Clinical Imaging 61 (2020) 20-26

Contents lists available at ScienceDirect

CLINICAL
IMAGING

Clinical Imaging

journal homepage: www.elsevier.com/locate/clinimag

Body Imaging

Check for
updates

Optimizing b-values for accurate depiction of pancreatic cancer with tumor-
associated pancreatitis on computed diffusion-weighted imaging

Koji Tokunaga®, Shigeki Arizono™", Hironori Shimizu®, Koji Fujimoto®, Mariyo Kurata”,
Sachiko Minamiguchi®, Hiroyoshi Isoda®, Kaori Togashi®

& Department of Diagnostic Imaging and Nuclear Medicine, Kyoto University Graduate School of Medicine, 54 Kawaharacho, Shogoin, Sakyo-ku, Kyoto 606-8507, Japan
Y Department of Diagnostic Pathology, Kyoto University Graduate School of Medicine, 54 Kawaharacho, Shogoin, Sakyo-ku, Kyoto 606-8507, Japan

ARTICLE INFO ABSTRACT

Purpose: To determine the optimal b-value for accurate depiction of pancreatic cancer (PC) in patients with
active tumor-associated pancreatitis (TAP), using computed diffusion-weighted imaging (cDWI) with a range of
b-values up to 3000 s/mm?.

Methods: The study protocol was approved by the institutional review board. We retrospectively analyzed 34
consecutive PC cases with active TAP who underwent pancreatectomy without preoperative therapy. Four cDWI
datasets with b-values of 1500-3000 s/mm? (cDWI;505-cDWIz000) Were generated from the original DWI da-
tasets with b-values of 0 and 1000 s/mm? obtained using a 3-T scanner. Two board-certified radiologists
evaluated images qualitatively (tumor conspicuity and total image quality), and another two board-certified
radiologists placed regions of interest for quantitative evaluations (apparent diffusion coefficient [ADC] values
of both lesions, contrast ratio [CR] of PC to active TAP, and volume ratio [VR] of PC to surgical specimen).
Results: As the b-value increased, tumor conspicuity improved significantly in ¢cDWIyo00 and cDWIasoo
(P = 0.0121 and 0.0015, respectively), although total image quality decreased in all cDWIs compared with
DWI,000 (P < 0.0001). Significantly lower ADC values were seen in PC (P < 0.0001). All cDWI groups showed
positive correlation between the tumor conspicuity and ADC difference between PC and TAP. CR increased with
the b-value, while VR decreased. Significant equivalence of VR to the surgical specimen was seen on cDWIy409
(P = 0.0031).

Conclusion: Accurate depiction of PC was optimal with cDWI,g0 in the presence of active TAP.
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1. Introduction duration of the applied gradients, and the interval between the two

gradients [13]. Delineating the borders of the tumor mass becomes

Pancreatic cancer (PC) is a common, highly aggressive malignant
neoplasm. The incidence of PC has been increasing over the years [1].
Recognizing the borders of the cancer is important, particularly when
discussing resectability, deciding on surgical procedures, planning
radiotherapy, or evaluating therapeutic responses to chemor-
adiotherapy or chemotherapy [2-6]. Clinically, multimodal imaging
techniques utilized for this task include ultrasonography, computed
tomography (CT), and magnetic resonance imaging (MRI) [7].

The utility of diffusion-weighted imaging (DWI) with a high b-value
range (b = 800-1000 s/mm?) has been reported for several malig-
nancies, including PC [8-12]. The b-value is an arbitrary parameter set
when performing DWI, which is determined by the amplitude, the
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difficult in patients with PC and tumor-associated pancreatitis (TAP) of
the upstream pancreatic parenchyma on DWI, because both lesions
demonstrate high signal intensity (SI) on DWI [9,14], especially when
the TAP is in the acute or active inflammatory phase (active TAP), as
this phase lowers the apparent diffusion coefficient (ADC) value in
contrast to the chronic, inactive or less active inflammatory phase
[11,15,16]. TAP may occur in approximately 17% of PC patients [17].
Higher b-value-based DWI with b > 1200 s/mm? is helpful to visualize
PC in these cases [18]. However, image deterioration is seen in higher
b-value-based DWI, due to the decrease in signal-to-noise ratio and the
associated distortion, especially in the abdomen [19,20].

