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INTRODUCTION

Globally, ovarian cancer is the seventh most preva-
lent cancer in women and the eighth most dead-

ly1. In Europe, there were 45 994 new cases during
2018, with an age-adjusted incidence rate of 15.7 per
100 000 women2. In Portugal, in 2018, the incidence
was of 7.0 per 100 000 women2 and the standardised
mortality rate for all ages was 4.3 per 100 000 women2. 

The five-year survival rates are below 45%, but can

reach 90% when diagnosis is made at stage I of the di -
sease1. However, only 15% of ovarian cancers are de-
tected in this stage. 

The benign or malignant preoperative diagnosis of
an adnexal mass is critical to plan patient management
and optimize treatment. Ultrasound is the best moda -
lity for differentiating between a benign or malignant
adnexal mass3. Many scoring systems for malignancy
risk assessment of an ovarian tumour based on ultra-
sound findings have been proposed to improve diag-
nostic performance. However, the best ultrasound mo -
del to apply in clinical practice is not yet fully defined. 

The International Ovarian Tumor Analysis (IOTA)
group has incorporated ultrasound features into its Lo-
gistic Regression model 2 (LR2) and its Simple Rules
model that characterize adnexal tumours based upon
the presence or absence of typical ultrasound features
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of malignancy4,5,7. The risk of malignancy index (RMI)5

was the most widely used model, but the IOTA group
studies demonstrated that IOTA models have higher
diagnostic performance in ovarian malignancy4,7. 

Few studies originating from groups outside the
IOTA group have been developed to compare the pre-
operative diagnostic accuracy of the various ultrasound
scores, including in Portugal.  

Therefore, finding the best ultrasound model to pre-
dict ovarian malignancy in a Portuguese population
and consequently referring these patients to gynaeco-
logical oncologists is the main objective of this study.

We compared the diagnostic accuracy of ultrasound-
-based simple rules of Timmerman at al.4 alone or in as-
sociation with serum CA 125 level, LR2 and RMI for the
pre-operative discrimination between benign and ma-
lignant adnexal masses in Portuguese women. 

MATERIALS AND METHODS

This was a single-centre retrospective study and a di-
agnostic accuracy study conducted in a Portuguese ter-
tiary referral center for gynaecologic oncology. We in-
cluded 123 patients who underwent an elective surgi-
cal treatment for an adnexal tumour at our hospital. Pa-
tient selection was made in a comprehensive database
research and after informed consent signature to par-
ticipate in the study. The database is blinded relative to
the patient’s identification in order to prevent investi-
gators from recognising the subjects and in order to
maintain confidentiality. All clinical investigations were
conducted according to the principles expressed in the
Declaration of Helsinki and approved by the local
ethics committee.

We collected information regarding age, body mass
index (BMI) (kg/m2), menarche age, menopausal status,
parity, current or previous hormonal contraception or
menopausal therapy, family or personal history of breast
cancer or ovarian cancer and serum CA 125 le vel. 

Ultrasound examination 
In most cases included, prior to surgery, ultrasound
evaluations were performed in our centre by a single
gynaecologist with 10 years’ experience in gynaeco-
logical ultrasound and with European IOTA certifica-
tion (M.G.C.). A minority of ultrasound images were
performed by other three experienced sonographers
of the department and described by M.C.G. without
knowledge of the histological outcome, patient’s CA

125 serum levels and preoperative ultrasound report. 
All women performed transvaginal grayscale and

colour Doppler ultrasound examination using a Volu-
son E8 ultrasound machine (GE Healthcare Ultra-
sound). An additional transabdominal scan was con-
ducted if the mass was too large or if malignancy was
suspected.

In all cases, sonographic features of adnexal tu-
mours were described using terms and definitions as
published by the IOTA group5. The ultrasound exa -
miner classified each mass as benign or malignant 
according IOTA simple rules, RMI scoring and logis-
tic regression model L2 (LR2). 

We applied the simple rules as reported by Tim-
merman at al4. We used five ultrasound features to pre-
dict a malignant tumour (M-features): irregular solid
tumour (M1), ascites (M2), at least four papillary struc-
tures (M3), irregular multilocular solid tumour with a
largest diameter of 100 mm or more (M4) and high
Doppler flow (colour score 4) (M5). We also used five
ultrasound benign features to predict a benign tumour
(B-features): unilocular ovarian cyst (B1), presence of
solid components smaller than 7 mm in diameter (B2),
presence of acoustic shadows (B3), smooth multiloc-
ular tumour with largest diameter < 10 cm (B4) and no
detectable colour Doppler signal (B5). If one or more
M-features were present in the absence of a B-feature,
the mass was categorized as malignant. If one or more
B-features applied in the absence of an M-feature, we
classified the mass as benign. If both or no M-features
and B-features were present, the mass was categorized
as inconclusive. In this case, we adopted two strategies.
First, the tumour was classified subjectively as benign
or malignant by the experienced ultrasonographer
and, second, all inconclusive tumours were consi dered
malignant. 

