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BACKGROUND: The diagnostic performance of the IOTA methods, the
0-RADS lexicon, and the RMI has been validated in prospective and
retrospective studies, but most validation studies tested the performance
in the hands of experienced ultrasound examiners.

OBJECTIVE: To prospectively validate the performance of the Risk of
Malignancy Index, the International Ovarian Tumor Analysis Simple Rules
Risk Model, the International Ovarian Tumor Analysis Assessment of
Different NEoplasias in the adneXa model, and the International Ovarian
Tumor Analysis 2-step strategy across different types of ultrasound centers
in ltaly. A retrospective post hoc analysis estimates malignancy prevalence
in Ovarian-Adnexal Reporting and Data System risk groups when using the
2-step strategy or the Ovarian-Adnexal Reporting and Data System lexicon.
STUDY DESIGN: This is a multicenter prospective observational study
including regional referral centers and district hospitals in ltaly.
METHODS: Consecutive patients with an adnexal mass examined with
ultrasound by an International Ovarian Tumor Analysis—certified gynecologist
with different levels of expertise were included, provided they underwent surgery
<180 days after the inclusion scan. Ultrasound examination was performed
transvaginally or transrectally and was supplemented with an abdominal scan
when necessary. Reference standard was the histology of the adnexal mass
following surgical removal. Discrimination (area under the receiver operating
characteristic curve), calibration, and clinical utility were assessed to illustrate
the diagnostic performance of the methods. For the retrospective post hoc
analysis, we report the prevalence of malignancy in the Ovarian-Adnexal
Reporting and Data System risk groups (Ovarian-Adnexal Reporting and Data
System 2: risk of malignancy <1%; Ovarian-Adnexal Reporting and Data
System 3: risk of malignancy 1% to <10%; Ovarian-Adnexal Reporting and
Data System 4: risk of malignancy 10% to <50%; Ovarian-Adnexal Reporting
and Data System 5: risk of malignancy >50%), with the Ovarian-Adnexal
Reporting and Data System risk group assigned using either the 2-step strat-
egy or the Ovarian-Adnexal Reporting and Data System lexicon.
RESULTS: Between May 2017 and March 2020, 1431 patients were
enrolled from 21 ltalian centers (10 oncological and 11 nononcological). Based
on histology, 995 (69.5%) tumors were benign and 436 (30.5%) were ma-
lignant (115, 8.0% borderling; 263, 18.4% primary invasive; 58, 4.1% met-
astatic tumors).

For Risk of Malignancy Index, the area under the receiver operating
characteristic curve was 0.85 (95% confidence interval, 0.81 to 0.87),
whereas for all International Ovarian Tumor Analysis models (Simple Rules
Risk Model, Assessment of Different NEoplasias in the adneXa with and
without CA125, and 2-step strategy with and without CA125), the area
under the receiver operating characteristic curves ranged from 0.91 (95%
confidence interval, 0.88—0.93) to 0.92 (95% confidence interval,
0.89—0.94). All International Ovarian Tumor Analysis models demon-
strated a higher net benefit than Risk of Malignancy Index across risk
thresholds (exchange rates) from 1% to 50%. All International Ovarian
Tumor Analysis models slightly underestimated the risk of malignancy, but
Simple Rules Risk Model showed the least degree of underestimation.
The prevalence of malignancy and the corresponding 95% confidence
interval in the 4 Ovarian-Adnexal Reporting and Data System risk cate-
gories, as calculated using the 2-step strategy and Ovarian-Adnexal
Reporting and Data System lexicon, were 0.97% (95% confidence inter-
val, 0.4—2.6) and 1.2% (95% confidence interval, 0.5—2.9) for Ovarian-
Adnexal Reporting and Data System 2, 7.2% (95% confidence interval,
5.0—10.3) and 6.0% (95% confidence interval, 3.6—9.6) for Ovarian-
Adnexal Reporting and Data System 3, 37.9% (95% confidence interval,
32.4—43.8) and 27.8% (95% confidence interval, 23.6—32.5) for
Ovarian-Adnexal Reporting and Data System 4, and 84% (95% confidence
interval, 79.8—87.4) and 83.1% (95% confidence interval, 79.0—86.6)
for Qvarian-Adnexal Reporting and Data System 5.

CONCLUSION: Risk of Malignancy Index had lower ability than the In-
ternational Ovarian Tumor Analysis models to distinguish between benign
and malignant adnexal tumors in patients examined by either expert or
nonexpert ultrasound operators in Italy. All the International Ovarian Tumor
Analysis models—including Simple Rules Risk Model, Assessment of
Different NEoplasias in the adneXa, and the 2-step strategy with or without
CA125—had similar ability. The prevalence of malignancy in each of the 4
Ovarian-Adnexal Reporting and Data System risk categories closely matched
the assigned malignancy risk regardless of whether the 2-step strategy or
Ovarian-Adnexal Reporting and Data System lexicon was used.
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AJOG at a Glance

Why was this study conducted?

Key findings

is an expert or not.

lexicon was used.

Our study is a prospective national multicenter study that validates the Inter-
national Ovarian Tumor Analysis models in the hands of ultrasound examiners
with different levels of ultrasound expertise.

The International Ovarian Tumor Analysis models have the ability to discern
between benign and malignant adnexal masses regardless of whether the operator

What does this add to what is known?

