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Abstract: About 1% of childhood tumors can be malignant ovarian tumors and differential diagnosis with benign ones is sometimes
difficult before surgery. Concerning the management of such tumors in adolescents for which future fertility is a concern, there is
specific interest in their malignant potential and the possible use of ovarian-sparing operative techniques, as well the suitability of
chemotherapy. To exemplify the difficulties of preoperative differential diagnosis, personalized approach and the difficulties of
deciding to preserve the affected ovary, we report a rare case of a 14-year-old female adolescent with a growing abdominal painless
mass and without any other chronic diseases. After physical examination and imaging investigations, laparoscopic surgical procedure
is performed, the peritoneal cavity is explored and the well-delimited gigantic tumor is removed. Considering the normally looking
pelvis and absence of adenopathy, as well as the patient’s age and wish to have children, both ovaries are preserved. Laparoscopy has
become the gold standard in the management of this condition, although there are few studies that report this approach in children; the
differential diagnosis between a benign and a malignant tumor cannot be established exactly until after the histological examination,
which revealed in our case a cystic teratoma with mature tissues. A better understanding of clinical features and evolution of giant
ovarian masses in adolescents could help clinicians better diagnose and treat such lesions.
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Introduction
Adolescent gynecological pathology is dominated by adnexal tumors, more precisely ovarian tumors. The incidence of
ovarian masses increases with age and it is considerably higher in girls over 12—14 years of age.! Functional cysts,
ovarian torsion and benign masses are the most common tumors detected in adolescents, but about 1% of childhood
tumors can be malignant ovarian tumors and differential diagnosis with benign ones is sometimes difficult before
surgery.'~

Although cystic teratomas are a common type of ovarian tumor in children, some aspects of their pathology,
classification and management are still under debate. The embryology and genetic basis are not totally clear.
Differential diagnosis is very important because the case management and especially the surgical treatment depend on
it, and it seems that they are different from those of adults. Children have a long-life expectancy after treatment and every
effort must be made to keep both gonads for reproduction, compared to women with ovarian tumors who already have
children, in which case maintaining fertility is no longer a priority. Also, the presence of abdominal scars in a teenager
can cause psychological problems and decreased self-confidence, this aspect requiring special attention compared to
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adults. Therefore, regarding the management of such tumors in adolescents to which future fertility is a concern, there is
specific interest in their malignant potential and the possible use of ovarian-sparing operative techniques, as well as the
suitability of chemotherapy. According to some recent studies, ovarian-sparing procedures (preservation of the ovarian
tissue of the affected gonad) are recommended in case of cystadenoma, borderline ovarian tumor or mature teratoma, on
specific conditions.'” Because imaging and serological investigations are not specific enough, the positive diagnosis of
ovarian tumors is possible only by surgery, and laparoscopy has become the gold standard in the management of this
condition. In any case, the differential diagnosis between a benign and a malignant tumor, as well as the degree of
malignancy cannot be established exactly until after the removal of the tumor and the histological examination.

Justification of the case report: to exemplify the difficulties of preoperative differential diagnosis, personalized
approach and the difficulties of deciding to preserve the affected ovary, by presenting the case of a 14-years teenage
girl with a giant ovarian tumor. A better understanding of clinical features and evolution of giant ovarian masses in
adolescents could help clinicians better diagnose and treat such lesions.

Case Presentation

Here, we report the case of a 14-year-old female adolescent who was hospitalized at our Pediatric Surgery Clinic,
“St. Mary” Emergency Children Hospital lasi, Romania, on July 23, 2020. The patient had a growing abdominal mass for
one year, and she had been experiencing a sensation of abdominal fullness at admission, without spontaneous pain, and
without any other known chronic diseases. The physical examination revealed a round mobile relatively well-delimited
and slightly painful on palpation tumor located in the hypogastrium and extending into the epigastrium. Complete blood
count, test of coagulation function, and tumor markers showed no obvious abnormalities. The alpha-fetoprotein (AFP)
and beta subunit of human chorionic gonadotropin (beta-hCG) biomarkers had normal values before surgery (0.66 ng/
mL, and <1.20 mUI/mL respectively). The RT-PCR for COVID 19 test was performed and was negative.

