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Abstract

Aim: The aim of this study was to determine the age-specific characteristics of ovarian
teratoma and associated malignancies. Methods: This retrospective single-centre cohort
study included 2181 women with ovarian teratoma who underwent surgery at our in-
stitution between January 2008 and April 2019. Malignancies associated with ovarian
teratoma were divided into immature teratoma, combined ovarian malignancy, and ma-
lignant transformation of mature cystic teratoma. The median patient age was 30 years
(range, 7-82) and the median follow-up duration was 10 months (range, 0-152). Results:
Most ovarian teratomas were detected incidentally, except in patients with abdominal pain
under 20 years of age; torsion was significantly more common in this age group (p < 0.001).
Tumours were larger in the younger age group (p < 0.01). The incidence of immature
teratoma was 0.5% (1 = 11), that of combined ovarian malignancy was 0.4% (1 = 9), and that
of malignant transformation was 0.4% (n = 9). The median patient age was 24.0 years for
immature teratoma and 27.0 years for combined ovarian malignancy. The most common
cell type was mucinous borderline tumour (55.6%, n = 5). The median patient age of
malignant transformation was 33.0 years, and the most common cell type was carcinoid
tumour (77.8%, n = 7). At our institution, the clinical manifestations of ovarian teratoma
varied according to age group, with younger patients being more likely to be symptomatic
and to have larger tumours and bilateral tumours. Although there was no statistically
significant relationship between age and associated malignancy (p = 0.442), most of the
malignancies associated with ovarian teratoma were found in childbearing age, not in
older age. Conclusions: Given the possible associated malignancy with ovarian teratoma,
surgeons should perform detailed preoperative evaluations, avoid intraoperative spillage,
and perform intraoperative frozen biopsy when appropriate.

Keywords: ovarian teratoma; malignancy-associated ovarian teratoma; immature teratoma;
malignant transformation; age

1. Introduction

Ovarian teratomas include benign mature cystic teratoma (MCT), immature teratoma,
and monodermal teratoma (e.g., struma ovarii, carcinoid tumour, and neural tumour) [1].
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MCT is the most common ovarian germ cell neoplasm and accounts for 10-20% of all
ovarian masses [2—4]. More than 80% of MCTs occur during the reproductive years [5] and
are composed of various tissues derived from one or more germ cell layers. Ectodermal
derivatives are the most common and include the keratinising epidermis, sebaceous and
sweat glands, hair follicles, and neuroectodermal tissues. Mesodermal derivatives include
muscle, bone, cartilage, fat, and occasionally teeth. Endodermal derivatives include the
thyroid and salivary glands as well as respiratory and gastrointestinal tissues [6]. Immature
teratomas also contain elements derived from all three germ cell layers; however, these
malignant tumours contain immature neuroepithelium and usually affect young women [7].
Although MCTs are prevalent and usually benign, mature teratomas can be associated with
malignancy, which may manifest as combined ovarian malignancy (including epithelial
ovarian malignancies and borderline tumours) or result from malignant transformation.

Given the benign nature of MCT, surgery may be deferred, especially in younger
patients of reproductive age [8]. Therefore, early detection of malignant transformation
or malignancy associated with MCT or immature teratoma is important. However, unlike
immature teratoma and malignancy associated with MCT, preoperative imaging and
biochemical findings are neither specific nor sensitive, intraoperative diagnosis of malignant
transformation of MCT is difficult, and guidance for optimal management is not well
established owing to the rarity of these tumours [9].

Most of the previous studies on ovarian teratoma have focused on its clinical char-
acteristics in younger women and associated malignancies in older women, and there is
a paucity of large-scale analyses evaluating all malignancy subtypes across age group.
Therefore, in this study, we reviewed our experience of cases of ovarian teratoma treated at
our institution to determine the age-specific characteristics of this tumour and features of
immature teratoma, combined ovarian malignancy, and malignant transformation of MCT.

2. Methods
2.1. Ethics Approval

The study protocol was approved by the Institutional Review Board on the CHA
Gangnam Medical Center (GCI-2021-09-001). All processes conducted in this study involv-
ing human participants were in accordance with the ethical standards of the institutional
committee and with the 1964 Helsinki declaration and its later amendments or comparable
ethical standards. Informed consent was not sought, as a retrospective study design was
used. Data were anonymized and de-identified before analysis, and, therefore, informed
consent was not required.

