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Abstract

Introduction: To detect the morphological parameters of ovarian masses and the accuracy of the risk of mali-
gnancy index (RMI) in diagnosing ovarian malignancy.

Material and methods: 264 women in 3 groups (reproductive, premenopausal, and postmenopausal) pre-
sented with ovarian masses and scheduled for surgery were included in this study. The participants’ preoperative
RMI was compared to the postoperative histology (gold standard) to detect the accuracy of RMI in diagnosing
ovarian malignancy.

Results: The incidence of malignant and benign ovarian tumours in the reproductive group was 9.1% and
90.9%, respectively, while it was 35.2% and 64.8%, respectively, in the premenopausal group, and 35.2%, and
64.8%, respectively, in the postmenopausal group. The incidence of malignant ovarian tumours was significantly
higher in the premenopausal (35.2%) and postmenopausal (35.2%) groups compared to the reproductive group
(9.1%), (p = 0.0008, and p = 0.0008, respectively).

The receiver operating characteristic curve showed that RMI at cut-off value > 247.5 had 82.9% sensitivity,
100% specificity, 100% positive predictive value (PPV), and 98.1% negative predictive value (NPV) in diagnosing
ovarian malignancy in the 3 studied groups (AUC 0.955, p < 0.001). There was significant positive correlation
between the participants’ age, and RMI (p = 0.001), and between participants’ cancer antigen-125 (CA-125) and
RMI (p < 0.0001) in the ovarian malignancy group.

Conclusions: The multimodal RMI is an effective tool for primary evaluation of suspected ovarian masses.
Risk malignancy index at cut-off value > 247.5 had the best performance (82.9% sensitivity, 100% specificity,
100% PPV, and 98.1% NPV) in diagnosing ovarian malignancy in the 3 studied groups. There was significant posi-
tive correlation between participants’ age, and RMI, and between participants’ CA-125 and RMI, in the studied
malignant ovarian tumours.
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Introduction Pelvic assessment, tumour markers, and radiologi-
calinvestigations have been proposed for screening and
early detection of ovarian tumours, but each parameter
is not sensitive nor specific when considered separately.
The ovarian cancer screening trial UK Collaborative Trial
gnosis of ovarian cancer [1]. The preoperative discrimi- ©f Ovarian Cancer Screening recommended screening
nation between benign and malignant adnexal masses for ovarian malignancy using serum cancer antigen-125
is important to decide further management [2]. (CA-125) with transvaginal sonography (TVS) (multi-
Women with malignant tumours should be referred modal screening) to calculate the risk malignancy index
to a gynaecology oncologist because the quality of sur-  (RMI) [5, 6]. The risk of malignancy index is calculated
gical staging/lymph node dissection is an important from the CA-125 absolute value (IU/ml), menopausal
prognostic factor in ovarian cancer [3]. Furthermore, status (M), and ultrasound findings (U) [5, 6].

The symptoms of ovarian cancer are unclear, and
ovarian cancer is known as the “silent killer”. In ad-
dition to the silent and slow progression of ovarian
cancer, there is no universal screening method for dia-

appropriate and timely referral to a gynaecology oncol- Recently, Dora et al. evaluated the diagnostic perfor-
ogist has been proven to increase the overall survival mance of RMI in women with adnexal masses and found
of women with ovarian cancer [4]. RMI was simple and applicable tool in the primary eval-
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uation of women with pelvic masses in non-specialized
gynaecology centres [1]. In addition, Al-Asadi et al. found
RMI was a practical and reliable tool in preoperative
discrimination between benign and malignant adnexal
masses [7]. Therefore, this study was designed to detect
the morphological parameters of ovarian masses, and
measure the accuracy of RMI in diagnosing ovarian
malignancy.

Material and methods

Women > 18 years old presented with adnexal mass-
es, scheduled for surgical intervention were included in
this prospective study after approval of institutes’ Ethics
Committee and informed consents in accordance with
the Helsinki declaration.

Sexually inactive women, those with adnexal mass-
es with pregnancy, or with pelvic inflammatory disease
(PID), women with ovarian malignancy under treat-
ment, or pelvic masses arising from the urinary tract
or gastrointestinal tract (GIT), and women who refused
to participate were excluded from this study.

Participants were subjected to thorough history and
examination to detect their age, parity, weight, and
body mass index (BMI), followed by TVS examinations
using a 7.5-MHz transvaginal probe.

After the routine preoperative investigations which
were done accordingto the hospital protocol, and includ-
ing complete blood picture, liver and kidney function,
chest X-ray, and B-hCG (to exclude pregnancy). A blood
sample was obtained preoperatively from each partici-
pant to measure serum CA-125, followed by TVS by an
expert sonographer (blinded to the participants’ clinical
data to avoid potential bias) for evaluation of the sus-
pected ovarian masses. The suspected ovarian masses
were evaluated regarding its consistency (cystic or solid),
and whether the suspected masses were unilateral or
bilateral, uni-locular or multi-locular, with ascites and/or
extra ovarian metastasis [8, 9].

The preoperative RMI was calculated for participants
using RMI-1, introduced by Jacobs et al. in 1990 [10],
and using the CA-125 absolute value (mIU/ml) X Meno-
pausal status (M) X Ultrasound score (U).

