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Abstract

Purpose The aim of this study was to clarify the usefulness of the apparent diffusion coefficient (ADC) value in the differen-
tial diagnosis of localized autoimmune pancreatitis (AIP) and pancreatic ductal adenocarcinoma (PDAC) and the evaluation
of response to steroids.

Methods This study retrospectively analyzed 40 patients with localized AIP and 71 patients with PDAC who underwent
abdominal MRI with DWI (»=0 and 1000 s/mm?). Their ADC values at the lesion sites and five MRI findings useful for
diagnosing AIP were evaluated. In addition, ADC values before and after steroid therapy were compared in 28 patients with
localized AIP.

Results The median ADC value was significantly lower for localized AIP than for PDAC (1.057 x 1073 vs 1.376 X 10> mm?/s,
P <0.001). In the ROC curve analysis, the area under the curve was 0.957 and optimal cut-off value of ADC for differentiat-
ing localized AIP from PDAC was 1.188x 10™> mm?*/s. ADC value < 1.188 x 10~* mm?*/s showed the highest sensitivity and
accuracy among the MRI findings (92.6% and 90.7%, respectively), and when combined with one or more other MRI findings,
showed 96.3% specificity. The median ADC values before and after steroid therapy (mean 7.9 days) were 1.061 x 10~ and
1.340 x 1073 mm?%s, respectively, and ADC values were significantly elevated after steroid induction (P <0.001).
Conclusion The measurement of ADC values was useful for the differential diagnosis of localized AIP and PDAC and for
the early determination of the effect of steroid therapy.

Keywords Autoimmune pancreatitis - Apparent diffusion coefficient - Diffusion-weighted imaging - Pancreatic ductal
adenocarcinoma - Steroid therapy

Introduction

Autoimmune pancreatitis (AIP) is a distinct form of pan-
creatitis characterized clinically by frequent presentation
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characterized by granulocytic epithelial lesion [2] and is a
different condition from type 1 AIP. Based on the Interna-
tional Consensus Diagnostic Criteria (ICDC) [1] and Japa-
nese diagnostic criteria [3], type 1 AIP is comprehensively
diagnosed based on pancreatic imaging findings, serum
IgG4 level, extra-pancreatic lesions, histopathological
findings, and steroid responsiveness. Diagnosis of typical
type 1 AIP cases with diffuse pancreatic enlargement with
capsule-like rim [4] on computed tomography (CT) or
magnetic resonance imaging (MRI) is relatively easy, but
AIP cases with atypical pancreatic parenchymal findings,
such as localized enlargement or mass formation, are diffi-
cult not only diagnose as AIP but also to differentiate from
pancreatic ductal adenocarcinoma (PDAC). According to
the ICDC diagnostic algorithm for type 1 AIP, patients
with atypical pancreatic parenchymal findings on CT or
MRI should be managed as PDAC [1]. Endoscopic ultra-
sound-guided fine needle aspiration (EUS-FNA) has high
sensitivity and specificity for diagnosing PDAC [5, 6], and
itis a very useful examination for differentiating AIP from
PDAC. However, approximately 10% of PDAC are false-
negative with EUS-FNA, and the results of histopathologi-
cal diagnoses of AIP by EUS-FNA vary widely [7-10],
making diagnosis difficult in some cases. In addition, when
diagnosing patients suspected of type 1 AIP with atypical
pancreatic parenchymal findings, it is often necessary to
evaluate steroid responsiveness after excluding PDAC by
using examinations including EUS-FNA. Although it is
recommended that steroid responsiveness be assessed in
about 2 weeks [1, 11], there have been few reports on the
duration of steroid trials and there is insufficient evidence
on imaging methods used to evaluate efficacy.

