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Abstract

Purpose: To evaluate the utility of preoperative diagnostic
models for ovarian cancer based on ultrasound and/or biomar-
kers for referring patients to specialized oncology care. The inves-
tigated models were RMI, ROMA, and 3 models from the Inter-
national Ovarian Tumor Analysis (IOTA) group [LR2, ADNEX,
and the Simple Rules risk score (SRRisk)].

Experimental Design: A secondary analysis of prospectively
collected data from 2 cross-sectional cohort studies was per-
formed to externally validate diagnostic models. A total of
2,763 patients (2,403 in dataset 1 and 360 in dataset 2) from
18 centers (11 oncology centers and 7 nononcology hospitals) in
6 countries participated. Excised tissue was histologically classi-
fied as benign ormalignant. The clinical utility of the preoperative
diagnosticmodels was assessedwith net benefit (NB) at a range of

risk thresholds (5%–50% risk of malignancy) to refer patients to
specialized oncology care. We visualized results with decision
curves and generated bootstrap confidence intervals.

Results: The prevalence of malignancy was 41% in dataset 1
and 40% in dataset 2. For thresholds up to 10% to 15%, RMI and
ROMA had a lower NB than referring all patients. SRRisks and
ADNEX demonstrated the highest NB. At a threshold of 20%, the
NBs of ADNEX, SRrisks, and RMI were 0.348, 0.350, and 0.270,
respectively. Results by menopausal status and type of center
(oncology vs. nononcology) were similar.

Conclusions: All tested IOTA methods, especially ADNEX
and SRRisks, are clinically more useful than RMI and ROMA to
select patients with adnexal masses for specialized oncology care.
Clin Cancer Res; 23(17); 5082–90. �2017 AACR.

Introduction
An accurate preoperative diagnosis of an adnexal mass is

pivotal to improve care, because an optimal diagnostic process
improves triage and subsequent treatment decisions. In 2009, a
systematic review of the ability of preoperative prediction
models to correctly discriminate between benign and malig-
nant adnexal masses recommended the use of the Risk of
Malignancy Index (RMI; refs. 1, 2). However, neither the Risk
of Ovarian Malignancy Algorithm (ROMA; ref. 3) nor any of the
International Ovarian Tumor Analysis (IOTA) models (4–9)
were included in that review. A systematic review published in
2014 updated the available evidence (10). It recommended
the use of the IOTA Simple Rules, which classify masses as
probably benign, probably malignant, or inconclusive (6, 7), or
the IOTA logistic regression model LR2 (4, 5), because of their
good discriminative ability, especially for women of reproduc-
tive age. After the publication of the 2 systematic reviews, the
ADNEX risk model (Assessment of Different Neoplasias in the
adnexa) was published (8). This model goes beyond the tra-
ditional distinction between benign and malignant masses by
calculating the risk that an adnexal mass is benign, borderline,
stage I primary cancer, stage II–IV primary cancer, or secondary
metastatic cancer. At temporal and external validation, the
ADNEX model showed a good discriminative ability and was
well calibrated (8, 11–15). In addition, the IOTA Simple Rules
have now been extended to predict the risk of malignancy
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(SRRisks; ref. 9). The SRRisks have also shown good discrim-
inative ability and calibration at temporal validation (9).

The evaluation of the performance of prediction models in
terms of discrimination between outcome groups using the area
under the ROC curve (or c-statistic) and calibration (the agree-
ment between the predicted risks of having a condition and
observed proportion of people suffering from that condition) is
necessary but insufficient. These statistical measures do not
inform us whether the model is useful for clinical decision
making. Therefore, decision-analytic methods have been devel-
oped that incorporate the consequences of false-positive and
false-negative classifications. They can inform us whether a pre-
diction model is worth using at all, and which of several alter-
native models is preferable from a clinical point of view. A
decision-analytic method that has received broad support is
decision curve analysis (16–19). This method is based on the
direct link between a risk threshold to select patients for a defined
procedure and the relative harm causedby false-positive and false-
negative classifications. Using this link, the utility of a model can
be summarized as the net benefit (NB) at a given risk threshold,
and theNB can be plotted for various risk thresholds in a decision
curve (20, 21).