The prevalence of malignancy in each of the 4 Ovarian-Adnexal Reporting and
Data System risk groups closely matched the assigned malignancy risk regardless
of whether the 2-step strategy or Ovarian-Adnexal Reporting and Data System

Introduction
Ovarian cancer is the leading cause of
death in women diagnosed with gyne-
cological cancers." Ovarian cancers
should be treated by gynecological
oncological surgeons to optimize
outcome.” * Correct preoperative char-
acterization of adnexal masses is essen-
tial to decide on optimal management:
clinical and ultrasound follow-up, sur-
gery in a local center, or referral to an
oncology center.”® Transvaginal ultra-
sound is the first-line method for char-
acterizing adnexal masses. If performed
by an expert, subjective assessment of the
ultrasound images is the best method for
distinguishing benign from malignant
masses.” ~ For less experienced ultra-
sound examiners, there are other
methods. The Risk of Malignancy Index
(RMI) is a scoring system using clinical
and ultrasound information that can be
used to estimate the likelihood of an
ovarian mass being malignant.'’ In some
European countries, RMI is widely used
to triage women with an adnexal mass
for referral to an oncological center.'' "
The International Ovarian Tumor
Analysis (IOTA) group was founded in
1999 with the aim of establishing a
standardized terminology and method-
ology for the assessment of adnexal
masses with ultrasound. The group has
developed several ultrasound-based
methods to discriminate between
benign and malignant adnexal masses.

These include the Benign Descriptors
(BDs), which consist of 4 simple ultra-
sound criteria; if any of them apply, the
mass is classified as benign.'®'” Another
method is the Simple Rules, which
include 5 benign and 5 malignant ul-
trasound features. If at least one benign
feature is present and no malignant fea-
tures are observed, the mass is classified
as benign; conversely, if one or more
malignant features are present and no
benign features apply, the mass is clas-
sified as malignant. If both benign and
malignant features apply, or if none of
the 10 features is present, the mass
cannot be classified using the Simple
Rules (inconclusive result).'® In addi-
tion, 4 mathematical models have been
developed: Logistic Regression Model 1,
Logistic Regression Model 2, the Simple
Rules Risk Model (SRRisk), and the
Assessment of Different NEoplasias in
the adneXa (ADNEX)."”*' Among
these, ADNEX is the most extensively
validated model.”> ADNEX is a multi-
nomial logistic regression model that
incorporates 3 clinical and 6 ultrasound
variables to calculate the probability of 5
types of tumor: benign, borderline, stage
I primary invasive ovarian malignancy,
stage II to IV primary invasive ovarian
malignancy, or a secondary metastatic
tumor.”' Currently, the IOTA group
recommends the 2-step strategy, which
means first applying the BDs; if none of
them apply, the ADNEX model is used."”
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In 2020, the IOTA group and the
American College of Radiology published
together a consensus guideline on the ul-
trasound Ovarian-Adnexal Reporting and
Data System (O-RADS). O-RADS catego-
rizes adnexal masses into 6 risk groups
ranging from a normal ovary to high risk of
malignancy. According to the consensus
statement, malignancy risk can be esti-
mated using either the ADNEX model or
the ultrasound examiner’s interpretation
of ultrasound findings based on the O-
RADS lexicon.”

The diagnostic performance of the
IOTA methods, the O-RADS lexicon,
and the RMI has been validated in pro-
spective and retrospective studies, but
most validation studies tested the per-
formance in the hands of experienced
ultrasound examiners.'”**"*> No pro-
spective study included nonexpert ul-
trasound examiners and few included
examiners with different levels of
expertise.”®°

The aims of the study are (1) to pro-
spectively validate the diagnostic per-
formance of RMI, SRRisk, ADNEX, and
the IOTA 2-step strategy in different
types of ultrasound centers in Italy both
overall and in relevant subgroups and to
assess the ability of the BDs to correctly
classify adnexal masses as benign; (2) to
validate the performance of the Simple
Rules and subjective assessment overall
and in relevant subgroups; and (3) to
conduct a retrospective post hoc analysis
estimating the prevalence of malignancy
within the O-RADS risk groups, using
the O-RADS lexicon and the 2-step
strategy.

Methods

Study design and participants

This is an Italian multicenter prospective
external validation study of ultrasound-
based models to discriminate between
benign and malignant adnexal masses.
The protocol was approved by the Ethical
Committee of the Fondazione Policlinico
A. Gemelli, IRCCS (PROT 27665/16) and
of each participating center (Appendix 1).
Written informed consent was obtained
from all patients. We report the study
following the Transparent Reporting of a
multivariable prediction model for
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Individual Prognosis Or
(TRIPOD) cluster guidelines..39

Consecutive patients with a known or
suspected adnexal mass examined with
ultrasound by an IOTA-certified gynecol-
ogist40 (see below) and confirmed to have
an adnexal mass judged not to be physio-
logical were eligible for inclusion provided
they were expected to undergo surgical
removal of the mass. The patients were
recruited between May 2017 and March
2020. Exclusion criteria were: patient’s age
<18 years, pregnant patients, patients with
previous bilateral adnexectomy, patients
examined in centers that recruited <10
patients, only transabdominal ultrasound
performed, surgery performed more than
180 days after the ultrasound examination,
and denial or withdrawal of informed
consent.

Information on age, parity, meno-
pausal status, and indication for the ul-
trasound examination was prospectively
collected and information on type of
hospital (private practice, local public
hospital, regional public hospital, or
university hospital), type of center
(oncological vs nononcological), and
type of ultrasound center (general gy-
necologic outpatient clinic or specialized
ultrasound center). An oncological cen-
ter was defined as a tertiary referral
center with a dedicated gynecological
oncology unit. Information on the ul-
trasound system used, ultrasound ex-
aminer’s name, and level of ultrasound
experience was also recorded. All ultra-
sound examinations were performed by
IOTA-certified gynecologists. IOTA cer-
tification is obtained after participation
in an IOTA certification course and
passing an IOTA certification test (www.
iotagroup.org).

The level of ultrasound experience was
based on the number of gynecological
scans in nonpregnant women that the
examiner had performed at the start of the
study. Low experience was defined (partly
arbitrarily, partly based of the European
Federation of Societies for Ultrasound in
Medicine and Biology [EFSUMB] guide-
lines)*' as <500 scans, intermediate
experience as 500—5000 scans, and high
experience as >5000 scans. We also

Diagnosis

recorded the level of expertise according
to EFSUMB (level 1, 2, or 3).

