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ABSTRACT

In order to ensure that ovarian cancer patients access
appropriate treatment to improve the outcome of this
disease, accurate characterization before any surgery
on ovarian pathology is essential. The International
Ovarian Tumor Analysis (IOTA) collaboration has
standardized the approach to the ultrasound description
of adnexal pathology. A prospectively collected large
database enabled previously developed prediction models
like the risk of malignancy index (RMI) to be
tested and novel prediction models to be developed
and externally wvalidated in order to determine the
optimal approach to characterize adnexal pathology
preoperatively. The main IOTA prediction models
(logistic regression model 1 (LR1) and logistic regression
model 2 (LR2)) have both shown excellent diagnostic
performance (area under the curve (AUC) values of
0.96 and 0.95, respectively) and outperform previous
diagnostic algorithms. Their test performance almost
matches subjective assessment by experienced examiners,
which is accepted to be the best way to classify
adnexal masses before surgery. A two-step strategy using
the IOTA simple rules supplemented with subjective
assessment of ultrasound findings when the rules do
not apply, also reached excellent diagnostic performance
(sensitivity 90%, specificity 93%) and misclassified fewer
malignancies than did the RMI. An evidence-based
approach to the preoperative characterization of ovarian
and other adnexal masses should include the use of LR1,
LR2 or IOTA simple rules and subjective assessment by
an experienced examiner. Copyright © 2013 ISUOG.
Published by John Wiley & Sons, Ltd.

BACKGROUND

Correctly discriminating between benign or malignant
adnexal masses is the essential starting point for optimal
management. Most women with an adnexal mass
do not have cancer'. Identifying women with benign
pathology is important in order to avoid unnecessary
morbidity as well as unnecessary costs’>. Conversely,
recognizing cancer means that treatment is not delayed
and appropriate staging can be carried out in specialized
surgical centers® ™.

To characterize ovarian pathology as benign or malig-
nant, biomarkers or various prediction models have been
used to try to optimize diagnostic accuracy. These include
simple scores based on the morphological appearance of
a mass using ultrasonography’~!'; an index including
information on serum CA 125 levels, menopausal status
and ultrasound findings (the risk of malignancy index
(RMI))'2; and more advanced mathematical models using
logistic regression'3, neural networks'* and other com-
plex computational approaches!’.

The RMI'? remains the most widely used prediction
model for characterizing ovarian pathology in many
countries. Although the RMI is based on several
ultrasound markers, the serum CA 125 level heavily
influences the predictions. A systematic review in 2009
concluded that the RMI was the best available test to
triage patients with ovarian tumors for referral to tertiary
oncology units'®.

In the USA, the American College of Obstetricians and
Gynecologists (ACOG) guidelines for selecting patients
for referral to a gynecologic oncology center rely on
the use of biomarkers. However, although useful for
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predicting advanced-stage ovarian cancer, the ACOG
protocol performs poorly for the detection of early-stage
disease and in the subgroup of premenopausal women'”.
When the multivariate biomarker assay, OVA-1, was
incorporated instead of serum CA 125 into these referral
guidelines'®, the false-positive rate reached unacceptably
high levels'”.

Several prediction models, other than those discussed
above, have been developed with the aim of improving
preoperative diagnostic tests for ovarian cancer. Most
did not retain their original accuracy when subjected
to external validation!®?°=2% This can be explained
by the relatively small sample size of most studies in
which models were developed, the use of single-center
populations for model development, the heterogeneity
of the tumors studied, variations in the definitions of
ultrasound terms used and a lack of consistency regarding
the reporting of histological findings. To minimize these
shortcomings and to develop robust rules and prediction
models that can be used by different examiners in
various clinical settings, the International Ovarian Tumor
Analysis (IOTA) study was established.

AIM OF THE IOTA STUDIES

The principal IOTA investigators set out to study
a large cohort of patients with a persistent adnexal
mass in different clinical centers, using a standardized
ultrasound protocol?’. The primary aim of the study
was to develop rules and models to characterize ovarian
pathology and subsequently to demonstrate their utility
by both temporal and external validation in the hands
of examiners with different levels of ultrasound expertise.
Other aims related to the different IOTA projects included
establishing the role of measurements of CA 125 and
other serum tumor markers for diagnosis, and developing
a better understanding of the characteristics of ovarian
tumors difficult to classify as benign or malignant using
ultrasound. Both a strength and a limitation of the
early IOTA phases is that final histology is required for
inclusion. This is common to the majority of studies
seeking to characterize ovarian pathology. An important
ongoing phase for IOTA is studying the long-term
behavior of adnexal masses characterized as benign
in order to validate IOTA models or rules also in
patients in whom surgery is not performed (Figure 1).