Cancer antigen-125 is a tumour marker commonly
used in the screening of high-risk women for ovarian
cancer. The normal serum level of CA-125 is 0-35 |U/ml
[11]. Cancer antigen-125 produced in low quantities by
normal ovarian epithelial cells, peritoneal lining cells,
lining cells of GIT, pancreas, breast, and lung. High
CA-125 is frequently associated with epithelial ovarian
tumours [10]. Cancer antigen-125 is also elevated in
other malignancies (breast, lung, GIT, pancreatic, en-
dometrial, and fallopian tube cancers) and benign con-
ditions (endometriosis, adenomyosis [12-15], fibroid
uterus, PID, normal, and ectopic pregnancies, peritoni-
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tis, diverticulitis, inflammatory bowel disease, tubercu-
losis, and liver diseases) [14, 15].

The menopausal status (M) is 1 for premenopausal
women and 3 for postmenopausal women. Postmeno-
pausal status defined as > one year of amenorrhoea or
women > 50 years old after hysterectomy (confirmed
by serum FSH) [10]. Women > 40-50 years who did not
meet the postmenopausal criteria were included in the
premenopausal group.

The ultrasound score (U) is based on ultrasound pa-
rameters, and it includes bilateral lesion, multi-loculation,
solid lesion, ascites, and extra ovarian metastasis [8, 9].

U score is 0 if no ultrasound parameters are detect-
ed, 1 if one ultrasound parameter is detected, and 3 if
> 2 ultrasound parameters detected [16, 17].

The collected data were statistically analysed to
detect the morphological parameters of the studied
ovarian masses (primary outcome), and the calculated
preoperative RMI was compared to postoperative his-
tology (gold standard) to assess the accuracy of RMI in
diagnosing ovarian malignancy (secondary outcome).

Sample size

The required sample size for this study was calcu-
lated using data from previous studies [1, 2, 4, 7] and
G Power 3.1.9.4 for sample size calculation, setting
a-error probability at 0.05, power (1B-error proba-
bility) at 0.95%, effective sample size (w) at 0.5, and
t-test for statistical analysis. An effective sample size
of > 264 women (88 in each group) was needed to pro-
duce a statistically acceptable figure.

Statistical analysis

Numerical variables were presented as mean £SD,
while categorical variables were presented as number
and percentage (%). The studied women were divided
into 3 groups: a reproductive group (> 18-40 years),
a premenopausal group (> 40-50 years), and a post-
menopausal group (> 50 years), to detect the morpho-
logical parameters of ovarian masses in the 3 studied
groups (especially reproductive group) and accuracy
of RMI in diagnosing ovarian malignancy.

One-way ANOVA test with post-hoc Bonferroni cor-
rection was used for analysis of variance between the
3 studied groups. Student’s t and chi-square (y?) tests
were used for analysis of quantitative and qualitative
data, respectively. The receiver operating characteristic
(ROQ) curve was used to detect the cut-off value of RMI
with highest sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) in
diagnosing ovarian malignancy. The correlation coeffi-
cient analysis was also used to detect the relationship
between RMI and participants’ variables in the ovarian
malignancy group. P < 0.05 was considered significant.
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Resulis

In total, 264 women in 3 groups: reproductive, pre-
menopausal, and postmenopausal (88 in each group),
were included in this prospective comparative mul-
ticentre study, which was conducted over 3 years
(2018-2021) to detect the morphological parameters
of ovarian masses in the 3 studied groups (especially
the reproductive group), as well as an assessment of
the accuracy of RMI in diagnosing ovarian malignancy.

The characteristics of the 3 studied groups are
shown in Table 1. There was no significant difference
between the groups regarding mean age, weight, BM|,
CA-125, ultrasound score, and RMI. Only the parity was
significantly lower in the premenopausal group com-
pared to the reproductive group (2.4 £1.65 vs. 3.05 +1.02,
respectively) (p = 0.0003) (Table 1).

Table 1. Characteristics of the 3 studied groups

The incidence of malignant ovarian tumours was
significantly higher in the premenopausal and post-
menopausal groups [35.2%, (31/88)] compared to re-
productive group [9.1% (8/88)], (p = 0.0008). The inci-
dence of serous ovarian and endometriotic cysts was
significantly higher in the reproductive group [38.75%
(31/80) and 5% (4/80), respectively] compared to the
postmenopausal group [14.0% (8/57) and 0% (0/57), re-
spectively], (p = 0.001 and 0.03, respectively). The inci-
dence of ovarian cystadenoma was significantly higher
in the premenopausal group [31.6% (18/57)] compared
to the reproductive group [13.75% (11/80)] (p = 0.04).
The incidence of ovarian fibroma was significantly high-
er in the premenopausal and postmenopausal groups
[5.3% (3/57)] compared to the reproductive group [0%
(0/80)], (p = 0.01). In addition, the incidence of ovarian
fibro-thecoma, and thecoma was significantly higher