Computed DWI (cDWI) is a technique for generating DWI with any
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b-value from at least two different b-value-based DWIs [21]. Using a
cDWI-generating program, cDWI can be generated automatically and
very easily within a few minutes without any expertise. Such programs
can be created by radiologists, and are also available in some open-
source image analysis software [22]. The utility of cDWI for detecting
PC has been reported [23]. However, the utility of cDWI remains un-
clear for border delineation between PC and TAP, especially in PC pa-
tients with active TAP. Optimal b-values for cDWI in such patients re-
main unclear.

We sought to evaluate the utility of cDWI and determine optimal b-
values for the accurate depiction of PC in patients with active TAP,
using ¢cDWI with a broad range of b-values up to 3000 s/mm?.

2. Material and methods
2.1. Patients

This study protocol was approved by the institutional review board
prior to initiation of the study, and the need to obtain written informed
consent was waived owing to the retrospective nature of the study. The
following patients were included: 1) patients who underwent abdom-
inal MRI prior to therapy for histologically diagnosed PC between
January 1, 2011 and March 31, 2017; 2) patients who were diagnosed
clinically and radiologically with active TAP; and 3) patients who un-
derwent radical pancreatectomy =30 days after MRI. The following
patients were excluded: 1) patients who received preoperative therapy;
2) patients who were under treatment for another malignant tumor; and
3) patients who had pancreatitis associated with endoscopic retrograde
cholangiopancreatography based on the medical record.

The presence of active TAP was confirmed with triple-phase con-
trast-enhanced CT (CECT) obtained <2 weeks before the MRI study,
based on well-documented criteria used in the literature [24,25], and
elevations of amylase or lipase from the reference range in our in-
stitution (amylase, 45-140 U/L; lipase, 11-53 U/L) <2 weeks before
the MRI study.

2.2. MRI protocol

All MRI examinations were performed using a 3.0-T MR system
(Magnetom Prisma® or Magnetom Skyra®; Siemens Healthineers,
Erlangen, Germany) equipped with spine matrix and body matrix coils.
DWIs were obtained in single-shot spin-echo (SE) echo-planar imaging
(EPI) sequence in the axial plane with free breathing and respiratory
triggering using the Prospective Acquisition CorrEction (PACE) tech-
nique to correct for respiratory motions. Imaging parameters were as
follows: repetition time, 1800 ms; echo time, 55 ms; field of view,
31.8 x 26.0 cm; matrix size, 86 x 128; 30 slices; slice thickness/gap,
5/1 mm; spectral fat saturation; 4 averages; k-space-based parallel
imaging technique (generalized autocalibrating partially parallel ac-
quisitions) with an acceleration factor of 2; and b-values of 0, 500, and
1000 s/mm?.

Baseline MR images, including a fat-saturated T2-weighted turbo
spin-echo (TSE) sequence with respiration triggering using the PACE
technique, a breath-hold heavily T2-weighted half-Fourier single-shot
TSE sequence, a breath-hold T1-weighted gradient-echo (GRE) se-
quence with dual-echo of in- and opposed-phases, and MR cholangio-
pancreatography with breath-holding using a single-shot TSE sequence
were acquired before administration of Gd-EOB-DTPA (Primovist®;
Bayer Schering Pharma AG, Berlin, Germany). Pre-contrast, dynamic
and delayed hepatocyte-phase T1-weighted three-dimensional spoiled
GRE images in the axial plane were obtained using a volumetric in-
terpolated breath-hold examination (VIBE) sequence with chemically
selective fat saturation. After acquiring the initial VIBE sequence, a
bolus of 25 pmol/kg body weight Gd-EOB-DTPA was injected and flu-
shed with 40 mL of sterile saline solution at a rate of 2.5 mL/s into the
antecubital vein. A power injector (Sonic Shot®; Nemoto-Kyorindo,
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Tokyo, Japan) was used for injection of contrast agent and saline.
Arterial-, portal venous-, and equilibrium-phase images were acquired
after bolus injection of Gd-EOB-DTPA with delay times of 25 s, 65 s, and
110 s, respectively. After the dynamic study, DWI was obtained, fol-
lowed by hepatocyte-phase imaging at 20-25 min after injection of
contrast agent [26].