MRI is the first imaging procedures performed in the
diagnosis of AIP along with CT [1]. MRI provides better
tissue contrast and the pancreatic duct can be evaluated by
magnetic resonance cholangiopancreatography (MRCP)
[12, 13]. In fact, it has been reported that MRI has a better
diagnostic performance than CT in differentiating non-
diffuse-type AIP from PDAC [14]. Diffusion-weighted
imaging (DWI), which is one of the sequences of MRI,
exploits the random motion of water molecules [15], and
its usefulness in the diagnosis of PDAC has been reported
[16, 17]. Quantitative analysis can be performed with the
generation of apparent diffusion coefficient (ADC) maps
from diffusion images obtained at different b values [18],
and calculated values are called ADC values. The useful-
ness of ADC values has been reported in differentiating
AIP from PDAC [19-22]. In addition, some reports have
examined changes in ADC values before and after ster-
oid induction [19, 23, 24]. However, all previous studies
evaluating the ADC value of localized AIP have targeted a
small number of AIP patients, specifically 4 to 15 patients
with an average of 11, and the changes in ADC values

about 2 weeks after the induction of steroid, which is rec-
ommended in the guidelines [1, 11] as the timing of effi-
cacy evaluation, are unclear.

This study aimed to confirm the usefulness of ADC
value measurement in the differential diagnosis from
PDAC and the early evaluation of the effect of steroid
therapy in a larger number of patients with localized type
1 AIP.

Materials and methods
Patients

This study retrospectively analyzed a total of 40 consecutive
patients with localized type 1 AIP who underwent abdomi-
nal MRI from April 2010 to March 2020 at our institution at
the time of initial diagnosis or pancreatic relapse. AIP was
diagnosed based on ICDC [1]. The localized type included
both segmental type and focal type [1, 3], and the range of
each enlargement was defined as 1/3 to 2/3 of the whole
pancreas and less than 1/3 of the whole pancreas. Thirty-
three patients (82.5%) received steroid therapy. Based on
the Japanese consensus guidelines [25], steroid therapy was
indicated for patients with symptoms such as obstructive
jaundice, abdominal pain, back pain, and extra-pancreatic
lesions, but in 13 patients (32.5%), steroid therapy also had
a diagnostic trial implication. In principle, the initial dose of
oral prednisolone was 30-40 mg/day (approximately 0.6 mg/
kg/day) as recommended in the guideline [25]. Four patients
underwent surgical resection because the pancreatic neo-
plasm could not be completely ruled out.

This study also included 71 patients histopathologically
diagnosed with PDAC who underwent an abdominal MRI
with DWI during the same period. Contrast-enhanced CT
was routinely performed at our institution for staging PDAC.
MRI was performed in the patients in which contrast-
enhanced CT could not be performed due to iodine contrast
agent allergy or reduced renal function, liver metastasis was
suspected by CT or ultrasonography, or it was difficult to
distinguish from mass-forming pancreatitis including AIP.
Definitive histopathological diagnosis was made by surgi-
cal resection in 43 patients and by EUS-FNA in 28 patients
due to unresectability. In patients undergoing neoadjuvant
chemotherapy, ADC values were measured by MRI before
starting chemotherapy.

This study was conducted in accordance with the Dec-
laration of Helsinki and was approved by the Ethical Com-
mittee for Epidemiology of our institution (approval no.
E-1949). The written informed consent was waived by the
Institutional Review Board because this was a retrospective
study of clinical and image data.
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MRI techniques

MRI examinations were conducted from April 2010 to Sep-
tember 2014 with a 1.5 T superconducting scanner (SIGNA
Excite HD, GE Healthcare, Milwaukee, WI, USA) and from
October 2014 with a 3 T superconducting scanner (Vantage
Titan, Toshiba Medical Systems, Tochigi, Japan). Our MRI
protocol for the pancreas included T1-weighted imaging
(T1WI), T2-weighted imaging (T2WI), three-dimensional
(3D) MRCP, and DWI (Table 1). TIWI was performed
using in-phase and out-of-phase spoiled gradient echo
(GRE) sequence, and the technical parameters of each MRI
scanners were as follows: repetition time (TR), 200 ms, and
170 ms; in-phase echo time (TE), 4.2 ms and 2.3 ms; out-of-
phase TE, 2.1 ms and 1.15 ms; flip angle (FA), 80° and 60°;
image matrix, 256 X 192 and 288 x 192; field of view (FOV),
both at 360 mm; slice thickness, both at 6 mm. T2WI was
performed using respiratory-triggered fast spin-echo (FSE)
sequence and breath-hold FSE sequence with the following
parameters, respectively: TR, 4350 ms and 3400 ms; TE,
both at 90 ms; FA, 90-180° and 90-120°; image matrix,
320% 192 and 336 X 192; FOV, both at 360 mm; slice thick-
ness, both at 6 mm. 3D-MRCP was performed using respir-
atory-triggered FSE sequence and fast advanced spin-echo
sequence with the following parameters, respectively: TR,
3750 ms and 6000 ms; TE, 500 ms and 390 ms; FA, 90-180°
and 90-120°; image matrix, 256 X 224 and 448 X 224; FOV,
both at 320 mm; slice thickness, both at 2 mm. DWI was
performed using single-shot spin-echo (SSSE) sequence
under free breathing and respiratory-triggered SSSE echo
planar imaging with the following parameters, respectively:
TR, 6000 ms and 3000-5000 ms; TE, 74 ms and 64 ms; FA,
both at 90°; image matrix, 128 X 192 and 128 x 144; FOV,
both at 360 mm; image direction, both axial; slice thickness/
slice gap, both at 6/1 mm; number of acquisition, 6 and 3;

