
Giourga M et al. Evaluation of IOTA-ADNEX model … Ultrasound Int Open 2023; 9: E11–E17 | © 2023. The Author(s)

Original Article

Evaluation of IOTA-ADNEX Model and Simple Rules for Identifying 
Adnexal Masses by Operators with Varying Levels of Expertise: A 
Single-Center Diagnostic Accuracy Study
  

Authors
Maria Giourga1 , Abraham Pouliakis2, Panagiotis Vlastarakos1 , Sofoklis Stavrou3, Maria Tsiriva1, Angeliki Gerede4, 
Georgios Daskalakis1, 5, Charalampos Voros1, Petros Drakakis6, Ekaterini Domali1

Affiliations
1 1st Department of Obstetrics and Gynecology, National 

and Kapodistrian University of Athens, Alexandra 
Hospital, Athens, Greece

2 2nd Department of Pathology, National and Kapodistrian 
University of Athens School of Medicine, Athens, Greece

3	 first	department	of	obstetrics	and	gynecology,	National	
and Kapodistrian University of Athens Faculty of 
Medicine, Athens, Greece

4 3rd Department of Obstetrics and Gynecology, Aristotle 
University of Thessaloniki School of Medicine, Kavala, 
Greece

5 First Department of Obstetrics and Gynaecology, 
University of Athens, Greece, National and Kapodistrian 
University of Athens School of Medicine, Athens, Greece

6 Third Department of Obstetrics and Gynecology, Attikon 
Hospital, Athens, Greece, National and Kapodistrian 
University of Athens School of Medicine, Athens, Greece

Key words
screening, themes, gynecology, ovary, areas, structures & 
systems, ultrasound, methods & techniques

accepted 10.04.2022
accepted after revision 02.02.2023 
published online 2023

Bibliography
Ultrasound Int Open 2023; 9: E11–E17
DOI 10.1055/a-2044-2855
ISSN 2199-7152
© 2023. The Author(s).
This is an open access article published by Thieme under the terms of the 
Creative Commons Attribution-NonDerivative-NonCommercial-License, 
permitting copying and reproduction so long as the original work is given 
appropriate credit. Contents may not be used for commecial purposes, or 
adapted, remixed, transformed or built upon. (https://creativecommons.
org/licenses/by-nc-nd/4.0/)

Georg Thieme Verlag KG, Rüdigerstraße 14, 
70469 Stuttgart, Germany

Correspondence
Maria Giourga, MD
1st Department of Obstetrics and Gynecology, National and 
Kapodistrian University of Athens, Alexandra Hospital
Leof.	Vasilissis	Sofias	80
11528 Athens
Greece
giourga.m@gmail.com

