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Objective: To evaluate the influence of the combinations
of b-values on computed diffusion-weighted images (cDW!Is)
for prostate cancer (PCa) detection at b =2000smm 2.

Methods: Diffusion-weighted imaging (DWIs) for
31 patients with PCa (65.2 = 7.1 years) were obtained
pre-operatively at different b-values (0, 100, 500, 1000
and 2000smm™2) on a 3-T MRI. cDWIs at b=2000
were generated by using six b-value combinations:
0-100s mm ™2 (cDWlp-100); 0-500 s mm ™2 (cDWlo_500);
100-500 s mm 2 (cDW/lioo-500); 0-1000 s mm 2 (cDWlo_1000);
100-1000smMm 2  (cDWhoo1000); and 500-1000s mm 2
(cDWIs500-1000)- These cDWIs and measured DWIs with
b=2000smm 2 (MDWlooo) Were evaluated in this
setting. To assess image quality for each DWI, contrast
ratios (CRs) of cancerous and non-cancerous lesions were

Diffusion-weighted imaging (DWI) and MRI are now be-
ing widely used in body cancer imaging for detection,
characterization and assessment of treatment response.'
Prostate cancer (PCa) detection is sometimes difficult be-
cause of the high background signal of parenchyma due to
the presence of hypertrophy, bleeding and inflammation.

Therefore, for better cancer detection with DWI, the focus
should be on contrast in signal intensity (SI) between
cancer and normal parenchyma.*® It has recently been
reported that DWI obtained with ultrahigh b-values pro-
vide good contrast between cancerous and background
tissue for better PCa detection.””® Furthermore, two studies
in particular have demonstrated the advantage of DWI
obtained with a b-value of 2000 s mm™* rather than with
1000 s mm ™ ? for PCa diagnosis using either 1.5- or 3.0-T
MR systems.®” These studies found that the background
tissue signal on DWI obtained with 2000 s mm™? is more
suppressed and the contrast between signals of cancerous

evaluated. To compare the detectability of PCa for each
DWI, receiver operating characteristic analysis was used.
Results: CRs of all cDWIs were significantly higher than those
of MDWlxooo (0 <0.05). Areas under the curve of cDWlo_100
(0.62) and cDWIlp500 (0.65) were significantly smaller
(p < 0.05) than those of others (cDWloo-s00, 0.72; cDWlo_ 1000,
0.73; CDW|100_1OQQ, 0.71; CDW|500_1000, 0.74; mDleooQ, 0.72).
Conclusion: The combinations of b-values influenced
image quality and diagnostic ability of cDWIs for PCa
detection. The combinations of b =100 and b= 500smm 2,
as well as b=0 and b=1000smm 2, were optimal in this
study.

Advances in knowledge: For generating the useful cDWI
for PCa detection, radiologists should take care of the
combination of b-values when including low b-values.

and non-cancerous lesions thus more enhanced than on
DWI obtained with 1000smm™ 2 Although images
obtained with b-values >1000smm ™ are clinically pref-
erable, they are more difficult to obtain in practice because
of certain disadvantages such as poor signal-to-noise ratio
(SNR) and potential eddy current distortions resulting
from the large diffusion-sensitizing gradients used.

Computed DWI (cDWI) is a recently introduced compu-
tational technique that can produce any b-value images
from DWI acquired with at least two different b-values.'*™"2
Blackledge et al have proved that the cDWI technique
allows higher b-value images to be obtained with a good
SNR because it can suppress background noise while
maintaining the original lesion signal. Furthermore,
cDWI generated at b = 2000 s mm > from DWI obtained with
b =0 and 1000smm * reportedly attained a better contrast
ratio (CR) between cancerous and non-cancerous lesions
than did an actual DWI measured with b = 2000s mm >
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and showed a detection ability for PCa comparable to that of an
actual DWI measured with b=2000smm " However, it
remains unclear which combination of b-values is optimal for
generating cDWI with a high b-value such as 2000smm ™~ for
detection of PCa in routine clinical practice. The aim of our study
was therefore to evaluate the influence of the combinations of
b-values on cDWI at b=2000smm ~ for PCa detection and to
determine the optimal combination on a 3-T MR system.

