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ABSTRACT

BACKGROUND

Ovarian tumour usually presents as adnexal mass but often it is difficult to differentiate between benign and malignant tumour.
Several diagnostic modalities such as sonography and tumour markers have been evaluated in the past, but none have been
established as an ultimate diagnostic tool individually. The development of a mathematical formula using a logistic model,
incorporating menopausal status, the serum level of a glycoprotein called CA-125 and USG score has been described in the form of
different malignancy indices. The purpose of this study was to evaluate the various risks of malignancy indices (RMI 4) in the pre-
operative evaluation of adnexal masses, especially to differentiate between benign and malignant masses. Another objective of the
present study is statistical analysis of parameters like specificity, sensitivity, positive predictive value and negative predictive
value.

MATERIALS AND METHODS

The prospective observational study of patients with adnexal masses detected during ultrasonography, who were scheduled for
surgical exploration of adnexal mass and histopathological diagnosis, were included in the study. Histopathological examination
was taken as gold standard to calculate the accuracy of RMI. The sensitivity, specificity and positive predictive value and negative
predictive value of all the four RMI were calculated and data analysed. A total of 100 patients were included in the study over a
period of 2 years.

RESULTS
Sensitivity of RMI-4 was 91.2%. Specificity of RMI was calculated to be 98.7%. Positive and negative predictive values of RMI were
98.1%, and 93.7%, respectively with ROC of 0.95. The best cut off value of RMI is 300.

CONCLUSION
Risk of Malignancy Index is a good diagnostic tool to differentiate between benign and malignant adnexal masses.
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BACKGROUND The accurate diagnostic procedure for symptomatic

Cancer has become a significant public health problem with
over 8,00,000 new cases occurring every year and is the tenth
cause of death in India.l!] In India, incidence of ovarian cancer
(0C) is 2.4%.[21 Ovarian Cancer being contributing about
19.8% of total cases.3] Seventy percent of cases are
diagnosed at advanced stage with poor prognosis.[4],[5] The
death mortality rate of ovarian cancer is 70% within 2 years
and 90% within five years.[¢l

Until now Researches invented various screening
techniques for ovarian cancer but, due inadequate
performance they have been ineffective.’]. The correct
diagnosis of ovaries cancer is a challenging issue for the
gynaecologist because of its bizarre and non-specific
symptoms.[8] Ovarian cancer occurs as adnexal masses which
gives rise to various malignant and benign conditions!6],[%]
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adnexal mass is exploratory laparotomy or laparoscopy.
Several women with ovarian malignancy undergo suboptimal
primary operations at local hospitals leading to residual
tumour. Primary cytoreductive operation is one of the most
significant prognostic factor in ovarian tumours.[10],[11] Hence,
the amount of residual tumour inevitably affects the
prognosis and adjuvant treatment modalities. The correct
preoperative screening and appropriate treatment in early
stage of ovarian tumour is of great importance.

The most widely used method in developed countries for
predicting malignant pelvic masses is the Risk of Malignancy
Index (RMI). The RMI is a simple scoring system
incorporating basic sonographic parameters, serum cancer
antigen 125 (CA-125) levels, and menopausal status. Jacobs et
al in 1990 invented this mathematical formula and termed it
as RMI - 1 for early diagnosis and referral of selected patients
to oncologic centers.[12] Tingulstad et al. (1996) modified RMI
in the year 1996 and called it RMI - 2 which gave sensitive of
80% and specificity of 92%. [13] In the year 1999 Tiugulstad et
al further updated RMI - 2 and termed it as RMI - 3. The
changes done in all three RMI were different scoring of
ultrasound score (U) and menopausal status (M). Finally
Yamamoto et al created RMI 4 by addition of tumour size (S)
to the RMI calculation.['4l Prospective and retrospective
validation of the four versions of the RMI have been done
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where a cut-off value of 200 for RMI 1-3 and 450 for RMI 4
showed the best discrimination between benign and
malignant adnexal masses with sensitivity and specificity
51% -90% and 51% -97% respectively.(8,[15]

The advantage of RMI is that it is a simplified scoring
system that can be applied in clinical practice without any
expensive or complicated methods. For example, whole-body
positron emission tomography, CT and MRI scan. The RMI
can used as a triage tool in local hospitals for timely referral
and optimal treatment of the patients with ovarian
tumours.[8] The purpose of this study was to evaluate the
ability of the RMI to differentiate between malignant and
benign pelvic masses in our population.

