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Summary:

Objective: The aim of the study was to assess the predictive value of the IOTA Logistic Regression
2 model in ovarian cancer prediction on a representative sample of ovarian lesions.

Methods: The presented prospective single-centre study was conducted over a period of three years
between 2018 — 2021 at the Obstetrics and Gynecology Clinical Hospital in Poznan, Poland. All
women included in the study were referred to our hospital for surgical treatment due to persistent
ovarian lesions. Ultrasound evaluation was performed by one of five junior sonographers and one of
three expert sonographers using the GE Voluson E8 and S8 according to the IOTA guidelines. The
initial diagnosis was compared with the reference standard, represented by the histological outcome
of the surgically removed mass.

Results: The final analysis comprised 196 women, including 131 of the reproductive age, and 65 in the
postmenopausal period. The mean age was 44 years (ranging between 18-83 years). Among 196 ovari-
an masses, 152 (77.5%) were benign, 35 (17.8%) were malignant, and 9 (4.6%) were borderline. With
the cut-off point of 10%, the IOTA LR2 model demonstrated a sensitivity of 95.45% and a specificity
of 76.82% in differentiating between benign and malignant lesions. The PPV and NPV were equal
to 54.55% and 98.31%, respectively, whereas the AUC was 0.945 (CI 0.931-0.964). Additionally, an
alternative cut-off point was also investigated for the purpose of our data. Based on the Youden index,
the combination of the highest sensitivity and specificity were calculated for the cut-off of 13.8%. This
cut-off point, instead of 10%, would result in a sensitivity of 95.5% and specificity of 84.1%.
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Conclusions: Our study suggests that the overall accuracy of LR2 is encouraging and demonstrates
that it could be employed as a primary test in women with adnexal masses without the risk of miss-
ing a significant number of malignant tumours.
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Streszczenie:

Cel pracy: Celem pracy byla ocena wartosci predykcyjnej modelu IOTA Logistic Regression 2
w przedoperacyjnym diagnozowaniu raka jajnika, przeprowadzona na reprezentatywnej grupie ko-
biet z guzami jajnika.

Metody: Prezentowane prospektywne, jednoosrodkowe badanie przeprowadzono w latach 2018-
2021 w Potozniczo-Ginekologicznym Szpitalu Klinicznym w Poznaniu. Wszystkie kobiety objete
badaniem zostaty skierowane do naszego szpitala w celu leczenia chirurgicznego z powodu utrzy-
mujagcych si¢ zmian w obrebie jajnikow. Oceng ultrasonograficzng zgodnie z wytycznymi I0TA
przeprowadzit jeden z pigciu mtodszych ultrasonografistow i jeden z trzech doswiadczonych ultra-
sonografistow korzystajac z aparatow GE Voluson E8 i S8. Diagnoze¢ wstepna pordwnano ze stand-
ardem referencyjnym, reprezentowanym przez wynik histologiczny chirurgicznie usunigtej masy.
Wyniki: Do ostatecznej analizy wtaczono 196 kobiet, w tym 131 w wieku rozrodczym i 65 w okresie
pomenopauzalnym. Sredni wiek pacjentek wynosit 44 lata (zakres 18-83). Sposrod 196 guzow ja-
jnika 152 (77,5%) mialo charakter tagodny, 35 (17,8%) ztosliwy, a 9 (4,6%) bylo guzami gran-
icznymi. Przy punkcie odcigcia wynoszacym 10% model IOTA LR2 wykazat czuto$¢ na poziomie
95,45% i swoistos¢ na poziomie 76,82% w roznicowaniu zmian fagodnych i ztosliwych. PPV i NPV
wyniosty odpowiednio 54,55% 1 98,31%, natomiast AUC wyniosto 0,945 (CI 0,931-0,964). Dodat-
kowo na potrzeby naszych danych zbadano réwniez alternatywny punkt odcigcia. Na podstawie
wskaznika Youdena obliczono kombinacj¢ najwyzszej czulo$ci i swoistosci dla wartosci odcigcia
wynoszacej 13,8%. Ten punkt odcigcia zamiast 10% dalby czuto$¢ na poziomie 95,5% i swoisto§¢
na poziomie 84,1%.