METHODS AND MATERIALS

Patients

Our retrospective study was approved by our institute’s ethics
committee (Kobe University Graduate School of Medicine), and
written informed consent was waived. A total of 45 consecutive
patients with biopsy-proven PCa underwent 3-T MRI exami-
nations, including DWI, of the prostate followed by radical
prostatectomy between June 2012 and January 2013. 14 patients
were excluded for having been treated with hormone and/or
radiation therapy instead of surgery. The remaining 31 patients
formed the study group (mean age, 65.2 = 7.1 years). Details of
patient characteristics are shown in Table 1.

MRI

All MR examinations were performed with the aid of a 3-T MR
unit (Achieva®; Philips Healthcare, Best, Netherlands) using
a multichannel phased-array coil (SENSE Cardiac 6ch-coil;
Philips Healthcare) with parallel imaging capability. No endor-
ectal coil was used. The maximal gradient specifications were
100mTm ! (for DWI) and 40 mTm ! (for other sequences) for
amplitude and 80 mTm 'ms ™" (for DWI) and 200 mTm ' ms ™"
(for other sequences) for the slew rate. T, weighted (T2W) turbo
spin-echo images, covering the entire prostate gland and seminal
vesicles, were acquired in two orthogonal planes, axial and coronal.
The acquisition parameters for T2ZW images and diffusion-weighted
(DW) images are shown in Table 2. T, weighted images and dy-
namic contrast-enhanced images were also obtained for clinical
examinations, but they were not evaluated for this study. Peristalsis
was suppressed with intramuscular administration of 20 mg of
scopolamine butylbromide (Buscopan®; Nippon Boehringer
Ingelheim, Yamagata, Japan) or 1 mg of glucagon (Glucagon-G
Novo; Eisai Co. Ltd, Tokyo, Japan).

Computed diffusion-weighted imaging

Using two measured DWI signals, the apparent diffusion co-
efficient (ADC) was calculated on the basis of a mono-
exponential model with the formula: ADC = In(—S,/S,)/(b;—b,),
where S; is SI for b= b; and S, is SI for b = b,. ADC maps were
constructed with the same equation but on the basis of a voxel-
wise calculation. The computed DWI signal for b= b. was then
obtained with the equation S, = S; exp[—(b.—b;)ADC].'*"*

Computed DW MR images at b = 2000 smm > were generated
from the following six b-value combinations: (1) between 0 and
100smm ™%, cDWIy 100; (2) between 0 and 500smm 2
cDWIy s00; (3) between 100 and 500smm % cDWI, g0 s00;
(4) between 0 and 1000 s mm ™ 2, cDWIy_;g00; (5) between 100
and 1000smm ™2, cDWl g0 1000; and (6) between 500 and
1000 s mm 2, cDWlspo_1000. Matrix laboratory-based research
software, the c¢DWI calculator (Toshiba Medical Systems
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Corporation, Otawara, Japan), was used on a personal com-
puter for generating all computed DW images at 3 s per slice.

Pathological analysis

The presence of PCa in all 31 patients was proven histopatho-
logically after radical prostatectomy. Prostatectomy specimens
were marked with ink, fixed overnight in 10% buffered formalin
and sliced from the apex to the base at 3- to 4-mm intervals. All
glass slides obtained from the pathological step-section slices
were reviewed by a board-certified pathologist (FK) with
10 years’ experience, who was blinded to the MRI findings. For
region-specific comparisons among the protocols, the prostate
was divided into eight regions: the bilateral peripheral zones
(PZs) comprising the base, midgland and the apex, and the
bilateral transition zones (TZs). For determining radiological-
pathological correlations, a region was considered positive for
cancer if it contained a cancer regardless of its diameter. The
locations of all tumour foci were recorded on a standardized
diagram of the prostate.

