Nakamori et al. Journal of Ovarian Research (2023) 16:179 Journa| Of Ova rian Resea rch
https://doi.org/10.1186/513048-023-01268-1

RESEARCH Open Access

) ) ) .. ) )]
Evaluation of calcification distribution oty

by CT-based textural analysis for discrimination
of immature teratoma

Akari Nakamori', Hideaki Tsuyoshi', Tetsuya Tsujikawa?, Makoto Orisaka', Tetsuji Kurokawa' and
Yoshio Yoshida'

Abstract

Background Mature and immature teratomas are differentiated based on tumor markers and calcification or fat
distribution. However, no study has objectively quantified the differences in calcification and fat distributions
between these tumors. This study aimed to evaluate the diagnostic potential of CT-based textural analysis in differen-
tiating between mature and immature teratomas in patients aged < 20 years.

Materials and methods Thirty-two patients with pathologically proven mature cystic (n=28) and immature tera-
tomas (n=4) underwent transabdominal ultrasound and/or abdominal and pelvic CT before surgery. The diagnostic
performance of CT for assessing imaging features, including subjective manual measurement and objective textural
analysis of fat and calcification distributions in the tumors, was evaluated by two experienced readers. The histopatho-
logical results were used as the gold standard. The Mann-Whitney U test was used for statistical analysis.

Results We evaluated 32 patients (mean age, 14.5 years; age range, 6—19 years). The mean maximum diameter

and number of calcifications of immature teratomas were significantly larger than those of mature cystic teratomas
(p<0.01). The mean number of fats of immature teratomas was significantly larger than that of mature cystic terato-
mas (p <0.01); however, no significant difference in the maximum diameter of fats was observed. CT textural features
for calcification distribution in the tumors showed that mature cystic teratomas had higher homogeneity and energy
than immature teratomas. However, immature teratomas showed higher correlation, entropy, and dissimilarity

than mature cystic teratomas among features derived from the gray-level co-occurrence matrix (GLCM) (p < 0.05). No
significant differences were observed in the CT features of fats derived from GLCM.

Conclusion Our results demonstrate that calcification distribution on CT is a potential diagnostic biomarker to dis-
criminate mature from immature teratomas, thus enabling optimal therapeutic selection for patients aged < 20 years.
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ovarian tumor in this age group is germ cell tumors, of
which, >40% are malignant. Malignant germ cell tumors
account for approximately two-thirds of ovarian cancers
in the first two decades of life [1].

Teratomas are the most frequent type of germ cell
tumor and are of two types: mature and immature.
Mature teratomas are benign tumors composed of well-
differentiated derivations from at least two of three germ
cells (ectoderm, mesoderm, and endoderm). Moreover,
immature teratomas are malignant tumors composed
of immature tissue that resembles embryonic tissue but
contains immature neuroectodermal components [2].
Regarding surgical resection, mature teratoma removal
with simple cystectomy preserves the ovary; however,
immature teratomas require at least adnexectomy even at
their early stages [3]. Therefore, preoperative differentia-
tion between both conditions is important, especially in
emergencies.

Mature and immature teratomas are preoperatively
differentiated based on tumor markers or the size and
presence of a prominent solid component with cystic ele-
ments on imaging modalities [4, 5]. Moreover, calcifica-
tion or fat distribution in the tumors differentiates them.
Immature teratomas reportedly show scattered calcifi-
cations and small fatty areas; however, mature terato-
mas show only a few calcifications in the cyst wall [6-8].
However, no study has objectively quantified the differ-
ences in calcification and fat distributions between these
tumors for preoperative differential diagnosis.

Texture analysis is a method for quantifying and quan-
titatively characterizing the nature of lesions in medical
images and has various approaches. In most cases, the
shading of pixels in the region of interest is quantified,
and statistics are obtained to determine the uniform-
ity, directionality, contrast variation, and other values
that indicate homogeneity. Texture analysis can infer
pathological findings or genomic subtypes and differen-
tiate benign and malignant tumors [9-13] using imaging
modalities, such as CT, MRI, or PET. Various approaches
have been performed for epithelial ovarian cancer [14].
However, no study has reported its usefulness in differen-
tiating mature from immature teratomas.