AbSTr ACT

Objectives  The discrimination of ovarian lesions presents a 
significant	problem	in	everyday	clinical	practice	with	ultra-
sonography appearing to be the most effective diagnostic 
technique. The aim of our study was to externally evaluate the 
performance	of	different	diagnostic	models	when	applied	by	
examiners with various levels of experience.
Methods  This was a diagnostic accuracy study including wom-
en who were admitted for adnexal masses, between July 2018 
and April 2021, to a Greek tertiary oncology center. Preopera-
tively sonographic data were evaluated by an expert gynecol-
ogist, a 6th and a 1st year gynecology resident, who applied the 
International Ovarian Tumor Analysis (IOTA) Simple Rules (SR) 
and	Assessment	of	Different	NEoplasias	in	the	adneXa	(ADNEX)	
model to discriminate between benign and malignant ovarian 
tumors. The explant pathology report was used as the refer-
ence diagnosis. Kappa statistics were used for the investigation 
of the level of agreement between the examined systems and 
the raters.
Results  We included 66 women, 39 with benign and 27 with 
malignant	ovarian	tumors.	ADNEX	(with	and	without	“CA-
125”) had high sensitivity (96–100 %) when applied by all raters 
but	a	rather	low	specificity	(36	%)	when	applied	by	the	1st	year	
resident. SR could not be applied in 6 % to 17 % of the cases. It 
had	slightly	lower	sensitivity,	higher	specificity,	and	higher	
overall accuracy, especially when applied by the 1st year resi-
dent	(61	%	vs.	92	%),	compared	to	ADNEX.
Conclusion	 	Both	ADNEX	and	SR	can	be	utilized	for	screening	
in	non-oncology	centers	since	they	offer	high	sensitivity	even	
when used by less experienced examiners. In the hands of in-
experienced examiners, SR appears to be the best model for 
assessing ovarian lesions.
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Introduction
In women with ovarian malignancies, early detection is critical as 
it can lead to high cure and survival rates [1]. When a malignancy 
is suspected, referral to an expert oncology center for further mana-
gement is crucial for attaining the best therapeutic results. Ultra-
sonography	appears	to	be	the	most	effective	diagnostic	technique,	
which	assists	in	the	differentiation	between	benign	and	malignant	
adnexal masses prior to surgery, but only when conducted by ex-
perienced examiners [2, 3]. However, women seeking evaluation 
aren’t	always	assessed	by	physicians	with	expertise.	In	an	effort	to	
improve care, the International Ovarian Tumor Analysis (IOTA) 
group	has	developed	specific	ultrasound	criteria	(“Simple	Rules”,	
“SR”),	which	include	five	features	typical	for	benign	tumors	(B-fea-
tures)	and	five	features	typical	for	malignant	tumors	(M-features)	
that can classify the majority of adnexal masses as probably benign 
or probably malignant [4]. Moreover, the IOTA group has created 
a	logistic	tool,	the	Assessment	of	Different	NEoplasias	in	the	Ad-
neXa	(ADNEX)	model,	which	calculates	the	preoperative	risk	of	a	
lesion being benign, borderline, stage I, II–IV or secondary meta-
static cancer, using three clinical and six ultrasonographic variables 
[5]. The aim of our study was to evaluate the diagnostic accuracy 
of	the	IOTA’s	SR	and	ADNEX	model	in	the	preoperative	discrimina-
tion of adnexal masses, when used by three raters with varying le-
vels of experience.

Methods
Women of all ages who underwent biopsy or surgical removal of 
adnexal masses at our gynecological oncology center were inclu-
ded in the study if they had available ultrasonographic data of the 
mass up to 120 days prior to surgery. As per our hospital protocol, 
all women undergo ultrasound assessment prior to surgery. The 
study was approved by our Hospital’s Ethics Committee and all in-
cluded women provided written consent. The STARD statement 
was followed for reporting the study [6].

All ultrasound examinations were performed by the same ob-
stetrics and gynecology assistant professor, an expert in ultra-
sonography. Images and videos were obtained, stored, and then 
assessed	consecutively	by	three	different	raters	with	varying	levels	
of experience. Rater 1 was an expert gynecologist, rater 2 was a 6th 
year obstetrics and gynecology resident, and rater 3 was a 1st year 
resident. The expert gynecologist had performed more than 300 
gynecological ultrasound examinations per year. The 6th year resi-
dent had performed approximately 100 ultrasound examinations 
per year for the past 4 years under supervision. The 1st year resident 
had no prior experience in gynecological ultrasound. Each exami-
ner evaluated the same images and videos and then applied the 
ADNEX	model	with	and	without	the	incorporation	of	“CA-125”	
(ADNEX	125),	as	well	as	SR,	to	categorize	the	adnexal	masses.	When	
multiple masses were present, the one with the most complex mor-
phology was chosen, as indicated by the literature [7]. After sur-
gery, the histopathology reports were collected and used as the 
reference standard for the diagnosis of each mass. The patients’ 
age,	history,	and	the	serum	levels	of	“CA-125”	were	retrieved	and	
obtained from their medical records. All ratings were triple blind-
ed, with the raters being unaware of the patient they were rating, 
the results of the other raters, and the histology reports.