Image analysis

Quantitative image analysis

The acquired images including real-measured DWI with
b=2000smm > (mDWly,) and all cDWIs were anony-
mized and collected in the digital imaging and communi-
cations in medicine (DICOM) format. Two board-certified
genitourinary radiologists, one with 8 years’ experience (YU)
and the other with 13 years’ experience (KK), who had no
knowledge of either the histopathological findings or the
clinical data, analysed the images. First, circular regions of
interest (ROIs), created with DICOM viewers (Image]; US
National Institutes of Health, Bethesda, MD), were placed on
each mDWI,40, by the two radiologists in consensus and

Table 1. Characteristics of the study subjects

Age (years)
Mean and SD 65.2+7.1
Range 51-81
Initial value of serum PSA (ng ml™")
Mean and SD 8.56 = 3.5
Range 4.7-16.5
Pathological stage
pT2a 8
pT2b 8
pT2c 8
pT3a 6
pT3b 1
Highest Gleason score
6 (3+3) 5
7 (4+3,3+4) 16
8 (5+3,4+4) 10

PSA, prostate-specific antigen; SD, standard deviation.
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Parameter T2WI (axial) T2WI (coronal) Diffusion-weighted imaging
Sequence TSE TSE Single-shot EPI
Acquisition plane Axial Coronal Axial
Repetition time/echo time (ms) 4000/130 3300/130 4000/65
Flip angle (°) 90 90 90
Echo train length/EPI factor 16 16 29
Sensitivity-encoding factor 2 2 3
Phase-encoding direction RL RL AP
b-values (smm ™) - - 0, 100, 500, 1000, 2000
Fat saturation - - SPAIR
Field of view (mm) 200 X 200 200 X 200 450 X 360
Acquisition matrix 256 X 256 256 X 256 128 X 128
Slice thickness/gap (mm) 3/0 3/0 3/0
Number of slices 25 25 25
Number of excitations 3 3 3
Acquisition time (s) 3:40 2:30 7:20

AP, anterior to posterior; EPI, echo-planar imaging; RL, right to left; SPAIR, spectral attenuated with inversion recovery fat suppression method; T2WI,

T, weighted imaging; TSE, turbo spin-echo.

within the malignant or normal lesions with reference to the
histopathological findings of radical prostatectomy for each of
the patients. The slice that includes the largest cancer cross
section was selected for each patient. The same ROIs were then
copied onto other DW images acquired in the same axial sec-
tion. Finally, the mean signal intensities of both cancerous and
non-cancerous lesions were measured on the DW images of all
31 patients. Then, the CR between cancerous and non-
cancerous lesions was calculated with the following formula:
CR = (Sca — Snon-ca)/(Sca T Snon-ca)> Where S, is the average SI
for the cancerous lesion and S,,,.c, is the average SI for the
non-cancerous lesion. Finally, the CRs for the DW images were
compared statistically.

Qualitative image analysis

For qualitative assessment, the images were visually checked and
compared for the absence of geometric distortion, absence of
image blurring, absence of ghost artefacts, clarity of prostate
margin, lesion conspicuity and overall image quality. These
parameters were scored with a five-point visual system by the two
radiologists in consensus as follows: 5, excellent; 4, good;
3, moderate; 2, fair; and 1, poor. The parameter was scored as
0 when it was unevaluable. The evaluation scores for each of these
items were then compared statistically among the DW images.

