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To clarify usefulness of apparent diffusion coefficient (ADC) value in the differential diagnosis of stage |
malignant epithelial ovarian tumor (MOT) and borderline epithelial ovarian tumor (BOT), the ADC value
of the solid portion or thickened wall of ovarian tumors was evaluated by a 1.5-T magnetic resonance
imaging system in 18 cases of BOT and MOT. The median of average ADC value was 1.668 x 10~ mm?/s

for BOT and 1.021 x 1072 mm?/s for MOT (p = 0.0005), and the median of minimum ADC value was 1.394
Keywords: x 107 mm?s for BOT and 0.812x 10~ mm?/s for MOT (p = 0.0006), both of which were significantly
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lower in MOT than that in BOT. So the ADC value is useful and especially the minimum ADC value is
useful in that it can easily measure the ROI so that it contains solid portion or thickened wall.

© 2018 Yoichi Aoki. Hosting by Science Repository.

Introduction

Preoperative diagnosis of ovarian tumors is mainly performed by
imaging techniques such as ultrasonography, computed tomography
(CT), and magnetic resonance imaging (MRI). The accuracy of the
preoperative and intraoperative frozen section diagnosis for borderline
epithelial ovarian tumors (BOTS) is reported to be about 60%-75%
owing to the heterogeneity of tumor cells and large tumor size [1, 2]. The
operation mode for ovarian tumors is sometimes determined by an
intraoperative frozen section, and fertility preservation is also considered
in patients with BOT according to the patients’ wish. BOTs have a much
better prognosis [3, 4] than malignant epithelial ovarian tumors (MOTS),
and fertility preservation is a very important issue in young patients [5].
A vast majority of BOTs are limited to the ovary at the initial
presentation with 75% being diagnosed as International Federation of

Gynecology and Obstetrics (FIGO) stage |, compared with those of
MOTs, which are diagnosed at an early stage only in 10% of the patients
[6]. If the accurate diagnosis of BOTs could be preoperatively obtained,
fertility preservation would be easily prepared. Recently, the apparent
diffusion coefficient (ADC) value in MRI diffusion-weighted imaging
(DWI1), which has the potential to replace contrast-enhanced sequences,
is increasingly used for the differential diagnosis between BOT and
MOT [7-9]. The ADC value may be an index that indirectly captures the
properties of the tumor [10].

We investigated the usefulness of ADC value in the solid portion or
thickened wall of ovarian tumors for the differential diagnosis of FIGO
stage | BOTs from MOTSs. In particular, we examined a method that a
gynecologist can easily evaluate.
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Materials and Methods

This retrospective study was conducted according to the principles stated
in the 1964 Declaration of Helsinki with subsequent revisions and was
approved by the Institutional Review Board of our university on May 29,
2017 (#1103).

Of the 226 patients who underwent laparotomy under the diagnosis of
BOT or MOT at University of the Ryukyus Hospital from February 2011
to January 2017, 141 were pathologically diagnosed as having BOTs or
MOTs. In the preoperative image, there were 35 patients with solid
portion or thickened wall on MRI and MRI underwent at our hospital.
Among them, 18 cases of stage | and b values relatively close when
creating ADC map were targeted (In particular, b values are 10 cases
(0,800,1000), 2cases (0,600,1000), 6cases (0,600,800)). An average
ADC value and a minimum ADC value of the ADC map were taken as
main evaluation items, and the following patients background was
extracted (age, histological subtype, surgical procedures, serum CA125
value, tumor diameter and morphology on MRI, degree of signal
intensity (SI) on DWI).

A 1.5-T MRI system (Magnetom Avanto, Simens, Erlangen, Germany)
was used with a phased-array coil. All patients underwent DWI in
addition to imaging studies using a routine ovarian MRI protocol. An
antiperistaltic agent (20 mg butylscopolamine) was administered
intramuscularly or intravenously before MRI examination to reduce
artifacts due to bowel peristalsis. Axial echo-planar DWI was mainly
performed using the following parameters: repetition time/ echo time =
5000/ 80 ms, b values = 0, 600, 800 and 1000 s/mm? (3 points including
0 s/mm?and upper limit is mainly 1000 s/mm?), field of view = 35 * 35
cm, slice thickness/ gap = 5/ 2.5 mm, number of excitations = 2, matrix
size = 128x128. The time required to acquire the DWI set was 1 minutes
and 27 seconds. The tumors were morphologically divided into four
groups i.e., cystic including thickened wall, cystic with some papillary
nodules, cystic mixed with solid portion, and solid, on the T2-weighted
and the contrast T1-weighted images, and they were classified into three

