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Abstract

Objective: The aim of this study was to evaluate the use of risk of malignancy index (RMI) based on a serum
CA125 level, ultrasound findings and menopausal status in primary evaluation of patients with adnexal masses
in daily clinical practice. Methods: One hundred and fifty one women with adnexal masses were enrolled.
Ultrasound characteristics, menopausal status and serum CA125 level were documented preoperatively, and
combined into the RMI afterwards. The sensitivity, specificity, positive (PPV) and negative predictive values
(NPV) of the RMI in prediction of ovarian cancer were calculated. Results: The RMI identified malignant cases
more accurately than any individual criterion in diagnosing ovarian cancer. Using a cut-off level of 238 to indicate
malignancy, the RMI showed a sensitivity of 89.5%, a specificity of 96.2%, a PPV of 77.3%, a NPV of 98.4%
and an accuracy of 95.4% . Conclusion: RMI is a simple, easily applicable method in the primary evaluation of
patients with adnexal masses of high risk of malignancy, resulting in timely referal to gynecological oncology

centers for suitable surgical operations.
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Introduction

Ovarian cancer is the second most common gyncologic
cancer in the developed countries; however, it is the fifth
leading cause of mortality due to malignancies among
women (Greenlee et al.,2001). An estimated 21,880 new
cases of ovarian cancer are expected in the US in 2010.
Ovarian cancer ranks second among gynecologic cancers,
following cancer of the uterine corpus. An estimated
13,850 deaths are expected in 2010 (American Cancer
Society, 2010). It is also the main cause of death due
to gynecological cancer in the United States, with an
estimate of 16,090 deaths and 25,580 new cases during
the year 2004(American Cancer Society, 2004). As a
result, mortality rate due to ovarian cancer is higher than
all other gynecologic malignancies together (Landis et
al., 1998). Besides, adnexal masses, however benign in
90% of cases, are the fourth most common gynecological
causes for hospitalization (Grimes & Hughes, 1989).
Five-year survival in patients with ovarian cancer varies,
depending on being localized or accompanied by distant
metastases from 93% to 28%, respectively; hence,
screening, detection and treatment in earlier stages of the
disease are of great importance (Bell et al., 1998).

One of the most common presentations of ovarian
neoplasms is a pelvic mass (Enakpene et al., 2009).
Considering the discrimination between benign and
malignant tumors is a critical step in handling such cases
clinically. It is estimated that in pre and postmenopausal
women, ovarian tumors are malignant in 24% and 60% of

patients, respectively (Manjunath et al.,2001; Yuen et al.,
1997). Many women with advanced ovarian carcinoma
undergo suboptimal primary surgeries at local hospitals.
The amount of tumor left after the primary cytoreductive
surgery is one of the most important prognostic factors in
ovarian cancers (Engelen et al., 2006; Earle et al., 2006).
The type of operation and the experience of the surgeon
are other principal factors in prognosis (Engeland et al.,
1995). Therefore, correct preoperative diagnosis is crucial
and remains a challenging issue for gynecologists. This
provisional diagnosis is useful in selective referral of
relevant patients to specialized oncology centers and
is thus helpful in planning for an appropriate surgical
treatment (Vernooij et al., 2009). On the other hand, the
increased morbidity and mortality due to unnecessary
laparotomies performed to determine ovarian cancers at
an early stage are a real clinical dilemma.

Jacob et al (Jacobs et al., 1990). originally developed
a risk of malignancy index (RMI) with a sensitivity of
85.4% and a specificity of 96.9%, based on menopausal
status, ultrasound morphologic features, and serum levels
of CA-125. This algorithm has been tested on retro- and
prospective studies with encouraging results (Davies et
al., 1993). According to their results, determining adnexal
masses as benign or malignant using RMI could be more
sensitive and specific compared with ultrasound and serum
CA-125 alone.
This study was designed to determine the effectiveness of
the RMI algorithm in identifying cases of potential ovarian
malignancy presenting at gynecologic cancer units in order
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to make the right decision for subsequent referral of these
patients to a cancer center, and also to reveal the most
suitable cut-off value in benign-malignant determination.