DEVELOPMENT AND PERFORMANCE OF
PREDICTIVE MODELS

The first step was to agree on standardized terms
and definitions that could be used to describe adnexal
pathology. These were published in 2000%°. Subsequently,
in Phase 1 of the study (1999-2002), ultrasound data
from 1066 non-pregnant women with at least one
persistent adnexal mass were collected from nine clinical
centers in five countries. A training set of 754 patients
(70.7%) was used for model development, and a test

Copyright © 2013 ISUOG. Published by John Wiley & Sons, Ltd.
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o Model development and internal validation (7 = 1066)
¢ Role of CA 125 in diagnosing ovarian cancer

IOTA 1
1999-2002

e Temporal validation (7 = 507) of main IOTA approaches

I0TA 1b (LR1, LR2, simple rules)

2002-2005

¢ External validation of main IOTA models and direct
comparison with RMI and established non-IOTA models
(n=997

e Role of CA 125 in diagnosing ovarian cancer

IOTA 2
2005-2007

o Assessment of second-stage tests (3D power Doppler,
intravenous contrast, proteomics, new tumor markers)

IOTA 3
2009-2012

o Performance of main IOTA approaches in the hands of
examiners with different levels of ultrasound experience

« Evaluation of impact on referral patterns using LR2
instead of RMI

IOTA 4
2012-2013

o Long-term behavior of ovarian masses managed
expectantly

e Propose an evidence-based clinical management
protocol for all adnexal masses

I0TA S
2012-2017

Figure 1 Objectives of the different phases of the International
Ovarian Tumor Analysis (IOTA) study. 3D, three dimensional;
LR1, logistic regression model 1; LR2, logistic regression model 2;
RMI, risk of malignancy index.

set containing the remaining 312 patients was used for
internal validation of the models?®.

Between 2002 and 2005 (IOTA Phase 1b), we
recruited 507 new consecutive patients, at three centers
participating in Phase 1, for prospective temporal
validation of the models that seemed to perform best on
internal validation in Phase 127. The aim of IOTA Phase 2
(2005-2007) was to externally validate the models. This
involved the recruitment of a further 997 patients in 12
new centers that did not take part in Phase 1, and of
941 patients in seven centers from Phase 1 for further
temporal validation (Figure 1)2%2°.

Initially, 11 prediction models were derived from the
IOTA 1 dataset. Scoring systems, simple ultrasound
rules, logistic regression analysis, artificial neural net-
works (ANN) and kernel methods, such as support vec-
tor machine models, were developed?6-30=33, We found
that more complex statistical modeling did not improve
test performance appreciably in comparison with more
simple statistical approaches, such as logistic regression?”.
Accordingly we designated two relatively simple logistic
regression models (logistic regression model 1 (LR1) and
logistic regression model 2 (LR2)) as our principal models.
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Table 1 Diagnostic performance of the main predictive models and rules for discrimination between benign and malignant adnexal masses
derived by the International Ovarian Tumor Analysis (IOTA) study and of the risk of malignancy index (RMI)

IOTA Sensitivity Specificity

Model or rules phase Type of validation n (%) (%) LR+ LR- DOR AUC
LR1 (cut-off 10%) 1 Development data®® 754 93 77 4.01 0.10 42.1 0.95
1 Internal (test set)2® 312 93 76 3.81 0.09 45.6 0.94

1b Temporal?” 507 95 74 3.68 0.07 55.8 0.95

2 Temporal2$2? 941 93 81 4.77 0.09 528  0.94

2 External?$:% 997 92 87 6.84 0.09 75.7 0.96

LR2 (cut-off 10%) 1 Development data2® 754 92 75 3.71 0.10 35.5 0.93
1 Internal (test set)?® 312 89 73 3.36 0.15 23.1 0.92

1b Temporal®’ 507 95 74 3.64 0.07 55.0 0.95

2 Temporal?$%° 941 89 80 4.42 0.14 32.7 0.92

2 External?$- 997 92 86 6.36 0.10 66.1 0.95

Simple rules with 1 Development data3? 1066 91 90 8.84 0.10 84.4 N/A
subjective expert 1b Temporal®? 507 92 90 9.08 0.09 106 N/A
assessment™ 2 Temporal3” 941 92 93 12.28 0.09 142 N/A