This study aimed to determine if the quantification of
calcification and fat distribution by CT-based texture
analysis can differentiate mature from immature terato-
mas in patients aged < 20 years.

Materials and methods

Patients

We retrospectively reviewed the medical records of 32
patients (mean age, 14.5 years; age range, 6-19 years)
with pathologically proven mature cystic (n=28) and
immature teratomas (n=4) between January 2008
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and June 2021. Patients included in this study were
aged <20 years, underwent transabdominal ultrasound
and/or abdominal and pelvic CT before surgery, and
underwent surgery at our institution. Patients excluded
were aged > 20 years and did not undergo imaging before
surgery or surgery at our institution. This was a multi-
center study, as 10 patients with abdominal CT data were
referred from other institutions. The study protocol was
approved by the Institutional Review Board of the Uni-
versity of Fukui Hospital (approval number: 20210730).
Patients provided written informed consent to partici-
pate in the study, and anonymous clinical data were used.
Patients provided written consent for the use of residual
samples and were offered an opt-out option, as disclosed
on the website (https://www.u-fukui.ac.jp/cont_about/
disclosure/privacy/).

CcT

Abdominal and pelvic CT examinations were performed
using a 64-slice multidetector CT scanner (Discovery CT
750HD; GE Medical Systems, Milwaukee, WI, USA).

Image interpretation

Images were analyzed using the picture archiving and
communication system. A three-dimensional image was
constructed using the Ziostation2 software (Ziosoft,
Tokyo, Japan). A gynecologic oncologist (21 years of
experience) and a board-certified radiologist (24 years of
experience), each with double certifications and special-
izing in gynecological imaging, evaluated the CT images
retrospectively and reached a consensus. Images were
evaluated for the following parameters: a) maximum
diameter, b) mean diameter, ¢) volume, d) maximum
diameter of calcifications, e) number of calcifications, f)
maximum diameter of fats, and g) number of fats. The
threshold for calcified lesions was set at a CT density of
130 Hounsfield units [15]. Additionally, fat was charac-
terized by a CT density of —144 to —20 Hounsfield units
[16]. Both readers were blinded to the results of the other
imaging studies, histopathological findings, and clinical
data. Each dataset was reviewed as the consensus deci-
sion of both readers after a minimum interval of 3 weeks
to avoid any decision threshold bias due to reading-order
effects.

Texture analysis and feature extraction

Patients’ CT images without contrast agent were
exported from the picture archiving and communication
system in DICOM format and uploaded into the LIFEx
software version 7. 2. 0 (LITO, CEA, Inserm, CNRS,
Univ. Paris-Sud, Université Paris Saclay) [17]. The whole
process was performed independently by a gyneco-
logic oncologist and board-certified radiologist without


https://www.u-fukui.ac.jp/cont_about/disclosure/privacy/
https://www.u-fukui.ac.jp/cont_about/disclosure/privacy/

Nakamori et al. Journal of Ovarian Research (2023) 16:179

relevant knowledge of tumor diagnosis to reduce bias
in evaluating derived radiomic features. They manually
delineated each target lesion along the lesion’s contour
and separately extracted calcifications and fats using the
CT thresholds described above. Before radiomic feature
computation, voxel intensities were resampled using
the relative resampling method with a fixed bin num-
ber of 128. Forty-eight texture features were extracted,
including histogram-based, shape-based, gray-level co-
occurrence (GLCM), gray-level run-length, neighbor-
hood gray-level dependence, and gray-level zone length
matrixes.

Reference standard
Histopathological results were used as the reference
standard.