2.2. Patient Population and Data Collection

We retrospectively reviewed data from 2181 patients who underwent surgery for
pathologically confirmed ovarian teratoma at our institution between January 2008 and
April 2019 (Figure 1). Malignancies associated with ovarian teratoma were divided into
immature teratoma, combined ovarian malignancy, and malignant transformation of MCT.
Immature teratomas are distinguished from mature teratomas by the presence of imma-
ture neuroepithelium [7,10]. Combined ovarian malignancy included malignant tumour
and borderline malignancy as well as both ipsilateral and contralateral ovarian tumours.
Malignant transformation included any malignancy arising from an ovarian teratoma [11].
Intraoperative frozen pathology was selectively performed when malignancy was sus-
pected based on preoperative imaging or intraoperative gross findings, or when diagnostic
uncertainty could affect surgical decision-making. Data including age at surgery, parity,
body mass index, size of the teratoma (for multiple cysts, the diameter of the largest cyst
was recorded; if bilateral, the sum of the cyst with the largest diameter on each side was
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recorded), preoperative cancer antigen 125 (CA125) and cancer antigen 19-9 (CA19-9) levels,
previous surgery for ovarian teratoma, preoperative symptoms, location of the ovarian
cyst(s), ovarian torsion, associated other ovarian pathology, and postoperative follow-up
duration were collected from medical charts. Computed tomography (CT) was the primary
imaging modality for preoperative evaluation owing to its broad availability, rapid acquisi-
tion, lower cost, and ability to assess both pelvic and abdominal organs in a single scan.
Magnetic resonance imaging (MRI) was reserved for cases with inconclusive CT findings
or when detailed soft tissue characterization was required. Malignancy suspicion on CT
or MRI was based on the presence of solid components, irregular septations, papillary
projections, thickened cyst walls, or radiologic evidence of extra-ovarian spread. All imag-
ing studies were reviewed by at least two board-certified gynecologic oncologists, and all
pathological diagnoses were confirmed by experienced gynecologic pathologists at our
institution to ensure consistency of interpretation. Patients were categorized according
to age (<20 years, n = 86; 20-29 years, n = 973; 30-39 years, n = 884; 4049 years, n = 163;
>50 years, n = 75).

Groupl < 20 years

(n=86)

Group2 =20, <30 years

(n=973)
All patients who underwent
surgery for pathologically Group3 =30, <40 years
confirmed ovarian teratoma (n=884)
(n=2181)
Group 4 =40, < 50 years
(n=163)
Groups =50 years
(n=75)

Figure 1. Flow diagram of patient selection process.

2.3. Statistical Analysis

Categorical variables were compared using Fisher’s exact test or the chi-squared test.
Quantitative variables were compared using the Mann-Whitney U test or Kruskal-Wallis
test. All statistical analyses were performed using SPSS software (version 25.0; IBM Corp.,
Armonk, NY, USA). A p-value < 0.05 was considered statistically significant.

2.4. Data Availability

Data will be available upon reasonable request from the corresponding author. How-
ever, the data cannot be made public to maintain women'’s privacy and legal reasons, as it
contains private health information along with identifiers.

3. Results
3.1. Age Distribution of Baseline Characteristics

The median age of the 2181 study participants was 30 years (range, 7-82). The
median follow-up duration was 10 months (range, 0-154). Table 1 shows the distribution of
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baseline characteristics according to age. Most ovarian teratomas were detected incidentally,
except in patients aged <20 years; 76.7% of these patients had symptoms, most commonly
abdominal pain (45.3%). However, there were no symptoms in 62.8% of patients in their
20s, 73.1% of those in their 30s, 69.9% of those in their 40s, and 73.3% of those aged 50 years
or older. Abdominal pain was the most common symptom in all age groups. The torsion
rate was highest in patients in their 20s (p < 0.001). The relationship between mean tumour
size and torsion rate was not significant (7.5 £ 3.7 cm without torsion vs. 8.3 &= 3.8 cm with
torsion, p = 0.133, Mann-Whitney U test). Tumour size varied significantly according to
age group (p < 0.001) and was largest in younger patients. Bilaterality was more common
in the younger age groups (p < 0.001).

Table 1. Age distribution of baseline characteristics in teratoma patients.