Variables N Mean £ SD  Average  Variance SS DF Ms F p-value
Age [years]
Reproductive group 88 30.2£5.9 30.2 35.7 33028.5 2 16514.2 804.6 247
Premenopausal group 88 45.2 £2.6 453 7.06
Postmenopausal group 88 57.5+43 57.6 18.8
Weight [kg]
Reproductive group 88 65.8 +11.4 65.8 1324 3204.2 2 1602.1 13.4 2.8
Premenopausal group 88 73.29.5 73.2 92.03
Postmenopausal group 88 73.3 £11.5 733 133.7
Body mass index [kg/m?]
Reproductive group 88 24.8 +3.9 24.8 15.5 621.9 2 310.9 20.1 7.5
Premenopausal group 88 28.02 £3.6 28.02 12.9
Postmenopausal group 88 28.2+4.2 28.17 17.9
Parity
Reproductive group 88 3.05 +1.02 3.05 1.06 315 2 15.8 8.3 0.0003*
Premenopausal group 88 2.4 £1.65 2.42 2.8
Postmenopausal group 88 224 +1.4 2.24 1.9
CA-125 [IU/ml]
Reproductive group 88 25.5+27.9 25.53 788.9 413534 2 20676.7 11.8 1.27
Premenopausal group 88 53.9 +60.7 53.99 3730.2
Postmenopausal group 88 29.9 £27.2 29.89 747.1
Ultrasound score
Reproductive group 88 1.6 £1.2 1.61 1.5 50.4 2 25.2 24.9 1.2
Premenopausal group 88 2.4 £0.95 2.44 0.92
Postmenopausal group 88 2.6 £0.79 2.61 0.63
Risk malignancy index
Reproductive group 88 56.2 +89.6 56.16 8125.9 146713.5 2 733564.2 21.2 3.03
Premenopausal group 88 152.1 +186.8 152.11 35306.7
Postmenopausal group 88 238.7 +44.7 238.7 60554.5

DF - difference of freedom between groups, F — statistical test of ANOVA analysis (ANOVA coefficient), MS — mean of squares between groups,
N — number (one way ANOVA test used for analysis of variance between the 3 studied groups), SD — standard deviation (significant value < 0.016
according to post-hoc test Bonferroni correction), SS — sum of squares between groups

*Significant difference
Data presented as mean +SD
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in the postmenopausal group [8.8% (5/57) and 3.5%
(2/57), respectively] compared to the reproductive group
[0% (0/80) and 0% (0/80), respectively] (p = 0.002 and
p = 0.04, respectively) (Table 2).

The incidence of ovarian cystadenocarcinoma was
significantly higher in the premenopausal and post-
menopausal groups [32.2% (10/31)] compared to the
reproductive group [0% (0/8)], (p = 0.04) (Table 2).

The incidence of malignant and benign ovarian tu-
mours in the reproductive group was 9.1%, and 90.9%,
respectively, while it was 35.2% and 64.8%, respectively, in
the premenopausal and postmenopausal groups (Table 2).

The clearly documented intra-operative findings (i.e.
whether the studied masses were unilateral or bilateral,
unilocular or multilocular, solid or cystic, mobile or fixed,

presence of ascites, and extra ovarian metastasis), and
the surgical procedures done (i.e., whether unilateral
or bilateral salpingo-oophorectomy or total hysterecto-
my with unilateral or bilateral salpingo-oophorectomy,
with or without omentectomy * lymphadenectomy)
were significantly higher in the postmenopausal group
[88.6% (78/88)] compared to the reproductive and pre-
menopausal groups [40.9% (36/88) or 47.7% (42/88),
respectively] (p = 0.01 and 0.01, respectively) (Table 2).

Only the parity in the reproductive group was signifi-
cantly lower in malignant ovarian tumours compared
to benign tumours (1.25 1.4 vs. 3.2 +0.8) (p = 0.006)
(Table 3).

There was no significant difference between the ma-
lignant and benign ovarian tumours in the premeno-

Table 2. Histological types of the studied ovarian masses, documentation of intraoperative findings and surgical procedures

Reproductive group
(n = 88 women)

Variables

Premenopausal group  Postmenopausal group p-value
(n = 88 women) (n = 88 women)

Benign tumours 90.9% (80/88)

64.8% (57/88) 64.8% (57/88) 0.05

Serous cyst 38.75% (31/80) 24.5% (14/57) 14.0% (8/57) 0.001*
Follicular cyst 21.25% (17/80) 8.8% (5/57) 12.3% (7/57) 0.05
Dermoid cyst 16.25% (13/80) 19.2% (11/57) 21.0 % (12/57) 0.05
Cystadenoma 13.75% (11/80) 31.6% (18/57) 29.8% (17/57) 0.04*
Thecal lutein cyst 5% (4/80) 5.3% (3/57) 5.3% (3/57) 0.05
Endometriotic cyst 5% (4/80) 3.6% (2/57) 0% (0/57) 0.3*
Ovarian Fibroma 0% (0/80) 5.3% (3/57) 5.3% (3/57) 0.01*
Fibro-thecoma 0% (0/80) 1.7% (1/57) 8.8% (5/57) 0.002*
Thecoma 0% (0/80) 0% (0/57) 3.5% (2/57) 0.04*
Malignant tumours 9.1% (8/88) 35.2% (31/88) 35.2% (31/88) 0.0008*
Squamous carcinoma 87.5% (7/8) 25.8% (8/31) 35.5% (11/31) 0.05
Endometrioid carcinoma 12.5% (1/8) 22.6% (7/31) 16.1% (5/31) 0.05
Cystadenocarcinoma 0% (0/8) 32.2% (10/31) 32.3% (10/31) 0.04*
Granulosa cell tumours 0% (0/8) 19.4% (6/31) 12.9% (4/31) 0.05
Malignant Brenner 0% (0/8) 0% (0/31) 3.2% (1/31) 0.05
Clear-documented intra-operative 40.9% (36/88) 47.7% (42/88) 88.6% (78/88) 0.01*

findings and surgical procedures

*Significant difference

Chi-square (3?2 test used for statistical analysis. Data presented as number and percentage (%).