Data analysis was performed with SAS 9.4 for Windows (SAS In-
stitute	Inc.	NC,	USA)	[8,	9].	We	calculated	the	sensitivity,	specifici-
ty, positive and negative predictive values (PPV and NPV), false-pos-
itive and false-negative rates (FPR and FNR, respectively). The 
detailed diagnostic results and performance metrics are cumula-
tively presented for all raters and for all scoring systems in ▶Table 2 
and 3,	respectively.	We	applied	kappa	(κ)	statistics	for	the	investi-
gation of the level of agreement between the examined systems 
in	a	pairwise	comparison.	According	to	the	κ	value,	the	agreement	
is	characterized	as:		<	0	no,	0–0.20	slight,	0.21–0.40	fair,	0.41–0.60	
moderate, 0.61–0.80 substantial, and 0.81–1 as almost perfect 
agreement [10]. We also examined the level of agreement for the 
same	rater	when	using	different	scoring	systems.	The	first	compar-
ison was between benign and malignant cases, the second com-
parison was for the staging. For this step the agreement was esti-
mated using the Kendall's test that takes into account information 
related to the proximity of the test results and introduces a metric 
(W)	ranging	from	no	agreement	(W	≤	0	)	to	complete	agreement	
(W = 1) [11].

Results

Study population and baseline characteristics
Out of 227 women admitted to our center due to adnexal masses, 
121 were operated on or submitted to biopsy. Out of these, 29 did 
not	have	sufficient	ultrasonographic	data	stored,	in	21	cases	ultra-
sound was performed more than 120 days prior to surgery and 5 
did not consent to participating in our study. In total, 66 women 
were included. 60 of them underwent surgery and 6 underwent bi-
opsy (▶Fig. 1 – Flowchart). All women were evaluated using the 
three	systems	ADNEX	model,	ADNEX	125,	and	SR	by	three	observ-
ers. 39 women (59.1 %) had benign lesions and 27 (40.9 %) had ma-
lignant lesions, based on their histopathology reports. Women with 
malignant lesions had a higher age (median: 58 years) than women 
with benign lesions (median: 46 years), which was as expected but 
without	statistical	significance	(p	=	0.15).	The	histopathology	of	
the included ovarian tumors is depicted in ▶Table 1.

Analysis of the performance of the scoring systems 
for each observer
For	the	ADNEX	model,	a	cut-off	of	10	%	was	used	in	order	to	classi-
fy	a	lesion	as	benign	or	malignant.	Before	analyzing	the	level	of	
agreement among the raters, the performance of each scoring sys-
tem and each rater was evaluated. The histopathology report was 
used as the reference standard.

Inter-rater agreement
There was agreement among all three raters in 43 of the cases 
(65	%)	for	ADNEX,	in	40	of	the	cases	(61	%)	for	ADNEX	125,	and	in	
50	cases	(76	%)	including	inconclusive	cases	for	SR.	According	to	κ	
statistics,	for	ADNEX,	raters	1	and	2	had	almost	perfect	agreement,	
raters 2 and 3 had fair agreement, and raters 1 and 3 had moder-
ate	agreement,	with	an	overall	κ	(Fleiss)	coefficient	of	54.2	%	
(95 %CI: 39.0–69.3 %), indicating an overall moderate agreement 
among	the	three	raters.	For	ADNEX	125,	rater	3	had	fair	and	mod-
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erate agreement with raters 1 and 2, respectively, while raters 1 
and	2	had	substantial	agreement.	For	ADNEX	125,	the	overall	κ	co-
efficient	was	50.4	%	(95	%CI:	34.9–65.8	%),	indicating	an	overall	
moderate agreement. For SR, the agreement was evaluated by a) 
including and b) excluding the inconclusive outcomes. For SR, 

