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Abstract

Introduction: Ovarian cancer is the commonest reason for death in females
due to gynecologic malignancy around the world. In contrast to other gyne-
cologic tumours, the definitive diagnosis is accomplished days after of the in-
dex surgery by the histopathology. Preoperative assessment based on conven-
tional MRI is not accurate. Information is expanding increasing about the
ability of new MRI modalities to assess ovarian mass. Aim of the study: To
assess the ability of dynamic contrast-enhanced MRI (DCE-MRI), and Diffu-
sion-weighted image (DWI) to describe uncertain ovarian masses. Patients
and Methods: This is a retrospective study. Patients were referred from ra-
dio-diagnosis department and gynecology department of Qena faculty of
medicine hospitals, South Valley University. Patients had uncertain adnexal
masses at ultrasound. Magnetic resonance examination was doneutilizing 1.5
Tesla machine. The protocol included T1WI, T2WI, TIWI following con-
trast, and DWI. Results: We included 44 patients with different forms of
complex cystic and solid ovarian masses. The final pathology of the ovarian
masses was 18 benign, 4 borderline, and 22 malignant. The sensitivity, speci-
ficity, positive predictive value, negative predictive value, and accuracy for
DWI were 100%, 94.4%, 96.3%, 100%, and 97.7% respectively. The perfor-
mance of DWI was higher than the conventional MRI and DCE-MRI. Con-
clusion: DCE-MRI and DWI have accepted ability to recognize malignant
ovarian mass.
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1. Introduction

Ovarian cancer is one of the commonest cancers in the world. It is the common-
est cause of death in women due to gynecologic malignancy around the world. It
has a 5 year survival of 40% [1]. In contrast to other gynecologic cancers, the de-
finitive diagnosis is achieved days after of the index surgery. The diagnosis is by
pathology. Preoperative diagnosis based on clinical, laboratory, radiological, and
even frozen section is not free of errors [2]. Preoperative biopsy is not offered
except when the planed treatment is neoadjuvant chemotherapy or in palliative
settings [3].

Ultrasound is the first diagnostic imaging. Conventional Magnetic resonance
imaging (MRI) uses T1 & T2 signals. MRI has 76% sensitivity and 97% specifici-
ty for diagnosis of uncertain ovarian mass. DCE-MRI has a higher sensitivity
and specificity of 81% & 98% (DCE-MRI) [4].

DWTI is another modality in MRI. It depends on the different microstructure,
cellular density, and microvasculature of malignant tissue. In ordinary body
structure, water molecules move freely. Water in malignant tissue has restricted
ability to diffuse. The apparent diffusion coefficient (ADC) value is a quantita-
tive measure of diffusion. The computer unit in the MRI machine changes these
quantities into a user-friendly qualitative image. This is the DWI. Tissues with
limited diffusion are white on DWI and hypointense on the ADC map [5].

Earlier reports on the ability of DWI to recognize malignant ovarian tumour
have found that DWT is not useful [6] [7]. Later reports found that DWT is useful
in discrimination between benign and malignant ovarian mass [8] [9] [10]. A
more recent study found a sensitivity of 84%, and a specificity of 89% [11].

Information is expanding on the diagnostic ability of DCE-MRI and DWI. In
this study, we expect to evaluate the ability of DCE-MRI, and DWI to describe
uncertain ovarian masses.

Aim of the study: to assess the ability of dynamic contrast-enhanced MRI
(DCE-MRI), and Diffusion-weighted image (DWI) to describe uncertain ova-

rian masses.

2. Patients and Methods

Design: a comparative study.

Patients: Patients were recruited from radio-diagnosis department & gyne-
cology department of Qena faculty of medicine hospitals, South Valley Univer-
sity. The study started from 1% of July 2018 to 30™ of July 2019.

Patients had inconclusive adnexal masses at ultrasound. Masses satisfy any of
the following criteria: 1) solid; 2) complex (solid and cystic); or 3) cystic with
papillary projections or septations. Masses that obviously determined by ultra-
sound were out of the research.

