Pathogenesis and Diagnosis of Immature Teratoma
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An immature teratoma is a germinal malignant tumor that is composed of three germ cell layers (the ectoderm, endoderm,
and mesoderm), and it is histologically characterized by immature tissue, most frequently, neuroepithelial tissue. The most
frequently affected individuals are adolescents and young adults in their reproductive age.
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| 1. Introduction

An immature teratoma is the second most frequent, after dysgerminoma, among malignant germinal tumors . An
immature teratoma is the only neoplasm with germ cells that are histologically graded depending on the immature neural
elements, and this is a prognostic factor for overall survival 2. This grading system is called the Norris grading system [,
Immature teratomas represent <1% of ovarian cancers, occurring more frequently in young women ¥l Statistically, its
incidence is 2.3 per 100,000 patients !, It represents 35.6% of all germ tumors in young women.

| 2. Pathogenesis

The etiopathogenesis of these tumors is not clear. There are several hypotheses, such as their development from trapped
oocytes following defective folliculogenesis [8. They can also develop from pluripotent stem cells or residual fetal cells.
They undergo a process of metaplasia under the influence of inflammatory factors that act as triggers . However, these
are all merely assumptions 4. Their molecular and genetic etiopathogenesis is not known and remains unstudied €. The
origin of immature teratomas has not yet been investigated. Mature teratomas are parthenogenetic tumors containing only
maternal genomes. Mature and immature teratomas showed similar methylation levels, but there are some aberrant
methylation levels in immature teratomas that differ from that in mature teratomas. DNA methylation is a mechanism of
genome imprinting, and this situation suggests different pathogenic mechanisms. Such lesions correspond to mixed germ
cell tumors 8, and immature teratomas are a subtype of malignant germ cell tumors of the ovary [&. Diverse errors are the
key to the formation of immature teratomas, and epigenetic differences are responses key to the variation in differentiation
patterns in teratomas and for the transformation from benign to malignant tumors £,

Multiregional exome sequencing of ovarian immature teratomas reveals a paucity of somatic mutations and extensive
allelic imbalances, and a somatic mutation evaluation has been performed by The Cancer Genome Atlas Research
Network. The existence of an extensive loss of heterozygosity and the absence of known oncogenic variants has been
demonstrated. Heskett et al. in their study used genome-level sequencing to explain the pathogenic mechanism of
immature teratomas for the first time and highlighted that meiotic nondisjunction events producing the 2Nnear-diploid
genome and allelic imbalance are responsible for the arise of immature teratomas .

Homozygosity is well-known in mature teratomas, but the zygosity in immature teratomas is not well studied 19, While a
mature teratoma develops from the oocyte after the completion of meiosis I, with the failure of meiosis Il, containing
homozygous chromosomes, an immature teratoma has a different pathogenic pathway 9. However, in immature
teratomas, compared with mixed germ cell tumors, fewer genetic alterations were found.

The difference in the rate of homozygosity between pure immature teratomas and mixed germ cell tumors suggests
different pathogenic pathways and biological behaviors. Pure immature teratomas harbor fewer detectable genetic
alterations and lack the somatic abnormalities seen in mixed germ cell tumors. Further research is needed to provide
additional insights into the pathogenesis of immature teratomas 9,



| 3. Methods of Diagnosis

As for the methods of diagnosing these ovarian tumors, according to data from the literature, several elements can help,
such as biomarkers, clinical manifestations of the disease, or imaging data, but a definitive diagnosis is histological, with
surgical staging.

(A) Signs and symptoms

The symptoms are not specific. Clinically, a pelvic tumor mass with pain is more frequently observed. Symptoms can
become acute in the case of complications and include rupture, torsion, hemorrhage, and superinfection with peritonitis
(LUA2IASN14I1S] - However, the specificity of these manifestations is low, and they also accompany other ovarian tumors 14!
[15].

(B) Biomarkers

Both in children and adults, modified markers appear, and here, researchers discuss CA-125, AFP, and beta-HCG, though
not to the same extent as those in other germ cell tumors. Alpha-fetoprotein levels are elevated (AFP) but not above 1000
ng/mL 221 However, these markers can also have normal values 22, In children, the use of biomarkers has been
abandoned, considering that values above 100 ng/mL are correlated with the presence of yolk sac elements 2. This fact
emphasizes the need for surgical intervention to make a correct diagnosis;

