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ABSTRACT

Background: Ovarian cancer is one of the deadliest gynaecological cancers.
Preoperative differentiation between benign and malignant ovarian masses in
women can be problematic with no test or algorithm being superior in terms of
accuracy. The risk of malignancy index (RMI) combines three pre-surgical features:
serum carcinoma antigen 125, menopausal status (M) and ultrasound score (U). The
RMI is a product of the ultrasound score, the menopausal status and the serum
CAL125 level 1U/ml. Objective: To determine if RMI can accurately differentiate
benign from malignant ovarian masses. Research Methods: The study was a
descriptive cross-sectional study carried out at Federal Teaching Hospital Katsina
between April and November 2018. Sixty women from the gynaecological unit
scheduled for exploratory laparotomy who met the inclusion criteria were recruited
after obtaining their consent. RMI was calculated and the results obtained were
compared with the final histopathologic diagnosis. Statistical analysis was done
using SPSS 20 and the level of significance was <0.05%. Results: Risk of
malignancy index 1,2,3,4 were able to accurately distinguish between benign and
malignant ovarian tumours in the women, the sensitivity was 80.00%, specificity
100.00%, positive predictive value 100.00%, negative predictive value 87.50% and
accuracy 91.70%. All four RMIs performed equally however RMI 4 had the greatest
area under the curve. Conclusion: The study validated RMI as being able to
accurately distinguish benign and malignant ovarian tumours in the population
studied. RMI should be used in the preoperative evaluation of women with adnexal
masses in Katsina,
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INTRODUCTION

Ovarian cancer is the leading cause of mortality
among gynaecological malignanciesl. Survival
from ovarian cancer depends on the stage,
histological type, and optimal cytoreductive
surgery.! The most important factor for survival is
the stage at diagnosis, therefore, attempts have been
made to develop a screening method, which by
detecting ovarian cancer at an early stage has the
potential to decrease deaths. *

Ovarian cancer has few, nonspecific or no
symptoms in its early stage when it is most curable;
hence screening for ovarian cancer is of high
clinical interest. 2* The purpose of screening is to
differentiate benign from malignant masses as well
as diagnose ovarian cancer at an early curable
stage.?® Several diagnostic methods for pelvic
masses have been reported such as pelvic
examination, CA 125 tumour marker level, and
ultrasonography.! However, none of these methods
used individually has shown significantly better
performance in detecting malignant ovarian
tumours. * In gynaecological malignancies; tumour
markers have a crucial role in screening, monitoring
treatment, follow up and also predicting the
recurrence of the disease. *°

Various methods of evaluating ovarian
cancer risk have been proposed.* Ultrasound or
cancer antigen 125 assay when used alone has many
limitations while combined methods give more
sensitive and accurate results. [4] The development
of a mathematical formula using a logistic model,
incorporating menopausal status, the serum level of
a glycoprotein called CA-125 and the ultrasound
score has been described in the form of different
malignancy indexes. These indices were calculated
using a simplified regression equation obtained
from the product of the ultrasound finding score, the
menopausal status score and the absolute serum
level of CA- 1255

In 1990, Jacobs et al.® initially developed
the risk of malignancy index as a validated clinical
tool that can be used for risk stratification in ovarian
lesions and to guide further management. The risk
of malignancy index (RMI 1) combines three pre-
surgical features: serum CA-125, menopausal status
(M) and ultrasound score (U). The RMlI is a product
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of the ultrasound score, the menopausal status and
the serum CA125 level 1U/ml.®
RMI= (U) x(M) x (CA125)

The ultrasound feature is scored 1 point for
each of the following characteristics: multilocular
cyst, solid area, metastasis, ascites and bilateral
lesion. U =0 (for an ultrasound score of 0), U =1 (for
an ultrasound score of 1), and U =3 (for an
ultrasound score of 2-5).

