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Introduction

 It is of particular importance to establish accurate 
preoperative diagnosis for adnexal masses. Reliable 
recognition of benign masses would reduce the number 
of redundant surgeries for asymptomatic benign lesions. 
Ovarian cancer (OC) is the most fatal of all gynaecologic 
malignancies in women. Optimal cytoreductive surgery is 
the most significant prognostic factor in the management 
of OC (Harlan et al., 2003; Gultekin et al., 2009). In 
the event of high index of suspicion for ovarian cancer, 
patients should undergo surgery in tertiary care units where 
optimal cytoreductive surgery could be performed. 
 Cancer antigen 125 (CA-125) is a cell surface 
glycoprotein of 220-kDa molecular weight. Elevated CA-
125 levels are found in 80% of non-mucinous epithelial 
ovarian cancers. A cut-off value of 35U/mL yields 83.1% 
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Abstract

 Background: The risk of malignancy index (RMI) for the evaluation of adnexal masses is a sensitive tool in 
certain populations. The best cut off value for RMI 1, 2 and 3 is 200. The cut off value of RMI-4 to differentiate 
benign from malignant lesions is 450. Our aim was to evaluate the efficiency of four different malignancy indexes 
(RMI1-4) in a homogeneous population. Materials and Methods: We evaluated a total of 153 non-pregnant 
women with adnexal masses who did not have a history of malignancy and who were above 18 years of age. 
Results: A cut-off value of 250 for RMI-1 provided 95.9% inter-observer agreement, yielding 95.9% specificity, 
93.5% negative predictive value, 75.0% sensitivity and 82.8% positive predictive value. A cut-off value of 250 
for RMI-1 showed high performance in preoperative diagnosis of invasive malignant lesions than cut-off value 
of 200 in our population. A cut-off value of 350 for RMI-2 provided 94.5% inter-observed agreement, yielding 
94.2% specificity, 93.4% negative predictive value, 75.0% sensitivity and 77.4% positive predictive value. RMI-2 
showed the higher performance when the cut-off value was set at 350 in our population. A cut-off value of 250 
provided 95.2% inter-observer agreement, yielding 95.0% specificity, 93.2% negative predictive value, 75.0% 
sensitivity, and 88.0% positive predictive value. RMI-3 showed the highest performance to diagnose malignant 
adnexal masses when the cut-off value was set at 250. In our study, RMI-4 showed similar statistical performance 
when the cut-off value was set at 400 [(Kappa: 0.684/p=0.000), yielding 93.8% inter-observer agreement, 93.4% 
specificity, 93.4% negative predictive value, 75.0% sensitivity, and 75.0% negative predictive value]. Conclusions: 
We showed successful utilization of RMIs in preoperative differentiation of benign from malignant masses. 
Many studies conducted in Asian and Pacific countries have reported different cut-off values as was the case in 
our study. We think that it is difficult to determine universally accepted cut-off values for RMIs for common 
use around the globe. 
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sensitivity but low specificity (39.3%) (Benjapibal and 
Neungton, 2007). Menopausal status provides limited 
information about the nature of the adnexal masses. 
Menopausal status yields 55% sensitivity and 80% 
specificity in differentiating benign from malignant 
adnexal masses (Aktürk et al., 2011). Ultrasonography 
(USG) is the most commonly performed imaging modality 
used to evaluate pelvic pathologies and adnexal masses 
(Khattak et al., 2013). Hafeez et al. (2013) reported that 
USG provides 91% diagnostic accuracy in adnexal masses 
depending on the structure pattern of the mass. However, 
this high rate applies only to experienced radiologists. 
Inexperienced physicians attain lower success rate in 
recognising the mass pattern and operator-dependent 
subjective nature precludes reliable use of this method.
 In the past 20 years, various investigators have 
proposed risk of malignancy indexes (RMIs) to 
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successfully differentiate benign from malignant masses 
on an objective basis (Jacobs et al., 1990; Tingulstad et al., 
1996; Tingulstad et al., 1999; Yamamoto et al., 2009). Four 
different indexes utilizing CA-125 levels, menopausal 
status and findings of malignancy on performed USG 
as the basic variables have yielded a sensitivity ranging 
from 71-86.8%, and a specificity ranging from 91-96% 
(Jacobs et al., 1990; Tingulstad et al., 1996; Tingulstad 
et al., 1999; Yamamoto et al., 2009). On the other hand, 
some studies indicate that RMI is not a sensitive tool in 
certain populations while other studies call for a change 
in universally accepted cut-off values to differentiate 
benign from malignant lesions (Ashrafgangooei and 
Rezaeezadeh, 2011; Ong et al., 2013). 
 In this study, our aim was to evaluate the efficiency 
of four different malignancy indexes in a homogeneous 
population.
 