2.3. Computed DWI

The SI on DWI exponentially attenuates with the b-value based on a
measured ADC value [21]. cDWI is a technique to generate high b-value
DWI by extrapolating decaying signal with DWI obtained from the ac-
tual scan [21]. Based on the following signal model, we calculated ADC
values from the combination of b-values in two DWIs with b-values of 0
and 1000 s/mm?, according to a previous study regarding the combi-
nation of b-values as material [27], with nonlinear least-squares fitting
using commercial software (MATLAB R2013b®; The Math Works, Na-
tick, MA) and generated cDWI with b-values of 1500, 2000, 2500, and
3000 s/mm? [28] using Eq. (1):

Sy = Spexp(—b X ADC) (@D)]
where S}, corresponds to the SI of a given b-value and Sy corresponds to
the SI without applying any diffusion gradients.

We adopted a noise-reducing concept assuming that pixels demon-
strating a negative ADC represented noise and were excluded from the
cDWI-generating algorithm and portrayed as zero-signal pixels [29].

2.4. Histopathology

The final diagnosis was confirmed by pathological examination of
the surgical specimen. Two board-certified pathologists (M.K. and S.M.,
with 8 years and 24 years of experience, respectively) made the diag-
noses separately and later reached a consensus decision. Each radically
resected pancreas, fixed with 10% neutral-buffered formalin, was sent
to the pathology laboratory. The resected pancreas was wholly sliced in
the sagittal direction in 5-mm thickness. All slices were placed side by
side and a digital photograph was taken. Slices were embedded in
paraffin blocks, cut into 4-um thicknesses, and stained with hematox-
ylin and eosin for pathological examination.

2.5. Qualitative evaluation

Qualitative assessment was performed by two board-certified radi-
ologists (T.S. and S.K., with 8 and 9 years of experience in abdominal
radiology) together with consensus on a commercially available med-
ical image viewer (Aquarius NET Client Viewer®; TeraRecon, Foster
City, CA) with reference to other MRI sequences such as T1-weighted,
T2-weighted, and dynamic contrast enhanced T1-weighted images.
Aside from knowing that the patients had both PC and active TAP,
observers were blinded to the medical information of each patient in-
cluding location and size of the tumor [9]. To minimize any reading
bias, we randomized the order of patients before every session and
scheduled a 2-week interval between interpretation sessions, with a
total of 10 weeks for the evaluation period [26]. Results of cDWI with b-
values of 1500, 2000, 2500, and 3000 s/mm? (cDWI;500, cDWIagg0,
cDWIys00, and cDWIsg00) and DWI with a b-value of 1000 s/mm?
(DWI;000) were evaluated independently. Evaluation points were tumor
conspicuity and total image quality. Tumor conspicuity and total image
quality were scored on a 4-point scale as follows: 1, poor; 2, fair; 3,
good; 4, excellent, for DWI and ¢cDWI images from each case (Table 1,
Fig. 1). Tumor conspicuity was scored based on the clarity of the tumor
border and the difference in SI between PC and distal pancreatic par-
enchyma. Total image quality was comprehensively scored based on the
degree of artifact, organ orientation, and image contrast.
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Table 1
Scores for tumor conspicuity and total image quality

Clinical Imaging 61 (2020) 20-26

Scores  Tumor conspicuity Total image quality

4 Definite border with clear difference in SI between PC and distal parenchyma Good, very small artifact, very good contrast, very good orientation of the organs

3 Unclear border with clear difference in SI between PC and distal parenchyma Fair, small artifact, good contrast, good orientation of the organs

2 Unclear border with small difference in SI between PC and distal parenchyma Moderate artifact, slightly decreased contrast, slightly decreased orientation of the
organs