A standardized transvaginal (or
transrectal if vaginal was not possible)
ultrasound examination including color
or power Doppler examination was
performed, supplemented with trans-
abdominal ultrasound when necessary.
The IOTA examination and measure-
ment technique were used, and the ul-
trasound findings were described using
the IOTA terminology.*” Information on
all the variables required for RMI,
SRRisk, ADNEX, BDs, and Simple Rules
were prospectively collected and recor-
ded. Results of subjective assessment
were recorded as benign, borderline, or
malignant. The degree of diagnostic
confidence (certainly benign, probably
benign, uncertain, probably malignant
or probably borderline, certainly malig-
nant or certainly borderline) and the
specific diagnosis suggested by the
examiner and chosen from a list of pre-
defined diagnoses were also recorded.

If more than one adnexal mass was
present, only the one with the most
complex ultrasound morphology was
included in our statistical analysis. If the
ultrasound morphology was similar in
all masses, the largest one or the one
most easily accessible with ultrasound
was used in our statistical calculations.
The management was decided by the
referring clinician, who took into ac-
count clinical symptoms, ultrasound
results based on subjective evaluation of
the ultrasound images (ie, those re-
ported in the clinical ultrasound report),
and results of other imaging modalities
(eg, computer tomography or magnetic
resonance imaging), tumor markers, and
patient’s preference.

Reference standard was the histology of
the adnexal mass following surgical
removal within 180 days after the ultra-
sound examination. The histology of the
surgically removed tumor was determined
at the local center. Pathologists were blin-
ded to ultrasound predictor variables and
model predictions but might have received
information on the subjective assessment
by the ultrasound examiner when clinically
relevant. The stage of malignant tumors

was recorded using the classification of the
International Federation of Gynecology
and Obstetrics.”’

Data collection was done through the
web-based clinical data miner soft-
ware.”* A team of statisticians and ul-
trasound examiners performed data
cleaning. A description of the models is
provided in Appendix 2.

Statistical analysis and sample size
The statistical analyses were performed
with R version 4.1.2. The adequacy of the
sample size is discussed in Appendix 3.
Despite it being strongly recommended
to collect blood samples for the mea-
surement of serum CA125 in all patients,
CA125 results were missing in some
patients. Missing CA125 values were
imputed. We performed multiple im-
putations using the method of fully
conditional specification. The multiple
imputation procedure is described in the
Appendix 4. To calculate the predictions
for each model, we used the formula
presented in the original publications.
These calculations were performed after
completion of the study and so were not
available to guide the management of the
patients. We report the percentage of
tumors to which a BD applied and the
outcome of masses to which a BD
applied (pooled analysis).

We calculated center-specific area un-
der the receiver operating characteristic
curve (AUROC) to estimate the ability to
discriminate between benign and malig-
nant adnexal masses for RMI and the risk
models (SRRisk, ADNEX, and IOTA 2-
step strategy) and used meta-analysis to
obtain the overall AUROC per model
(Appendix 5). The heterogeneity between
centers was assessed by calculating 95%
prediction intervals. We also assessed
calibration of the risk models by calcu-
lating observed over expected ratio (O:E).
O:E is the ratio of the observed risk of
having the outcome divided by the risk
estimated by the model (O:E >1: model
underestimates risk of malignancy; O:E
<1: model overestimates risk of malig-
nancy).">*° In addition, we constructed
flexible calibration curves using locally
estimated scatterplot smoothing.”’
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Clinical utility to decide which pa-
tients to refer for specialized oncological
care was estimated by calculating the net
benefit (NB) for risk thresholds between
1% and 50%."* We plotted the NB of the
model at each risk threshold (exchange
rate) in a decision curve. We also plotted
a line for the treat all and treat none
strategy (in this case to refer all or to refer
none to an oncology center). A model is
clinically useful if it is superior to both
treat all and treat none.

We calculated sensitivity, specificity,
positive and negative predictive values
for subjective assessment and the Simple
Rules (inconclusive cases classified as
malignant), and for the risk models at
risk of malignancy cutoffs between 1%
and 50%. For RMI, we report classifi-
cation performance at cutoffs 25, 100,
200, and 250. We calculated center-
specific sensitivity and specificity and
combined them using meta-analysis.*’

To estimate the multinomial perfor-
mance of ADNEX and the 2-step strat-
egy, we computed the Polytomous
Discrimination Index and calculated the
AUROC for each pair of outcome cate-
gories using the conditional risk
method.”””!

In a post hoc retrospective analysis, we
calculated the prevalence of malignancy
along with its 95% confidence interval
(CI) in each of the O-RADS risk groups.
Details about O-RADS calculations can
be found in Appendix 2. To derive the
risk groups using the O-RADS lexicon
from the prospectively collected IOTA
variables, we used the method described
by Timmerman et al.”

More information about the statistical
analyses and the meta-analyses are found
in Appendix 5.

Subgroup analyses

We calculated AUROC and O:E ratio for
prespecified subgroups based on meno-
pausal status, type of center (oncology vs
nononcology), and ultrasound exam-
iner’s experience (<500 scans per-
formed, 500—5000 scans performed,
and >5000 scans performed; EFSUMB
Level 1, Level 2, and Level 3) using
pooled data due to the small numbers in
most centers.