The abdomen ultrasound scan revealed an 18/11 cm big well-delimited giant cystic lesion, with septa inside, with an
upper wall 18.2 mm thick and without Doppler signals (Figure 1); the tumor extends from the hypogastrium to the
epigastrium and gives compression on the right ureter, resulting in right grade II hydronephrosis. Pelvic examination was
difficult and the exact origin of the tumor could not be determined, so MRI examination was recommended.

The native and contrast medium abdomen—pelvis MRI scan detects a 9.1/14.1/16.8 cm big well-delimited liquid cyst
with septa, located mid-abdominal, with a caudal wall of increased size. The described lesion shows contrast in the
septum and caudal portion, and appears to develop from the right ovary (Figures 2 and 3). The right kidney, with normal
topography and morphology, shows minimal pelvic distension (pelvis = 8 mm). No pelvic adenopathy is revealed. The

Figure | Ultrasound scan showing 18/11 cm well-delimited giant cystic lesion.
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Figure 2 IRM examination of the pelvis, sagittal section showing a big well-delimited liquid cyst, located mid-abdominal, with a caudal wall of increased size.

Figure 3 IRM examination of the pelvis, transversal section.

left ovary is 3.5/1.8 cm diameter and exhibits several follicular cysts. All the data led to the diagnosis of right ovarian
cystadenoma.

A laparoscopic surgical procedure was performed, the peritoneal cavity was explored and the well-delimited tumor
was observed. It has no adherence to the neighboring organs, it belongs to the right ovary and the right horn is twisted
180 degrees (Figure 4). A puncture was performed for tumor reduction and better operative vision, and 300 mL sero-
citrin liquid was extracted; then, cyst enucleation and excision were performed (Figures 5 and 6). The tumor was
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Figure 4 Intraoperative laparoscopic appearance: the uterine horn is twisted, and on the right side you can see a part of the giant tumor.

Ovarian stroma

Figure 6 Macroscopic appearance of the excised cystic teratoma, where you can see deposits of sebum and hair.
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Figure 7 Intraoperative laparoscopic appearance: the left ovary with follicular cysts and the right ovarian stroma preserved.

collected by specimen bag, which was inserted into the pelvic cavity via umbilical trocar. Considering the normally
looking pelvis and absence of adenopathy, as well as the patient’s age and wish to have children, both ovaries were
preserved (Figure 7). Hemostasis was performed, and right ovarian morphology was reconstructed. After the surgery, she
was given antibiotic therapy and support therapy, and as her evolution was positive, she was discharged five days after
the surgical procedure.

Histological Assessment

The surgically removed specimens were standardly processed at the Pathology Laboratory. For histological assess-
ment, eight samples were fixed in 10% neutral buffered formalin, embedded in paraffin and sectioned at 3—5 um. The
microscopic examination performed after tissue staining with usual Hematoxylin— Eosin (HE) stain revealed the
following types of mature tissues: connective-vascular tissue, smooth muscle fibers, microcystic structures with uni-,
bi- and multilayered epithelium, nerve tissue, glandular structures, intestinal epithelium, areas with old hemorrhage
and numerous siderophages, skin with appendages, stasis (Figures 8—14). The pathological diagnosis was cystic
teratoma with mature tissues.

Figure 8 Keratinized squamous epithelium and adnexal glands (HE staining, x40).
Abbreviation: HE, Hematoxylin—Eosin.
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Figure 11 Intestinal wall type structure (HE staining, x 40).
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Figure 14 Smooth muscle fibers (HE staining, x 40).
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Follow-Up

Two weeks after surgery, AFP was 0.76 ng/mL and beta-hCG <1.20 mUI/mL (normal values), but carbohydrate antigen
CA 125 biomarker was high: 57.5 U/mL. A month after the operation, the patient’s evolution was positive, the biological
tests had normal results (a mild anemia and hypocalcemia), and the abdomen ultrasound scan revealed normally looking
pelvis and adnexa. The patient came for repeated check-ups at 6 months apart, and at the last evaluation (April 2022) the
biochemical tests and abdominal ultrasound were normal, including AFP and beta-hCG (0.42 ng/mL and <1.20 mUI/mL
respectively).