1 Difficulty in PC visualization, or no difference in SI between PC and distal Poor, strong artifact, poor contrast, poor orientation of the organs

parenchyma

PC, pancreatic cancer; SI, signal intensity.
2.6. Quantitative evaluation

Quantitative analysis of DWI was performed together by another
two board-certified radiologists (K.T. and S.A., with 10 and 17 years of
experience in abdominal radiology) reaching a consensus decision, with
no blinding to the patient's medical information including diagnosis and
location of PC. Freehand regions of interest (ROIs) were drawn on all
images (DWIIOOO’ CDWIlsoo, CDW12000, CDWIzsoo, and CDWIgooo), to
include the largest area to be considered as the PC [30] and active TAP
separately. Care was taken to exclude vessels, ducts, cystic lesions, and
calcifications within the lesion [31]. Mean values of SI, ADC value,
difference of ADC values between PC and active TAP (AADC), and area
within the ROI (Apw;) were measured in all cases. Contrast ratio (CR) of
SI in PC to the TAP was calculated using the following Eq. (2):

CR = (SIrc — Skap)/Slc 2

where SIpc and Sltap represent mean SI within the ROI placed in each

lesion.
The AADC was calculated using the following Eq. (3):

AADC = ADC value of active TAP — ADC value of PC 3)

Volume of PC based on DWI (Vpw;) was calculated using the fol-
lowing Eq. (4):

Vowr = E (Apwr X Towr) 4

where Tpw; stands for slice thickness on DWI.

Histopathological extent and geographic location of the PC were
marked and hand-drawn in the hard copy of the digital photograph and
a two-dimensional cancer map was created by the same two patholo-
gists who made final diagnoses as a consensus decision (Fig. 2) [32].
Areas of the PC in the cancer map (Apathology) Were measured using
open access software (ImageJ; National Institutes of Health, Bethesda,
MD). The volume of the PC from the cancer map (Vpathology) Was cal-
culated using the following Eq. (5):

Fig. 1. Diffusion-weighted and computed diffusion-weighted images of pancreatic cancer (arrowheads) and tumor-associated pancreatitis (arrows) in a 65-year-old
female patient. Scores for tumor conspicuity/total image quality on (a) DWI; g0, (b) cDWI; 500, (¢) cDWIxg0, (d) cDWIas00, and (€) cDWIsgoo were 2/4, 3/3, 4/2, 4/2,
and 4/1, respectively. DWI, diffusion-weighted imaging; cDWI, computed diffusion-weighted imaging.
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Fig. 2. Pathological cancer map of the sagittal sliced surgical specimen of
pancreatic cancer in a 65-year-old female patient (same patient as in Fig. 1).
Pink framed areas indicate the cancer. Red and blue arrows represent the bile
duct and main pancreatic duct, respectively. (For interpretation of the refer-
ences to color in this figure legend, the reader is referred to the web version of
this article.)

VPathology = Z (APathology X TPuthology) 5)

where Tpamology Tepresents slice thickness of the histopathological
specimen.

Volume ratio (VR) of the PC was calculated using the following Eq.
(6).

VR = VDWI/VPathology 6)

2.7. Statistical analysis

All statistical analyses were performed with commercial software
(JMP Pro 13%; SAS Institute, Cary, NC). The Steel test was used to assess
tumor conspicuity and total image quality of each cDWI group com-
pared with DWI;yg0. Student's t-test was used to compare ADC values
between PC and active TAP. Spearman's rank correlation coefficient
was calculated to assess the correlation between AADC and tumor
conspicuity score on DWI;jg99 and in each ¢cDWI group. The two-one-
sided-test was used to assess the equivalency of the PC volume calcu-
lated from each ¢cDWI group compared with the pathological specimen
in the form of VR. When VR was 1, Vpw; and Vpamology coincide. Since
MRI was performed under respiratory triggering, the range of equiv-
alency was set at 1 *= 0.32 to consider the influence of respiratory
fluctuations based on the following Eq. (7):

- 1 Vi + R’nH
equivalency = — Z ~Pathology T = T
n VPathology

)

where R, n, and H represent the mean radius of the tumor in the axial
plane, the number of cases, and the mean value of respiratory fluc-
tuation in the craniocaudal direction (previously reported as 4 mm
[331), respectively. VR values and the range of equivalency were used
in the logarithmic form for analysis. Results were considered statisti-
cally significant for values of P < 0.05.
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Table 2
Patient background characteristics

Age, years [median, (range)] 68 (49-88)

Gender, n (%)