Aim and Objectives

e To analyse the scope of the Risk of Malignancy Index
(RMI) - 4 to distinguish malignancy from benign adnexal
masses.

e To ascertain the best cut off value of RMI for
differentiating benign and malignant adnexal masses.

Study Duration

This prospective observational study was done for 2 years,
between August 2016 and July 2018 at the department of
Obstetrics and Gynaecology, AVBRH Sawangi Wardha after
approval from institutional ethics committee.

Inclusion Criteria
Women with adnexal mass admitted for evaluation and
treatment

Exclusion Criteria
Women already diagnosed with malignancy and received
chemotherapy

MATERIALS AND METHODS

Detailed history, pelvic and physical examination, laboratory
findings i.e. CA-125 levels of 132 cases were recorded.
Ultrasound examination was done (Transvaginal and
Abdominal).

For each Case, Risk of Malignancy Formula applied-

e Risk of Malignancy Index Formula - 4

e RMI=Ultrasound Score (U)x Menopausal Status (M) x
CA-125 (IU/ml) x Tumour Size (>7 cm )

e  RMI of each patient was calculated by this formula.

Menopausal Status (M)

e Women with amenorrhea more than a year and more
than 50 years old were considered as postmenopausal
women and scored as M=4.

e  All other women were premenopausal and are scored as
M=1.

Ultrasound Score (U)
e  USG Machine Aloka ARIETTA 70
e USG - CURVILINEAR PROBE 3-5 MHZ
e USG-TRANSVAGINAL PROBE 7.5- 15 MHZ
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Ultrasound Examination was done by the radiologist
according to the following criteria (One point is given for
each):
1. Multilocularity,
presence of solid areas,
presence of ascites,
bilaterally
Presence of intra-abdominal metastases.
e Azero or one point gives U=1,
e Total of 2 or more points gives U=4,

G N

Serum CA-125 levels
The numeric value of CA-125 level is entered in the formula.

Tumour Size
Single greatest diameter of the adnexal mass in
ultrasonography

e <7cmscoredasS-1

e >7cmscoredass -2

Diagnostic accuracy of RMI - 4 was done by comparing it
with the gold standard Histopathologic results of all patients
postoperatively.

Statistical Analysis

Statistical analysis was done by using descriptive and
inferential statistics using chi square test, odd’s ratio,
sensitivity, specificity, PPV, NPV, Multivariate regression
analysis, ROC analysis and software used in the analysis were
SPSS 22.0 version and GraphPad Prism 6.0 version and
p<0.05 is considered as level of significance.

RESULTS
Histopathological Diagnosis |[NumberN=132| N%
Benign (n=77) 58.33%
Serous Cystadenoma 21 15.90
Dermoid Cyst 17 12.87
Haemorrhagic Cyst 13 9.84
Mucinous Cystadenoma 8 6.06
Chocolate Cyst 6 4.54
Follicular Cyst 4 3.03
Luteal Cyst 3 2.27
Fibroma 2 1.51
Chronic Granulomatgus Lesion 1 0.75
Tuberculosis
Paraovarian Cyst 1 0.75
Stroma Ovarii 1 0.75
Malignant (n=55) 41.66%
Serous Cystadenocarcinoma 29 21.92
Mucinous Adenocarcinoma 17 12.87
Dysgerminoma 3 2.27
Endometrioid Cancer 2 1.51
Transitional Cell Carcinoma 2 1.51
Brenner’s Tumour 1 0.75
Yolk Sac Tumour (Endo dermal
. 1 0.75
Sinus Tumour )
Table 1. Distribution of Patients on Basis of
Histopathological Findings
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. Benign Malignant
Variables N (%) N (%) P value
Multilocularity | 64 (83.11%) | 52 (94.54%) 0.047
Solid Area 30(38.96%) | 52(94.54%) | 0.0001
Bilaterality 6 (7.79%) 11 (20%) 0.039
Metastasis 1(1.29%) 37 (67.27%) | 0.0001
Ascites 3(3.89%) 36 (65.45%) | 0.0001
Table 2. Distribution of Patient according to Ultrasound
Features