Patient triage can be optimized by using mathematical models
that include ultrasound or biomarker information to calculate the
probability that an adnexal mass is malignant. Outcomes for
women with suspected malignancies are better if they are referred
to a gynecologic oncologist or a center specialized in oncology
(henceforward referred to as specialized oncology care; refs.
22–24). However, referring patients with benign masses to such
specialized care implies increased health care costs, longer waiting
times for specialized care, and unnecessary stress for patients.
Hence, care should be taken to refer only those patients that are in
true need of the high-end oncological expertise. Women with
benignmasses canbe followedup at a local center ormayundergo
minimally invasive surgery by a general gynecologist (25).

The aimof this study is to evaluate bymeans of a decision curve
analysis the clinical utility of RMI, ROMA, LR2, ADNEX, and
SRRisks for deciding which patients with an adnexal mass to refer
to specialized oncology care.

Materials and Methods
Design, setting, and patients

This is a secondary analysis of 2 cross-sectional cohort datasets
containing data prospectively collected to validate models for
distinguishing preoperatively between benign and malignant
adnexalmasses (26, 27).Dataset 1was collected betweenOctober
2009 and May 2012 in 18 centers from 6 countries (Sweden,
Belgium, Italy, Poland, Spain, and Czech Republic; ref. 27). The
centers were either oncology centers (i.e., tertiary referral centers
with a specific gynecology oncology unit) or general hospitals
with a special interest andhigh level of competence in gynecologic
ultrasound. Dataset 2 was collected between August 2005 and
March 2009 at the University Hospitals Leuven (an oncology
center in Belgium; ref. 26).

Both datasets include consecutive patients with an adnexal
mass (ovarian, paraovarian, or tubal) examined with transva-
ginal ultrasound following a standardized research protocol by
an experienced operator (principal investigator) and who sub-
sequently underwent surgical removal of the mass. The inclu-
sion criteria are similar to those used in the model development
studies (2–4, 6, 8, 9). If multiple masses were present, the mass
with the most complex ultrasound morphology was used in the
statistical analysis. If masses had a similar ultrasound mor-
phology, the largest mass or the mass most easily accessible
with ultrasound was used. The excised tissues underwent his-
tologic examination at the local center and were classified as
benign or malignant. Histologic classification was done with-
out knowledge of the ultrasound results or of the results of the
diagnostic models under investigation. Details about data
collection for dataset 1 and 2 are provided in the original
publications (26, 27). All women gave written or oral consent
as per local requirements, and data collection was approved by
the Ethics Committees or Institutional Review Boards of the
local centers.

Prediction models
We evaluated the clinical utility of 5 models for distinguish-

ing preoperatively between benign and malignant adnexal
masses: LR2, ADNEX, SRRisks, ROMA, and RMI. In addition,
we investigated the clinical utility of the original Simple Rules
(Supplementary Fig. S1). An overview of the models is pre-
sented in Table 1 (the mathematical formulae and prediction
rules are presented in Supplementary Table S1). Note that all
the investigated models except ROMA contain ultrasound vari-
ables. ADNEX and SRRisks include the type of center (oncology
center vs. other) as a predictor to improve the calibration of risk
predictions. Because RMI and the original Simple Rules do not
provide risk estimates, we evaluated RMI and the original
Simple Rules as dichotomous classification systems (28). For
RMI, we used the cut-off value of 200 or more to identify
patients at a high risk of malignancy (2). This value is often
used in clinical practice, but we also investigated the utility of
RMI with other cutoffs (450, 250, 100, and 25; Supplementary
Fig. S1). For the original IOTA Simple Rules, masses that
yielded malignant or inconclusive results were classified as
malignant. For ADNEX, the total risk of malignancy is the sum
of the risks for each malignant subtype, and the risk can be
calculated with or without serum CA125 as a predictor (see
Supplementary Fig. S1 for the results for ADNEX without
CA125).

Translational Relevance

An accurate preoperative diagnosis of an adnexal mass is
important to inform decisions regarding patient triage and
subsequent treatment. Prospective validation of the IOTA
models (LR2, the Simple Rules, the Simple Rules Risk scoring
system, and ADNEX) has shown that they discriminate well
between benign and malignant masses. Direct comparisons
have shown that RMI and ROMA do not discriminate as well
between benign and malignant masses as the IOTA models.
However, gooddiscrimination betweenbenign andmalignant
cases is not sufficient to guarantee clinical utility. ADNEX and
the Simple Rules Risks have more clinical utility than RMI and
ROMA asmeasured by the net benefit, suggesting that ADNEX
and the Simple Rules Risks are the bestmodels to decidewhich
patients to refer to specialized oncology care. This should
ultimately lead to improved patient survival, decreased mor-
bidity, and reduced health care expenditures.