Statistical analysis

The Mann—Whitney U test was used to analyze the rela-
tionships between clinical characteristics, CT findings,
and pathological findings. Significance was set at p <0.05
(two-sided testing). All statistical analyses were per-
formed using SPSS version 24 (IBM, Armonk, NY, USA).

Results

Patients

Table 1 summarizes the clinical information of the
32 included patients. The histopathological subtypes
included mature cystic teratoma (n=28), and grades
1 n=2), 2 (n=1), and 3 immature teratomas (n=1).
Moreover, 26 (81.2%) patients were symptomatic with
abdominal pain and distension, and 6 (18.8%) were
asymptomatic.

Table 1 Patient and tumor characteristics

Characteristic n %
Total number of patients 32 100
Histology

mature teratoma 28 875

immature teratoma

grade 1 2 6.3
grade 2 1 3.1
grade 3 1 3.1
Symptoms
abdominal pain 21 65.6
abdominal distension 5 15.6

none 6 18.8
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Correlation between mature cystic and immature
teratomas and clinical parameters

Mature cystic and immature teratomas were correlated
with clinical parameters to determine the clinical and
pathological impacts. No significant differences in age,
height, weight, and BMI were observed between mature
cystic and immature teratomas. The mean maximum
diameter of immature teratomas (21.5 cm, range: 18.0—
25.0) was significantly larger than that of mature cystic
teratomas (10.3 c¢cm, 3.0-27.0) (p <0.01). Moreover, the
mean diameter of the immature teratomas (15.8 cm,
14.3-17.7) was significantly larger than that of the
mature cystic teratomas (8.7 cm, 2.7-18.3) (p<0.01).
The mean volume of immature teratomas (3451 c¢cm3,
2660-4320) was significantly larger than that of mature
cystic teratomas (969.7 cm?®, 18.8—-5049) (p <0.01). No
significant differences in symptoms caused by tumors
were observed between mature cystic and immature
teratomas. Regarding tumor markers, the mean value of
AFP for immature teratomas (101.7 ng/mL, 3.8—-185.2)
was significantly higher than that of mature cystic tera-
tomas (2.1 ng/mL, 0.6-5.7) (p<0.01). Additionally, the
mean value of CA125 for immature teratomas (289.4
U/mL, 30.6-885.0) was significantly higher than that
of mature cystic teratomas (36.2 U/mL, 8.8-173.9)
(p <0.01). However, no significant difference in CA19-9
was observed between mature cystic and immature ter-
atomas (Table 2).

Correlation between mature cystic and immature
teratomas and CT features

Mature cystic and immature teratomas were correlated
with the imaging features to determine the imaging and
pathological impact. In patients with 10 mature cystic
and 4 immature teratomas who underwent abdominal
and pelvic CT with a 3 mm slice thickness, the maxi-
mum diameter and number of calcifications and fats
were manually measured, counted, and evaluated. The
mean maximum diameter of calcifications of immature
teratomas (48.0 mm, 21.0-63.0) was significantly larger
than that of mature cystic teratomas (14.8 mm, 5.0—
28.0) (»<0.01). Moreover, the mean number of calcifi-
cations of immature teratomas (104.5, 30.0-250.0) was
significantly larger than that of mature cystic teratomas
(6.8, 1.0-38.0) (p<0.01). Furthermore, the mean num-
ber of fats of immature teratomas (63.5, 25.0—100.0)
was significantly larger than that of mature cystic tera-
tomas (6.2, 1.0-32.0) (p<0.01). However, no signifi-
cant difference in the maximum diameter of fats was
observed between mature cystic and immature terato-
mas (Table 3 and Supplementary table 1).
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Table 2 Differential diagnosis between mature and immature
teratoma according to various clinical factors

mature immature p-value

Number of patients 28 4
Age (years)

means (range) 14.5 (6-19) 14.0 (11-18) p>0.05
Height (cm)

means (range) 155.1 (117-168) 152.0 (142-158) p>0.05
Weight (kg)

means (range) 49.0 (21-63) 46.0 (34-53) p>0.05
BMI

means (range) 20.1 (153-25.2) 19.8 (16.9-21.2) p>0.05
Maximum diameter (cm)

means (range) 10.3 (3.0-27.0) 21.5(18.0-25.0) p<0.01
Mean diameter (cm)

means (range) 8.7 (2.7-183) 15.8 (14.3-17.7) p<0.01
Volume (cm?)