FIGURE 1

Flowchart of the patients included for the analysis

Consecutive patients confirmed to
have an adnexal mass judged not to
be physiological and selected to
undergo surgery in 23 Italian
centers
(n=1567)

Patients excluded (n=136)
* Pregnancy (n=17)
Only transabdominal scanning
(n=33)
No surgery <180 days (n=72)
<18 years old (n=9)
Patients excluded from centers
with insufficient number of
patients (n=5)

1431 patients in 21 Italian centers
included in analysis

Benign tumor (n=995)

Malignant tumor (n=436)

* Borderline (n=115)
Stage | primary invasive (n=109)
Stage II-IV primary invasive
(n=154)
Secondary metastatic (n=58)

Results

A total of 1567 patients were recruited
from 23 TItalian centers. After data
cleaning and application of exclusion
criteria, our study population consisted
of 1431 patients in 21 Italian centers (10
oncological and 11 nononcological cen-
ters) (Figure 1 and Supplemental
Table S1). Based on histology, 995/1431
(69.5%) tumors were benign and 436/
1431 (30.5%) were malignant (115/
1431, 8.0% borderline; 263/1431, 18.4%
primary invasive; 58/1431, 4.1% meta-
static tumors). Tumor outcome accord-
ing to center is shown in Supplemental
Table S1. Clinical, ultrasound, and his-
tological characteristics of the study
population are summarized in Table 1
and Supplemental Table S2. Information
on CA125 was missing in 394/1431
(27.5%) patients. Missing CA125 values
were less common in patients who had a
malignant than benign diagnosis based
on subjective assessment at the inclusion
scan (Supplemental Table S3). The
characteristics of our study population
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and those of the studies in which the
RMI and IOTA models were developed
are shown in Supplemental Table S4.

Risk of Malignancy Index

The overall AUROC for RMI was 0.85
(95% CI, 0.81—0.87) (Figure 2). Differ-
ences in AUROC between centers (het-
erogeneity) are reported in Supplemental
Figure S1. At a threshold of 200, which
is commonly used in European
guidelines,'' "> RMI had a sensitivity of
0.58 (95% CI, 0.52—0.63) and a speci-
ficity of 0.94 (95% CI, 0.92—0.96)
(Supplemental Table S5). The relation-
ship between the RMI score and the
observed prevalence of malignancy is
shown in Supplemental Figure S2. At an
RMI score of 200, the observed preva-
lence of malignancy was 55% (95% CI,
49—61).

Simple Rules Risk Model

The overall AUROC for SRRisk was 0.91
(95% CI, 0.89—0.93) (Figure 2). The
SRRisk model showed small differences in
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TABLE 1

population (n=1431)

Parameters

Clinical, ultrasound, and histological characteristics of the study

Median (IQR), or n (%), range

Patient age at recruitment (y)

Postmenopausal

inclusion

Bilateral masses

Presence of solid components
Maximum diameter of lesion (mm)

Number of papillary projections
0
1
2
3
>3
More than 10 cyst locules
Acoustic shadows
Ascites
CA125 results missing
CA125 (U/mL, if available)

Color score of intratumoral flow
1: no blood flow
2: minimal blood flow
3: moderate blood flow
4: very strong blood flow
Histological diagnosis®
Benign
Borderline
Stage | primary invasive
Stage II—IV primary invasive
Secondary metastatic

1QR, interquartile range.

Gynecological symptoms during the year preceding

Largest diameter of largest solid component (mm)?

2 For tumors with a solid component;  Specific histological diagnoses are shown in Supplemental Table S2.

52 (IQR, 40—62)
Range: 18—88
745 (52)
601 (42)

281 (20)
730 (51)
69 (IQR, 48—100)
Range: 9—400
40 (IQR, 16—68)
Range: 2—250

19 (IQR, 10—57)
Range: 1—12,000

AUROC across centers (ie, low heteroge-
neity) (Supplemental Figure S3). At a risk
threshold of 10% (the risk threshold rec-
ommended in an international consensus

statement for referring patients to an
oncology center),” SRRisk achieved a
sensitivity of 0.93 (95% CI, 0.88—0.96)
and a specificity of 0.78 (95% CI,

0.69—0.85) (Supplemental Table S6). The
malignancy risk was slightly under-
estimated by SRRisk, but SRRisk was
better calibrated than ADNEX (point es-
timate O:E ratio 1.04; 95% CI, 0.97—1.12)
(Table 2, Figure 3).

Assessment of Different NEoplasias
in the adneXa model with and
without Ca125

The overall AUROC for ADNEX without
CA125 was 0.91 (95% CI, 0.88—0.93) and
for ADNEX with CA125 it was 0.92 (95%
CI, 0.89—0.94) (Figure 2). Heterogeneity
across centers was slightly less for ADNEX
with CA125 than for ADNEX without
CA125 (Supplemental Figures S4 and S5).
At a risk threshold of 10%, ADNEX
without CA125 had a sensitivity of 0.94
(95% CI, 0.88—0.97) and a specificity of
0.77 (95% CI, 0.66—0.85), while ADNEX
with CA125 had a sensitivity of 0.92 (95%
CI, 0.87—0.95) and a specificity of 0.80
(95% CI, 0.71—0.86) (Supplemental
Table S6). Malignancy risk was slightly
underestimated by both ADNEX without
CA125 and ADNEX with CA125 (O:E
ratios 1.11 and 1.18, respectively) (Table 2,
Figure 3). The ability of ADNEX to
discriminate between different tumor
types is shown in Table 3 and
Supplemental Table S7. Adding CA125 to
the ADNEX model improved discrimina-
tion between stage II to IV primary inva-
sive malignancies and stage I primary
invasive malignancies and between stage II
to IV primary invasive malignancies and
metastases. The calibration of ADNEX for
each type of tumor is shown in
Supplemental Table S8. ADNEX over-
estimated the likelihood of stage II to IV
primary invasive ovarian malignancy but
underestimated the likelihood of border-
line, stage I primary invasive ovarian ma-
lignancy and a metastasis in the ovary.