raters 1 and 2 had substantial agreement, raters 2 and 3 had almost 
perfect, and raters 1 and 3 moderate. The overall level of agree-
ment	was	κ	=	69.5	%	(95	%	CI:	56.9–82.0	%)	and	was	characterized	
as substantial. When inconclusive cases were excluded, the best 
level of agreement was achieved, which was almost perfect for all 
pairs	of	comparisons	(κ	>	81	%)	and	the	overall	agreement	(for	the	
50	conclusive	cases	for	all	raters)	was	also	almost	perfect	[κ	=	94.5	%	
(95 % CI: 77.3 %–100 %)] (▶Fig. 2). In conclusion, the model with 
which most raters had a higher level of agreement was SR, followed 
by	ADNEX	and	ADNEX	125	(▶Table 4). Notably, SR was the system 
with the highest overall accuracy (see ▶Table 2) but not the high-
est sensitivity.

Intra-rater agreement
For rater 1, there was total agreement for all three scoring systems 
for 43 cases (65 %), for rater 2 for 46 cases (70 %), and for rater 3 for 
40 cases (61 %). Inconclusive cases in the SR system were consi-
dered	disagreements.	According	to	κ	statistics,	for	rater	1	there	was	
substantial	 agreement	 between	 ANDEX	 and	 ADNEX	 125	
(κ	=	78.6	%),	as	well	as	ADNEX	125	and	SR	(κ	=	66.2	%)	but	moderate	

▶Table 2 Cumulative results for the three raters and for all prediction 
models.

TP TN FP FN Total

Rater 1 ADNEX 27 28 11 0 66

ADNEX	125 27 31 8 0 66

SR 20 31 1 6 58

Rater 2 ADNEX 25 27 12 2 66

ADNEX	125 26 27 12 1 66

SR 21 28 3 3 55

Rater 3 ADNEX 26 14 25 1 66

ADNEX	125 26 14 25 1 66

SR 23 34 3 2 62

ADNEX:	Assessment	of	Different	NEoplasias	in	the	AdneXa	model,	SR:	
Simple Rules, TP: True Positive, TN: True Negative, FP: False Positive, FN: 
False Negative. For SR, inconclusive results were excluded.

▶Table 3 Performance metrics for the three raters and for all predic-
tion models.

Performance 
metric

rater 1 rater 2 rater 3

ADNEX Sensitivity 100.00 % 92.59 % 96.30 %

Specificity 71.79 % 69.23 % 35.90 %

PPV 71.05 % 67.57 % 50.98 %

NPV 100.00 % 93.10 % 93.33 %

FPR 28.21 % 30.77 % 64.10 %

FNR 0.00 % 7.41 % 3.70 %

OA 83.33 % 78.79 % 60.61 %

ADNEX	125 Sensitivity 100.00 % 96.30 % 96.30 %

Specificity 79.49 % 69.23 % 35.90 %

PPV 77.14 % 68.42 % 50.98 %

NPV 100.00 % 96.43 % 93.33 %

FPR 20.51 % 30.77 % 64.10 %

FNR 0.00 % 3.70 % 3.70 %

OA 87.88 % 80.30 % 60.61 %

SR Sensitivity 76.92 % 87.50 % 92.00 %

Specificity 96.88 % 90.32 % 91.89 %

PPV 95.24 % 87.50 % 88.46 %

NPV 83.78 % 90.32 % 94.44 %

FPR 3.13 % 9.68 % 8.11 %

FNR 23.08 % 12.50 % 8.00 %

OA 87.93 % 89.09 % 91.94 %

ADNEX:	Assessment	of	Different	NEoplasias	in	the	AdneXa	model,	SR:	
Simple Rules, PPV: Positive Predictive Value, NPV: Negative Predictive 
Value, FPR: False Positive Rate, FNR: False Negative Rate, OA: Overall 
Accuracy. For SR, inconclusive results were excluded.

▶Table 1 Histopathology of the tumors.