(C) Imaging

Ultrasonography is usually used, CT scans, and MRIs are used in cases where the immature teratoma imaging result is
less specific, but these methods are useful in making a therapeutic decision. A mixed appearance, both solid and cystic,
with calcifications may be presented (L1218l More recently, 18-FDG PET has been used, which, compared to a CT scan, is
superior for visualizing lymph nodes, and it is used for locating samples (the locations of areas to be biopsied). This
method helps to choose the correct therapeutic strategy and is better for staging, monitoring, and detecting recurrences or
metastases, but it is expensive. It is preferable where CT and MRI have failed 1126,

(D) Anatomy and Histology

The ovaries are paired organs, representing the female gonads, located in the peritoneal cavity on the side wall in a
depression called the ovarian fossa on one side and the uterus on the other. The peritoneum on the surface is missing,
being replaced by a single-layered germinal epithelium under which a tunic is located (i.e., the albuginea). This tunic
comes into contact with the cortical, a glandular portion that comes into contact with the medullary, which is constituted by
loose connective tissue. The medulla is crisscrossed by blood vessels, lymphatics, and nerve fibers. In the cortex, the
ovarian follicles develop in various developmental stages, and they are included in the fibrous conjunctival stroma.
Macroscopically, it appears as a soft yellow tumor [28!;

(E) Histopathology

Histopathologically, immature teratomas form as islands of poorly differentiated (primitive), immature, and blast-like cells.
In most immature teratomas, the neuroectodermal elements are immature and dominant, and these are the easiest
elements to recognize and quantify. Immature neuroectodermal tissues include islets and nests of neuroblasts,
hypercellular and mitotically active immature glia, and primitive, melanic pigmented retinal tissue. Occasionally, there may

be associated benign vascular proliferations associated with neural elements, it can be confused with a vascular tumor 12
[18][19]

Macroscopically, an immature teratoma is predominantly or entirely solid and, typically, unilateral, and its dimensions are
variable, with a typical diameter of approximately 15 cm, which is nearly double the average diameter of a mature
teratoma (Figure 1).



Figure 1. Macroscopic aspects of a surgical specimen from a 23-year-old nulliparous patient presenting with an
abdominal tumor accompanied by gastrointestinal disorders. A surgical intervention was performed in order to remove the
adherent tumor of the right ovary to the uterus and bladder on 24 December 2021.

On a section, the solid areas appear as white, copper, gray, or brown, and the consistency of the tissue is variable (soft or
firm) where cartilage or bone is present. The contralateral ovary to the one with an immature teratoma can present a
dermoid cyst in 7.1% of cases 29,

Microscopically, immature mesodermal tissue is hypercellular, consisting of spindle-shaped, small cells with
hyperchromatic nuclei (Figure 2), which are mitotically active, and they may contain the foci of immature cartilage tissue,
immature adipose tissue, osteoids, or even rhabdomyoblasts. Endodermal tissues are usually less represented and
include primitive glands lined by columnar cells with vacuoles, resulting in an enteroblastic appearance. Immature renal
(metanephrogenic) tissue is another rare type of immature tissue found in immature teratomas. The differential diagnosis
of immature teratomas is made with mature teratomas, mixed germinal tumors, and mixed mesodermal tumors.
Differentiating between a mature and an immature teratoma can be difficult, as a teratoma that has only a small amount of
immature tissue is difficult to frame. It is recommended that these tumors be referred to as mature teratomas with
microscopic foci of immature tissue L7201[24](22]

Figure 2. Immature teratomas. (A) Immature neuroectodermal tissue with rosettes (HE, ob. 10x). (B) Detail of the
neuroectodermal tissue (HE, ob. 40x).

In some immature teratomas, the microscopic foci of yolk sac tumors are observed. As long as these rare foci are less
than 3 mm in diameter, they do not appear to have a negative impact on prognosis, and they do not justify the diagnosis
of a mixed germ cell tumor. Extraovarian tumor implants located in the omentum, peritoneum, and lymph nodes are more
frequently detected in patients with immature teratomas and only occasionally in those with mature teratomas. In the



literature, approximately 100 such cases were detected. Immature tissue may be present in an implant, being mainly
made up of mature neural tissue (Figure 2), which causes the implant to be designated as a gliomatosis. Although
astroglia is the main component, the deposits are made up of glial cells and, invariably, neurons, neurofilaments, and
other benign mesenchymal and epithelial elements are also present [21[221[23]

As an example, researchers present some macroscopic and microscopic images of a new immature teratoma case
(Figure 1 and Figure 2). It is a 23-year-old nulliparous patient presenting with an abdominal tumor accompanied by
gastrointestinal disorders. A CT scan confirmed the tumor, and it was followed by surgical intervention in order to remove
the adherent tumor of the right ovary to the uterus and bladder on 24 December 2021. Adjuvant chemotherapy was
indicated in this situation.
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