Table 1 MRI protocols

b value, both at 1000 s/mm?; directions of motion probing
gradient, both at three directions (phase, read out, and slice).

Dynamic contrast-enhanced MRI using gadopentetate
dimeglumine (Magnevist, Bayer AG, Leverkusen, Ger-
many) or gadobutrol (Gadovist, Bayer AG) was performed
in 27 patients (67.5%) with localized AIP and 27 patients
(38.0%) with PDAC. Precontrast fat-saturated T1WI was
performed using 3D spoiled GRE (liver acquisition with
volume acceleration, LAVA) and 3D Fast GRE with the fol-
lowing parameters, respectively: TR, 3.8 ms and 3.7 ms; TE,
1.9 ms and 1.3 ms; FA, 12° and 15°; image matrix, 320 192
and 256 X 224; FOV, both at 360 mm; slice thickness, 5 mm
and 4 mm. The pancreatic phase (45 s), portal phase (90 s)
, and delayed phase (3 min) were obtained after intravenous
injection of the contrast agent at a rate of 1 ml/s using a
power injector, followed by a 20 ml of saline.

Image analysis

All MRI images were reviewed by two gastroenterologists
with over 15 years of experience in evaluating images of
pancreas disease. (Y.I. and M.S.). Both reviewers were
blinded to the clinical diagnosis. ADC maps were created
by the application of each system. A circular region of inter-
est (ROI) was drawn on the lesion in the ADC map, and
the ADC value was measured three times to calculate the
mean value. ROIs were drawn avoiding the periphery of the
lesion and in PDAC avoiding the necrotic and cystic areas.
The mean ROI size was 93 +48 [SD] mm?. ADC values
were calculated using the two-point method with the for-
mula ADC=1n (S1/S2)/(b2 — b1). Note that In is a natural
logarithm and S1 and S2 are signal intensities of the lesion
obtained using DWI at 51 (0 s/mm?) and 52 (1000 s/mm?),
respectively. In 28 AIP patients, MRI was performed before

Parameters TIWI T2WI

3D-MRCP DWI

1.5T scanner 3T 1.5 T scanner 3T 1.5Tscanner 3T 1.5Tscanner 3T

scanner scanner scanner scanner
Sequence type Spoiled GRE  Spoiled GRE RT-FSE BH-FSE  RT-FSE FASE SSSE RT-SSSE EPI
TR (ms) 200 170 4350 3400 3750 6000 6000 3000-5000
TE (ms) 4.2-2.1 2.3-1.15 90 90 500 390 74 64

FA (°) 80 60 90-180 90-120 90-180 90-120 90 90

Image matrix 256192 288x192 320x 192 336192  256x224 448x224  128x192 128 x 144
FOV (mm) 360 360 360 360 320 320 360 360

slice thickness (mm) 6 6 6 6 2 2 6 6

No. of acquisition 1 1 1 1 1 1 6 3

1.5 T scanner = SIGNA Excite HD, GE Healthcare; 3 T scanner = Vantage Titan, Toshiba Medical SystemsT1WI, T1-weighted imaging; T2WI,
T2-weighted imaging; 3D-MRCP, three-dimensional magnetic resonance cholangiopancreatography; DWI, diffusion weighted imaging; GRE,
gradient echo; RT, respiratory-triggered; FSE, fast spin-echo; BH, breath-hold; FASE, fast advanced spin echo; SSSE, single-shot spin-echo;
EPI, echo planar imaging; TR, repetition time; TE, echo time; FA, flip angle; FOV, field of view
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and about 1 week after the induction of steroid therapy, and
ADC values were measured.