Clinical Utility of Diagnostic Models for Adnexal Tumors
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Dataset 1 contains information that allows the clinical utility
of RMI, LR2, Simple Rules, SRRisks, and ADNEX to be esti-
mated. ROMA could not be applied in dataset 1 because
information on HE4 is lacking in this dataset. Dataset 1 was
originally used for temporal validation of the discriminative
performance and calibration of ADNEX and SRRisks and for
updating these models. Here, we use the formulae for ADNEX
and SRRisks created using the development data. We do not use
the updated models using both developmental and validation
data (8, 9). Dataset 2 allows us to externally validate LR2,
ROMA, and RMI in terms of clinical utility, but not ADNEX and
SRRisks, because a part of dataset 2 was used to develop ADNEX
and SRRisks. The predictions of all models were obtained
centrally by a statistician, after the data collection by clinicians
was concluded.

Evaluation of clinical utility
We used NB as the key performance measure to assess the

potential utility of the models for clinical decision making. NB
combines the benefits of true positives and the harms of false
positives on a single scale by using a weighting factor for false
positives (16, 20, 21). This weighting factor corresponds to the
odds of the chosen risk threshold T [i.e., T/(1-T)] to select patients
for treatment (29). In our case, treatment is equivalent to referring
patients with an adnexal mass to specialized oncology care. For
example, a risk threshold T of 33% (odds 1:2) implies that up to
2 false positives are felt to be acceptable per true positive. In other
words, if we use a risk of malignancy of 33% or higher as the
threshold for referring a patient to specialized oncology care, we
consider the benefit of selecting a patient with an ovarian malig-
nancy for specialized oncology care tobe twice as large as the harm
of referring one patient with a benign tumor to specialized
oncology care.

In this work, we consider risk thresholds between 5% and 50%.
Although arbitrary, these thresholds represent clinically sensible
strategies. Ideally, all patients with ovarian cancer should receive

advanced care. At 5%,wewould accept up to 19 false positives per
true positives. This means that the benefit of selecting a patient
with an adnexal malignancy for specialized oncology care is
considered to be 19 times as large as the harm of referring one
patient with a benign tumor for treatment to specialized oncology
care. Risk thresholds close to 50% may be useful if resources are
limited or waiting lists for specialized oncology care are very long.
At a threshold of 50%, we would accept one false positive per true
positive, that is, the benefit of selecting one patient with an
ovarian malignancy for specialized oncology care is considered
to be equivalent to the harmof referring one patient with a benign
tumor for treatment to specialized oncology care. In clinical
reality, risk thresholds of more than 50% are not sensible because
this would imply that referring a patient with a benign tumor to
oncology care is more harmful than not referring a patient with
cancer.

Given the risk threshold T, the NB is calculated as follows:

Number of true positives� T
1�T

� �� number of false positives

total sample size
:

The risk models that we evaluate in this work classify patients
as at high risk of cancer if the predicted risk is �T; RMI at a
certain cutoff classifies patients as high risk if RMI is at least as
high as the cutoff (e.g., �200) irrespective of T. When using the
original Simple Rules, patients classified as having a malignant
or an unclassifiable mass are considered to be high risk irre-
spective of T.

We plotted the decision curves (NB vs.T), for allmodels and for
2 default strategies: referring all patients or referring none. Refer-
ring all patients means that every patient with an adnexal mass is
classified as being at high risk of ovarian cancer and is referred to
specialized oncology care. Referring none means that no patient
with an adnexalmass is considered to be at risk ofmalignancy and
none are referred to specialized oncology care. If at a given risk
threshold (T), a model has a lower NB than referring all or

Table 1. An overview of the models and classification rules for presurgical diagnosis of adnexal tumors used in this work

Model Publication year Predictors Type of model

RMI 1990 Menopausal status, CA125, multilocular cysts, solid
areas, metastases, ascites, bilaterality

Numerical score of 0 or above, derived from a
logistic regression model.

