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ABSTRACT

OBJECTIVES: To evaluate diagnostic accuracy of "Risk Of Malignancy İndex-1" (RMI-1) for post-
menopausal adnexal masses.

STUDY DESIGN: Fifty postmenopausal women who had undergone surgery because of adnexal
masses were included in this prospective study. RMI-1 scores were calculated through the formula:
[RMI= Ultrasound Scorex Menopause Score x Serum Ca-125 Level] and noted preoperatively by the
same sonographer for each case. "Final histopathological diagnosis" was accepted as gold standard for
benign-malignant categorical distribution. Borderline tumors were categorized in malignant tumor group.

RESULTS: According to final histopathological results; 20 of the 50 patients had malignant adnexal
masses. Twelve of them had invasive epithelial tumors. The remaining 8 patients had borderline ep-
ithelial tumors or non-epithelial ovarian cancers. When the RMI score ≥200 was accepted as a positive
test result compatible with the literature; we calculated the sensitivity: 75%, specificity: 93%, positive pre-
dictive value: 88%, negative predictive value: 85% predicting malignant adnexal masses. All of the 12
patients with invasive epithelial tumors had RMI-1 scores higher than 200. Nevertheless, only 3 of the 8
patients with borderline epithelial tumors or non-epithelial ovarian cancers had RMI-1 scores higher than
200. We have found out that invasive epithelial tumors had higher USG Scores, Ca-125 Levels and RMI
Scores when compared to borderline epithelial tumors and non-epithelial ovarian cancers and the dif-
ference was statistically significant.

CONCLUSIONS: RMI-1 is a valuable and applicable method in the initial evaluation of postmenopausal
patients with adnexal masses. İt has a high diagnostic performance in detecting invasive epithelial ovar-
ian cancers, but it has a poor sensitivity in detecting borderline ovarian tumors and non-epithelial ovar-
ian cancers.
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Introduction

Adnexal masses are common among women, and it is esti-

mated that around 10% of women undergo surgical removal of

such masses at some point during their life (1). The main chal-

lenge is to identify patients with malignant adnexal masses pre-

operatively. Prediction of malignancy is limited because of the

lack of definitive noninvasive diagnostic tests. Sonography and

serum tumor markers are almost standard methods for preop-

erative evaluation of adnexal masses but more sensitive and

well-identified diagnostic tests discriminating benign-malig-

nant adnexal masses preoperatively would help the optimiza-

tion of ovarian cancer treatment. Early identification of ovarian

cancer and referral to a gyneco-oncologist can facilitate accu-

rate staging of the disease and optimal cytoreductive treatment,

enhancing patient survival (2,3).

To reduce the diagnostic dilemma between benign and ma-

lignant ovarian masses, a formula-based scoring system

known as risk of malignancy index (RMI) was introduced by

Jacobs et al. (4) in 1990, which was termed as RMI-1. It is a

product of ultrasound findings (U), the menopausal status (M),
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and serum CA-125 levels (RMI=UxMxCA-125). It was

shown that RMI-1 was a better predictor of ovarian cancer

than Ca-125 or ultrasound scoring alone (4). The original RMI

(RMI-1) has been modified in 1996 by Tingulstadet al. (5)

known as RMI-2 and has been remodified by Tingulstad et al.

(6) again in 1999 known as RMI-3. Finally, in 2009,

Yamamoto et al. proposed RMI-4 by including an additional

ultrasound parameter in the RMI-1 formula (7).

Transvaginal ultrasonography is the standard initial ap-

proach to assess adnexal masses and allows a rapid evaluation.

However "the subjective assessment by an expert sonogra-

pher" (also called "pattern recognition") is shown superior to

other methods for the triage of adnexal masses before surgery,

an expert sonographer is not always available for most of the

gynecology clinics (8-11). So, many scoring systems have

been developed in order to interpret of ultrasonography more

objective and feasible by any ultrasonography performer with

varying levels of training and experience. Among these scor-

ing systems, the risk of Malignancy Index-1 (RMI-1) is the

most commonly used in clinical practice as it is recommended

by many international guidelines (12,13).

