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ABSTRACT 

Objective: To compare ultrasound grounded International Ovarian Tumor Analysis (IOTA) prediction models, specifically, 
the ADNEX models, the Simple Rules (SRs) and the Risk of Malignancy Index (RMI), for the adnexal masses’ diagnosis before 
any surgical intervention 
Study Design: Cross-sectional analytical study 
Place and Duration of Study: Obstetrics and Gynecology Department. Pakistan Emirates Military Hospital, Rawalpindi, 
Pakistan from Aug 2019 to Jun 2020. 
Methodology: Five hundred and twenty-four patients took part in this cross-sectional Analytical study. All findings on 
ultrasound were evaluated and prognostic models were used. Histopathology findings were used as standard for comparison. 
Diagnostic performances of the prediction models were assessed by estimating sensitivities, ROC curves, negative predictive 
values and positive predictive values, specificities, diagnostic odds ratios and negative and positive likelihood ratios. 
Results: The ROC under curves (AUC) areas for ADNEX models were 0.94 (0.92-0.96, 95% CI) with CA125 and 0.94 (0.91-0.96, 
95% CI) without CA-125 for RMI I-III It was expressively advanced than AUC: 0.83 (CI95%, 0.80 to 0.86), 0.82 (CI95%, 0.78 to 
0.86 and 0.87 (CI95% 0.83 to 0.90) (all p <0.0001). The CA-125 had a cut-off point of 10% in ADNEX model had the maximum 
precision (CI: 95%, 0.87 to 0.97) equated to other models. The SR model achieved 0.93 (95% CI 0.86 to 0.97) sensitivity and 0.86 
(95% CI 0.82 to 0.89) specificity when not diagnosed was classified as definite (11.7%) malignant. 
Conclusions: ADNEX and Simple rules risk models were excellent for characterizing adnexal masses better than RMI in 
Pakistani patients. 
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INTRODUCTION 

Ovarian cancer has the most elevated death 
frequency and noticeably terrible anticipation among 
gynecological malignancies. The normal 5-year 
endurance rate for ovarian malignancies is <50%. It is 
important to precisely portray considerate and 
dangerous ovarian masses to upgrade treatment and 
improve endurance in patients with proper staging in 
ovarian tumors, and to prevent unnecessary surgical 
interventions and keep up fertility in patients with 
malignant ovarian tumors.1-2 Transvaginal ultrasound 
is commonly utilized method for imaging in 
preoperative evaluation of adnexal masses. 
Ultrasound evaluation by Gynecological consultants 
have been considered as the best ways to evaluate 
adnexal masses in clinical practice.3 

Distinctive ultrasound expectation models have 

been created to precisely recognize malignant and 
benign tumors on the grounds that the quantity of 
experienced examiners is deficient and isn't accessible 
in certain zones.4 The malignancy index (RMI), 
representing CA-125 levels of menopausal status, 
ultrasound findings and serum cancer antigen (CA), is 
a prediction model proposed by several nationwide 
guidelines.5  

In any case, the methods used to figure RMI are 
very tedious and their symptomatic viability is 
unacceptable. The IOTA introduced an accord on the 
ultrasound properties of adnexal tumors at the start of 
20th century, and additional analytic models, 
including Simple Rules (SRs) or simple ultrasound-
based rules model, Logistic Regression model and the 
Valuation of Diverse Neoplasia’s in the adnexa 
(ADNEX) model.6-8 The consequences of past outer 
approval examination have demonstrated that the SR 
model is difficult to utilize and has great indicative 
execution, however it is not reasonable for every 
genuine beneficiary.9 The ADNEX model is perfect for 
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the separation of harmful and amiable tumors and 
shows the phases of dangerous tumors.10 Limited local 
data has been available in this regard. We therefore 
planned this study with the rationale to compare the 
ADNEX and SR models, as well as RMI, in their ability 
to distinguish amid malignant and benign expanding 
masses. 