Detection capability assessment

To compare the capability of the DW images for facilitating
detection, six combinations of images, Protocols A [T2W
imaging (T2WI) + cDWIy_ 190, B (T2WI+ cDWI, 500),
C (T2WI + cDWI,00_s00), D (T2WI + cDWIy_;000), E (T2WI +
cDWIi0_1000), F (T2WI + cDWI509_1000) and G (T2WI +
mDW1I,400), were independently evaluated by the same two

genitourinary radiologists (YU and KK) for the likelihood of the
presence of cancer by prostatic region. A five-point scale was
used for evaluation: 5, definitely present; 4, probably present; 3,
equivocal; 2, probably absent; 1, definitely absent. For region-
specific comparisons among the protocols, the prostate was di-
vided into the same eight regions as for the pathological analysis.
Each data set was then independently reviewed by the two
readers with a minimum interval of 1 month to avoid any de-
cision threshold bias owing to reading-order effect. In addition,
for both readers there was an interval of at least 1 week between
quantitative and qualitative image analysis sessions. These
assessments were performed before the previously mentioned
quantitative and qualitative image analyses. The criteria for the
diagnosis of PCa on each of the MR images were based on those
used for several previous studies.>'*"'® On T2WIs, a lesion in
the PZ was considered to be definitely malignant if it showed
homogeneous low SI with an irregular shape, unclear margin
and diffuse extension with mass effect. As for the TZ, a mass
showing a homogeneous low SI on the T2WI accompanied by
destruction of normal structures, such as the surgical capsule or
anterior fibromuscular stroma without a capsule, was considered
to be definitely malignant. A lesion detected on DWI was con-
sidered malignant if it showed high intensity relative to the
background prostate parenchyma.

For the standardization of these imaging assessments on DW
images, the window width and window level were set at values
according to each of the readers’ preferred values for reading.
Because this study focused on a comparison of the ability to
enhance diagnostic accuracy and of image quality of the com-
puted and acquired DW images, no ADC maps were used for
visual assessments.
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Statistical analysis

For quantitative assessment, CR from all DWI data sets were
compared by means of Tukey-Kramer’s test, as were visual
scores for all DWI data sets for qualitative assessment.

For qualitative assessment of detection capability enhancement,
interobserver agreement on the likelihood of the presence of
cancer was assessed by means of k statistics with quadratic
weighting. A k-value of up to 0.20 was considered to indicate
slight agreement; 0.21-0.40, fair agreement; 0.41-0.60, moderate
agreement; 0.61-0.80, substantial agreement; and =0.81, almost
perfect agreement.'”

Receiver operating characteristic (ROC) analyses were performed
for comparison of detection capability accuracy for all protocols.
The areas under the curves (Az) were estimated non-
parametrically for ordinal score assessments and the findings of
the ROC analyses were used to determine the threshold values.
Finally, sensitivity, specificity, positive-predictive value, negative-
predictive value and accuracy of the protocols were compared by
means of the McNemar’s test. These analyses were performed for
whole prostate of all patients.

Commercially available software (JMP v. 9; SAS Institute Japan
Ltd, Tokyo, Japan) was used for all statistical analyses. A two-
tailed p-value of <0.05 was considered significant.

RESULTS
Histopathological examinations that identified 121 regions out of a
total of 248 regions were found to be cancer positive (PZ, 94; TZ, 27).

The results of CR are shown in Figure 1. The CR of every com-
puted DWI was significantly higher than that of mDWI,4g,

Y Ueno et al

(CDWIo_lo(): 0.54 = 030, CDWIO_S()O: 0.40 = 020, CDWI]O()_SQO:
0.38 = 0.20; CDWI()_IOQO: 0.39 = 0.20; CDWIIOO—IOOO: 0.39 =0.10;
CDW1500_1000: 0.44 = 0.20; mDWIZOOO: 0.23 = 01) (p < 005)

The visual assessment scores are shown in Table 3. On every
cDWIj 199, geometric distortion, image blurring and ghost
artefacts were unevaluable, because the signal of the prostate was
buried in the background signal. The visual score of cDWI; ;90
for every item was significantly lower than that of the other DW
images (p <0.01). Furthermore, visual scores for clarity of the
prostate margin, lesion conspicuity and overall image quality of
cDWI, 509 were significantly lower than those of other DW
images except for cDWI, ;0 (p < 0.05).