In this prospective study, the predictive efficiency of RMI-

1 was assessed among 50 postmenopausal women with ad-

nexal masses who underwent surgery and the results were

checked against current literature data.

Material and Method

Fifty postmenopausal women with adnexal masses who

applied to Adnan Menderes University Hospital Obstetrics &

Gynecology Clinic between 24.06.2011-31.12.2011 were in-

cluded to our study. All patients provided an informed consent

regarding research use of their medical information at admis-

sion. This study was approved by the Local Ethics Committee

(23/6/2011 #6). In all steps of the study, the authors followed

the rules of Helsinki Declaration. Post-menopause was de-

fined as ≥1-year amenorrhea story. Patients with adnexal

masses who had a previous hysterectomy operation story were

also included if she was ≥50 years old. RMI scores were cal-

culated and noted preoperatively by the same sonographer

(Y.D) for each case. 

Serum Ca-125 levels were evaluated by Cabos E 601

Analyzer System-Electro Chemical Luminisans technique

with Elecsys 341 kits. Medison Sonoace x 8 3.75 Mhz convex

abdominal and 5 Mhz vaginal probes were used for ultrasound

scan. RMI-1 was calculated through the formula: [RMI=

Ultrasound Score x Menopause Score x Serum Ca-125 Level]

as suggested by Jacobs et al. (4). All the patients included to

the study were post-menopausal, so all menopause scores

were scored as “3” points. The ultrasound scoring system

which Jacobs et al. suggested was used for calculating the ul-

trasound score. Patients were scanned for multilocularity, ex-

istence of solid areas, existence of metastasis, existence of as-

cites and bilaterality during ultrasound examination.

Ultrasound score was calculated as “0” for patients who had

none of the criteria above, as “1” for patients who had 1 crite-

rion, and as “3” for patients who had 2 or more criteria at the

ultrasound scan.

Forty-seven specimens were sent to intraoperative pathol-

ogy consultation for frozen section diagnosis after removal of

the adnexal mass. “Final histopathological diagnosis” was ac-

cepted as the gold standard for benign-malignant categorical

distribution. Borderline tumors were categorized in malignant

tumor group.

All the data analyses were performed with SPSS Statistics

20 (IBM Corp, Los Angeles, California, USA). Data were pre-

sented as mean±standard deviation. Kolmogorov-Smirnov

Test was done for qualifying the normality of the data. When

there was a homogeneous distribution the t-test was used for

independent groups and if not the Mann-Whitney U-Test was

used to determine the statistical significance of differences.

Diagnostic performance of different parameters in case of pre-

dicting malignity was evaluated by using the receiver-operat-

ing characteristics (ROC) and the most favorable threshold

values were calculated. Sensitivity, specificity, positive pre-

dictive value (PPV) and negative predictive value (NPV) were

calculated for meaningful cut-off values. A p-value <0.05 was

considered statistically significant.

Results

Fifty postmenopausal patients were included in the study.

All the patients underwent different types of surgery ranging

from cystectomy to wide cytoreductive surgery. Forty-seven

patients’ specimens were sent to intraoperative pathology con-

sultation for intraoperative frozen section (IFS) analysis.

Intraoperative pathology consultation reported the frozen sec-

tion results as benign, borderline or malignant. Forty-six of the

47 specimens’ intraoperative frozen section results were com-

patible with final histopathology results. One mucinous cys-

tadenoma was misdiagnosed and was reported as a borderline

mucinous tumor in IFS analysis. The accuracy rate of frozen

section evaluation was 97.9% in our study. According to final

histopathological results; 30 (60%) patients had benign

masses, 2 (4%) had borderline masses and 18 (36%) had ma-

lignant masses. The mean age of the patients with benign ad-

nexal masses was 60.2 (range 42-77). The mean age of the pa-

tients with malignant adnexal masses was 58.1 (range 46-77).