METHODOLOGY 

This cross-sectional study held in the Obstetrics 
and Gynecology department of Pakistan Emirates 
Military Hospital, Rawalpindi from March 2019 to 
March 2020. Non probability consecutive sampling 
technique was used to gather the sample for this 
study. Sample size was calculated by WHO sample 
size calculator by using population prevalence 
proportion of malignant adnexal masses as 12.7%.10  

Inclusion Criteria: The patients who had a mass ≥ 1 
cm with a diagnosis of adnexal mass on ultrasound 
were included.  

Exclusion Criteria: If any patient was not ready to 
participate in the study or did not endure surgery with 
ovarian recurrence or had ectopic pregnancy or 
bilateral adnexectomy already or patients with 
incomplete clinical data were excluded.  

SR models, RMI (I-III) variants and diagnostic 
performance of ADNEX were assessed in the women 
operated on to eradicate adnexal masses at the 
Obstetrics and Gynecology department.  

Preoperative transvaginal ultrasound was 
performed on all patients. Transabdominal ultrasound 
examination was achieved when a malignant tumor 
was assumed and the mass was very huge to be 
assessed only by transvaginal ultrasound. After the 
examination on ultrasound, we used the three RMI 
variants and ADNEX model to compute the risk of 
cancer without knowing the histological results. When 
more than one adnexal mass was detected, we 
analyzed with complex ultrasonographic morphology 
and selected the largest mass when the masses had 
similar morphological properties. Formerly to the 
ultrasound examination, clinical data was gathered 
regarding the age of patient, menopause, former 
cancers and ovarian cancer family history. Patient 
preoperative CA-125 levels were also assessed. 

The ADNEX model consists of 9 markers with 3 
clinical variables and six ultrasonic variables. After an 
objective presentation of all predictors, malignant or 
benign mass probability indicators are displayed 
numerically or graphically. Because this was the first 

multi-class predictive model for adnexal masses, it had 
been shown that the mass will be an Ovarian Cancer 
stage I, borderline ovarian tumor (BOT), Ovarian 
Cancer stage II-IV, or metastasis are accessible. The 
versions available for ADNEX model can exclude or 
include CA-125 levels, and in this study, we assessed 
the ADNEX model predictive accuracy with and 
deprived of CA-125.The SR model contains a set of 
guidelines grounded on 5 features of ultrasound that 
show benign (B features) and 5 malignant (M 
features). Its labelled as benign lesion if ≥ 1 B- 
characteristic is existing in the nonappearance of any 
M-features, and if ≥ 1 M- characteristic is existing in 
the nonappearance of any B-features was taken as 
malignant. If both M and B and clinical signs are 
existing or if no topographies are contemporary, the 
model vintages an indecisive result. 3 main types of 
the RMI scoring system (RMI-III, RMI-II and RMI-I) 
were used to combine ultrasound results, CA125 
serum levels and determine menopause status.  

Tissue samples gained through operation were 
analyzed by a group of pathologists specializing in 
gynecological pathology examinations. The WHO 
cancer classification strategies were applied for 
Tumor’s classification. The stages of malignant tumors 
are determined by means of the criteria of 
International Federation of Gynecology and 
Obstetrics. 

Diagnostic performance measures including 
specificity, sensitivity, PPV and NPV, diagnostic 
probability rates (DOR) and positive and negative 
probability rates were considered to assess the 
classification of malignant or benign tumor models by 
cut off points from earlier researches. The ultrasound 
and CA-125 levels associated clinical characteristics 
related with malignant and benign tumors were 
related; To analyze categorical data; Fisher's exact and 
Chi-square test were used and for continuous data; 
Mann-Whitney U test was applied. Statistical analyzes 
were achieved with version 15.2.2 MedCalc Statistical 
Software and SPSS version 22.0. BOTs were measured 
malignant for statistical analysis. All statistical 
calculations were done using CI of 95% and the p-
value of less than 0.05 value was measured significant 
statistically. 

