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ABSTRACT

Objectives: The aim of this study was to assess the performance of the International Ovarian Tumor Analysis (IOTA) group
ultrasound Simple Rules method in differentiating between benign and malignant ovarian tumors in pregnant patients.

Material and methods: A prospective observational study that involved pregnant patients referred to our center due to
suspicions of ovarian masses between January 2015 and December 2017 was performed. The Simple Rules performance
was evaluated against the histopathological results. Each of the 10 sonographic Simple Rules were computed by logistic
regression to demonstrate their odds ratios in predicting malignancy.

Results: Ultrasound were conducted in 153 subjects, and 61 of those patients underwent surgery. By assigning masses
presenting inconclusive picture as probably malignant, the Simple Rules method showed sensitivity of 91.67% and
specificity of 69.39%. After exclusion of masses with inconclusive findings, the method showed sensitivity of 87.5%
and specificity of 94.44%. The Simple Rules risk estimation method for the 1% risk cutoff showed sensitivity of 100% and
specificity of 51.02%. For the 3% cutoff, sensitivity was 91.67% and specificity was 53.06%. And for 30 % cutoff, sensi-
tivity was 91.67% and specificity 73.47 %. The logistic regression model showed that the M-rules increased the risk of
malignancy while the B-rules decreased the risk.

Conclusions: Most ovarian masses in pregnant patients may be correctly categorized as benign or malignant using
Simple Rules. This protocol may facilitate the management of pregnant patients presenting with adnexal masses.
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INTRODUCTION

The prevalence of adnexal masses during pregnancy is
estimated to be 0.2-2% [1]. The majority of these masses are
benign and include functional corpus luteum cysts, dermoid
cysts, cystadenomas and endometriomas as the most com-
mon findings [2, 3]. Heterotopic pregnancy, tubo-ovarian ab-
scesses, ovarian hyperstimulation and adnexal torsion should
also be taken into consideration. Adnexal masses are identi-
fied during pregnancy with increasing frequency at the time
of viability scans [4]. Most patients are asymptomatic, and
the ovarian tumors are discovered incidentally [5].

Up to 70% of all ovarian cysts diagnosed in the first
trimester resolve spontaneously later in gestation [6]. It is
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estimated that approximately 0.8-13% of all ovarian masses
detected in pregnant women are malignant (ovarian cancer
or metastatic tumors) [7, 8]. One potential reason for this
incidence is increasing maternal age [9]. Primary malignant
tumors seem to have no impact on neonatal outcomes,
metastases to ovaries however may lead to complications
of the newborn period [10].

Due to the limited application of biomarkers for ovar-
ian malignancy screening, according to the International
Ovarian Tumor Analysis (IOTA) group, sonography remains
the first-line imaging modality used for this purpose, includ-
ing during pregnancy [11, 12]. Several screening protocols
have been described in the literature [13-16]. However, no
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Table 1. The simple rules

M-rules for predicting a malignant tumor

M1 Irregular solid tumor
M2 Presence of ascites

M3 Atleast 4 papillary structures

Irregular multilocular-solid tumor with largest

it diameter > 100 mm

M5 Strong blood flow (color score 4)

policy regarding ovarian cancer screening during pregnancy
has been proposed so far [5].

Indications for surgery to remove an adnexal mass dur-
ing pregnancy are suspicion of malignancy, fast growth
and large size of the tumor, or emergencies related to the
adnexal mass, e.g., rupture or torsion [17]. If surgery is indi-
cated, the optimal time of it to be performed is during the
second trimester [18, 19].

Objectives
Taking the above information into account, we planned
an observational study in which we decided to determine
if the sonographic criteria for malignancy described in the
literature for nonpregnant subjects are also applicable for
pregnant women.

MATERIAL AND METHODS

We performed a prospective observational study that
involved pregnant subjects referred to our oncology center
because of ovarian masses. Data were collected between
January 2015 and December 2017. The exclusion criteria
were refusal to participate and nonpregnant at the time
of qualification for the study. All subjects underwent com-
bined pelvic transvaginal and transabdominal sonograms
performed using Voluson E6 ultrasound systems equipped
with 5-9 MHz transvaginal and 2-5 MHz transabdominal
hybrid transducers (GE Healthcare, Zipf, Austria). If an ovar-
ian mass was confirmed, then it was evaluated by gray-
scale and Power Doppler mapping (with PRF at the level of
0.6 kHz). To minimalize an inter observer errors number
of observers was limited to two certified by IOTA examiners.