groups according to the degree of Sl on DWI i.e., high: similar to Sl of
nerve root; moderate: similar to SI of small intestinal wall; and low:
lower than S| of small intestinal wall. Measurement of the ADC value
was carried out by setting a region of interest (ROI) at a site where the
solid part or thickened wall was observed. If the range of ROl in the solid
part was 1 cm? or more, the measured average ADC value were used (to
the extent that it does not exceed the solid part, it is a circle or ellipse)
(Figure 1), and the ROI set to contain the solid part or thickened wall
was less than 1 cm? the similar solid part or thickened wall was
measured at several places (total ROI > 1 cm?) to obtain the average
ADC value (Figure 2). Because variations were expected for the average
ADC value, to evaluate the inter-measurement error of the average ADC
value, we also examined the correlation between the measured values of
the two examiners (Y1; a radiologist and TN; a gynecologic oncologist).
For the minimum ADC value, set the ROI so as to fully cover the solid
portion or thickened wall, and used the minimum value.

Statistical analyses were performed by the Fisher’s exact test and the
Wilcoxon test using JMP 10.0 (SAS Institute, Cary, NC, USA). The
cutoff value of each ADC value was obtained from the receiver operating
characteristic (ROC) curve. The Spearman rank was used for the
correlation between the average ADC values obtained by the two
examiners.

Results

The characteristics of patients with BOTs and MOTSs are shown in Table
1. The median age was 40 years (range, 27—73 years) in patients with
BOT and 57 years (range, 35-68 years) in those with MOT. With regard
to histological subtype, 8 of 11 BOTs were mucinous tumors and 6 of 7
MOTs were clear cell carcinomas; no serous adenocarcinoma was
observed in our study patients. There were no significant differences
between patients with BOTs and those with MOTSs in age, serum CA125
value, surgical procedure, and tumor diameter on MRI the degree of SI
on DWI of the solid part or thickened wall part. We observed significant
difference in the morphology of the tumor classified with MRI.

Table 1. Characteristics of patients and MRI morphology and signal intensity of diffusion-weighted imaging of solid part or thickened wall of borderline

and malignant epithelial ovarian tumors.

BOTs (n=11) MOTs (n=7) p value

Median age (years) (range) 40 (27-73) 57 (35-68) 0.1126*
Histological subtype < 0.0001**

Clear cell 0 6

Serous 2 0

Mucinous 8 0

Seromucinous 1 0

Endometrioid 0 1
Median CA125 (U/ml) (range) 26 (13—65) 22 (9—531) 0.4680*
Mode of surgery 0.4633**

Radical 6 6

Fertility sparing 5 1
Median tumor diameter (mm) (range) 195 (33—296) 142 (55—199) 0.5867*
Morphologic pattern 0.0059**

Cystic 2 0

Mainly cystic 9 2

Mixed 0 2

Solid 0 3
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Signal intensity on DWI 0.0727**
Low 3 0
Moderate 7 3
High 1 4

* Wilcoxon test, ** Fisher’s exact test. DWI: diffusion-weighted imaging
Cystic: cystic including thickened wall, Mainly cystic: cystic with some papillary nodules, Mixed: cystic mixed with solid portion, Solid: Almost solid

Minimum ADC value

The median of average ADC value was 1.668 x 10 mm?/s for BOTs X 103 mm/s

and 1.021 x 10° mm¥s for MOTs (p = 0.0005) (Figure 3), and the 25 —
median of minimum ADC value was 1.394 x 10~ mm?s for BOTs and Sensitivity 100%
0.812 x 107 mm?s for MOTSs (p = 0.0006) (Figure 4), both of which & == ;g‘vc‘l“of(;“ 100%
were significantly lower in MOTSs than that in BOTs. The cutoff value - \ NPV 100%
obtained from the ROC curve was 1.365 x 10~° mm?/s in the average =

ADC value and 1.092 x 102 mm?s in the minimum ADC value, both of i T bbb
which were area under the curve (AUC) 1.0 (Figures 3, 4). The b=l

correlation between the average ADC values was very strongly o i

correlated with the correlation coefficient (r = 0.9569) of the results BOTs (n=11) MOTs (n=7)

obtained by the two examiners; the Spearman rank correlation Median 1.394 0812

coefficient p was 1.0 (p < 0.0001) (Figure 5). Minimum

ADC value (1.323, 1.937) (0.549, 0.946)
%10 mm?/s
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Figure 3: Median and cutoff value of average ADC.
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Discussion

Measurement of the ADC value of the solid portion or thickened wall of
the ovarian tumor is useful for distinguishing between BOT and MOT.
Although the average ADC value seems to be useful, the minimum ADC
value is simple and useful as it only sets and measures the ROI so as to
sufficiently contain the solid portion or thickened wall of the ovarian
tumor.

