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Abstract 
AIM: 

To evaluate the diagnostic efficacy of Risk of Malignancy Index (RMI) and International Ovarian Tumour 

Analysis (IOTA) Simple Rules to differentiate between benign and malignant ovarian tumours. 

Materials And Method:  
This study was carried out in Sri Ramachandra Institute of Higher Education and Research, Chennai from 

August 2017 – December 2019. 

RMI was calculated using the formula U(ultrasound scan score) x M(menopausal status) x CA 125.  

Ultrasound examination was done for all patients and the masses were classified as benign and malignant 

based on the IOTA simple rules. The patients were then subjected to surgery. Gold standard was the 

postoperative histopathology of the ovarian mass.  

Results: 
220 patients were included in this study. Sensitivity and specificity Of IOTA were 100% and 99% which were 

significantly higher than RMI (33.3% and 95.6%) respectively. 

Conclusion: 
IOTA Simple Rules is considered to be the most reliable method in differentiating ovarian tumours into benign 

and malignant. 
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I. Introduction 
Ovarian cancer has the leading mortality rate of all gynaecological cancers.

[1]
 Preoperative estimation 

of benign or malignant character of an ovarian mass is essential as it will determine the treatment strategy and 

also impact significantly on the prognosis of the patient. Benign masses can be managed conservatively or 

removed by laparoscopy. Malignant masses need to be referred to surgical oncologists for proper staging and 

debulking.
[2]

 

Hence several models were developed to differentiate between benign and malignant ovarian masses. 

This article evaluates the diagnostic accuracy of Risk of Malignancy index (RMI) and International Ovarian 

Tumour Analysis (IOTA) simple rules in differentiating benign and malignant tumours. 

 

II. Materials And Methods 
This study was carried out in the Department of Obstetrics and Gynaecology at Sri Ramachandra Institute of 

Higher Education and Research, Chennai from August 2017 – December 2019. 

STUDY DESIGN: Prospective observational study 

Women of any age with ovarian mass who subsequently underwent surgical removal were considered. 

Pregnancy was excluded. 

A detailed history was obtained with regard to age, parity, menopausal status, family history and CA 125. 

 

RISK OF MALIGNANCY INDEX:  

RMI was calculated using the formula U(ultrasound scan score) x M(menopausal status) x CA 125. 

The ultrasound result was given 1 point for each of the following characteristics: multilocular cysts, solid areas, 

metastases, ascites and bilateral lesions.  
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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 

Menopause is defined as one or more than one year of amenorrhoea or women who had undergone 

hysterectomy. Menopausal score was assigned M = 1 if premenopausal and M = 3 if postmenopausal. 

 

Serum CA 125 levels were measured in IU/ml for all patients.  

RMI < or = 200 were considered benign and RMI > 200 were considered malignant
[3]

 

 

IOTA SIMPLE RULES (IOTA SR): 

The IOTA SR were determined based on the 10 ultrasound features – 5 benign and 5 malignant features.  

The mass was classified as benign if 1 or more B features were present with no M features. The mass was 

classified as malignant if 1 or more M features were present with no B features. If both B and M features were 

present or none was present, the mass was classified as inconclusive
[4,5,9]

 

 

The patients were then subjected to surgery. 

Gold standard was the postoperative histopathology of the ovarian mass. 

 

III. Results 

There were 220 patients in this study. The baseline characteristics of the patients were as shown in Table I.  

 

TABLE I –  BASELINE PATIENT CHARACTERISTICS  
 VALUE 

MEAN AGE (in years) 37.75 (12 – 85) 

MENOPAUSAL STATUS 
    Premenopausal 

    Postmenopausal 

 
181 (82.3%) 

39 (17.7%) 

ULTRASOUND SCORE FOR RMI 

    Score 0 
    Score 1 

    Score 3 

 

157 (71.36%) 
34 (15.45%) 

29 (13.18%) 

DEFINITIVE HISTOPATHOLOGY 

    Benign 

    Malignant 

 

205 

15 

 

Compar ison o f RMI and IOTA SR wi th def ini t ive  his topathology  i s  shown in Table  I I .  

 

TABLE II –  COMPARISON OF RMI AND IOTA SR WITH DEFINITIVE 

HISTOPATHOLOGY 
  DEFINITIVE HISTOPATHOLOGY 

 n (n = 220) BENIGN MALIGNANT 

NATURE OF TUMOUR AS PER 

RMI 

<200 (benign) 
 

> 200 (malignant) 

 

 

 

206 
 

14 

 

 

196 (95.1%) 
 

9 (64.3%) 

 

 

10 (4.9%) 
 

5 (35.7%) 

NATURE OF TUMOUR AS PER 

IOTA SR 

   Benign 
   Malignant 

   Inconclusive 

 

 

203 
17 

none 

 

 

203 (100%) 
2 (11.8%) 