All masses were reported using the IOTA group terminol-
ogy [20]. Based on the identified findings, the Simple Rules
protocol was applied [15]. AsTimmerman et al., proposed, so-
nographic features of a tumor can be divided in two groups:
predicting malignant (M-rules) and benign (B-rules) tumors
(Tab. 1). If one or more M-rules and no B-rules apply, a mass
is classified as malignant. Conversely, when one or more
B-rules and no M-rules is present, mass is classified as benign.
The result is called inconclusive when there are no Band M
findings or pictures from both categories are identified [15].

B-rules for predicting a benign tumor
B1 Unilocular cyst

Presence of solid components, where the largest solid

B2 component has a diameter < 7 mm

B3 Presence of acoustic shadows
B4 Smooth multilocular tumor with largest diameter < 100 mm

B5 No blood flow

On the basis of M- and B-rules it is also possible to estimate
the risk of malignancy (given in percentages), which allows to
classify all adnexal masses (without inconclusive results) [21].
Clinical records of all subjects were reviewed and com-
pared based on the following parameters: age, gravidity,
gestational age at the time of diagnosis, and Ca-125 serum
levels. Serum Ca-125 was measured with electrochemilu-
minescence immunoassay (ECLIA) method using Cobas
8000 analyzer (Roche Diagnostics, Mannheim, Germany).
All'scan reports were reviewed by the oncology team, and
subjects were counseled regarding the scan findings
and underwent routine evaluation according to the local
policy. The examiners were not involved in decision making
process regarding patients’ therapies. Second ultrasound
scans were performed at this level. Every patient underwent
follow-up ultrasound scans every 2-4 weeks till surgery.
All cases qualified by the oncology team for surgical treat-
ment were reviewed in terms of histopathology evaluation,
including cases operated on after conclusion of the preg-
nancy. Subjects diagnosed with malignancy were included
in Group M, and those with benign masses were inclu-
ded in Group B. For the purpose of the study, lesions indi-
cating borderline characteristics on histopathology were
classified as malignant (Group M). The follow-up ultrasound
scan was scheduled between 6 and 20 weeks postpartum.
The local ethics committee approval was acquired, and
a written informed consent was obtained from all patients.

Statistical analysis

Normality of the continuous variable distribution was
validated with the Kolmogorov-Smirnov test. The x? test
was used to show differences. None of the continuous vari-
ables presented a Gaussian distribution. Nonparametric
tests were conducted. Two groups of independent variables
were compared in this case using the Mann-Whitney U-test.

All 10 of the sonographic features (M-rules and B-rules)
were computed by logistic regression with one categorical
independent variable to demonstrate their odds ratios in
predicting malignancy.

The Simple Rules performance was evaluated against
the histopathological results, which was the reference stand-
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Figure 1. Study population breakdown diagram
ard in this case. Sensitivity, specificity, positive predictive RESULTS
value (PPV), negative predictive value (NPV), positive like- Study population

lihood ratio (LR+), negative likelihood ratio (LR-) and diag-
nostic accuracy were calculated for the Simple Rules for all
patients who underwent surgery.

Five calculation strategies were applied. First method,
by assigning masses presenting inconclusive picture (no B
and M features or features from both categories) as prob-
ably malignant (Calculation 1), second, by excluding masses
with inconclusive findings (Calculation 2), third, fourth and
fifth, by calculating risk of malignancy with Simple Rules
risk calculator at 1% (Calculation 3), 3% (Calculation 4)
and 30% (Calculation 5) cutoffs [21]. Statistical analysis
was carried out using the Statistica 13 system (StatSoft,
Cracow, Poland). The values of p < 0.05 were considered
as statistically significant.

www. journals.viamedica.pl/ginekologia_polska

A total of 153 subjects diagnosed with an ovarian mass
associated with pregnancy were referred to our oncol-
ogy center. In 19 patients, ovarian masses were excluded
by sonography at the time of qualification. The remain-
ing 134 subjects were counseled by the oncology team.
The diagnosis of ovarian mass was confirmed by sonography
in all of 134 patients. Additionally, 73 subjects were not qual-
ified for surgery, and thus, the remaining 61 patients consti-
tuted the study population and underwent surgery due to
ovarian masses with histopathology evaluation. The details
are shown in Figure 1. The surgery was performed during
pregnancy in 35 subjects (4 patients with malignant, 5 with
borderline and 26 with benign tumors) and the mean time be-
tween the suspicion on sonography and the first surgery was
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Table 2. The number of surgeries performed on the basis of particular indications