Table 3. Malignant vs. benign ovarian tumours in the reproductive group

Variables Malignant tumours Benign tumours p-value

(n=28) (n = 80) (95% C1)
Age [years] 36.5 +4.4 29.4 5.4 0.7 (3.3,7.1,10.9)
Weight [kg] 82.5 8.7 64.2 £10.3 0.6 (10.9, 18.3, 25.6)
BMI [kg/m?] 30.2+2.8 242436 0.7 (37,6, 823)
Parity 1.25 1.4 3.2+0.8 0.006* (-3.2,-1.9, -0.75)
CA-125 [IU/ml] 92.8 £49.2 18.8 £10.8 0.0 (32.8, 74, 115.2)
Ultrasound score 3.0 +0.0 1.4 +1.1 1.0 (-1.5,-1,1-0.67)
Risk of malignancy index 278.6 +147.7 33.9 +34.8 0.0 (120.8, 244.7, 368.6)

BMI — body mass index, CA-125 — cancer antigen-125
*Significant difference
Data presented as mean +SD. Student’s t-test used for statistical analysis.
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Table 4. Malignant vs. benign ovarian tumours in the premenopausal group

Variables Malignant tumours Benign tumours p-value
(n=31) (n=57) (95% CI)
Age [years] 47.4 £1.3 442 £2.5 0.9 (2.4,3.2,4.0)
Weight [kg] 80.7 £7.9 69.04 £7.6 0.3 (82,117, 15.1)
BMI [kg/m?] 311+2.9 263 2.7 0.3 (3.5, 4.8,6.1)
Parity 0.68 +0.47 337 £1.24 1.0 (-3.1,-2.7,-2.3)
CA-125 [IU/ml] 110.4 + 68.3 23.5 221 0 (60.9, 86.9, 112.8)
Ultrasound score 3.0 £+0.0 2.1+1.07 1.0 (-2.3,-2.0,-1.74)
Risk of malignancy index 331.1+204.8 54.7 +64.7 0.0 (198.8, 276.4, 353.9)

BMI — body mass index, CA-125 — cancer antigen-125
Data presented as mean +SD. Student’s t-test used for statistical analysis.

Table 5. Malignant vs. benign ovarian tumours in the postmenopausal group

Variables Malignant tumours Benign tumours p-value

(n =31) (n=57) (95% CI)
Age [years] 61.4 £2.9 55.5+3.5 0.8 (4.5,5.9,7.2)
Weight [kg] 85.8 7.9 66.5 6.2 0.05 (15.9, 19.3, 22.6)
BMI [kg/m?] 32.8 2.9 25.7 £2.2 0.03* (5.9, 7.1, 8.3)
Parity 0.77 £0.75 3.03 +0.86 0.7 (-2.6,-2.3,-1.9)
CA-125 [IU/ml] 87.8 +168.8 14.2 7.1 0.0 (11.7, 73.6, 135)
Ultrasound score 3.0 £0.0 2.6 +0.8 1.0 (-2.7,-2.5,-2.27)
Risk of malignancy index 497.1 £240.7 94.7 +58.5 0.0 (312.5, 402.4, 492.3)

BMI — body mass index, CA-125 — cancer antigen-125
*Significant difference
Data presented as mean + SD. Student’s t-test used for statistical analysis.

Squamous carcinoma

Cystadenocarcinoma

Endometioid carcinoma

Granulosa-cell tumor

Malignant Brenner tumor

Fig. 1. Histological types of malignant ovarian tumours in the 3 studied groups

pausal group regarding mean age, weight, BMI, parity,
CA-125, ultrasound score, and RMI (Table 4).

Body mass index in the postmenopausal group was
significantly higher in malignant ovarian tumours com-
pared to benign tumours (32.8 +2.9 vs. 25.7 +2.2 kg/m?,
respectively), (p = 0.03) (Table 5).

Regarding malignant ovarian tumours

The histological types of malignant ovarian tumours
in the studied groups are listed in Figure 1. The malig-
nant ovarian tumours (7 in the reproductive group,
31 in the premenopausal group, and 31 in the post-

menopausal group) were compared to benign tumours
(194) in the studied groups, with no significant differ-
ence regarding mean age, weight, BMI, parity, CA-125,
ultrasound score, and RMI (Table 6).

Risk of malignancy index

The risk of malignancy index at a cut-off value of 200
had 75% sensitivity, 98.75% specificity, 85.7% PPV, and
97.5% NPV in diagnosing ovarian malignancy in the re-
productive group (Table 7). The ROC showed that RMI at
a cut-off value » 231.6 had 75% sensitivity, 100% spec-
ificity, 100% PPV, and 97.3% NPV in diagnosing ovarian
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Table 6. Malignant vs. benign ovarian tumours in the 3 studied groups

Variables Malignant ovarian tumours

(n = 70 women)

Benign ovarian tumours
(n = 194 women)

p-value
(95% CI)

Age [years] 523491 41.5 £11.7 0.9 (8.1, 10.8, 13.5)
Weight [kg] 83.2+8.4 66.3 8.7 0.6 (14.6, 16.9, 19.3)
BMI [kg/m?] 31.8 £3.1 253 3.1 0.4 (5.6, 6.5, 7.3)
Parity 0.78 £+0.8 3.2+0.9 0.8 (-2.6,-2.4,-2.2)
CA-125 [IU/ml] 85.5 +57.1 18.8 +14.8 0.0 (53, 66.7, 80.4)
Ultrasound score 3.0+0.0 1.9 +1.1 1.0 (-2.0,-1.85,-1.7)
Risk of malignancy index 392.7 +£235.9 57.9 +8.04 0.0 (277.8,334.8,391.7)