 

 

0 
15 (88.2%) 

 

The 9 tumours  which were pred ic ted  mal ignant  by RMI but  were  found to  be 

benign in HPE were  endometr io t ic  cys t  (7) ,  serous  cystadenoma (1)  and serous  

cystadenofibroma  (1)  

The 10 tumours  which  were pred ic ted  benign by RMI but  were found to  be  

malignant  in HPE were  Granulosa  ce l l  tumour  (2) ,  serous borderl ine  tumour  (2) ,  mucinous  

borderl ine  tumour  (2)  and endometr io id  CA (1)  

The 2  tumours  which  were pred icted   mal ignant  by IOTA but  were  found  benign  in 

HPE report  were  benign  serous cystadenofibroma  wi th fea tures  o f ir regular  mul t i locular  

sol id  tumour  and strong b lood flo w and Endometr iot ic  cys t  wi th fea tures  o f ir regular  

mul t i locular  so lid  tumour .  
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Frequencies  ofHis topathologicalevidence  (HPE) of ovarian tumours  is given in Table  III. 

TABLE III – HPE OF OVARIAN TUMOURS 

BENIGN O VA RIA N M AS SES 
TOTAL  NO OF P ATIENTS  

(n  =  2 0 5 )  

S IMP LE  CY S T 5 6  (2 7 .3 %) 

END OMETR IO T IC  C YS T 2 1  (1 0 .2 4%)  

MATURE  CYS T IC  TER ATO MA 1 6  (7 .8 %)  

CORPUS LU TE A L CYS T 1 2  (5 .8 5 %) 

BEN IGN  MUC IN O US  CY S TADE NOM A 1 4  (6 .8 2 %) 

SEROU S CYS TADE NOM A  4 1  (2 0 %)  

SEROU S CYS TADE NO F IBR OM A  2 5  (1 2 .1 9%)  

HEMORRH AG IC  CY S T 2 0  (9 .7 5 %) 

 

MALIG NANT  O VA RI AN M ASSE S  
TOTAL  NO OF P ATIENTS  

(n  =  1 5 )  

GR AN U LO S A CE LL TUMOU R  2  (1 3 .3 3 %) 

SEROU S BORDER LIN E  TU MOUR  2  (1 3 .3 3 %) 

MUC INO US  B ORDER LIN E  TUMOUR  5  (3 3 .3 %)  

END OMETR O ID  C A 2  (1 3 .3 3 %) 

C LE AR  CE LL C A 2  (1 3 .3 3 %) 

M ICRO P AP ILLAR Y  SER OU S C A 1  (6 .6 6 %)  

YO LK S AC  TUMOUR  1  (6 .6 6 %)  

 

The sensit ivi ty,  speci f ici ty,  posi t ive  predict ive  va lue and negat ive  p redic t ive  values o f 

RMI  and IOTA SR were calcula ted  which i s  shown in Table  IV 

 

TABLE IV – SENSITIVITY,  SPECIFICITY,  POSITIVE PREDICTIVE VALUE AND 

NEGATIVE PREDICTIVE VALUES OF RMI ANDIOTA SR 
 SENSITIVITY SPECIFICITY POSITIVE 

PREDICTIVE  

VALUE 

NEGATIVE  

PREDICTIVE  

VALUE 

RMI 33.3% 95.6% 35.7% 95.1% 

IOTA SR 100% 99% 88.2% 100% 

 

Figure 1 shows the ROC curve, calculated for RMI and IOTA SR to compare the AUC of these models. The 

values for the AUC for RMI and IOTA SR are 0.645 and 0.995 respectively. The AUC of the IOTA SR was 

significantly higher than RMI (P < 0.001). 
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Figure 1: ROC curve showing the performance of RMI and IOTA SR. 

 
 

Tes t  R esu l t  

Va r i ab l e ( s )  

Ar ea  u n d er  

t h e  cu rv e  

S t an d a rd .  

E r r or  

As ymp to t i c  

S ign i f i can ce .  

As ymp to t i c  9 5 % Con f id en ce  

In t e rva l  

Lo wer  Bou n d  Up p er  B ou n d  

RM I .6 4 5  . 0 8 6  . 0 6 1  . 4 7 7  . 8 1 3  

IO T A  .9 9 5  . 0 0 4  . 0 0 0  . 0 0 0  1 .0 0 0  

 

IV.  Discussion 
This study compared RMI with IOTA Simple Rules in differentiating benign and malignant tumours in 

220 patients. Results show that IOTA SR is more effective in distinguishing ovarian tumours
[6,7,8,10]

 AUC of 

RMI is 0.645 and that of IOTA SR is 0.995 which is significantly higher. 