Group 1 Group 2 Group 3 Group 4 Group 5 g
Age Group All (<20 Years) (20-30 Years) (30-40 Years) (40-50 Years) (>50 Years) p-Value
Number of patients 2181 86 973 884 163 75
Initial symptom, 7 (%)
Irregular mens 106 (4.9%) 15 (17.4%) 58 (6.0%) 30 (3.4%) 3 (1.8%) 0 (0%)
Abnormal bleeding 139 (6.4%) 6 (7.0%) 62 (6.4%) 55 (6.2%) 13 (8.0%) 3 (4.0%) 0.000 2
Abdominal pain 433 (19.9%) 39 (45.3%) 217 (22.3%) 135(15.3%) 32 (19.6%) 10 (13.3%) :
Palpable mass or o o o o o o
e e e ion 57 (2.6%) 6 (7.0%) 25 (2.6%) 18 (2.0%) 1 (0.6%) 7 (9.3%)
Incidentally detected 1446 (66.3%) 20 (23.3%) 611 (62.8%) 646 (73.1%) 114 (69.9%) 55 (73.3%)
Torsion, 1 (%) 32 (1.5%) 6 (7.0%) 9 (0.9%) 11 (1.2%) 5(3.1%) 1(1.3%) 0.000
Tumour size (cm) 75+£37 8.6 £4.2 8.0+39 72+34 6.3 +25 6.9 £4.3 0.000®
(6.6,0.8-30.0) (8.0,2.0-204) (7.0,0.8-30.0) (64,1.0-224) (6.0,1.0-189) (5.8,1.9-27.0) ’
Bilaterality, 1 (%) 321 (14.7%) 13 (15.1%) 176 (18.1%) 120 (13.6%) 8 (4.9%) 4 (5.3%) 0.0002
26.2 =41.6 25.7 £29.1 274 +41.6 239 +29.6 29.7 £ 75.7 31.3 £ 67.2
Serum CA125 (U/mL) * (17.0,1-774)  (189,5-232)  (17.0,2-608)  (17.5,1-371)  (16.25,2-774)  (14.35,5-470)  0.026°
n = 1686 n=71 n=764 n=:673 n=122 n=>56
Serum CA125 > 35 U/mL 226 (13.4%) 8 (11.3%) 119 (15.6%) 78 (11.6%) 11 (9.0%) 10 (17.9%) 0.1542
725 £271.5 183.7 £4353 76.2 +£265.5 60.5 + 264.4 22.8 £28.9 87.8 £350.2
Serum CA19-9 (U/mL) * (20.9,0-4634)  (38.9,1-2291) (23.6,0-4634) (18.5,1-4368) (13.5,1-138) (12.2,1-1997)  0.000°
n=_827 n=237 n =406 n =302 n=>50 n=232
Serum CA19-9 > 27 U/mL 347 (42.0%) 24 (64.9%) 187 (46.1%) 115 (38.1%) 12 (24.0%) 9 (28.1%) 0.0002
Preoperative CT or MRI 591 (27.1%) 39 (45.3%) 269 (27.6%) 213 (24.1%) 35 (21.5%) 35 (46.7%) 0.0002
Intraoperative frozen biopsy 116 (5.3%) 4 (4.7%) 51 (5.2%) 32 (3.6%) 12 (7.4%) 17 (22.7%) 0.000 @
. 24.0 £31.0 36.5+39.2 263 £ 324 21.6 £ 289 20.7 £28.3 15.8 + 26.5 b
Follow-up duration (months) 10 o 159, (25.5,0-146)  (12,0-152) (9, 0-148) (9,0-131) (3,0-114) 0000

2 Chi-square test; b Kruskal-Wallis test, n, number; mens, menstruation; CA125, cancer antigen 125; CA19-9,
cancer antigen 19-9, CT, computed tomography; MRI, magnetic resonance image, * normal tumour marker level:
CA125 0-35 (U/mL), CA 19-9 0-27 (U/mL) in our institution.

There were significant differences in serum CA 125 and CA 19-9 levels according to
age group. (p = 0.026 and p < 0.001, respectively, Kruskal-Wallis test). At our institution,
the normal range for CA125 is 0-35 U/mL and that for CA19-9 is 0-27 U/mL. In total, 226
(13.4%) of the 1686 patients with CA125 levels available and 347 (42.0%) of 827 patients
with CA19-9 levels available had an elevated value. There was no significant relationship
between having a CA125 level above the normal range and age (p = 0.154); however, an
elevated CA19-9 level was significantly more common in younger patients (p < 0.001). The
serum CA19-9 level correlated with tumour size (normal range vs. elevated CA 19-9 level,
73+ 34 cmvs. 9.3 £4.3 cm, p <0.001, Mann—-Whitney U test) and bilaterality (12.6% vs.
21.2%, p = 0.001, chi-squared test) but not with symptom status (35.6% vs. 34.0%, p = 0.643,
chi-squared test).
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3.2. Associated Benign Ovarian Tumours with Teratoma

Table 2 shows that 4.8% of all ovarian teratomas were associated with benign ovarian
tumour and that the rate increased with advancing age. Ovarian endometrioma was the
type most commonly observed.

Table 2. Number of patients with benign ovarian tumour associated with ovarian teratoma, according
to age group.

Group 1 Group 2 Group 3 Group 4 Group 5
Age Group All (<20 Years) (20-30 Years) (30-40 Years) (40-50 Years) (>50 Years)

Number of patients 2152 83 959 873 162 74

Benign ovarian tumour, 1 (%) 104 (4.8%) 1(1.2%) 44 (4.6%) 41 (4.7%) 10 (6.2%) 8 (10.8%)
Ovarian endometrioma 76 0 35 32 6 3
Mucinous cystadenoma 21 1 7 7 3 3
Serous cystadenoma 3 0 1 1 0 1
Brenner tumour 1 0 0 0 0 1
Mucinous adenofibroma 1 0 0 1 0 0
Serous cystadenofibroma 1 0 0 0 1 0
Fibroma 1 0 1 0 0 0

3.3. Malignancy-Associated Cystic Teratoma

As shown in Table 3, the incidence of immature teratoma was 0.5% (11/2181), while the
incidence of combined ovarian malignancy and that of malignant transformation were both
0.4% (9/2181). The peak incidence of immature teratoma was in the 20s. The most common
type of combined ovarian malignancy was mucinous borderline tumour (55.6%, 5/9) and
all combined ovarian malignancies were found in patients under 40 years of age. The most
common type of malignant transformation was carcinoid tumour (77.8%, 7/9), which had
a peak incidence in the 30s. However, the relationship between malignancy-associated
ovarian teratoma and age was not significant (p = 0.442, chi-squared test).