Variables Benign Malignant P Value

<35u/ml 67 (87.01%) 4 (7.27%)

=35u/ml 10 (12.99%) 51 (92.73%) p=0.0001
Total 77 (100%) 55 (100%)

Mean +SD | 39.52+133.17 | 1073.17+1403.67

Table 4. Distribution of Patient according to CA 125 Level

Analysis of 132 patients with ultrasound features in
respect of benign and malignant patients is shown in this
table. The lesions were multilocular in 64 (83.11%) benign
cases and 52 (94.54%) malignant group with a p value 0.047.
Findings as solid area are seen in 52 (94.54%) of malignant
cases and 30 (38.96%) in benign group with a p value 0.0001.
The investigations further revealed that out of 132 patients of
the study 17 cases had bilateral cyst and 115 had unilocular
cyst with a p value 0.039. Similarly rest of the features like
metastasis 37 (67.27%) and ascites 36 (65.45%) were
predominantly seen in malignant group with a significant p
value (0.0001).

0dd’s Ratio =85.43(95% CI=25.33 - 288.1)

The serum level of CA- 125 with a cut off value of 35 U/ml
was analysed. It was found to be alarmingly high among
women with malignancy (92.73%) as compared to women
with benign pelvic tumour (12.99%) as reflected by 85.43
0dd’s ratio (95% CI=25.33 - 288.1) with high significant p
value.

USG Score Benign Malignant P value
Score -1 72 (93.50%) 1(1.81%) 0.0001
Score -4 5(6.49%) | 54 (98.18%)

Total 77 (100%) 55 (%)
Table 5. Distribution of Patients according to Ultrasound
Score

0Odd’s Ratio =777.60(95% CI=88.22 - 6854)

Ultrasound score diagnosed 98.18% in malignant cases
where as it was drastically down in benign cases only to the
extent of 6.49%. The accuracy of ultrasonography in the
diagnosis of malignant ovarian tumours was found to be
statistically significant with a p value of 0.0001 and very high
Odd’s ratioi.e 777.60 (95% CI=88.22 - 6854).

100%
90%
" 80%
70%
E 60% § =
E 50% § 2 . IS =
= 40% 3 & " q ]
30% R = . @
20% = 1 § §
o | - -
Multilocularity Solid Area Bilaterality Metastasis Ascitis
= Benign Malignant Variables
Variables Benign Malignant | p value
<7 cm 46 (59.74%) 10 (18.18%) 0.0001
=7 cm 31 (40.26%) 45 (81.82%) '
Total 77 (100%) 55 (100%)
Table 3. Distribution of Patients according to
Tumour Size in USG.

The tumour size was >7 cm in 81.82% of malignant cases
where as it showed a diminished percentage of 40.26% in
benign cases. This table interprets that the tumour size >7 cm
has 1.5-fold increased risk for ovarian malignancy. This
shows the association between the tumour size and
malignancy were statistically significant at a p value of
0.0001 with Odds ratio 6.67 (95% CI = 2.93 - 15.21)

RMI - 4 Benign Malignant P Value
<450 74(96.11%)| 3 (5.45%) 0.0001
> 450 3(3.89%) | 52(94.55%)

Total 77 (100%) | 55 (100%)

Table 6. Distribution of Patients according to Risk of
Malignancy Index- 4 Cut Off Value

0dd’s Ratio =427.6(95% CI=82.98 - 2203), Mean * SD
=11497.02 + 30039.16(4.66-234016)

Ascertaining the correlation with a cut off value of >450,
out of 55 patients majority of cases were diagnosed
malignant whereas only 3 cases were false positive and found
to be benign, again with very significant p value and high
Odd’s ratio of 427.6 (95% CI=82.98 - 2203).

