.

In conclusion, the PDFF of the pancreas was significantly higher in the IPMN-IC

group than in the normal pancreas group and the IPMN group. The observations suggest

that the PDFF of the pancreas is associated with the presence of IPMN-IC. Therefore, it

is highly recommended that patients with pancreatic fat infiltration be closely monitored

regularly for the development of PDAC in a site distant from IPMN.
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Tables
Table 1 Results for comparisons of clinical characteristics among the three groups
Normal (n = IPMN (n = IPMN-IC (n= | p value
60) 60) 12)
Age (y)? 69.5+ 8.4 71.0+£9.9 748+ 8.6 0.141
Sex

Male (n = 63)° 26 (43.3) 33 (55.0) 4 (33.3)

Female (n = 69)° 34 (56.7) 27 (45.0) 8 (66.7) 0.255
BMI (kg/m?)? 229+3.3 229+39 23.2+16 0.657
DMP 20 (33.3) 13 (21.7) 4 (33.3) 0.332
HbAlc (%)? 6.3+1.0 6.0+0.8 65+1.1 0.164

IPMN, intraductal papillary mucinous neoplasm; IPMN-IC, intraductal papillary

mucinous neoplasm with concomitant invasive carcinoma; BMI, body mass index; DM,

diabetes mellitus; HbAlc, hemoglobin Alc

4Data are means * standard deviation.
bNumbers in parentheses are percentages.
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Table 2 Results for comparisons of quantitative MRI indices among the three groups

Normal (n = IPMN (n = IPMN-IC (n= | p value
60) 60) 12)
SIR-1? 157 +0.43 1.50+0.48 1.63 +0.44 0.423
SIR-0O? 151+0.51 1.39+0.54 1.37+£0.86 0.153
SIR-T22 1.88 +0.47 1.90+0.48 1.78 + 0.64 0.348
ADC? (x10° mm?/s) | 1.50 +0.39 1.50+0.30 1.42 +0.22 0.684
PDFF? (%) 9.09+943 9.24 £10.7 30.7+20.1 <0.001

IPMN, intraductal papillary mucinous neoplasm; IPMN-IC, intraductal papillary
mucinous neoplasm with concomitant invasive carcinoma; SIR, pancreas-to-muscle
(erector spinae muscles) signal intensity ratio; SIR-I, SIR in in-phase imaging; SIR-O,
SIR in opposed-phase imaging; SIR-T2, SIR in T2-weighted imaging; ADC, apparent

diffusion coefficient; PDFF, proton density fat fraction
4Data are means * standard deviation.
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Figure legends

Fig. 1

A 66-year-old woman with fatty liver in the normal pancreas group. Measurements of
the region of interest (ROI) are taken in the head of the pancreas on axial in-phase
imaging (a), axial opposed-phase imaging (b), axial T2-weighted imaging (T2W1) (c),
axial apparent diffusion coefficient (ADC) map (d), and axial multi-echo 3D DIXON
(e).

Fig. 2

A 69-year-old man with branch duct type intraductal papillary mucinous neoplasm
(IPMN) in the IPMN group. The maximal intensity projection image (MIP) of 3D MR
cholangiopancreatography (MRCP) shows a branch duct type IPMN in the head and tail
of the pancreas (arrow) (a). Measurements of the ROI are taken in the head of the
pancreas on axial in-phase imaging (b), axial opposed-phase imaging (c), axial T2WI
(d), axial ADC map (e), and axial multi-echo 3D DIXON (f).

Fig. 3

A 65-year-old woman with histologically proven intraductal papillary mucinous
neoplasm with a concomitant invasive carcinoma (IPMN-IC) in the IPMN-IC group.
The MIP of 3D MRCP shows a branch duct type IPMN in the tail of the pancreas
(arrow) (a). Axial diffusion-weighted image (b) shows a 33-mm-sized mass (arrow) of
hyperintensity in the tail of the pancreas. Measurements of the ROI are taken in the
head of the pancreas on axial in-phase imaging (c), axial opposed-phase imaging (d),
axial T2WI (e), axial ADC map (f), and axial multi-echo 3D DIXON (g). The ROI of
the normal pancreas region was set downstream of the tumor to avoid the effect of the
tumor on the pancreatic parenchyma.

Fig. 4

Boxplots of the proton density fat fraction (PDFF) of the pancreas in the three groups.
The middle bar denotes the median. The cross marks within the box indicate group
means. The PDFF of the pancreas was significantly higher in the IPMN-IC group than
in the normal pancreas group or the IPMN group (p < 0.001 and p < 0.001,
respectively), and there was no significant difference between the normal pancreas
group and the IPMN group (p = 0.916).
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