Post-operative histological
examination

Malignant ovarian tumours
Squamous carcinoma 37.1% (26/70)
Cystadenocarcinoma 28.6% (20/70)

Endometrioid carcinoma 18.6% (13/70)
Granulosa-cell tumours 14.3% (10/70)
Malignant Brenner tumour 1.4% (1/70)

Benign ovarian tumours
Serous cyst: 27.3% (53/194)
Cystadenoma: 23.7% (46/194)
Dermoid cyst: 18.6% (36/194)
Follicular cyst: 14.9% (29/194)
Thecal lutein cyst: 5.2% (10/194)
Endometriotic cyst 3.1% (6/194)
Ovarian fibroma: 3.1% (6/194)
Fibro-thecoma: 3.1% (6/194)
Thecoma: 1.0% (2/194)

BMI - body mass index, CA-125 — cancer antigen-125

Data presented as mean + SD and number and percentage (%). Student’s t-test used for statistical analysis.

Table 7. Accuracy of the risk of malignancy index at a cut-off value of 200 in diagnosing ovarian malignancy in the 3 studied

groups

Variables Reproductive group Premenopausal group Postmenopausal group 3 studied groups
Sensitivity 6+6+2)x100=75% (25+25+6)x100=280.6% (27 +27+4)x100=87.1% (58 +58+12) x 100 = 82.9%
(TP + TP + FN) x 100

Specificity (79+79+1) x100=98.75% (52 +52+5)x 100 =91.2% (51+51+6)x100=289.5% (182+182+12)x100=93.8%
(TN = TN + FP) x 100

Positive (6+6+1)x100=857% (25+25+5)x100 =83.3% (27+27+6)x100=281.8% (58 + 58 + 12) x 100 = 82.9%

predictive value
(TP + TP + FP) x 100

Negative
predictive value
(TN + TN + FN) x 100

(79 79 +2) x 100 = 97.5% (52 + 52 + 6) x 100 = 89.7%

(51+51+4)x100=92.7% (182 +182+12) x 100 = 93.8%

FN — false negative, FP — false positive, TN — true negative, TP — true positive

malignancy in the reproductive group [area under curve
(AUC) 0.950, 95% Cl: 0.88-0.98, p < 0.001] (Fig. 2).

The risk of malignancy index at a cut-off value
of 200 had 80.6% sensitivity, 91.2% specificity, 83.3%
PPV, and 89.7% NPV in diagnosing ovarian malignancy
in the premenopausal group (Table 7). The ROC showed
that RMI at a cut-off value > 247.5 had 80.65% sen-
sitivity, 100% specificity, 100% PPV, and 97.9% NPV in
diagnosing ovarian malignancy in the premenopausal
group (AUC 0.96, 95% Cl: 0.89-0.99, p < 0.001) (Fig. 3).

The risk of malignancy index at a cut-off value of
200 had 87.1% sensitivity, 89.5% specificity, 81.8% PPV,
and 92.7% NPV in diagnosing ovarian malignancy in
the postmenopausal group (Table 7). The ROC showed
that RMI at a cut-off value > 245.7 had 87.1% sensitivity,
100% specificity, 100% PPV, and 98.6% NPV in diagnos-
ing ovarian malignancy in the postmenopausal group
(AUC 0.960, 95% Cl: 0.89-0.99, p < 0.001) (Fig. 4).

The risk of malignancy index at a cut-off value
of 200 had 82.9% sensitivity, 93.8% specificity, 82.9%
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PPV, and 93.8% NPV in diagnosing ovarian malignan-
cy in the 3 studied groups (Table 7). The ROC showed
that RMI at a cut-off value > 247.5 had 82.9% sensi-
tivity, 100% specificity, 100% PPV, and 98.1% NPV in
diagnosing ovarian malignancy in the 3 studied groups
(AUC 0.96, 95% Cl: 0.92-0.97, p < 0.001) (Fig. 5).

The correlation between participants’ variables
and the risk of malignancy index in the ovarian
malignancy group

A significant positive correlation between partici-
pants’ age and RMI (r = 0.38, p = 0.001, 95% Cl: 016—
0.57) (Fig. 6), and between participants’ CA-125 and RMI
(r = 0.55, p < 0.0001, 95% Cl: 0.37-0.70) was detected
(Fig. 7). There was no significant correlation between
participants’ weight and RMI (r = —0.058, p = 0.6), partici-
pants’ BMIland RMI (r = 0.012, p = 0.9), participants’ parity
and RMI (r = 0.117, p = 0.3), or ultrasound score and RMI
(r=0.16, p = 0.1). Only one participant in the ovarian ma-
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RMI in reproductive age group
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Fig. 2. The receiver operating characteristic curve for risk ma-
lignancy index at a cut-off value > 231.6 in the reproductive

group
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gnancy index at a cut-off value > 245.7 in the postmenopausal

group

RMI = risk malignancy index

lignancy group had an ultrasound score of 1 (multi-locu-
lar), while 69 had an ultrasound score of 3 (43 multi-loc-
ular with solid nodules and ascites, 22 multi-locular with
solid nodules, and 4 multi-locular with ascites).