RESULTS 

Initially 591 women were approached to 
participate in the study but after the application of 
inclusion and exclusion criteria 524 patients were 
included with 385(73.5%) benign masses and 
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139(26.5%) malignant lesions. Table-I shows 
histological results. Most commonly seen tumor was 
endmetrioma 106(74.8%). Sclerosing ovarian tumors 
02(0.4%) and ovarian lymphomas 02(0.4%) were least 
commonly seen in our study participants. 
 

Table-I: The Histological Consequences of 524 Adnexal Masses 
and Its Distributions 

The adnexal masses Histological types n(%) 

Endometrioma 106(20.20%) 

Benign 392(74.8%) 

Teratoma 54(10.3%) 

Serous cystadenoma 74(14.1%) 

Hydrosalpinx 37(7.1%) 

Mucinous cystadenoma 35(6.7%) 

Mesosalpinx cyst  15(2.9%) 

Fibrothecoma 20(3.8%) 

Cystadeno fibroma 7(1.3%) 

Par-ovarian cyst 16(3.1%) 

Adenofibroma 5(1%) 

Fibroma 7(1.3%) 

Peritoneal mesothelioma 4(0.8%) 

Brenner tumor 5(1%) 

Sclerosing stromal tumor 2(0.4%) 

Sertoli-Leydig cell tumour 3(0.6%) 

Other ovarian benign lesion 21(4%) 

Tuberculosis 2(0.4%) 

Serous 15(2.9%) 

Borderline 35(6.7%) 

Endometrioid 4(0.8%) 

Mucinous 15(2.9%) 

Serous adenocarcinoma 48(9.2%) 

Primary ovarian malignant 73(13.9%) 

Endometrioid adenocarcinoma 11(2.1%) 

Clear cell carcinoma 16(3.1%) 

Sertoli-Leydig cell tumor 3(0.6%) 

Mucinous adenocarcinoma 4(0.8%) 

Granulosa cell tumor 3(0.6%) 

Carcinosarcoma 3(0.6%) 

The ovary diffuse large B cell lymphoma  2(0.4%) 

Seromucinous adenocarcinoma 2(0.4%) 

Stromal carcinoid of ovary 2(0.4%) 

Small cell neuroendocrine carcinoma 2(0.4%) 

Gastric cancer 11(2.1%) 

Metastasis 21(4%) 

Cholangiocarcinoma 3(0.6%) 

Appendiceal adenocarcinoma 4(0.8%) 

Pancreatic cancer 3(0.6%) 

Breast cancer 3(0.6%) 

 

DISCUSSION 

We looked at the symptomatic presentation of 
ADNEX models just as SR and RMI. RMI was the 
primary clinically utilized prognostic model and was 
the most generally utilized model in numerous 
locales.11 Nevertheless, the results of our study 
indicated that the ADNEX model performed better 

than each of the three RMI variations in recognizing 
the kind of harmful masses. The ADNEX model, 
which does exclude CA-125, has a higher AUC (both 
0.94) for RMI variations than those made in the 0.82 to 
0.87 territory.12 The ADNEX model indicated better 
symptomatic execution and higher affectability than 
RMI in our investigation. Hereafter, the ADNEX 
model may recognize preoperative adnexal masses 
better than other models in Pakistani patients.  
 

Table-II: Ultrasound Features and Clinical Characteristics For 
524 Patients with Adnexal Masses 

Features 
Benign Malignant 

p-value 
(n = 385) (n = 139) 

Age in years 51(41-61) 64(52-73) < 0.001a 

Premenopausal 294(76.4%) 72(51.8%)   

Menopausal status     
 

CA125 (U/mL) 20(21-48) 64(28-527) < 0.001a 

Postmenopausal 110(28.6%) 86(61.9%)   

Maximal diameter 
of lesion (mm) 

66(54-82) 88(60-136) < 0.001a 

Presence of solid 
tissue 

127(33.0%) 126(90.6%) < 0.001b 

Family history of 
ovarian cancer 

0(0.0%) 21(15.1%) 0.013c 

Presence of 
papillary 
projections 

58(15.1%) 65(46.8%) < 0.001b 

Proportion solid 
tissue if present 
(mm) 

41(27-56) 54(30-75) < 0.001a 

0 346(89.9%) 93(66.9%)   