In addition, the following MRI findings, which have been
reported to be useful in distinguishing localized AIP from
PDAC, were evaluated [14, 20-22, 26-29]: (1) hypointense
capsule-like rim on T2WI; (2) speckled/dotted enhancement
on the pancreatic phase; (3) delayed homogeneous enhance-
ment; (4) duct penetrating sign; and (5) main pancreatic duct
(MPD) upstream dilatation <4 mm. The duct penetrating
sign and MPD diameter were evaluated by MRCP.

Statistical analysis

Statistical analyses were performed using JMP Pro 14.2.0
(SAS Institute Inc. Cary, NC, USA). The Wilcoxon rank
sum test was used to compare ADC values between localized
AIP and PDAC, and between MRI scanners. The Wilcoxon
signed rank test was used to compare ADC values before
and after steroid therapy. Receiver operator characteristic
(ROC) analysis was performed to evaluate the diagnostic
ability of ADC values in differentiating localized AIP from
PDAC. The Chi square test or Fisher’s exact test was used
for the comparison of MRI findings between localized AIP
and PDAC. P values <0.05 were considered statistically
significant.

Results
Patient characteristics

The clinical profiles of all 40 patients with localized type
1 AIP are shown in Table 2. The median age was 67 years
(interquartile range [IQR] 58-73 years), and there were 37
men and 3 women. The extent of pancreatic enlargement
was segmental in 12 patients (pancreatic head-body in 6
patients and pancreatic body—tail in 6 patients) and focal in
28 patients (pancreatic head in 17 patients, pancreatic body
in 4 patients, and pancreatic body in 7 patients). The median
lesion diameter was 31 mm (IQR 26-50 mm). The median
serum [gG4 level was 281 mg/dl (IQR 162-399 mg/dl), and
35 patients (87.5%) showed an elevated serum IgG4 level
(> 135 mg/dl). Extra-pancreatic lesions were observed in 15
patients (37.5%), including 3 patients with extra-pancreatic
sclerosing cholangitis, 6 patients with retroperitoneal fibro-
sis, 6 patients with sclerosing dacryoadenitis/sialadenitis,
and 2 patients with kidney lesion. EUS-FNA was performed
in 38 patients (95.0%), and eight patients met ICDC level 2
and none met level 1. No patients were diagnosed of malig-
nant disease by EUS-FNA. The final diagnosis based on
ICDC! was definitive in 33 patients and probable in seven
patients. MRI was performed at the time of initial diagnosis
in 32 patients and pancreatic relapse in eight patients.

Table 2 Clinical profiles of the 40 patients with localized type 1 AIP

Characteristics Values
Age (years) 67 (58-73)
Sex (male to female) 37:3
Enlargement of the pancreas, n (%)
Segmental 12 (30.0%)
Head-body 6 (15.0%)
Body-tail 6 (15.0%)
Focal 28 (70.0%)
Head 17 (42.5%)
Body 4(10.0%)
Tail 7(17.5%)
Lesion diameter (mm) 31 (26-50)
Serological findings
Serum IgG4 (mg/dL) 281 (162-399)
Elevated serum IgG4 level (> 135 mg/dL), n (%) 35 (87.5%)
Other organ involvement, n (%) 14 (35.0%)
Extra-pancreatic sclerosing cholangitis 3(7.5%)
Sclerosing dacryoadenitis/sialadenitis 6 (15.0%)
Retroperitoneal fibrosis 6 (15.0%)
Kidney lesion 2 (5.0%)
Diagnosis, n (%)
Definitive 33 (82.5%)
Probable 7 (17.5%)
Steroid therapy, n (%) 33 (82.5%)

Data are expressed as number (percentage) or median (interquartile
range)

AIP autoimmune pancreatitis

On the contrary, for PDAC patients, the median age was
68 years (IQR 58-76 years), and there were 43 men and 28
women. The tumors were located in the pancreatic head in
40 patients, pancreatic body in 19 patients, and pancreatic
tail in 12 patients, with a median tumor diameter of 28 mm
(IQR 20-40 mm).