Group B
tumor removed:
During During
pregnancy cesarean
n=26 sectionn=12
Suspicious of malignancy (M features 8 )
or fast growth of the tumor)
Torsion or rupture 4 1
Chronic abdominal pain 6 0
Other symptoms of lesions 8 0
Tumor as an obstacle for vaginal
. 0 3
delivery
Obstetric indications for cesarean 0 6
section
Tumor persistence after course of 0 0

pregnancy

If patient has more than one surgery, only first one is included in the table

Group M
tumor removed:

After During During After
pregnancy pregnancy cesarean pregnancy
n=11 n=10 sectionn=2 n=0
1 10 1 0
1 0 0 0
2 0 0 0
0 0 0 0
0 0 1 0
0 0 0 0
7 0 0 0

Table 3. Basic statistics of major study population parameters: maternal age, gestational age, and Ca-125

Benign
Mean Median SD
Maternal age 28.94 28.00 548
Gestational age 16.37 15.00 7.66
Ca-125 level [U/mL] 41.37 27.56 38.11

2.5 weeks (range 0-8 weeks). In 14 subjects, surgery was
performed at the time of cesarean section (one case of
mucinous carcinoma, one case of seromucionous borderline
tumor and 12 benign cases), and the mean time from the
suspicious sonogram findings to the surgery was 22 weeks
(range 8-31 weeks). In 11 subjects, surgery was performed
after the course of pregnancy (only benign tumors) and the
mean time from the first scan to the surgery was 23.5 weeks
(range 11-36 weeks). Patient with Burkitt lymphoma was
diagnosed with ovarian mass at 19 weeks of gestation, and
her first surgery was performed at 26 weeks and consecutive
removal of recurrences during cesarean section performed
at 31 weeks.

Indications for surgeries are shown in Table 2. In our
study population there were six cases of emergency surgical
interventions due to torsion or rupture of the mass. In all
these six subjects Simple Rules suggested benign character
of the tumor, and it was confirmed in histopathology.

The median maternal age was 30 years (range: 16-44,
SD 5.1 years). The median maternal age for patients in Group
M was 28.5 years (range: 19-41, SD 6.09 years) and 28 years
(range: 18-44, SD 5.48 years) in Group B (no statistical signifi-
cance p =0.68). Gestational age at diagnosis and Ca-125 data
are shown in Table 3. There were no statistical differences

Malignant
Mean Median SD Statistical significance
29.83 28.50 6.09 0.68
16.04 17.79 4.69 0.82
93.49 33.40 159.12 0.90

between the two groups regarding maternal age, gesta-
tional age at the time of sonography or Ca-125 levels (Tab. 3).

In Group B there were 34 patients (69.4%) in their first
pregnancy, 12 (24.5%) in their second, 2 (4.1%) in their third,
and 1 (2%) in her fifth. In Group M there were 7 patients
(58.3%) in their first, 3 (25%) in their second and 2 (16.7%)
in their third pregnancy.

Histopathology
The malignancy rate was 7.84% (12/153). Among the
studied subjects, a benign teratoma was the most common
finding. Detailed histopathology results are presented in
Table 4.

Ultrasound findings

Among the benign lesions there were 21 masses (42.9%)
described as unilocular, 11 (22.4%) as multilocular, 8 (16.3%)
as unilocular-solid, 6 (12.2%) as multilocular-solid and
3 (6.1%) as solid. In Group M, 2 masses (16.7%) were uni-
locular, 3 (25%) unilocular-solid, 3 (25%) multilocular-solid
and 4 (33.3%) solid. There were no multilocular lesions in
Group M. The dominant sonographic features in Group B
were anechoicin 12 masses (24.5%), low level of echogenic-
ity in 5 (10.2%), ground glass in 6 (12.2%), hemorrhagic in
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Table 4. Distribution of the histopathology findings in the study

population

Table 5. Odds ratios (ORs) for the M and B features based on the
logistic regression model

Prevalence of specific pathologies

Tumor type n (%)
All benign 52
Benign teratoma 19 (29.69)
Endometrioma 7 (10.94)
Simple cyst 7(10.94)
Functional cyst 3(4.8)
Parasalpingeal cyst 2(3.13)
Mucinous cystadenoma 8(12.5)
Fibroma 2(3.13)
Fibrothecoma 2(3.13)
Cystadenofibroma 2(3.13)
All malignant 12
Serous borderline tumor 3(4.69)
Mucinous borderline tumor 1(1.56)
Seromucinous borderline tumor 2(3.13)
Yolk sac tumor 2(3.13)
Serous carcinoma 1(1.56)
Mucinous carcinoma 1(1.56)
Burkitt lymphoma 1(1.56)
Secondary metastatic cancer 1(1.56)