Table 4 shows the overall scores for assessment of probability of
the presence of PCa on a per-region basis recorded by the two
readers for each protocol. Interobserver agreement was rated as
moderate for Protocols A (T2WI + cDWIy_j00)s B (T2WI +
cDWI _500), D (T2WI + cDWI_100) and E (T2WI + cDWI94_1000)
and as substantial for Protocols C (T2WI + ¢cDWI,go_s00),
F (T2WI 4+ cDWlspo_1000) and G (T2WI + mDWl,g00)-

The results of ROC analyses by Reader 1 (YU) are shown in
Figure 2. The Az of Protocol A (0.62) was significantly smaller than
that of the others (C: 0.72, p=10.01; D: 0.73, p = 0.005; E: 0.71,
p=0.005; F: 0.74, p=0.008; and G: 0.72, p = 0.005). Az of Pro-
tocol B (0.65) was also significantly smaller than C, D, E, F and G
(C: p=0.04; D: p=0.03; E: p=0.04; F: p = 0.02; and G: p = 0.03).

On the basis of the findings for ROC analyses, the threshold value
for the visual scoring system for each protocol was set at three.
Table 5 shows the diagnostic ratings for each protocol. The sen-
sitivity of Protocols A (55.4%), B (49.6%) and C (59.5%) was

Figure 1. Comparisons of contrast ratio (CR) for each diffusion-weighted imaging (DWI). The CR for cancerous and non-cancerous
lesions of each DWI. The CR of measured DWIs with b =2000smm 2 (mDWl,000) Was significantly lower than that of all other
computed DWIs (cDWIs). *p <0.05, **p <0.01. b-value combinations: 0-100smm ™2 (cDWlp-100); 0-500smm ™2 (cDWlo_s00);
100-500 s mm ™2 (cDWli00-500); 0-1000 s mm ™2 (cDWlg-1000); 100-1000 s mm ™2 (cDWloo-1000); 500-1000 s mm ™2 (cDWls00-1000)-
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Table 3. Comparison of diffusion-weighted imaging (DWI) capability for qualitative assessments
Evaluation items
Diffusion -
weighted Absence 'of Ab.sence of Absence of Clarity of Lesion Qverall
images g?ome‘Frlc 1mage ghost proste%te conspicuity 1mage
distortion blurring artefacts margin quality
cDWIy_100 0 0 0 1.14*+0.3 1.11 0.3 1.00 = 0.0
cDWI_500 3.33*+0.6 4.88*+0.5 4.80+0.4 3.25*0.8 3.08 0.7 3.31*0.7
cDWI,00-500 3.76 = 0.6 4.88+0.6 4.80 = 0.4 3.29*0.7 3.19 0.9 3.51 = 0.6
cDWIy_1000 3.90*0.5 491*0.3 4.85*+0.3 3.88 £0.5 4.20*+0.7 4.22+0.5
cDWI00-1000 391*0.6 491*0.3 4.85*+0.3 3.88 0.5 4.20*+0.8 4.20*0.5
cDWIs00-1000 3.68 = 0.7 491+0.3 4.80 = 0.3 3.71%0.7 422+0.38 4.00 = 0.7
mDWI,409 3.74*0.5 4.88+0.5 4.82+04 3.68 £0.7 3.93*+09 4.11+0.5

cDWI, computed diffusion-weighted imaging; cDWlg_100, cDWI 0-100 s mm~2; cDWlg_s00, CDWI 0-500 smm™2; cDWloo-s00, CDWI 100-500 s mm ™2
cDWlo-1000, CDWI 0-1000 s mm~2; cDWli00-1000, CDWI 100-1000 s mm~2; cDWls00-1000, CDWI 500-1000 s mm ™2, mDW 000, measured DWIs with

b=2000smm 2.