Comparison of ADC values between localized AIP
and PDAC

On DWI, the lesion site showed hyperintense signal in
39 patients (97.5%) with localized AIP (Fig. 1) and 71
patients (100%) with PDAC (Fig. 2). The median ADC
value of localized AIP was 1.057x 107> mm?*/s (IQR,
0.996-1.142%x 1073 mmz/s), and there was no difference
in ADC values based on the extent of pancreatic enlarge-
ment (segmental; 1.038 X 1073 mm?/s, focal; 1.072x 1073
mm?/s, P=0.871). No associations were found between
ADC values and other clinical parameters (age, sex, serum
IgG4 level, and presence or absence of extra-pancreatic
lesions). On the contrary, the median ADC value of PDAC
was 1.376 x 107> mm?%/s (IQR 1.267-1.523 x 10~ mm?%/s),
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Fig.1 A 44-year-old man with
localized type 1 autoimmune
pancreatitis. a T2-weighted
image shows the mass in the
pancreatic tail (arrow). b
Diffusion-weighted imaging

at b= 1000 s/mm>. The mass
shows hyperintense signal
(arrow). ¢ ADC map of the
same lesion. The mass shows
hypointense signal (arrow). d
Measurement of ADC values.
The regions of interest were set
within the lesion. The measured
ADC values were displayed in
a white flame below the image
(0.832, 0.858, and 0.897 x 1073
mm?/s). ADC apparent diffusion
coefficient

Fig.2 A 63-year-old woman with pancreatic ductal adenocarcinoma.
a Delayed-phase magnetic resonance image shows the pancreatic
head mass heterogeneously enhanced (arrow). b Diffusion-weighted
imaging at »=1000 s/mm?. The mass in the pancreatic head shows

which was significantly higher than the ADC value of local-
ized AIP (Fig. 3, P<0.001). The ROC analysis showed that
the area under the ROC curve (AUC) was 0.957 (Fig. 4).
When the cut-off value was 1.188 x 107> mm?/s, the diag-
nosis of localized AIP was 95.0% for sensitivity and 90.1%
for specificity.

The 1.5 T MRI was used on 18 localized AIP patients
and 23 PDAC patients, and the 3 T MRI was used on 22
localized AIP patients and 48 PDAC patients. No significant
differences were found in the ADC values between the MRI
scanners for either localized AIP or PDAC (P =0.654 and
0.778, respectively) (Table 3).

@ Springer

hyperintense signal (arrow). ¢ ADC map of the same lesion. The
mass shows hypointense signal (arrow). The ADC value of the mass
was 1.525x 10™> mm?%/s. ADC apparent diffusion coefficient

Diagnostic performance of MRI findings

A comparison of MRI findings between localized AIP and
PDAC is shown in Table 4. All five MRI findings were
observed significantly more frequently in patients with local-
ized AIP than patients with PDAC (all P <0.001).

The diagnostic performance of MRI findings in the
diagnosis of localized AIP was evaluated in 54 patients
(27 localized AIP and 27 PDAC) who underwent gadolin-
ium-enhanced MRI so that all six MRI findings, including
the ADC value < 1.188 x 1073 mm?/s, could be evaluated
in each patient (Table 5). The ADC value <1.188x 1073
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Fig.3 Box-and-whisker plots of the ADC values of localized AIP,
segmental type AIP, focal type AIP, and PDAC. Median ADC
value of localized AIP was significantly lower than that of PDAC
(P<0.001). ADC apparent diffusion coefficient, AIP autoimmune
pancreatitis, PDAC pancreatic ductal adenocarcinoma

0.8 A

0.6

Sensitivity

0 T T T T d
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Fig.4 ROC curve of ADC values for differentiation between local-
ized AIP and PDAC. The area under the ROC curve was 0.957, and
the sensitivity and specificity were 95.0% and 90.1%, respectively,
when the cut-off value was set to 1.188 x 10> mm?s. ROC receiver
operating characteristicc, ADC apparent diffusion coefficient, AIP
autoimmune pancreatitis, PDAC pancreatic ductal adenocarcinoma

mm?/s had the highest sensitivity, accuracy, and odds ratio
(92.6%, 90.7%, and 100.0, respectively). On the other hand,
the specificity was highest at 100% in the hypointense cap-
sule-like rim, but the sensitivity was only 37.0%. Regard-
ing the combination of MRI findings, when any one or
more the other five findings were combined with the ADC
value < 1.188 x 107> mm?/s, sensitivity, specificity, and accu-
racy of 92% or more and the odds ratio of 325.0 (95% confi-
dence intervals, 27.7-3813.2) were obtained. These values
were much higher than when any two or more MRI findings
excluding the ADC value were combined.