The LR2 model uses six predictors7. The variables
included were: (1) age of the patient (years); (2) the
presence of ascites (yes = 1, no = 0); (3) the presence
of blood flow within a papillary projection (yes = 1,
no = 0); (4) maximal diameter of the solid component
(expressed in mm but with no increase above 50 mm);
(5) irregular internal cyst walls (yes = 1, no = 0); and
(6) the presence of acoustic shadows (yes = 1, no = 0).
An adnexal tumour with an estimated probability of
malignancy > 0.10 by LR2 was classified as malignant.  

The RMI was determined using the ultrasound fea-
tures, serum CA 125 level and menopausal status. The
ultrasound score (U) was calculated for each patient
considering five ultrasound features suggestive of can-
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cer: multilocular cyst, solid areas, bilateral masses, as-
cites and intra-abdominal metastases. U was assigned
a value of 0, 1 or 3 if none, one or two or more of these
features were present, respectively. A score (M) of 1
was assigned to premenopausal women and 3 to post-
menopausal women. As described by Jacobs et al.6, RMI
scoring was calculated as follows: RMI score = U x M
x serum CA 125 (U/mL). An adnexal mass with a 
score ≥ 200 was classified as malignant.  

The ultrasound models were calculated using a se-
cure electronic data-collection system (Astraia version
1.25.2, Astraia Software). 

Surgery and pathology analysis 
Treatment surgery was performed at our centre and
the surgical procedures and techniques were chosen
according to surgeon experience and clinical indica-
tion. 

Histopathology diagnosis of surgical specimens was
the clinical reference used for all patients in this study.
The pathologic study was performed in the depart-
ment of Pathologic Anatomy of our hospital, following
the guidelines of the World Health Organization In-
ternational Classification of Ovarian Tumours8. All
masses were classified into two groups: benign or ma-
lignant. 

Statistical analysis 
Statistical analysis was performed using SPSS version
21.0. All statistical calculations were performed using
95% CIs and considering p < 0.05 as statistically sig-
nificant. 

We considered two study groups according to his-
tologic diagnosis (benign and malignant). For statisti-
cal purposes, borderline tumours were counted as ma-
lignant. 

Categorical variables were described as frequencies
and percentages and continuous variables as means
and standard deviations. 

We compared the clinical and demographic pa-
rameters of groups using the chi-square for categori-
cal variables and independent sample T-test for con-
tinuous variables. A binary logistic regression model
was used to determine the ultrasound characteristics
of adnexal masses with greater impact on the predic-
tion of malignancy. The logistic regression was adjust-
ed for age and menopausal status.  

We generated a ROC curve to determine the point
at which serum level CA-125 had the highest sensitivi -
ty and specificity in distinguishing preoperatively be-

tween benign and malignant adnexal masses. The area
under the ROC curve (AUC) was calculated, and 95%
confidence intervals were used. 

The sensitivity, specificity, positive and negative pre-
dictive values (PPV and NPV) were calculated for the
following six diagnostic models: (1) IOTA Simple
Rules (if inconclusive, considered malignant), (2)
IOTA simple Rules (if inconclusive, complemented by
subjective evaluation), (3) LR2 model, (4) RMI score
and use of serum CA 125 as a second-stage test in ca -
ses of IOTA simples rules complemented by subjec-
tive evaluation predicts a benign tumour (5) or malig-
nant tumour (6). The CA-125 cut-off used in the last
two models (5 and 6) was calculated by the ROC
curve. In model 5, benign masses with CA 25 above
the cut-off were considered malignant and in model 6
malignant masses with CA 125 below the cut-off were
considered benign to evaluate the diagnostic perfor-
mance of these strategic diagnostics (Figure 1).  

RESULTS

The mean age of the sample was 46.98 ± 15.82 years
(range 17-86 years). Most women (65.90%) were pre-
menopausal and 23.90% were nulliparous. In 18.90%
and 1.60% of patients there was a family history of
breast and ovarian cancer, respectively. 

