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Abstract
Background The diagnostic workup of ovarian tumors in children and adolescents is challenging because preserving fertility, in
addition to oncological safety, is of particular importance in this population. Therefore, a thorough preoperative assessment of
ovarian tumors is required.
Objective To investigate the diagnostic value ofMR imaging in differentiating benign frommalignant ovarian tumors in children
and adolescents.
Materials and methods We conducted a retrospective study of all children and adolescents age <18 years who underwent MR
imaging of ovarian tumors during 2014–2019 at a pediatric specialty center. Two radiologists reviewed all MR imaging.We used
pathology reports to define the histological diagnosis.
Results We included 30 girls who underwent MR imaging for an ovarian tumor. Signs indicative for malignancy were tumors
with a diameter ≥8 cm, with areas of contrast enhancement, irregular margins, extracapsular tumor growth, and ascites. All
benign and malignant ovarian tumors were correctly identified by the radiologists.
Conclusion The diagnostic utility of MR imaging in classifying ovarian tumors in children and adolescents as benign or
malignant is promising and might aid in defining the indication for ovarian-sparing versus non-ovarian-sparing surgery. We
recommend evaluating these tumors with MR imaging prior to deciding on surgical treatment.
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Introduction

Ovarian tumors in children and adolescents are uncommon,with
an estimated incidence of 3 per 100,000 per year, of which 3.7–

23.5% are malignant [1–3]. The histological types seen in child-
hood ovarian tumors differ significantly from the types seen in
adults. In children, germ cell tumors are the most common ovar-
ian tumors and comprise 60–90% of all pediatric ovarian malig-
nancies, followed by sex-cord stromal (10–20%), epithelial (5–
20%) and other (<5%) tumors [4, 5]. In contrast, most ovarian
tumors in women are of epithelial origin [6].

Treatment should be focused on oncological safety and
ovarian preservation. Patients with benign tumors can either
be safely monitored or undergo a simple ovarian-sparing re-
section (e.g., tumorectomy or enucleation). In recent years, an
increasing percentage of ovarian-sparing procedures has been
reported, but many unnecessary non-ovarian-sparing surger-
ies (e.g., oophorectomies) are still performed in children and
adolescents [7]. Therefore, a proper diagnostic evaluation of
ovarian tumors is of paramount importance [4, 7, 8].

Several algorithms have been reported to identify possible
ovarian malignancies before the histological diagnosis, includ-
ing radiologic and tumor marker parameters. However, a single
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validated diagnostic method for the pediatric age group is not
available [9–11]. Transabdominal ultrasonography (US) is the
imaging modality of choice for initial evaluation of ovarian
tumors at any age. US is useful for detecting ovarian lesions
and differentiating solid, cystic and complex cystic lesions. It is
the modality of choice to diagnose physiological cysts and ter-
atomas. However, large cysts are difficult to assess completely
with US and further cross-sectional imaging should be consid-
ered [12]. MR imaging is known to have several advantages
compared to CT. In the pediatric population, radiation exposure
by CT is of particular concern because children are inherently
more radiosensitive and they have more years ahead during
which radiation-induced cancer can develop [13].
Furthermore, MR imaging provides superb soft-tissue contrast
resolution that increases accuracy in the diagnosis of pediatric
solid tumors including ovarian lesions [14, 15]. The European
Society of Urogenital Radiology (ESUR) has developed an
algorithmic approach for the imaging of sonographically inde-
terminate ovarian tumors and recommends the use of MR [16].
This approach is based on the results of several (mainly adult)
studies that have evaluated the diagnostic value of MR imaging
in differentiating between benign and malignant tumors and
characterizing the specific nature of ovarian tumors [17–21].
A recent systematic review showed that data evaluating the
diagnostic value of MR imaging in ovarian tumors in the pedi-
atric population are scarce [22].

The aim of this study was to investigate the diagnostic
value of MR imaging in differentiating benign and malignant
ovarian tumors in children and adolescents.

Materials and methods

Patients

All children and adolescents younger than 18 years who
were diagnosed with an ovarian tumor between October

2014 and March 2019 at the Princess Máxima Center for
Pediatric Oncology in Utrecht were included in this study.
Patients for whom no MR images were available were ex-
cluded from the study. Demographic, clinical, radiologic,
biochemical and pathological data were collected retro-
spectively from the medical charts. This study was ap-
proved by the local ethics committee.