2 External3” 997 90 93 12.63 0.11 120 N/A

Subjective expert 1 N/A 1066 88 95 18.52 0.13 147 N/A
assessment 1b N/A 507 90 93 12.63 0.11 120 N/A

2 N/A 941 93 93 14.15 0.07 190 N/A

2 N/A 997 87 92 11.00 0.14 80.7 N/A

RMIt (cut-off 200) 2 External?® 997 67 95 12.7 034 368 0.91

*Results are shown for simple rules supplemented with subjective assessment of ultrasound findings when the rules did not apply. TMissing
values for CA 125 were handled using multiple imputation, and missing values for metastases were handled as explained in our external
validation study?®. AUC, area under the receiver—operating characteristics curve; DOR, diagnostic odds ratio; LR1, IOTA logistic regression
model 1; LR2, IOTA logistic regression model 2; LR+, positive likelihood ratio; LR—, negative likelihood ratio; N/A, not applicable.

LR1 included 12, and LR2 included six, demographic and
ultrasound variables. The 12 variables used in LR1 were:
(1) personal history of ovarian cancer; (2) current hor-
monal therapy; (3) age of the patient; (4) maximum diam-
eter of the lesion; (5) pain during examination; (6) ascites;
(7) blood flow within a solid papillary projection; (8) a
purely solid tumor; (9) the maximum diameter of the solid
component; (10) irregular internal cyst walls; (11) acous-
tic shadows; and (12) color score. The six variables in LR2
were: (1) age; (2) ascites; (3) blood flow within a solid
papillary projection; (4) maximal diameter of the solid
component; (5) irregular internal cyst walls; and (6) acous-
tic shadows. Any qualified ultrasound examiner scanning
women with adnexal masses should be able to retrieve
information on the variables required for both models.

Both models had excellent diagnostic performance on
both the training and test data?® and retained their
accuracy at prospective temporal validation in three
clinical centers using the IOTA 1b dataset (Table 1)%’. In
the IOTA study we have emphasized that good sensitivity
is more important than specificity. However, interpreting
indices of diagnostic performance is dependent upon the
prevalence of pathology in the studied population. In the
IOTA study, the overall prevalence of cancer was 28%,
which implies that at a fixed specificity level of 75% with
a sensitivity of 90%, for every five patients who undergo
surgery for a presumed malignant mass only two will have
a benign histology.

A problem with diagnostic models is that they are prone
to produce good results on the populations on which
they were developed. Therefore, a crucial step before
incorporating any diagnostic test or prediction model
into clinical practice is establishing whether they work

Copyright © 2013 ISUOG. Published by John Wiley & Sons, Ltd.

in different patient populations and in different clinical
settings. This involves external validation in centers
unrelated to those in which the tests were developed3*+33,

Phase 2 of the IOTA project (2005-2007) was designed
to externally validate LR1 and LR2 and to compare their
test performance with the RMI and other previously pub-
lished non-IOTA models?®. A useful tool to evaluate test
performance is to construct receiver—operating character-
istics (ROC) curves and to compare the area under the
curve (AUC) for different diagnostic tests. The advantage
of this approach is that the AUC is independent of the cut-
off value applied and is therefore a more useful description
of how a test performs. Using a risk threshold of 10%,
LR1 outperformed other tests, such as RMI, for estimating
the risk of malignancy in an ovarian mass, with an AUC of
0.96 (95% CI, 0.94-0.97) and sensitivity and specificity
of 92% and 87%, respectively. LR2 achieved an AUC of
0.95, sensitivity of 92% and specificity of 86% using the
same 10% risk threshold. In contrast, the RMI achieved
an AUC of 0.91, sensitivity of 67 % and specificity of 95%
(Table 1). The adopted risk-threshold of 10% means that
a tumor predicted by the model as having a risk of 10% or
more should be classified as malignant. Altering the risk
threshold according to personal preference affects test per-
formance. If a 5% risk of malignancy is considered more
appropriate, the sensitivity for cancer would increase but
at the expense of increasing the false-positive rate.

The ROC curves for LR1, LR2, RMI and serum CA 125
for both premenopausal and postmenopausal women are
shown in Figure 2. Figure 2a demonstrates an important
diagnostic advantage for both LR1 and LR2 for character-
izing adnexal tumors in premenopausal patients compared
with the current reference test RMI or using CA 125 alone.