Male 17 (50.0%)
Female 17 (50.0%)
TNM stage (UICC-7), n (%)
Stage IA 3 (8.8%)
Stage IB 0 (0%)
Stage IIA 8 (23.6%)
Stage IIB 22 (64.7%)
Stage III 1 (2.9%)
Stage IV 0 (0%)
Location of the PC, n (%)
Head 21 (61.8%)
Body 11 (32.4%)
Tail 2 (5.8%)
Histology, n (%)
Adenocarcinoma
Well differentiated 4 (11.8%)
Moderately differentiated 23 (67.7%)
Poorly differentiated 4 (11.8%)
Adenosquamous carcinoma 1 (2.9%)
Scirrhous carcinoma 2 (5.8%)
Interval between MRI and operation, days [median, (range)] 14 (2—-30)

Laboratory data within two weeks before MRI, [median
(range)]
Amylase (U/L)
Lipase (U/L)
MRI scanner, n (%)
Magnetom Prisma®
Magnetom Skyra®

190 (65-502)
130 (12-1784)

15 (44.1%)
19 (55.9%)

UICC-7, TNM classification of malignant tumors 7th edition by Union for
International Cancer Control; PC, pancreatic cancer; MRI, magnetic resonance
imaging.

3. Results

Based on the inclusion criteria, 79 cases were included. A total of 45
cases were excluded for the following reasons: 42 patients received
preoperative therapy; 2 patients were under treatment for another
malignant tumor; and 1 patient had pancreatitis associated with en-
doscopic retrograde cholangiopancreatography based on the medical
records. A total of 34 cases were included in the final study. Background
characteristics of patients are summarized in Table 2.

As the b-value increased from 1000 to 3000 s/mm?, tumor con-
spicuity improved, peaking at a b-value of 2500 s/mm? (Fig. 3). Sig-
nificant improvement in tumor conspicuity was seen with cDWIygo and
cDWI5500, compared with DWI g0 (P = 0.0121 and 0.0015, respec-
tively).

Total image quality gradually decreased as the b-value increased
(Fig. 4), and all cDWIs showed a significant decrease in total image
quality compared with DWI g0 (P < 0.0001).

PC showed significantly lower ADC values compared with active
TAP (mean =+ standard deviation of the ADC value: PC,
1.11 * 0.19 x 10~ mm?/s; active TAP, 1.44 + 0.29 x 103 mm?/
s; P < 0.0001). Mean value and standard deviation of the AADC was
0.33 + 0.24 x 10~ > mm?/s.

No significant correlations were seen between AADC and tumor
conspicuity score on DWI;gqo. With ¢cDWI, a positive correlation was
seen between AADC and tumor conspicuity score in all groups.
Spearman's rank correlation coefficients were: DWIjgg9, 0.2797
(P = 0.1091); cDWIlys500, 0.5499 (P = 0.0008); cDWIs0, 0.6048
(P = 0.0002); cDWIys500, 0.5086 (P = 0.0021); and cDWI3000, 0.3790
(P = 0.0271) (Fig. 5).

CR increased gradually with increasing b-value (Fig. 6).

VR decreased gradually as the b-value increased, with cDWIygg9
demonstrating equivalency to the histological specimen (P = 0.0031).
Other cDWIs were not equivalent to that of the histological specimen
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Tumor conspicuity

DWI, 50 cDWI;500 cDWIyo00  cDWi,s00 cDWisg00

Fig. 3. Line graph of tumor conspicuity of pancreatic cancer within patients
with tumor-associated pancreatitis. The blue line represents the mean value,
and vertical lines represent standard deviations. *Statistical significance in
comparisons between DWIjooo with the Steel test. DWI o9 Vs. cDWI;500,
P = 0.0657; DWIyg00 VS. cDWIxp09, P = 0.0121; DWIy99 VS. cDWIas00,
P = 0.0015; DWIyp90 Vs. cDWI3p90, P = 0.0558. DWI, diffusion-weighted
imaging; cDWI, computed diffusion-weighted imaging. (For interpretation of
the references to color in this figure legend, the reader is referred to the web
version of this article.)