means (range) 969.7 (18.8-5049) 3451 (2660-4320) p<0.01
Symptoms

symptomatic (%) 22 (78.6) 4 (100) p>0.05
AFP (ng/mL)

means (range) 2.1(0.6-5.7) 101.7 (3.8-185.2) p<0.01
CA125 (U/mL)

means (range) 36.2 (8.8-173.9) 2894 (30.6-885.0) p<0.05
CA19-9 (U/mL)

means (range) 135.6 (3.6-1350) 406.3 (24.8-1438)  p>0.05

Table 3 Differential diagnosis between mature and immature
teratoma according to maximum diameter or numbers of
calcifications or fat in tumors

mature immature p-value

Number of patients 10 4
Maximum diameter of calcifications (mm)

means (range) 14.8 (5.0-28.0) 48.0 (21.0-63.0) p<0.01
Number of calcifications

means (range) 6.8 (1.0-38.0) 104.5 (30.0-250.0) p<0.01
Maximum diameter of fats (mm)

means (range) 40.2 (4.0-74.0) 213 (15.0-27.0) p>0.05
Number of fats

means (range) 6.2 (1.0-32.0) 63.5 (25.0-100.0) p<0.01

Correlation between mature cystic and immature
teratomas and CT-based radiomic features

CT features of calcifications of mature cystic and imma-
ture teratomas showed that among the six features
derived from the GLCM, mature cystic teratoma showed
higher homogeneity and energy than immature terato-
mas (p<0.05). However, immature teratomas showed
higher correlation, entropy, and dissimilarity than mature
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cystic teratomas (p<0.05). Moreover, no significant dif-
ference in contrast was observed between mature cystic
and immature teratomas. Among the three features
derived from the neighborhood grey-level dependence
matrix, mature cystic teratomas showed higher coarse-
ness than immature teratomas (p <0.05); however, imma-
ture teratomas showed higher contrast and busyness
than mature cystic teratomas (p <0.05) (Table 4 and Sup-
plementary tables 2 and 4). Regarding CT features of fats
of mature cystic and immature teratomas, no significant
differences in six and three features derived from GLCM
and neighborhood gray-level dependence matrix were
observed between mature cystic immature teratomas
(Table 5 and supplementary tables 3 and 5).

Representative cases

Figures 1 and 2 show two representative cases. Figure 1a
and b show CT and the three-dimensional image, respec-
tively, with the distribution of calcifications in a mature
cystic teratoma. Moreover, Fig. 2a and b show CT and the
three-dimensional image, respectively, with the distribu-
tion of calcifications in an immature teratoma. Immature
teratomas showed more calcifications than mature cystic
teratomas.

Discussion

To our knowledge, this is the first study to investigate the
application of CT-based textural analysis in discriminat-
ing mature cystic teratomas from immature teratomas.
Subjective CT assessment showed that immature tera-
tomas had more and larger calcifications than mature
teratomas, supported by the CT-based textural analysis.
Furthermore, the CT-based textural features of mature
and immature teratoma calcifications showed that
mature cystic teratomas had higher homogeneity and
energy than immature teratomas. However, immature
teratomas showed higher correlation, entropy, and dis-
similarity than mature cystic teratomas. These findings
suggest that calcification distribution in tumors can be
a useful diagnostic biomarker to distinguish between
mature and immature teratomas, facilitating the optimal
therapeutic selection in patients < 20 years.