Table 3. Number of patients with malignant ovarian tumour associated with ovarian teratoma,
according to age group.

Group 1 Group 2 Group 3 Group 4 Group 5 g
Age Group All (<20 Years) (20-30 Years)  (30-40 Years) (40-50 Years) (>50 Years) p-Value
Number of patients 2181 86 973 884 163 75
Intraoperative frozen biopsy 116 (5.3%) 4 (4.7%) 51 (5.2%) 32 (3.6%) 12 (7.4%) 17 (22.7%)
Malignancy, 1 (%) 29 (1.3%) 3(3.5%) 13 (1.3%) 11 (1.2%) 1 (0.6%) 1 (1.3%) 0.442
Immature teratoma 11 (0.5%) 1 8 2 0 0
Associated ovarian malignancy 9 (0.4%) 2 3 4 0 0
Malignant transformation 9 (0.4%) 0 2 5 1 1
Malignancy was confirmed on 1 (g 4o 2 (66.7%) 6 (46.2%) 4(36.4%) 0 (0%) 1 (100%)

frozen biopsy

MCT and the subcategories of malignancy associated with ovarian teratoma are shown
in Table 4. Patients with immature teratoma were significantly younger (p = 0.05), were
more symptomatic (p < 0.001), and had larger tumours (p < 0.001) and higher CA125 levels
(p = 0.002) than those with MCT. However, preoperative CT and MRI raised suspicion
for malignancy in only 4 of 11 patients; 8 of these 11 patients underwent intraoperative
frozen biopsy and 5 were found to have an immature teratoma. There was no statistically
significant relationship between combined malignancy and age, initial symptoms, torsion
rate, tumour size, or CA125 level. Preoperative imaging was performed in four of nine
patients, and only one was suspected to have malignancy. Intraoperative frozen biopsy was
performed in seven patients, six of whom were confirmed to have combined malignancy
intraoperatively. Patients with malignant transformation were significantly older than
those with MCT (p = 0.046); however, there was no significant between-group difference
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in initial symptoms, torsion rate, tumour size, or CA125 level. Preoperative computed
tomography CT or MRI was performed in three patients and did not raise suspicion for
malignancy. Only one woman underwent intraoperative frozen biopsy, which confirmed
malignant transformation.

Table 4. Comparison of MCT vs. malignant ovarian tumours associated with ovarian teratoma.

Group C: Group D:
Group A: Group B: . .
Tumour Group MCT Immature Con}bmed Malignant . Avs.B Avs. C Avs.D
Malignancy Transformation
(n = 2152) Teratoma (n = 11) =9 (0 =9)
309 £ 8.1 249 +£53 27.0+£8.1 37.1+12.6
Age (years) (30.0,7-82)  (24.0,15-35) (27.0,16-38)  (33.0,28-69) 0.005 0261 0.046
Initial symptom, 1 (%) <0.001 0.375 0.335
Irregular mens 105 (4.9%) 0 1 (11.1%) 0
Abnormal bleeding 139 (6.5%) 0 0 0
Abdominal pain 429 (19.9%) 2 (18.2%) 2 (22.2%) 0
Palpable mass or o o o
abdominal distension 52 (2.4%) 4 (36.3%) 1(11.1%) 0
Incidentally detected 1427 (66.3%) 5 (45.5%) 5 (55.6%) 9 (100%)
Torsion, 1 (%) 31 (1.4%) 1(9.1%) 1 (11.1%) 0 0.152 0.126 1.0
. 75+£3.6 16.0 £4.3 9.0+£52 9.0+49
Tumour size (cm) (6.6,08-30.0)  (16.0,10.0-25.0) (7.0,2.0-180) (7.0, 4.0-18.0) <0.001 0416 0.419
254 £39.2 119.7 £ 122.3 67.5 £ 74.2 50.7 £102.1
Serum CA125 (U/mL) (17.0,1-774)  (35.0, 12-325) (24.1,15-180)  (13.1,9-303) 0.002 0.066 0.373
(n=1661) (n=11) (n=6) (n=28)
66.1 & 220.5 723.7 £1610.3 64.5 + 63.0 71.8 £139.7
Serum CA19-9 (U/mL) (21.0, 0-4368)  (43.3,4-4634) (52.7,7-152) (13.8, 3-322) 0.306 0.547 0.428
(n = 808) n=28) n=26) (n=5)
Preoperative CT or MRI 573 (12.6%) 11 (100%) 4 (44.4%) 3(33.3%) <0.001 0.259 0.707
Suspicious malignancy on CT o o o o
or MRI finding 39 (6.8%) 4 (36.4%) 1 (25%) 0 (0%) <0.001 0.141 1.0
Intraoperative frozen biopsy 100 (4.6%) 8 (72.7%) 7 (77.8%) 1(11.1%)
Malignancy was confirmed on ) 0/ 5 (62.5%) 6 (85.7%) 1(100%)
frozen biopsy
Follow-up duration (months) 23.8 £30.9 43.2 + 36.0 40.7 £ 39.0 39.4 £29.6
otow-up duration tmonths (10.0,0-152)  (43.0,0-117) (29.0,0-105)  (39.0, 0-79)

