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Summary

Introduction: Ovarian cancer is a big health concern, which continually attracts clinical debate in regard to validation and improve-
ment of methods for malignancy prediction in women with adnexal masses. Purpose of investigation: The aim of this study was to
evaluate the validity of the risk of malignancy index (RMI) as a diagnostic tool for discrimination between benign and malignant ad-
nexal masses. Materials and Methods: The study group of 153 women with adnexal tumours were investigated and the RMI was cal-
culated for each patient. Results: According to the histological examination of the specimens, 116 (75.8%) women had benign conditions,
while 37 (24.2%) women had malignant masses. The RMI was reliable in 85% of all women with adnexal masses, and optimal cut-off
value of 200 provides the highest performance for preoperative triage of adnexal masses. Conclusions: Although this study confirmed
that the RMI is useful method for preoperative identification of benign and malignant adnexal masses, it is only a diagnostic tool and

cannot predict malignancy in all cases.
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Introduction

Adnexal masses are one of the most common causes of
hospitalization for gynaecologic disorders. Despite fre-
quency, discrimination between benign and malignant ad-
nexal masses usually represents a challenge to the
gynaecologist [1]. Ovarian cancer is usually diagnosed at
an advanced stage, which results in the poorest prognosis of
all gynaecological malignancies [2]. Approximately 4% of
all cancers diagnosed in women accounts for ovarian can-
cer, and despite of advances in therapy, it is still a high-rate
lethal disease [2]. Thus, ovarian cancer is a large health
concern, which continually attracts clinical debate in regard
to validation and improvement of methods for malignancy
prediction in women with adnexal masses.

The diagnosis and initial evaluation of adnexal tumours
are based on the historical, clinical, ultrasound, and tumour
markers’ examination [3]. The primary method that pro-
vides a reliable estimation of the lesion is ultrasound ex-
amination, but it is subjective and depends on
sonographer’s care and experience [4]. Cancer antigen 125
(CA 125) is a biomarker which is widely used for initial
evaluation and investigation of females with unexplained
abdominal symptoms or an adnexal masses [5-7]. However,
using CA 125 alone in adnexal masses estimation has some
limitation. Serum level of CA 125 is elevated in less than
half of women with early stage ovarian cancer, resulting in
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decreased sensitivity [5, 7]. CA 125 is elevated in many be-
nign gynaecologic diseases and medical condition, which
reduces its specificity [8]. To find better approach in ad-
nexal masses evaluation, the risk of malignancy index
(RMI), which combines demographic, sonographic, and
biochemical data, was developed [9].

The study performed by Jacobs et al. was the first study
that used RMI as a simple diagnostic method based on
mathematical estimation of adnexal malignancy risk [9].
Later, the RMI has been modified by Tingulstad ef al. in
1996 (RMI2) and again in 1999 (RMI3), with differences
mainly in scorings of ultrasound findings and menopausal
status [10, 11]. The three versions of the RMI have been
validated retrospectively and prospectively in different clin-
ical studies and the cutoff value of 200 showed the best dis-
crimination between benign and malignant changes
[12-16]. The RMI is a simple scoring system that can be
used easily in less specialized units, which makes this
method more suitable compared with other approaches [17,
18]. Although the RMI is reliable method that can help in
the preoperative evaluation of women with adnexal masses,
the validity of the RMI, especially in early stage of malig-
nancy, still needs to be assessed.

The aim of this study was to evaluate the validity of the
RMI as a diagnostic tool for discrimination between benign
and malignant adnexal masses.
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Material and Methods

The study group of 153 adult patients who had undergone sur-
gery for adnexal tumours was recruited from the Clinic for Gy-
necology and Obstetrics “Narodni front”, Belgrade, Serbia, during
the last six months of 2015. All patients had similar, medium so-
cioeconomic status. The study was approved by the local ethics
committee and informed consent was obtained from all patients.