The menopausal status is scored as 1 = pre-
menopausal and 3 = post-menopausal. The
classification of "postmenopausal” is a woman who
has had no menstrual period for more than 1 year or
a woman over 50 years who has had a hysterectomy.
Perimenopause is the period around the onset of
menopause. Serum CA125 is measured in 1U/ml
and can range from (0-35 1U/ml) in normal women.
Using a cut-off value of 200 for RMI 1, an 85%
sensitivity and 97% specificity were obtained.®
Certain modifications of the risk of malignancy
index model have been proposed which are
specified as the risk of malignancy index 2 and risk
of malignancy index 3. 3 The difference between the
three indexes lies in the different scoring of
ultrasound finding and menopausal status. The main
advantage of all four RMI is that they are simple
scoring systems that can be applied directly into
clinical practice without the introduction of
expensive or complicated methods. 2

RMI 2 was developed in 1996 and then
RMI 3 in 1999. Because the average size of a
malignant tumour was significantly greater than that
of a benign tumour, tumour size (S) was added in
2008 to the risk of malignancy index, thus
improving accuracy and creating RMI 4 3, Cut off
value of 200 for RMI 1 2 and 3 and 450 for RMI 4
showed the best discrimination between benign and
malignant pelvic masses with a high level of
sensitivity and specificity. 3

All risks of malignancy index versions are

comparable in clinical use. Moreover, the risk of
malignancy index 1 is considered a reference test for
any new diagnostic model that is developed. °.
RMI 2= U x M x CA 125, where a total ultrasound
index 0/1 denotes U=1, ultrasound index > or= 2
denotes U= 4, premenopausal status denotes M =1
and postmenopausal M =4.

RMI 3= U x M x CA-125, where a total
ultrasound index 0/1 made U=1, ultrasound index >
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or =2 denotes U=3, premenopausal status denotes
M=1 and postmenopausal status M =3.

The fourth version, RMI 4, includes the
tumour size S. RMI 4 =U x M x S x CA-125, where
a total ultrasound index 0/1 denotes U=1, ultrasound
index > or = 2 denotes U=4, premenopausal status
M =1 and postmenopausal status M =4. A tumour
diameter < 7cm denotes S=1, and > or= 7cm denotes
§=2.37

Clinical/Public Health Context

A woman's lifetime risk of developing invasive
ovarian cancer is 1 in 75 and the risk of dying from
invasive ovarian cancer is 1 in 100. 8 In Kano state,
Nigeria, ovarian cancer accounted for 33.33% of
gynaecological cancers observed between April
2014 and April 2015. ®1°

Justification

Mean survival time for women with ovarian
malignancy is significantly improved when
managed within a specialized gynaecological
oncology unit.!* Unnecessary surgery or overly
radical intervention with the abrupt loss of
childbearing potential in young women are all
significant risks to patients with cysts that are
inappropriately ~ characterized,  whilst  the
consequence of failing to recognize a cyst as
malignant  significantly impacts prognosis.
Although RMI has been widely evaluated and
employed in developed countries, its utility in risk
prediction in developing countries is currently
unknown it is apt to evaluate the accuracy of RMI
in predicting the risk of malignant ovarian tumours
in women preoperatively.

Aim, Objectives and Research Question

Aim

To evaluate the utility of the risk of malignancy
index in differentiating between benign and

malignant ovarian masses in a Nigerian population.

Obijectives
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1) To validate RMI in distinguishing benign and
malignant ovarian tumours in a Nigerian population
2) To compare the performance of the four different
RMIs in distinguishing benign and malignant
ovarian masses in a Nigerian population.

3) To determine the predictive value of RMI in
distinguishing between benign and malignant
ovarian tumours in perimenopausal women.

4) Based on objectives 1, 2, and 3 above to make
recommendations for routine calculation of RMI in
women with ovarian masses.

Research Question:

Can RMI accurately differentiate benign from
malignant ovarian tumours in a population of
Nigerian women?

Hypothesis

Null hypothesis (Ho): The risk of malignancy index
RMI cannot distinguish benign from malignant
ovarian tumours in a population of Nigerian women
The alternate hypothesis (H1): The risk of
malignancy index can distinguish benign from
malignant ovarian tumours in Nigerian women

RESEARCH METHODS

Study Design: It was a descriptive cross-sectional
study

Sampling Approach: The study population
comprised women with an ovarian cyst or adnexal
mass being worked up for surgery.