Total image quality

DWI, ggq cDWIi50 cDWl,09 cDWIiys00 cDWIggg0

Fig. 4. Line graph of total image quality. The blue line represents the mean
value, and vertical lines represent standard deviations. *Statistical significance
in comparisons between DWI;ooo with the Steel test. DWI g0 VS. cDWI;500,
P < 0.0001; DWIjp09 VS. cDWIs090, P < 0.0001; DWI o909 VS. ¢DWIs500,
P < 0.0001; DWIjg0p Vs. cDWI3p00, P < 0.0001. DWI, diffusion-weighted
imaging; cDWI, computed diffusion-weighted imaging. (For interpretation of
the references to color in this figure legend, the reader is referred to the web
version of this article.)

(Fig. 7).

4. Discussion

DWI allows high visibility of PCs as mass lesions with high SI even
when the lesion appears indistinct on dynamic CECT or other MRI se-
quences, suggesting utility for accurately delineating cancer borders. In
the setting of TAP, however, the visibility of PC and the associated
border sharpness were lower because both show high SI [8,9].

TAP is an obstructive pancreatitis, occurring from obstruction or
stenosis of the main pancreatic duct from mass effect/invasion by the
pancreatic tumor [17,34]. TAP consists of several phases of pancreatitis
from the acute and active phase to the chronic and inactive phase [17],
which show marked differences in the relative proportions of fibrosis,
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Fig. 5. Scatter plot of AADC (AADC = ADCrap — ADCpc) and tumor con-
spicuity score at cDWlygp9, With a maximum Spearman's rank correlation
coefficient of 0.6048 (P = 0.0002). ADC, apparent diffusion coefficient; TAP,
tumor-associated pancreatitis; PC, pancreatic cancer; cDWI, computed diffu-
sion-weighted imaging.
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Fig. 6.Line graph of the contrast ratio of PC to TAP. (Contrast
ratio = [SIpc — SItap] / Slpc). The blue line represents the mean value, and
vertical lines represent standard deviations. PC, pancreatic cancer; TAP, tumor-
associated pancreatitis; SI, signal intensity; DWI, diffusion-weighted imaging;
cDWI, computed diffusion-weighted imaging. (For interpretation of the refer-
ences to color in this figure legend, the reader is referred to the web version of
this article.)

necrosis, and cell density [15]. ADC value of TAP therefore shows a
wide range based on the proportion of components [15] and the time
course [35,36]. The ADC value of TAP is higher than that of PC in most
cases [11,14,37], and the ADC value of active pancreatitis tends to be
lower than that of chronic or inactive pancreatitis [15,16]. In our study,
active TAP showed slightly but significantly higher ADC values than PC,
and mean value of the difference between the two lesions was 0.33.
This was consistent with the previous two reports on PC with TAP in
which mean difference of ADC values between the two lesions was
0.32-0.38 on DWI with b-values of 0 and 1000 s/mm? [14] or 0 and
800 s/mm? [37]. Another report on PC with chronic TAP indicated the
difference of ADC values between the two lesions as 0.87 on DWI with
b-values of 0 and 800 s/mm? [11]. With the relatively smaller differ-
ence in ADC values between PC and active TAP, distinction between the
two lesions is expected on DWI with b-values beyond the usual clinical
range.

In the present study, tumor conspicuity in all groups was better with
c¢DWI than with DWI;qgo with statistical differences at cDWIygoo and
c¢DWI,500. CR between PC and active TAP increased gradually as the b-
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Fig. 7. Line graph of volume ratio of the pancreatic cancer DWI and cDWI with
several different b-values (Volume ratio = Volumepy; / Volumepamology). The
blue line represents the mean value, and vertical lines represent standard de-
viations. Horizontal line represents the scale line at the volume ratio of 1.
*Statistical significance in the equivalency assessment with the two-one-sided-
test compared with the surgical specimen. The range of equivalence was set at
1 =+ 0.32. Surgical specimen vs. DWIjg09, P = 1.000; Surgical specimen vs.
c¢DWI;500, P = 0.9517; Surgical specimen vs. cDWI,p90, P = 0.0031; Surgical
specimen vs. c¢cDWIys00, P = 0.7554; Surgical specimen vs. cDWI3go0,
P = 0.9999. DWI, diffusion-weighted imaging; ¢cDWI, computed diffusion-
weighted imaging. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)