Ethical considerations: written consents were obtained from participants.
Patient data were anonymized. The ethical committee of research in our college

approved the study.
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3. Methods

We did transabdominal ultrasound and transvaginal ultrasound for all cases. We
used GE Logic P6 ultrasound machine (GE Healthcare Medical system; USA).
We pursue the International Ovarian Tumor Analysis (IOTA) rules to charac-
terize ovarian mass [12]. MR assessment was done at the magnetic resonance
unit, Qena faculty of medicine Hospital, South Valley University. We used 1.5
Tesla amachine with body coil as a transmitter and a receiver of radio frequency
signals (Achieva, Philips Medical System; Netherland). The MR assessment in-
cluded T1IWI, T2WI, post-contrast fat-suppressed TIWI, and DWI. DWI was
done at b0, b500, b1000. Descriptive analysis was done. Data from the MR as-
sessment included the mean size of the cyst or mass, the ADC value, and the
morphologic criteria suggesting malignancy. We had executed an individual
analysis for conventional MRI, DCE-MRI and DWI concerning their diagnostic
performance in the characterization of ovarian masses/cysts. Masses are sent for

histopathology after operations.

4. Results

We investigated 50 patients with 50 adnexal lesions. Six masses were omitted,
three of them due to loss of follow up. Unfortunately, we excluded one mass be-
cause of lack of pathology (patient died before operation). Two masses are ex-
cluded, as they were broad-ligamentary fibroid. The remaining 44 patients with
44 complex ovarian masses were included in our study.

The patient’s age ranged from 20 to 78 years old (mean 43.56 years). The main
complaint was abdominal pain and/or abdominal distension; other cases came
with different symptoms as subfertility or irregular vaginal bleeding.

The histopathology of the assessed masses were 18 benign, 4 borderline, and
22 malignant. The age range for patients with benign tumors was 20 - 65 years
(mean 39 + 13 years), while those with malignant tumors, their age range was 21
- 78 years (mean 46 * 16.953 years).

Benign masses included six serous cystadenoma, five mucinous cysadenoma,
three mature cystic teratoma, two ovarian fibroma, and fibrothecoma, and one
tubo-ovarian abscess. There were four Borderline tumors (two serous and two
mucinous). There were 22 invasive malignant masses (seven Serous cyst-adeno-
carcinoma, five Mucinous cyst-adenocarcinoma, three Metastatic krukenburg,
three Immature teratoma, two fibrosarcoma, and two clear cell carcinoma).

The analysis of the size of the lesions is appeared in Table 1. The malignant
and borderline ovarian lesions were bigger than the benign lesions.

The complex ovarian masses showed variable signal intensities in T1 and T2
as follows:

For T1 signal intensity, 34 of the included ovarian masses showed is o-intense
signal intensity, 2 masses showed bright signals, while 8 masses showed mixed

signal intensities. For T2 signal intensity, 32 of the masses showed high signals
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Table 1. Analysis of the ovarian lesions size.

Dimension Benign Borderline Malignant
Minimum 4.5cm 6 cm 7 cm
Maximum 15 cm 22 cm 25 cm
Mean + SD 9.7+3.3 14+7.3 13.7 +5.08

and 12 masses showed mixed signals (Figures 2-5). ADC values of malignant
tumors showed a minimum of 0.7 X 10~ mm?*/s and a maximum of 1.2 x 107
mm?/s. The mean (£SD) was 1.01 x 107> mm?/s (£0.34), while ADC values of the
benign masses showed a minimum of 1.2 x 10~ mm?*/s and maximum of 2 x
10> mm?/s with mean +SD 1.6 x 10~ mm?/s (+0.27). The mean ADC value in
benign tumors was obviously higher than that in malignant ones (Figures 1-5 &
Table 2).