1 40(10.4%) 32(23.0%)   

2 25(6.5%) 22(15.8%)   

3 24(6.2%) 24(17.3%)   

3 26(6.8%) 44(31.7%)   

> 10-cyst locules 30(7.8%) 41(29.5%) < 0.001b 

Ascites 21(5.5%) 54(38.8%) < 0.001b 

Acoustic shadows 62(16.1%) 0(0.0%) < 0.001c 

 

Preoperative assessments utilizing the SR model 
were strong with an exactness of 0.93 (CI95% 0.86 to 
0.97) and a sensitivity of 0.86 (95% CI 0.82 to 0), 89) for 
adnexal masses with dubious ordered conclusions as 
pernicious; These outcomes are like the results of 
studies done in the past by Knafel et al. and 
Auekitrungrueng et al. in 2016 and 2019 
respectively.13-14 The IOTA SR model was perceived by 
clinicians as a viable prescient model for adnexal 
masses and was suggested for use in the 2011 Green-
Top Strategies. As of late, the College of Obstetrics and 
Gynecology has incorporated the SR model in clinical 
practice rules for appraisal and treatment of adnexal 
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masses. In light of the accord in regards to the primary 

worldwide beneficiaries of enhancements, the SR 
model was proposed as the fundamental analytic 
methodology.15 The SR model is anything but difficult 
to put in clinical training and can be utilized for 
around 77-90% of adnexal masses. In our examination, 
the SR model was utilized in roughly 86.8% of 
patients. At the point when gynecological ultrasound 
authorities were not accessible, it was understandable 
to characterize tumors as harmful after dubious 
analyses utilizing the SR model. In any case, this 
methodology might be one-sided because of the 
nearness of threatening tumors in the populace, and 
about portion of patients with a mellow conclusion 
may encounter pointless intercessions.16-17 In Pakistan, 
the last indicative system of the subsequent stage is 
required, particularly in progressively inaccessible and 
less created regions where the quantity of experts in 
the field of gynecological ultrasound is lacking. Our 
study results demonstrated that 64 conventions have 
tumors with unrecognized findings in the wake of 
applying the SR convention to the ADNEX model, 
with or deprived of CA-125, and up to 3 RMI 
variations. Similar phenomenon was described by 
Perrone et al. in 2020.18 The AUC of prognostic models 
for tumors with uncertain conclusions was not 
extraordinary and might be because of constrained 
sample size. With regards to distinguishing harmful 
neoplasms among undiscovered masses, the ADNEX 
model gave somewhat advanced AUC and DOR than 
the 3 RMI variations. At the point when gynecological 
ultrasound pros are not accessible, further research is 
required to decide whether the ADNEX model is a 
2nd-stage demonstrative system for adnexal tumors 
with questionable analyses.18,19 This is one of the main 
investigations in the patient populace in Pakistan that 

precisely thinks about the ultrasound-based IOTA and 

RMI prognostic models with the IOTA accord 
revelation, which is the quality of the examination. We 
additionally included conceivably chose and 
unassigned patients and just patients with complete 
information were incorporated. 

LIMITATIONS OF STUDY 

There were multiple limitations in this study. This was 
a single focus configuration, may cause examining 
predisposition and breaking point the relevance of results to 
different locales.19 What's more, in our investigation, 
ultrasound assessments were not performed by individuals 
with various instructive encounters. Further studies are 
required at different indicative habitats with fluctuating 
degrees of ultrasound ability in Pakistan. 

