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ABSTRACT

Objectives: To determine correlation between preoperative ultrasound evaluation
of adnexal masses applying IOTA simple rules and pathology diagnosis. To assess
usefulness of biochemical tumor markers in these cases. Methods: A prospective
study was performed between January 2017 and February 2020. Patients with
suspected ovarian pathology were evaluated using IOTA ultrasound rules and
designated as benign or malignant. Findings were correlated with histopathological
findings. Collected data was statistically analyzed using the chi-square test and
kappa statistical method. Results: During this period, 102 women were eligible for
the study. According to IOTA ultrasound criteria, 48% of the adnexal masses were
classified as benign, 24.5% malignant and 27.5% were not classifiable. Pathology
confirmed 68.1% of benign and 72.8% of malignant tumors were correctly classified
by ultrasound. Statistically, the agreement between pre-surgical transvaginal
ultrasound and pathology result was significant with contingency coefficient 0.58
and Kappa index 0.47, both with p <0.05 significance. The sensitivity for detection
of malignancy with IOTA simple rules was 94.1% and specificity 92.1%. As for
biochemical tumor markers, human epididymal protein 4 (HE4) and cancer antigen
125 (CA 125) values had statistically significant correlation with pathology results.
Conclusions: I0TA simple rules may be used in clinical practice for diagnosis of
ovarian tumors. Human epididymis 4 appeared a better diagnostic tool than CA 125
in discrimination of malignant adnexal masses.
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RESUMEN

Objetivos. Correlacionar la ecografia prequirdrgica de las masas anexiales
aplicando los criterios IOTA y el diagndstico anatomopatolégico tras intervencion
quirurgica. Valorar la utilidad de los marcadores tumorales bioquimicos. Método.
Estudio observacional prospectivo en 102 pacientes con diagndstico ecografico
de tumoracién anexial, intervenidas quirurgicamente entre enero 2017 y febrero
2020. El analisis estadistico se realizé con SPSS 17.0. Las variables categéricas se
analizaron mediante pruebas de Fisher y chi-cuadrado, las variables cuantitativas
mediante prueba t-student. La concordancia entre la valoracién de la ecografia
transvaginal mediante criterios IOTA y el resultado anatomopatolégico, se estudio
con el coeficiente de contingencia y el indice kappa. Resultados. Segun criterios
|IOTA, se clasificd como benignas a 48% de las tumoraciones, como malignas 24,5%, y
27,5% resultaron no clasificables. La anatomia patolégica confirmé que 68,1% de las
benignas y 72,8% de las malignas fueron correctamente filiadas por la ecografia. La
concordancia entre la ecografia transvaginal prequirtrgica y la anatomia patologica
fue significativa, con coeficiente de contingencia 0,58, indice kappa 0,47, p <0,05 y
con sensibilidad 94,1% y especificidad 92,1%. Los valores de la proteina epididimal
humana 4 (HE4) y el antigeno del cancer 125 (CA 125) tuvieron correlacién con la
anatomia patolodgica, también con significacién estadistica, siendo mayor en las
pacientes menopausicas. Conclusiones. Los criterios IOTA discriminaron de forma
satisfactoria las masas benignas de las malignas. La proteina HE4 resulté mejor
marcador bioquimico que el CA125.

Palabras clave. Quistes ovaricos, Cancer de ovario, Ecografia, Biomarcadores, tumor.

INTRODUCTION

Adnexal masses are a frequent reason for consultation in gynecology
and morphological evaluation using pelvic ultrasound is the first study
to be performed. An ultrasound is an easily executable, repeatable,
relatively low-cost procedure, and remains the method of choice for
distinguishing between benign and malignant adnexal pathologies. By
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identifying patterns, several types of tumors
can be classified according to their characteristic
appearance in grayscale images. Proper charac-
terization of adnexal masses is a critical step in
planning the right therapeutic approach.

Different studies report that up to 90% of ovari-
an masses can' be correctly classified as benign
or possibly malignant by an expert sonographer,
and thus determine the need for surgery, the
type of surgical procedure and its priority.