Discussion

The incidence, clinical manifestations and histologic distribution of ovarian tumors in children are distinct from those in
adults, and the therapeutic approach should be particularized. Differential diagnosis in children should be conducted on
the basis of specific clinical manifestations, elevated serum tumor marker levels, distinctive imaging findings, and finally
on histological examination, because symptoms of ovarian teratoma do not differ from those observed in other abdominal
or ovarian masses and a differential diagnosis is hard to be made at the clinical stage.*

There is no strict correlation between the size of the ovarian mass and its histology, but analyzing the data from the
literature it appears that the most malignant lesions are larger than 8—10 cm.” In our case, the size of the abdominal tumor
was huge, 9.1/14.1/16.8 cm, respectively, although the histology reported a benign tumor. Only a few reviews provide
precise data for malignant and non-malignant lesions separately, but there is evidence that a large ovarian mass must
always raise concerns and should be treated as a risk factor for malignancy.>®

Elevated levels of serum tumor markers, including AFP, beta-hCG and CA-125 raise concern for ovarian malig-
nancies, but negative tumor markers do not exclude the possibility of malignancy. In any case, when positive markers are
correlated with the size and structure of the affected ovary, they provide a very important prognostic value.’

At imaging, malignant ovarian tumors usually appear predominantly solid or heterogeneous and are larger than
benign tumors. Also in some patients, it is difficult to localize the origin and the extent of the lesion, as in our case, the
diagnostic work-up of such indeterminate masses should include MRI or CT. Mature teratomas are cystic lesions which
are easily recognized on US, but sometimes their typical features might be less clear in the case of pubertal girls and
when the lesion is large, as in our case. Identification of fat, mural nodules and calcified components within the lesion is
typical for teratomas.’” In any case, CT or MRI imaging can show different signals for different components, so it is
helpful to perform such diagnostic examinations when encountering cystic space-occupying lesions. Also, CT and MRI
are helpful for staging and assessing the tumor respectability.® In our case, ultrasound imaging combined with MRI led to
the diagnosis of right ovarian cystadenoma, and only after surgery and histological examination the correct diagnosis was
established.

Teratomas are the most common germ cell tumors of the ovary, containing well-differentiated embryologic tissues
from three germ cell layers. In mature cystic teratomas malignant transformation has been found in 1-2% of cases.”
Cystic teratomas might arise from germ cells by the failure of meiosis II or from a premeiotic cell in which meiosis I has
failed.'® Malignant transformation of the various tissue components of teratoma can occur, usually in postmenopausal
women, in this case the prognosis being poor.'' Mature cystic teratomas are common in women of childbearing age,
account for 10-20% of all ovarian neoplasms and most of the times are asymptomatic. However, dull pain and
a sensation of abdominal fullness due to the huge mass may be the symptoms at presentation, as in our case.''

The risk of torsion complicating a case of ovarian teratoma is approximately 3% to 16% in children, which is why the
surgical treatment is an emergency.’ Based on the experience of many pediatric surgical centers, surgery is the mainstay
of treatment in ovarian tumors, and laparoscopic technique is gaining territory.'” As fertility-sparing procedures are
a priority in a constantly aging society, with more and more women being infertile, every attempt to improve our
knowledge concerning this topic is of great importance.'>'* However, ovarian preservation rates decrease with the size of
the tumor and many studies indicate that oncologic treatment, including chemotherapy and radiotherapy, increases
infertility."* This is why it is crucial to diagnose these lesions in their early stages. Fortunately, in our case, although
the tumor was gigantic, we could preserve the ovarian stroma. So, in the case of localized mature teratoma in a young
patient, the ovarian tissue should be preserved, and the plane of dissection between the tumor and the normal ovary
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should be sought for cyst enucleation, as we did. Cyst fluid aspiration or spillage during laparoscopic surgery is not
associated with relapse, so minimally invasive technique should be applied if the surgeon is accustomed to this
technique.'> The decision to perform ovarian-sparing procedure on a seemingly benign tumor is not without risk,
because in 1.5% of cases the presence of an early-stage unexpected ovarian malignancy can be found. However, this
does not appear to alter the patient’s final prognosis.'® Considering the young age of our patient, the slow and
asymptomatic evolution, the serological markers within normal limits and lack of detectable lymphadenopathy, and
also her clear desire to have children, we performed exploratory laparoscopy to view the tumor. As the macroscopic
examination supported its benignity and revealed no adenopathies, we decided to remove only the cyst and preserve the
ovaries, the subsequent evolution of the patient being extremely positive.

