
82      AJUM August 2012 15 (3) 

Introduction
Subjective assessment using grey scale and colour 
Doppler ultrasonography in the hands of expert 
examiners is the optimal way to characterise 
the nature of an adnexal mass. Optimising 
the diagnostic performance of transvaginal 
ultrasonography by less experienced examiners 
has been attempted many times in the past 
using multimodal scoring systems such as the 
risk of malignancy index (RMI), morphology 
scores or models based on logistic regression 
analysis, neural networks, and support vector 
machines. However, none of these have retained 
their performance when externally validated on 
different patient populations.1–3,4,5,6 Historically, 
no biomarker test or algorithm has reached 
the same accuracy as an expert sonographer.6,7 
An important explanation for this discrepancy 
is that most models were developed on small 
populations derived from single centres, with 
heterogenous tumour populations, and variations 
in the definitions of ultrasound terms used. The 
IOTA collaborative group was set up in 1999 to 
create predictive models that are able to perform 
as well as expert examiners by studying a large 
number of adnexal masses, recruited in different 
centres, using a clearly defined standardised 
ultrasound protocol.8 Agreement on a unified 
approach to describe all possible ultrasound 
variables is a key element to future successful 
implementation of any ultrasound based protocol 
for ovarian pathology.

Main IOTA logistic regression models
In phase 1 of the IOTA study (1999–2002), data 
from 1066 non-pregnant women with at least 
one persistent adnexal mass were collected in 
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nine clinical centres, and split into a training set 
for model development, and a test set for internal 
validation of the models.9 In total, 11 new models 
were created using different techniques (scoring 
systems, logistic regression models, artificial 
neural networks (ANN), and vector machine 
models). We used the logistic regression models 
LR 1 and LR 2 as our main models, since they 
were more straightforward and easy to use, 
compared to our other models. Table 1 shows 
which ultrasound variables were selected for 
use in both models. On internal validation, both 
LR1 and LR2 performed very well with an area 
under the ROC curve (AUC) for the prediction 
of malignancy on the test set of 0. 94 and 0.92, 
respectively.9 Using a risk threshold of 10% to 
predict malignancy, the sensitivity and specificity 
were 93 and 76% for LR1 and 89 and 73% for 
LR2.9

In IOTA phase 2 (2005–2007) a further 
1938 patients from 19 centres were included in 
a validation study.10 On temporal validation, 
using the 941 patients recruited in the original 
development centres LR1 had an AUC of 0.95, 
93% sensitivity and 81% specificity. LR2 had an 
AUC of 0.92, 89% sensitivity and 80% specificity.10

On external validation, using the 997 patients 
recruited by the 12 new centres, LR1 had an 
AUC of 0.96, 92% sensitivity and 86% specificity. 
LR2 had an AUC of 0.95, 92% sensitivity and 
86% specificity.10 An important finding was 
that the performance of the logistic regression 
models LR1 and LR2 on external validation 
was equivalent to subjective assessment by 
gynaecologists and radiologists with a special 
interest in the ultrasound examination of adnexal 
tumours (AUC 0.96, 93% sensitivity, 93% 
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specificity).10 However, it remains to be shown if the excellent 
performance of the models is retained when they are used by 
ultrasound examiners with a different training background or 
more variable levels of expertise. This is the subject of a further 
arm of the IOTA study.

When LR1 and LR 2 were compared to the principal non IOTA 
models including RMI, the IOTA models clearly outperformed 
all other models.11,12 The difference in performance between 
LR1or LR2 and RMI was more pronounced in premenopausal 
than postmenopausal patients.12

Notwithstanding the evidence that exists to the contrary, 
many clinicians confronted with an adnexal mass diagnosed 
using ultrasonography will arrange for laboratory studies to 
be carried out including biomarker analysis (CA-125, human 
epididymis secretory protein-4 (HE-4), OVA-1, and the risk of 
ovarian malignancy algorithm (ROMA)).13

However, the IOTA studies have shown that ultrasonography 
by experienced examiners performs better than serum CA-
125 measurements14 and that incorporating measurements of 
serum CA-125 into logistic regression models15 or adding them 
to subjective assessment by experienced examiners in cases of 
difficult to characterise ovarian masses does not increase test 
performance.16 Furthermore, in a validation study in Leuven, 
both HE-4 nor ROMA were unable to improve on the diagnostic 
performance of measurements of serum CA-125 alone.17

Even in the hands of experienced ultrasound examiners 
almost 10% of all adnexal masses remain difficult or impossible to 
classify.18 When applied in this subgroup of difficult tumours, the 
IOTA logistic regression models do not offer any improvement 
over subjective assessment.19 Future IOTA studies will evaluate 
whether second-stage tests such as three-dimensional power 
Doppler assessment of the vascular tree, the use of ultrasound 
contrast, or proteomics are useful in characterising this cohort 
of difficult tumours.