RMI has very low sensitivity compared to IOTA SR (33.3% and 100%) which might result in missing 

malignant ovarian tumours which might result in inadequate treatment. This may be due to non epithelial and 

borderline tumours as described in previous studies. Addition of CA 19.9 may increase the sensitivity of this 

model. Incidence of false positives were also higher in RMI due to the elevated CA 125 levels in endometriotic 

cysts.  

The strength of this study was that both RMI and IOTA SR were done in all patients, allowing the 

results of both the diagnostic tests to be compared. However this study had small number of included patients. 

Also the borderline tumours were classified as malignant for statistical purpose. 

Everything considered IOTA Simple Rules is better in discrimination of ovarian mass before surgical 

treatment. Therefore the application of IOTA rules provide a basis for referral of patients with a mass classified 

as malignant to surgical oncologist. 

 

V.  Conclusion 
IOTA Simple Rules were found to have higher sensitivity, specificity, positive predictive value and negative 

predictive values when compared to RMI. Hence IOTA Simple Rules is considered to be the most reliable 

method in differentiating the ovarian tumours into benign and malignant. 

 

References 
 
[1]. Jayson G.COvarian cancer. 

Lancet. 2014; 384: 1376-1388 

 



Evaluation of Diagnostic Accuracy of Risk of Malignancy Index (RMI) and International .. 

DOI: 10.9790/0853-2001151014                                    www.iosrjournal.org                  14 | Page 

[2]. Earle CC, Schrag D, Neville BA, Yabroff KR, Topor M, Fahey A, Trimble EL, Bodurka DC, Bristow RE, Carney M, 

Warren JL. Effect of surgeon specialty on process of care and outcomes for ovarian cancer patients. J Natl Cancer 

Inst. 2006;98:172–180. 

[3]. Jacobs I, Oram D, Fairbanks J, Turner J, Frost C, Grudzinskas JG. A risk of malignancy index incorporating CA 125, 

ultrasound and menopausal status for the accurate preoperative diagnosis of ovarian cancer. Br J 

ObstetGynaecol. 1990;97(10:922–929. 

[4]. Timmerman D, Testa AC, Bourne T, Ferrazzi E, Ameye L, Konstantinovic ML, Van Calster B, Collins WP, Vergote 

I, Van Huffel S, Valentin L. Logistic regression model to distinguish between the benign and malignant adnexal mass 

before surgery: a multicenter study by the International Ovarian Tumor Analysis Group. J Clin 

Oncol. 2005;23:8794–8801. 

[5]. Timmerman D, Testa AC, Bourne T, Ameye L, Jurkovic D, Van Holsbeke C, Paladini D, Van Calster B, Vergote I, 

Van Huffel S, Valentin L. Simple ultrasound-based rules for the diagnosis of ovarian cancer. Ultrasound Obstet 

Gynecol. 2008;31 (6:681–690. 

[6]. Sayasneh A, Wynants L, Preisler J, Kaijser J, Johnson S, Stalder C, Husicka R, Abdallah Y, Raslan F, Drought A, 

Smith AA, Ghaem-Maghami S, Epstein E, Van Calster B, Timmerman D, Bourne T (2013b) Multicenter external 

validation of IOTA prediction models and RMI by operators with varied training. Br J Cancer 108 (12): 2448–2454. 

[7]. Meys, EM, Kaijser, J, Kruitwagen, RF, et al. Subjective assessment versus ultrasound models to diagnose ovarian 

cancer: A systematic review and meta-analysis. Eur J Cancer 2016; 58:17–29.  

[8]. Garg, S, Kaur, A, Mohi, JK, et al. Evaluation of IOTA Simple Ultrasound Rules to Distinguish Benign and 

Malignant Ovarian Tumours. J Clin Diagn Res 2017; 11:Tc06–tc9. 

[9]. International Tumour Analysis Group . IOTA Simple Rules and SR risk calculator to diagnose ovarian cancer. 

Availableat: https://www.iotagroup.org/iota-models-software/iota-simple-rules-and-srrisk-calculator-diagnose-

ovarian-cancer  

[10]. Campos, C, Sarian, LO, Jales, RM, et al. Performance of the Risk of Malignancy Index for Discriminating Malignant 

Tumors in Women with Adnexal Masses. J Ultrasound Med 2016; 35:143–152. 

 

 

 

 

 

 

Olivia Daniel, et. al. “Evaluation of Diagnostic Accuracy of Risk of Malignancy Index (RMI) and 

International Ovarian Tumour Analysis (Iota) Simple Rules To Differentiate Between Benign and 

Malignant Ovarian Tumours.”IOSR Journal of Dental and Medical Sciences (IOSR-JDMS), 20(01), 

2021, pp. 10-14. 

 

https://www.iotagroup.org/iota-models-software/iota-simple-rules-and-srrisk-calculator-diagnose-ovarian-cancer
https://www.iotagroup.org/iota-models-software/iota-simple-rules-and-srrisk-calculator-diagnose-ovarian-cancer