Ultrasound Obstet Gynecol 2013; 41: 9-20.
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The difference in AUC between LR1 and LR2 was small,
irrespective of menopausal status, and this small differ-
ence is unlikely to be of clinical importance. This implies
that a model with only six variables (LR2) has diagnostic
performance very similar to one using 12 variables (LR1).
The lower number of variables needed for LR2 and its
excellent test performance may lead to clinicians favoring
the use of LR2 over LR1 in clinical practice.

In postmenopausal patients (Figure 2b), there is little
difference in diagnostic performance between the main
IOTA models and RMI. However, the ultrasound-based
models have the advantage of offering an instant
diagnosis.

The performance of any test for the detection of primary
Stage I disease is of particular interest, because treatment
for early-stage disease is associated with high survival
rates. For Stage I tumors, we found that the logistic
regression models had a higher detection rate than the
RMI?8. The LR2 missed fewer malignancies of any kind
than did the RMI or CA 125 alone when applying their
cut-off points most often used clinically. Table 2 shows
the number and types of malignancies that were missed
by LR2, RMI and serum CA 125. Of course, the number
of false negatives depends on the cut-off adopted.

We have retrospectively compared the RMlI-based
triage system advocated by the Royal College of
Obstetricians and Gynaecologists (RCOG) with an IOTA-
based alternative protocol using LR2. The IOTA protocol
classified women as being at high risk if the estimated
probability of malignancy according to LR2 was at
least 25%, at low risk if the estimated probability was
below 5% and at intermediate risk if the estimated
probability was at least 5% but less than 25%3°.
This analysis suggests that if implemented, the IOTA
alternative is likely to be better at avoiding unnecessary
surgery or unnecessarily extensive surgery in benign
disease whilst selecting more patients with cancer for
appropriate referral to an oncological surgeon than the
RCOG system?3®. This result held true, irrespective of the
menopausal status of the patients and the type of unit in
which the patient was examined3®.

DEVELOPMENT, VALIDATION AND ROLE
OF THE SIMPLE ULTRASOUND-BASED
RULES

Subjective assessment of ultrasound images by expe-
rienced clinicians is the best way of characterizing
ovarian pathology?*. Many adnexal masses have a
typical ultrasound appearance and will therefore be
instantly correctly classified even by relatively inexpe-
rienced ultrasound examiners. To take this idea forward
we established simple rules based on a number of clearly
defined ultrasound features that can guide examiners with-
out the need for a computer?. Using these simple rules
no risk estimates are produced, but tumors are classified
as benign, malignant or unclassifiable.

The simple rules consist of five ultrasound features
of malignancy (M-features) and five ultrasound features

Copyright © 2013 ISUOG. Published by John Wiley & Sons, Ltd.
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Figure 2 Receiver—operating characteristics (ROC) curves of the
International Ovarian Tumor Analysis (IOTA) logistic regression
model 1 (LR1; .......... ), IOTA logistic regression model 2 (LR2;

), risk of malignancy index (RMI; — — —) and CA 12§
(—-—) for premenopausal (a) and postmenopausal (b) patients
using pooled data (n=2757) from IOTA Phases 1, 1b and 2,
excluding patients derived from our training set (n =754). Missing
values for CA 125 were handled using multiple imputation, and
missing values for metastases were handled as explained in our
external validation study?®. (a) Area under the ROC curve (AUC)
of LR1, 0.945 (95% CI, 0.928-0.959); LR2, 0.922 (95% CI,
0.901-0.940); RML, 0.865 (95% CI, 0.827-0.896); and CA 125,
0.741 (95% CI, 0.701-0.777). (b) AUC of LR1, 0.928 (95% ClI,
0.910-0.942); LR2, 0.915 (95% CI, 0.895-0.931); RMI, 0.909
(95% CI, 0.889-0.926); and CA 125, 0.886 (95% CI, 0.862—
0.906).

suggestive of a benign mass (B-features). These features
with corresponding ultrasound images are presented in
Figure 3. A mass is classified as malignant if at least one
M-feature and none of the B-features are present, and
vice versa32. If no B- or M-features are present, or if both
B- and M-features are present, then the rules are con-
sidered inconclusive (unclassifiable mass) and a different

Ultrasound Obstet Gynecol 2013; 41: 9-20.
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Table 2 False-negative test results with regard to malignancy for logistic regression model 2 (LR2), the simple rules combined with
subjective assessment, risk of malignancy index (RMI) and CA 125 when applying them to International Ovarian Tumor Analysis (IOTA)

Phase 1b and Phase 2 data (nz=24435)

False negative (n (%))