Simple ultrasound-based rules
The principal aim of the IOTA project has been to develop 
approaches to the evaluation of adnexal pathology using ultrasound 
that can be transferred to all examiners. Creating models that 
use simple, easily reproducible ultrasound characteristics is one 
approach. An analysis of the IOTA study phase 1 data, led to the 
development of a set of simple rules based on the ultrasound 
features of a mass.20 Five ultrasound features to predict malignancy 

(M-features) and five to predict a benign tumour (B-features) 
were identified on the basis of the highest positive predictive 
value (PPV) for malignancy for M-rules and the lowest PPV for 
malignancy for B-rules.20 Using this approach, a mass is classified 
as malignant if one or more M-features apply in the absence of a 
B-feature. A mass is classified as benign if one or more B-features 
apply in the absence of an M-feature. A mass cannot be classified 
if either both M-features and B-features apply, or if no B- or 
M-feature is present. On temporal and external validation using 
the IOTA 2 dataset, the simple rules could be applied in 77% of 
masses.21 The sensitivity and specificity for ovarian cancer were 
92% and 96%, respectively, which was similar to the performance 
of subjective assessment by an experienced operator (91% and 96%, 
respectively). If we used simple rules as a triage test and subjective 
assessment by an experienced examiner to evaluate masses when 
the rules did not apply, an overall sensitivity of 91% and specificity 
of 93% were obtained.21 We believe that any sonographer with 
adequate training should be able to identify ultrasound M- and 
B-features in order to use the “simple rules” and so should be able 
to characterise most ovarian pathology. If there is any doubt about 
the diagnosis, then review by an examiner with a special interest 
in gynaecological ultrasound seems the optimal approach to take. 
This protocol incorporating the initial use of IOTA simple rules 
to classify pathology has now been included in the Royal College 
of Obstetricians and Gynaecologists (RCOG) guidance for the 
evaluation of ovarian pathology in pre-menopausal women.22

Key points
•	 Transvaginal	 ultrasonography	 by	 expert	 examiners	 is	

currently the optimal approach to evaluating an ovarian 
mass.

•	 Measurement	 of	 serum	 CA-125	 does	 not	 enhance	 the	
diagnostic performance of ultrasonography in the hands of 
experienced examiners.

•	 Neither	HE-4	nor	ROMA	improve	on	the	diagnostic	accuracy	
of measurements of serum CA-125 alone.

•	 The	logistic	regression	models	LR1	and	LR2	can	be	applied	to	
all adnexal masses and will provide a reliable classification in 
most cases.

•	 Both	 LR	 1	 and	 LR	 2	 perform	 significantly	 better	 than	
the RMI. Furthermore, they provide the clinician with a 
percentage risk of cancer instead of a simple positive or 
negative diagnosis.

Reference Type of model Variables used Cutoff
LR 1 (18) Logistic regression (1) personal history of ovarian cancer, (2) current use of hormonal therapy, (3) 

age, (4) maximal diameter of the lesion, (5) pain, (6) ascites, (7) blood flow within 
papillary projection, (8) solid tumor, (9) maximal diameter of the largest solid 
component (bounded at 50 mm), (10) irregular internal cyst walls, (11) acoustic 
shadows, and (12)  color score of intratumoral blood flow

10%

LR 2 (18) Logistic regression (1) Age, (2) ascites, (3) blood flow within a solid papillary projection, (4) maximal 
diameter of the largest solid component (bounded at 50 mm), (5) irregular internal 
cyst walls, (6) acoustic shadows

10%

Reprinted with permission from Van Holsbeke C, Van Calster B, Testa AC, et al. Clin Cancer Res 2009;15: 684–691.

Table 1: Main IOTA models.
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Features for predicting a malignant tumor (M-features) Features for predicting a benign tumor (B-features)

 M1: Irregular solid 
tumour

B1: Unilocular

 M2: Presence of 
ascites

B2: Presence of solid 
components where 
the largest solid 
component has a 
largest diameter  
< 7 mm

 M3: At least four 
papillary structures

B3: Presence of 
acoustic shadows

 M4: Irregular 
multilocular solid 
tumour with largest 
diameter ≥100 mm

B4: Smooth 
multilocular tumour 
with largest diameter 
< 100 mm

  M5: Very strong blood 
flow (colour score 4)

B5: No blood flow 
(colour score 1) (the 
external iliac vein is 
visualised next to the 
ovary)

Simple rules:
• If one or more M-features apply in the absence of a B-feature, the mass is classified as malignant.
• If one or more B-features apply in the absence of an M-feature, the mass is classified as benign.
• If both M-features and B-features apply, the mass cannot be classified.  If no feature applies, the mass cannot be classified.

Table 2: Simple rules for identifying a benign or malignant tumour.

Kaijser, et al.
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•	 Ultrasound	based	“simple	rules”	do	not	require	a	computer	
for their use and have been shown to have the same test 
performance as subjective assessment by expert examiners 
in masses where the rules can be applied. They have been 
externally validated in 1983 women from 19 ultrasound 
centres in eight countries.

•	 Current	 evidence	 suggests	 that	 using	 the	 IOTA	 simple	
rules as a triage test, gives the best diagnostic performance 
and most straightforward approach to characterising most 
ovarian pathology.

•	 In	cases	where	simple	rules	cannot	be	applied	patients	should	
be referred to a specialist in gynaecological ultrasound. An 
algorithm, based on this approach, which can be used in 
clinical centres to evaluate women with adnexal pathology is 
shown in Figure 1.
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Figure 1: An algorithm for 
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