There was no statistically significant difference between the

two groups (p >0.05).

The most frequent histopathological type among benign

adnexal masses was “Simple Ovarian Cyst” (n=8, 27%). The

most frequent histopathological type among malignant ad-

nexal masses was “Serous Adenocarcinoma” (n=9, 45%).

Other histopathological types with benign-malign adnexal

masses were summarized in table I.
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Median Ca-125 level in the benign group was 9.96 (6.66-

20.17). Median Ca-125 level in the malignant group was

50.15 (26.25-303.3). There was a statistically significant dif-

ference between the two groups (p <0,001). Median RMI

score in benign group was 33(22.5-69.6) and median RMI

score in malignant group was 451.4(191.3-2072.1). There was

statistically significant difference between the two groups

(p<0,001) (Table I).

When Ca-125 level ≥50 U/mL was accepted as a positive

test result compatible with the literature; we calculated the sen-

sitivity: 50%, specificity: 90%, positive predictive value: 77 %,

negative predictive value: 73% for serum Ca-125 test discrim-

inating benign and malignant post-menopausal adnexal

masses. When the Ultrasound Score=3 was accepted as a pos-

itive test result; we calculated the sensitivity: 80%, specificity:

83%, positive predictive value: 76%, negative predictive value:

86% for ultrasound scoring. When the RMI score ≥200 was ac-

cepted as a positive test result compatible with the literature;

we calculated the sensitivity: 75%, specificity: 93%, positive

predictive value: 88%, negative predictive value: 85% for RMI

scoring for predicting malignant adnexal masses (Table II). 

According to the ROC analysis, the most favorable thresh-

old score for RMI was calculated as 131.4. When we applied

the threshold score as 131.4; the sensitivity was 80%, speci-

ficity was 90%, positive predictive value was 84%, negative

predictive value was 87% (Figure 1).

Twenty of the 50 patients had malignant adnexal masses in

our study. Twelve of them had invasive epithelial tumors. The

remaining 8 patients had borderline epithelial tumors or non-

epithelial ovarian tumors. All of the 12 patients with invasive

epithelial tumors had RMI-1 scores higher than 200.

Nevertheless, only 3 of the 8 patients with borderline epithe-

lial tumors or non-epithelial ovarian tumors had RMI-1 scores

Table I: Clinicopathological characteristics of the study group

Total Study Group (n:50) p value

Patients with benign adnexal masses
(n=30  60%)

Patients with malignant adnexal masses
(n=20  40%)

Mean age=60.2 Mean age=58.1
p >0.05

Independent samples t-test

Final histopathological result n %
Simple ovarian cyst 8 27
Serous cystadenoma 5 17
Matur cystic teratoma 4 13
Tubal-paratubal cyst 2 7
Endometrioma 2 7
Mucinous cystadenoma 2 7
Leimyoma 2 7
Serous cystadenofibroma 1 3
Fibroadenoma 1 3
Fibroma 1 3
Tubaovarian abscess 1 3
Epidermoid cyst 1 3

Final histopathological result n %
Serous adenocarcinoma 9 45
Borderline serous tumor 2 10
Clear cell carcinoma 2 10
Malign epithelial tumor 
Not otherwise classified 1 5
Granulosa-cell tumor 3 15
Immature teratoma 1 5
Small-cell neuroendocrine 
Carcinoma 1 5
Carcinoid tumor 1 5

Median Ca-125 Level (±SD)= 9.96 (6.66-20.17) Median Ca-125 Level (±SD)=50.15 (26.25-303.3)
p <0.001

Mann Whitney u-test

Median RMI-1 Score (±SD)=33 (22.5-69.6) Median RMI-1 Score (±SD)=451.4 (191.32072.1) 
p <0.001