Invasive Invasive All

Stage I*  Stage II-1V+ Borderline  Metastatic ~ malignancies
Classification approach (n=122) (n=354) (n=131) (n=78) (n=685)
LR2, 10% risk threshold 9 (7.4) 13 (3.7) 33 (25.2) 4(5.1) 59 (8.6)
Simple rules combined with subjective assessment} 12 (9.8) 17 (4.8) 26 (19.8) 4(5.1) 59 (8.6)
RMI, threshold 200 58 (47.5) 38 (10.7) 87 (66.4) 29 (37.2) 212 (30.9)
CA 125, thresholds 65 IU/L and 35 IU/L for pre- and 55 (45.1) 31(8.8) 77(58.8) 26 (33.3) 189 (27.6)

postmenopausal patients

*Includes rare primary invasive Stage I tumors. tIncludes rare primary invasive Stage [I-IV tumors. $Results are shown for simple rules
supplemented with subjective assessment of ultrasound findings when the rules did not apply. Missing values for CA 125 were handled using
multiple imputation, and missing values for metastases were handled as explained in our external validation study?®.

diagnostic method should be used. The simple rules were
temporally and externally validated using the [OTA Phase
2 dataset of 1938 patients®’. The rules could be applied to
77% of ovarian tumors. The simple rules classify tumors
as benign, inconclusive or malignant. These three possible
outcomes enable the construction of an ROC curve,
which facilitates comparison with the prediction models
LR1 and LR2. When we do this using the IOTA Phase
1b and 2 datasets (Figure 4), the performance of LR1,
LR2 and simple rules are similar. We suggest subjective
assessment by an experienced examiner as a second-stage
test for cases where the simple rules yielded an inconclu-
sive result. On external validation, this two-step strategy
reached a sensitivity of 90% and a specificity of 93%
to detect ovarian malignancy (Table 1)37. Moreover, the
simple rules combined with subjective assessment when
the rules did not apply misclassified fewer Stage I ovarian
malignancies than did RMI and measurement of serum
CA 125 (Table 2). In 2011 the RCOG included the simple
rules in their guideline for evaluating ovarian pathology in
premenopausal women3®. However, in postmenopausal
patients, serum CA 125 may play a role as a second-stage
test, especially in centers with less-experienced ultrasound
examiners. This hypothesis is currently being tested as
part of the ongoing IOTA 4 project.

AN INTUITIVE APPROACH TO
ULTRASOUND CHARACTERIZATION:
THE USE OF ‘INSTANT’ DESCRIPTORS

An important learning point from the IOTA study
is that almost half of ovarian masses have features
that enable them to be characterized relatively easily
(43% of the masses from Phases 1, 1b and 2). For
example, ‘typical’ dermoid cysts, ‘typical’ endometriomas
and late-stage ovarian cancer have very characteristic
ultrasound features that should be recognized almost
instantly by any ultrasound examiner. We retrospectively
defined six ‘easy descriptors’>® that should enable an
examiner to make an ‘instant’ diagnosis of an ovarian
mass without needing to use models, second-stage tests
or seek a second opinion: four described features of

Copyright © 2013 ISUOG. Published by John Wiley & Sons, Ltd.

common benign tumors, whilst two described features
of malignancies (Figure 5).

When applied retrospectively to IOTA data, each one
of these six descriptors had excellent diagnostic accuracy
to predict whether a mass was benign or malignant. For
the masses to which the descriptors could be applied,
they had a sensitivity of 98% and a specificity of 97%3°.
If none of the six descriptors could be used, or if both
a descriptor of a benign and a malignant mass were
applicable, we considered the diagnosis as ‘non-instant’. In
clinical practice, a second-stage test or an expert opinion is
needed only for tumors where an instant diagnosis cannot
be made. As a second-stage test for such masses, we
retrospectively applied our previously developed simple
rules with real-time subjective assessment by an expert
examiner as a third step, when the simple rules could
not be applied. This protocol gave a sensitivity of 92%
and a specificity of 92% when retrospectively applied on
all 1938 patients from IOTA Phase 2. It detected more
ovarian cancers than if expert ultrasonography alone had
been used in the whole study cohort, without increasing
the false-positive rate (sensitivity and specificity of expert
ultrasonography = 90% and 93%)3°. Clearly, prospective
external validation is needed before we can suggest
incorporation of this approach into clinical protocols.