The difference in cell density appears to be the main reason for the
difference in ADC values between BOTs and MOTSs. A statistically
significant inverse correlation between the ADC values and tumor
cellularity of pathological specimens has been shown in previous studies
of prostate, breast, and kidney neoplasms [11-13]. The other reason for
the difference in ADC values between BOTs and MOTs may be related
to the structure of the tumors. In previous studies, papillary structure may
contribute to the high ADC value of the solid component and serous
surface papillary carcinoma displayed high ADC values [7, 10,14, 15].
However, because serous surface papillary carcinoma seldom occurs and
quickly progresses, there should be no problem in its diagnosis [10, 15].
Furthermore, in the case of mucinous tumor, BOTs usually contain
closely packed tiny cysts in the solid portion, but the water molecules
diffuse with less restriction, revealing a higher ADC value [16].

In this study, we demonstrated that minimum ADC value was highly
predictive for the differential diagnosis between BOTs and MOTS. Zhao
et al. reported that the average ADC value of the solid part of the ovarian
tumor was useful between BOTs and MOTSs [7]. Subsequently, Mimura
et al. demonstrated that ADC histograms of the solid tumor component
can be helpful to distinguish between BOTs and MOTs, and 10"
percentile ADC values appeared to be the best parameter for the
differentiation of tumor types [8]. Denewar et al. reported that the
minimum ADC value was useful to distinguish between BOTs and
MOTSs [9]. In the present study as well as the previous reports [7-9], both
average and minimum ADC values were significantly lower in MOTs
than that in BOTs. One of the limitations in ADC mapping for
diagnosing ovarian tumors is the difficulty in evaluation due to small
solid part [7]. According to Denewar et al., the minimum ADC value has
higher sensitivity and specificity than the average ADC value and more
accurately reflects the aggressiveness of the tumor [9]. Mimura et al.
reported that the 10th percentile ADC value had the highest p value, but
the minimum ADC value also showed a significant difference where its
sensitivity was much higher [8]. We believe that because it is much
easier to set the ROI with the suspicious solid portion or thickened wall
for the minimum ADC value, it is a useful index to discriminate between
BOTs and MOTs.

Previous reports demonstrated cutoff ADC values for differentiating
malignant ovarian lesions. A report from Japan, using a 1.5T Siemens
scanner revealed a mean ADC of (0.93 + 0.30) x 10°* mm?s for MOTs
[17]. Thomassin-Naggara et al., using a 1.5T Siemens scanner, reported
a mean ADC of 1.14 + 0.23 x 10® mm?s for solid portions of MOTs
[18]. Li W et al. showed that an ADC value of 1.25x10° mm?s was
associated with high sensitivity and specificity for malignant ovarian
tumor, using 1.5T GE scanner ADC measurements of ROI in the solid
portions resulted in a mean of 1.03 + 0.22 x 10 mm?/s in MOTSs [19].
A threshold value of 1.039 x 102 mm?/s using a 1.5T Siemens scanner
was reported to permit the distinction with 97.0% sensitivity, 92.2%
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specificity, and 96.4% accuracy [7]. More recently, using 1.5 T Philips,
Siemens, or GE scanner, or 3 T Siemens or Philips scanner, Denewar et
al. revealed that a cutoff value of minimum ADC; 1.41 x 1072 mm?s for
indicators of MOTs with an AUC, sensitivity, and specificity of 0.86,
81%, and 84%, respectively [9]. These cutoff values previously reported
widely varied by the institutions and MRI scanners. The ADC value
varies depending on the facility, MRI model, and mode [20]. Thus, it
seems to be difficult to determine the universal cutoff value. It is also
necessary to consider whether generalization is possible by
standardizing the MRI conditions.

One of the limitations of our study is that (0, 800, 1000), (0, 600, 800),
(0, 600, 1000) are included as combinations of b values this time, from
the report of Ozaki et al., the influence on the ADC value is considered
to be slight, but the conditions are not strictly in agreement [20]. A
second limitation is that the difference was not examined by histological
subtypes, although the distribution of histological subtype was uneven
in both groups. Differences in ADC values due to histological types have
also been reported at other primary sites [21]. Finally, although the ADC
value might be a useful indicator only in cases where an epithelial
borderline or malignant tumor is suspected, benign tumors were
excluded in this study. Some benign tumors show reduced diffusion and
itis difficult to distinguish between benign and malignant tumors in DWI
[22]. Also, it should be noted that the normal ovarian parenchyma shows
a decrease in diffusion.

Conclusion

The ADC value of the solid portion or thickened wall of ovarian tumor
is useful to differentiate between MOT and BOT. Especially the
minimum ADC value is useful in that it can easily measure the ROI so
that it contains solid portion or thickened wall.
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