Discussion

Multimodal screening combines various diagnos-
tic parameters to improve the accuracy of diagnosing
ovarian malignancy [18]. The risk of malignancy in-
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Fig. 3. The receiver operating characteristic curve for risk mali-
gnancy index at a cut-off value > 247.5 in the premenopausal
group
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Fig. 5. The receiver operating characteristic curve for risk mali-
gnancy index at a cut-off value > 247.5 in the 3 studied groups

RMI = risk malignancy index

dex was introduced as RMI-1 by Jacobs et al. in 1990
as a product of the CA-125 absolute value (IU/ml), meno-
pausal status (M), and ultrasound findings (U) [10].
The original RMI-1 was modified in 1996 by Tingulstad
et al. to RMI-2 [19] and again to RMI-3 [20]. The new
indices have different scoring points for the ultrasound
findings and menopausal status [19-20]. The preoper-
ative discrimination between benign and malignant
adnexal masses is important to decide further manage-
ment [2]. Therefore, 264 women in 3 groups: reproduc-
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tive, premenopausal, and postmenopausal (88 partic-
ipants in each group), were included in this study to
detect the morphological parameters of ovarian mass-
es in the 3 studied groups (especially the reproductive
group), and to assess the accuracy of RMI in diagnosing
ovarian malignancy.

The incidence of malignant and benign ovarian tu-
mours in the reproductive group was 9.1% (8/88) and
90.9% (80/88), respectively. Nowak et al. found that the
incidence of malignant and benign ovarian tumours in
reproductive age was 4.6% and 93.1%, respectively [21].
Nowak et al. also found that the reproductive age ovar-
ian tumours were mainly benign, and only a few cases
were malignant [21]. Mythily et al. found that 94.3%
of ovarian tumours diagnosed at reproductive age were
benign [14].

However, Nowak et al. found that 31.1% of the re-
productive benign ovarian tumours were endometrioid
cysts, 28.9% were teratomas, 19.3% were serous cysts,
3.7% were mucinous, and 17% were others (haemor-
rhagic, functional, or inflammatory) [21]. This study
found that serous ovarian cysts were the commonest
benign ovarian tumours in reproductive age (38.75%),
followed by functional follicular cysts (21.25%), dermoid
cysts (16.25%), cystadenomas (13.75%), thecal lutein
(5%), and endometriotic (5%) cysts.

Dora et al. found that the most common benign
ovarian tumours were mucinous cystadenoma and
dermoid cysts (11.9% and 10.32%, respectively) [1].
Al-Asadi et al. reported dermoid cysts in 28.8%, func-
tional corpus luteum in 26.2%, and simple cysts in 20%
of benign ovarian tumours [7]. The difference between
this study and other studies regarding the incidence of
different benign ovarian tumours can be explained by
the exclusion criteria and participants’ age [16, 17].

The incidence of endometriotic cysts was signifi-
cantly higher in the reproductive group [5% (4/80)]
compared to the postmenopausal group [0% (0/57)],
(p = 0.03).

Endometriosis is a disease of adolescents and re-
productive-age women, commonly occurring in the ova-
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ries (chocolate cyst), and associated with pelvic pain
and infertility [16, 17].

The parity of the reproductive group was significant-
ly lower in the malignant ovarian tumours compared
to benign tumours (p = 0.006). A retrospective study
concluded that women who give birth have significant-
ly reduced risk of all subtypes of ovarian cancer [22].
Mythily et al. found that most ovarian tumours (78.3%)
in multiparous women were benign and concluded that
infertility increases the risk of ovarian malignancy [14].
In addition, Tung et al. found that ovulation-supressing
agents and pregnancy were inversely associated with
increased risk of all histological subtypes of ovarian
malignancy [23].

The incidence of malignant and benign ovarian tu-
mours was 35.2% (31/88) and 64.8% (57/88), respective-
ly, in the premenopausal and postmenopausal groups.
The commonest benign ovarian tumour reported in the
studied premenopausal and postmenopausal groups
was cystadenoma (31.6% and 29.8%, respectively).
Cystadenomas are common benign ovarian tumours
with excellent prognosis. The serous and mucinous cys-
tadenomas are the commonest types of ovarian cys-
tadenomas [24, 25]. The serous ovarian cystadenoma
commonly occurs at a mean age of 40-60 years [24],
while the mucinous ovarian cystadenoma commonly
occurs during the 3 to 6™ decades [25].

The incidence of ovarian fibroma was significant-
ly higher in the premenopausal and postmenopausal
studied groups (5.3%) compared to the reproductive
group (0%) (p = 0.01). In addition, the incidence of ovar-
ian fibrothecoma and thecoma was significantly higher
in the postmenopausal group (8.8% and 3.5%, respec-
tively) compared to the reproductive group (0% and
0%, respectively) (p = 0.002 and p = 0.04, respectively).
Ovarian fibromas generally occur in perimenopausal
and postmenopausal women [26]. Similarly, Dai et al.
reported high incidence of ovarian fibromas and theco-
mas in postmenopausal women [27].

Ovarian cystadenocarcinomas were the common-
est malignant ovarian tumours in the premenopausal
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studied group (32.2%), followed by squamous carcino-
mas (25.8%) and endometrioid carcinomas (22.6%).
Squamous carcinomas were the commonest malignant
ovarian tumours in the postmenopausal studied group
(35.5%), followed by cystadenocarcinomas (32.2%) and
endometrioid carcinomas (16.1%).

In this study, the incidence of cystadenocarcino-
mas was significantly higher in the premenopausal and
postmenopausal groups (32.2%) than in the reproduc-
tive group (0%), (p = 0.04).