CONCLUSION 

As a result, our results exhibited that the SR and 
ADNEX models did well in distinguishing between 
malignant and benign metastatic masses, and both models 
were better than RMI. 
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Table-III: Diagnostic Efficacy of The Prediction Models For Discernment Among Malignant And Benign Adnexal Masses 
Valuation 

criteria tAUC 
Sensitivity 

Specificity 
Positive 

predictive 
value 

Negative 
predictive 

value 
LR+ LR- DOR 

ADNEXN125 
0.95(0.92–0.97) 

0.94(0.88–0.98) 
0.75(0.70–0.80) 0.79(0.74–0.84) 0.93(0.88–0.96) 3.61(3.01-4.32) 0.10(0.06–0.21) 40.1 

ADNEX125 
0.95(0.93–0.97) 

0.94(0.88–0.98) 
0.77(0.73–0.82) 0.81(0.76–0.85) 0.93(0.88–0.96) 3.94(3.21–4.73) 0.10(0.04–0.23) 43.77 

MAL+ SRs 
Nil 0.94(0.87–0.98) 0.87(0.83–0.90) 0.88(0.83–0.92) 0.93(0.89–0.96) 5.92(5.05–7.83) 0.10(0.06–0.17) 71.43 

SRs + BE 
NA 0.70(0.61–0.78) 0.97(0.94–0.98) 0.95(0.91–0.98) 0.77(0.71–0.81) 15.83(9.67–25.94) 0.33(0.26–0.43) 49.54 

RMI-I 
0.88(0.84–0.91) 0.56(0.47–0.65) 0.94(0.91–0.97) 0.90(0.84–0.95) 0.68(0.63–0.73) 9.01(5.34–11.21) 0.49(0.44–0.60) 15.87 

RMI-II 
0.84(0.81–0.87) 0.62(0.53–0.71) 0.93(0.90–0.96) 0.90(0.84–0.94) 0.71(0.66–0.76) 7.96(5.43–11.76) 0.43(0.34–0.53) 19.03 

RMI-III 
0.83(0.79–0.87) 0.54(0.45–0.64) 0.95(0.92–0.97) 0.91(0.85–0.96) 0.68(0.63–0.74) 9.31(5.92–13.59) 0.51(0.46–0.64) 19.7 

 



Risk Malignancy Index 

Pak Armed Forces Med J 2025; 75(SUPPL-4): S524 

REFERENCES 

1. Tug N, Yassa M, Sargın MA, Taymur BD, Sandal K. 
Preoperative discriminating performance of the IOTA-ADNEX 
model and comparison with Risk of Malignancy Index: an 
external validation in a non-gynecologic oncology tertiary 
center.Eur J Gynaecol Oncol. 2020; 41(2): 200-207. 

2. Mulder EE, Gelderblom ME, Schoot D, Vergeldt TF, Nijssen DL, 
Piek JM. External validation of Risk of Malignancy Index 
compared to IOTA Simple Rules. Acta Radiol. 2021 May; 62(5): 
673-678. https://doi: 10.1177/0284185120933990.  

3. Thomassin-Naggara I, Poncelet E, Jalaguier-Coudray A, Guerra 
A, Fournier LS, Stojanovic S, et al. Ovarian-Adnexal Reporting 
Data System Magnetic Resonance Imaging (O-RADS MRI) Score 
for Risk Stratification of Sonographically Indeterminate Adnexal 
Masses. JAMA Netw Open. 2020 Jan 3; 3(1): e1919896. 
https://doi: 10.1001/jamanetworkopen.2019.19896.  

4. Atri M, Alabousi A, Reinhold C, Akin EA, Benson CB, Bhosale 
PR, et al. ACR Appropriateness Criteria® Clinically Suspected 
Adnexal Mass, No Acute Symptoms. J Am Coll Radiol. 2019 
May; 16(5S): S77-S93.  
https://doi: 10.1016/j.jacr.2019.02.011.  

5. Rocha RM, Barcelos IDES. Practical Recommendations for the 
Management of Benign Adnexal Masses. Rev Bras Ginecol 
Obstet. 2020 Sep; 42(9): 569-576. English.  
https://doi: 10.1055/s-0040-1714049.  

6. Shetty M. Imaging and Differential Diagnosis of Ovarian 
Cancer. Semin Ultrasound CT MR. 2019 Aug; 40(4): 302-318. 
https://doi: 10.1053/j.sult.2019.04.002.  