Materials and Methods

After obtaining the approval for the study by the
hospital ethic committee on research affairs, all the
women, consecutively undergoing surgery for a pelvic
mass between October 2008 and November 2009 who
were referred to our cancer center, were enrolled in the
study. The aim of the study was explained appropriately
and informed written consent was obtained.Pregnant
patients and known cases of ovarian malignancy were
excluded. Age, CA-125 serum levels, ultrasounds
findings, and menopausal status of all the cases were
recorded preoperatively. Currently, the network guidelines
recommend calculation of the RMI (Obeidat et al., 2004)
as modified by Tingulstad et al (Tingulstad et al., 1996).
In all suspected patients of ovarian cancer. Hence, the
modified RMI for each woman was calculated using the
product of the ultrasound score (U), the menopausal score
(M), and the absolute value of serum CA-125 inserted in
the following formula:

RMI=U x M x serum CA-125

Five ultrasound features suggestive of malignancy
were sought to derive U including multilocularity (more
than bilocular), presence of solid areas, bilaterality,
presence of ascites, and extraovarian tumors/evidence
of metastases. U of 1 was given if none or one of these
findings was detected and a score of 3 if two or more
of these features were present(Bailey et al., 2006).
Postmenopausal status was defined as more than one year
of amenorrhea, or age older than 50 years for women who
had undergone hysterectomy; they scored M=3. All other
patients who did not meet these criteria were defined in
a premenopausal status which scored M=1. The absolute
values of serum CA-125 was entered directly into the
mentioned equation.

The histopathological diagnosis was considered as the
gold standard for defining the outcomes. Hence, the RMI
was evaluated for sensitivity, specificity, positive (PPV)
and negative (NPV) predictive values with reference
to the actual presence of a malignant or benign pelvic
tumor. Tumors were classified according to World Health
Organization definitions (Andersen et al., 2003) and
malignant tumors were staged according to the criteria of
the international Federation of Gynecology and Obstetrics
(Benedet et al., 2000).

All statistical analyses were done using SPSS version 15
(SPSS Inc., Chicago, IL) and Medcalc 7.4 4.1 for windows
(Medcalc Software, Mariakerke, Belgium). A univariate
statistical analysis was performed for all sonographic
parameters and patient age. The Kologoromov-Smirnov
test was used to evaluate the normal distribution of
continuous data. According to their distribution, they were
compared with the use of student’s T and Mann-Whitney
U tests. The proportion of malignant and benign cases
with different sonographic parameters was compared with
chi-square, Fisher’s exact and Yates Corrected tests. To
determine the best cut-off value to discriminate between
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benign and malignant adnexal masses, a receiver operating
characteristics (ROC) curve was plotted. The best cut-off
value was chosen according to the highest sensitivity
with the lowest false-positive rate. A P-value <0.05 was
considered to be significant.

Results

A total of 151 patients with a pelvic mass were
referred to our center for surgery. Taking into account
the histopathological reports, 132 (87.4%) had a benign
tumor; while for 19 (12.6%) a malignant ovarian tumor
was reported. Metastatic tumors included one primary
carcinoma of the cervix and three gastric adenocarcinomas.
The mean size of benign and malignant tumors was 77.92
+ 36.17 mm and 94.47 + 36.62 mm, respectively, which
was not significantly different between the two groups
(p:0.05).

One hundred and thirty cases (86.1%) were
premenopausal and 21 (13.9%) were postmenopausal.
There were significantly more malignant tumors in the
postmenopausal group (P=0.000) (Table 1). Considering
ultrasound scores, 98% percent of patients with U score=1
had benign tumors; however, 65.4% of the patients who
obtained U=3 were reported malignant in histopathology.
There was a significant difference between the two groups
(P=0.000).The median value of preoperative serum CA-
125 level of the patients and the median values of the
calculated RMI were also significantly different between
benign and malignant cases (P=0.000). In ROC curve
analysis, all the five evaluated parameters were found to be
associated predictors of malignancy; however, RMI was
the most impressive factor in prediction of malignancy
(Figure 1).

The best performance obtained for the RMI was at the
cut-off point 238 with a sensitivity of 89.5% (95% CI: 75.7
%-100%), a specificity of 96.2% (95% CI: 93%-99.5%), a
PPV of 77.3% (95% CI: 59.8%-94.8%),an NPV of 98.4%
(95% CI: 96.3%-100%), and an accuracy of 95.4%.