Al-Asadi et al. found that more than half of ovarian
cancers (52.4%) were cystadenocarcinomas (mucinous
and/or serous) [7]. Mythily et al. found that 60% (14/23)
of their studied malignant tumours were cystadenocarci-
nomas (6 papillary serous, 5 serous, and 3 mucinous) [14].

Aktlrk et al. reported 18 cystadenocarcinomas
(10 mucinous and 8 serous) out of 20 malignant ovarian
tumours (90%) [4]. Dora et al. also reported 32 cases
of serous cystadenocarcinomas (25.39%) and 15 cases of
mucinous cystadenocarcinomas (11.9%) out of 126 cases
of suspected ovarian masses [1].

The incidence of studied malignant ovarian tu-
mours was significantly higher in the premenopausal
and postmenopausal groups (35.2%) than in the repro-
ductive group (9.1%) (p = 0.0008). Similarly, Mythily
et al. found that 66.7% of malignant ovarian tumours
were diagnosed at the age of 51-60 years, and 88.8%
of malignant ovarian tumours were diagnosed in post-
menopausal women [14]. Jung et al. found that malig-
nant epithelial and sex cord stromal ovarian tumours
frequently occur in postmenopausal women [28].

The body mass index of studied postmenopausal
group was significantly higher in malignant ovarian
tumours compared to benign tumours (p = 0.03). A me-
ta-analysis showed increased risk of ovarian cancers in
postmenopausal women with a 5 kg weight gain [29].
Obesity is also associated with increased risk of endo-
metrioid and mucinous ovarian cancers [30], and obese
women with low- or high-grade serous carcinoma had
poor outcome compared to non-obese controls [31]. An-
other meta-analysis found that regular physical activity
was associated with decreased risk of ovarian cancers
by 30-60% [32].

Accuracy of the risk of malignancy index

Jacobs et al. reported 85.4% sensitivity and 96.9%
specificity for the RMI at a cut-off value of 200 in diag-
nosing ovarian malignancy [10]. Subsequently, several
studies reported increased diagnostic accuracy of RMI
at a cut-off value of 200 [33-36].

Therefore, in this study the accuracy of RMI in di-
agnosing ovarian malignancy was evaluated in each
studied group (reproductive, premenopausal, and post-
menopausal) separately and in the 3 studied groups col-

lectively at a cut-off value of 200, and at the best cut-off
value according to ROC.

The risk of malignancy index at a cut-off value
of 200 had 75% sensitivity, 98.75% specificity, 85.7%
PPV, and 97.5% NPV in diagnosing ovarian malignancy
in the reproductive group, while the ROC showed that
RMI at a cut-off value > 231.6 had the best performance
(75% sensitivity, 100% specificity, 100% PPV, and 97.3%
NPV) in diagnosing ovarian malignancy in the reproduc-
tive group (p < 0.001).

The risk of malignancy index at a cut-off value
of 200 had 80.6% sensitivity, 91.2% specificity, 83.3%
PPV, and 89.7% NPV in diagnosing ovarian malignan-
cy in the premenopausal group, while the ROC showed
that RMI at a cut-off value > 247.5 had the best perfor-
mance (80.65% sensitivity, 100% specificity, 100% PPV,
and 97.9% NPV) in diagnosing ovarian malignancy in
the premenopausal group (p < 0.001).

The risk of malignancy index at a cut-off value
of 200 had 87.1% sensitivity, 89.5% specificity, 81.8%
PPV, and 92.7% NPV in diagnosing ovarian malignancy
in the postmenopausal group, while the ROC showed
that RMI at a cut-off value > 245.7 had the best per-
formance (87.1% sensitivity, 100% specificity, 100% PPV,
and 98.6% NPV) in diagnosing ovarian malignancy in
the postmenopausal group (p < 0.001).

The risk of malignancy index at a cut-off value
of 200 had 82.9% sensitivity, 93.8% specificity, 82.9%
PPV, and 93.8% NPV in diagnosing ovarian malignan-
cy in the 3 studied groups, while the ROC showed that
RMI at a cut-off value > 247.5 had the best performance
(82.9% sensitivity, 100% specificity, 100% PPV, and
98.1% NPV) in diagnosing ovarian malignancy in the
3 studied groups (p < 0.001).

The difference in the RMI cut-off value in diagnos-
ing ovarian malignancy was explained by Dora et al.
and Simsek et al., and it depends on the prevalence of
malignancy in the studied population [1, 37]. Similarly,
Dora et al. found the best performance of RMI at cut-off
value of 236 with 72.5% sensitivity, 98.2% specificity,
98.1% PPV, and 74.4% NPV [1]. Dora et al. found that the
RMI at cut-off value > 236 increased the probability of
diagnosing ovarian malignancy from 54.8 to 98.15% [1].

Enakpene et al. also found that the RMI at a cut-
off value of 250 had 88.2% sensitivity, 74.3% specificity,
71.3% PPV, and 90% NPV in diagnosing invasive ovarian
lesions [38]. In addition, Yamamoto et al. reported 75%
sensitivity and 91% specificity for the RMI at a cut-off
value of 450 [39].