ROMA 2009 CA125, HE4, and menopausal status Logistic regression model providing a risk of
malignancy.

IOTA LR2 2005 Age, ascites, blood flow within a papillary
projection, maximal diameter of the largest solid
component, irregular internal cyst walls, acoustic
shadows

Logistic regression model providing a risk of
malignancy.

IOTA Simple Rules 2008 Features for malignancy: (i) Irregular solid mass;
(ii) very strong intratumoral flow; (iii) irregular
multilocular-solid mass with largest diameter
�100 mm; (iv) ascites; and (v) �4 papillary structures.

Classification as benign, malignant or
unclassifiable.

Features for a benign mass: (i) unilocular cyst; (ii)
no intratumoral flow; (iii) smooth multilocular
tumor with largest diameter <100 mm; (iv) acoustic
shadows; (v) solid components with largest
diameter <7 mm.

IOTA SRRisks 2016 The 10 features used for the Simple Rules, and type
of center (oncology center vs. other)

Logistic regression model providing a risk of
malignancy.

IOTA ADNEX 2014 Age, CA125, maximal diameter of the lesion, largest
diameter of the largest solid component, >10 cyst
locules, number of papillary projections, acoustic
shadows, ascites, type of center.

Logistic regression model providing risks of 4
malignant tumor subtypes (borderline, stage I
primary cancer, stage II–IV primary cancer,
secondary metastatic cancer); the total predicted
risk of malignancy is the sum of the risks of each
malignant subtype.Risks can be calculated with or without CA 125.
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referring no one, the model is considered harmful for clinical
decision making because a simple default strategy yields a higher
NB. We calculated the difference between the NB of each model
and the NB of the default strategy with the highest NB. The
maximum attainable NB equals the prevalence of the condition
sought for, in this case the prevalence of malignancy (the number
of positives/total sample size). We computed the difference in NB
between the model with the most clinical utility (i.e., the model
with a very highNBover the entire range of risk thresholds) and all
other models. We generated 95% bootstrap confidence intervals
(CI) for NB and the differences in NB using the percentile method
with 1,000 samples.

We investigated the clinical utility of models in the following
subgroups in dataset 1: premenopausal patients, postmenopausal
patients, patients seen at oncology centers, and patients seen at
nononcology centers. Dataset 2 was too small to allow meaning-
ful subgroup analyses.

All analyses were performed using R version 3.3.1 (http://www.
r-project.org/). NB was computed using the dca function (21).

The TRIPOD guidelines were followed for the reporting of this
study (30).

Missing data for CA125
Information on serumCA125 is necessary to calculate ADNEX,

RMI, and ROMA, but serum CA125measurements were optional
in the cohort study in which dataset 1 was collected. We used
single imputation to deal withmissing values in dataset 1. CA125
was estimated with predictive mean matching regression (31),
using variables that were related to the level of CA125 or the
availability of CA125 measurements. Details on the imputation
procedure can be found elsewhere (8). Typically, multiple impu-
tation is preferred over single imputation to get variance estimates
that reflect uncertainty due to missingness. However, we noticed
in previous studies that variance estimates were not meaningfully
smaller if single imputation was used for the prediction models
we assess in this study. Hence, we use single imputation in this
study to reduce the computational burden.

Patient involvement
No patients or laypeople were involved in the design or

conduct of this study. The main outcome measure in this work
(NB) was chosen to evaluate and compare the clinical utility of
models assuming various risk thresholds for referral to special-

ized oncology care that reflect differences in patients' priorities
and preferences.

Results
Dataset 1

Data of 2,541 women with adnexal masses were available. In
total, 138 women were excluded from the analyses for the
following reasons: an interval of >120 days between ultrasonog-
raphy and surgery, pregnancy, data errors that could not be
resolved, and incomplete final histology. Of the remaining
2,403 patients used in this study, 1,423 (59%) had a benign
adnexal mass and 980 (41%) had a malignant adnexal mass;
1,049 patients (44%) were postmenopausal and 1,354 (56%)
were premenopausal; 1,715 (71%) were treated in oncology
centers and 688 (29%) were treated in other centers. Malignancy
rates are roughly comparable with those in the model develop-
ment studies (2–4, 6, 8, 9). They varied by center and were
generally higher in oncology centers than in other centers (Sup-
plementary Table S2). Serum CA125 values were missing in 952
women (40%). Descriptive statistics of the data are presented
in Table 2.