value increased. Moreover, all cDWI groups demonstrated significant
positive correlations between AADC and tumor conspicuity, with the
largest correlation coefficient seen for cDWI,poo. The difference in SIs
between the two lesions was emphasized in the cDWI with higher b-
value by the difference in ADC values. SI of active TAP decreased more
rapidly than that of PC as the b-value increased, so cDWI with the
higher b-value induced larger contrast between the two lesions. If the b-
value was set too high, however, tumor conspicuity decreased despite
an increasing CR, possibly due to overall decreases in total image
quality. DWI;g0o presented the best total image quality, and it de-
creased gradually while the b-value increased. This trend corresponds
to several previous reports [19,21,23]. The higher b-value induces
higher signal suppression and lower SIs in pixels based on the mathe-
matical model [21] leading to a lower signal-to-noise ratio and ob-
scuring the anatomical orientation. Increases in noise with increasing b-
value could be another reason for the decreasing trend in total image
quality [38].

In a previous study of PC detection with cDWI, the best tumor de-
tectability was achieved with cDWI;500 [23]. This study included all PC
patients without any information about the presence or absence of TAP.
In PC patients with active TAP, the difference in ADC values between
the two lesions became small. In these cases, the cDWI with higher b-
value (such as cDWIyg9p or cDWI,500) Was more suitable, particularly
for evaluation of the border between PC and active TAP.

The area of high SI on DWI; ¢ was larger than the actual area of the
PC. We suggest this was caused by not only active TAP, which migrates
the seeming border of the PC to the upstream side, but also the mi-
croscopic pancreatitis that occurs around the PC from occlusion of the
small branches of the peritumoral pancreatic duct [17]. Conversely,
c¢DWI3000 showed a high-SI area smaller than the actual area of the PC.
When the b-value increases, part of the PC may become difficult to
recognize as a high SI area because of its histologic heterogeneity
[39,40]. In our study, the volume on cDWI540o demonstrated the closest
and equivalent volume with statistical significance compared with the
surgical specimen. Use of cDWI5o0o might delineate most parts of PC as
high SI, while minimizing false-positive findings from active TAP and
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peritumoral pancreatitis, although this remains speculative under the
lack of precise correlations between image and pathology in each case.
Considering the results of volume in addition to the qualitative eva-
luation, cDWI,oo was the optimal b-value for clear and accurate de-
piction in PC patients with coexisting active TAP.

Among our cases, three demonstrated low tumor conspicuity (score
1) in the qualitative evaluation on DWI;yoo with no improvement in
scores among cDWI sets. AADC in these cases (—0.06, 0.04, and 0.09)
were some of the smallest AADCs among our cases. The ADC value of
TAP has a range as mentioned above, so the ADC value of active TAP
can take a similar or lower value than that of PC, as described in a
previous report [9]. In these cases, SI of PC decreases as fast or faster
than the active TAP as the b-value increases, resulting in low visibility
of the PC. Except in such specific cases, cDWI with high b-value was
useful and accurate regarding the tumor border in most patients.
Adding cDWI with a high b-value to routine clinical MRI practice can be
achieved without any additional burden on patients, including total
scan time of MRI, since cDWI is available retrospectively. In addition,
c¢DWI may have the potential to contribute to abbreviated MRI thanks
to its use of post-examination processing.

Several limitations to our study must be considered. First, the
number of patients was restricted because of the advanced disease,
resulting in many patients undergoing neoadjuvant chemo-radio-
therapy or being deemed inoperable. Second, in this study, the cDWI
used was generated from two b-values of 0 and 1000 s/mm? based on
previous studies. The results of cDWI created using other combinations
of the b-values have not been examined. Third, the existence and ac-
tivity of TAP was not confirmed pathologically. Fourth, because of the
retrospective nature of the study, data on directly measured
DWI;500-DWI3000 Were lacking.

5. Conclusion

In patients with PC and active TAP, adding cDWI with high b-value
could be useful for clearly distinguishing between PC and active TAP. In
these patients, cDWI with a b-value of 2000 s/mm? was optimal when
evaluating images regarding tumor conspicuity, total image quality,
and tumor volume.
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