RELEVANCE OF BIOMARKERS (CA 125
AND HUMAN EPIDIDYMIS SECRETORY
PROTEIN-4) AND RISK OF OVARIAN
MALIGNANCY ALGORITHM

The role of biomarkers, and in particular CA 128,
in the diagnosis of ovarian cancer is controversial.
Although widely used as part of the assessment of
ovarian pathology, the results of the IOTA study suggest
that measurements of serum CA 125 have a limited
role in characterizing ovarian pathology, especially in
premenopausal women*’. Incorporating serum CA 125
measurements into logistic regression models has no sig-
nificant impact on performance of the model for women
of any age*’. Moreover, when subjective assessment by
an experienced ultrasound examiner was compared with

Ultrasound Obstet Gynecol 2013; 41: 9-20.
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B2: Presence of solid components,
with largest diameter < 7 mm B

-

S e v
B4: Smooth multilocular tumor, with
largest diameter < 100 mm

- M4: Irregular multilocular solid tumor
with largest diameter > 100 mm

Figure 3 Ultrasound features used in the International Ovarian
Tumor Analysis (IOTA) simple rules, illustrated by ultrasound
images. B1-BS, benign features; M1-MJ5, malignant features.

serum CA 125 for discrimination between benign and
malignant adnexal masses in the IOTA 1 dataset, subjec-
tive assessment performed significantly better*!. This was
independent of menopausal status, the specific histologi-
cal diagnosis and the serum CA 125 cut-off level used. We
have also shown that adding information on the serum CA
125 level to subjective assessment of ultrasound findings
does not improve the diagnostic performance of experi-
enced ultrasound examiners, irrespective of the diagnostic
confidence of the examiner*?. Upon further scrutiny,
we found that single fixed cut-off values for serum CA
125 levels can reliably discriminate only between Stage
[I-1V invasive tumors and benign tumors that are not an
abscess or endometrioma*3. For all other types of tumor,
serum CA 125 values overlap considerably.

Copyright © 2013 ISUOG. Published by John Wiley & Sons, Ltd.
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Figure 4 Receiver—operating characteristics (ROC) curves for
logistic regression model 1 (LR1; ) and logistic regression
model 2 (LR2; ), with ROC points for the simple rules
superimposed. The red (simple rules: benign/inconclusive vs
malignant) and green (simple rules: benign vs
inconclusive/malignant) ROC points represent situations in which
the ‘inconclusive tumors’ are classified as either benign or
malignant, respectively. The results were obtained using pooled
data (7 =2445) from International Ovarian Tumor Analysis
(IOTA) Phases 1b and 2 (7 =2445).

BD1: Unilocular tumor with ground 1028 Whnile:gullew nasimorr voiido mikied

glass echogenicity in premenopausal
woman (suggestive of endometrioma)

echogenicity and acoustic shadows in
premenopausal woman (suggestive
of benign cystic teratoma)

BD3: Unilocular tumor with regular
walls and largest diameter < 10 cm
(suggestive of simple cyst or cystadenoma)

- —

BD4: Remaining unilocular tumor with
regular walls

Figure 5 International Ovarian Tumor Analysis (IOTA) ‘easy
descriptors’ illustrated by ultrasound images. BD1-BD4, benign
descriptors; MD1-MD2, malignant descriptors.

On the other hand, if malignancy is suspected,
preoperative measurement of the serum CA 125 level
may be useful for postoperative follow up using serum

Ultrasound Obstet Gynecol 2013; 41: 9-20.
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CA 125 as a biomarker to detect progression during
chemotherapy**.

A great deal of research has been carried out to identify
new biomarkers that can be used together with, or instead
of, CA 125. Human epididymis secretory protein-4 (HE4)
was found to be complementary to CA 125 for the
detection of malignant disease. An initial report suggested
that combining these two biomarkers increased overall
sensitivity and specificity compared with the use of a
single biomarker®’. Based on these preliminary findings,
HE4 was combined with CA 125 and menopausal status
to form the Risk of Ovarian Malignancy Algorithm
(ROMA)?*. This algorithm showed significantly higher
sensitivity for epithelial ovarian cancer than did the
original RMI at a fixed specificity level of 75%%.
Numerous studies have validated this new diagnostic
method with contradicting results. Some reports have
confirmed the accuracy of ROMA*732, whilst others
have found that ROMA did not outperform established
diagnostic tests that incorporate CA 125 or HE4 for
detection of cancer in an ovarian mass’37%. In a
study by Van Gorp et al’®, which used data from
the IOTA database, it was demonstrated that expert
subjective assessment of ultrasound findings was superior
to ROMA for distinguishing benign from malignant
adnexal masses.