The NB was high for SRRisks and ADNEX and lowest for RMI
(with cutoff 200) for all risk thresholds (Fig. 1; Supplementary
Table S3). The NB of LR2 was intermediate. Using RMI (cutoff
200) was harmful at risk thresholds below 20%, meaning that
referring all patients to specialized oncology care is clinicallymore
useful than using RMI (cutoff 200) if one is willing to refer more
than 4 benign cases per malignant case referred (Fig. 1; Supple-
mentary Table S4). At risk threshold 20%, the NBs of ADNEX,
SRRsisks, LR2, and RMI (using cutoff 200) were 0.348 (95% CI,
0.328–0.369), 0.350 (95% CI, 0.329–0.372), 0.329 (0.308–
0.349), and 0.270 (0.250–0.288), respectively. At this risk thresh-
old, the NB of ADNEX was 0.078 (95% CI, 0.066–0.092) higher
than the NB of RMI (using the 200 cutoff; see Supplementary

Table 2. Patient and tumor characteristics per dataset

Dataset 1 Dataset 2
Characteristics (n ¼ 2,403) (n ¼ 360)

Age (mean, SD) 50 (16) 51 (16)
Postmenopausal (n %) 1,049 (44%) 187 (52%)
Ultrasound examination at oncology center (n, %) 1,715 (71%) 398 (100%)
CA125 information missing (n, %) 952 (40%) 0
Tumor histology (n, %)
Benign 1,423 (59%) 216 (60%)
Malignant 980 (41%) 144 (40%)
Borderline 153 (6%) 32 (9%)
Primary invasive stage I 196 (8%) 18 (5%)
Primary invasive stage II 47 (2%) 5 (1%)
Primary invasive stage III 397 (17%) 53 (15%)
Primary invasive stage IV 61 (3%) 10 (3%)
Unknown FIGO stage 0 (0%) 2 (0.6%)
Metastatic 126 (5%) 24 (7%)

5        10        15        20        25        30       35        40       45        50

19        9        6    5     4          3                 2                                     1
Number of FP for 1 TP

Risk threshold (%)
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Figure 1.

Decision curves representing the NB of the RMI with cutoff 200 (RMI 200), the
IOTA logistic regression model 2 (LR2), the IOTA ADNEX model (ADNEX), the
IOTA SRRisks, referring all and referring none of the patients to specialized
oncology care, for risk of malignancy thresholds between 5% and 50%
(n ¼ 2,403, 41% malignant tumors). FP, false positives; TP, true positives.
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Table S4). This can be interpreted as follows: if one believes it is
justified to refer 4 women with a benign mass to specialized
oncology care per woman referred with a malignant mass (harm-
to-benefit ratio 20:80 ¼ 1:4), ADNEX is more clinically useful
thanRMI (cutoff 200).More specifically, whenweuse ADNEX,we
can correctly refer a net number of 7.8 more malignant cases per
100 women than when we use RMI, for the same number of false
positives (this is the number of true positives corrected for the
number of false positives, using the odds of the threshold as a
weighting factor for false positives). ADNEX was more clinically
useful than RMI (cutoff 200) at all risk thresholds (see Supple-
mentary Table S4). Making decisions based on ADNEX and
SRRisks had similar clinical utility, except at risk thresholds close
to 50% where the NB of the SRRisks showed a sudden drop
(see Fig. 1 and Supplementary Table S4).

Using the RMI with a cutoff of 450 to classify patients as
high risk reduced the NB compared with using a cutoff of 200.
Using cutoffs lower than 200 increased NB at lower risk
thresholds. For example, using the RMI with cutoff of 25
avoided harmful decision making for risk thresholds above
10%. However, whichever RMI cutoff was used, the NB for the
RMI remained well below the NB of the other models (see
Supplementary Fig. S1). Supplementary Figure S1 also shows
that using the original IOTA Simple Rules (with inconclusive
cases classified as malignant) yielded a NB similar to using
SRRisks except that NB was lower for the original Simple Rules
at risk thresholds above 30%. The NB of ADNEX with and
without CA125 was similar, but NB was higher at risk thresh-
olds above 30% when CA125 was used as a variable in ADNEX
(Supplementary Fig. S1).