Magnetic resonance imaging

Magnetic resonance imaging at our center was performed on a
1.5-tesla (T) system (Achieva; Philips Medical Systems, Best,
The Netherlands). The imaging protocol consisted of coronal
and axial T2-W imaging, axial T1-W imaging with and with-
out fat suppression, and axial T1-W imaging after gadolinium
contrast medium administration. Diffusion-weighted imaging
(DWI) was acquired in axial plane during free breathing, with
b values of at least 0 s/mm2, 100 s/mm2 and 1,000 s/mm2

(Table 1). Depending on the ability to cooperate, children
were awake or under general anesthesia. No oral contrast
agents were used. All children were screened for MR
contraindications.

Fifteen girls (Table 2) underwent MR imaging at another
hospital. The MR imaging protocol varied among these girls,
but all 15 had at least a T1-W and T2-W sequence performed,
with a maximum slice thickness of 5 mm for T1-W images
and 4 mm for T2-W images.

Radiologic assessment

The MR images were retrospectively evaluated by two inde-
pendent reviewers (A.S.L. and J.C.B.H., with 10 and 2 years
of experience in pediatric abdominal MR imaging, respective-
ly). They were unaware of the girls’ clinical characteristics
and pathological results. The two radiologists scored all im-
ages independently according to a set of radiologic items
(Table 3). They measured the size of the tumors and classified

Table 1 Scan parameters at 1.5-T MRI for abdominal tumors

Parameter T2-weighted TSE 3-D T2-weighted TSE Diffusion-weighted imaging T1-weighted imaging pre/post
gadolinium injection

Pulse sequence 2-D turbo spin echo 3-D turbo spin-echo
with variable flip angle

2-D single-shot spin echo
with spectral fat saturation

2-D ultrafast spoiled gradient
echo with fat-suppression

Repetition time (ms) 6,667 447 1,946 5.50

Echo time (ms) 100 90 76 2.70

Slice orientation Axial Coronal Axial Axial

Slice thickness (mm) 4 1.15 5 3

Slice gap (mm) 0 0 0 1

Echo train length 25 85 35 60

Acquisition matrix 332×262 348×348 88×70 232×233

b values (s/mm2) – – At least 0, 100, 1,000 –

TSE turbo spin echo
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the morphological appearance (predominantly cystic, cystic
and solid, or predominantly solid). They evaluated signal in-
tensity features (e.g., T1 and T2 signal intensity) and contrast
enhancement. Tumor margins, extracapsular growth, ascites
and locoregional and distant tumor spread (enlarged lymph
nodes, peritoneal deposits, distant metastasis) were scored in-
dividually. Ascites was defined as free fluid in and beyond the
paracolic gutter. Apparent diffusion coefficient (ADC) values
(10−3 mm2/s) of the pathological lesions were measured three
times in a circular region of interest in the enhancing parts of
the lesions. Finally, tumors were assessed as “radiologically
benign” or “radiologically malignant” by the two radiologists
in consensus. The following items were considered indicative
of malignancy: irregular margins, extra-capsular growth, peri-
toneal deposits, enlarged lymph nodes and distant metastasis,
all tumors with no fat or calcified component (indicative for
germ cell origin) and enhancing components, and all tumors
with large enhancing parts. Signs indicative of benign lesions
were tumors with no solid enhancing components, tumors

with typical imaging features of teratoma with only small
proportion of enhancing components, and tumors with very
low T2 signal (indicative for fibrothecoma).

Pathological analysis

We used original pathology reports to define the histological
diagnosis in this study. All histological diagnoses were
established or reviewed (after referral) at our center. All cases
were classified according to the World Health Organization
classification [23].

For this analysis the different histological types were clus-
tered into three groups: benign, borderline and malignant.
Mature teratomas, fibrothecomas and grade 1 immature tera-
tomas (but not higher grade) were clustered with the benign
group. Borderline epithelial ovarian tumors were clustered in a
separate group. Immature teratoma grades 2 and 3, Sertoli–
Leydig cell and granulosa cell tumors were clustered with the

Table 2 Clinical characteristics
of the included patients based on
histological type

Total Histological type

Benign Borderline Malignant

Number of cases 30 15 (50%) 2 (6.7%) 13 (43.3%)