Two-step strategy with and without
Cal125

The overall AUROC for the 2-step
strategy without CA125 was 0.91 (95%
CI, 0.88—0.93) and with CAI125 was
0.92 (95% CI, 0.89—0.94) (Figure 2).
Heterogeneity —across centers was
slightly less for the 2-step strategy with
CA125 than without, and the results
were similar to those of ADNEX

MONTH 2025 American Journal of Obstetrics & Gynecology 1.5
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FIGURE 2

from 21 centers

Summary forest plot of area under the receiver operating characteristic curve (AUROC) based on meta-analysis of data

Model

RMI

SRRisk

ADNEX without CA125

ADNEX with CA125

Two-step strategy without CA125

Two-step strategy with CA125

Cl, confidence interval; P, prediction interval.

AUROC (95% Cl) 95% PI
0.85 (0.81 to 0.87) - (0.78 to 0.91)
0.91 (0.89 to 0.93) R (0.87 to 0.95)
0.91 (0.88 to 0.93) o (0.83 t0 0.97)
0.92 (0.89 to 0.94) il (0.80 to 0.97)
0.91 (0.88 to 0.93) o (0.83 t0 0.97)
0.92 (0.89 to 0.94) i (0.85 t0 0.97)

[ I |

0.8 0.9 1

AUROC (95% Cl)

(Supplemental Figures S6 and S7). The
2-step strategy showed the same classi-
fication performance as ADNEX at the
10% risk threshold, both when CA125
was included and when it was not. The
ability of the 2-step strategy to
discriminate between different tumor
types is shown in Table 3 and
Supplemental Table S7. Adding CA125
to the 2-step strategy improved
discrimination between stage II to IV
primary invasive malignancies and
stage I primary invasive malignancies
and between stage II to IV primary
invasive malignancies and metastases.

The calibration of the 2-step strategy
for each type of tumor is shown in
Supplemental Table S8. The 2-step
strategy overestimated the likelihood
of stage II to IV primary invasive
ovarian malignancy but underestimated
the likelihood of borderline, stage I
primary invasive ovarian malignancy
and metastasis in the ovary.

Benign descriptors, simple rules,
and subjective assessment

The BDs applied to 328 of 1431 (23%)
tumors, of which 325 (99%) were benign,
3 (1%; 95% CI, 1%—2%) were

TABLE 2

Calibration in terms of observed over expected ratio based on meta-analysis
of data from 21 ultrasound centers in Italy

ADNEX with CA125
Two-step without CA125
Two-step with CA125

Model O:E ratio (95% Cl)
SRRisk 1.04 (0.97; 1.12)
ADNEX without CA125 1.11 (1.04; 1.20)

0:E ratio, observed over expected ratio. Measure of calibration in the large (mean calibration) is calculated as the observed risk
of having the outcome event in the entire validation dataset divided by the average risk predicted by the model. A value >1
indicates that the model underestimates the average risk. A value <1 means that the model overestimates the average risk.

ADNEX, Assessment of Different NEoplasias in the adneXa; Cl, confidence interval; SRRisk, Simple Rules Risk Model.

1.13 (1.05; 1.21)

(
1.18 (1.07; 1.29)
(
1.20 (1.09; 1.32)

—h
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borderline, and none was an invasive
malignancy (Supplemental Table S9).
The Simple Rules were applicable in
1244 of 1431 masses (87%). If masses
with inconclusive results were classified
as malignant, the sensitivity was 0.90
(95% CI, 0.85—0.93) and the specificity

was  0.85 (95% CI, 0.80—0.88)
(Supplemental Table S10).
Subjective assessment showed a

sensitivity of 0.93 (95% CI, 0.90—0.95)
and a specificity of 0.88 (95% CI,
0.84—0.91) (Supplemental Table S10).

Clinical utility

Decision curves are shown in Figure 4.
RMI had the lowest clinical utility of all
methods tested. At risk thresholds below
14%, RMI at cutoft 200 was less clinically
useful than simply treating everyone (ie,
referring all patients to an oncology
center). SRRisk, ADNEX, and the 2-step
strategy were clinically useful over the
whole range of risk thresholds except
SRRisk and ADNEX without CA125 at
risk threshold 1%. At the very lowest risk
thresholds (1%—5%), the 2-step strategy
had higher NB than ADNEX. From risk
threshold 8% and upwards, subjective
assessment had the highest NB. At the
10%  risk  threshold,  subjective
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FIGURE 3
Flexible calibration curves using LOESS based on meta-analysis
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Due to computational problems, we divided 13 centers with low sample size or low prevalence of malignancy into 4 groups: Santorso, Foggia, Treviso
(group 1); Messina, Carpi, Montebelluna (group 2); Verona, Firenze, Padova, Roma (group 3); and Bari B, Asti, Bolzano (group 4). The curves were
obtained with meta-analysis of center-specific curves from 8 centers and from the 4 groups. The shaded areas represent the 95% confidence band
around the calibration curve.
ADNEX, Assessment of Different NEoplasias in the adneXa; LOESS, locally estimated scatterplot smoothing; SRRisk, Simple Rules Risk Model.
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TABLE 3

Polytomous discrimination index (PDI) of Assessment of Different
NEoplasias in the adneXa (ADNEX) and of the 2-step strategy (pooled

ADNEX with CA125
Two-step strategy without CA125
Two-step strategy with CA125

analysis)
Model PDI (95% Cl)
ADNEX without CA125 0.49 (0.47; 0.53

ADNEX, Assessment of Different NEoplasias in the adneXa; CJ, confidence interval; PD/, Polytomous Discrimination Index.

)
0.55 (0.51; 0.59)
0.49 (0.47; 0.52)
0.55 (0.51; 0.59)

assessment had the highest NB, the NB
of ADNEX, and 2-step strategy were
similar and higher than that of SSRisk
and Simple Rules, while RMI at 100, 200,
or 250 was not clinically useful at this
threshold.