Whioski: Nasze badanie sugeruje, ze ogélna doktadnos¢ LR2 jest zachgcajaca i pokazuje, ze mozna
go zastosowac jako badanie podstawowe u kobiet z guzami przydatkéw bez ryzyka przeoczenia
znacznej liczby nowotwordw ztosliwych.

Stowa kluczowe: I0TA, LR2, ultrasonografia, guz przydatkow, rak jajnika

INTRODUCTION

Despite the introduction of radical surgical techniques, modern cytostatic
drugs, and the constant search for new targeted therapies, the prognosis for pa-
tients with ovarian cancer has not significantly improved over the last 2-3 de-
cades. Among malignant neoplasms of the female reproductive system, ovarian
cancer is characterized by the highest mortality rate, mainly due to the fact that
60% of cases are diagnosed in stages III and I'V.

In Poland, malignant ovarian neoplasms cause 6% of cancer deaths in wom-
en, and the mortality rate is over 15% higher than the European Union average
(according to the National Cancer Research). The average survival time of pa-
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tients with ovarian cancer is considerably extended when women are treated at the
reference gynaecological oncology centres. Therefore, early referral of patients
with suspected cancer to the appropriate facility is crucial in decreasing mortality.
Nevertheless, there are no known pre-malignant states of cancer conditions, the
tumours are relatively asymptomatic in the early stages, and no ovarian cancer
screening test meets the WHO criteria for screening. Additionally, no universal di-
agnostic algorithm for differentiating malignant and benign tumours has been de-
veloped, although ultrasonography remains the basis for preoperative diagnostics.

Since 1990, a number of scoring systems, such as the risk of malignancy index
(RMI) and the risk of ovarian malignancy algorithm (ROMA), have been devel-
oped in order to discriminate adnexal masses. Since 2005, the International Ovar-
ian Tumor Analysis (IOTA) group has presented other risk predictive models,
including ADNEX, logistic regression models LR 1, LR 2 and Simple Rules. They
have demonstrated a better diagnostic performance than the pre-existing systems,
close to the subjective assessment of an expert sonographer [1]. Moreover, the
aforementioned models are easy to apply in clinical practice, and tend to prove
effective when used by non-expert ultrasound operators.

The objective of the study was to evaluate the diagnostic accuracy of the I[OTA
logistic regression model LR 2 on a representative sample of adnexal lesions.

MATERIALS AND METHODS

PATIENT SELECTION, STUDY DESIGN
AND ULTRASOUND EXAMINATION

The presented prospective single-centre study was conducted over the span of
three years between January 2018 — January 2021 at the Obstetrics and Gynecolo-
gy Clinical Hospital in Poznan, Poland. The Ultrasound Gynecological Oncology
Team which has been formed at Poznan University of Medical Sciences consists
of five non-experts (junior) and three expert sonographers. All of the abovemen-
tioned specialists had received training in the systematic examination of ovarian
tumours according to the IOTA guidelines.

All women included in the study were referred to our hospital for surgical
treatment due to persistent ovarian lesions. Medical history and demographic
data, such as the patients’ age and menopausal status, were recorded as a part of
a routine hospitalization. Women over 50 years of age following hysterectomy
were all considered postmenopausal. All participants underwent transvaginal, or
transabdominal grayscale and colour Doppler ultrasound examination. In all the
cases, ultrasound examinations and the proper application of the IOTA rules were
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supervised by expert sonographers. When assessing the tumour characteristics
according to the IOTA protocol, the examiners attempted to refrain from subjec-
tively differentiating between benign and malignant tumours.

The ultrasound scans were performed using a GE Voluson E8 with ultrasound
beam frequencies between 5.0 — 9.0 MHz for the transvaginal probe, and between
3.5 — 5.0 MHz for the abdominal probe. Pulse repetition frequency (PRF) in co-
lour Doppler mode was set between 0.3 — 0.6 kHz, which was also the initial
setting for the IOTA group studies. In terms of tumour vascularity assessment,
the colour gain was slowly increased until a flash artefact appeared. It was subse-
quently decreased to a point where blood flow was still visible, in order to obtain
maximum sensitivity even for the low-velocity flow.

In large tumours, the ultrasound examination consisted of transvaginal and
transabdominal scans.