The results for pre- and postmenopausal women and for
patients examined with ultrasound in oncology units and non-
oncology units are shown in Figs. 2 and 3 and in Supplementary
Tables S3, S5, and S6. In all subgroups, the results were similar: the
RMI had the lowest NB and was harmful at low risk thresholds,
ADNEX and SRRisks had the highest NB, and LR2 had an inter-
mediate NB.

Dataset 2
Dataset 2 included 389 women. Twenty-nine women were

excluded from the analysis because of missing IOTA color Dopp-
ler ultrasound features, no transvaginal ultrasound, or absence of
measurable pathology in the adnexal regiononultrasound.Of the
remaining 360 women used in this analysis, 144 (40%) had a
malignant mass; 187 patients (52%) were postmenopausal, and
173 patients (48%) were premenopausal (see Table 2).

For all risk thresholds, LR2 had a higher NB than the default
strategies, RMI (cutoff 200) andROMA(see Fig. 4, Supplementary
Table S7, and Supplementary Table S8). RMI was harmful at risk
thresholds of 15% or lower (see Fig. 4 and Supplementary Table
S8). At a risk threshold of 20%, LR2had aNB thatwas 0.054 (95%
CI, 0.024–0.085) higher than that of RMI (cutoff 200) and 0.047
(95%CI, 0.017–0.078) higher than that of ROMA,which demon-
strates the greater clinical utility of LR2.

Discussion
This study has shown that the IOTA models ADNEX (with or

without CA125) and SRRisks have clinical utility at a broad range
of risk thresholds to refer patients with ovarian masses to spe-
cialized oncological care. The LR2 model also has clinical utility

but less than ADNEX and SRRisks. The original Simple Rules
classificationmodel has clinical utility similar to the SRRisks. RMI
has less clinical utility and is harmful at low-risk thresholds
regardless of whether the commonly used cutoff of 200 or the
cutoff of 25mentioned by the RCOGwas used (32). Our findings
hold true for both pre- and postmenopausal patients. The clinical
utility of ROMA is similar to that of the RMI for risk thresholds of
10% and higher, and lower than that of LR2.

To the best of our knowledge, this is the first study to estimate
the clinical utility of models used to distinguish between benign
andmalignant adnexalmasses before surgery. Another strength of
our study is that we evaluated the clinical utility using only
validation data, that is, data that were not used to develop the
models. It may be regarded as a limitation of our study that serum
levels for CA125, a predictor in ADNEX, RMI, and ROMA, were
not available for all patients. We solved this problem by using
imputation, hence avoiding bias in the results due tomissing data
(33). Another limitation is that we were unable to evaluate the
clinical utility of the IOTA ADNEX model to distinguish between
various subtypes ofmalignant tumors, asmeasures to evaluate the
clinical utility with multiple outcome categories are not yet
established. Some may regard it as a limitation that we did not
evaluate all published models to predict malignancy in adnexal
masses. We focused on the most commonly used and best
performing models. OVA-1, a recently published model with a
very low specificity (34–36), could not be externally validated as
the algorithm is not freely available. An additional limitation of
this study is that many of the sonographic measurements of
predictors included in the risk models were performed by experts
in ultrasound, even though the study was performed in a mix of
regional centers and referral centers. Nevertheless, it is reassuring
that the IOTA models have been shown to keep their excellent
diagnostic performance when used by clinicians with various
levels of expertise and backgrounds (11, 12, 15, 37–39). In
addition, the ADNEX model contains only ultrasound features
that are relatively easy to assess and does not include any Doppler
variables. Although the current study and past research (40)
demonstrate the superiority of the IOTA models over ROMA in
the hands of experienced investigators, it would be interesting to
prospectively compare ROMA with IOTA models in the hands of
less experienced sonographers in future studies, as ROMA is not
based on sonographic assessment of the lesion.

Our study adds to the existing evidence that IOTA algorithms
perform better than both RMI and ROMA to distinguish between
benign and malignant adnexal tumors (10, 11, 40, 41). Discrim-
ination was very good to excellent for all models (8, 9, 27, 40). In
the dataset used for this study, AUCswere 0.875 for RMI, 0.918 for
LR2, 0.917 for SRRisks, and0.936 for ADNEX (8, 9, 27). Published
studies have shown that LR2 substantially underestimates the risk
of malignancy, whereas for ADNEX and SRRisks, only a very mild
underestimationwasobserved (5, 8, 9, 27). In contrast toprevious
studies, this study goes beyond reporting statistical measures of
discrimination and calibration. It incorporates the consequences
of false-positive and false-negative classifications into the evalu-
ation of models. Hence, we were able to evaluate the clinical
utility of the models for deciding which patients to refer to
specialized oncology care.