The most frequent type of germ cell tumor is tera-
toma, mostly the benign mature type. However, in
patients < 20 years, >40% of germ cell tumors are malig-
nant [1] and require at least adnexectomy even in the
early stage of the disease [3]. Therefore, to preserve fer-
tility, accurate and prompt preoperative differential diag-
nostic strategies for mature and malignant immature
teratomas are necessary, particularly in emergencies
where patients show symptoms due to torsion or rupture.

We first evaluated the relationship between clini-
cal features and pathological findings. We observed no



Nakamori et al. Journal of Ovarian Research (2023) 16:179 Page 5 of 7
Table 4 Comparison of CT features of calcifications between mature and immature teratoma
Parent matrix Feature mature immature p-value
mean SEM mean SEM
Gray-level co-occurrence matrix (GLCM) Homogeneity 0.9971 0.00138 0.9898 0.00157 p<0.05
Energy 0.9929 0.00326 09721 0.00434 p<0.05
Contrast 0.9679 0.66601 0.7807 0.27656 p>0.05
Correlation 0.5085 0.04363 0.6386 0.00606 p<0.05
Entropy 0.0596 0.02675 0.2072 0.03 p<0.05
Dissimilarity 0.0414 0.024 0.0742 0.0149% p<0.05
Neighborhood grey-level dependence matrix ~ Coarseness 0.0013 0.00047 0.0001 0.00003 p<0.05
(NGLDM) Contrast 0.0001 0.00005 0.0001 0.00002 p<005
Busyness 57.8466 31.36417 4071174 142.80582 p<0.05
Table 5 Comparison of CT features of fats between mature and immature teratoma
Parent matrix Feature mature immature p-value
mean SEM mean SEM
Gray-level co-occurrence matrix (GLCM) Homogeneity 0.8801 0.04603 0.9797 0.00859 p>0.05
Energy 0.7669 0.075% 0.9541 0.01823 p>0.05
Contrast 98.9387 40.36167 151771 8.921 p>0.05
Correlation 0.6279 0.06626 0.4795 0.05858 p>0.05
Entropy 1.9599 0.71651 0.3611 0.14955 p>0.05
Dissimilarity 25729 1.03476 04291 0.23335 p>0.05
Neighborhood grey-level dependence matrix ~ Coarseness 0.0001 0.00003 0 0.00001 p>0.05
(NGLDM) Contrast 0.1382 0.08001 0.0021 000184 p>005
Busyness 6.7305 3.8123 8.8092 542011 p>0.05

Fig. 1 A 17-year-old female with mature cystic teratoma. a CT image shows the calcification in the tumor or cyst wall filled with sebaceous

material. b A three-dimensional image shows a few small calcifications

significant differences in clinical parameters, includ-
ing age, height, weight, BMI, and symptoms, such as
abdominal pain or distension. Regarding tumor mark-
ers, AFP and CA125 levels were significantly higher in
immature teratomas than in mature teratomas. Addi-
tionally, CA19-9 of immature teratomas was higher
than that of mature teratomas; however, the difference

was not significant because CA19-9 is sometimes high,
even in benign mature teratomas. These results are con-
sistent with those of previous studies. Therefore, AFP
and CA125 are useful biomarkers for differentiating
mature from immature teratomas [4]. However, many
general hospitals cannot measure these tumor markers
during off-hours. Therefore, another diagnostic tool is
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Fig. 2 A 14-year-old female with immature teratoma. a CT image shows the scattered calcifications and small fatty areas in the tumor. b
A three-dimensional image shows the scattered calcifications of various sizes

needed for early and prompt diagnosis, particularly in
emergencies.