In the cases of bilateral ovarian lesions, the mass which presented a more
complex morphology, or which was more likely to be malignant according to the
IOTA model, was included in the analysis.

All women participating in the study underwent surgery within 1-14 days
since the date of the ultrasound examination. Therefore, such a short time frame
prevented any morphological features of the ovarian mass assessed preoperatively
from changing significantly prior to the surgery.

The histological diagnosis of the surgically removed masses constituted the
definitive outcome, following the WHO International Classification of Ovarian
Tumors, and FIGO 2012 classification in case of malignancy. Borderline ovarian
tumours were included in the malignant group for the evaluation of the LR2 model.

All women who were involved in the study due to persistent ovarian masses,
were subsequently evaluated by the Ultrasound Group before the surgery, and un-
derwent surgery within 14 days following an ultrasound scan, with the specimen
submitted for further histopathological examination.

The following exclusion criteria were applied: ovarian mass associated with
pregnancy, mass not related to the ovary as the final histopathological outcome, and
being excluded from the surgical treatment due to poor general medical condition.

Even though ultrasound analysis of the tumours using IOTA models and pro-
tocols is routinely performed in our centre, and no therapeutic decisions were
based on the analysis outcome, IRB approval for this study has been obtained.

STATISTICAL ANALYSIS

Statistical analysis was performed using the software package Stata 11.1 (Stata
Corp., College Station, TX, USA). The evaluation of the IOTA LR2 model was
based on the accuracy parameters, including its sensitivity, specificity, positive pre-
dictive value (PPV), negative predictive value (NPV) and the area under the receiv-
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er-operating characteristics curve (AUC). The diagnostic performance was comput-
ed using histopathological results as a gold standard. 95% confidence intervals were
determined for variables which showed significance at a 0.05 confidence level.

IOTA LOGISTIC REGRESSION MODEL 2

The IOTA logistic regression model was developed by clinicians and statis-
ticians from the IOTA group as a tool to preoperatively diagnose ovarian cancer
in women who have at least one persistent adnexal mass and are considered to
require surgery. The model has been externally validated in several studies which
confirmed its successful performance in differentiating between benign and ma-
lignant masses [2]. In our study, the model was used as originally described. LR2
involves six variables: one clinical predictor which is (1) age of the patient in
years and five ultrasound variables — (2) the presence of ascites (yes = 1, no =
0); (3) the presence of blood flow within a papillary projection (yes = 1, no = 0);
(4) maximal diameter of the solid component (in mm, but with no increase if >
50mm); (5) irregular internal cyst walls (yes = 1, no = 0); and (6) the presence of
acoustic shadows (yes = 1, no = 0). The probability of malignancy was calculated
using the formula y = 1/(1 + ¢7), where z=— 5.3718 + 0.0354 x (1) + 1.6159 %
(2) + 1.1768 x (3) + 0.0697 x (4) + 0.9586 x (5) — 2.9486 x (6), as described in
the original IOTA study.

RESULTS

A total of 219 women were diagnosed with adnexal masses requiring surgery
in the course of the study. Data from 23 (10.5%) patients were excluded (1 due to
pregnancy, 2 as a result of being excluded from surgery due to cachexia and poor
general condition, and 20 due to incomplete data). The pregnant patient was to be
managed conservatively during the pregnancy period and subsequently re-evalu-
ated. Out of 198 patients whose data was complete and who underwent surgery, 2
were excluded from final analysis due to histological results (one was described
as cystis e retention, whereas the other one was inconclusive due to overdried,
non-diagnostic material).

Statistical analysis was performed on the basis of the data from 196 patients,
thus, comprising the study population (Fig. 1). The overall mean age of the pa-
tients was 44 years (ranging between 18 to 83 years). The study involved 131
(66.8%) premenopausal and 65 (33.1%) postmenopausal women. The indications
for surgical intervention included a suspected ovarian cancer, persistent adnexal
tumour, pelvic pain, subfertility and pressure symptoms.
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Enrolled: n=219