Histopathology Frequency Frequency

benign Serous cystadenoma 12

Mucinous cystadenoma 6

Mature cystic teratoma 6

Simple serous cyst 5

Endometrioma 5

Hydrosalpinx 3

Brenner tumor 1

Luteal cyst 1

bOT Mucinous BOT 4

Serous BOT 2

Malignant Serous carcinoma 11

Endometrioid carcinoma 2

Mucinous carcinoma 2

Immature cystic teratoma 2

Yolk sac tumor 1

Dysgerminoma 1

Metastatic 2

Total 66

BOT: Borderline ovarian tumor
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agreement	for	ADNEX	and	SR	(κ	=	57.2	%).	After	excluding	8	incon-
clusive	cases,	the	overall	agreement	was	κ	=	67.8	%	(95	%	CI:	
53.3 %–82.3 %), indicating substantial agreement. For rater 2, there 
was	almost	perfect	agreement	between	ADNEX	and	ADNEX	125	
and substantial agreement for the two models compared to SR. 
When considering all three systems together (after excluding 11 
inconclusive	cases),	the	overall	agreement	was	κ	=		76.2	%	(95	%	CI:	
59.7 %–92.7 %), indicating substantial agreement. Finally, for rater 
3, despite the fact that there was almost perfect agreement be-
tween	ADNEX	and	ADNEX	125	(κ	=	91.4	%),	the	agreement	between	
the	two	models	with	the	SR	approach	was	fair	(κ	=	37.5	%).	The	over-
all agreement for the three systems (after excluding 4 inconclusive 
cases)	was	κ	=	48.3	%	(95	%	CI	=		34.0	%–62.7	%),	indicating	moder-
ate	agreement.	In	conclusion,	for	all	raters,	ADNEX	and	ADNEX	125	
had the highest degree of agreement, while a great variation was 
observed	among	the	three	raters	for	the	agreement	of	ADNEX	and	
ANDEX	125	with	SR.	Notably,	rater	3	who	had	the	smallest	percen-
tage of inconclusive cases, had the smallest agreement between SR 
and	ADNEX	(and	ADNEX	125)	(p	<	0.001)	and	the	highest	degree	

of	agreement	between	ADNEX	and	ADNEX	125.	The	comparisons	
can be seen in ▶Table 5.

Analysis of the level of agreement for staging 
(ADNEX and ADNEX 125)
Subsequent	analysis	involves	only	ADNEX	and	ADNEX	125.	The	
evaluation	was	done	in	two	levels	a)	for	each	individual	classifica-
tion system among the three raters (i. e., inter-rater agreement) 
and	b)	for	each	individual	rater	between	the	two	classification	sys-
tems (intra-rater agreement). Benign cases were not excluded since 
a benign case for one system may be malignant for the other.

Inter-rater agreement for staging
For	ADNEX	all	three	raters	had	exact	agreement	for	36	cases	(55	%).	
The comparison of raters per pairs is presented in ▶Table 6. Raters 
1 and 2 had substantial agreement between each other, while rater 
3 had moderate agreement with raters 1 and 2. The Kendall's W 
was	72.4	%,	indicating	substantial	agreement.	The	individual	κ	
agreement values for the subcategories were: 54.2 % ± 7.1 %, 

Women admitted to our hospital

due to adnexal masses

(n = 227)

Women not included (n = 55)

Exclusion criteria:

• Not enough pictures and videos stored

(n = 29)

• US performed more than 120 days prior

to surgery (n = 21)

• Women who didn’t consent to

participate (n = 5)

Benign ovarian masses (n = 39)

Malignant Ovarian masses (n = 27)

• BOT (n = 6)

• Stage I (n = 9)

• Stage II-IV (n = 10)

• Metastatic (n = 2)

Women who underwent biopsy or

surgical removal of adnexal masses

(n = 121)

Women included

(n = 66)