Supplementary Table S1 shows the clinical characteristics of 29 patients with
malignancy-associated ovarian teratomas. Most patients had early-stage disease, and
only one was postmenopausal. Among the 25 patients with available follow-up (median
43 months (range, 1-117)). Only two patients had stage IIB disease, and most had stage I or
incomplete staging. During follow-up, three patients experienced recurrence, and seven
achieved pregnancy after treatment, all of which resulted in successful deliveries except for
one patient lost to follow-up after conception.

4. Discussion

In this study, the most common clinical characteristics of ovarian teratoma were
abdominal pain, a higher torsion rate, a larger tumour, and a higher rate of bilateral
tumours in the younger age groups. The incidence of associated benign ovarian tumours
increased with age, the most commonly observed being ovarian endometrioma. There was
no significant difference in malignancy-associated ovarian teratoma according to age.

In age-focused analysis of malignancy-associated cystic teratoma, immature teratoma
occurred only in the younger age groups and not after the age of 40 years, as reported
previously [11]. The median age was 24 years (range, 15-35).

Combined ovarian malignancy occurred at a relatively young age compared with
previous studies. The median age of patients with combined malignancy and teratoma
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was 27 years (range, 16-38) and the most common type was mucinous borderline tumour
(62.5%, 5/8; 0.2% of all cases). Mucinous borderline tumour has a reported prevalence of
0.5% and requires careful staging and clinical follow-up [12].

Malignant transformation is generally associated with increasing age; however, in
our study, the median age of patients with malignant transformation was 33 years (range,
28-69), and only one patient was postmenopausal. The possibility of malignant trans-
formation is very low at 0.17-2% [13]. In keeping with the predominance of ectodermal
derivatives, more than 75-90% of cases of malignant transformation of teratoma are squa-
mous cell carcinoma (SCC), especially in postmenopausal patients [14-17]. Duffy et al.
investigated 1082 MCTs and found that patients over 40 years of age had a higher rate of
malignant transformation than their younger counterparts (2.8% vs. 1.5%) [12]. Further-
more, a review of 14 studies found that 12 reported a median age older than 40 years and
two studies reported a median age of 36 years (range, 24-70) in 753 patients and 36 years
in 1082 patients [12]. However, in our study, the incidence of malignant transformation
was 0.4% for all ovarian MCTs. Carcinoid tumour was the most common histological
type (77.8%). MCT into carcinoid tumour is extremely rare, and most of these cases have
been published as case reports. Recently, Gadducci et al. reported case series of carcinoid
tumour in six patients, all of which were confirmed to be stage 1; one died of carcinoid
heart disease and the remaining five remained disease-free during a median follow-up of
168 months [18]. The median age of our patients with carcinoid tumour was only 32 years
(range, 29-69). Given that our institution specializes in infertility, most gynecological
surgeries focus on preserving fertility. For this reason, as well as the very small size of the
carcinoid tumours, women under 40 years of age (n = 5) were treated by ovarian cystectomy
only and those over this age (n = 2) were treated by unilateral salpingo-oophorectomy.
Excluding two patients who were transferred immediately, no evidence of disease was
observed in any patient during a median 39 months of follow-up. Three women conceived
(one naturally and two by in vitro fertilization) and delivered successfully. However, a
larger study is needed to determine the relationship between MCT and carcinoid tumours
in young age women.

The younger median age observed in our malignant transformation cases compared
with previous reports may reflect referral patterns to our fertility-specialized centre, which
treats a high proportion of reproductive-aged women. Sociodemographic factors, such as
delayed childbearing and healthcare-seeking behaviour, may also contribute to this finding.
This highlights the need for individualized surgical planning that balances oncologic safety
with fertility preservation and for tailoring follow-up intensity according to patient age
and tumour risk profile.