Taking into account the best obtained cut-off point
for RMI, 5 cases were false and 127 true positive (RMI <
238, benign tumors) while 2 cases were false and 17 true
negative (RMI = 238, malignant tumors); one was a case

Table 1. Results of Univariate Statistical Analysis

Criteria Benign Malignant ~ P-value
Age (meantSD) 37.0+8.79 50.8+12.9 0.000
Menopausal status (M)
Premenopausal 123 (93.2%) 7 (36.8%) 0.000
Post menopausal 9 (6.8%) 12 (63.2%)
Sonographic morphology
Multilocularity 9 (6.8%) 9 (47.4%) 0.000
Presence of solid area 86 (65.1%) 18 (94.7%) 0.005
Presence of ascites 5(3.8%) 15 (78.9%) 0.000
Bilaterally 7 (5.3%) 2(105%)  0.322
Evidence of metastases 2 (1.5%) 3 (15.8%) 0.015
Ultrasound score (U)
1 123 (98.4%) 2 (1.6%) 0.000
3 9 (34.6%) 17 (65.4%)
Serum CA-125 (u/ml) *19.1 (4-400) 126.4 (3-700)  0.000
RMI * 21.7 (5-1200) 1062 (53-2889)  0.000

* reported as median (min-max)
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Figure 1. Receiver Operating Characteristics (ROC)
curves of individual predictors showing the relationship
between sensitivity and specificity of RMI, U score, M score,
Serum CA-125 and age in the discrimination between benign
and malignant masses

of dysgerminoma and one a case of Yolk tumor.

Multivariate analysis model showed that RMI,
Ultrasound score (U=3) and CA-125 serum levels were the
independent predictors of malignancy. However, none of
the ultrasound morphologic features were the independent
predictors.

Discussion

The prevalence of ovarian neoplasms has been
rising during last decades. Silent occurrence and slow
progression, besides few effective methods for early
diagnosis makes its mortality rate the highest among
gynecologic malignancies (Guidozzi, 1996). If patients
with ovarian cancers are diagnosed at stage I, the cure
rate could be as high as 80-90% and the mortality rate
could decrease up to 50% (Zalel et al., 1996). Hence, a
new method of early diagnosis is of great importance for
prediction of the prognosis and medical management of
the ovarian neoplasm. Selective referral of patients with
high risk of malignancy to specialized oncology centers is
substantial since the primary cytoreductive surgery has a
great role in predicting the prognosis of ovarian cancers.

Table 2. Comparison of our Results with Previous
Studies*

Study No. Sens Spec PPV NPV
Jacobs et al.1990 143 85.4 96.9
Davies et al.1993 124  87.0 89.0

Tingulstad et al.1996 173 71.0  96.0 89 88
Tingulstad et al.1999 365  71.0 92.0 69 92

Morgante et al.1999 124 580 95.0 78 87
Manjunath et al. 2001 152 73.0 91.0 93 67
orres et al. 2002 158 73.0 86.0

Ma et al.2003 140 873 844 82 89
Andersen et al.2003 180 70.6  87.7 66 90
Obeidat et al.2004 100 90.0 89.0 96 78
Ulusoy et al.2006 296 71.7  80.5 67 84

Our study (RMI=238) 151 89.5 947 71 98

*Values were % given for RMI=200; Sens, Sensitivity; Spec,
Specificity; PPV, positive predictive value; NPV, negative
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Table 2 summarizes the results of past related studies.
The best cut-off value for RMI in several publications was
200 (Jacobs et al., 1990; Tingulstad et al., 1996; Tingulstad
etal., 1999).

If the cut-off value of RMI is set 238 instead of 200,
the sensitivity, specificity, PPV and NPV will improve
dramatically comparing to most of previous studies.

Although we used the Ultrasound scoring system of
Bailey et al.(2006) our results for RMI were in agreement
with the results from other studies in which RMI was
suggested to be better than other single parameters, with
the highest area under the curve. In our study, RMI of
<238 yielded high sensitivity and specificity of 89.5% and
96.2%, respectively, which were higher compared with
other studies. Endometriosis contributed to the highest
numbers of false positive (80%) whilst the false negative
cases included dysgerminoma and Yolk tumor, which
seems to be of importance in clinical practice.

In conclusion, the present study demonstrated that
RMI was a better estimate in diagnosing adnexal masses
with high risk of malignancy and sudsequently guiding the
patients to gynecological oncology centers for suitable and
effective surgical interventions compared with individual
parameters of Ultrasound score, CA-125 or menopausal
score. Simplicity and applicability of the method in the
primary evaluation of patients with pelvic masses makes it
a good option in daily clinical practice in non-specialized
gynecologic departments.
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