An adnexal mass was defined as a simple, complex,
cystic or solid mass of the ovary or surrounding
connective tissues as determined by pelvic
examination or ultrasound scan. Perimenopausal
women were defined as women between the ages of
forty and fifty years.

Inclusion Criteria: All consenting women with an
ovarian mass based on ultrasound finding of ovarian
cyst or adnexal mass and being worked up for
exploratory laparotomy. Patients with clinically
palpable adnexal masses
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Exclusion Criteria: Women diagnosed with any
other intra-abdominal mass or disease associated
with elevation of CA125 such as liver cirrhosis,
endometriosis, adenomyosis, pelvic inflammatory
disease, pancreatitis and advanced intra-abdominal
non-ovarian malignancy.

o  Women with a history of ovarian cancer

o Women who have had bilateral oophorectomy

e Women who are currently known to be
pregnant

Sample Size Determination: The sample size was
determined using Taylor's formula®? and calculated
to be 60 patients

Sample Recruitment Method: The purpose of the
study was explained to the women. Written consent
was obtained from those willing to participate in the
study. A pretested structured, interviewer-
administered questionnaire was used to obtain
information about age, parity, menopausal status,
educational status, past medical history, past
obstetric and gynaecological history as well as
family  history. The questionnaires  were
administered by the researcher aided by trained
research assistants. A systemic examination was
done by the researcher.

A questionnaire  administration  and
systemic examination were performed in the
gynaecology clinic and in the gynaecology ward for
those women that were recruited from the
gynecologic emergency unit

Sampling Technique: Convenience and purposive
sampling were used. Blinding was done to reduce
bias. The chemical pathologist and histopathologist
were blinded. The serum CA125 samples were
coded before they were taken for analysis and the
specimens sent for histology were also coded.

Ethical Consideration: Ethical approval for the
study was obtained from the research and ethical
committee of the hospital and it has been attached.
Informed written consent was sought from the
patients and their confidentiality was respected. All
participants were informed about their right to
refuse to participate in the study and were free to
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opt-out of the study at any point if they so wished.
The provisions of the Helsinki Declaration of 1975
on the investigation of human subjects were adhered
to.

Calculation of Risk of Malignancy Index

Ultrasound Score: Included women had a trans-
abdominal ultrasound scan using a Mindray DC7
ultrasound device with a 5 MHz convex abdominal
probe. The characteristic appearance of masses
(bilaterality, multilocularity, solid area, ascites,
intra-abdominal metastasis) were recorded, and the
presence of any of the above features was allotted 1
while the absence was allotted 0.

Measurement Of Ca 125 Level: Five ml of venous
blood was collected from each of the participants in
the study for serum CA125 estimation within thirty
days before their surgical procedures. The
biochemical analysis for serum CA125 level was
done using ARCHITECT CA125 Il assay.

Determination Of Menopausal Score: Menopause
was defined as one or more years of amenorrhea or
women who were over 50 years that had undergone
a hysterectomy. The menopausal score was
assigned as M=1 and if postmenopausal, M=3 for
RMI 1 and RMI 3 or M =4 for RMI 2 and RMI 4.
The risk of malignancy index 1,2,3,4 was
calculated: RMI 1 = U x M x CA125
The ultrasound feature is scored 1 point for
each of the following characteristics: (multilocular
cysts, solid areas, metastasis, ascites and bilateral
lesions). U =0 (for an ultrasound score of 0), U =1
(for an ultrasound score of 1), and U =3 (for an
ultrasound score of 2-5).
e The menopausal status is scored as 1 = pre-
menopausal and 3 = post-menopausal
e RMI 2= U x M x CA 125, where a total
ultrasound score of 0 or 1 denotes U=1,
ultrasound score > or= 2 denotes U= 4,
premenopausal status denotes M =1 and
postmenopausal M =4,
e RMI 3= U x M x CA-125, where a total
ultrasound score of 0 or 1 made U=1,
ultrasound score > or =2 denotes U=3,
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premenopausal status denotes M=1 and
postmenopausal status M =3.