Changes in ADC value by steroid induction
in localized AIP

ADC values at lesion site were measured before and after
steroid therapy in 28 localized AIP patients (median age,
66 years; sex, 25 men and 3 women; extent of pancreatic
enlargement, segmental 10 patients and focal 18 patients)
(Fig. 5). MRI was performed on mean 7.9+ 1.7 [SD] days
after steroid induction. The median ADC values before
and after steroid induction were 1.061 x 10> mm?*/s (IQR
0.974-1.144x 10~ mm*s) and 1.340x 10~ mm*/s (IQR
1.234-1.454x 107> mm?/s), respectively, and a significant
increase in ADC values was observed (Fig. 6, P <0.001).
The median rate of change in ADC value was 22.0% (IQR
17.3-27.1%), and there were no patients in which ADC value
decreased after steroid induction. One patient showed little
change in ADC value (change rate < 1%) and no improve-
ment in pancreatic enlargement, but this patient had been
prescribed azathioprine for ulcerative colitis and his oral
prednisolone dose had been reduced to only half the normal
dose.

Discussion

Typical cases with type 1 AIP present with diffuse pancre-
atic enlargement with delayed enhancement on contrast-
enhanced CT or MRI, but approximately 45% of cases are
atypical with localized pancreatic enlargement [30]. In the
diagnosis of localized AIP, differentiation from pancre-
atic tumors, especially PDAC, is extremely important but
remains a clinical challenge. Kamisawa et al. [31] reported

Table 3 Comparison of ADC
values between MRI scanners

Diagnosis GE SIGNA™ Excite HD 1.5T Toshiba Vantage Titan™ 3T P value
(n=41) (n=170)

Localized AIP (n=40) 1.052 (0.924-1.140)x 107> mm%/s  1.065 (0.997-1.153)x 10~> mm%/s  0.654

PDAC (n=71) 1.376 (1.270-1.510)x 107> mm%s  1.380 (1.246-1.525)x 107> mm%/s  0.778

Data are expressed as median (interquartile range)

ADC apparent diffusion coefficient, AIP autoimmune pancreatitis, PDAC pancreatic ductal adenocarcinoma
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Table 4 Comparison of MRI
findings between localized AIP

and PDAC

MRI findings Localized AIP PDAC P value
(n=40) (n=171)
Hypointense capsule-like rim 32.5% (13/40) 0% (0/71) <0.001
Speckled/dotted enhancement on the pancre-  81.5% (22/27) 29.6% (8/27) <0.001
atic phase
Delayed homogeneous enhancement 81.5% (22/27) 22.2% (6/27) <0.001
Duct penetrating sign 57.5% (23/40) 8.5% (6/71) <0.001
MPD upstream dilatation <4 mm 77.5% (31/40) 29.6% (21/71) <0.001

Data are percentages and numbers in parentheses refer to numbers of lesions

AIP autoimmune pancreatitis, PDAC pancreatic ductal adenocarcinoma, MPD main pancreatic duct

Table 5 Diagnostic performance of MRI findings for diagnosing localized AIP in 54 patients undergoing gadolinium-enhanced MRI

MRI findings

Sensitivity

Specificity

Accuracy

Odds ratio*

Hypointense capsule-like rim

Speckled/dotted enhancement on the pancreatic phase

Delayed homogeneous enhancement
Duct penetrating sign

MPD upstream dilatation <4 mm
ADC value <1.188x 107> mm?/s

Two or more MRI findings excluding ADC value
ADC value < 1.188 x 10> mm?/s + one or more MRI findings