Materials and Methods

 Medical records of the patients, who underwent a 
surgery with the pre-diagnosis of adnexal mass in the 
Department of Obstetrics and Gynaecology in Düzce 
University Faculty of Medicine and in Ankara Zekai Tahir 
Burak Training and Research Hospital between November 
2009 and May 2013, were retrieved from the hospital 
records. We evaluated a total of 153 non-pregnant women 
who did not have a history of malignancy and who were 
above 18 years of age. All patients were evaluated by USG 
2 weeks prior to surgery. All patients provided written 
informed consent. Surgical staging was performed in 
accordance with International Federation of Gynaecology 
and Obstetrics if the diagnosis from frozen section 
examination was suggestive of malignancy (Benedet 
et al., 2000). Invasive malignant neoplasms, metastatic 
masses and borderline ovarian lesions which did not 
invade epithelial basement membrane were considered 
as malignant adnexal mass (Andersen et al., 2003). All 
other masses were considered benign lesions. A total of 32 
patients (20.9%) appeared to have a malignant lesion and 
121 patients (79.1%) had benign lesion. Histopathological 
diagnoses of the adnexal masses are presented in Table 1.
 In our study, patients were considered postmenopausal 
in the absence of menstrual flow for the last 1 year. 
The women above 50 years of age who underwent 
hysterectomy and those above 55 years of age and 
who do not remember the date of their last period were 
also considered postmenopausal (Ashrafgangooei and 
Rezaeezadeh, 2011). CA-125 levels were determined 
using electrochemiluminescence immunoassay and 
expressed in IU/mL. Upper limit of normal for serum 
CA-125 was set at 30IU/mL.

Analysis of RMI
 RMI score was calculated by multiplying transvaginal 
USG results (U), menopausal status (M) and preoperative 
CA-125 levels (IU/mL). For this calculation, different 
coefficients were used in each RMI scale (RMI-1, RMI-2 
and RMI-3) (Jacobs et al., 1990; Tingulstad et al., 1996; 
1999). In RMI-4, the calculation also included mass size 
(S) as one of the variables that is measured on transvaginal 

Table 1. Histopathological Diagnoses of Adnexal Masses
  n        (%)

Non-invasive lesions
 Benign Brenner tumour 1   (0.7%)
 Corpus haemorrhagicum cyst 6   (3.9%)
 Corpus luteum cyst 3   (2.0%)
 Endometrioma 24 (15.6%)
 Fibroma 1   (0.7%)
 Follicular cyst 6   (4.2%)
 Mature cystic teratoma 21 (13.7%)
 Mucinous cyst 4   (2.8%)
 Mucinous cystadenoma 5   (3.5%)
 Uterine fibroids 4   (2.8%)
 Paraovarian cyst 2   (1.4%)
 Paratubal cyst 7   (4.9%)
 Serous cyst 12   (7.8%)
 Serous cystadenoma 14   (9.2%)
 Serous papillary cystadenoma 4   (2.8%)
 Struma ovarii 1   (0.7%)
 Thecoma 1   (0.7%)
 Tuba-ovarian abscess 5   (3.5%)
Invasive malignant lesions
 Borderline mucinous tumour 1   (0.7%)
 Borderline serous tumour 7   (4.9%)
 Clear cell carcinoma 1   (0.7%)
 Endometrioid-type carcinoma 3   (2.0%)
 Malignant mesenchymal tumour 1   (0.7%)
 Malignant mucinous carcinoma 3   (2.1%)
 Serous cystadenocarcinoma 16 (10.4%)

