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ABSTRACT

Aims: To evaluate the role of modified RMI (RMI 5) in pre-operative evalua-
tion of ovarian tumor.

Methods: It was a prospective cross sectional study done in Paropakar Mater-
nity and Women’s Hospital from May to August 2018. During the study, 72
women with ovarian tumor were analyzed. RMI5 was calculated using the ul-
trasound score, Doppler score, menopausal status and CA125. Cut-off of 200
was used for malignancy discrimination. Chi square test was used to calculate
the statistical significance which was set at 0.05. Receiver Operator Character-
istics curves for RMI and its individual parameters were plotted using SPSS.

Results: There were 72 ovarian tumors operated in four months and mean age
was 36 years with 10 (14%) at post-menopause. The mean value of RMI 5 was
38 for benign tumors, 80 for borderline tumors and 899 for malignant tumors.
The area under curve for RMI 5 was 0.993 for cut-off of 200. The diagnostic
accuracy of RMI 5 was 94.4 which was similar to that of Doppler score 2
(94.7) while it was much higher than that of the rest of the parameters (CA-

125: 72, ultrasound score: 87 and postmenopausal status: 88.9).

Conclusions: RMI 5 is better for malignancy prediction of ovarian masses in-
stead of individual parameters like menopausal status, CA125 and ultrasound

Score.
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INTRODUCTION

Ovarian tumor is the eighth most
common ~ cancer among women
worldwide.' Although it comprises of
only four percent of all women’s
cancer, it has high mortality and
morbidity rates in comparison to the
cancers of the reproductive system.’
The overall incidence of a sympto-
matic ovarian cyst in a premenopau-
sal female being malignant is ap-
proximately 1:1000 which i increases
to 3:1000 at the age of 50.°A pre-
operative estimation of the risk of
malignancy is essential in the assess-
ment of an ovarian mass. Eighty
different models have been advocat-
ed for this purpose.’* Among the var-
ious models, simple models involve
using discrete cut-off values such as
Cancer Antigen-125 (CA125), pulsa-
tility index, resistance index; inter-
mediate models include morphology
scoring systems and the risk of ma-
lignancy index (RMI) while ad-
vanced models include artificial neu-
ral networks and multlple logistic
regression models.’ Among them,

the RMI I and II were the best predic-
tors.*Jacobs et al in 1990 originally
established the RMI for preoperative
discrimination of ovarian malignancy.
Tingulstad et al developed the variant
of the RMI (RMI 2) in 1996 which
was further modified to RMI 3.%7 The
RMI 3 was adjusted by Yamamoto et
al to RMI 4.* Doppler blood flow was
added to the parameters of ultrasound
criteria and this scoring system was
termed modified RMI (RMI 5).” When
Doppler examination was used, the
correct diagnosis was made With in-
creased confidence. Malignant masses
usually have the new vessels which
have lower resistance to blood flow
than native ovarian vessels. This has
been the basis for the preoperative dis-
crimination of malignant tumors by
using Doppler. Improved performance
of Doppler USG has been suggested
mainly in early stage ovarian cancers
or borderline tumors where correct
diagnosis is difficult to make with grey
scale USG only and adding Doppler
decreased the false positive rate."
Thus, this study was done to assess the
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role of RMI 5 in preoperative discrimination of the
malignant ovarian masses from the benign ones.

METHODS

This prospective cross sectional study was conduct-
ed in the Department of Obstetrics and Gynecology
at Paropakar Maternity and Women’s Hospital
(PMWH), Thapathali, Kathmandu from May to Au-
gust 2018 after the approval from the Institutional
Review Committee. Written informed consent was
taken. There was no extra financial burden as the
required tests were recorded for the purpose of treat-
ment. Though this study is a census, considering
10.3% prevalence of adnexal mass and taking o-
error of 5% with estimated allowable error of 10%,
the minimum required sample was 36.""

All female patients of all age groups with ovarian
mass, symptomatic or incidentally detected, sched-
uled for surgery were included in the study. The
ovarian mass in pregnancy and cases lacking USG
and CA-125 report were excluded from the
study.The intraoperative findings during the surgery
of all the cases were obtained from the operative
notes. In cases of malignanczy, staging laparotomy
was done as recommended.'” The histopathological
report was considered as the gold standard for defin-
ing outcomes.