The reported incidence of SCCs in malignant transformation ranges from 75% to
90% [19-21], but in this study was only 11.1% (in one of nine cases). Unlike in the previous
reports, in which SCCs usually occurred in older or postmenopausal women, one of our
cases was 33 years of age. This patient had stage IC2 disease and underwent unilateral
salpingo-oophorectomy with infracolic omentectomy and appendectomy via a laparo-
scopic approach followed by chemotherapy, which included intraperitoneal cisplatin and
six cycles of paclitaxel and carboplatin. She conceived spontaneously, delivered full-term
at 21 months postoperatively, and was still alive at 79 months (Supplementary Table S1).
Araujo et al. also reported malignant transformation of MCT into SCC in women in Brazil
at a median age of 37 years [22]. It has been suggested that there is a long interval between
occurrence of MCT and malignant transformation, the pathogenesis of which may involve
prolonged exposure to various carcinogens in the pelvic cavity [23]. Araujo et al. proposed
human papillomavirus infection as a potential risk factor for malignant transformation of
MCT to SCC; however, molecular studies are needed to clarify this suggestion [22].
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Additional CT or MRI studies are performed at our centre when the tumour marker
level is high or initial ultrasonographic findings are suspicious for malignancy. If malig-
nancy is suspected from preoperative imaging studies or during surgery, an intraoperative
frozen biopsy is performed. In this study, based on CT or MRI findings, malignancy was
suspected more often in patients with immature teratoma than in those with MCT (36.4%
vs. 6.8%, p < 0.001). Intraoperative frozen biopsy was performed in 116 patients (5.3%),
and malignancy was confirmed by frozen biopsy in 12 (75%) of 16 cases. Therefore, care
should be taken to reduce the risk of intraoperative spillage, especially in younger women.
Oophorectomy with intraoperative frozen biopsy should be considered in high-risk patients,
including women aged over 40 years and those who are postmenopausal.

One of the major concerns with enucleation of a cyst is the decline in ovarian reserve; a
certain amount of ovarian tissue is removed, and the remaining ovarian tissue is damaged
by coagulation maneuvers. Therefore, surgery is often postponed after a clinical diagnosis
of MCT, especially in younger women. Regular ultrasonographic follow-up should be
considered in these women to prevent and detect malignant transformation. In clinical
practice, these observations emphasize that surgical decision-making should incorporate
both age-specific malignancy risk and reproductive goals. In younger patients desiring
fertility, ovarian tissue preservation should be maximized, whereas women at higher risk
of malignant transformation may benefit from earlier surgical intervention and closer
surveillance. In our study, seven patients with malignancy-associated ovarian teratoma
conceived after surgery, with six successful deliveries.

This study had some limitations. First, although it is one of the largest studies of
ovarian teratoma, the number of patients with associated malignancy was too small to
draw a firm conclusion to relationship between MCT and carcinoid tumours in young age
women. Therefore, our findings should be interpreted with caution and need confirmation
in larger studies. Second, the study had a retrospective design and patient numbers in the
different age groups were not evenly distributed. Our institution specializes in infertility,
so most of the patients were of reproductive age; therefore, it was not possible to analyze
the general characteristics of women of all ages. This single-centre, fertility-focused setting
may have influenced both the age distribution, and the spectrum of malignancy observed,
introducing potential selection bias. In addition, because our cohort consisted exclusively
of Korean women, geographical and ethnic factors may have influenced the incidence,
histologic subtypes, and clinical characteristics of malignancy associated with ovarian
teratomas. We have therefore emphasized the need for multicenter and multiethnic studies
to confirm and generalize our findings. However, this shortcoming may be offset by the
fact that the study included many women of reproductive age, who have a higher incidence
of teratoma. This study also has the strengths of a relatively large sample size and inclusion
of data on pregnancy subsequent to treatment of malignancy-associated ovarian teratoma,
and suggests that the most common type of malignant transformation is SCC, albeit not in
young women.

In conclusion, the findings of this study suggest that the clinical manifestations of
ovarian teratoma vary according to patient age, in that younger patients are more likely
to have symptoms, a larger tumour size, and bilateral tumours. Most of the malignancies
associated with ovarian teratoma were found in women of childbearing age, although there
was no significant difference in frequency according to age group. Therefore, considering
the possibility of malignancy associated with ovarian teratoma, surgeons should take
care to conduct appropriate preoperative evaluations, minimize the risk of intraoperative
spillage, and perform intraoperative frozen biopsy as appropriate. Larger multicentre,
multiethnic studies are needed to confirm these findings and define the role of molecular
profiling in managing rare carcinoid tumours arising from MCT.



J. Clin. Med. 2025, 14, 5872 9 of 10

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/jcm14165872 /51, Table S1: Characteristics of malignancy associated cystic

teratoma in our institution.

Author Contributions: S.H.C. and H.].]. were involved in the data collection or management, data
analysis, manuscript writing/editing. B.G. and N.L. were involved in data curation and formal
analysis. S.W. were involved in the data analysis, manuscript writing/editing. S.S., and M.K.K. was
involved in the data collection or management, manuscript editing. Y.W.J. and S.J.S. were involved in
the protocol/project development and manuscript editing. M.-L.K. designed study protocol/project
development, supervised manuscript writing and editing. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and was approved by the Institutional Review Board of CHA Gangnam Med-
ical Center, CHA University (protocol code GCI-2021-09-001, date of approval: 13 September 2021).