Of the 123 women recruited in the one year time pe-
riod with suspicious adnexal masses, four had a bila-
teral tumour. In the case of bilateral adnexal masses, we
included the mass with the most complex ultrasonic
morphology in our statistical analysis. If both masses
had similar ultrasonic morphology, we included the
largest one or the one most easily accessible by trans-
vaginal ultrasound. Table I shows the histological di-
agnosis of the masses. Of these, 100 (81.3%) were be-
nign and 23 (18.7%) were malignant. Among all be-
nign lesions, serous cystadenoma (35%) and mucinous
cystadenoma (21%) were the most frequent histologi -
cal types. In the malignant group, serous cystadeno-
carcinoma (60.9%) was the most prevalent and 26%
of the malignancies were borderline tumours. 

The mean age was significantly higher in the ma-
lignant group, (54.48 ± 14.76 vs 45.26 ± 15.62 years,
p = 0.01) and postmenopausal women were signifi-
cantly more prevalent in this group (30.0% vs 52.2%,
p = 0.04). Use of hormonal contraception or
menopausal therapy, age at menarche, parity and fam-
ily history of cancer were not significantly different be-
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TABLE I. HISTOLOGY OF THE ADNEXAL MASSES ACCORDING TO WHO HISTOLOGIC CLASSIFICATION (2014)

Benign histology n(%) Malignant histology n(%)
Serous cystadenoma 35 (35.0) Serous cystadenocarcinoma 14 (60.9)
Mucinous cystadenoma 21 (21.0) Seromucinous carcinoma 1 (4.3)
Teratoma 17 (17.0) Undifferentiated carcinoma 1 (4.3)
Serous surface papilloma 9 (9.0) Carcinosarcoma 1 (4.3)
Fibroma 7 (7.0) Seromucinous borderline tumour 3 (13.0)
Serous adenofibroma 3 (3.0) Mucinous borderline tumour 2 (8.7)
Fibrothecoma 3 (3.0) Serous borderline tumour 1 (4.3)
Seromucinous cystadenoma 3 (3.0)
Brenner tumour 2 (2.0)
Benign (total) 100 (81.3) Malignant (total) 23 (18.7)

TABLE II. CLINICAL CHARACTERISTICS OF WOMEN WITH ADNEXAL TUMOURS ACCORDING TO HISTOLOGICAL DIAGNOSIS
GROUPS

Histological diagnosis
Clinical characteristics Benign (n = 100) Malignant (n = 23) p
Age (years, mean ± SD) 45.26 ± 15.62 54.48 ± 14.76 0.01

≤ 20 years  (n%) 6 (6.0%) 0
21-50 years (n%) 60 (60.0%) 9 (39.1%) 0.01
> 50 years (n%) 34 (34.0%) 14 (60.9%)

Body mass index (kg/m2, mean ± SD) 25.03 ± 3.73 27.40 ± 7.10 0.04
Menarche age (years, mean ± SD) 12.36 ± 1.33 12.15 ± 0.75 0.51
Menopausal status

Premenopausal (n%) 70 (70.0%) 11 (47.8%)
0.04

Postmenopausal (n%) 30 (30.0%) 12 (52.2%)
Parity

Nulliparous  (n%) 24 (24.7%) 4 (20.0%)
0.779

Multiparous (n%) 73 (75.3%) 16 (80.0%)
Current or previous hormonal contraception (n%) 79 (79.8%) 18 (81.8%) 0.547
Current or previous menopausal hormonal therapy (n%) 5 (5.1%) 3 (13.6%) 0.158
Family history of breast cancer and/or ovarian cancer  (n%) 17 (17.2%) 7 (30.4%) 0.156
Degree of relative with family history of breast/ovarian cancer 

First degree 9 (52.9%) 7 (100%)
0.05

Second degree 8 (47.05%) 0

tween groups (Table II). 
Concerning CA-125, the cut-off value with highest

sensitivity and specificity in differentiating malignant
from benign ovarian tumors determined by ROC curve
was 23.5 U/mL (area under the curve, 0.872 (95% IC,
0.782 – 0.961) – Figure 2. The cut-off sensitivity was
85.0%, specificity was 70.7%, PPV was 43.6% and
NPV was 94.6%. In the malignant group, 85.0% of
women had CA 125 levels ≥ 23.5 U/ml. In this group,
three had CA-125 levels < 23.5 U/mL, two were muci-
nous borderline tumours and one a low-degree serous