Age of patient (y) (mean ± SD) 11.9±4.0 10.5±4.5 15.6±1.7 12.9±3.0

Menarcheal status Premenarcheal 16 9 0 7

Postmenarcheal 13 5 2 6

Unknown 1 1 0 0

Presentation of symptoms Symptomatic 27 12 2 13

Asymptomatic 3 3 0 0

Duration of symptoms Acute 19 9 1 9

Chronic 11 6 1 4

Tumor markersa Normal 15 14 1 0

Abnormal 15 1 1 13

Alpha-fetoproteina Normal 20 14 2 4

Abnormal 9 0 0 9

Unknown 1 1 0 0

Beta-human chorionic gonadotropina Normal 27 14 2 11

Abnormal 2 0 0 2

Unknown 1 1 0 0

Lactate dehydrogenasea Normal 17 11 1 5

Abnormal 8 0 0 8

Unknown 5 4 1 0

Cancer antigen 125a Normal 13 10 1 2

Abnormal 13 1 1 11

Unknown 4 4 0 0

Inhibin-Ba Normal 14 9 2 3

Abnormal 2 0 0 2

Unknown 14 6 0 8

SD standard deviation, y years
a According to the age-dependent cut-off values of our center
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malignant group because these tumors demonstrate a spec-
trum of potentially malignant behavior.

Statistical analysis

Analysis was performed to assess the accuracy of MR imag-
ing for determining the nature of the ovarian tumors compared
to the definitive histological diagnosis. Descriptive statistics
were provided for continuous variables as mean and standard
deviation and for categorical variables the number in each
category. Kappa statistics (defined as: poor [κ 0–0.2], fair [κ
0.21–0.40], moderate [κ 0.41–0.60], good [κ 0.61–0.80] and
very good [κ >0.81]) were used to assess the interobserver
variability. To assess the performance of radiologic assess-
ment, we computed sensitivity and specificity, as well as the

exact binomial 95% confidence interval for sensitivity and
specificity [24]. SPSS version 25 (IBM, Armonk, NY) was
employed for the statistical analysis. Statistical significance
was set at P<0.05.

Results

Study population and clinical characteristics

Thirty children were included into our study (Fig. 1). Clinical
characteristics and MR imaging were reviewed. Clinical char-
acteristics of the included patients are shown in Table 2. The
ovarian tumors comprised 15 benign tumors, 2 borderline tu-
mors and 13 malignant tumors. The mean age of the two girls

Table 3 Diagnostic performance of MRI in differentiating benign and malignant pediatric ovarian tumors

Parameters Histological type Sensitivity
(95% CI)

Specificity
(95% CI)

Benign (n=15) Malignant (n=13)

Radiologic assessment Radiologically benign 15 0 100 (78,100) 100 (75,100)
Radiologically malignant 0 13

Largest diameter of tumor (cm) ≤8 cm 8 0 53 (27,79) 100 (75,100)
≥8 cm 7 13

Morphological appearance Predominantly cystic 10 0 66 (38,88) 100 (75,100)
Partly or predominantly solid 5 13

High T1 signal Absent or missing 2 1 17 (2,48) 89 (52,100)
Present 10 8

Missing 3 4

Signs for fat consisting high T1 signal Yes 12 3 80 (52,96) 75 (43,95)
No 3 9

Missing 0 1

T2 signal intensity
of solid components

Hypointensity and/or isointensity
and/or no solid components present

8 0 53 (27,79) 100 (75,100)

Hyperintensity and/or variable
over different areas

7 13

Contrast enhancement
of solid components

Absent 10 0 67 (38,88) 100 (75,100)
Present 5 13

Diameter of enhancing
components (cm)

Enhancement absent or ≤8 cm 13 1 87 (60,98) 92 (64,100)
≥8 cm 2 12

Margin Regular 15 2 100 (78,100) 85 (55,98)
Irregular 0 11

Extracapsular tumor growth Absent 15 6 100 (78,100) 54 (25,81)
Present 0 7

Enlarged lymph nodes Absent 15 12 100 (78,100) 8 (0,36)
Present 0 1

Ascites Absent 13 0 87 (60,98) 100 (75,100)
Present 2 13

Peritoneal deposits Absent 15 10 100 (78,100) 25 (5,54)
Present 0 3

Distant metastasis Absent 15 13 100 (78,100) 0 (0,25)
Present 0 0

CI confidence interval
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with borderline ovarian tumors is slightly higher than that of
the other children. All malignant ovarian tumors showed ab-
normal tumor markers.

Radiologic assessment

The final radiologic assessment into benign versus malignant
was based on consensus between the radiologists. In the

assessment of different items, kappa values of interobserver
agreement ranged between 0.283 and 0.839. The presence of
high T1 signal was a difficult criterion to review (kappa 0.369)
because of the frequent absence of a T1-sequence without fat
suppression (n=7). In three cases, no contrast agent was used,
which made assessment of enhancement impossible.

