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[ Abstract] Background and purpose: The apparent diffusion coefficient (ADC) values are the quantitative
parameters of diffusion weighted imaging (DWI) which are influenced by many factors, such as b values and region of

interest (ROI), and have become the concerns of research. Our study aimed to determine the measurement consistency
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of ADC in rectal cancer based on different ROIs. Methods: Eighty patients with histologically proven rectal cancer
were examined using echo-planar DW MRI values (b value=800 s/mm®). ADC values were measured on ADC map.
Mean tumor ADCs were measured according to three distinct slice protocols: ‘whole-slices’,‘single-slice of largest
tumor’ and ‘tumor parts of largest independent tumor-containing slices and two adjacent slices’. The freehand ROI
was drawn along the border of the high signal of the tumor on the 5=800 images to cover the entire tumor area of
each slice. Another ROI was drawn using circle tool to cover the entire tumor solid parts as large as possible. After
2 weeks of repeating the measurement between the two physicians. Differences in ADC values were measured using
one-way ANOVA. The two protocols were compared for differences in ADC values using paired t-test. We calculated
intra- and inter-observer variability using intraclass correlation coefficient (ICC) and Bland-Altman plot. Results:
No significant difference was observed by ROIs for three distinct slice protocols (P>0.05). The ADC values obtained
by ROIs for the outlined were higher than the ADC values obtained by ROIs for the center analysis (P<0.05). Intra-
and inter-observer ICC were 0.931, 0.803; 0.913, 0.822 by whole-slices-center and outline ROI respectively. The intra-
observer 95% limits of consistency of ADC values were (-0.089 3 to 0.083 1)x10°mm’/s (P: Mean=0, P>0.05), (-0.066 8
to 0.096 3)x10°mm’/s (P<0.05) with center and outline RO, respectively. The inter-observer 95% limits of consistency
of perfusion parameters were (-0.127 5 to 0.141 6)x10°mm’/s (P>0.05), (-0.112 0 to 0.150 2)x10”°mm’/s (P<0.05) with
center and outline ROI, respectively. Bland-Altman plot showed that whole-slices-center ROI could provide
more reproducible and stable results. Conclusion: There was no statistically significant difference among three
distinct slice protocols analysis of ADC values in rectal cancer. ADC values by whole-slices-center ROI protocol
appropriately improved intra- and inter-observer consistency and could provide more reproducible and stable results
with less time. ADC values by whole-slices-outlined ROI protocol appropriately indicated the overall situation, but
needed more time.
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Tab.1 Main sequence parameters of rectal MR

Parameter FOV //mm TR t/ms TE t/ms Slice thickness //mm
TIWI 380 750 13 5.5
Thin-section T2WI 230 1500 99 1.5
DWI (h=800 s/mm?) 380 4500 55 5.5
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Fig. 1 ROI protocols

A: Axial thin-section T2WI; B: Center ROI, a sample of round-shaped ROI that was manually placed within solid tumor parts as large as possible; C:
Outline ROI, freehand ROI was drawn along the border of the low signal of the tumor on the ADC images to cover the entire whole tumor area
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Tab.2 Comparison of three different slices for ADC values

(i£s)
Hom Center ROI (10° mm?/s) Outline ROI (10° mm?*/s)
Reader 1 Reader 2 Reader 1 Reader 2
One slice 0.684+0.116 0.666+0.118 0.704+0.100 0.694+0.113
"Three slices" 0.688+0.112 0.678+0.103 0.706+0.101 0.694+0.116
Whole slices 0.686+0.113 0.678+0.102 0.708+0.102 0.695+0.116
Pone siice VS Privee stices 0.817 0.481 0.878 0.998
Pone siice VS Pryhole stices 0.908 0.510 0.785 0.973
Privee siices VS Pwhole siices 0.908 0.963 0.905 0.971
%3 [ ROLEEUTEMSFHMEADCHEIILLE
Tab.3 Comparison of center and outline ROI for ADC values
(X+s)

Slice protocol ROI Reader 1 (10° mm?/s) Reader 2 (10° mm?/s)
One slice Center ROI 0.684+0.116 0.666+0.118

Outline ROI 0.704+0.100 0.694+0.113

P value 0.030 0.001
"Three slices" Center ROI 0.688+0.112 0.678+0.103

Outline ROI 0.706+0.101 0.694+0.116

P value 0.040 0.006
Whole slices Center ROI 0.686+0.113 0.678+0.102

Outline ROI 0.708+0.102 0.695+0.116

P value 0.031 0.002
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Tab. 4 Intraclass correlation coefficients between the repetitions of one reader, two readers about the ADC values

. ICC 1CcC
Slice protocol ROI Reader 1 (First time vs second time) Reader 1 vs 2
Center ROI 0.912 0.737
One slice
Outline ROI 0.872 0.820
Center ROI 0.861 0.739
"Three slices"
Outline ROI 0.900 0.719
Center ROI 0.931 0.803
Whole slices
Outline ROI 0.913 0.822
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Tab.5 Compare the difference values of ADC between whole slices-center ROI and the whole slices-outline ROI

Difference values of ADC H,: Mean=0
Reader ROI
Mean 95%CI P value
Center ROI -0.0031 -0.089 3-0.083 1 0.526
Reader 1 (first time vs second time)
Outline ROI 0.0147 -0.066 8-0.096 3 0.02
Center ROI 0.0070 -0.127 5-0.141 6 0.361
Reader 1 vs 2
Outline ROI 0.0186 -0.112 0-0.150 2 0.015
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Fig. 2 Interobserver variability for first and second measurements(the same reader) by the different ROI protocols

A: The first and second measurement’s interobserver reproducibility of ADC values by using whole slices-center ROI. B: The first and second
measurement's interobserver reproducibility of ADC values by using whole slices-outline ROI. Bland-Altman plots of ADC of first and second
time(x-axis) against the difference in ADC between the first and second time (y-axis). The continuous lines represent the mean absolute difference
(bias) in ADC between the two measurements of reader 1; the dashed lines represent the 95%CI of the mean differences (limits of agreement).
Scatter in A was more concentrated than B. ADC values using whole slices-center ROI are more stable than using slices-outline ROI
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Fig.3 Interobserver variability for two readers’ measurement by the different ROI protocols

A: Interobserver variability for two readers' measurement by using whole slices-center ROI; B: Interobserver variability of two readers'
measurement by using whole slices-outline ROI. Bland-Altman plots of the ADC of the two readers (x-axis) against the difference in ADC
between the two readers (y-axis). The continuous lines represent the mean absolute difference (bias) in ADC between the two readers; the dashed
lines represent the 95%CI of the mean differences (limits of agreement). Scatter in A is more concentrated than B. ADC values using whole slices-

center ROI are more stable than using slices-outline ROI
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