cystoadenocarcinoma (stage I). 
Regarding ultrasound findings, malignant tumours

had significantly larger diameter (p < 0.01), greater vas-
cularization (p  <0.01) and were predominantly so lid
(p < 0.01). Table III shows ultrasound characteristics
of the adnexal masses (excluding teratomas) between
the study groups. In the unadjusted binary logistic re-
gression model (Table IV), the score of 4 on vascular-
ization (p < 0.01), the largest tumour at least 10 cm 
(p < 0.01) and the solid composition were statistically
associated with higher risk of malignancy. However, in
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being the one with the highest associa tion. 
IOTA simple rules could be applied to 106 (86.2%)

tumors. The other 17 tumors correspond to teratomas
and their diagnosis was made by pattern recognition.
Among these 106 tumors, this ultrasound model was
inconclusive in 24 (22.6%). For the inconclusive re-
sults by IOTA simple rules, two strategies were applied.
In the first (all inconclusive tumors considered malig-
nant), the IOTA simple rules had a sensitivity of 95.6%
(95% IC, 76.0-99.8), specificity of 69.9% (95% IC,
58.7-79.2), PPV 46.8% and NPV of 98.3%. In the se -
cond, the inconclusive tumors were classified subjec-
tively as benign or malignant by an experienced ultra-
sonographer and the IOTA simple rules had a sensi-
tivity of 91.3% (95% IC, 70.5-98.5), specificity of
78.3% (95% IC, 67.6-86.3), PPV 53.8% and NPV 97%
(Table V). The LR2 model had a sensitivity of 91.3%
(95% IC, 70.5-98.5), specificity 77.1% (95% IC, 66.3-
-85.3), PPV 63.6% and NPV 93.06%. The sensitivity
of RMI score (73.7%) was significantly lower than
IOTA models.   

Of the 123 adnexal masses, 85 had available CA 125
results. Therefore, 85 adnexal masses were included
in performance evaluation of the strategic diagnostic,
when serum CA 125 was used as a second-stage test
of the IOTA simple rules complemented by subjective
evaluation. Whenever CA-125>23.5U/mL predicts the

FIGURE 2. ROC curve of CA-125 performance in differentiating
malignant from benign ovarian tumours. 
AUC= 0.872 (95% IC, 0.782 – 0.961)

analysis adjusted to patient age and menopausal sta-
tus, these three ultrasound characteristics were inde-
pendently associated with risk of malignancy of the
adne xal tumors, with the score of 4 on vascularization

FIGURE 1. Models illustrating the use of serum CA 125 as a second-stage test in cases where IOTA simple rules complemented by 
subjective assessment in inconclusive masses predicts a malignant (model 5) and a benign (model 6) tumour (adapted from the study by
Lil Vicent el al.17). Abbreviations: SR – simple rules; SA – subjective assessment 
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TABLE IV. EFFECT OF ULTRASOUND CHARACTERISTICS OF THE ADNEXAL MASSES IN THE PREDICTION OF MALIGNANCY
(UNADJUSTED AND ADJUSTED FOR AGE AND MENOPAUSAL STATUS) 

Logistic Regression
Unadjusted Adjusted*

Ultrasound characteristics OR (95% CI) p OR (95% CI) p
Largest tumour diameter ≥ 10 cm 4.94 (1.84-13.32) 0.000 5.29 (1.90-14.81) 0.001
Solid composition 3.66  (1.22-10.96) 0.021 3.62 (1.17-11.20) 0.026
Vascularization score 4 11.67 (2.72-49.99) 0.000 10.19 (2.23-46.63) 0.003

*Logistic regression adjusted for age and menopausal status 

TABLE III. ULTRASOUND CHARACTERISTICS OF THE 106 ADNEXAL TUMOURS (EXCLUDING TERATOMAS) BETWEEN
GROUPS 

Histological diagnosis
Clinical characteristics Benign (n = 83) Malignant (n = 23) p
Larger diameter (cm, mean ±SD) 7.2±4.6 10.4±5.4 0.005

<10 cm 81.9% 47.8%
0.001≥ 10 cm 18.1% 52.2%

Laterality
Unilateral 95.2% 100%

0.575
Bilateral 4.8% 0%

Locularity
Unilocular 50.0% 29.4%

0.121
Multilocular 50% 70.6%

Composition
Solid 18.1% 69.6%
Cystic 53.0% 0% 0.000
Solid + cystic 28.9% 30.4%

Degree of vascularization 
Absent 56.6% 4.3%
Minimum 24.1% 17.4%
Moderate 15.7% 47.8%

0.000

Intense 3.6% 30.4%

malignancy of a mass classified by IOTA simple rules
complemented by subjective assessment as benign
(Figure 1 – Model 5), the sensibility increases to 100%,
with a significant specificity reduction to 53.8% and
the false positive rate increases by 24.7% (Table VI),
compared to IOTA simple rules supplemented by sub-
jective evaluation alone (Table V). When CA-125 
< 23.5U/mL predicts the benignity of a mass classified
by IOTA simple rules as malign (Figure 1 – Model 6),
the sensibility decreases and the false negative rate in-
creases by 21.3% (Table VI), compared to IOTA sim-
ple rules supplemented by subjective evaluation alone
(Table V).