Imaging examples are shown in Figs. 2 and 3. Several
individual MR imaging criteria were indicative for malignan-
cy (Table 3). A threshold of ≥8 cm in tumor size for malig-
nancy has a positive predictive value of 65% and a negative
predictive value of 100%. Contrast enhancement can be seen
in benign (n=5) and malignant (n=13) ovarian tumors. When
applying the same threshold of ≥8 cm in diameter of enhanc-
ing solid components on MR imaging as a risk factor for
malignancy preoperatively, the positive and negative predic-
tive values are 85.7% and 92.9%, respectively. Furthermore,
indicative for malignancy were the presence of an irregular
margin, extracapsular tumor growth and ascites.

The diagnostic performances of the final radiologic assess-
ment of benign or malignant, as well as the separate imaging
features, are shown in Table 3. The radiologists identified 13
of 13 histologically malignant ovarian tumors as radiological-
ly malignant and 15 of 15 benign tumors as radiologically
benign. Examples of a benign and a malignant ovarian tumor
are shown in Figs. 2 and 3.

We were able to measure ADC values in 14 girls. Three
girls with a benign ovarian tumor had ADC values ranging
0.974–1.255×10−3 mm2/s, six girls with a malignant ovarian
tumor had ADC values ranging 0.729–1.509×10−3 mm2/s and

42 patients with ovarian tumor

Review of clinical charts, pathology 
and radiology reports

No magnetic resonance imaging, 
n=12

Inclusion, n=30

Imaging review, n=30

Fig. 1 Flow chart shows the inclusion of patients

Fig. 2 Mature teratoma in a 2-year-old girl with palpable abdominal
mass. a, b Sagittal (a) and axial (b) T2-weighted MR images show
right ovarian mass, predominantly cystic with a solid component in its
wall. c, d Axial T1-weighted image (c) shows a hyperintense component
(arrows) that demonstrates signal loss at the T1-weighted images, with

fat-saturation (d) consistent with a fatty component. e After gadolinium
contrast administration, there is only a small component of enhancement
(arrowhead). These imaging features are suggestive of a mature teratoma,
which was confirmed by histopathology
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one girl with a borderline tumor had an ADC value of
1.683×10−3 mm2/s. There was a considerable overlap in
ADC values between benign and malignant tumors. In our
limited cohort, we were not able to find a correlation between
ADC values and malignancy.

The two borderline tumors showed very different radiolog-
ic behavior. One borderline tumor had a predominantly cystic
morphological appearance and a large diameter of 27.2 cm but
showed no other abnormalities. The radiologists classified this
tumor as radiologically benign. The other borderline tumor
showed a diameter of 15.6 cm and predominantly cystic mor-
phological appearance with papillary projections in the tumor
wall. There were contrast enhancement of these papillary pro-
jections, ascites and peritoneal deposits. This tumor was clas-
sified by the radiologists as radiologically malignant. The
pathological diagnoses of the borderline tumors were serous
and mucinous borderline tumor, respectively.

Discussion

This study shows thatMR imaging can be of additional value to
differentiate benign from malignant ovarian tumors in children
and adolescents. Signs indicative for malignancy are tumors
with a diameter ≥8 cm, with areas of contrast enhancement,
irregular margins, extracapsular tumor growth and ascites.

In adults, MR imaging of sonographically indeterminate
ovarian tumors is included in the ESUR guidelines for
ovarian tumors [16]. The diagnostic performance of MR
imaging in adults has a fairly good sensitivity for differen-
tiating malignant from benign ovarian tumors, but regard-
ing specificity there is room for improvement (sensitivity
and specificity varied 84.8–100% and 20.0–98.4%, respec-
tively) [22]. In adult studies the MR imaging criteria advo-
cated as best predictive of malignancy are larger size, solid
components demonstrating contrast enhancement, ascites
and peritoneal deposits [25–28].

The ESUR guidelines recommend contrast-enhanced T1-
W imaging for assessing ovarian tumors in adults with a mor-
phological appearance suspicious for malignancy, e.g., with
solid components within cystic tumors or nodular or irregular
thickening of the outer aspects of the wall of a mass [16].
However, our study showed a weak distinctiveness of contrast
enhancement for differentiating benign and malignant ovarian
tumors because 33% of our benign tumors also showed con-
trast enhancement. This difference in distinctiveness of con-
trast enhancement might be explained by the significant dif-
ferent histological distribution of ovarian tumors in children.
In contrast to adults, germ cell tumors, benign and malignant
combined, are the most common ovarian tumors in children
and often show contrast enhancement [28]. This complicates
the radiologic differentiation between benign and malignant
tumors in children. Our study showed that a larger diameter

