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Abstract Introduction: Many national guidelines concerning the management of ovarian

cancer currently advocate the risk of malignancy index (RMI) to characterise ovarian pathol-

ogy. However, other methods, such as subjective assessment, International Ovarian Tumour

Analysis (IOTA) simple ultrasound-based rules (simple rules) and IOTA logistic regression

model 2 (LR2) seem to be superior to the RMI.

Our objective was to compare the diagnostic accuracy of subjective assessment, simple rules,

LR2 and RMI for differentiating benign from malignant adnexal masses prior to surgery.

Materials and methods: MEDLINE, EMBASE and CENTRAL were searched (January 1990

eAugust 2015). Eligibility criteria were prospective diagnostic studies designed to preopera-

tively predict ovarian cancer in women with an adnexal mass.

Results: We analysed 47 articles, enrolling 19,674 adnexal tumours; 13,953 (70.9%) benign and

5721 (29.1%) malignant. Subjective assessment by experts performed best with a pooled
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sensitivity of 0.93 (95% confidence interval [CI] 0.92e0.95) and specificity of 0.89 (95% CI 0.86

e0.92). Simple rules (classifying inconclusives as malignant) (sensitivity 0.93 [95% CI 0.91

e0.95] and specificity 0.80 [95% CI 0.77e0.82]) and LR2 (sensitivity 0.93 [95% CI 0.89

e0.95] and specificity 0.84 [95% CI 0.78e0.89]) outperformed RMI (sensitivity 0.75 [95%

CI 0.72e0.79], specificity 0.92 [95% CI 0.88e0.94]). A two-step strategy using simple rules,

when inconclusive added by subjective assessment, matched test performance of subjective

assessment by expert examiners (sensitivity 0.91 [95% CI 0.89e0.93] and specificity 0.91

[95% CI 0.87e0.94]).
Conclusions: A two-step strategy of simple rules with subjective assessment for inconclusive

tumours yielded best results and matched test performance of expert ultrasound examiners.

The LR2 model can be used as an alternative if an expert is not available.

ª 2016 Elsevier Ltd. All rights reserved.

1. Introduction

1.1. Rationale and objectives

In order to ensure that ovarian cancer patients receive

appropriate treatment, an accurate characterisation of

any adnexal mass that needs surgery is pivotal to

improve the outcome of this disease. Subjective assess-

ment by experienced examiners, also called ‘pattern

recognition’, is generally accepted to be the best way to
classify adnexal masses prior to surgery. Several indi-

vidual reports have demonstrated that subjective

assessment is superior to the use of scoring systems and

mathematical models, such as International Ovarian

Tumour Analysis (IOTA) simple ultrasound-based rules

(simple rules), IOTA logistic regression model 2 (LR2)

or the risk of malignancy index (RMI) [1e4]. However,

both LR2 and simple rules closely approximate the
performance of subjective assessment by expert exam-

iners [5,6]. An advantage of these models over subjective

assessment is their objectivity and simplicity which

facilitates their use by ultrasonographers with different

backgrounds and various levels of experience [7e10].

Despite accumulating and compelling evidence in

favour of both subjective assessment and the

ultrasound-based models such as simple rules and LR2,
many national guidelines concerning the management

of ovarian masses still advocate the use of RMI in the

classification of adnexal masses. Consequently, the RMI

is still the most commonly used model in clinical

practice.

Several reviews have critically appraised the evidence

relating to this subject [5,6,11e16]. However, none of

these has provided a meta-analysis on the test perfor-
mance of subjective assessment of adnexal tumours,

while in general this method is considered the most

accurate way to distinguish benign from malignant

adnexal tumours. The aim of this meta-analysis was to

compare the diagnostic accuracy of subjective assess-

ment, simple rules, LR2 and RMI for the pre-operative

differentiation of benign and malignant adnexal

masses.

2. Methods

2.1. Protocol and registration

All methods described in this manuscript were deter-

mined in advance and recorded in a study protocol
(Prospero CRD42013004334, http://www.crd.york.ac.

uk/PROSPERO). The conduct of this systematic

review and meta-analysis was done in accordance with

prevailing guidelines (http://www.prisma-statement.org

and http://srdta.cochrane.org/handbook-dta-reviews).-

2.2. Eligibility criteria

Eligible studies had to evaluate diagnostic accuracy of

subjective assessment, simple rules, LR2 and/or RMI for

the characterisation of adnexal tumours in women

scheduled for surgery (in order to obtain a final histo-

logical diagnosis). Regarding subjective assessment,
studies were only eligible when the diagnosis of the

tumour was based purely on the ultrasonographic inter-

pretation of the examiner (whether or not complemented

with clinical information, such as medical history).

The simple rules comprise two strategies; simple rules

supplemented with subjective assessment in case the

simple rules could not be applied, or classification of all

masses in which simple rules could not be applied as
malignant [17]. Studies evaluating either of these stra-

tegies or both were eligible.

Three principal variants of the RMI have been

described (RMI-I, II and III) which differ according to

points attributed to the different ultrasound variables and

the menopausal status of the patient [18e20]. All studies

regardingoneormoreof these three versionswere eligible.

Furthermore, eligible studies had to contain sufficient
data to extract 2 � 2 contingency tables of diagnostic

test performance.
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