Predesigned proforma was filled and RMI 5 was
calculated for each case using the formula RMI 5 =
Ultrasound score (U) x Menopausal status (M) x
Doppler blood flow (D) x absolute value of serum
CA125. For Ultrasound score, score was 0 for “no
features”, 1 for “one features” and for 2 for “>2 fea-
tures”. One point was allocated for each for the fol-
lowing USG features: presence of ascites, evidence
of solid areas, multi-locular cyst, bilateral lesions
and evidence of metastases. For menopausal status,
score of 1 was given for premenopausal status

and 3 for postmenopausal status. Postmenopausal
status was ascertained if the woman had more than
one year of amenorrhea or was over 50 years of age
if she had undergone hysterectomy. For Doppler
blood flow, high blood flow was graded as 2 and
low blood flow was graded as 1. Low blood flow
was defined as few vessels in the tumor wall and
high blood flow were defined as the vessels within
the tumor wall, septa and solid areas. Cut-off of
RMI 5 for malignancy was 200.

Microsoft Excel and Statistical Package for Social
Sciences (SPSS 16) were used for data entry and
statistical analysis. Descriptive and analytical sta-
tistics were used. Chi squared test was used to cal-
culate the statistical significance which was set at
0.05.Receiver Operator Characteristics (ROC)
curve for RMI 5 and its individual parameters were
plotted using SPSS. Validity of this predictability
was expressed in terms of sensitivity, specificity,
positive predictive value (PPV), negative predictive
value (NPV) and diagnostic accuracy (DA). Sensi-
tivity, specificity, PPV, NPV and DA of individual
parameters of RMI 5 (ultrasound score, Doppler
score, postmenopausal status, CA-125) were calcu-
lated and compared with RMI5 for malignancy pre-
diction of ovarian masses.

RESULTS

Out of 76 cases 72 were eligible for analysis with
mean age of 36.3 (range:16 — 76) years, mode of 41
-50 (n-23; 32%) years and seven percent (n-5) were
over 50. The parity ranged from 0 to 7. One malig-
nant ovarian tumor was seen in <20 years while
three were seen in >40 years and two of the women
with malignant ovarian tumor were grandmultipara.
[Table-1]

Ultrasound score, Doppler blood flow, postmeno-
pausal status and CA 125 level were higher in ma-
lignant ovarian tumor. [Table-2]

Table-2: Distribution of cases by menopausal status, CA-125 levels, ultrasound score and Doppler score

Variables Neoplasm Benign (n=66) Bo(rrclljél)lne M?Il:;gz;‘ nt Total (%)
Age Premenopausal 59 2 1 62 (86)
g Postmenopausal 7 0 3 10 (14)
Ascites 0 1 4 5
Multi-locular cyst 23 1 2 26
USG Solid areas 6 0 3 9
Bilateral lesions 16 0 0 16
Metastases 0 0 0 0
USG 0 34 0 0 34
score 1 24 1 0 25
2 8 1 4 13
Doppler  1(low blood flow) 14 0 0 14 (19.4)
score 2 (high blood flow) 0 1 4 5()
Minimum 4 14 36 4
Maximum 352 19 146 352
Mean 46.1 23.5 94.7 48.3+£66.96
CA-125 35 47 1 0 48
35-200 15 1 4 20
>200 4 0 0 4
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There was a statistically significant difference between benign/borderline tumor and malignant tumor
with respect to the ultrasound score, Doppler score, CA125, menopausal status and RMI score. [Table-3]

Table-3: Co-relation of RMI and its individual parameters with histopathology

Histopathology
. ; o
Variables Benlgr}/ Malignant Total (%) p-value
Borderline
USG Oorl 62 0 62 (82)
score  2°5 9 4 13(8) 0000
Doppler 1 (low blood flow) 14 0 4 (19.1) 0.000
score 2 (high blood flow) 1 4 5(6.84) :
<35 48 0 48 (65.7)
CA-125 . 35 20 4 24 (33.3) 0000
Premenopausal 61 1 62 (86.1)
Age Postmenopausal 7 3 10 (13.9) 0.007
<200 64 0 64 (88.9)
RMIS 500 4 4 g1 000