Informed Consent Statement: Informed consent was not sought, as a retrospective study design was
used. Data were anonymized and de-identified before analysis, and therefore, informed consent was
not required.

Data Availability Statement: The raw data supporting the conclusions of this article will be made
available by the authors on request.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Outwater, E.K; Siegelman, E.S.; Hunt, J.L. Ovarian teratomas: Tumor types and imaging characteristics. Radiographics 2001, 21,
475-490. [CrossRef]

2. Black, ].D.; Roque, D.M,; Pasternak, M.C.; Buza, N.; Rutherford, T.].; Schwartz, PE.; McCarthy, S.; Ratner, E.A. Series of Malignant
Ovarian Cancers Arising From Within a Mature Cystic Teratoma: A Single Institution Experience. Int. ]. Gynecol. Cancer 2015, 25,
792-797. [CrossRef] [PubMed]

3. Curling, O.M,; Potsides, PN.; Hudson, C.N. Malignant change in benign cystic teratoma of the ovary. Br. J. Obstet. Gynaecol. 1979,
86, 399-402. [CrossRef]

4. Matz, M.H. Benign cystic teratomas of the ovary. A review. Obstet. Gynecol. Surv. 1961, 16, 591-605. [CrossRef]

5. Devoize, L.; Collangettes, D.; Le Bouedec, G.; Mishellany, E,; Orliaguet, T.; Dallel, R.; Baudet-Pommel, M. Giant mature ovarian
cystic teratoma including more than 300 teeth. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 2008, 105, €76—€79. [CrossRef]

6.  Peterson, WE; Prevost, E.C.; Edmunds, FT.; Hundley, ].M.; Morris, EX,, Jr. Benign cystic teratomas of the ovary; a clinico-statistical
study of 1,007 cases with a review of the literature. Am. J. Obstet. Gynecol. 1955, 70, 368-382. [CrossRef]

7. Ulbright, TM. Germ cell tumors of the gonads: A selective review emphasizing problems in differential diagnosis, newly
appreciated, and controversial issues. Mod. Pathol. 2005, 18 (Suppl. S2), S61-S79. [CrossRef]

8. Tseng, C.J.; Chou, HH.; Huang, K.G.; Chang, T.C.; Liang, C.C.; Lai, C.H.; Soong, Y.K.; Hsueh, S.; Pao, C.C. Squamous cell
carcinoma arising in mature cystic teratoma of the ovary. Gynecol. Oncol. 1996, 63, 364-370. [CrossRef]

9. Park, ].Y; Kim, D.Y;; Kim, J.H.; Kim, YM.; Kim, Y.T.; Nam, J.H. Malignant transformation of mature cystic teratoma of the ovary:
Experience at a single institution. Eur. |. Obstet. Gynecol. Reprod. Biol. 2008, 141, 173-178. [CrossRef] [PubMed]

10.  Euscher, E.D. Germ Cell Tumors of the Female Genital Tract. Surg. Pathol. Clin. 2019, 12, 621-649. [CrossRef] [PubMed]

11. Kim, M.J; Kim, N.Y;; Lee, D.Y.; Yoon, B.K.; Choi, D. Clinical characteristics of ovarian teratoma: Age-focused retrospective
analysis of 580 cases. Am. J. Obstet. Gynecol. 2011, 205, 32.e1-32.e4. [CrossRef] [PubMed]

12.  Duffy, S.; Day, E.K,; Bryson, G.; Millan, D.; Lindsay, R. Malignant tumours arising within mature cystic teratomas of the ovary:
Prevalence and clinical outcomes. Eur. J. Obstet. Gynecol. Reprod. Biol. 2018, 221, 198-199. [CrossRef] [PubMed]

13.  Hackethal, A.; Brueggmann, D.; Bohlmann, M.K,; Franke, FE.; Tinneberg, H.R.; Miinstedt, K. Squamous-cell carcinoma in mature
cystic teratoma of the ovary: Systematic review and analysis of published data. Lancet Oncol. 2008, 9, 1173-1180. [CrossRef]
[PubMed]

14. Chiang, AJ; La, V,; Peng, J.; Yu, KJ.; Teng, N.N. Squamous cell carcinoma arising from mature cystic teratoma of the ovary. Int. J.

Gynecol. Cancer 2011, 21, 466-474. [CrossRef]


https://www.mdpi.com/article/10.3390/jcm14165872/s1
https://www.mdpi.com/article/10.3390/jcm14165872/s1
https://doi.org/10.1148/radiographics.21.2.g01mr09475
https://doi.org/10.1097/IGC.0000000000000431
https://www.ncbi.nlm.nih.gov/pubmed/25790042
https://doi.org/10.1111/j.1471-0528.1979.tb10619.x
https://doi.org/10.1097/00006254-196110000-00001
https://doi.org/10.1016/j.tripleo.2007.10.001
https://doi.org/10.1016/S0002-9378(16)37681-5
https://doi.org/10.1016/S0893-3952(22)04459-3
https://doi.org/10.1006/gyno.1996.0337
https://doi.org/10.1016/j.ejogrb.2008.07.032
https://www.ncbi.nlm.nih.gov/pubmed/18823690
https://doi.org/10.1016/j.path.2019.01.005
https://www.ncbi.nlm.nih.gov/pubmed/31097117
https://doi.org/10.1016/j.ajog.2011.02.044
https://www.ncbi.nlm.nih.gov/pubmed/21507373
https://doi.org/10.1016/j.ejogrb.2017.12.022
https://www.ncbi.nlm.nih.gov/pubmed/29289502
https://doi.org/10.1016/S1470-2045(08)70306-1
https://www.ncbi.nlm.nih.gov/pubmed/19038764
https://doi.org/10.1097/IGC.0b013e31820d3e5b