All patients included in this study underwent detailed anamne-
sis (age, educational level, occupation, residency, menarche age,
parity, last menstrual cycle, and symptoms) and standard labora-
tory tests (blood analysis, erythrocyte sedimentation rate). Serum
CA 125 levels were assayed by radioimmunoassay. Clinical and
ultrasonographic examinations were performed of the pelvic or-
gans (tumour dimensions, multilocularity and bilaterality, solid/
cystic components/parts, metastases, and presence of ascites)
using a transvaginal ultrasound transducer. The RMI was calcu-
lated, using the following equation:

RMI=UxMx CA 125

In the formula, U represents the ultrasonographic index (ex-
pressed as a score of 0, 1, or 3). Multilocular and bilateral tu-
mours, the presence of solid parts in a tumour, metastasis, and
ascites are each marked with one point. The sum of these points,
are scored so that in the formula U 0 = 0 points, U 1 =1 point, and
U 2 -5 =3 points. In the formula, M represents menopausal sta-
tus (1 if premenopausal and 3 if postmenopausal), while values of
CA 125 are calculated directly to the equation. According to the
RMI values, patients were divided into three groups (low risk <
25, intermediate risk 25-200, and high risk > 200). Histopatho-
logical (HP) findings of excised adnexal masses were analyzed in
order to make the final diagnosis and the stage of the disease, after
standard operative procedures appropriate for the staging of the tu-
mour.

For statistical analysis of the achieved data the authors used de-
scriptive and analytical statistics methods, the Kolmogorov-
Smirnov Z test, Friedman’s parametric ANOVA, the chi-square
(%) test, and threshold analysis. Values of the descriptive param-
eters are expressed as mean + SD. All statistical analyses were
carried out using SPSS 15.0 software. The receiver operating char-
acteristic (ROC) for RMI was established to determine the best
score cut-off in the discrimination between malignant and benign
adnexal masses. Differences with two-tailed alpha probability (p)
<0.05 were considered significant.

Results

According to the histological examination of the speci-
mens, 116 (75.8%) women had benign gynaecologic con-
ditions, whereas 37 (24.2%) women had malignant masses.
Results are presented in Table 1 which show differences in
parameters between patients with benign and malignant ad-
nexal masses. Statistically significant differences between
the groups were found regarding all variables, age,
menopausal status, and serum levels of CA 125 (p <0.001).
The proportions of women with benign and malignant ad-
nexal tumour at various cut-offs of RMI are shown in Table
2. The majority of women with benign tumour (96.9%) had
RMI < 25, while in the case for malignant disease, the num-
ber of women (68.3%) with RMI > 200 were predominant.
The RMI was reliable in 85% of all women with adnexal

Table 1. — Differences between patients with benign and
malignant adnexal masses.

Parameter Benign Malignant Sig. diff.
Age (years) mean + SD 49 £16 58+18  p<0.001
Menopausal status
Premenopausal n (%) 75(82.4) 16(17.6) p<0.001
Postmenopausal n (%) 41(66.1) 21(33.9) p<0.001
Serum CA 125 (U/ml) 50470 124108 p<0.001

Mean + SD

SD - standard deviation, CA 125 - cancer antigen 125.

Table 2. — Distribution of patients based on the RMI level.

RMI Benign n (%) Malignant n (%) Total n (%)
<25 31(96.9) 1(3.1) 32
25-200 71 (89.9) 8 (10.1) 79
>200 14 (33.3) 28 (66.7) n
Total 116 37 153

Table 3. — Preoperative prediction of malignancy in ad-
nexal masses at different cutoff levels of the RMI.

RMI Sensitivity % Specificity % PPV % NPV %
<25 97.3 73.3 96.9 70.2
> 200 75.7 87.9 66.7 91.9
> 250 64.9 89.7 68.6 88.1

PPV - positive predictive value, NPV - negative predictive value.

masses. Table 3 shows the sensitivity, specificity, positive
predictive, and negative predictive values of the RMI on
cutoff at the recommended intermediate risk level less than
25, and high risk levels when RMI is higher than 200 and
250. The results obtained from the ROC analysis indicate
that RMI at a cut-off of 200 had the highest performance in
determining malignant tendency of adnexal tumour. RMI
higher than 200 were observed in 14 patients with benign
tumours and they were considered false positive cases,
while nine patients with malignant changes had RMI less
than 200 and were considered false negative cases.