Fig. 3 Immature teratoma in a 15-
year-old girl with increasing
abdominal girth. a Axial T2-
weighted MR image shows a
tumor arising from left ovary with
ascites. The tumor consists of
solid and cystic components. b
Axial T1-weighted fat-saturated
post-contrast MR image shows
large components with
enhancement. c Axial T2-
weighted MR image in the lower
pelvis demonstrates a peritoneal
nodule (arrows). d, e The nodule
has high signal at b 1,000
diffusion-weighted imaging (d)
and low values on the
corresponding apparent diffusion
coefficient map (e), suspicious for
a peritoneal deposit. The ascites
combined with the peritoneal
deposit are suggestive for a
malignant ovarian tumor. The
histopathology result after
resection showed an immature
teratoma, grade II, with peritoneal
deposits
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(≥8 cm) of enhancing components can help, but further studies
including larger cohorts are needed to validate our findings.

In our study, there was a considerable overlap between the
mean ADC values of the solid components for the benign
lesions when compared to those of the borderline and malig-
nant lesions. This lack of significance might be attributed to
the rather small number of children with available ADC mea-
surements because of the retrospective nature of our study.
Benign tumors with a dense composition that is not the con-
sequence of increased cellularity but rather of the presence of
keratinoid substances, products of hemoglobin degradation
and dense fibers, including mature teratomas and fibromas,
are at risk of false-positive findings [22]. Further studies in-
cluding a larger number of selected pathological conditions
focusing on enhancing components of solid or complex tu-
mors are warranted to explore where DWI might be advanta-
geous with regard to ovarian tumor characterization.

Several studies have shown that MR imaging can improve
the accuracy of the diagnostic workup of ovarian tumors and
might even guide surgical strategy [18–21]. In the treatment of
ovarian tumors, especially in children, adolescents and young
adults, oncological principles — safety on one side and pres-
ervation of fertility on the other — have to be very well bal-
anced. An accurate diagnostic workup of ovarian tumors that
can identify possible ovarian malignancies before the histo-
logical diagnosis is useful. Besides radiologic characteristics,
tumor markers are important in the diagnostic workup to dif-
ferentiate malignant from benign ovarian tumors.

MR imaging as part of the diagnostic workup of ovarian
tumors can aid in determining the surgical strategy [18–21].
Given that surgery is the primary treatment for ovarian tu-
mors, ovarian salvage with fertility preservation is an impor-
tant surgical consideration when managing children and ad-
olescents with ovarian tumors. Benign ovarian tumors
should be treated with ovarian-sparing techniques.
However, several factors can ultimately influence the deci-
sion of the surgeon. Whether the intended ovarian-sparing
surgical strategy is feasible can only be established during
the actual surgery. The main reasons for failure of ovarian-
sparing treatment are lack of residual healthy ovarian tissue,
difficulty in identifying the anatomical plane between tumor
and healthy tissue, and lack of healthy ovarian tissue be-
tween the tumor and fallopian tube.

In girls with a malignant ovarian mass, the primary goal is
cure. However, the potential for fertility as well as future hor-
monal healthmust also be considered. The American Pediatric
Surgical Association (APSA) has provided recommendations
based on literature review for fertility preservation in children
with malignant ovarian tumors. The APSA found that
cystectomy alone in the setting of immature or malignant
germ cell tumors is not supported by the current literature,
and is not considered standard of care, even when platinum-
based chemotherapy is given. In girls with borderline ovarian

tumors, however, cystectomy might be considered because
recurrence can be salvaged with additional surgery with a
limited effect on survival [14]. There is a need for prospective
studies to investigate the safety of ovarian-sparing surgery in
malignant ovarian tumors. It would also be interesting to
study, in a large cohort, whether borderline tumors can be
accurately identified by MR imaging.

There are some limitations to this study. We are a pediatric
oncological center and patients are only referred to our institution
with a suspected malignancy. As a consequence, complex and
suspicious tumors are more likely to be seen at our center. That
might explain why our cohort contains more malignant ovarian
tumors (43.3%) than expected in a normal population (3.7–
23.5%) [2, 3]. The retrospective design inevitably causes inclu-
sion bias and missing data. Also, the small sample size is a
limitation of our study. The heterogeneity of the MR imaging
protocol in our population made it more difficult to assess all
items on the radiologic assessment. However, the results are
promising to continue with further prospective research.

Conclusion

The diagnostic ability of MR imaging in classifying ovarian
tumors in children and adolescents as benign or malignant is
promising and might help in defining the indication for
ovarian-sparing versus non-ovarian-sparing surgery.
Therefore, the addition ofMR imaging in the diagnostic work-
up of pediatric ovarian tumors is recommended.
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