e RMI4=UxM xS x CA-125, where a total
ultrasound index 0/1 denotes U=1, ultrasound
index > or = 2 denotes U=4, premenopausal
status M =1 and postmenopausal status M =4.
A tumour diameter < 7cm denotes S=1, and >
or=7 cm denotes S =2. [3,7]

Post-operatively, each specimen was sent for

histopathologic review to determine if it was a
benign or malignant ovarian tumour.
The researcher then compared the RMI calculated
for each woman with the histopathologic result. The
primary endpoint of the study was to determine if
the risk of malignancy index can accurately predict
ovarian malignancy

RESULTS

A total of sixty women who met the inclusion
criteria were recruited for the study between April
and November 2018. Thirty-five women (58.33%)
had benign ovarian tumours while twenty-five
women (41.67%) had malignant ovarian tumours,
51.43% of the benign ovarian tumours were
follicular cysts, mature teratomas and serous cyst
adenomas constituted 40.00 and 857 %
respectively.

Table 1: Socio-Demographic Characteristic of Patients

Variables Benign Malignant Test  P-value
(n=35) (n=25)
Age 37.49£11.08 49.60£11.11 T-test 0.000*
Educational None 7(11.7%) 15(25.0%) 1’ 0.014x
Status Primary 14(23.3%)  6(10.0%)
Secondary  8(13.3%) 3(5.0%)
Tertiary 6(10.0%) 1(1.7%)
Marital status ~ Married 29(48.3%) 17(28.3%) x? 0.039%
Single 5(8.3%) 2(3.3%)
Widowed 1(1.7%) 6(10.0%)
Bini 1(1.7%) 1(1.7%) x? 0.249
Fulani 2(3.3%) 4(6.7%)
Hausa 26(43.3%) 18(30.%)
Tribe Igbo 0(0.0%) 1(1.7%)
Ishan 1(1.7%) 1(1.7%)
Yoruba 5(8.3%) 0(0.0%)

* = p value significant

The predominant malignant tumour was papillary
cyst adenocarcinoma 36.00%, and the least seen
was endometrioid adenocarcinoma 8.00%. Other
malignant tumours included mucinous cyst

adenocarcinoma 20.00% and yolk sac tumour
12.00%. Most of the tumours in the premenopausal
group (31.00%) were benign unlike in the
postmenopausal group where most of the tumours
(15.00%) were malignant.

Table 2: Gynaecological Characteristics and components of
RMI of Patients

Variable Benign ~ Malignant Test  P-
(n=35) (n=25) value
Menopausal ~ Perimenopausal ~ 13(21.7%) 12(20.0%) x> 0.009#
status Postmenopausal ~ 4(6.7%)  9(15.0%)
Premenopausal ~ 18(30.0%)  4(6.7%)
Parity 0 1016.7%)  5(8.3%) pE 0433
1-4 T(117%)  3(5.0%)
>4 18(30.0%) 17(28.3%)
CAI2S Normal 34(56.7%) 4(6.7%)  McNe  0.000+
Abnormal 1(1.7%)  21(35.0%) mar
Test

*= p value significant

Table 3: Validity of RMI in detecting Ovarian
Malignancy in all women

RM  Se Sp PPV NPV  Ac (%)
Test (%) (%) (%) (%)

RM1 80 100 100 875  9L7
RM2 80 100 100 875 917
RM3 80 100 100 875  9L7
RM4 80 100 100 875  9L7

Se = Sensitivity; Sp = Specificity; Ac = Accuracy

A significant association was found
between menopausal status and ovarian
malignancy; the level of significance was found to
be 0.023%. there was no significant association
between parity and ovarian malignancy, the level of
significance was 0.433%. The sensitivity.
specificity, positive predictive value, negative
predictive value and accuracy of risk of malignancy
indexes were found to be 80.00%, 100.00%, 87.50%
and 100.00% respectively. The accuracy of the test
was 91.70%.
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Fig. 1 Receiver operator characteristic curve for RMI 1, Area
under the curve is 0.929
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Figure 2: Receiver operator characteristic curve for RMI 2,

AUC 0.910

Vol. 39 No. 2 (2022): Tropical Journal of Obstetrics & Gynaecology/ Published by Journal Gurus