For the sake of statistical evaluation, we incorporated the borderline tumors
into the classification of malignant tumors. The histopathological reported 26
malignant and 18 benign lesions. The performance of the preoperative imaging
is outlined in Table 3. The sensitivity, specificity, positive predictive value, nega-
tive predictive value, and accuracy for DWI were 100%, 94.4%, 96.3%, 100%, and
97.7% respectively. The performance of DWI was higher than the conventional
MRI and DCE-MRI. Borderline and malignant ovarian tumors showed re-

stricted diffusion. Benign tumors had facilitated diffusion (Figures 2-5).

5. Discussion

Ovarian carcinoma has the most elevated death rate among tumours of the fe-
male genital tract. Differentiation between benign and malignant ovarian tumor
is vital to offer the appropriate plan for each case [3] [13].

Conventional MRI assesses morphologic criteria of the lesion, such as wall
thickening, intra luminal papilla, mural nodules, thick septae, and signal inten-
sity on TIWI and T2WI. None of these criteria can consistently segregate benign
from malignant lesions [4]. Development of novel MRI modalities like DCE
MRI and DWI improves the diagnostic performance of MRI [4].

We had executed an individual analysis for conventional MRI, DCE-MRI and
DWTI concerning their diagnostic performance in the characterization of ovarian
masses/cysts. We found that conventional MRI had 88.5% sensitivity and 72.2%
specificity. This looks well with a meta-analysis of the value of MRI in characte-
rization of ovarian mass/cyst in women with non-conclusive ultrasound evalua-
tion. They found that the sensitivity and specificity was 76% and 97%, respec-
tively [14].

We found that DCE-MRI had 92.3% sensitivity and 88.8% specificity. This
compares favourably to conventional MRI in our study. So, adding DCE to the
MRI increased the accuracy of examination. Systematic review showed that
DCE-MRI has 81% sensitivity and 98% specificity [14]. However, a more recent
study showed 83% sensitivity and 75% specificity [15]. Malignant masses showed
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Figure 1. ADC Values (107>/mm?/s) of pathological types of ovarian lesions included in
the study.

Figure 2. Female patient 32 years old presented by midline pelvic adnexal
complex cystic lesion (arrow). (a) & (b) MRI axial & sagittal T2 shows mid-
line pelvic unilocular complex cystic lesion with thick septations & papillary
soft tissue mass lesion inside. (c) DWI shows restricted solid component. (d)
ADC map shows low ADC value 0.7 x 107> mm?/sec. Left adnexal histopa-
thologically, proved mature cystic teratoma.

more intense enhancement than benign lesions. Difference was clearer in the
early phase of the contrast study than the late phase [16] [17].

Our analysis revealed that DWT has 100% sensitivity, 94.4% specificity, 96.3%
PPV, 100% NPV, and 97.7% accuracy. The performance of DWI was higher than
conventional MRI and DCE-MRI. We found that all malignant lesions and one
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Figure 3. Female patient 38 years old presented by abdominal pain, pelvic US shows
complex cystic right adnexal lesion with moderate ascites. (a) (b) & (c) MRI axial T1, co-
ronal & sagittal T2 shows right ovarian multilocular complex cystic lesion (arrow)with
thick septations& peripheral soft tissue nodule inside, moderate ascites & omental thick-
ening. (d) DWI shows restricted cystic fluid contents. (e) ADC map shows low ADC val-
ue 0.9 x 10 mm?*/sec. Papillary serous cystadenocarcinomais histologically proved.

Figure 4. Female patient 45 years old presented by meno-metrorrhagia, pelvic US shows
right ovarian cyst with mural nodule & mild ascites. (a) MRI axial T2 shows right ovarian
unilocular cystic lesion with peripheral nodular thickening, mild ascites; (d) DWI shows
restricted soft tissue nodular thickening; (¢) ADC map shows high ADC value 1.2 x 107
mm?/sec. Right ovarian borderline serous neoplasm is histologically proved.

case of dermoid cyst demonstrated a high signal on DWI. This may be ascribed
to keratinized substance in dermoid cyst. These results are consistent with the
conclusions in the previous researches. They showed that most of the malignant
ovarian masses and some of the dermoid cysts had high intensity on DWI. Most
of the benign lesions had low signal intensity on DWI [6] [18] [19].