Pregnancy: n=1
Excluded: n=23 Disqualified from surgery: n=2
Incomplete data: n=20

v

Surgery group: n=198

v

Excluded: n=2 Mass not related to ovary: n=1
Non-diagnostic material: n=1

Study population n=196

Benign: n=152
Malignant: n=35
Borderline: n=9

FIGURE 1. Study flowchart
RYCINA 1. Diagram sekwencji dziatan

In the final group of 196 ovarian masses (Tab. 1), 152 (77.5%) were benign,
35 were malignant and 9 were borderline. In terms of the 35 malignant tumours
33 (94.2%) were primary invasive epithelial lesions, and 2 (5.8%) were lympho-
mas of the ovary. The group of 33 primary ovarian cancers comprised 12 (36.3%)
Stage [, 6 (18.1%) Stage 11, 14 (42.4%) Stage I1I and one (3.0%) Stage I'V. In one
case, the lesion was described as borderline during the intraoperative histological
examination, although on the final histological diagnosis it eventually appeared
to be an epithelial ovarian cancer stage IIIC. In both cases of lymphomas of the
ovary (diffuse large cell B-lymphoma, DLCBL) it was impossible to determine
whether they constituted the primary, or secondary lesions. Primary invasive epi-
thelial ovarian cancers, borderline and lymphomas were grouped together for the
purpose of the analysis, hence, comprising a total of 44 malignant lesions.

With the cut-off point of 10%, the IOTA LR2 model demonstrated a sensitiv-
ity of 95.45% and a specificity of 76.82% in differentiating between the benign
and malignant lesions. The PPV and NPV amounted to 54.55% and 98.31%, re-
spectively, whereas the AUC was 0.945 (CI 0.931-0.964).
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TABLE 1. Histological results of the study population
TABELA 1. Wyniki histologiczne badanej populacji

Histological diagnosis n (%)
Cystis endometrioides 55
Teratoma adultum cysticum 28
Cystis serosa 17
Adenocarcinoma serosum 15
Cystadenoma serosum 11
Cystis lutealis 9
Cystadenoma mucinosum 9
Cystis simplex 7
Infiltratio carcinomatosae omenti, adenocarcinoma of ovarian origin 6
Adenocarcinoma clarocellulare 5
Fibroma 5
Tumor Brenneri 3
Cystadenofibroma serosum papillare proliferans 3
Cystadenoma endometrioides 2
Lymphoma ovarii 2
Cystadenofibroma mucinosum 2
Adenocarcinoma mucinosum 2
Adenocarcinoma endometrioides 2
Carcinoma solidum 2
Cystadenoma endometrioides proliferans 2
Cystadenoma serosum proliferans 2
Cystadenoma mucinosum proliferans 1
Fibrothecoma 1
Carcinoma undifferentiatum 1
Cystis mucinosum 1
Cystadenofibroma serosum 1
Lipoma 1
Struma ovarii 1

Total 196 (100)
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The study included 35 false-positive (Tab. 2) and 2 false-negative (Tab. 3)
cases. Mature cystic teratomas and endometriomas were the most common find-
ings among the false-positive results, and accounted for 16/35 (45.7%) of them.
Both false-negative cases were borderline tumours (proliferative cystadenoma and
cystadenofibroma), and were classified ultimately as malignant for the purpose
of our study. One affected a 52-year old woman and the other a premenopausal
38-year old woman; ascites, the presence of solid component, detectable flow, or
irregular inner cyst wall were not observed in either of the cases. Additionally, no
acoustic shadowing was reported.

TABLE 2. Histological findings in women with a false-positive diagnosis of a high risk ovarian cancer
according to the IOTA LR2 model (n = 35)

TABELA 2. Rozpoznania histologiczne u kobiet z fatlszywie pozytywna diagnoza guza jajnika o wy-
sokim potencjale ztosliwosci

Histological diagnosis n (%)
Mature cystic teratoma 10 (28.6)
Endometrioma 6(17.1)
Cystis serosa 4(11.4)
Cystadenoma mucinosum 4(11.4)

Cystadenoma serosum 3 (8.6)
Cystis lutealis 3 (8.6)
Fibroma 2(5.7)
Brenner tumor 2(5.7)
Fibrothecoma 1(2.9)
Total 35 (100)

TABLE 3. Histological findings in women with a false-negative diagnosis of a low risk ovarian
cancer according to the IOTA LR2 model (n =2)

