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Abstract

Pineal germ cell tumors (GCTs) are primarily seen in pediatric and Asian populations. These
tumors are divided into germinomatous and non-germinomatous GCTs (NGGCTSs). GCTs

are thought to arise by misplacement of totipotent stem cells en route to gonads during
embryogenesis. Intracranial GCTs display an affinity to develop along the pineal-suprasellar axis
and have variable manifestations dependent upon the location of the tumor. Management and
outcomes are driven by histopathologies. In this study, we highlight two cases of pineal GCTs and
present a review of the literature with an emphasis on histopathologies and biomarkers.
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1. Introduction

Pineal germ cell tumors (GCTSs) are rare, comprising less than 5% and 18% of primary brain
tumors in Western and Asian countries, respectively [1-8]. Pineal GCTs account for nearly
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50% of intracranial GCTs (IGCTs) and are more common in males [8]. Histologically,

these tumors are categorized as germinomatous or non-germinomatous [1]. Germinomatous
GCTs include germinomas and germinomas with syncytiotrophoblastic giant cells (STGCs).
Non-germinomatous GCTs (NGGCTSs) include teratomas, embryonal carcinomas, yolk sac
tumors, and choriocarcinomas [9].

IGCTs commonly develop along the pineal-suprasellar axis. Computed tomography (CT)
demonstrates punctate hyperdensities, which indicate tumoral calcifications embedded in

a hypodense, enhancing mass [10,11]. Magnetic resonance imaging (MRI) remains the
diagnostic modality of choice, and reveals a T1- and T2-isointense vividly enhancing mass.
Management and prognoses of these tumors are driven by histopathological subtype.

Advances in immunohistochemistry and next-generation sequencing have furthered our
understanding of the origin and pathomolecular mechanisms underlying the development of
GCTs. DNA damage response (DDR) signaling and the ATM-ChK2-p53 pathway, which
are involved in the development of solid tumors, have been shown to be downregulated

in germinomas and other subtypes of primary GCTs [12]. This pattern is also observed

in testicular GCTs. Mutations in the KIT/RAS and AKT1/mTOR pathways, among others,
have also been demonstrated in IGCTs [8]. Here we report two cases of pineal GCTs (yolk
sac tumor and germinoma). The literature is reviewed with an emphasis on histopathologies
and biomarkers.

All patients gave informed consent for the treatments described below. Institutional Review
Boards at each respective institution did not require consent for this type of article.
Nevertheless, details that might disclose the identities of the subjects are omitted. Permission
to reproduce images was appropriately obtained. The slides depicted in this paper are not
from the patients herein described and are for non-CNS GCTs.

2.1. Pineal germinoma (Case 1)

A 20-year-old male initially presented to an optometrist with a one-month history of
decreased left eye visual acuity, headache, nausea, and erectile dysfunction. The patient
was referred to an external neuro-ophthalmology department for further care.

Neurologic examination revealed decreased visual acuity and papilledema. Brain MRI
showed mild hydrocephalus and a 1 x 1 x 1 cm round, heterogeneously enhancing

pineal lesion. Diffusion-weighted imaging (DWI) demonstrated restricted diffusion at

the anterolateral edge of the mass. Gradient recalled echo (GRE) images showed areas

of hypointensity attributed to calcification. Several small lesions were present in the
hypothalamus, left foramen of Monro, the right lateral recess of the fourth ventricle, floor
of the fourth ventricle at the facial colliculus, and obex. Spine MRI demonstrated enhancing
drop lesions in the sacral region (images unavailable). Serum a-fetoprotein (AFP) and
B-human chorionic gonadotropin (B-hCG) were within normal limits.

J Clin Neurosci. Author manuscript; available in PMC 2022 March 10.
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The patient underwent placement of a ventriculoperitoneal shunt (\VPS) and an endoscopic
transventricular biopsy via a right frontal neuro-endoscopic approach. Histopathological
diagnosis was germinoma and confirmed by immunohistochemistry (IHC) (slides
unavailable). IHC was positive for placental alkaline phosphatase (PLAP), octamer-binding
transcription factor 4 (Oct-4), and c-kit (CD117). Staining was negative for glial fibrillary
acidic protein (GFAP), synaptophysin, and cytokeratins.

As the patient was on vacation in California from Great Britain, he requested to be
transferred home for further management. His visual disturbances resolved and he was
discharged in stable condition.