CT is often used to diagnose the cause of sudden
abdominal pain. The size and appearance of the tumors
are evaluated in the differential diagnosis between mature
and immature teratomas using CT. Mature teratomas
reportedly have an average tumor diameter of 7 cm; how-
ever, immature teratomas are larger, with a diameter of
12-25 cm [5]. Similarly, in our study, the size of imma-
ture teratoma (21.5 cm, 18.0-25.0) was significantly
larger than that of mature teratoma (10.3 cm, 3.0-27.0).
Moreover, in our study, the mature teratomas were larger
than previously reported ones. As asymptomatic patients
aged <20 years do not often visit the hospital for medi-
cal examinations, the tumor size might become large,
leading to difficulty in differential diagnosis using only
tumor sizes. These findings are consistent with the high
rate of symptomatic patients with mature and immature
teratomas. The presence of a prominent solid component
with cystic elements, such as epithelial ovarian cancer or
microcystic appearance of solid components on CT or
MR, is caused by respiratory-type epithelial tissues [8].
However, in our study, immature teratomas did not have
epithelial ovarian cancer or microcystic appearances;
hence, the need for another biomarker to differentiate
between mature and immature teratomas.

Calcification or fat distribution in tumors is reportedly
different; immature teratomas show scattered calcifi-
cations and small fatty areas in the tumors, and mature
teratomas show only a few calcifications in the cyst wall
[6-8]. However, reports of quantifying these distribu-
tions for differential diagnosis are lacking. First, we man-
ually counted the number of calcifications and fats in the
tumor and measured their maximum diameter. Consist-
ent with previous findings, the number of calcifications
and fats in immature teratomas was significantly larger
than that in mature teratomas. Moreover, the maximum
diameter of calcifications of immature teratomas was

significantly larger than that of mature teratomas because
immature teratomas showed scattered calcifications of
variable size. Although these findings could provide a
precise diagnosis to differentiate between immature and
mature teratomas, the objective quantification of calci-
fication and fat distributions between these tumors has
not been reported.

Texture analysis is a method of assessing the local and
regional heterogeneities of distribution with textural fea-
ture measurements, using various mathematical methods
that describe the relationships between the gray-level
intensity of pixels or voxels and their position within
an image. Texture analysis has been used to differenti-
ate between benign and malignant lesions in different
organs, including epithelial ovarian cancer [9, 13, 14]. In
this study, we applied CT-based texture analysis of calci-
fication or fat distribution to distinguish between mature
and immature teratomas. In particular, we focused on the
homogeneity or dissimilarity derived from the GLCM to
demonstrate the difference of the distribution of calcifi-
cation or fat objectively. Mature cystic teratomas showed
higher homogeneity and energy than immature terato-
mas. However, immature teratomas showed higher cor-
relation, entropy, and dissimilarity than mature cystic
teratomas among features derived from the GLCM
(p<0.05), suggesting that immature teratomas had a
more scattered and heterogeneous distribution of calci-
fications compared with mature teratomas, which had
more homogeneous distribution. These findings were
consistent with our subjective results obtained by manu-
ally counting the number of calcifications. No signifi-
cant differences were observed in the CT features of fats
derived from GLCM. The difference between the subjec-
tive method of manually counting the number of fats and
the objective method of texture analysis might be due to
the difficulty in counting the fat manually because the CT
density of fats was closer to that of the surrounding soft
tissue compared with that of calcifications.
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This study has some limitations. First, this study was

retrospective, and not all patients underwent CT exami-
nations at our institution. However, our readers reevalu-
ated the images from other hospitals and were blinded
to the initial imaging findings. Second, because of the
disease rarity, the sample size was small, particularly for
immature teratomas. Therefore, further prospective and
multicenter studies are needed. Third, textural analysis
cannot be used in daily practice. Therefore, we manu-
ally counted the number of calcifications and fats in the
tumor and measured their maximum diameter and dem-
onstrated that these results were consistent with the
results of texture analysis..

In conclusion, calcification distribution on CT can be

a potential diagnostic biomarker to discriminate mature
teratomas from immature teratomas. This was objectively
demonstrated by CT-based textural analysis, enabling
optimal therapeutic selection for patients aged <20 years.
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