Mann whitney u-test

n: Number, SD: Standard deviation, RMI: Risk of malignancy index, Ca-125: Cancer antigen-125

Histopathological subgroup Total
(n)

Sensivity
(%)

Specifity
(%)

PPV
(%)

NPV
(%)Benign group (n) Malign group (n)

USG score
U=0  or  U=1 25 4 29

80 83 76 86
U=3 5 16 21

Ca-125 level
<50 IU/mL 27 10 37

50 90 77 73
≥50 IU/mL 3 10 13

RMI score
<200 28 5 33

75 93 88 95
≥200 2 15 17

Table II: Diagnostic accuracy of ultrasonography score, cancer antigen-125 level and risk of malignancy index

n: Number, PPV: Positive predictive value, NPV: Negative predictive value, USG: Ultrasonography, U: Ultrasonography score, IU:
International unit, ml: Mililiter
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higher than 200. We have found out that invasive epithelial tu-

mors had higher USG Scores, Ca-125 Levels and RMI Scores

when compared to borderline epithelial tumors and non-ep-

ithelial ovarian tumors and the difference was statistically sig-

nificant (Table III).

Discussion

Ovarian cancer is the fifth most common cause of cancer-

related death among women in Europe (14). It was shown that

there was a 6-9 months median survival benefit for patients

operated by gynecologic oncologists rather than general gyne-

cologists and/or general surgeons so it was recommended that

initial surgical management for epithelial ovarian cancer

should be performed by a gynecologic oncologist (15). In this

Figure 1: The calculated optimal Cut-Off value for risk of ma-
lignancy index-1 in the current study

İnvasive Epithelial Ovarian Tumors Borderline ovarian tumors and Non-epithelial 
ovarian tumors p value

P Age USG Ca-125 RMI Final 
Score (IU/ML) Histopathology

P Age USG Ca-125 RMI Final
Score (IU/ML) Histopathology

1 55 3 352 3168 Serous 
Adenoca.

2. 55 3 55.2 496.8 Serous 
Adenoca.

3. 60 3 48.2 433.8 Serous 
Adenoca.

4. 62 3 261 2349 Clear Cell Ca.
5. 68 3 52.1 468.9 Serous 

Adenoca.
6. 48 3 45.1 405.9 Serous 

Adenoca.
7. 59 3 45.7 411.3 Malign 

Epithelial T.
8. 56 3 44.8 403.2 Serous 

Adenoca.
9. 66 3 317.4 2856.6 Serous 

Adenoca.
10. 66 3 413.8 1241.4 Serous 

Adenoca.
11. 48 3 535.4 4816.6 Serous 

Adenoca.
12. 49 3 1853 16677 Clear Cell Ca.

1 58 1 16.8 50.4 Borderline
Serous T.

2 77 3 24.4 219.6 Granulosa-
Cell T.

3. 71 3 79.1 711.9 İmmature
Teratoma

4. 52 1 4.9 14.7 Granulosa-
Cell T.

5. 51 3 20.2 181.8 Carcinoid T.
6. 60 1 31.8 95.4 Borderline 

Serous T.
7. 46 1 13.5 40.5 Granulosa-

Cell T.
8. 55 3 104.9 944.1      Small-Cell

Carcinoma

Mean Age= 57.7 Mean Age=58.7 
p> 0.05
Independent 
Samples T-Test

Mean USG Score=3
Median USG Score= 3

SD=0

Mean USG Score=2
Median USG Score=2

SD: 1.1

p=0.008
Mann Whitney 
U-Test

Median Ca-125 Level=158.1
Mean Ca-125 Level=335.3

SD=508.9

Median Ca-125 Level=22.3 
Mean Ca-125 Level=36.9 

SD=35.5

p=0.005
Mann Whitney 
U-Test

Median RMI-1 Score=869.1 
Mean RMI-1 Score=2810.7 

SD= 4601.6

Median RMI-1 Score=138.6
Mean RMI-1 Score=282.3

SD=349.5

p=0.005
Mann Whitney 
U-Test

Adenoca: Adenocarcinoma, T: Tumor, Ca: Carcinoma, USG: Ultrasonography, SD: Standard deviation, RMI: Risk of malignancy index, Ca-125: Cancer
antigen-125