2.2. Pineal yolk sac tumor (Case 2)

A 23-year-old male with a rapidly enlarging pineal tumor presented at an outside

hospital with hydrocephalus status post VPS. The patient subsequently developed fevers,
mental status deterioration, respiratory failure, and hypotension. He was transferred to our
institution for escalation of care. On exam, he intermittently followed commands. Given
the concern for infection, the VPS was removed and ventriculostomy was subsequently
performed. Cerebrospinal fluid (CSF) cultures were negative. Prolonged fevers and
fluctuating serum white blood cell counts were attributed to a sympathetic storm.

Head CT revealed an enhancing, heterogeneously hyperdense, and partially calcified 3 x

4 x 4 cm irregularly shaped pineal mass. Brain MRI showed a heterogeneously enhancing
pineal tumor containing multiple T1- and T2-hypointense foci consistent with calcifications
(images unavailable). Obstructive hydrocephalus was attributed to aqueductal stenosis
caused by the pineal mass. Elevated levels of CSF AFP (599 ng/mL, normal: 0.0-6.7) and
lactate dehydrogenase (LDH) (278 U/L, normal: 91-223) were found and consistent with a
diagnosis of yolk sac tumor. hCG levels were not reported.

Due to location and extent of involvement, the patient’s tumor was deemed unresectable.
He was treated with chemotherapy (carboplatin and etoposide) to which he demonstrated
radiographic response on follow-up imaging. The hydrocephalus persisted and he required
repeat VPS. Neurological examination at discharge revealed spontaneous eye opening with
the patient alert, following commands, and mouthing words. Strength remained severely
diminished in all four extremities. He was discharged to an acute rehabilitation facility for
local hematology/oncology follow-up.

3. Discussion

In this report, we described two cases of pineal GCTs. These patients provided the

rationale for conducting a review of the literature with an emphasis on histopathologies and
biomarkers. The PubMed database was queried using relevant search terms. A total of 298
IGCTs, comprised of 193 germinomas (64.8%), 52 teratomas (17.4%), 20 choriocarcinomas
(6.7%), 19 yolk sac tumors (6.4%), and 14 embryonal carcinomas (4.7%) were identified
(Table 1). Our analysis represents the aggregated data from the literature that investigated
tumor marker expression patterns in serum and CSF (Table 2) and IHC staining of
histologically pure GCTs (Table 3).

J Clin Neurosci. Author manuscript; available in PMC 2022 March 10.
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IGCTs are thought to arise by misplacement of totipotent stem cells en route to gonads
during embryogenesis [13,14]. According to this theory, IGCTs and gonadal GCTs are
derived from a common cellular origin and thus share serological, histological, and
immunohistochemical similarities [15,16]. Germinomas are the most common IGCTSs,
followed by teratomas, yolk sac tumors, embryonal carcinomas, and choriocarcinomas.
Germinomas are prevalent in the suprasellar region whereas intracranial NGGCTSs are
mostly found in the pineal region [1].

3.1. Radiology

Radiologic profiles of IGCTs are relatively non-specific. However, subtle variations in
imaging may help guide diagnoses. Germinomas are generally spherical and display
calcifications when found in the pineal gland; NGGCTs are more irregularly shaped
[17,18]. Germinomas appear hyperdense and enhance homogeneously on CT with contrast.
Mature teratomas are well demarcated, variably dense, have larger cystic components, more
areas of calcification, and rarely enhance. Malignant teratomas are poorly demarcated,
display peritumoral edema, smaller cysts, less pronounced calcifications, and enhance [17].
Embryonal carcinomas are hyperdense and have variable patterns of enhancement. Yolk
sac tumors display variable densities and enhancement patterns. Choriocarcinomas are
hyperdense and enhance heterogeneously. Most IGCTSs are hypo- to isointense and iso- to
hyperintense on T1- and T2-weighted sequences, respectively. MRI of the entire neuro-axis
and CSF cytological examination are also recommended because of the ability of GCTs to
disseminate via CSF [14,19,20].

3.2. Management

Management is driven by histopathologies. Intracranial germinomas are highly
radiosensitive and can be treated with radiation alone [21-29]. Intracranial germinomas
have responded favorably to radiation doses of 40-55 Gy, but tumor response has also

been demonstrated with doses as low as 20 Gy [30-33]. The optimal doses and fields

have long been debated, but high success rates of radiation therapy for germinomas have
enabled researchers to direct their efforts toward the reduction of radiation intensity [34-39].
Prior radiation may be a negative prognostic factor for surgical resection of residual pure
germinoma [40].