The lower cut-off values increase the RMI sensitivity
at the expense of its specificity, while the higher cut-
off values increase the RMI specificity at the expense
of sensitivity [1]. The ideal RMI to diagnose ovarian
malignancy should have a zero or close to zero false
negative rate [40] with high sensitivity and specifici-
ty at the same time. Therefore, the RMI cut-off value
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should balance the sensitivity and specificity, and the
availability of specialized oncology centres. When spe-
cialized oncology centres are not available or referral
to such centres is limited because of local resources,
the RMI cut-off value can be increased to achieve high-
er specificity [1].

The correlation analysis in this study showed signif-
icant positive correlation between participants’ age and
RMI (p = 0.001) in the ovarian malignancy group. Sim-
ilarly, Mythily et al. found that 66.7% of ovarian malig-
nancies were diagnosed at the age of 51-60 years, and
88.8% of ovarian malignancy were diagnosed in post-
menopausal women [14]. Jung et al. also found that ma-
lignant epithelial and sex cord stromal ovarian tumours
frequently occur in postmenopausal women [28], and
Dora et al. found that 81.6% of postmenopausal ovarian
masses were malignant [1].

The correlation analysis also showed significant
positive correlation between participants’ CA-125 and
RMI (p < 0.0001) in the ovarian malignancy group. Can-
cer antigen-125 is widely accepted as a biomarker for
estimating the risk of ovarian cancers. Aktiirk et al.
found that the CA-125 was significantly higher among
malignant tumours compared to benign ovarian tu-
mours [4]. Simsek et al. reported 78.6% sensitivity and
63.5% specificity for CA-125 at a cut-off value 35 1U/ml
in diagnosing ovarian malignancy [37].

However, the analysis in this study showed no sig-
nificant correlation between the ultrasound score and
RMI in the ovarian malignancy group (p = 0.1). Only one
participant in the studied ovarian malignancy group
had an ultrasound score of 1, while 69 had an ultra-
sound score of 3.

Dora et al. found that an ultrasound score of 3 and
the presence of solid nodules and/or ascites were as-
sociated with increased risk of ovarian malignancy [1].
Adilgereyeva et al. also found that the presence of asci-
tes and/or solid nodules within the ovarian mass rais-
es the suspicion of malignancy, especially in premeno-
pausal or postmenopausal women [9].

This study found that the incidence of malignant
and benign ovarian tumours was 9.1% and 90.9%, re-
spectively, in the reproductive group (serous ovarian
cysts were the commonest benign ovarian tumour in
the reproductive group). The incidence of malignant
and benign ovarian tumours was 35.2% and 64.8%, re-
spectively, in the premenopausal and postmenopausal
groups (cystadenomas were the commonest benign
ovarian tumour in the premenopausal and postmeno-
pausal groups). The incidence of malignant ovarian tu-
mours and cystadenocarcinoma was significantly high-
er in the premenopausal and postmenopausal groups
than in the reproductive group. The risk of malignancy
index at a cut-off value of 200 had 82.9% sensitivity,
93.8% specificity, 82.9% PPV, and 93.8% NPV in diag-
nosing ovarian malignancy in the 3 studied groups,
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while the ROC showed that RMI at a cut-off value
> 247.5 had the best performance (82.9% sensitivity,
100% specificity, 100% PPV, and 98.1% NPV) in dia-
gnosing ovarian malignancy in the 3 studied groups.
The correlation analysis showed significant positive
correlation between participants’ age and RMI and be-
tween participants’ CA-125 and RMI in the ovarian ma-
lignancy group.

This study concluded that multimodal RMI is an ef-
fective tool for primary evaluation of suspected ovarian
masses. The RMI at a cut-off value of 200 had 82.9%
sensitivity, 93.8% specificity, 82.9% PPV, and 93.8%
NPV in diagnosing ovarian malignancy in the 3 stud-
ied groups, while the ROC showed that RMI at a cut-off
value > 247.5 had the best performance (82.9% sen-
sitivity, 100% specificity, 100% PPV, and 98.1% NPV) in
diagnosing ovarian malignancy in the 3 studied groups.
The higher RMI cut-off values increase its specificity,
and the ideal RMI cut-off values to diagnose ovarian
malignancy should have high sensitivity and specific-
ity at the same time. Therefore, the RMI cut-off value
should balance the sensitivity, specificity, local resourc-
es, and availability of oncology centres.

The current study was the first prospective compar-
ative multicentre study conducted to detect the mor-
phological parameters of ovarian masses and the accu-
racy of RMI in diagnosing ovarian malignancy, including
a large number of participants (264 women) in 3 groups
(reproductive, premenopausal, and postmenopausal)
over 3 years.

In this study, the authors were unable to compare
the RMI to intra-operative findings and surgical proce-
dures done, because the intra-operative findings and
surgical procedures performed were only documented
in 40.9% of the reproductive group, 47.7% of the pre-
menopausal group, and 88.6% of the postmenopausal
group.

Women who refused to participate, failure to com-
pare the RMI to intra-operative findings and surgical
procedures done, and absence of postoperative fol-
low-up were the limitations of this study.

Conclusions

Multimodal RMl is an effective tool for primary eval-
uation of suspected ovarian masses. The risk of ma-
lignancy index at a cut-off value > 247.5 had the best
performance (82.9% sensitivity, 100% specificity, 100%
PPV, and 98.1% NPV) in diagnosing ovarian malignancy
in the 3 studied groups. There was significant positive
correlation between participants’ age and RMI, and
between participants’ CA-125 and RMI in the studied
malignant ovarian tumours. The ideal RMI cut-off val-
ues to diagnose ovarian malignancy should balance
the sensitivity, specificity, local resources, and availabil-
ity of oncology centres.
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