Subgroup analyses

Tumor outcome and percentage of
missing CA125 values in subgroups ac-
cording to menopausal status, type of
center, and ultrasound examiners’ level
of expertise are shown in Table 4. In all
subgroups, the AUROCs were higher for

the IOTA models than for RMI
(Figure 5). The AUROCs of the IOTA
models were >0.90 (0.90—0.95) in all
subgroups. They were slightly higher in
premenopausal than postmenopausal
patients, in nononcology than oncology
centers, and for EFSUMB level 3 ul-
trasound examiners than for EFSUMB
level 1 or 2 ultrasound examiners. The
sensitivity of subjective assessment was
higher for level 3 and level 2 examiners
than for level 1 examiners (0.96 vs 0.92
vs 0.86), but the corresponding speci-
ficity was lower (0.84 vs 0.87 vs 0.97)

FIGURE 4

centers

Decision curves for risk models, Risk of Malignancy Index (RMI), Simple
Rules, and subjective assessment based on meta-analysis of data from 21
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The curves show net benefit at several thresholds (exchange rates) between 1% and 50%. A model is
clinically useful if it is superior to both treat all and treat none. At risk thresholds below 14%, using
RMI at cutoff 200, had less clinical utility than treating everyone (ie, it was less clinically useful than
referring all women with an adnexal mass to a gynecological oncology center).
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(Supplemental Table S11). The sensi-
tivity of Simple Rules (inconclusive
cases classified as malignant) was higher
for level 3 than for level 2 or 1 exam-
iners (0.95 vs 0.88 vs 0.82) with the
corresponding specificity being lower
(0.80 vs 0.85 vs 0.92). Calibration of the
IOTA models in the subgroups is
shown in Supplemental Figure S8. In all
subgroups, the SRRisk model was better
calibrated than the ADNEX model
(with and without CA125) and the 2-
step strategy (with and without
CA125).

Ovarian-Adnexal Reporting and

Data System

The prevalence of malignancy in the 4 O-
RADS risk groups is shown in Table 5
together with the agreement between the
2 risk calculation methods. Using the 2-
step strategy, the prevalence of malig-
nancy per O-RADS group was: O-RADS
2:0.97% (95% CI, 0.4—2.6), O-RADS 3:
7.2% (95% CI, 5.0—10.3), O-RADS 4:
37.9% (95% CI, 32.4—43.8), and O-
RADS 5: 84.0% (95% CI, 79.8—87.4).
Using the O-RADS lexicon, the preva-
lence of malignancy per O-RADS group
was O-RADS 2: 1.2% (95% CI, 0.5—2.9),
O-RADS 3: 6.0% (95% CI, 3.6—9.6), O-
RADS 4: 27.8% (95% CI, 23.6—32.5),
and O-RADS 5: 83.1% (95% CI,
79.0—86.6).

Comment

Principal findings

SRRisk, ADNEX, and the IOTA 2-step
strategy (with or without CAI125)
discriminated well between benign and
malignant adnexal masses and were su-
perior to RMI when validated on a na-
tional basis in 21 Italian centers by
IOTA-certified  gynecologists ~ with
different levels of ultrasound expertise.
All IOTA methods had higher NB than
RMI. The prevalence of malignancy in
each of the 4 O-RADS risk groups closely
matched the assigned malignancy risk
regardless of whether the 2-step strategy
or O-RADS lexicon was used.

Strengths and limitations

Our study is the first prospective na-
tional multicenter study to validate
IOTA models and to validate them in the
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TABLE 4
Tumor outcome and percentage of missing CA125 values for all prespecified subgroups
Outcome
Subgroup N Benign Malignant Missing CA125
Postmenopausal 745 444 (60) 301 (40) 176 (24)
Premenopausal 686 551 (80) 135 (20) 218 (32)
Oncology center 817 583 (64) 331 (36) 219 (27)
Other center 614 412 (80) 105 (20) 175 (28)
Level of experience of ultrasound examiners
<500 scans 123 102 (83) 21 (17) 41 (33)
500—5000 scans 650 476 (73) 174 (27) 108 (17)
>5000 scans 658 417 (63) 241 (37) 245 (37)
EFSUMB level of ultrasound examiners
Level 1 118 96 (81) 22 (19) 38 (32)
Level 2 884 605 (68) 279 (32) 248 (28)
Level 3 429 294 (69) 135 (31) 108 (25)
Results are shown as n (%).
EFSUMB, European Federation of Societies for Ultrasound in Medicine and Biology.

hands of ultrasound examiners with
different levels of expertise. Limitations
are the small number of EFSUMB level 1
examiners, the small number of centers
from the south of Italy (our aim was to
include centers homogenously distrib-
uted all over Italy), and that CA125 was
missing in 28% of patients. We
addressed the missing CA125 values us-
ing multiple imputations. Excluding
participants with missing CA125 results
leads to selection bias.”” > Multiple
imputation is a recommended approach
to avoid such exclusions.” Using his-
tology as reference standard can be seen
both as a strength and as a limitation.
The strength is that using the same
reference standard in all patients avoids
differential verification bias. The limita-
tion is that our results might not be
applicable to all adnexal masses, which
include also those managed with clinical
and ultrasound follow-up. Another
limitation of our study is the retrospec-
tive application of the O-RADS classifi-
cation, which may introduce bias
resulting in overestimation of the per-
formance of O-RADS. However, pro-
spective application was not feasible, as
O-RADS was published in 2020, whereas
the IOTA phase 6 study was designed in

2016. Despite this, our analysis of the
performance of O-RADS has some
value, because the ultrasound data,
including detailed descriptions of the
adnexal masses, were collected prospec-
tively, allowing for a reasonably accurate
retrospective application of the O-RADS
lexicon. A prospective, multicenter, and
ideally international study involving ex-
aminers with varying levels of ultra-
sound expertise and including both
surgically and conservatively managed
patients will be necessary to confirm or
refute our findings regarding O-RADS.
Finally, another limitation could be the
use of different ultrasound devices, as the
equipment was not standardized across
centers. This may have influenced image
quality and the detection of certain
morphological features. On the other
hand, use of different ultrasound
equipment reflects clinical practice and
increases the likelihood that our results
are generalizable.