37.0% (10/27)
81.5% (22/27)
81.5% (22/27)
55.6% (15/27)
81.5% (22/27)
92.6% (25/27)
92.6% (25/27)
92.6% (25/27)

100% (27/27)
70.4% (19/27)
77.8% (21/27)
92.6% (25/27)
70.4% (19/27)
88.9% (24/27)
77.8% (21/27)
96.3% (26/27)

68.5% (37/54)
75.9% (41/54)
79.6% (43/54)
74.1% (40/54)
75.9% (41/54)
90.7% (49/54)
85.2% (46/54)
94.4% (51/54)

(o]

10.5 (2.9-37.4)
15.4 (4.1-58.2)
15.6 (3.1-79.6)
10.5 (2.9-37.4)
100 (15.3-652.0)
43.8 (8.0-240.0)
325 (27.7-3813.2)

Data are percentages and numbers in parentheses refer to numbers of lesions

*The ranges in parentheses refer to 95% confidence intervals. oo indicates that the odds ratio is infinity

AIP autoimmune pancreatitis, MPD main pancreatic duct, ADC apparent diffusion coefficient

that 6 (35.3%) of 17 patients with mass-forming AIP of the
pancreatic head were misdiagnosed with PDAC and under-
went surgical resection or bypass surgery. In their study,
biopsy was performed in only six patients, but there have
been reports of localized AIP surgically resected due to dif-
ficult differentiation even by EUS-FNA [32—-34]. On imag-
ing examination, MRI finding such as hypointense capsule-
like rim, speckled/dotted enhancement on the pancreatic
phase, delayed homogeneous enhancement, duct penetrat-
ing sign, and MPD upstream dilatation <4 mm have been
reported to be useful in differentiating localized AIP from
PDAC [14, 20-22, 26-29]. In this study, the finding of ADC
value < 1.188 x 107> mm?/s showed better sensitivity, accu-
racy, and odds ratio than the MRI findings above, and a fur-
ther improvement in diagnostic performance was obtained
by adding the ADC value < 1.188 x 10~ mm?/s to other MRI
findings. DWI does not require a contrast agent, so it can be
used in patients with reduced renal function or allergy to
contrast agents. Furthermore, ADC values are quantitative
data and considered to be more objective than other MRI
findings.

DWI is an MRI technique based on the Brownian motion
of water molecules in tissue. In tissues where cells prolifer-
ate densely, such as carcinomas, fibrosis, and edema, the
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diffusion of water molecules is suppressed and a hyperin-
tense signal is drawn on the DWI as an abnormal signal,
while the ADC value is low. PDAC often shows lower ADC
values than the normal pancreas [16, 35], which has been
reported to be caused by increased cell density and fibrosis
associated with tumor invasion (desmoplastic reaction) [35].
On the contrary, autoimmune pancreatitis has a characteris-
tic pathological tissue called lymphoplasmacytic sclerosing
pancreatitis, consisting of marked infiltration of lympho-
cyte and plasma cell and fibrosis, infiltration of numerous
IgG4-positive plasma cells, storiform fibrosis, and oblitera-
tive phlebitis [36]. A marked increase in cell density due to
lymphocyte or plasma cell infiltration in addition to fibrosis
appears to be the main reason why AIP has lower ADC val-
ues than PDAC.

In this study, MRI was performed to assess the effects
of steroids at a mean of 7.9 days after induction of steroids,
and a significant increase in ADC values was shown. Diag-
nosis of localized AIP often requires evaluation of steroid
responsiveness. Moreover, in this study, one-third of the
patients required the assessment of steroid responsiveness
to diagnose AIP. Moon et al. [37] evaluated the findings of
CT and endoscopic retrograde cholangiopancreatography/
MRCEP after 2 weeks of steroid therapy in 22 suspected
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Fig.5 A 70-year-old man with localized type 1 autoimmune pan-
creatitis. a Delayed-phase magnetic resonance image shows the pan-
creatic head mass relatively homogeneously enhanced (arrow). b
MRCP image shows the stricture of the lower extrahepatic bile duct
(arrow). ¢ DWI at b= 1000 s/mm? before steroid therapy. The mass in
the pancreatic head shows hyperintense signal (arrow). d ADC map
of the same lesion. The mass shows hypointense signal (arrow), and
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Fig.6 Comparison of ADC values before and after induction of ster-
oid therapy in localized autoimmune pancreatitis. ADC apparent dif-
fusion coefficient