TABELA 3. Rozpoznania histologiczne u kobiet z fatlszywie negatywna diagnoza guza jajnika o ni-
skim potencjale ztosliwosci

Histological diagnosis n (%)

cystadenoma mucinosum papillare partim proliferans ovarii sin 1(50.0)
cystadenofibroma serosum multiloculare papillare intracysticum focalis proliferans 1 (50.0)
Total 2 (100)
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In the presented data analysis, an alternative cut-off point was investigated.
On the basis of the Youden index, the combination of the highest sensitivity and
specificity was calculated for the cut-off of 13.8% (Fig. 2). This cut-off instead of
10%, provided a sensitivity of 95.5% and a specificity of 84.1%.

Indeks Youdena = 0,80
Proponowany punkt odciecia: 13,80
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FIGURE 2. Alternative cut-off point based on Youden index
RYCINA 2. Alternatywny punkt odci¢cia na podstawie indeksu Youdena
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TABLE 4. A comparison of diagnostic accuracy of the IOTA LR2 model in the original IOTA study,
the prospective validation IOTA studies and the current study

TABELA 4. Poréwnanie doktadnosci diagnostycznej modelu IOTA LR2 w oryginalnym badaniu
IOTA, badaniu uwierzytelniajacym IOTA i aktualnym badaniu

Sensitivity (%) Specificity (%)
0,
Study AUC (95% CI) (95% CI) (95% CI)
Original IOTA study (n=312) 0.92 89.0 73.0
Prospective validation IOTA study
External (n=997) 0.95 (0.93-0.96) 91.8 85.6
Temporal (n=941) 0.92 (0.90-0.94) 89.2 79.8
Current study (n=196) 0.94 (0.93-0.96) 95.0 (84.5-99.4) 76.8 (69.2-83.2)

DISCUSSION

The incidence and mortality rate of ovarian cancer seem to have been stable
over the past few decades, while the condition remains to be the leading cause of
death due to malignant neoplasms of the female genital tract in developed countries.
A proper evaluation of the malignancy risk of an adnexal mass, combined with ap-
propriate triaging, are essential in the provisioning of optimal treatment to patients.

Currently, physicians are offered an vast number of decision-support tools for
preoperative risk stratification of women with ovarian masses, including imaging,
biomarkers and algorithms, as well as referral guidelines established by profes-
sional societies. Moreover, the IOTA group has proposed a “traffic light system”
as a means for the interpretation of IOTA models results. According to these guide-
lines, women at a low risk of malignancy should be triaged for a minimally invasive
surgery, or conservative management. In turn, if the mass is considered an interme-
diate risk, it requires surgical treatment, whereas women with ovarian masses who
have been identified preoperatively as having a significant (high) risk of ovarian
cancer should be provided with the option of having surgery performed by a gynae-
cological oncologist [3]. It is vital to bear in mind that early involvement of a gy-
naecological oncologist and further diagnostics, preferably at a tertiary oncologic
centre, improves patient outcomes [4]. Nevertheless, the question remains, what
cut-off values should be applied to stratification models of these risk in order to de-
fine malignancy. Fixed model cut-offs are not applicable to all centres, as they vary
by setting. In our study, we used cut-off values as outlined both in the original and in
the validation IOTA studies, which for high risk of malignancy is equal to 10%. This
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has provided a predictably high sensitivity, as a vast majority of tumours below the
cut-off were benign. The only false-negative results included 2 cases of borderline
tumours, with malignancy risk assessed at 1.8% and 2.8% according to the LR2
model. The sensitivity was slightly, although not statistically significantly, higher
in our study, as compared to the original IOTA study and further validation IOTA
studies. The specificity in our investigation was comparable to the original IOTA
study and slightly lower in comparison to the IOTA validation studies. Interestingly,
Nunes et al. mentioned the “operator effect” on the model performance, according
to which ultrasound diagnosis was more specific when performed by expert opera-
tors [5]. Ovarian mass assessment during previous IOTA studies was conducted by
expert sonographers, who were also able to describe tumour characteristics using
“pattern recognition”. Therefore, various types of ovarian tumours may have been
determined before the application of the IOTA model variables, which could also
account for the overestimation of the model specificity. In the course of data collec-
tion, all of our sonographers attempted to focus only on the proper application of the
IOTA rules, instead of relying on their subjective diagnosis.