Several risk-prediction models have been® pro-
posed, to" differentiate adnexal masses, which
evaluate tumors and classify risk according to the
following ultrasound findings: multilocularity, pres-
ence of solid areas, bi-laterality, ascites, evidence
of metastasis, menopausal status and different
biochemical markers. Such models can be complex
and difficult to apply in standard clinical practice.
Several working groups arose from these complex-
ities, such as the International Ovarian Tumor Anal-
ysis [IOTA)%®), which was validated prospectively
and externally. This group’s aim was to reach an
agreement in relation to ultrasound examinations
and its terminology. This consensus of the IOTA
group describes the ultrasound characteristics of
adnexal tumors and estimates the possible risk of
malignancy, in order to create standardized terms
and definitions. The main aim is to help less experi-
enced sonographers reproduce the good results of
expert sonographers. In addition, the combination
of the ultrasound study with biochemical markers
(CA125 or HE4) seems to be even more sensitive to
classifying the malignance of the lesion.

Our study aimed to assess the clinical applica-
bility of the IOTA model, based on simple ultra-
sound criteria of classification of adnexal mass-
es in terms of benignity or malignancy, prior to
surgical intervention, as well as determining the
sensitivity and specificity of said ultrasound as-
sessment and the impact of biochemical mark-
ers on decision-making.

MEeTHODS

A prospective observational study was carried
out in the Ultrasound Unit of the Hospital Uni-
versitari Parc Tauli de Sabadell, which included a
total of 102 patients with ultrasound diagnosis of
adnexal tumors, to which the IOTA criteria were
applied and that were surgically intervened be-
tween January 2017 and February 2020.
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The methodology of the IOTA criteria includes
the division of ultrasound findings into two char-
acteristics groups: rules B and rules M (Figure 1).
The B rules for predicting a benign tumor con-
sist of the following characteristics: unilocular
masses, presence of solid components with a di-
ameter larger than <7 mm, presence of acoustic
shadow, multilocular smooth tumor with a diam-
eter larger than <100 mm and no blood flow. M
rules for predicting malignant lesion include ir-
regular solid tumor, presence of ascites, at least
four papillary structures, irregular multilocular
solid tumor with a diameter larger than 100
mm, and an abundant blood flow. If one or more
M-rules are applied in the absence of a rule B, a
mass is predicted as malignant. If one or more
B-rules apply in the absence of an M rule, a mass
is predicted as benign. If rules M and rules B ap-
ply or no rule applies, the mass is classified as
inconclusive.

Thus, the adnexal tumors were classified as
probably malignant, probably benign or unclas-
sified following the simple rules of IOTA.

The ultrasound study was always with transvag-
inal access. In cases of tumors with IOTA criteria
of malignancy, they were given an additional ab-
dominal study to rule out possible ascites and to
finish filing the adnexal mass. In none of these
cases this additional abdominal study changed
the initially performed transvaginal IOTA assess-
ment. All ultrasound examinations were per-
formed using a Voluson S8 ultrasound equipped
with a 5-7.5 MHz endovaginal probe and a 3.5-5
MHz multifrequency convex transabdominal

FiGURE 1. IOTA ULTRASOUND CRITERIA.

5 ultrasound criteria of Benignity (B) and 5 of Malignan-
cy (M) are assessed

Bl Unilocular injury
B2 Solid component <7 mm
B3 Acoustic shadow
B4 Multilocular tumor >10 cm without solid areas
B5 Absent vascularity
Mi Solid tumor with irregular contours
M2 Ascites
M3 >4 papillary projections
M4 Multilocular tumor >10 cm with solid areas
M5 Abundant vascularity
Benign >| criterion of benignity, no criteria of malignancy

Malignant >| criterion of malignancy, no criteria of benignity

Not classifiable No B or M criteria or criteria from both groups
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probe. The lesions were classified as solid or lig-
uid, unilocular or multilocular. After evaluation in
mode B, Doppler was activated to evaluate tumor
vascularity. The Doppler configuration was ad-
justed to achieve maximum sensitivity (frequency
5 MHz; dynamic range 20 to 40 dB; pulse repeat
frequency 0.6 kHz). Central vascularity was de-
fined in the presence of color spots within suspi-
cious areas of the tumor such as thick papillary
projections, solid areas or central part of solid
tumors. Subsequently, presurgical IOTA staging
was compared with histopathological results of
the surgical specimens.

The four sonographers involved in this study
performed all scans, with the informed consent
of the patients.