▶Fig. 1	 Flowchart	summarizing	the	inclusion	of	patients	with	adnexal	masses	in	the	study.	US:	Ultrasound;	BOT:	Borderline	Ovarian	Tumor.
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52.2 % ± 7.1 %, 17.9 % ± 7.1, 57.4 % ± 7.1 % for the benign, border-
line, stage I and stages II–IV categories, respectively, indicating that 
ADNEX	had	very	poor	agreement	for	stage	I.	For	ADNEX	125	all	
three raters had exact agreement for 40 cases (61 %). The paired 
comparisons are presented in ▶Table 6. For this system there was 
improved	agreement	(compared	to	ADNEX).	Specifically,	rater	3	
had substantial agreement with raters 1 and 2 and raters 1 and 3 
had almost perfect agreement with each other. The Kendall's W 
was	83.3	%,	indicating	perfect	agreement.	The	individual	κ	agree-
ment values for the subcategories were: 50.4 %, 48.8 %, 26.0 %, 
92.4 %, and 74.5 % (SE: 7.1 % for all cases), for the benign, border-
line, stage I, stages II–IV, and metastatic categories, respectively, 
indicating	that	ADNEX	125	had	better	agreement	for	stage	I	and	
great improvement for stages II–IV (▶Table 6). In conclusion, for 
all	pairs	of	raters,	the	level	of	agreement	was	higher	for	ADNEX	125,	
and the overall agreement was also better.

Intra-rater agreement for staging
When considering a single rater, the level of agreement between 
ADNEX	and	ADNEX	125	for	staging	was	90.2	%	(95	%	CI:	59.9	%	-	

86.4 %) for rater 1, 92.3 % for rater 2, and 89.4 % for rater 3, indicat-
ing nearly perfect agreement for all raters. Moreover, when con-
sidering all three raters together and estimating the level of agree-
ment, the overall Kendall’s W was 90.9 % and the individual 
agreement values were 84.5 % (SE: 3.9 %), 71.0 % (SE: 5.5 %), 31.3 % 
(SE:17.9 %), 61.0 % (SE: 6.2 %) and 0 % (SE: 0.5 %) for the benign, 
borderline, stage I, stages II–IV, and metastatic stages, respective-
ly, showing that overall, the same person (when using the two sys-
tems) has almost perfect agreement for the benign cases, substan-
tial agreement for borderline cases and stages II–IV, fair agreement 
for stage I, and no agreement for the metastatic cases. Note that 
our study cannot provide reliable results for the latter category, 
since only two metastatic cases were present.

Discussion
Ovarian masses are frequent in both premenopausal and postmen-
opausal	women	[12–14].	They	can	be	difficult	to	classify,	particu-
larly by physicians with limited training, while gynecologists with 
a high level of expertise in ultrasonography can preoperatively dis-

a b

c d

▶Fig. 2 Ultrasound examples of disagreement between raters. a Grayscale image of a solid ovarian lesion (benign Brenner tumor) with almost 
perfect inter-rater agreement between the experienced gynecologist and the 4th year resident and no agreement between the previous raters and 
the 1st	year	resident.	It	was	classified	as	a	benign	solid	lesion	with	acoustic	shadows	by	the	first	two	raters	and	as	a	solid	malignant	lesion	without	
acoustic shadows by rater 3, using the three scoring systems. b Color Doppler image of an ovarian multilocular mucinous cystadenoma which had 
almost perfect inter-rater agreement between the experienced gynecologist and the 4th	year	resident	and	was	classified	as	benign	using	all	scoring	
systems. The 1st	year	resident	classified	the	mass	as	a	malignant	multilocular	solid	cyst	with	2	papillary	projections,	thus	misinterpreting	parts	of	the	
inner cystic walls as papillary projections. c	Grayscale	image	of	an	ovarian	unilocular	serous	cystadenoma.	The	expert	gynecologist	classified	the	
mass as benign using the three scoring systems, while the 4th year resident and the 1st year resident were not able to classify the mass using Simple 
Rules.	When	ADNEX	and	ADNEX	125	was	applied	by	the	residents,	the	mass	was	classified	as	malignant.	The	two	raters	interpreted	the	part	of	the	
inner	cystic	wall	marked	by	the	white	arrow,	as	a	papillary	projection	a	finding	that	couldn’t	be	confirmed	by	the	histopathology	report.	d Power 
Doppler	image	of	a	high-grade	serous	carcinoma	with	moderate	inter-rater	agreement	for	staging	using	ADNEX	and	ADNEX	125	and	almost	perfect	
inter-rater	agreement	for	Simple	Rules.	All	raters	classified	the	mass	as	malignant	using	the	three	scoring	systems.
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tinguish benign from malignant lesions with high sensitivity [2]. 
IOTA has developed validated logistical models and rules for de-
scribing	and	characterizing	ovarian	masses	[7].	The	goal	of	our	
study	was	to	compare	the	performance	of	ADNEX,	ADNEX	125,	and	
SR models, when applied by physicians with limited, intermediate, 
and	significant	experience.	Our	goal	was	to	evaluate	the	perfor-
mance of each model, primarily based on its sensitivity and se-
condarily	on	the	overall	accuracy,	as	our	aim	was	to	identify	tools	fit	
to be used by inexperienced examiners with minimum false-nega-
tive results.