7. Lycke M, Ulfenborg B, Kristjansdottir B, Sundfeldt K. Increased 
Diagnostic Accuracy of Adnexal Tumors with A Combination of 
Established Algorithms and Biomarkers. J Clin Med. 2020; 9(2): 
299. Published 2020 Jan 21.  
https://doi:10.3390/jcm9020299 

8. Saleh AM, Al-Saygh F, Abushama M, Ahmed B. The Role of 
Three-Dimensional Ultrasound in Gynecology. Res Women 
Health. 2019; 1(1): 4-12. 

9. Weinberg, Robert S. Horn TS. Playing through pain and injury: 
psychosocial considerations. J Clinic Sport Psych. 2013; 7(3): 41-
59.  

10. Rai R, Bhutia PC, Tshomo U. Clinicopathological profile of 
adnexal masses presenting to a tertiary-care hospital in Bhutan. 
South Asian J Cancer. 2019; 8(3): 168-172. 
 https://doi:10.4103/sajc.sajc_303_18  

11. Mehta SS, Bhatt A, Glehen O. Cytoreductive Surgery and 
Peritonectomy Procedures. Indian J Surg Oncol. 2016; 7(2): 139-
151.https://doi:10.1007/s13193-016-0505-5 

12. Jeong SY, Park BK, Lee YY, Kim TJ. Validation of IOTA-ADNEX 
Model in Discriminating Characteristics of Adnexal Masses: A 
Comparison with Subjective Assessment. J Clin Med. 2020; 9(6): 
2010. Published 2020 Jun 26.  
https://doi:10.3390/jcm9062010  

13. Knafel A, Banas T, Nocun A, Wiechec M, Jach R, Ludwin A et al. 
The Prospective External Validation of International Ovarian 
Tumor Analysis (IOTA) Simple Rules in the Hands of Level I 
and II Examiners. Ultraschall Med. 2016 Oct; 37(5): 516-523. 
English.  
https://doi: 10.1055/s-0034-1398773.  

14. Auekitrungrueng R, Tinnangwattana D, Tantipalakorn C, 
Charoenratana C, Lerthiranwong T, Wanapirak C, et al. 
Comparison of the diagnostic accuracy of International Ovarian 
Tumor Analysis simple rules and the risk of malignancy index 
to discriminate between benign and malignant adnexal masses. 
Int J Gynaecol Obstet. 2019 Sep; 146(3): 364-369.  
https://doi: 10.1002/ijgo.12891.  

15. Thomassin-Naggara I, Belghitti M, Milon A, Abdel Wahab C, 
Sadowski E, Rockall AG. O-RADS MRI score: analysis of 
misclassified cases in a prospective multicentric European 
cohort. Eur Radiol. 2021 Dec; 31(12): 9588-9599.  
https://doi: 10.1007/s00330-021-08054-x.  

16. Salvador S, Scott S, Glanc P, Eiriksson L, Jang JH, Sebastianelli 
A, et al. Guideline No. 403: Initial Investigation and 
Management of Adnexal Masses. J Obstet Gynaecol Can. 2020 
Aug; 42(8): 1021-1029.e3. 
 https://doi: 10.1016/j.jogc.2019.08.044.  

17. Atallah GA, Abd Aziz NH, Teik CK, Shafiee MN, Kampan NC. 
New Predictive Biomarkers for Ovarian Cancer. Diagnostics 
(Basel). 2021 Mar 7; 11(3): 465.  
https://doi: 10.3390/diagnostics11030465.  

18. Perrone MG, Luisi O, De Grassi A, Ferorelli S, Cormio G, 
Scilimati A. Translational Theragnosis of Ovarian Cancer: where 
do we stand? Curr Med Chem. 2020; 27(34): 5675-5715. 
https://doi: 10.2174/0929867326666190816232330.  

19. Mikhaleva LM, Davydov AI, Patsap OI, Mikhaylenko EV, 
Nikolenko VN, Neganova ME, et al. Malignant Transformation 
and Associated Biomarkers of Ovarian Endometriosis: A 
Narrative Review. Adv Ther. 2020 Jun; 37(6): 2580-2603. 
https://doi: 10.1007/s12325-020-01363-5.  

 