BLBL%
90% -

59.74%
70% -

40.26%
50%

30%
20%
10%

% of women

<7cm =27¢cm

¥ Benign Malignant Tumor Size

Sensitivity [Specificity| PPV NPV
Mt | e | o | e |
100 80.3 100 100 83.5 | 0.90
200 86.9 100 100 89.9 | 0.93
300 91.2 98.7 98.1 93.7 | 0.95
400 90.9 96.1 94.3 93.7 | 0.94
500 92.6 96.2 94.3 94.9 | 0.94
1000 93.8 90.5 84.9 96.2 | 0.92
5000 91.7 79.2 62.3 96.2 | 0.85
Table 7. Performance of RMI- 4 at Various Cut Off Levels
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100% - —
80%
B80%
70%
60%
50%
A0%
30%
20%
10%
0% Oy
100 200 300 400 500 1000 5000
B Sensitivity | 80.30% | 86.90% | 91.20% | 90.90% 92.60% | 93.80% @ 91.70%
" Specificity | 100% 100% | 98.70% | 96.10% 96.20% | 90.50% @ 79.20%
PPV 100% 100% | 98.10% | 94.30% 94.30% @ 84.90% 62.30%

NPV 83.50% | 89.90% | 93.70% | 93.70%  94.90% | 96.20% 96.20%

Percentage|%)

The sensitivity, specificity, positive predictive value and
negative predictive value of RMI 4 at different cut off levels
are mentioned in this table. As per RMI - 4 with the best cut
off of 300 it showed highest sensitivity, specificity, positive
predictive value and negative predictive value of 91.2%,
98.7%, 98.1%, 93.7% respectively and the area under curve
as 0.95.

J8

1

True-positive rate (ROC)
5

25

0 25 5 5 1
False-positive rate

|—.— RMI

Figure 1. Receiver Operating Characteristics (ROC) Curve
of RMI- 4 in differentiating Benign and Malignant Adnexal

Masses
. Sensitivity | Specificity | PPV | NPV
Variable (%) (%) %) | (%) AUC
CA125U/ml

10 46.1 100 100 | 21.5 | 0.73

35 80.3 94.4 92.5 | 84.0 | 0.87

50 87.3 93.5 90.6 | 91.1 | 0.90

150 91.1 86.2 774 | 949 | 0.89
USG Score 88.1 98.6 98.1 | 91.1 | 0.93
Menopausal |, ; 831 | 755|810 |0.78

Status
Tumour Size 56.5 77.8 73.6 | 62.0 | 0.67
RMI -4 96.10 94.55 [96.10|94.55] 0.95
Table 8. Sensitivity, Specificity, Positive Predictive Value
(PPV), Negative Predictive Value (NPV) of Serum CA 125
Ultrasound Score, Menopausal Status, Tumour Size and
RMI- 4 in Diagnosis of an Adnexal Mass

The performance of Serum CA - 125 values at various cut
off levels are shown in this table. With a cut off value of 50
U/ml in Serum CA - 125 it predicted maximum sensitivity
and specificity of 87.3% and 93.5% respectively. In one of the
variable tumour size it indicated very less diagnostic value
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for discriminating the ovarian tumour as compared to other
parameters with area under curve of 0.67. RMI - 4 which is a
combination of all parameters predicted highest diagnosis in
maximum number of cases with a area under curve 0.95.
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Figure 2. ROC Curve for Sr CA- 125 Levels in discriminating
between Benign and Malignant Adnexal Masses

Parameters Z p-Value 95% Cl
Lower Upper
Age 1.70 0.089, NS 0.98 1.22
Tumour Size 1.78 0.075,NS 0.97 1.53
USG Score 4.40 0.0001, S 2.82 15.01
CA125Levels| 0.95 0.344, NS 0.99 1.00
Menopausal | 50 | 9614, NS | 0.28 2.08
Status
Table 9. Multivariate Regression Analysis of
Histopathological Findings with other Parameters

On analytical study of CA-125, Ultrasound Score,
Menopausal Status, Tumour Size with Histopathological
diagnosis as a gold standard. After performing the logistics
regression analysis it was found that the best disparity of
ovarian malignancy from benign lesion was diagnosed by
Ultrasound Score as a salient feature.