AIP patients. All 15 AIP patients showed improvement
on the image, and 7 patients without improvement on
the image were finally diagnosed with PDAC. In addi-
tion, Yukutake et al. [38] recommended evaluating pan-
creatic enlargement and pancreatic duct images on day 8
after steroid induction. No evidence showed that short-
term administration of a moderate dose (0.6 mg/kg/day)

the ADC value of the mass was 1.068x 107> mm?/s. e DWI 7 days
after induction of steroid therapy. The signal intensity of the mass had
decreased (arrow). f ADC map of the same lesion. The ADC value of
the mass (arrow) was 1.438x 10> mm?/s. MRCP magnetic resonance
cholangiopancreatography, DWI diffusion-weighted imaging, ADC
apparent diffusion coefficient

of steroids with immunosuppressive effect influences the
surgical outcomes and long-term prognosis of PDAC, but
steroid administration to PDAC should be kept as short
as possible. Several studies have reported that the ADC
values at AIP lesion site increased after steroid induction
[19, 23, 24]. However, these reports have problems such
as a very small sample size, a long period from steroid
induction to re-evaluation of the ADC value, and no men-
tion of the number of days from steroid induction to re-
evaluation of the ADC value. The results of this study
suggest that ADC values can be an objective and rapid
method of assessing steroid responsiveness in localized
AIP in 1-2 weeks.

In previous reports [19-23], the ADC values of
AIP showed a certain range of 0.790x 10~* mm?/s to
1.086 x 10~* mm?/s. Possible reasons for this disparity
include settings of DWI imaging parameters, activity of AIP,
and the like. However, the setting condition of b value has
the highest effect. Muhi et al. [20] reported an ADC value of
0.790x 10~3 mm?/s in mass-forming AIP, which was much
lower than other reports. This difference is probable due
to the following reason; unlike other studies that measured
ADC with two b values of 0 and 500-1000 s/mm?, Muhi
et al. used b values of 500 and 1000 s/mm? to reduce the
effects of T2 shine-through and perfusion. Thus, it is neces-
sary to evaluate the ADC value by understanding that it is
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not an absolute value and is affected by the setting condition
of the imaging parameters.

In this study, although ADC values were measured using
two MRI scanners with different field strength at different
times, no difference was found in ADC values between the
scanners for both localized AIP and PDAC. Xiao et al. [39]
reported that the ADC values of pancreas were affected by
the field strength of scanner. On the other hand, Ogura et al.
[40] reported that if the appropriate imaging parameters
(repetition time, > 3000 ms; echo time, minimum; and high
signal-to-noise ratio of high-b DWI) were used, the vari-
ability in ADC values for different MR scanners was fairly
small. All imaging parameters used in this study met these
conditions. When ADC values are used for diagnosing local-
ized AIP, it is necessary to pay attention to the setting of the
imaging parameters described above.

This study has several limitations. First, it was a ret-
rospective study and some selection bias was inevitable.
Second, although our study analyzed the largest number of
patients among previous studies on ADC values of local-
ized AIP, it was by no means large enough. Still, AIP is a
relatively rare disease [30], and it is not easy to accumulate
the number of patients. Third, the relationship between ADC
values and histopathological findings has not been clarified.
Although resected specimens can be evaluated for histo-
pathological findings, surgical resection was performed in
only four localized AIP patients. Further, while EUS-FNA
was performed in most patients, it is difficult to evaluate
the degree of inflammatory cell infiltration and fibrosis with
such small specimens. Lastly, b values of 0 and 1000 s/mm?
were used in the measurement of ADC values, and ADC val-
ues appear to have been measured slightly higher due to the
perfusion effect. It is necessary to consider measuring ADC
values by eliminating the effect of perfusion using methods
such as the use of 200 s/mm? or more as a low b value and
the intravoxel incoherent motion—-DWI model [41].

In conclusion, ADC values were useful for the differential
diagnosis of localized type 1 AIP and PDAC, and the early
determination of the effect of steroid therapy. In localized
type 1 AIP where diagnosis is difficult, the measurement of
ADC values can be helpful in diagnosis.
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