ultrasonography (Yamamoto et al., 2009) (Table 2). The 
total USG scores (U) were constructed on the basis of the 
findings on transvaginal USG that would be suspicious 
for malignancy. These findings included appearance of 
multilocular cystic lesions, solid area, bilaterality, ascites 
and presence of intra-abdominal metastasis.

Statistical analysis
 Descriptive statistics included mean, standard 
deviation, minimum and maximum values, median, 
proportion and frequency. The level of impact was 
measured using ROC curve analysis. Kappa analysis 
was used to assess agreement. The p values <0.05 were 
considered statistically significant. SPSS 21.0 statistical 
software was used in statistical analyses.

Results 

 Mean age of the study participants was 46.0±11.3years. 
Mean size of the adnexal masses was 84.4±39.2mm. Mean 
preoperative CA-125 level was 75.8±112.5IU/mL. Of the 
patients, 54 (35.3%) were menopausal. General features 
of the patients are shown in Table 3.
 In our study, Kappa value was 0.691 (p=0.000) for 
RMI-1. A cut-off value of 200 (Jacobs et al., 1990) 
for RMI-1 yielded 90.0% specificity, 97.3% negative 
predictive value, 88.5% sensitivity and 65.7% positive 
predictive value. While evaluating an adnexal mass 
preoperatively based on RMI-1 in our study, a cut-off 
value of 250 provided statistically higher agreement with 
histopathological results (Kappa: 0.734/p=0,000). A cut-
off value of 250 provided 95.9% inter-observer agreement, 
yielding 95.9% specificity, 93.5% negative predictive 
value, 75.0% sensitivity and 82.8% positive predictive 
value. According to our findings, a cut-off value of 250 
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for RMI-1 showed high performance in preoperative 
diagnosis of invasive malignant lesions.
 Kappa value for RMI-2 was 0.539 (p=0.000) with 
a cut-off value of 200 (Tingulstad et al., 1996). Inter-
observer agreement has been 87.0% for RMI-2 with a 
cut-off value of 200, which yielded 85.1% specificity, 
98.2% negative predictive value, 75.0% sensitivity, 
and 57.1% positive predictive value. While evaluating 
an adnexal mass preoperatively based on RMI-2 in our 
study, a cut-off value of 350 provided good agreement 
with histopathological results (Kappa: 0.700/p=0.000). 
A cut-off value of 350 provided 94.5% inter-observed 
agreement, yielding 94.2% specificity, 93.4% negative 
predictive value, 75.0% sensitivity and 77.4% positive 
predictive value. RMI-2 showed the higher performance 
when the cut-off value was set at 350. 
 Kappa value for RMI-3 was 0.579 (p=0.000) with a 
cut-off value of 200. Inter-observer agreement has been 
89.0% for RMI-3 with a cut-off value of 200 (Tingulstad 
et al., 1999), which yielded 87.6% specificity, 93.0% 
negative predictive value, 71.0% sensitivity, and 61.5% 
positive predictive value. While evaluating an adnexal 
mass preoperatively based on RMI-3 in our study, a 
cut-off value of 250 provided good agreement with 
histopathological results (Kappa: 0.717/p=0.000). A 
cut-off value of 250 provided 95.2% inter-observer 
agreement, yielding 95.0% specificity, 93.2% negative 