The data was collected through the Microsoft
Office Access 2000 program and previously an-
alyzed using SPSS Statistics 17.0. The categorical
variables were analyzed using Fisher's test and
the chi-square test. The comparison of quanti-
tative variables was performed with the t-stu-
dent test. Statistical significance was defined as
p<0.05. The main study variable was the concor-
dance between the assessment of transvaginal
ultrasound using the I0TA criteria and the defin-
itive pathology result, analyzed using the contin-
gency coefficient and the Kappa index.

REsuLTs

A total of 102 patients were included in this
study. The average age in cases of benignity was
47.6 years and in cases of malignancy, 59 years,
difference statistically significant. More than half
of these patients (53.9%) were premenopausal.

The location of the tumor was one-sided in
94.1% of cases, 54.9% right and 39.2% left. In 6
cases it was bilateral (5.9%). 72.5% of the masses
were regular, 66.7% unilocular, 12.7% bilocular
and the remaining 20.6% multilocular.

In most patients, the first symptom was pain
(52%), 26.5% of tumors were asymptomatic and
9.8% presented abdominal bloating as an initial
symptom (Figure 2).

Based on the IOTA guidelines, 48% of adnexal
masses were classified as benign lesions, 24.5%
as malignant and 27.5% unclassifiable.

FIGURE 2. CLINIC OF THE ADNEXAL TUMOR STUDIED.

W Pain
[l Asymptomatic

Il Other

[l Pyrosis/Digestive
M Distention/Mass [l Urinary infection

Metrorrhagia [l Pain + Distention

Biochemical tumor markers were also analyzed.
We requested human epididymis protein 4 (HE4)
in 57.8% of patients, cancer antigen 125 (CA 125)
in 88.2% and carbohydrate antigen 19-9 (CA 19.9)
in 73.5% of cases.

Other imaging tests, such as CT in 38.2% of pa-
tients and MRI'in 16.9%, were needed.

Surgical intervention was 98+/-11.9 days from
the date of the ultrasound, unlike malignant tu-
mors at 44.7+/-8.4 days, or borderline tumors at
45.1+/-16.9 days.

Out of the 102 adnexal tumors intervened, pa-
thology reported 69 benign tumors, 22 neo-
plasms and 11 borderline tumors (Figure 3).

We observed a statistically significant relation-
ship between pre-surgical transvaginal ultra-
sound and pathological anatomy (Figure 4), with
a contingency coefficient of 0.58 and a kappa
index of 0.47 (p<0.05). 68.1% of benign masses
reported by pathology were described as benign
on ultrasound. Of the ovarian neoplasms, 72.8%
were described as malignant on ultrasound. Fi-
nally, 45.5% of borderline tumors were listed as
unclassified on ultrasound. Ultrasound sensitiv-
ity turned out to be 94.1% and specificity 92.1%,
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FIGURE 3. PATHOLOGIC DIAGNOSIS OF ADNEXAL TUMORS. Cancer antigen 125 (Ca 125) was Studied in 90
patients (Figure 5). There were 5.5% false neg-
atives (5/90) and 10% false positives (9/90), with
U lEare Rl statistically significant relationship with pathol-

S ogy and general contingency coefficient of 0.49,
statistically significant. In the premenopausal
group, a non-significant contingency coefficient
of 0,39 was observed, whereas a statistically sig-
nificant contingency coefficient of 0.52 was ob-
tained in menopausal patients.

22 ovarian
neoplasms

69 benign
rumors

Finally, the carbohydrate antigen 19-9 (Ca 19.9)
was studied in 75 patients, with results not
statistically significant for valuation of adnexal
masses (Figure 5).

FIGURE 5. CORRELATION BETWEEN TUMOR MARKERS AND PATHOLOGY.