Table III: List of patients with malignant tumors and diagnostic deficiency of risk of malignancy index-1 for borderline epithelial tu-
mors and non-epithelial ovarian tumors 

* Receiver-operating characteristics analyse was used.
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background, better prediction of ovarian malignancy and re-

ferral to a specialist cancer center may help improving ovarian

cancer survival rates. However, many diagnostic models have

been developed to assist clinicians to triage patients to appro-

priate treatment pathways; none of them has gained universal

acceptance in routine daily practice. Biomarkers like Ca-125,

HE-4 (Human Epididymis Protein 4); combined multimarker

decision algorithms such as the Risk of Ovarian Malignancy

Algorithm (ROMA) and OVA-1; other diagnostic models

based on clinical information and ultrasound features like

International Ovarian Tumour Analysis (IOTA) models and

rules (LR2 and Simple Rules) are other prediction models de-

veloped in order to perform an optimal triage (16).

Previous studies demonstrated that RMI is a better pre-

dictor of ovarian cancer than Ca-125 or ultrasound scoring

alone and suggested the threshold value 200 (4,17,18).Our

study aimed to test the diagnostic performance of RMI-1 in

postmenopausal patients and calculated 75% sensitivity, 93%

specificity, 88% positive predictive value and 85% negative

predictive value when the cut-off score was ≥200. A recent

meta-analysis assessing 23 previous studies calculated RMI-

1 sensitivity and specificity as %72 and %92 respectively

with the threshold score ≥200. Sensitivity and specificity

rates for RMI-2 were %75 and %87, for RMI-3 were %70 and

%91, for RMI-4 were %68 and %94 respectively (16). Our

study showed similar diagnostic accuracy rates with previous

studies.

When we assessed the diagnostic performance of RMI-1

and the low sensitivity ratio, we revealed that all of the malig-

nant cases omitted by RMI-1 scoring system were either bor-

derline epithelial tumors or non-epithelial ovarian cancers.

RMI-1 scoring system was able to predict 12 of 12 invasive

epithelial tumors as malignant tumors. By contrast, only 3 of

8 patients with non-epithelial ovarian cancer or borderline ep-

ithelial ovarian tumor had a RMI score higher than 200. We

revealed that patients with non-epithelial ovarian cancer or

borderline epithelial ovarian tumor tended to have lower Ca-

125 levels, lower USG Scores and lower RMI scores com-

pared to patients with invasive epithelial cancers (Table III).

Several studies confirmed that RMI had a poor sensitivity in

detecting borderline ovarian tumors and non-epithelial ovar-

ian cancers (19-21).

Our study group contained 2 patients with false-positive

RMI-1 scoring (Table IV). Serum Ca-125 can show a false-

positive increase in numerous benign tumors or conditions

that irritate the pelvic peritoneum (e.g. endometriosis, fi-

broids, pregnancy, infection and surgery) (22). So, false posi-

tive Ca-125 elevations may cause false positive RMI scoring

and decrease the diagnostic accuracy of the RMI.

In conclusion, the present study has demonstrated the

RMI-1 to be a valuable and applicable method in the initial

evaluation of postmenopausal patients with adnexal masses. It

is an objective method for selecting high-risk patients and re-

ferring them to appropriate gynecological oncology centers.

RMI-1 has a high diagnostic performance in detecting inva-

sive epithelial ovarian cancers, but it has a poor sensitivity in

detecting borderline ovarian tumors and non-epithelial ovar-

ian tumors. Other models of preoperative diagnosis should be

developed and used in order to improve the detection rate of

non-epithelial ovarian cancers and borderline ovarian tumors. 
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