There were 44/196 (22.4%) malignant tumours in our final study group which
is a figure comparable with IOTA studies (24% in the original study, 30.5% and
25.6% in the validation studies) [2,6] (Tab. 4). In addition, it is also compliant
with the malignancy rate observed in non-oncology centres, which is usually be-
low 30% [7]. The majority of women with suspected benign lesions referred to
our centre were either managed expectantly, or underwent a minimally invasive
laparoscopic surgery.

As previously noted, benign cystic teratomas and endometriomas accounted
for the majority of false-positive results in our study (Tab. 2). Mature teratomas
usually show the highest sensitivity and specificity for a specific diagnosis, since
they appear with rather typical features and mixed echogenicity, representing fat,
bone and fluid components. The cause of a high malignancy risk assessment in
these tumours was the misclassification of the hyperechoic areas as solid compo-
nents within the lesion. In our study, the measured solid component in one of the
benign teratomas was 296mm, which certainly contributed to an overall high ma-
lignancy risk in this case. The second most common type of lesion was endometri-
oma, which represented 17.1% of false-positive results. Endometriomas observed
in the premenopausal women are commonly quite typical, with the “ground glass”
low-level echogenicity within the cyst cavity. However, they may also display
atypical features, with precipitated debris within the cyst, thus appearing to be
unilocular-solid lesion with papillary projections, which increases the calculated
risk, particularly in the postmenopausal group.
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Furthermore, it was remarkable to find that, in our study group, an acoustic
shadow was observed in 13.1% (20/152) of benign lesions, which was in 84% of
cases associated with benignity. This sonographic variable is a predictive criteri-
on of benignity in all risk stratification models developed by IOTA. Some authors
report its almost 100% positive predictive value [8] although in a recent study of
Timmerman et al., acoustic shadowing was found only in 17.4% of benign tumours
and in 4.2% of malignant tumours [9].

Papillary projections with detectable blood flow were found in 59.0% (26/44) of
malignant and in 3.9% (6/152) of benign tumours, rendering them one of the stron-
gest malignancy indicators in our study. Benign tumours with this parameter present
were mostly serous cystadenomas.

In our final histological results, two ovarian lymphomas were detected. Malig-
nant lymphoid tumours of the female genital tract are rare, although ovaries rep-
resent the most common sites of their occurrence [10]. Ovarian involvement may
progress in two pathways, either primary, or secondary, whereas the occurrence of
lymphomas primarily developing in the ovaries has long been discussed, since no
lymphoid tissue is found in the ovaries [10]. Both cases of ovarian lymphomas in
our study were discretely solid masses, without cones of shadow and calcifications,
one of them measured 100 mm in diameter and presented with ascites and detect-
able flow in the “lead vessel”. This single large vessel penetrating from the margin
to the central part of the lesion is, according to some authors, characteristic for
the vascularity of metastatic tumours [11]. Both cases of lymphoma were correctly
classified as malignant, with LR2 outcome malignancy risk estimation of over 80%.

Three patients included in our final study group were diagnosed with the his-
tologically confirmed Brenner tumour of the ovary. Brenner tumours develop from
the ovarian stroma; however, in 99% of cases they are benign and frequently coexist
with serous, or mucinous cystadenomas. They sometimes present with an acoustic
shadowing, and therefore may be confused with ovarian fibromas, or pedunculated
uterine fibroids [12,13]. All three Brenner tumours in our study were found in post-
menopausal women, two of them demonstrated acoustic shadowing, and also in two
of them a flow within solid component was observed. According to LR2 model, they
were classified as malignant, with the calculated risk of 17.0%-69.2%. In terms of the
histological findings, two of Brenner tumours were benign (one assessed as mucinous
cystadenoma on frozen section procedure), whereas the other showed the Ki-67 ex-
pression within epithelial cells over 15%.

CONCLUSIONS

Our study suggests that the overall accuracy of LR2 is encouraging, and
demonstrates that it could be employed as the primary test in women with adnexal
masses without the risk of missing a significant number of malignant tumours.
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