Comparison with other studies

The results of our study agree well
with those in other validation
studies.”' > The discrimina-
tive performance of ADNEX in our study
(AUROC 0.92 and 0.91 for ADNEX with

and without CA125, respectively) was
similar to that reported in a meta-
analysis including 17,007 adnexal
masses examined with ultrasound in
different countries and settings in 47
studies (AUROC 0.93 both for ADNEX
with and without CA125).* It was only
slightly poorer than that in a large in-
ternational multicenter study conducted
by the IOTA group (AUROC 0.94 both
for ADNEX with and without CA125)
and in a large single-center study con-
ducted in a private center in Barcelona,
Spain  (AUROC, 0.95).°*”  The
discriminative performance of the 2-step
strategy was lightly poorer in our study
than in 2 other large studies'””
(AUROC 0.92 vs 0.95'" when ADNEX
with CA125 was used as second step test;
AUROC 0.91 vs 0.94" vs 0.95” when
ADNEX without CA125 was used as
second step test). Whether the small
differences in discriminative perfor-
mance are explained by differences in
tumor characteristics (the studies cited
included also patients managed expec-
tantly) or in ultrasound expertise is
difficult to know. We found the
discriminative ability and the clinical
utility of ADNEX, the 2-step strategy,
and SRRisk to be superior to those of
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FIGURE 5
Forest plot of area under the receiver operating characteristic curve (AUROC) for prespecified subgroups (pooled data)

AUROC (95% CI)
E(K/ﬁtmenopausal patients (n=745)

. et 0.87 (0.84 t0 0.89
SRRisk — 0.92 (0.90 to 0.94
ADNEX without CA125 g 0.90 (0.88 to 0.92
ADNEX with CA125 — 0.92 (0.90 t0 0.94
Two-step strategy without CA125 —— 0.91 (0.88 t0 0.93
Two-step strategy with CA125 — 0.92 (0.90 to 0.94
Premenopausal patients (n=686)
RMI F—— 0.84 (0.80 to 0.88
SRRisk — 0.93 (0.90 to 0.95
ADNEX without CA125 B 0.94 (0.91 t0 0.96
ADNEX with CA125 e 0.94 (0.91 t0 0.96
Two-step strategy without CA125 —— 0.94 (0.91 t0 0.96
Two-step strategy with CA125 —— 0.94 (0.91 t0 0.96
Oncology center (n=817)
RMI —— 0.85 (0.82 t0 0.88
SRRisk — 0.92 (0.89 t0 0.93
ADNEX without CA125 — 0.90 (0.88 to 0.92
ADNEX with CA125 — 0.92 (0.89 t0 0.94
Two-step strategy without CA125 —— 0.90 (0.88 to 0.92
Two-step strategy with CA125 — 0.92 (0.90 to 0.94
Other center (n=614)
RMI ———— 0.88 (0.84 to 0.91
SRRisk —— 0.93 (0.90 to 0.95
ADNEX without CA125 — 0.94 (0.91 t0 0.96
ADNEX with CA125 —— 0.94 (0.92 to 0.96
Two-step strategy without CA125 — 0.94 (0.91 t0 0.96
Two-step strategy with CA125 —— 0.94 (0.91 t0 0.96
<500 scans performed by examiner (n=123)
RMI ——— 0.90 (0.80 to 0.96
SRRisk —— 0.96 (0.87 t0 0.99
ADNEX without CA125 ——— 0.96 (0.87 t0 0.99
ADNEX with CA125 ——— 0.96 (0.88 t0 0.99
Two-step strategy without CA125 —— 0.95 (0.86 to0 0.98
Two-step strategy with CA125 o ———— 0.95 (0.86 t0 0.98
500-5000 scans performed by examiner (n=650)
RMI —— 0.89 (0.86 t0 0.92
SRRisk — 0.94 (0.91 t0 0.96
ADNEX without CA125 —— 0.93 (0.91 t0 0.95
ADNEX with CA125 — 0.94 (0.92 to 0.96
Two-step strategy without CA125 —— 0.94 (0.91t0 0.95
Two-step strategy with CA125 — .94 (0.92 to 0.96
>5000 scans performed by examiner (n=658)
RMI —— 0.84 (0.80 to 0.87
SRRisk ——— 0.91 (0.88 t0 0.93
ADNEX without CA125 —~ 0.90 (0.87 t0 0.92
ADNEX with CA125 — 0.91 (0.89 t0 0.93
Two-step strategy without CA125 —— 0.90 (0.87 to 0.93
Two-step strategy with CA125 —— 0.92 (0.89 to 0.94
EFSUMB Level 1 (n=118)
RMI — .87 (0.76 to 0.94
SRRisk ——— 0.90 (0.80 t0 0.95
ADNEX without CA125 —— 0.93 (0.84 to 0.97
ADNEX with CA125 e —————- 0.94 (0.85 t0 0.98
Two-step strategy without CA125 —— 0.93 (0.84 t0 0.97
Two-step strategy with CA125 —— .93 (0.84 t0 0.97
EFSUMB Level 2 (n=884)
RMI D 0.87 (0.84 t0 0.89
SRRisk - 0.92 (0.90 to 0.94
ADNEX without CA125 — 0.91 (0.89 t0 0.93
ADNEX with CA125 — 0.92 (0.90 to 0.94
Two-step strategy without CA125 —— 0.91 (0.89 to 0.93
Two-step strategy with CA125 — 0.92 (0.90 to 0.94
EFSUMB Level 3 (n=429)
RMI | —— .86 (0.82 to 0.90
SRRisk —— 0.94 (0.91 t0 0.96
ADNEX without CA125 e 0.94 (0.91 t0 0.96
ADNEX with CA125 - 0.95(0.92 to 0.97
Two-step strategy without CA125 —— 0.94 (0.91 to 0.96
Two-step strategy with CA125 : : | e | 0.95 (0.92 t0 0.97
0.70 0.80 0.90 1.0