FUTURE DIRECTIONS FOR THE IOTA
PROJECT

Predicting subtypes of ovarian malignancy: use of
polytomous models

Most ultrasound-based prediction models used in clin-
ical practice have a dichotomous outcome (i.e. can-
cer or no cancer). However, different subtypes of
malignancy (metastatic, primary invasive or borderline
malignancy) are managed differently with implications
in relation to type of surgery, length of hospitaliza-
tion and financial cost. To achieve a more fine-tuned
categorization, we developed polytomous (or multi-
class) prediction models using logistic regression on the
IOTA Phase 1 data to characterize ovarian pathology
as benign, borderline malignant, primary invasive or
metastatic>’. The polytomous model had a test per-
formance (AUC=0.95) similar to that of LR1 and
LR2 for discriminating between benign and malig-
nant adnexal masses. In addition, the model was able
to distinguish benign tumors from borderline, pri-
mary invasive and metastatic tumors (AUCs of 0.91,
0.95 and 0.93, respectively). These data are promis-
ing, but temporal and external validation revealed that
the polytomous model could not discriminate between
primary and metastatic invasive tumors®’. To address
this limitation we are now focusing on developing
more robust multiclass models using a larger dataset
(IOTA 1, 1b and 2). We aim to also differentiate
between Stage I and Stage II-IV primary invasive
malignancies.

Copyright © 2013 ISUOG. Published by John Wiley & Sons, Ltd.
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Presentation of results of risk prediction models to
facilitate interpretation

Two main approaches for the prediction of malignancy
have emerged from the IOTA study. The first uses math-
ematical models that provide risk estimates. However, it
is not straightforward to understand exactly how math-
ematical models work to obtain risk estimates. This is
particularly the case when advanced state-of-the-art algo-
rithms (e.g. support vector machines) are used, but even in
the case of a logistic regression prediction model a detailed
understanding is difficult. The second approach is based
on simple rules. Such rules are appealing to clinicians
as their working mechanism is clearer. However, such
rule-based approaches are more susceptible to oversimpli-
fication, even though validation demonstrated very good
test performance for adnexal mass characterization’”.

Using the IOTA dataset as a case study, we combined
the advantages of advanced risk modeling techniques
with the interpretability and attractiveness of simple
scoring systems into the novel Interval Coded Scoring
(ICS) system methodology for the development of scoring
systems>®. The ICS system combines elements from state-
of-the-art techniques such as support vector machines,
splines and L; regularization®® but presents the results
as color bars that are easy to interpret. The ICS
can be implemented in software packages, smartphone
applications or on paper, which could be useful for
bedside medicines®®. The color-based representation is
suitable for increasing interpretability by both the patient
and the doctor, and might improve informed and shared
decision making®%¢!. Although highly promising, the ICS
method should be successfully applied to several different
diagnostic problems in order to demonstrate its ability
to combine good performance with interpretability and
user-friendliness.

Assessment of second-stage tests

In IOTA Phase 3 (2009-2012) we focus on improving
diagnosis in ‘difficult adnexal tumors’®>%3 by adding
second-stage tests to conventional gray-scale and Doppler
ultrasound. These include evaluation of the vascular tree
of tumors using three-dimensional power Doppler®* and
novel biomarkers, such as HE-4.

Performance of IOTA rules and models in the hands of
examiners with different training and levels of
experience

In a validation study, Nunes et al.® demonstrated that
LR2 retains its diagnostic performance (AUC=0.93) in
the hands of a less-experienced operator. In IOTA Phase
4 (2012-2013), we will evaluate the performance of the
IOTA model LR2, the simple rules, the easy descriptors
and the RMI as first-stage tests in the hands of ultrasound
examiners with less experience than those participating
in the published IOTA studies and with different types of
ultrasound training (sonographers and doctors).

Ultrasound Obstet Gynecol 2013; 41: 9-20.
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Long-term behavior of ovarian masses managed
expectantly

In IOTA Phase 5 (2012-2017), the main goal is to study
the natural history of at least 3000 ovarian masses with
benign ultrasound morphology managed conservatively.
This should establish the risk of complications such as
torsion and cyst rupture, the need for surgical intervention
and give an indication of the risk of malignant transfor-
mation. These results will enable us to suggest algorithms
for suitable management — expectant management or
surgery — of all types of adnexal pathology.