The specification of a fixed-risk threshold to refer patients to
specialized oncology care may increase the uptake of models and
simplify patient management. However, decision curve analysis
cannot be used to decide which threshold to choose (16). In fact,
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no single threshold can be recommended, because the appropri-
ate risk threshold depends on the clinical setting in which the
model is applied. It may vary depending on the available health
care resources, local referral patterns and guidelines, and the level
of oncological competence in nononcology centers. Risk thresh-

olds also depend on the decision to bemade. If amodel would be
used to decide who needs to undergo extensive oncological
surgery, the harm of a false positive would be high and the risk
threshold should be set high. In addition, risk thresholds should
also reflect patients' preferences and characteristics. Different risk
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Figure 2.

Decision curves representing the NB of the RMI with cutoff 200 (RMI 200), the IOTA logistic regression model 2 (LR2), the IOTA ADNEX model (ADNEX), the IOTA
SRRisks, referring all and referring none of the patients to specialized oncology care, for risk thresholds between 5% and 50% in pre- and postmenopausal
patients (n ¼ 1,354, 27% malignant tumors for premenopausal patients and n ¼ 1,049, 57% malignant tumors for postmenopausal patients). FP, false positives; TP,
true positives.
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thresholds may be appropriate for women of reproductive age
and postmenopausal women. In younger women, false-negative
results may have a larger impact on survival than in older women.
On the other hand, younger patients more often present with
borderline tumors, and if there is a reasonable level of oncological
competence in nononcology centers, it may be acceptable to
manage borderline tumors there. Of course, risk thresholds can-
not substitute a physician's clinical judgement; they can only be
an adjunct. On the other hand, they are used. The Royal College of
Obstetricians and Gynecologists recommends that postmeno-
pausal women with an adnexal mass and an RMI score of 200
or higher be referred for assessment by an oncological multidis-
ciplinary team (32). Our study has shown that ADNEX and
SRRisks are the most promising models in terms of clinical utility
when deciding who to refer for oncological care, and this is true of
both pre-and postmenopausal women.

On the basis of the decision curve analysis, ADNEX and SRRisks
are both very useful models to decide which patients to refer
to specialized oncological care. Nevertheless, there are 2 note-
worthy differences between the2models. First, theoutcomeof the
ADNEX model exceeds a simple distinction between benign and
malignant masses, as it offers also risk estimates for malignant
subtypes (benign, borderline, stage I cancer, stage II–IV cancer,
metastasis). In a first step, the ADNEX model can be used to
distinguish between benign and malignant lesions. In a second
step, the model reveals which malignant subtypes have an ele-
vated risk estimate in this patient, compared with the general
population (42). This is informative for patient management
decisions. Second, the ultrasound variables of the ADNEX model
are easy to assess. In contrast to the SRRisks and other IOTA
models, ADNEX does not include Doppler variables, which
require substantial ultrasound expertise.

The decision curve analysis presented in this study is a first step
to assess the consequences of introducing diagnostic models into

clinical practice. The clinical impact of using ADNEXor SRRisks to
select women with adnexal masses for referral to oncological care
could further be assessed by a formal cost-effectiveness analysis or
in clinical trials, for example, in a randomized controlled trial
comparing RMI or ROMA with ADNEX or SRRisks as a basis for
referring women with adnexal masses to oncological care. The
authors of a recently published randomized controlled trial
comparing the original IOTA Simple Rules with RMI for the
management of asymptomatic postmenopausal patients con-
cluded that applying the Simple Rules lead to lower surgical
intervention rates for asymptomatic women, without an increase
in delayed malignant diagnoses (43).

The decision curve analysis we have presented in this study has
demonstrated that IOTA models perform well, regardless of the
risk threshold ormenopausal status of the patients, and that IOTA
ADNEX and SRRisks are the most clinically useful models avail-
able for the classification of adnexal pathology prior to surgery.
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