There were three tumors of mixed histology: yolk sac tumor together with mucinous
cystadenoma, yolk sac tumor together with benign teratoma, and endometrioma
together with a simple cyst. These tumors are shown as separate diagnoses

4 (8.2%) and as mixed in 22 (44.9%). In Group M there was
1 mass (8.3%) described as anechoic, 1 as low level (8.3%),
1 as ground glass (8.3%), 2 as hemorrhagic (16.7%) and
7 as mixed (58.3%). Color score 1 was given for 37 (75.5%)
benign tumors, color score 2 for 7 (14.3%), 3 for 5 (10.2%)
and 4 for none of them. One (8.3%) malignant tumor had
color a score of 1, four (33.3%) had a color score of 2, six
(50%) a color score 3 and only one (8.3%) a color score of 4.
Differences in type, dominant sonographic features and
blood flow between benign and malignant masses were
not tested for statistical significance because of the small
number of tumors in each particular group.

All 10 of the sonographic features (M-rules and B-rules)
were computed by logistic regression with one categorical
independent variable. Odds ratios of predicting malignancy
are presented in Table 5.

The results were statistically significant for rules M1 — ir-
regular solid tumor (OR 7.83), M2 — ascites (OR 16), M3 — at
least four papillary structures (OR 34.29), M4 — irregular
multilocular-solid tumor with largest diameter = 100 mm
(OR5.11),B1 — unilocular cyst (OR0.1), B5 — no blood flow
(OR 0.04). M5 — very strong blood flow was present only in
two cases, but all of them were malignant (2/2); B2 — pres-

o oR 95% Cl for OR
Lower limit  Upper limit

M1* 0.036 7.833 1141 53.757
M2* 0.022 16 1.49 171.59
M3* 0.002 34.286 3.476 338.16
M4* 0.068 5111 0.886 29.486
M5* 0.999 7915826838 0

B1* 0.03 0.095 0.011 0.791
B2* 0.999 0 0

B3* 0.999 0 0

B4* 0.999 0 0

B5* 0.003 0.04 0.005 0.339

* — definition in the Table 1

ence of solid components, where the largest has a diam-
eter <7 mm, was present in three tumors, all of them benign
(3/3); B3 — presence of acoustic shadows was present in
five tumors, all of them benign (5/5); and B4 — smooth
multilocular tumor with a largest diameter < 100 mm was
present in three tumors, all of them benign (3/3).

Key findings
Screening performance of all proposed by us Calculation
models is shown in Table 6.

Follow-up

Atotal of 86 (63%) patients attended a postpartum follow-
-up scan. In the group of patients who did not undergo
surgery, ultrasounds showed normal ovaries in 37 subjects
and ovarian cyst in 11 subjects. All of 11 ovarian masses
indicated benign character (10 endometriomas and one sim-
ple cyst). Among patients who underwent surgery normal
ovaries were found in 37 subjects (2 of those patients were
in consecutive pregnancy). In one subject an ovarian cyst
was found. It was a dermoid cyst in a patient who underwent
cystectomy due to dermoid cyst in contralateral ovary.

DISCUSSION

Simple Rules performance has been already evaluated
in multicenter studies conducted by the IOTA group on
a population of nonpregnant women [22]. To the best of
our knowledge, our study is one of the first performed on
a population of pregnant women [10]. The results of this
study confirmed that Simple Rules reliably discriminated
between benign and malignant adnexal masses detected
in pregnant subjects.

One of the strengths of the study is the use of the same
standardized lesion qualification as previously used in
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Table 6. Screening performance

Calculation model 1
(inconclusive
results as probably

Calculation model 2
(exclusion of
inconclusive results)

malignant)
Sensitivit 91.67% 87.5%
y Cl61.52-99.79 Cl147.35-99.68
Specificit 69.39% 94.44%
pecicity C154.58-81.75 (181.34-99.32
Diagnostic 73.77% 93.18%
accuracy C160.93-84.20 Cl 81.77-97.65
PPV 42.31% 77.78%
Cl131.76-53.61 Cl147.02-93.24
NPV 97.14% 97.14%
83.76-99.56 Cl184.44-99.53
LR+ 299 15.75
Cl11.90-4.72 Cl13.99-62.11
e 0.12 0.13
C10.02-0.79 C10.02-0.83

nonpregnant subjects. The results may therefore be com-
pared. The Simple Rules performance in nonpregnant
showed a sensitivity of 95% and specificity of 78% if incon-
clusive results were classified as probably malignant and
sensitivity of 92% and a specificity of 96% after exclusion
masses with inconclusive result [22]. Simple Rules risk esti-
mation with 1% risk cutoff showed sensitivity of 99.7% and
a specificity of 33.7%, and with 30% cutoff, sensitivity of
89.0% and specificity of 84.7% [21].