Pathology results Total
Malignant

Il 23 serous cystadenomas [l 13 serous carcinomas
Il 16 mucinous cystadenomas [l 3 endometroid carcinomas Count 4 16 4 24
M 12 teratomas 3 granulosa and theca tumors Patho- No % 167% 66.7% 167% 100.0%
M 8 endometriomas 1 sarcoma logical 2 =2 =2 ==
Ml 4 fibromas 1 adenocarcinoma HE4 Ves| Count 0 0 1 l
4 normal ovaries 1 clear cell carcinoma 9 5 A 5 5
1 ovarian stroma M 11 borderline tumors L 00% 00% 100.0% 100.0%
1 steroid tumor Total Count 4 16 15 35
) S ) ) % 114% 457% 429% 100.0%
with a positive likelihood ratio 12 and a negative ot 3 50 3 %
. . oun
0.06. Also, the positive predictive value was 80% Patho- NO = o = p—
and the negative value was 97.9%. logical = - - o
. Count 1 4 13 18
CAIZ5  yeg
. . . % o o o, o
Regarding biochemical tumor markers, human 2 2l i LG
epididymis protein 4 (HE4) was studied in 59 pa- T count 4 i 5 i
tients (Figure 5). There were 10.1%% false nega- & ol 545% 364k 100.0%
tives (6/59) and 5% false positives (3/59), showing Patho- p, COUNt 5 41 1l 57
statistically significant relation with pathology logical % 88% 719% 193%  1000%
findings and general contingency coefficient of CA Vet CouT 4 8 5 17
0.54, statistically significant. The contingency co- BN 235% 471% 294%  1000%
efficient was not significantin the premenopaus- Count 9 49 16 %
al group, 0.40, but statistically significant, 0.6, in ol ot b e 26 1000%

the menopausal group.

FIGURE 4. CORRELATION BETWEEN TRANSVAGINAL ULTRASOUND EVALUATION BY |OTA CRITERIA AND PATHOLOGY FINAL RESULTS.

Pathology results Total
| Borderline | Benign | Malignant |
5 5

; Count 18 28
Not classifiable

% within IOTA 17.9% 64.3% 17.9% 100.0%
Count 1 47 1 49
|OTA Benign
% within IOTA 2.0% 95.9% 20% 100.0%
; Count 5 4 16 25
Malignant o
% within IOTA 20.0% 16.0% 64.0% 100.0%
Count 1l 69 2 102
Total
% within IOTA 10.8% 67.6% 21.6% 100.0%

ADVANCE PUBLICATION



Validation of IOTA simple ultrasound rules in clinical practice with tumor markers

DiscussioN

In studies published previously, the simple ul-
trasound IOTA rules were not applied directly
during the ultrasound exam. The ultrasound
data was collected subsequently from the pa-
tients and evaluated according to prediction
models‘®'¥. Our study overcomes this limita-
tion by directly applying simple I0TA ultrasound
rules in patients. The literature describes the
non-application of the IOTA (non-classifiable
IOTA) criteria in about 10% of adnexal tumors.
However, this percentage is higher in our case,
since we have classified up to 27.5% of ultra-
sounds as IOTA unclassifiable. However, in most
of these cases (64.3%), the definitive pathology
was compatible with benignity. This is the main
reason why 27% of ovarian neoplasms and 32%
of benign tumors were not respectively cata-
logued as malign or benign, by ultrasound. This
limitation arises from the application of a study
in usual clinical practice, since not all masses
show clearly predictive characteristics of benig-
nity or malignancy.

Despite this comment, we consider that the ul-
trasound classification of adnexal tumors using
IOTA criteria has proven to be highly sensitive
and specific to predict ovarian malignancy pri-
or to the surgery of the patient and, in general,
prior to the design of a therapeutic strategy.
Sensitivity, specificity, positive and negative
likelihood ratio have been achieved, as well
as positive and negative predictive value very
similar to those described in the literaturet>”
obtaining good concordance between this test
and pathology.

As for the usefulness of biochemical tumor
markers for the affiliation of adnexal masses,
He4 has recently been proposed as an emerg-
ing biomarker in the differential diagnosis of
adnexal masses and the early diagnosis of
ovarian cancer®29, We have individually ana-
lyzed each of the biochemical markers in each
patient, also considering their age group. In
this way we have concluded that both protein
He4 and antigen Ca 125 have been useful in
the assessment of adnexal tumors, providing
more information in menopausal patients.
He4 has been shown to be the most useful
tumor marker, while Ca 19.9 did not provide
additional information for handling of adnexal
masses.

and pathology

The limitation of this study is that of usual clin-
ical practice, where the evaluation of non-clas-
sifiable masses using simple rules has been a
challenge for researchers. More prospective
and preferably randomized studies are needed
to establish promising diagnostic tools, such as
IOTA, with a positive influence for clinical man-
agement of the patient.

We conclude that most adnexal tumors may be
correctly classified as benign or malignant using
the I0TA classification. Tumor markers, mainly
HE4 and also Ca 125, are useful in the preoper-
ative diagnosis of ovarian malignancy, especially
in menopausal women.
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