predictive value, 75.0% sensitivity, and 88.0% positive 
predictive value. In our study, RMI-3 showed the highest 
performance to diagnose malignant adnexal masses when 
the cut-off value was set at 250.
 In our study, Kappa value for RMI-4 was 0.684 
(p=0.000) when the cut-off value was set at 450 
(Yamamoto et al., 2009). Inter-observer agreement has 
been 93.8% for RMI-4 with a cut-off value of 450, which 
yielded 93.4% specificity, 93.4% negative predictive 
value, 75.0% sensitivity, and 75.0% positive predictive 
value. In our study, RMI-4 showed similar statistical 
performance when the cut-off value was set at 400 
([Kappa: 0.684/p=0.000] , yielding 93.8% inter-observer 
agreement, 93.4% specificity, 93.4% negative predictive 
value, 75.0% sensitivity, and 75.0% negative predictive 
value).

Discussion

Early diagnosis is crucial in OC (Ashrafgangooei 
and Rezaeezadeh, 2011). Early detection of ovarian 
cancer offers as high as 80% cure rate and the mortality 
rate declines by half (Zalel et al., 1996). There is no 
screening test for routine use to diagnose OC. CA-125 
has a low specificity in early stages of the disease and 
may also be found elevated in other conditions such as 
benign ovarian cysts, irregular cycles, and anaemia, which 
do not require surgical intervention (Cure et al., 2012). 
CA-125 levels increase with increasing age. Hormone 
replacement therapy and smoking reduce CA-125 levels 
in menopausal women (Dehaghani et al., 2007). On the 
other hand, Alcázar et al. (2013) reported false positive 
results by non-expertized ultrasonography operators to be 
as high as 12% even in the presence of findings strongly 
suggestive of malignancy such as ascites, bilaterality, 
solid component, septa formation and metastasis or even 
if pattern recognition method has been used.

As being the basic components of RMI scales, serum 
CA-125 levels and positive findings on USG show 
extensive variability depending on numerous factors and 
this seems to be affecting the reliability of RMIs. In a 
study conducted in Thailand, Moolthiya et al. (2009) used 
a cut-off value of 200 and found lower sensitivity rates for 
RMI-1 and RMI-2 as compared to the studies conducted 
in European countries (Jacobs et al., 1990; Tingulstad et 
al., 1996; Andersen et al., 2003). The study by Ong et al. 
(2013) conducted in Singapore yielded 12.5% sensitivity 
and 84.9-90.1% specificity for RMI 1-3. The results 
suggest that these values are of no diagnostic value in 

Table 2. Coefficients in RMI Indexes
Parameter  RMI 1a RMI 2b RMI 3c RMI 4d

USG score  No feature  0 1 1 1
(U) 1 feature  1 1 1 1
 ≥ 2 features  3 4 3 4
Menopausal score Premenopausal State 1 1 1 1
(M) Postmenopausal State 3 4 3 4
 CA-125 (U/mL)  - - - - 
Size of mass  <7 cm  - - - 1
(S) ≥7 cm  - - - 2
aJacobs et al. (1990); bTingulstad et al. (1996); cTingulstad et al. (1999); dYamamoto 
et al. (2009)
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Table 3. General Features of the Patients
 N (%) Mean±Std. 
  Deviation

Age (years) 153  (100%) 46.0±11,3
Menopause 54 (35.3%) 
Gravida 153  (100%) 2.9±1.9
Parity 153  (100%) 2.4±1.6
CA-125 (IU/mL) 153  (100%) 75.8±112.5
Measured Size on USG (mm) 153  (100%) 84.4±39.2

Table 4. Evaluation of the Efficiencies of RMI 1-4 with 
Different Cut-off Values
 Histopathologic  Kappa Specificity NPV Sensitivity PPV p value
 agreement 

RMI 1 ≤200 91.1% 0.622 90.1% 93.2% 75.0% 66.7% 0
 ≤250 95.9% 0.734 95.9% 93.5% 75.0% 82.8% 0
RMI 2 ≤200 87.0% 0.539 85.1% 92.8% 75.0% 57.1% 0
 ≤350 94.5% 0.700 94.2% 93.4% 75.0% 77.4% 0
RMI 3 ≤200 89.0% 0.579 87.6% 93.0% 75.0% 61.5% 0
 ≤250 95.2% 0.717 95.0% 93.5% 75.0% 80.0% 0
RMI 4 ≤450 93.8% 0.684 93.4% 93.4% 75.0% 75.0% 0
 ≤400 93.8% 0.684 93.4% 93.4% 75.0% 75.0% 0