AUROC (95% Cl)
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TABLE 5

Number of patients in each Ovarian-Adnexal Reporting and Data System (0-RADS) risk group according to the risk
calculation method used (0-RADS lexicon or 2-step strategy) and the observed prevalence of malignancy in each risk

of malignancy

International Ovarian Tumor Analysis (I0TA) variables.

group
0-RADS Lexicon
0-RADS 2
Two-step strategy 0-RADS 2 346
(Benign
Descriptors plus
ADNEX with 0-RADS 3 52
CA125)
0-RADS 4 9
0-RADS 5 2
Observed 5/409
prevalence

1.2% (0.5; 2.9)

0-RADS 3 0-RADS 4
41 13
178 140
28 170
5 58
15/252 106/381

6.0% (3.6; 9.6) 27.8% (23.6; 32.5)

The observed prevalence of malignancy for 0-RADS with the 2-step strategy is reported for all 1431 patients.
The observed prevalence of malignancy for 0-RADS with the lexicon is reported for 1415 patients, because 16 of 1431 patients could not be classified based on lexicon descriptors derived from the

ADNEX, Assessment of Different NEoplasias in the adneXa; Cl, confidence interval; 0-RADS, Ovarian-Adnexal Reporting and Data System.

2 11 patients classified in 0-RADS 2 with the 2-step strategy could not be classified in any 0-RADS category using the lexicon (this explains denominator 411);  Five patients classified in 0-RADS 3
with the 2-step strategy could not be classified in any 0-RADS category using the lexicon (this explains denominator 387).

0-RADS 5 Observed prevalence
of malignancy
(95% Cl)
0 4/4117
0.97% (0.4; 2.6)
12 28/387°
7.2% (5.0; 10.3)
70 105/277
37.9% (32.4; 43.8)
291 299/356
84.0% (79.8; 87.4)
310/373

83.1% (79.0; 86.6)

RMI, which agrees with the results of
another study.”* Both in our study and in
others, the IOTA models underestimated
the risk of malignancy, the best cali-
brated model being SRRisk, and the
models being better calibrated in post-
menopausal  than  premenopausal
patients.'”**

We found the sensitivity of subjective
assessment to be 0.93 and the specificity
to be 0.88, which is almost identical to
the sensitivity and specificity of subjec-
tive assessment reported in a meta-
analysis (sensitivity 0.93 and specificity
0.89).” The classification performance of
subjective assessment is heavily depen-
dent on the expertise of the ultrasound
examiner.”’ The performance of risk
calculation models should be less
dependent on ultrasound skill as long as
the ultrasound examiner is familiar with
the definitions of the variables in the
models. Nonetheless, we found some
small differences in the discriminative
and calibration performance of the IOTA
models between examiners with
different levels of expertise, with per-
formance being slightly better in the

group of EFSUMB level 3 examiners.
However, it is difficult to interpret these
differences, because they may be
explained by a difference in tumor types
between the groups.

Our findings align closely with those
of a retrospective study by Timmerman
et al,”” which externally validated the
ability of the IOTA 2-step strategy and
O-RADS lexicon to classify adnexal
masses into the O-RADS risk groups in
4905 patients. The prevalence of malig-
nancy in the O-RADS risk groups when
using the O-RADS lexicon in the study
by Timmerman et al was similar to that
in ours: 1% vs 1% for O-RADS 2, 4% vs
6% for O-RADS 3, 27% vs 28% for O-
RADS 4, and 78% vs 83% for O-RADS 5.
Both studies suffer from the limitation
that the O-RADS lexicon was derived
from IOTA variables, not applied
prospectively.

Implications in clinical practice

The good performance of the IOTA
models in our study, which includes also
ultrasound examiners with limited ul-
trasound experience and local, regional,

and university hospitals, supports that
IOTA models can be widely applied in
clinical practice. Our findings also sup-
port the recommendation by Landolfo
et al'” to use the 2-step strategy. The 2-
step strategy had almost the same
discrimination and calibration perfor-
mance and almost the same clinical
utility as ADNEX at risk thresholds up to
20% (and better clinical utility than
ADNEX at the lowest risk thresholds) in
our study, but the 2-step strategy is easier
to use than ADNEX while still offering
the advantage of providing an estimate of
the likelihood of 4 types of malignancy.

The O-RADS lexicon also appears to
be promising for clinical application.
However, in our study, the O-RADS
lexicon was retrospectively derived from
prospectively collected IOTA variables. It
will be interesting to assess how well the
O-RADS lexicon performs when applied
in a prospective study.

Future perspectives

Prospective studies including a very large
number of ultrasound examiners with
limited ultrasound experience are
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needed to confirm our results. It would
be important to investigate the effect of
using the IOTA models in impact
studies.”’ Such studies will show
whether the use of IOTA models in daily
practice improves decision-making and,
ultimately, patient outcomes.

Conclusion

SRRisk, ADNEX, and the 2-step strategy
with or without CA125 have similar and
good ability to distinguish benign from
malignant adnexal tumors in patients
examined by either expert or nonexpert
ultrasound operators in Italy, and they
are all superior to RMI. Our results
support the recommendation by the
IOTA group to use the 2-step strategy to
characterize ovarian tumors. |
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