significantly lower than that of Protocols D, E, F and G (D: 77.7%,
p<0.0001; E: 79.3%, p<<0.0001; F: 71.0%, p<<0.0001; and
G: 83.5%, p <0.0001). The specificity of Protocol B (77.2%) was
significantly higher than those of the other DW images (A: 63.0%,
p<<0.0001; C: 74.0%, p = 0.04; D: 62.2%, p < 0.0001; E: 59.1%,
p<0.0001, F: 59.8%, p < 0.0001 and G: 50.4%, p < 0.0001). The
accuracy of Protocol A (59.3%) was significantly lower than that
of Protocols C, D, E, F and G (C: 66.9%, p = 0.03; D: 69.8%,
Pp<<0.001; E: 69.0%, p =0.01; F: 65.3%, p=10.01 and G: 61.5%,
p =0.02). A representative case is shown in Figure 3.

DISCUSSION

The aim of this study was to evaluate the influence of the
combination of b-values on cDWI at b=2000smm > for
PCa detection and to determine the optimal combination on
a 3-T MR system. Our findings suggest that, the combina-
tions of b-value influenced the image quality and diagnostic
ability of ¢cDWI for PCa detection. Furthermore, it was
suggested that the combinations of b=100 and
b=500smm *, and b =0 and b = 1000 mm~ > were optimal
for cDWI generation.

Table 4. MRI scores and reader agreement for assessment of probability of presence of prostate cancer

MRI score
Protocol Reader K value

1 2 3 4 5
1 36 105 70 26 10

A: T2WI + cDWI_100 0.50 (0.33, 0.65)
2 54 81 71 23 20
1 54 105 45 24 20

B: T2WI + ¢cDWI_ 500 0.54 (0.37, 0.70)
2 36 106 69 27 10
1 50 93 31 47 27

C: T2WI + cDWI, 00500 0.63 (0.52, 0.75)
2 36 104 67 24 10
1 34 72 63 51 28

D: T2WI + cDWI_,000 0.58 (0.40, 0.72)
2 26 74 79 45 24
1 20 77 57 55 39

E: T2WI + cDWI,00_1000 0.60 (0.44, 0.76)
2 24 60 87 51 26
1 22 94 53 41 38

F: T2WI + ¢cDWls540_1000 0.64 (0.48, 0.80)
2 13 96 71 40 28
1 15 76 80 50 27

G: T2WI + mDWlyg00 0.62 (0.46, 0.77)
2 13 40 119 41 35

cDWI, computed diffusion-weighted imaging; cDWlg_100, cDWI 0-100 s mm~2; cDWlg_s00, CDWI 0-500 smm™~2; cDWloo-500, CDWI 100-500 s mm ™2
cDWlo-1000, CDWI 0-1000 s mm~2; cDWloo-1000, CDWI 100-1000 s mm~2; cDWls00-1000, CDWI 500-1000 s mm~2; DWI, diffusion-weighted imaging;
MDW!l,000, measured DWIs with b =2000smm™?; T2WI, T, weighted imaging.

Figures in parentheses show 95% confidence intervals.
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Figure 2. Receiver operating characteristic curves for prostate cancer diagnosis components of the seven protocols. Area under the
curves (Az) of cDWilg_100 (@) and cDWlo_s00 (b) was significantly smaller than that of the other diffusion-weighted images [(c),
CcDWlhoo-s00; (d), cDWlo_1000; (€), CDWloo-1000; (F), CDWlsoo-1000; (9): MDWlz0001.

The computed DWI theory underlying our study is based on
calculating ADC with a monoexponential model. The mono-
exponential model is simpler to perform, and the evidence is
that it performs as well or almost as well as the biexponential
model for cDWI theory.'® Thus, optimization of computed DWI
with the aid of a monoexponential model is especially relevant
for clinical application.