ROC Curve

D_B-J—‘

Sensitivity

0o T
0o 0z

D?S

1 - Specificity
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The four risks of malignancy indexes performed
equally in distinguishing benign from malignant
ovarian tumours. All of the RMI did so at a level of
significance of 0.000%. The four risks of
malignancy indexes were compared using a
Cochran test which showed that all the risk of
malignancy indexes can distinguish benign from
malignant ovarian tumours with a significant
difference in their performance. Using receiver
operator characteristic curves generated, the four
RMIs had different areas under the curve. RMI 1
had an AUC of 0.929, RMI 2 had an AUC of 0.910,
RMI 3 had an AUC of 0.911, and RMI 4 had the
greatest area under the curve of 0.931, hence it had
the best performance.
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Figure 5: Receiver operator characteristic curve for RMI 4 in
perimenopausal women, Area under the curve is 0.904
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Table 4: Performance of the various RMI

Variable Benign Malignant P-value
(n=35) (n=25)
RM 1 <200 35(58.3%) | 5(8.3%) 0.000*
@200cutoff >=200 | 0(0.0%) | 20 (33.3%)
RM 2 <200 32(53.3%) | 5 (8.3%) 0.000*
@200cutoff >=200 | 3(5.0%) | 20(33.3%)
RM 3 <200 35(58.3%) | 5 (8.3%) 0.000*
@200cutoff >=200 | 0(0.0%) | 20 (33.3%)
RM 4 <450 34(56.7%) | 5 (8.3%) 0.000*
@450cutoff > =450 1(1.7%) 20 (33.3%)
*=p value significant; Test used = Cochran's test
Table 5: Validity of RMI in detecting Ovarian
Malignancy in Perimenopausal group
RM Se Sp PPV NPV Ac
Test %) () (%) (%) (%)
RM1 80 90 75 92 84
RM2 80 90 75 92 84
RM3 80 90 75 92 84
RM4 80 90 75 92 84

Se = Sensitivity; Sp = Specificity; Ac = Accuracy

In premenopausal women, the risk of malignancy
index was able to differentiate benign from
malignant ovarian tumours. The test showed a
sensitivity of 90.00%, specificity of 80.00%,
negative and positive predictive values of 75.00%
and 92.00% respectively and an accuracy of
84.00%. RMI 4 had an area under the curve of 0.904
hence it performed better.

DISCUSSION.

In this study, the risk of malignancy index was able
to distinguish benign and malignant ovarian
tumours in the Nigerian population that was studied
as demonstrated by a significant association. Many
other documented studies all had this outcome of
RMI being able to differentiate benign from
malignant ovarian tumours.}*141618 The sensitivity,
specificity, predictive value of positive, the
predictive value of negative and diagnostic accuracy
(the per cent of accurately diagnosed patients
divided by all of the patients) were determined.™® In
this study the sensitivity of all four risks of
malignancy indexes was found to be 80.00%,
specificity was 100.00%, negative predictive value
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87.50% and positive predictive value 100.00%
respectively. The accuracy of the test was 91.70%
this can be compared with other studies which had
sensitivities ranging from 80-91% and specificities
ranging from 85-93%, 116.18.25

This study demonstrates the ability of RMI
to correctly identify benign and malignant adnexal
masses. Several other documented studies have
validated the risk of malignancy index as a predictor
of malignancy.41+1° although the cutoff was varied
in some of the studies to get the best performance of
RMI. 214 In a prospective study to evaluate the risk
malignancy index and its diagnostic implication in
patients with suspected ovarian mass, the risk of
malignancy index compared with individual
parameters of Ultrasound score, CA-125 or
menopausal score at a cut-off point of 236 shows
very high sensitivity (72.50%), specificity
(98.20%), positive predictive value (98.10%),
negative predictive value (74.70%) and diagnostic
accuracy (84.13%) for discriminating malignant and
benign pelvic masses. [20] The high specificity
recorded in this study is similar to our study which
was 100.00% however in this study the cutoff RMI
used for differentiating benign and malignant
masses was 236 unlike in our study in which the
cutoff was 200