DISCUSSION

In this study, the performance of IOTA simple rules was
excellent and was more effective in the differentiation
between benign and malignant tumours. This finding
was similar to that found in the original study by Tim-
merman et al.9. The prevalence of classifiable tumours
with IOTA simple rules in the original research was
77% vs 86.2% in our study. When inconclusive ad-
nexal masses by IOTA simple rules were classified
accor ding to subjective assessment of ultrasound fin -
dings by an ultrasound examiner in a second-stage test,
performance was as follows: sensitivity 91% in the ori -
ginal research vs 91.3% in our study and specificity
93% vs 78.3%. When all inconclusive tumours were
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TABLE V. PERFORMANCE OF DIAGNOSTIC TESTS 

Histologic diagnosis Performance
Sensitivity Specificity

Benign Malignant (% (95% (%  (95% PPV NPV
Diagnostic tests n(%) n(%) p CI)) CI)) (%) (%)
IOTA simple rules (if inconclusive, 

supplemented with SA)
Benign 78.3% 8.7%

0.000
91.3% 78.3%

53.8% 97.0%
Malignant 21.7% 91.3% (70.5-98.5) (67.6-86.3)

IOTA simple rules (if inconclusive, 
considered malignant)
Benign 69.9% 4.3%

0.000
95.6% 69.9%

46.8% 98.3%
Malignant 30.1% 95.7% (76.0-99.8) (58.7-79.2)

IOTA Logistic regression model 2 
(LR2)
< 0.10 77.1% 8.7%

0.000
91.3% 77.1%

52.5% 97.0%
> 0.10 22.9% 91.3% (70.5-98.5) (66.3-85.3)

RMI score
Benign 89.3% 26.3% 0.000 73.7% 89.3 %

63.6% 93.06%
Malignant 10.7% 73.7% (48.6-89.9) (79.5-95.0)

Abbreviations: NPV, negative predictive value; PPV, positive predictive value; RMI, risk of malignancy index; SA, subjective assessment 

TABLE VI. DIAGNOSTIC PERFORMANCE WHEN USING SERUM CA 125 (CUT-OFF 23.5 U/ML) AS A SECOND-STAGE TEST
AFTER IOTA SIMPLE RULES COMPLEMENTED BY SUBJECTIVE EVALUATION IN THE INCONCLUSIVE MASSES  

Histologic diagnosis Performance
Sensitivity Specificity

Benign Malignant (% (95% (%  (95% PPV NPV
n(%) n(%) p CI)) CI)) (%) (%)

IOTA simple rules (supplemented 
with SA) + serum CA 125§ 
Benign 53.8% 0%

0.000
100% 53.8%

38.1% 100%
Malignant 46.2% 100% (79.1-100) (41.11-66.1)

IOTA simple rules (supplemented 
with SA) + serum CA 125§§ 
Benign 87.7% 30.0%

0.000
70.0% 87.7%

63.6% 90.5%
Malignant 12.3% 70% (45.7-87.2) (76.6-94.2)

Abbreviations: NPV, negative predictive value; PPV, positive predictive value; SA, subjective assessment
§ benign masses classified by IOTA simples rules (supplemented by SA) with CA 25 above the cut-off 23.5 U/mL were considered malignant
(model 5)
§§ malignant masses classified by IOTA simples rules (supplemented by SA) with CA 25 below the cut-off 23.5 U/mL were considered benign
(model 6)

considered malignant, the sensitivity was 95% vs
95.6% and the specificity 78% vs 69.9%, in the origi-
nal and our study, respectively. Comparison of our fin -
dings with studies of other groups is limited. A few
studies have been conducted to test the performance of
the simple rules and to compare it with other ultra-