Discussion

In the present study the authors demonstrated that RMI
is reliable method of preoperative discrimination between
benign and malignant adnexal masses. Ovarian malig-
nancy is the most prevalent among all gynaecologic can-
cers, and despite its frequency, is still a high rate lethal
disease [2]. The main causes of high mortality rate are the
absence or subtlety of symptoms and lack of screening
tests for early diagnosis [19, 20]. Final diagnosis of ovar-
ian cancer can be established only after surgery [21]. The
occurrence of ovarian carcinoma increases with age, from
1.5 cases/year per 100,000 women 20-30 years of age to
40 cases/year per 100,000 in women over the age of 50
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years. The present results are in agreement with these sta-
tistics, because patients with malignant tumours were sig-
nificantly older than those with benign masses.

Several approaches have been used to detect ovarian ma-
lignant tumours at early stage including menopausal status,
ultrasonography, a single cutoff for tumour markers level,
and different statistical models [1]. Although ultrasound is
preferable in the initial evaluation of adnexal masses, the
quality of gynaecologic ultrasonography has a significant
influence on the management of patients with adnexal
masses, because experienced sonographers achieve better
results [4]. The level of CA125 is still the most widely used
tumour biomarker for the detection of ovarian cancer [5,
8]. The present results show that serum CA 125 levels were
significantly higher in women with malignant diseases,
compared with women with benign adnexal masses, which
is consistent with reported literature. Different benign gy-
naecological diseases such as endometriosis and pelvic in-
flammatory disease or period of menstrual cycle influence
the levels of CA 125 and provide false positive results [22-
24]. Thus the poor specificity is the main disadvantage
which limited use of CA 125 alone [5, 8]. To find better ap-
proach in prediction of the nature of adnexal tumour, RMI
was created. The RMI is a preoperative method for differ-
entiation between malignant and benign adnexal masses
which incorporates menopausal status, ultrasound score,
and serum CA-125 level, and it is more effective then all
three variables, when examined alone [25, 26].

The main purpose for developing the RMI is the referral
of women with invasive malignant diseases to gynaeco-
logic oncologists, to increase their survival chances. Nu-
merous studies have evaluated the effectiveness of the RMI
and it has been confirmed as a simple, low cost, and reliable
screening test in prediction of adnexal malignant tumour
[15, 21, 27-34]. A quality and effective screening test must
have the high value of all parameters such are sensitivity,
specificity, PPV, and NPV, but it is vital if the RMI has a
high sensitivity [19]. In order to validate effectiveness of
the RMI, different cutoff values were tested previously and
most authors suggest that 200 and 250 cutoffs provide the
best results in determining malignant tendency in women
with adnexal masses. The cutoff value less than 25 provides
a high sensitivity, but low specificity in malignancy pre-
diction. This indicates that the majority of women with a
RMI less than 25 have benign adnexal masses, and it was
also confirmed in the present study. Using the RMI cutoff
value greater than 250, the sensitivity of test increases, but
specificity decreases due to inability to preoperative dis-
crimination between epithelial ovarian cancer and other
intra-abdominal malignancies [27, 35]. Like most previous
studies, the present results suggest that RMI at cutoff 200
is optimal to distinguish between benign and malignant tu-
mours. Although the sensitivity of malignant adnexal
masses is increase when cutoff of RMI is set at 200, this
value also increases the number of false-positive results.

Individualized approach must be received to avoid these
cases, considering certain characteristics of the patients
such are history, physical examination, and prevailing cir-
cumstances. Based on the present authors’ experience,
every finding of RMI more than 150 especially in
menopausal women should be considered for further diag-
nostic evaluation. Although this study is not new in this
field, the present results contribute knowledge with regards
to effectiveness of RMI in the preoperative evaluation of
women with adnexal masses, especially in the population
characteristics such as epidemiology of the disease.

Conclusion

The results presented in this study confirmed that the
RMI is useful method for preoperative identification of be-
nign and malignant adnexal masses. The optimal cut-off
value of 200 provides high sensitivity and specificity of the
RMI, and the present authors recommend this threshold for
preoperative triage of adnexal masses. In addition, they re-
port that malignant adnexal tumours were significantly fre-
quent in older and postmenopausal women. Although the
RMI is a simple scoring and reliable system, it should be
noted that it is only a diagnostic tool, and it cannot predict
malignancy in all cases. Thus, population characteristics
and patients with a family or medical history of malig-
nancy, even if RMI value is low, should be further assessed.
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