DISCUSSION

The current study has established the helpfulness of RMI in
assessment of women with adnexal masses. In our study
mean age of benign group is 38.54 + 11.31 and similarly
mean age in malignant cases is 52.70+13.07. This conclusion
coincides with study of Monirath Hav et al and Yamamoto et
al who has revealed mean age in benign as 37.0 + 8.79,
39.8+15.2 and mean age in malignant group as 50.8+12.9,
54.0£17.5 respectively.,[141 The chances of ovarian
malignancy increases in proportionate with the increasing
age.[16]

In the present study 76.36% were diagnosed with
malignancy in postmenopausal group and 16.88% of the
same group were with benign tumours. The Menopausal
Status of our study gave a sensitivity of 72.7 % and specificity
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of 83.1% for diagnosing malignant cases. A recent study by
Singhal S et al findings were 40% sensitivity and 84.3%
specificity for menopausal status. Another study by Aliya et al
had a sensitivity of 51.3% and specificity of 85.6%. Thus in
our study as shown is table No. 3 menopausal status is highly
predictive for malignancy (p - 0.0001) with Odds ratio
15.91(95% CI = 6.71 - 37.66). In our study it is depicted that
the age range is 41- 61 years for occurrence of malignancy.
For women presenting with adnexal mass above 40 years
should raise suspicion of malignancy.

In the present study out of 132 patients 77 (58.33%)
were diagnosed as benign and 55 (41.66%) women were
diagnosed as malignant. In present study one of the variable
for determining RMI index is tumour size. Tumour size of = 7
cms is seen in 81.82% cases which turned out to be malignant
group and 40.26% came under benign group (p value
0.0001). Ovarian size at USG study varied from 3-27 cm. In
our study group of patients with malignancy, 45 are having
tumour size >7 cm. This shows the association between the
tumour size and malignancy were statistically significant at a
p value of 0.0001 with Odds ratio 6.67 (95% CI = 2.93 -
15.21). Our findings matching with Sunita Singhal et al
(2018), with the result of 70% in malignant group 48.1% in
benign group had a tumour size 27 cms with p value of 0.01
(S). In her study the tumour size of >7 cm showing a
sensitivity of 70% and specificity of 51.88% but in our study
the findings of sensitivity and specificity are different was
56.5% and specificity of 77.8 %. According to our findings
with tumour size more than =7 cms the risk of malignancy
increases by 1.5 fold. As per logistic regression tumour size
alone will not be able to predict malignancy in adnexal
masses.

Serum CA- 125 level is universally used a tumour marker
for diagnosing ovarian cancer. Simsek et al reported a
sensitivity of 78.6% and specificity of 63.5% for CA- 125 >35
U/ml.[17] In our findings CA- 125 level was significantly higher
in malignant group (1073.17 * 1403.67) as compared to
benign (39.52 + 133.17). Among the patients with CA125
levels >35 U/ml, 51 (92.73%) had malignancy and 10
(12.99%) benign tumour with a p value 0.0001. Sixty seven
patients (87.01%) with CA125 levels less than 35 U/ml had
benign lesions, while 4 (7.27%) had malignant disease. In the
present study the area under the curve for CA- 125 was 0.87
(z 35 U/ml) and 0.90 (Serum CA125 - >50 U/ml). Our
findings are similar to the study accomplished by B.R.Obeidat
et al i.e area under curve of 0.80.018] In the current study
Serum CA- 125 with a cut off value of 35 gave a sensitivity of
80.3 % and specificity of 94.4%. The study done by Aliya et al,
the value of CA- 125 >35 gave a sensitivity of 70.2% and
67.6% specificity.[191 Recent study by 2018 Singhal S et al
gave a sensitivity of 75% and specificity of 90% for CA-125
levels >35U/ml.[20] The best cut off value of CA- 125 was 50
U/ml with a sensitivity of 87.3% and specificity of 93.5% in
our study.[3]

Analysis of 132 patients with ultrasound features in
respect of benign and malignant patients are as follows. The
lesions were multilocular in 64 (83.11%) benign cases and
52 (94.54%) malignant group with a p value 0.047. Findings
as solid area are seen in 52 (94.54%) of malignant cases and
30 (38.96%) in benign group with a p value 0.0001. The
investigations further revealed that out of 132 patients of the
study 17 cases had bilateral cyst and 115 had unilocular cyst
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with a p value 0.039. Similarly rest of the features like
metastasis 37 (67.27%) and ascites 36 (65.45%) were
predominantly seen in malignant group. Interestingly our
findings correlate with the findings of Kestane I et al.[21]