This study has demonstrated that a better CR can be obtained
with every computed DWI than with the directly measured DWI

Table 5. Comparison of diagnostic performance of all methods

.l | [B ] 1] . 11 [D
z o g o g o .
g ot g * * e g
7R [ B O 7]
R & o £ ox @
> E:‘i'i Az=0.62 * @ &
1-Specificity
E o r 1 F ool ) 1 G .. ) ]
& o g e Z o
2 | £ £
B o B ox
$ ol s o | o
':':f Az=0.71 ' | Az=0.74 ' Az=0.72
1-Specificity 1-Specificity 1-Specificity

on a 3T MRI. This finding agrees with the results of previously
reported studies.'”"” Blackledge et al'® performed a copper
sulfate phantom study and found that the noise remains
constant across b-values for acquired images, whereas for
computed images, it decreases when the b-value increases to
>840smm . Computed DWI images are thus more likely
than acquired images to highlight differences in SI between
cancerous and non-cancerous tissue on images with high
b-values. Our study confirmed that computed images yielded
a better CR than actual-measure images with high b-values.

Protocol Sensitivity Specificity Accuracy Positive-predictive Negative-predictive Area under
(%) (%) (%) value (%) value (%) the curve

: +
A T2wl 55.4 (67/121) 63.0 (80/127) 59.3 (147/248) 58.8 (67/114) 59.7 (80/134) 0.62 (0.55, 0.69]
cDWIg 109

: +
B: TowI 49.6 (60/121) 77.2 (98/127) 63.7 (158/248) 67.4 (60/89) 61.6 (98/159) 0.65 [0.58, 0.71]
cDWI 509

. T2WI +
2wl 59.5 (72/121) 74.0 (94/147) 66.9 (166/248) 68.6 (72/105) 65.7 (94/143) 0.72 [0.65, 0.78]
cDWI0-500

: +
b: 12wl 77.7 (94/121) 62.2 (79/127) 69.8 (173/248) 66.2 (94/142) 74.5 (79/106) 0.73 [0.66, 0.79]
cDWIy_1000

: +
£ 12wl 79.3 (96/121) 59.1 (75/147) 69.0 (171/248) 64.9 (96/148) 75.0 (75/100) 0.71 [0.65, 0.77]
cDWIig0-1000

: +
F: 12wl 711 (86/121) | 59.8 (76/127) | 653 (162/148) 62.8 (86/137) 68.5 (76/111) 0.74 [0.67, 0.79]
cDWIs00-1000

: +
G T2wl 83.5 (101/121) 50.4 (64/127) 66.5 (165/148) 61.6 (101/164) 76.2 (64/84) 0.72 [0.66, 0.78]
mDWlgo0

cDWI, computed diffusion-weighted imaging; cDWlg_100, cDWI 0-100 s mm~2; cDWlg_s00, CDWI 0-500 smm™2; cDWloo-500, CDWI 100-500 s mm ™~
cDWlo-1000, CDWI 0-1000 s mm~2; cDWloo-1000, CDWI 100-1000 s mm~2; cDWls00-1000, CDWI 500-1000 s mm~2; DWI, diffusion-weighted imaging;
MDWl,000, Measured DWIs with b=2000smm ™ ?; T2WI, T, weighted imaging.

Figures in parentheses show actual numbers. Figures in brackets show 95% confidence intervals.
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Figure 3. A 68-year-old patient with prostate cancer (PCa) with Gleason score 4 + 3 =7 PCa, pT3a, initial prostate-specific antigen of
7.8ngml~". On T, weighted imaging (a), both sides of the peripheral zone (PZ) show diffuse low intensity (arrowheads). On cDWlg_100
(b) and cDWlo_500 (C), no abnormal signal intensity suspicious for cancer was detected (arrowheads). Abnormal signal intensities
(arrowheads) in the right and left lobes of the PZ are visible on cDW/li00-500 (d), cDWlo_1000 (€), cDWloo-1000 (f) cDWls500-1000 (9) and
MDWl>000 (). Pathological specimen examination confirmed PCa in the right and left lobes of the PZ (not shown).

