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The value of automatic extraction of quantitative magnetic susceptibility signal within tumors combined with
R2* value in evaluating the FIGO staging of ovarian cancer
HAO Li', LIU Ai-lian’, WANG Yi', SONG Qing-ling', LI Ye', WANG Hong-kai>, ZHUANG Ming-rui’
(1. Department of Radiology, the First Affiliated Hospital of Dalian Medical University, Dalian Liaoning 110611, China;
2. Department of Medical, Dalian University of Technology, Dalian Liaoning 110651, China)

Abstract: Objective: To investigate the predictive value of R2* values of enhanced T,* weighted angiography(ESWAN)
sequence and automatic extraction of quantitative intratumor magnetic sensitive signal (ITSS) in the clinical staging of ovarian
cancer patients in the international federation of obstetrics and gynecology (FIGO). Materials and Methods: The data of 37
patients with pathologically confirmed ovarian cancer who underwent 1.5T MRI scan (including ESWAN sequence) were retro-
spectively analyzed. Among them, 7 cases involved bilateral ovaries, with a total of 44 ovarian lesions. According to FIOG
stage, they were divided into early group (FIGO stage I to II), 18 patients with 19 ovarian lesions, and late group(FIGO
stage Il to IV), 19 patients with 25 ovarian lesions. The R2* values of lesions in the two groups were measured by 2 ob-
servers, and AnatomySketh software was used to delineate lesions, and quantitative ITSS lesion maximum slice ratio(ITSSs) and
ITSS lesion tumor volume ratio(ITSSv) were obtained. Intra—group correlation coefficient(ICC) was used to evaluate the consis-
tency of the measurements between observers. The difference of parameters between the two groups was compared, and the
threshold values and diagnostic efficacy of R2* and ITSS parameters were evaluated by receiver operating characteristic(ROC)
curve. Logistic regression analysis was used to combine the three groups of parameters and evaluate their diagnostic efficacy.
Delong test was used to compare the difference in area under ROC curve (AUC). Results: The parameters of the two groups
were consistent (ICC>0.75), and the R2* value, ITSSs and ITSSv of the advanced ovarian cancer group were 16.97(12.44,
22.41) Hz, 0.24(0.19, 0.27), 0.23(0.20, 0.27), respectively, which were higher than those of early ovarian cancer group at 10.66
(9.01, 12.82) Hz, 0.14(0.10, 0.21), 0.17(0.11, 0.21), and the differences were slatistically significant(Z=-3.732, -2.926, -2.974,
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all P<0.05). The AUC values of R2*, ITSSs, ITSSv and their combination were 0.832, 0.760, 0.764 and 0.897, respectively.

The AUC value of their combination was the highest, and the sensitivity and specificity of the diagnosis of advanced ovarian

cancer were 92.0% and 68.4%, respectively. Compared with ITSSs and ITSSv, there was no significant difference in diagnostic
efficiency of R2%(Z=0.671, 0.664, P=0.502, 0.506). The diagnostic efficacy of the combination of the three was better than that
of ITSSs, and the difference was statistically significant (Z=1.977, P=0.048), while the diagnostic efficacy of the combination of
the three was not statistically significant compared with R2* and ITSSv (Z=1.366, 1.807, P=0.171, 0.07). Conclusion: Both

R2* value and ITSS can effectively predict the FIGO stage of ovarian cancer, automatic extraction of quantitative ITSS is

more convenient, and the combined diagnosis of the three can effectively improve the diagnostic efficiency.

Key words: Ovarian Neoplasms; Magnetic Resonance Imaging
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Figure 1. Python programming artifact removal workflow. Input the phase image that needs to be de-artifacted. The phase
image artifact is composed of a bright pixel and a dark pixel adjacent to each other. The goal of de-artifacting is to extract pix-
els that meet this feature and estimate the correct pixel value of the artifact pixel based on the pixel values around these artifact
pixels. The input original image is Figure la; Figure la is median filtered to obtain Figure lb; Figure la is subtracted from Fig-
ure 1b, and the result is that pixels with a value less than —150 are considered to be too low signals, and pixels with a value
greater than 200 are considered to be too high signals. —1 represents pixels that are too low, 1 represents pixels that are too
high, and O represents other pixels. Thus, a new three—dimensional array Figure lc is obtained; the adjacent area of 1 and -1 in
Figure lc is extracted, and the result is expanded by 1 pixel in the cross section to obtain Figure 1d. The pixels in this area are
considered to be abnormal pixels(Figure 1d); the new pixel value of the abnormal pixel is equal to the mean of the non-abnormal

pixel values among the 26 adjacent pixel values to obtain the result (Figure le), and the pixel value of the corresponding pixel in

Figure la is replaced by Figure le to obtain the final result image(Figure 1f).
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Figure 2. 49 years old, right ovarian clear cell carcinoma, early ovarian cancer group (FIGO classification stage [ A), T,WI showed that

the mass was low signal (Figure 2a), and the solid component of the lesion was enhanced in the delayed phase of the enhanced scan(Figure
2b). T,WI showed that the mass was mixed with high and low signals. The lesion was outlined along the tumor edge layer on T,WI(Figure
2¢). The AS 1.0 software automatically registered the ROI to the phase image. The AS 1.0 software automatically identified the ITSS, which
was displayed as a green signal inside the tumor (Figure 2d). The phase image showed that ITSSs was 0.146 2 and ITSSv was 0.175 7. Refer-
ring to T,WI and enhanced images, the ROI was outlined in the solid part of the lesion. The R2* image showed that the average R2* was
9.354 Hz(Figure 2e). Pathology(HE) showed a large amount of transparent cytoplasm and trace bleeding(Figure 2f).
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Figure 3. A 64-year—old patient with high—grade serous carcinoma of the right ovary, advanced ovarian cancer group(FIGO classification
stage Il A). T, showed mixed signals of the mass (Figure 3a). Enhanced scanning showed that the solid components of the lesion were en-
hanced (Figure 3b). T, showed mixed signals of the mass with mainly iso/hypointensity. The lesion was delineated along the tumor edge layer
on Ty(Figure 3c). AS software automatically identified 1TSS, which was displayed as a green signal inside the tumor(Figure 3d). The phase di-
agram showed ITSSs of 0.278 8 and ITSSv of 0.316 6. The R2* diagram showed that the mean R2* was 24.370 Hz (Figure 3e). Pathology(HE)
showed a large number of atypical cells with a high nuclear—cytoplasmic ratio and obvious nucleoli, as well as a large number of hemorrhages

and blood vessels(Figure 3f).
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