SUMMARY

Since the start of the IOTA project in 1999 we have
examined a large number of patients with ovarian masses
in IOTA Phases 1, 1b and 2 using ultrasonography with
a rigorously defined protocol to prospectively collect
detailed information about these tumors. The study has
been carried out in over 20 different centers in different
countries, in both district and oncology referral hospitals.
The results have been consistent and so are likely to be
robust and generalizable. To date, the IOTA study is the
largest study in the literature on ultrasound diagnosis of
ovarian pathology.

We have found that pattern recognition of the
ultrasound features of an ovarian mass by an experienced
clinician is the best way of characterizing ovarian
pathology. Papillary projections are characteristic of
borderline tumors and Stage I primary invasive epithelial
ovarian cancer. A small proportion of solid tissue at
ultrasound examination makes a malignant mass more
likely to be a borderline tumor or a Stage I epithelial
ovarian cancer than an advanced ovarian cancer, a
metastasis or a rare type of tumor®®. Our data suggest
that information on serum CA 125 does not improve
the diagnostic performance of subjective assessment by
experienced ultrasound operators, and that it is not
a necessary variable in multivariable prediction models
developed to help classify ovarian masses as benign or
malignant.

Two main approaches to the classification of ovarian
masses have been developed using the IOTA database
(Figure 6). The first uses risk-prediction models. The
models LR1 and LR2, discussed above, have shown very
good test performance on external validation. The second
approach involves the use of either simple ultrasound-
based rules or ‘easy descriptors’. These are based on
ultrasound features that are virtually pathognomonic of
either a benign or a malignant mass. The simple rules
have been shown to apply to over 75% of masses, and
have been successfully externally validated and taken up
in a national protocol®®. The use of the easy descriptors
has yet to undergo external validation. For masses to
which the simple rules do not apply it seems best to refer
the patient for examination by an experienced ultrasound
examiner. Such an approach is also applicable to risk-
prediction models, for example using the LR2-based

Copyright © 2013 ISUOG. Published by John Wiley & Sons, Ltd.
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triage protocol described earlier®®. Patients classified as
being at intermediate risk of malignancy (i.e. LR2 risk
of a malignant tumor is between 5 and 25%)3¢ may be
referred to an experienced examiner.

We have also created multiclass models®” that can assist
clinicians to predict multiple outcomes in patients with an
ovarian mass. Multiclass models can distinguish between
benign, borderline, primary invasive and metastatic
malignant disease and might play a central future
role in the decision-making process. Their use is a
logical extension of the current evolution toward an
‘individualized’ or ‘personalized’ approach to cancer
treatment and healthcare in general.

RECOMMENDATIONS FOR CLINICAL
PRACTICE BASED ON THE FINDINGS OF
THE IOTA STUDY

These recommendations are based on validation of non-
IOTA tests for classifying ovarian pathology and of tests
developed from data in the IOTA study. Both non-IOTA
tests and IOTA tests have undergone external validation
in 12 different IOTA centers*$2%37, LR2 and the simple
rules have also been validated outside the frame of the
IOTA study®5-°7.

1. The IOTA simple rules can be used to classify 75%
of all adnexal masses as benign or malignant. The
main advantage of these rules is their ease of use. This
should make it easy to implement them in clinical
practice.

2. A two-step strategy with referral to a specialist in
gynecological ultrasonography for subjective assess-
ment of masses unclassifiable using the simple rules
has excellent diagnostic test performance on external
validation.

3. A viable alternative to the simple rules is the logistic
regression model, LR2. This model provides a benefit
over the simple rules in that it can be applied to an
entire tumor population and produces a risk estimate
for ovarian malignancy. The latter is a key element in
personalized healthcare and shared decision-making.
As with the simple rules, some patients can be referred
to a specialist if the risk estimate is considered as
intermediate or inconclusive.

4. LR2 or the simple rules should be adopted as the
principal test to characterize masses as benign or
malignant in premenopausal women because both
perform much better than the RMI in premenopausal
women.

5. Measurements of serum CA 125 are not necessary
for the characterization of ovarian pathology in
premenopausal women and are unlikely to improve
the performance of experienced ultrasound examiners,
even in the postmenopausal group. Ongoing studies
are investigating its value in less-experienced hands.

Ultrasound Obstet Gynecol 2013; 41: 9-20.
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Figure 6 Flow chart showing different approaches using ultrasonography in the assessment of women with adnexal masses to estimate risk
of malignancy, incorporating the evidence base of the International Ovarian Tumor Analysis (IOTA) study. LR1, IOTA logistic regression

model 1; LR2, IOTA logistic regression model 2.
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