In this study, the four risks of malignancy
indexes had equal performance in distinguishing
benign from malignant ovarian tumours. They had
the same sensitivity, specificity, positive and
negative predictive value in all the women. In one
retrospective study 2%, two hundred and forty-seven
women with adnexal masses were included, they
had a mean age of 58.09 years (range 19-95 years).
RMI 1 had the greatest area under the ROC curve of
0.89. The area under the ROC curve for RMI 2 was
0.844 and for RMI 3 was 0.842. Using a threshold
of 200, RMI 1 had a sensitivity of 66% and a
specificity of 91%; RMI 2 had a sensitivity of 74%
and a specificity of 79%; and RMI 3 had a
sensitivity of 68% and a specificity of 85%. Using
an RMI cutoff level of 250, the sensitivity of RMI 1
dropped to 60% while the specificity increased to
94%. The sensitivity of RMI 2 also dropped to 71%
and the specificity was 84%. At a threshold of 250,
RMI 3 also recorded a drop in sensitivity to 61% and
the specificity increased to 90%.2X A lower
threshold of 120 for RMI 1, however, revealed a
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sensitivity of 74% and specificity of 84%. RMI 2 is
a better malignancy predictor than RMI 3. 2t In
another study three RMIs were checked without
considerable difference in calculated parameters
and in all RMIs the best cutoff point was at 200. 2

To further test the performance of the four
RMIs in our study, receiver operator characteristic
curves were generated at the cutoff of 200 for RMI
1,2,3 and cutoff of 450 for RMI 4, using sensitivity
and specificity. The receiver operator characteristic
curves were generated for the various RMIs and all
had an AUC of >0.90 in the women which are
interpreted as an excellent performance of the
models.?®> The receiver operator characteristic
curves drawn showed the greatest area under the
curve 0.931 was observed for RMI 4, based on this
it can be said that in this particular study despite
having the same sensitivity, specificity, PPV, NPV
and accuracy, the RMI 4 having the greatest AUC
of 0.931 performed better at distinguishing benign
and malignant ovarian tumour.

In one study, RMI 2 showed the best
performance in predicting malignancy, compared
with the other three indexes. At the cutoff point 90
above which the probability of malignancy of
masses was high, RMI 2 had the most area under the
curve 0.08, showing the greatest concordance with
pathologic results.!* Several other studies have
proved RMI 2 to be a better predictor of
malignancy. 2428

In this study, the various RMI was also
compared in perimenopausal women, with a
sensitivity of 90.00%, specificity of 80.00%,
negative and positive predictive values of 75.00%
and 92.00% respectively and an accuracy of 84.00%
was found. In this study, the mean age of occurrence
of the malignant ovarian tumour was 49.60 years,
which is in the perimenopausal years. It was also
observed that the ratio of benign to malignant
masses was almost equal in this group of women
after which the incidence of malignant masses rose
and with further increase in age (61-70 years) no
benign masses were seen. This implies that the
perimenopausal group of women were important in
the age-related distribution of malignant ovarian
masses.

CONCLUSION
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The risk of malignancy index has been validated as
a reliable method for distinguishing benign and
malignant ovarian tumours preoperatively in
women including perimenopausal women.

The four risks of malignancy indexes were
all able to distinguish benign and malignant ovarian
tumours in the population of Nigerian women that
were studied, they performed equally however RMI
4 had the greatest area under the curve of 0.931 in
women generally and 0.904 in perimenopausal
women.

Recommendations

1. This is the first study in the geographical area
to evaluate the accuracy of RMI in
distinguishing benign and malignant ovarian
tumours. RMI is a simple and cheap scoring
system that should be adopted across
secondary health centres in referring patients to
tertiary or specialist
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centres for timely intervention.

2. A future research with a larger sample size is
recommended targeting only perimenopausal
women and based on the results, a screening
test using RMI could be proposed for all
women in this age group.

Strengths And Limitations:

Strengths of the Study: Blinding was utilized during
the process of data collection and analysis, the
histopathologist that reported the specimens
postoperatively and the chemical pathologist that
analyzed the serum CA125 were blinded and had no
contact whatsoever.

Limitations of the Study: CA125 assay is usually
performed after pooling about ten samples in each
batch, this caused a delay in the dissemination of the
result to the participant and her managing team
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