Although ¢DWI_;op and ¢cDWI 5oy obtained high CR, they
showed poor image quality for various items for visual qualitative
assessment. Also, a comparison of interobserver agreement for all
seven protocol methods showed that the protocols using com-
puted DWI generated from b-values with 0 and <500smm >
showed relatively low « values. This might be because that not
only signals of cancerous lesion but also signals of normal prostate
parenchyma were weakened and embedded in the background
signal at those b-values. It is known that the initial decrease in
signal intensities at low b-values is steeper than the more gradual
attenuation of signals at higher b-values.'” ADCs calculated from
low b-values are prone to be larger, thus, computed signal based
on an monoexponential model would be lower. As for diagnostic
capability, Az of computed DWI generated from b-values with
0 and <500smm > was lower than that of other DW images.
These are likely to be the result of their poor image quality. Even
with a less strict evaluation, signals of relatively small cancers tend
to be weaker on cDWI generated from b-values <500smm >
This can be assumed to be the major reason that the sensitivities
of cDWIy ;00 and cDWI 540 were lower than those of other
images.

It should be noted that computed DWI does not provide in-
formation equivalent to a measured DWI image at the same
b-value. Increasing b-value in measured DWI increases the
motion sensitivity to slow tissue water diffusion components
and reduces the microcirculation effect. However, on the other
hand, computed DWI merely combines information from a set
of images acquired with lower b-values. Increasing the b-value
should therefore only be regarded as a way of enhancing the CR
between areas with different ADCs.*® According to the previous
report,”’ a combination of b-values strongly influences the cal-
culated ADCs. They also suggested that removing low b-values

reduces the perfusion contamination of the diffusion signal and
ADCs approach the biexponentially calculated Ds, thus, care
should be taken when ADC calculation includes low b-values.
Also, using low b-values, which are perfusion sensitive, may thus
not be suitable for computing high b-value DW images. Our
study outcomes suggest that b-value combinations with
b=10smm 2 and b=500smm 2, as well as b =0s mm 2 and
b =1000s mm > are recommended for computation of DWI at

b-value with 2000 s mm 2.

c¢DWI images, could not produce a higher PCa diagnostic accu-
racy than did a measured DWI at b-value with 2000s mm ™ in this
study. However, this result may be induced by the fact that
the measured DWI at b-value with 2000 s mm ™ obtained
high-quality images owing to our MR system’s configura-
tion. cDWI technique would offer several advantages. One
is that images with high b-values can be obtained regardless
of the MR system’s configuration. This contrasts with pre-
vious studies reporting that a shorter echo time (TE) is
more likely to yield a higher SNR for DWI (>1000s mm~*).*
Whereas the achievable minimum TE for DWI acquisition
depends on the performance of a gradient system; cDWI tech-
nique can make high b-value images maintain tissue SI without
depending on TE."?

This study has a few limitations. First, we did not evaluate SNRs
of each DWI. Because the parallel imaging technique was used for
measured DWT and each cDWI in this study, we could not assess
noise itself. Second, as the main aim of this study was to evaluate
DW image quality and diagnostic capability for PCa, findings for
ADC were not evaluated in this study. Third, a limited number of
low b-values were used for computation DWIL. Moreover, the
lower and higher limits of b-values were included in this study. In
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addition, the study population was relatively small, and staging
and/or therapeutic effect prediction or assessments were not
evaluated in this study. Therefore, we plan large prospective co-
hort studies for answering the above-mentioned limitations and
to demonstrate the real significance of this new technique for
management of patients with PCa in the near future.

In conclusion, for PCa detection, our findings suggest that
combinations of b-values with 0s mm™* and <500smm > are
not suitable to generate cDWI at b-value with 2000smm >
Care should be taken when computing DWI by using
low b-values. The combinations of b=100smm™ > and
b=500smm 2 as well as b=0smm > and b= 1000s mm >

were optimal in this study.
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