In any case, for those patients with ovarian teratoma for which the ovarian-sparing procedure is performed, there is
a concern regarding the variety of tissue architecture, especially in the large tumors, regarding the grade of immaturity or
detection of Yolk sac tumor microfoci, as well as the difficulties in histologic sampling, which might result in
overlooking some malignant cells. Microfoci of yolk sac tumors (Heifetz lesions) are not precisely defined among the
studies, thereby classifying a lesion as malignant yolk sac tumor is particularly difficult. The paucity of research,
dedicated exclusively to both mature and immature teratomas of the ovary, contributes to decision-making difficulties.’”
Maybe new tumor markers, like the ones discovered by Feng et al (RNA-binding protein LIN28) will help eliminate
mistakes in pathomorphological diagnoses.'”

In a recent study, ovarian tissue sparing technique for mature teratoma was applied in only 11.11% of patients
operated before 2003 and increased to 40.54% after this year. The preservation rate was higher in the group of girls in
whom laparoscopic technique was chosen.” The ovarian-sparing technique has been widely adopted in pediatric surgical
centers in girls with benign lesions. However, it requires verification based on a long-term follow-up review.”'® In
another recent study, from 52 adolescents with large ovarian masses (diameter of 10 to 30 cm), 29 were diagnosed with
ovarian cystic teratoma; there were 3 malignant tumors with diameters of 12, 20 and 25 cm, respectively. From these 52
patients, 14 underwent laparotomy and 32 laparoscopy and ovarian cystectomy. Mass diameters were significantly higher
in the laparotomy group and the operative duration was significantly shorter in the laparoscopy group.'® Ovarian tumors
>9.9 cm are associated with an increased risk of malignant transformation, and tumors >15 cm are associated with more
aggressive behavior.”® Tumor rupture, dissemination and implantation may occur during the operation of malignant
tumors. Therefore, careful evaluation of the malignant nature of ovarian masses before the operation is very important. In
laparoscopy, intraoperative aspiration of cystic fluid improves the visualization field, reduces the volume of cysts, and
reduces the risk of cystic fluid overflow and the risk of rupture.

Another controversial aspect is the use of chemotherapy. For mature teratomas which are completely resected, chemother-
apy is not recommended. The standard of care for adult women with ovarian immature teratoma is postoperative platinum-
based chemotherapy, whereas pediatric studies conclude that surgery alone is curative for completely resected tumors,
regardless of grade. Also, the role of chemotherapy in incompletely resected tumors and its impact on the rate of malignant
relapses needs to be better assessed, and this emphasizes the need for cooperation between adult and pediatric teams.>'

Considering the possibility of later relapses or of occurrence of a similar tumor on the contralateral ovary, the patient
will require long-term clinical, biological and imagery monitoring, abdominal ultrasound, respectively. In case of
completely resected tumor with preoperatively normal tumor markers, AFP monitoring is not necessary, although our
patient was also monitored from this point of view.”** Also, when evidence of ovarian malignant masses is insufficient,
ovary-sparing surgery is recommended.*

Conclusion

For children, ovarian tissue sparing technique for benign and low potential malignant tumors should be the first-line
treatment, for preserving fertility and gonadal function, and also due to the possibility of bilateral, synchronous lesions or
metachronous disease in the contralateral ovary, which may require another surgery in the coming years. Over the last
decades, the management of ovarian tumors in children has changed from radical and mutilating surgery to more
conservative therapy as a result of the increasing use of laparoscopy. Defining the real nature of a lesion is indispensable
in choosing optimum, personalized management, and obtaining the correct pathology report is crucial. We demonstrated
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a very good evolution after minimal invasive treatment and minimal damage to the reproductive apparatus in a young girl
with giant ovarian teratoma.

Institutional Review Board Statement
The study was conducted in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of
the “St. Mary” Emergency Children’s Hospital, lasi, Romania (Approval Number 34307/05.10.2020).
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Written informed consent from the patient’s parents for the publication of this report and accompanying images was obtained.
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