In our study, the mean ADC values for malignant lesions were 1.01 x 107 +
0.34 mm?*/s). The mean ADC values for benign lesions were (1.6 x 107> + 0.27
mm?/s). Our cut-off value was 1.2 X 10~ mm?*/s. This agreed with findings by
Takeuchi et al. They found the mean ADC value was 1.03 X 10 mm®/sin ma-
lignant tumors and 1.38 x 10~ mm?/s in benign tumor [17]. A meta-analysis of
16 studies showed that DWT is able to distinguish between benign and malignant

ovarian tumor with 91% sensitivity and 91% specificity [20].
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Figure 5. Female patient 60 years old presented by postmenopausal bleeding, pelvic US
shows huge solid hypoechoic pelvic mass lesion. (a) MRI sagittal T2 shows huge anterior
pelvic hypointense mass lesion displacing the uterus posteriorly with cystic endometrial
thickening. (b) & (c) T2 SPIR & SPIR with contrast shows enhanced septae. (d) & (e)
DWI shows facilitated diffusion & ADC map show high ADC value 2 x 10~ mm?/sec.
Ovarian fibroma is histologically proved.

Table 2. Showing the different ADC values of the included masses.

Pathological type
BENIGN
Serous cystadenoma
Mucinous cystadenoma
Mature cystic teratoma
Ovarian fibroma
Fibrothecoma
Tubo-ovarian abscess
MALIGNANT
Serous cystadenocarcinoma
Mucinous cystadenocarcinoma
Metastatic Krukenberg
Clear cell carcinoma
Fibrosarcoma
Immature teratoma
Borderline serous neoplasm

Borderline mucinous neoplasm

ADV value (Range)
1.2 - 2 x 10~ mm?/sec
1.4 - 2 x 107> mm?/sec

1.3 - 1.5 x 107> mm?/sec
1.2 - 1.5 X 107> mm?*/sec
1.6 - 1.8 x 107> mm?*/sec
1.2 x 10 mm?*/sec
1.3 x 10~ mm?*/sec
0.7 - 1.2 x 10 mm?/sec
0.7 - 1 x 10~ mm?*/sec

0.9 x 107> mm?/sec

1.2 x 107> mm?/sec

0.9 x 10~ mm?/sec

1.1 x 10~ mm?*/sec

0.8 - 0.9 x 10> mm?/sec
1.1 - 1.5 x 107> mm?*/sec

1.2 x 107> mm?/sec
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Table 3. The performance of the preoperative diagnosis.

Ultrasound Conventional MRI DCE-MRI DWI

TP 20 23 24 26

FN 6 3 2 0

FP 6 5 2 1

N 12 13 16 17
Sensitivity 76.9 % 88.5 % 92.3 % 100 %
Specificity 66.6 % 72.2 % 88.8 % 94.4 %
PPV 76.9 % 82.1 % 85.7 % 96.3 %
NPV 66.6 % 81.2 % 88.8 % 100 %
Accuracy 722 % 81.8 % 90.9 % 97.7 %

Limitations of the study: we did analysis of heterogonous group of tumors.
Therefore, the absolute number of each tumour is small. Tumors have variable
criteria according to their specific histologic composition. A larger study with

focus on specific tumour type is needed.

6. Conclusion

DCE-MRI and DWI have accepted ability to distinguish between benign and
malignant ovarian mass.

7. Recommendations

We recommend adding DCE-MRI and DWI to the conventional MRI in the as-
sessment of ovarian mass. This will aid in accurate diagnosis. Further researches

are needed to build up cumulative evidence of the value of novel signals of MRI.
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