Figure 1. Comparison of A) New cut-off Values for RMI 
1-4 in this Study with B) Traditional cut-off Values

A)                      B)
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women of Singapore. In our study, a cut-off value of 200 
yielded 90.1% specificity and 75.0% sensitivity. Jacobs 
et al. (1990) reported 71% sensitivity and 96% specificity 
when they first used RMI-1. The investigators, who 
proposed the use of RMI-2, reported 92% specificity and 
80% sensitivity with a cut-off value of 200 (Tingulstad 
et al., 1996). According to our findings, a cut-off value of 
200 did not show good performance, and yielded 85.1% 
specificity and 75% sensitivity. The cut-off value of 200 
for RMI-3 yielded 71% sensitivity and 92% specificity 
for differentiation of benign from malignant adnexal 
masses (Tingulstad et al., 1999). However, the efficacy of 
the same cut-off value was found to be lower for RMI-3 
in our study (87.6% specificity and 75.0% sensitivity). 
RMI-4, which is thought to possess the highest efficacy, 
has been advocated to yield 86.8% sensitivity and 91.0% 
specificity with a cut-off value of 450 (Yamamoto et al., 
2009). However, in our study, we found higher specificity 
(91.0%) but lower sensitivity (75.0%) for RMI-4 as 
compared to previous reports.

Many studies evaluating RMI scales in Asian and 
Pacific countries have reported different cut-off values 
compared to those originally reported by the investigators 
who proposed these indexes at the first place (Lou et al., 
2010; Ashrafgangooei and Rezaeezadeh, 2011; Bouzari 
et al., 2011). On the other hand, according to the report 
by van den Akker et al. from Holland, a cut-off value 
of 200 for RMI-3 and 450 for RMI-4 showed the best 
performance and yielded success rates similar to that 
reported by the original investigators (Tingulstad et al., 
1999; Yamamoto et al., 2009; van den Akker et al., 2011). 
In England, Bailey et al. (2006) reported 88.5% sensitivity 
for RMI with a cut-off value of 200. This finding was 
similar to that was found in other European studies (Jacobs 
et al., 1990; Tingulstad et al., 1996; 1999). However, we 
found cut-off values for RMI 1-4 different than the other 
studies. We used a cut-off value of 250 for RMI-1 and 3, 
350 for RMI-2, and 400 for RMI-4. With these cut-off 
values, specificity ranged from 94.3-95.9% and sensitivity 
was 75%. A cut-of value of 400 or 450 for RMI-4 does not 
produce significant difference in terms of efficiency. But, 
new cut-off values set in our study for RMI 1-3 yielded 
better PPV and NPV. When a cut-off value is set at 250 
for RMI-1 and 250 for RMI-2, a patient with the pre-
diagnosis of OC is more likely to be diagnosed with OC 
during surgery. Besides, these new cut-off values would 
reduce the number of redundant surgeries in asymptomatic 
patients with benign adnexal mass. Similar to our study, 
Ashrafgangooei and Rezaeezadeh (2011) reported a cut-
off value of 238 for RMI-1 to be performing better in 
their population. Likewise, Bouzari et al. (2011) reported 
a cut-off value of 265 for RMI-1 and 3, and 355 for 
RMI-2 in their study conducted in Iran which is Turkey’s 
neighboring country. 

In this study, we showed successful utilization of RMIs 
in preoperative differentiation of benign from malignant 
masses. Many studies conducted in Asian and Pacific 
countries have reported different cut-off values as was the 
case in our study. We think that it is difficult to determine 
universally accepted cut-off values for RMIs for common 
use around the globe. 
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