ADNEX model
Our	results	indicate	that	the	ADNEX	model	with	the	incorporation	
of	“CA-125”	has	a	sensitivity	of	96–100	%,	irrespective	of	the	rater’s	
experience, which is higher compared to previous studies, which 
have	demonstrated	that	the	ADNEX	model	can	achieve	sensitivity	
of	89–97	%	and	specificity	of	54–94	%	[5,	15–18].	While	experienced	
sonographers	attain	high	rates	of	specificity	and	sensitivity,	our	re-

sults	show	that	when	the	models	are	utilized	by	an	inexperienced	
1st	year	resident,	their	performance	decreases	significantly.	The	 
1st	year	resident's	specificity	was	36	%	(with	or	without	the	“CA-
125”), which is even lower than in the existing literature [19]. This 
could be explained by the fact that ultrasonography was not con-
ducted	by	the	raters,	resulting	in	a	higher	level	of	difficulty,	espe-
cially for the rater with limited experience. For the intermediate and 
experienced	raters,	the	specificity	was	69	%	and	72	%,	respectively	
(without	the	“CA-125”	levels),	which	is	comparable	to	the	findings	
of Van Calster et al. [5]. Additionally, our data indicated that the 
addition	of	“CA-125”	to	the	model	led	to	an	even	better	sensitivi-
ty	for	the	rater	with	intermediate	experience	and	a	rise	in	specific-
ity for the most experienced examiner who had already achieved 
perfect (100 %) sensitivity. The overall accuracy increased as well 
in	parallel	with	sensitivity	and	specificity	of	the	model.	Lastly,	our	
results	showed	that	the	use	of	“CA-125”	improved	the	staging	of	
malignant	masses,	especially	for	stages	I	and	II–IV,	but	didn’t	affect	
the	differentiation	between	benign	and	malignant	tumors.	These	
results are in accordance with the existing literature [5, 7].

Simple Rules
SR appears to be the best model to assess adnexal masses, espe-
cially for the less experienced user. Studies have shown that it is 
conclusive for up to 80 % of women, even when used by inexperi-
enced examiners, while inconclusive results need to be assessed by 
an experienced gynecologist [20, 21]. In our study, the experienced 
gynecologist, the 6th year resident, and the 1st year resident were 
able	to	categorize	87.8	%	,	83.3	%,	and	93.9	%	of	the	masses,	respec-
tively. The overall accuracy of SR, when applied by the 1st year res-
ident,	was	significantly	higher	compared	to	ADNEX	(with	or	with-
out	“CA-125”).	Our	results	showed	that	the	1st year resident, using 
the SR, had the highest sensitivity (92 %), compared to the resident 
(87.5 %), and the most experienced rater (77 %). On the other hand, 
the	most	experienced	rater	had	the	highest	specificity	(97	%),	using	
SR, compared to the 6th year resident (90 %) and the 1st year resi-
dent (92 %). The unexpected high sensitivity in less experienced 
raters could be explained by the tendency of inexperienced physi-
cians to overdiagnose especially when using tools with subjective 
criteria	[22].	The	specificity	and	sensitivity	we	found	for	the	most	
experienced rater are similar to the ones mentioned in the litera-
ture,	thus	affirming	our	results	and	confirming	the	dependence	of	