The commonest ovarian tumors were endometrioma, mature cystic teratoma, cystadenoma and physiologi-
cal cysts; and only 4 cases were malignant (3 in Stage IA and 1 in IC). [Table-4]

Table-4: Histopathological diagnosis of ovarian tumors

Histopathology Unilateral Bilateral Total
Endometriotic cyst 10 10 20
Mature cystic teratoma
Mucinous Cystadenoma
Benign Physiological cysts
Serous cystadenoma
Fibroma
Ovarian abscess
Borderline  Mucinous cystadenoma
Mucinous cystadenocarcinoma
Malignant  Clear cell carcinoma
Granulosa cell tumor

SO OO OO OO

Table-1: Distribution of cases by age and parity gically benign cases had score of 220, 258,227 and
Neoplasms ~ Benign/  Malig- . %) 704. HPE of the RMI 5 unmatched cases showed
Parameters Borderline ~ nant ’ mature cystic teratoma (1), endometriomas (2) and

<20 9 1 10 (13.9) follicular cyst (1).
& 2130 15 0 15 (20.8)
© 31-40 19 0 19 (26.4) 100 _
£ 41-50 22 1 23 (32) -
2 51-60 2 1 3(4.1)
>60 1 1 2(2.8) ROC curves
O 20 1 2 l (292) Reference Line
g 1 17 1 18 (25) 50 * CA125vale
E. 2 16 0 16 (222) = Doppler score
< 3 7 0 7 (97) '7Menopausal staus
2 4 8 2 10 (139) USG score
. . 0.00 '7RMI5
RMI 5 had predicted eight women (11.1%) as hav- 0.00 50 1.00
ing malignant tumors preoperatively but only half 1 - Specificity

(n=4) were confirmed by histopathology.Among the ‘ o
cases with RMI5 >200, the malignant cases had Chart-1: ROC curves for RMI 5 and its individual

score of 432,476,936 and 1752 while the four histolo parameters
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The two cases of mucinous borderline cystadenoma had CA125 of 19, 40 and RMI 5 of 0, 160. The four
cases of histologically malignant tumors had CA125 of 36, 78, 119 and 146. The mean value of RMI 5 was
38.46 (R: 0-704) for benign lesions, 80 (R: 0-160) for borderline tumors and 899 (R: 432-1752) for malig-
nant tumors. The highest specificity (94.11) was for RMI 5 followed by that of Doppler score (93.3). The
DA of RMI 5 was 94.44 which was comparable to that of Doppler score (94.7). CA125 had the least DA of

72.2% for prediction of malignancy. [Table-5]

Table-5: Predictive values of RMI 5 and its components

Variables Sensitivity  Specificity PPV~ NPV DA Positive ~ Negative
(%) (%) ) ) () LR LR
CA-125>35 U/mL 100 70.5 16.6 100 72.2 33 0
USG score >2 100 86.76 30.7 100 87.5 7.1 0
Doppler score 2 100 93.3 80 100 94.7 14.9 0
Post-menopause 75 89.7 30.3 98.3 88.9 9.0 0.2
RMI5 100 94.11 50 100 94.44 17.2 0

NB. PPV-Positive predictive value; NPV-Negative predictive value; DA-Diagnostic accuracy, LR-

Likelihood ratio

In ROC curve, the area under curve for RMI5 is 0.993 and p of 0.001. For cut-off of 345, sensitivity was 1
and (1-specificity) was 0.015 while for cut-off of 242 it was (1, 0.029) and for 223 it was (1, 0.044) respec-

tively. [Figure-1, Table-6]

Table-6: AUC of RMI 5 and its individual parameters

. Std. Asymptotic ~ Asymptotic 98% Confidence Interval
Variables Area Error ySig. L}(I)wr;r Bound Upper Bound
RMIS 0.993 0.009 0.001 0.972 1.013
USG Score 0.816 0.129 0.034 0.516 1.117
Menopause 0.824 0.129 0.031 0.523 1.124
Doppler score 0.868 0.131 0.014 0.564 1.171
CA125 Value 0.831 0.057 0.027 0.698 0.964