sound tests, particularly the LR2 model and RMI score.
Alcázar et al. (2013) conducted a prospective external
validation of the IOTA simple rules in a series of 340
masses. The simple rules were applicable in 79.4% of
the tumours. Sensitivity and specificity were 87.9% and
97.5%, respectively. In inconclusive results, the sensi-
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tivity and specificity obtained by the expert examiner
were 90.9% and 89.6%, respectively10. Tantipalakorn
et al. (2014) performed a prospective study using the
IOTA simple rules on a series of 398 adnexal masses.
This model was applicable in 80.1% and the sensiti vity
of the simples rules was 82.9% and specificity 95.3%11.
More recently, Koneczny et al. (2017) compared 
different ultrasound models in 271 masses. Simple
rules were applicable in 87% and had sensitivity of
90.6% with specificity of 95.3%. RMI had a sensitivi-
ty of 55.3% with a specificity of 94%12. In a meta-ana -
lysis study, Meys et al. (2016) analysed 47 prospective
diagnostic studies, including 19 674 adnexal tumours.
The simple rules (classifying inconclusives as mali -
gnant) had a pooled sensitivity and specificity, respec-
tively, of 0.93 [95% CI 0.91-0.95] and 0.80 [95% CI
0.77-0.82]. Simple rules in combination with subjec-
tive assessment for inconclusive results gave only small
differences (sensitivity 0.91 [95% CI 0.89-0.93] and
specificity 0.91 [95% CI 0.87-0.94]). LR2 had com-
parable sensitivity and specificity to the strategy using
simple rules. The RMI showed the worst diagnostic
performance in comparison to other methods (sensi-
tivity 0.75 [95% CI 0.72-0.79], specificity 0.92 [95%
CI 0.88-0.94])13. These results were similar to a previ-
ous systematic review and meta-analysis14 and a recent
prospective study15. The last two studies13,14 also
demonstrated that both IOTA simple rules and IOTA
LR2 model were the best diagnos tic tests, with similar
performance. 

According to our results, the simple rules provide a
accurate test to discriminate between benign and ma-
lignant adnexal lesions. They were applicable in 86.2%
of tumours and the diagnostic performance in terms of
sensitivity was similar to the original IOTA study9 and
others prospective studies included in meta-analy -
sis13,14, but the specificity was slightly lower. When
simple rules are inconclusive, our results and others
studies13,14, show that a subjective assessment of ultra-
sound findings by expert examiners should be inte-
grated18. The score of 4 on vascularisation of tumour
(p = 0.003), the largest tumour diameter greater than
at least 10 cm (p = 0.001) were the ultrasound features
with the highest prognostic power for malignancy. 

In our study, the IOTA LR2 model had the same
diagnos tic accuracy as IOTA simple rules supple-
mented by expert examination in inconclusive tu-
mours (Sensibility LR2 model 91.3% vs IOTA simple
rules 91.3%). The same result was shown in other
studies13,14. 

The RMI classification in this study had a particularly
low sensitivity in the diagnosis of adnexal masses
(73.7% [95% CI 0.88-0.94]), as well as in other sys-
tematic review and meta-analysis13,14. The disadvan-
tage of RMI is that it depends mainly on the level of
serum CA-125, which has a limited value in the 
diagnosis of ovarian cancer, especially in pre-
menopausal women. Various clinical conditions are
associated with an increase in this marker, such as
pregnancy, menses, endometriosis, pelvic inflamma-
tory disease, fibroids and surgery14,16-18. Furthermore,
in early stages of ovarian cancer, CA-125 is not in-
creased. Consequently, in our study this biomarker
(cut-off level 23.5 U/mL) did not improve the diagnos -
tic performance of IOTA simple rules complemented
by subjective assessment. However, it is important to
point out that these results represent ultrasound eva -
luations performed by an experienced ultrasonogra-
pher. We do not know if the same results can be ex-
trapolated to the less experienced ultrasonographers.
This result was similar to Valentin L. et al.’s study,
which considered that an ultrasound examination in-
terpreted by an experienced operator in inconclusive
masses is superior to the complementary analysis with
serum CA-12519. 

The strength of this study is the comparison be-
tween different ultrasound models on a sample of Por-
tuguese patients. The mains limitations were the re-
duced sample size and the retrospective character of
the study. 

In conclusion, our results showed that the IOTA
simple rules and IOTA LR2 model achieve the best
diagnos tic accuracy for differentiating between a be-
nign or malignant adnexal mass. Simple rules are an
easy model to use in clinical practice.  However, in ca -
ses of inconclusive results (in approximately 20%),
subjective assessment of ultrasound findings by expert
examiners should be incorporated . If such expertise
is not available, the LR2 model can be an option. 
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