▶Table 4 Pairwise comparisons for the level of agreement between 
the three raters for each individual scoring system.

rater 1 rater 3

ADNEX Rater 2 84.6 % (71.6–97.6) 35.1 % (14.2–56)

Rater 3 43.8 % (23.3–64.4)

ADNEX	125 Rater 2 72.5 % (55.8–89.1) 37.2 % (16.1–58.4)

Rater 3 43.6 % (24.4–62.8)

SR (with 
inconclusive)

Rater 2 74.3 % (60.7–87.8) 84.2 % (75–93.4)

Rater 3 77.8 % (64.2–91.4)

SR (without 
inconclusive)

Rater 2 88 % (74.9–100) 100 % (100–100) 
(N = 53)

Rater 3 85.5 % (71.9–99.1)

ADNEX:	Assessment	of	Different	NEoplasias	in	the	AdneXa	model,	SR:	
Simple Rules.

▶Table 5 Pairwise comparisons for the level of agreement between 
the three systems for each individual rater.

ADNEX 125 Sr

Rater 1 ADNEX 78.6 % (63.7–93.5) 57.2 % (38.7–75.7)

ADNEX	125 66.2 % (48.2–84.1)

Rater 2 ADNEX 84.6 % (71.6–97.6) 78.4 % (62.5–94.3)

ADNEX125 71.5 % (54–89)

Rater 3 ADNEX 91.4 % (79.6–100) 37.5 % (20.5–54.4)

ADNEX	125 37.5 % (20.5–54.4)

ADNEX:	Assessment	of	Different	NEoplasias	in	the	AdneXa	model,	SR:	
Simple Rules.

▶Table 6 Pairwise comparisons for the level of agreement between 
the	three	raters	for	the	stage	of	ADNEX	and	ADNEX	125.

rater 1 rater 3

ADNEX Rater 2 74.4 % (60.5–88.4) 41.5 % (23.2–59.9)

Rater 3 56.8 % (41–72.7)

ADNEX	125 Rater 2 83.4 % (72.5–94.3) 65.6 % (51.4–79.9)

Rater 3 69.9 % (57.1–82.8)

ADNEX:	Assessment	of	Different	NEoplasias	in	the	AdneXa	model,	SR:	
Simple Rules.
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SR on the rater’s experience [23, 24]. In the hands of inexperienced 
examiners,	SR	appears	to	be	more	efficient	as	a	screening	tool	com-
pared to other models [19].

Limitations
Our study admittedly has certain limitations. It was a single-center 
study including a relatively small number of patients. Nevertheless, 
patient histopathology results were proportionally distributed, be-
tween benign and malignant cases, allowing comparability con-
cerning diagnostic accuracy. For the same reason, we were unable 
to	reliably	evaluate	the	sub-classification	of	the	malignant	masses.	
Lastly, ultrasound examinations were not performed by the raters 
themselves, but they were conducted by a highly experienced med-
ical	professional	and	the	use	of	stored	anonymized	recourses,	al-
lowed us to avoid detection and reporting bias.

Conclusion
The aim of our study was to demonstrate the performance of the 
ADNEX	model	(with	and	without	“CA-125”)	and	Simple	Rules	in	di-
agnosing ovarian cancer, when applied by sonographers with dif-
ferent	levels	of	experience.	Both	methods	offer	high	sensitivity	
when used by inexperienced examiners although Simple Rules is 
easier	to	apply.	The	ADNEX	model	has	good	to	excellent	perfor-
mance	in	categorizing	adnexal	masses	only	when	applied	by	raters	
with a moderate to high level of experience, while SR cannot pre-
dict the stage in malignant cases. Both models can be used in 
non-oncology centers for screening, but patients with suspicious 
findings	or	inconclusive	results	must	be	evaluated	in	specialized	fa-
cilities.
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