These results are in line with our findings in pregnant
women. Another similarity is that the same as in nonpreg-
nant population, the presence of M-features increases the
risk of malignancy, whereas the presence of B-features de-
creases this risk [15].

However, several observations were dissimilar. In preg-
nant subjects, the M3 feature (at least 4 papillary structures)
was the most predictive for malignancy, contrary to the IOTA
group studies on nonpregnant subjects where, the most
predictive feature was M2 (ascites). Nevertheless, both stud-
ies suggested that M4 (irregular multilocular-solid tumor
with a largest diameter larger than 100 mm) is the least
predictive one. Moreover, the B5 feature (no vascular signals
within the lesion) was the most predictive for the benign
character, while B1 (unilocular cyst) was the least predictive.
In the IOTA group studies the B1 feature was the most pre-
dictive of a benign character and B3 (presence of acoustic
shadows) was the least predictive [21]. These differences
in tumor characteristics may be probably explained by the
younger age of our pregnant subjects. The median mater-
nal age for patients in our Group M was 28.5 years (range:
19-41 years) and 28 years (range: 18-44 years) in Group B.
In the IOTA studies the group of patients consisted of both
pre- and postmenopausal women and their mean age was

Calculation model 3

Calculation model 4 Calculation model 5

1% risk cutoff 3% risk cutoff 30% risk cutoff
100% 91.67% 91.67%
Cl173.54-100 Cl61.52-99.79 Cl61.52-99.79
51.02% 53.06% 73.47%

Cl 36.34-65.58 Cl38.27-67.47 Cl58.92-85.05
60.66% 60.66% 77.05%
Cl47.31-72.93 Cl47.31-72.93 Cl47.31-72.93
33.33% 32.35% 45.83%
Cl27.31-39.95 Cl25.34-40.26 Cl34.00-58.16

96.30% 97.3%
0,

Ui Cl179.63-99.43 Cl84.55-99.58
2.04 1.95 3.46
Cl1.53-2.72 Cl11.39-2.75 Cl2.10-5.67
0 0.16 0.11

Cl0.02-1.04 C10.02-0.75

57 years (range: 47-66 years) for patients with a malignant
tumor and 42 years (range: 32-54 years) for patients with
abenign condition [21]. We would also argue that the preg-
nancy itself likely influence sonographic appearance of the
tumor by inducing hormonal dependent changesin tissues
and accelerating the blood flow in pelvic vessels. Moreover,
the visualization of ovaries may by difficult due to volume
of pregnant uterus. These hypotheses however require de-
tailed verification.

Among the strengths of our study are also its prospec-
tive protocol and the inclusion of IOTA certified examin-
ers. Moreover, only patients who underwent surgery with
detailed histopathology assessment were included.

Simple Rules in their original version is applicable in 72%
of adnexal masses in pregnant subjects. This resultis in line
with the figure of 76% observed in nonpregnant women by
other researchers [15]. For inconclusive results proposed
approach is to qualify the lesion as potentially malignant or
to use Simple Rules risk calculation [21]. However, definition
of applicable cutoffs for pregnant subjects is necessary to
enhance screening potential of risk of malignancy calcula-
tion models. So far, there is a general agreement that for
masses that cannot be simply classified, scan performed by
an expert sonologist should be offered [21, 22].

Limitations of the study are the fact that the data comes
from a single center and the final database consisted of
61 subjects only. The above-mentioned facts indicate main
future research direction. Larger series are necessary to
confirm our findings in pregnant subjects.

CONCLUSIONS
This study suggests that majority of ovarian masses
in pregnant patient are correctly categorized as benign
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or malignant using Simple Rules. If there is no tool dedi-
cated to ovarian cancer screening in pregnant patients,
Simple Rules may fill this gap. There is no question that
for both pregnant and nonpregnant subjects, sonography
performed by an expert is the method with the highest
sensitivity for discriminating between malignant and be-
nign adnexal lesions [21, 22]. However, the Simple Rules
method may help less experienced examiners to achieve
reliable qualification of adnexal masses in pregnant women.
The common usage of Simple Rules would probably reduce
the number of patients that need to be referred for expert
ultrasound scanning. The development of the optimal tool
dedicated to ovarian mass assessment in pregnant patients
will require further prospective multi-center studies and the
involvement of larger cohorts of patients.
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