J. Clin. Med. 2025, 14, 5872 10 of 10

15.

16.

17.

18.

19.

20.

21.

22.

23.

Shariat-Torbaghan, S.; Emami-Aleagha, M.; Sedighi, S.; Azadbakht, F.; Keshvari, A.; Hajarizadeh, B.; Rosai, ]. Squamous cell
carcinoma arising in an ovarian mature cystic teratoma: A case report. Arch. Iran. Med. 2009, 12, 186-189.

Zakkouri, FA.; Ouaouch, S.; Boutayeb, S.; Rimani, M.; Gamra, L.; Mrabti, H.; Errihani, H. Squamous cell carcinoma in situ arising
in mature cystic teratoma of the ovary: A case report. J. Ovarian Res. 2011, 4, 5. [CrossRef]

Dos Santos, L.; Mok, E.; Iasonos, A.; Park, K.; Soslow, R.A.; Aghajanian, C.; Alektiar, K.; Barakat, R.R.; Abu-Rustum, N.R.
Squamous cell carcinoma arising in mature cystic teratoma of the ovary: A case series and review of the literature. Gynecol. Oncol.
2007, 105, 321-324. [CrossRef]

Gadducci, A.; Giuliani, D.; Cosio, S.; Lissoni, A.; Ferrero, A.M.; Landoni, F. Clinical Outcome of Patients With Malignant Tumors
Associated With Mature Cystic Teratomas of the Ovary: A Retrospective Multicenter Italian Study. Anticancer. Res. 2019, 39,
2513-2517. [CrossRef]

Guney, N.; Sayilgan, T.; Derin, D.; Ozcan, D. Primary carcinoid tumor arising in a mature cystic teratoma of the ovary: A case
report. Eur. . Gynaecol. Oncol. 2009, 30, 223-225.

Sakuma, M.; Otsuki, T.; Yoshinaga, K.; Utsunomiya, H.; Nagase, S.; Takano, T.; Niikura, H.; Ito, K.; Otomo, K.; Tase, T.; et al.
Malignant transformation arising from mature cystic teratoma of the ovary: A retrospective study of 20 cases. Int. J. Gynecol.
Cancer 2010, 20, 766-771. [CrossRef] [PubMed]

Yasunaga, M.; Saito, T.; Eto, T.; Okadome, M.; Ariyoshi, K.; Nishiyama, K.; Oda, Y. Dedifferentiated chondrosarcoma arising
in a mature cystic teratoma of the ovary: A case report and review of the literature. Int. ]. Gynecol. Pathol. 2011, 30, 391-394.
[CrossRef] [PubMed]

Araujo, L.B.; Pinheiro, M.V,; Zanvettor, PH.; Studart, E.J.; Filho, D.E; Coupland, S.E. High Frequency of Malignant Transformation
of Ovarian Mature Teratoma into Squamous Cell Carcinoma in Young Patients in Northeast Brazil. Int. ]. Gynecol. Pathol. 2016, 35,
176-184. [CrossRef] [PubMed]

Rim, S.Y.; Kim, S.M.; Choi, H.S. Malignant transformation of ovarian mature cystic teratoma. Int. . Gynecol. Cancer 2006, 16,
140-144. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1186/1757-2215-4-5
https://doi.org/10.1016/j.ygyno.2006.12.008
https://doi.org/10.21873/anticanres.13372
https://doi.org/10.1111/IGC.0b013e3181daaf1d
https://www.ncbi.nlm.nih.gov/pubmed/20973266
https://doi.org/10.1097/PGP.0b013e318211f56e
https://www.ncbi.nlm.nih.gov/pubmed/21623194
https://doi.org/10.1097/PGP.0000000000000225
https://www.ncbi.nlm.nih.gov/pubmed/26367783
https://doi.org/10.1136/ijgc-00009577-200601000-00023
https://www.ncbi.nlm.nih.gov/pubmed/16445624

	Introduction 
	Methods 
	Ethics Approval 
	Patient Population and Data Collection 
	Statistical Analysis 
	Data Availability 

	Results 
	Age Distribution of Baseline Characteristics 
	Associated Benign Ovarian Tumours with Teratoma 
	Malignancy-Associated Cystic Teratoma 

	Discussion 
	References