DISCUSSION

Preoperative assessment of ovarian masses can be
done with tumor markers, gray-scale ultraso-
nographic criteria, Doppler velocimetry, and 3-
dimensional ultrasound. CA125 is a protein mole-
cule made by normal cells as well as ovarian can-
cer cells and its high levels in blood raises the sus-
picion of ovarian malignancy so it is recommended
as the tumor marker in all women with ovarian
masses.'*"> However, CA125 has not been found
to be sensitive enough to detect malignancy in ear-
ly stages and it is raised in multiple other diseases
including the endometriosis.'>'® In this study, all
the malignant disease were of early stage and did
not have high values of CA-125 (36, 78, 119 and
146).However, the mean value of CA125 for the
malignant lesions was higher than for benign/
borderline counterparts (94.7 vs 46.1, 23.5).

Similar to this study, subjective score of vascular
flow (visual scores) was “abundant” in 78% of
malignant tumors and “low” on 73% of benign
tumors in other study.'” They found the sensitivity
for discriminating malignant lesion to be 100% for
both Power Doppler Index and Visual scores 2

(moderate) and 3 (abundant) while the specificity
to be 97 % and 73.1% respectively. In a study,
USG using B-mode morphological criteria and
Doppler analysis (RI,PI) showed overall sensitivity
of 94% and specificity of 90%."® Similar finding
was seen in other studies.'”*’In this study, the DA
of Doppler score 2 (high blood flow) was 94.7%
with specificity of 93% and PPV of 80%.

RMI has been found to be useful to triage the pa-
tients with adnexal masses especially in the centers
where sophisticated radiological and biochemical
tests are not available.”’ There were no statistically
significant difference in the performance of the
RMI 1 to 4 in discriminating malignancy and were
more reliable than the individual parameters.”
Similar finding was seen in study in other stud-
ies.”** Likewise, in this study, RMI 5 is better in
comparison to its individual parameters for detec-
tion of malignancy. The diagnostic accuracy of
RMI 5 is 94.44 which is similar to that of Doppler
score 2 (94.7) while it is much higher than that of
the rest of the parameters (CA-125: 72.2, Ultra-
sound score: 87.5 and postmenopausal status:
88.9). In a study done by Hayman FM et al, com-
pared to RMI 1-4, RMI 5 was found to have increa

100



Joshi R. RMIS5 in ovarian tumor

NJOG. Jan-Jun. 2021;16(32):97-102

Original

sed sensitivity in detecting malignant masses.’ In
their study, the commonest benign pathology was
mature cystic teratoma (29%) and endometrioma
(20%) which is comparable to this study. However
they had higher percentage of malignant tumors
(56%) and of higher stages (Stage 2 and more:
55.6%). The cut-off value for RMI 5 was 220 which
is comparable with this study. In their study, sensi-
tivity and NPV is lesser (82Vs 100%; 90 vs 100 %)
while specificity is similar (92 vs 94%). However,
their PPV is much higher (86Vs 50%). There was a
statistically significant difference in RMI 5 values
between the benign and malignant masses, which is
similar to this study. The AUC is higher for RMI 5
(0.993) in this study as compared to that of RMI 1-4
(0.825, 0.826, 0.825, 0.826).2At cut-off of 223, sen-
sitivity of RMI 5 is 100 and specificity is 95.6%
while at 345, it is 100 and 98.5% respectively. At
higher cut-off values, the specificity increases at the
expense of sensitivity and higher values are chosen
when false positives are required to be at minimum.
Similar findings have been noted in other stud-
jes.?"** Compared to its individual parameters, the
AUC of the RMII 5 was the highest (0.99) followed
by that of the Doppler score (0.86).

CONCLUSIONS

RMI 5 is better for diagnosis of ovarian malignancy
instead of individual parameters like menopausal
status, CA125 and ultrasound score.
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