After allotting the score in our study 73 cases have score
1, while lesions of 59 cases have score 4 (Table no. 8). Out of
the 73 (95.31%) patients with an ultrasound score 1, 72
(93.5%) has benign disease and only 1 (1.81%) has
malignancy with p value 0.0001. Fifty nine patients in our
study has an ultrasound score of 4, among them, 5 (6.49%)
has benign and 54(98.18%) has malignant disease with a p
value 0.0001. The sensitivity and specificity of USG score is
88.1% and 98.6% respectively. The sensitivity and specificity
of ultrasonography is showing high diagnostic accuracy for
evaluation of adnexal mass in our study. A research done by
Rao et al in 2014 emphasized that sensitivity and specificity
of USG score was 90.57% and 94.48% respectively.[3] Singhal
S et al findings in respect of USG score are 80% sensitivity
and 94.38% specificity. The receiver operating curve for USG
score in our study was 0.93. [20] Qur results were similar to
B.R Obeidat et al i.e area under curve 0.73.[18] Evaluation of
Logistic regression analysis with histopathological diagnosis
as a constant value, the only parameter i.e USG score can
individually diagnose and differentiate benign from
malignant adnexal masses (p value - 0.0001).

After analysing and combining all the individual variables
(Ultrasound score (U), Menopausal Status (M), Serum CA-
125 value and Tumour Size (S)) and incorporating them into
the formula we calculated the Risk of Malignancy Index (RMI)
- 4. Seventy seven patient had an RMI score less than 450,
while 55 had score above 450. Fifty two of the women with
RMI 2 450 had malignant disease while 3 had benign lesions.
Among patients with RMI less than 450, 74 had benign
disease and 3 had malignant lesions. Observing the RMI - 4
cut off level at 450 the Sensitivity of 90.9%, Specificity of
96.1%, Positive Predictive Value (PPV) of 94.3% and Negative
Predictive Value (NPV ) as 93.7 %. In our study the best cut
off level at 300 showed Sensitivity of 91.2 %, Specificity of
98.7%, PPV of 98.1%, NPV of 93.7%. Yamamoto et al
originator of RMI - 4 observed with the cut off level of 450
sensitivity, specificity, PPV, NPV were 86.8%, 91.0%, 63.5%
and 97.5 % respectively.[14] In the study of Jung woo park et
al in 2012 with the cut off value of 400 sensitivity was 77.9%,
specificity at 85.9%, PPV at 59.1 % and NPV to be 93.7%.[8l In
2016 Campos et al observed with a RMI - 4 cut off of 450 the
sensitivity, specificity, PPV, NPV were 86%, 91%, 63% and
97.5% respectively.[16] Aliya B et al in her publication 2015
observed RMI >250 having the sensitivity of 54.05%,
specificity of 93.4 %, PPV of 55.5% and NPV of 93.06%.[19 A
study done in June 2018 with RMI - 4 cut off value of 450 had
sensitivity, specificity, PPV, NPV as 67%, 98.7%, 93.1%,
92.4% respectively. In our sudy the Receiver - Operating
Characteristics (ROC) of risk of malignancy index was 0.95.
Our study matched with B R Obiedat et al and Campos et al
with a area under curve of 0.91 and 0.85 respectively.[16],[18]

In our study the ability of RMI to differentiate adnexal
masses preoperatively as benign or malignant is statistically
significant as shown by p value 0.0001 with odds ratio 427.6
(95% CI = 82.98 - 2203 ). The combination of serum CA-125
level, USG morphology of pelvic mass and menopausal status
have become the root cause for diagnosis of malignant pelvic
masses. In our study the best cut off level at 300 showed
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Sensitivity of 91.2 %, Specificity of 98.7%, PPV of 98.1%, NPV
of 93.7%. These values are proving to be important and quiet
accurate prediction in preoperative assessment of the
patients with adnexal masses.

CONCLUSION

RMI-4 is the most acceptable process for diagnostic decision
of patients with adnexal masses. This is a pragmatic
methodology for further action of referring patients for
specialized surgical recommendations. As robust screening
methods for detecting ovarian malignancy is not available,
continuous practice of this method will be an imperative
component in diagnosing ovarian malignancy. The present
study consolidates that RMI was better diagnostic tool for
triaging the adnexal masses, with high risk of malignancy and
subsequently guiding the patients to gynaecological oncology
centers for suitable and effective surgical interventions.
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