In contrast, mature teratomas are thought to be radio-insensitive and surgical resection

is considered the only cure [7,20,28,29,41-43]. Immature teratomas are generally treated
with chemotherapy while residual tumors are often managed with surgical resection
and/or radiation therapy [28,29]. Malignant teratomas are treated with surgical resection,
chemotherapy, and radiation [19,20]. However, the safety and efficacy of these strategies
have yet to be fully elucidated and therefore treatment protocols have not been defined.
Furthermore, the role of other modalities, such as radiosurgery, has not been established.

NGGCTSs have shown positive responses to chemotherapy, and thus, chemotherapy alone
is recommended as the initial therapeutic strategy [30]. Radiation therapy has yielded
variable results, providing complete regression in some cases, while having little effect
in others [15,24]. NGGCTs may benefit from a multimodal approach (chemotherapy and
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radiation) [21,44-46]. Platinum-based chemotherapy (carboplatin or cisplatin) has been
associated with improved progression-free (PFS) and overall survival (OS), as well as
complete remission in few cases of NGGCT [28,47-54]. Other chemotherapeutic regimens
used to treat IGCTs included JEB (carboplatin, etoposide, and bleomycin), BEP (bleomycin,
etoposide, and cisplatin), EP (etoposide and cisplatin), and PVB (cisplatin, vinblastine, and
bleomycin) [55-58]. Resection of NGGCTs has also conferred survival advantage; however,
these tumors are often of mixed composition, which renders these results ambiguous
[28,29].

3.3. Prognoses

Prognoses are dictated by histopathologies. In a study conducted on patients with

IGCTs who had undergone adjuvant therapy, 5-year survival probabilities were reported

as 95.4% for pure germinomas, 83.3% for germinomas with STGCs, 92.9% for pure
mature teratomas, and 70.7% for teratomas with malignant transformation [57]. Embryonal
carcinomas, yolk sac tumors, and choriocarcinomas exhibited the poorest outcomes with
patients reported to have a 3-year survival of 27.3% [59]. A separate study of IGCTs
demonstrated superior 5-year survival in mature teratomas, followed by germinomas and
immature teratomas [22].

3.4. Histopathologies

Germinomas appear as a mixture of lymphocytes and undifferentiated large cells with
clear cytoplasm, round nuclei, and conspicuous nucleoli (Fig. 1) [60]. Germinomas with
STGCs are less radiosensitive compared to pure germinomas, and thus, have higher

rates of recurrence after being irradiated [59]. Teratomas are composed of cells with
components from all three germ layers. Mature teratomas (good prognosis) are completely
differentiated with low mitotic indices (Fig. 2). This is in stark contrast to immature
teratomas (intermediate prognosis), which contain poorly differentiated cells and have
elevated mitotic indices (Fig. 3) [9,61,62].

Embryonal carcinomas are characterized by epithelial cells containing large nuclei,
increased mitotic activity, and areas of coagulative necrosis (Fig. 4) [9,63]. These cells
demonstrate papillary or glandular architecture [9]. Yolk sac tumors are composed of under-
developed epithelial cells with variable mitotic indices [9]. These cells often organize in
reticular or sinusoidal patterns and may form Schiller-Duval bodies (Fig. 5) [9,64]. Some
yolk sac tumor cells feature diagnostic eosinophilic and periodic acid Schiff (PAS) positive
hyaline globules [9]. Choriocarcinomas are identified by the presence of mononucleate
cytotrophoblastic and multinucleate syncytiotrophoblastic elements (Fig. 6) [65,66]. In
addition, pools of erythrocytes and necrosis are diagnostic of choriocarcinomas [9].

3.5. Biomarkers

Serum and CSF concentrations of AFP and hCG have been traditionally evaluated

[19,20]. These biomarkers may be elevated in several other disorders (e.g., gastrointestinal,
pancreatic, biliary, and hepatocellular carcinomas), which limit specificity. Nevertheless,
diagnostic sensitivity for IGCTs remains high [14,67]. The use of additional markers such
as PLAP, human placental lactogen (HPL), Oct-4, and c-kit (CD117) has recently been
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introduced. Evaluation of biomarkers can enhance diagnostic accuracy and provide a way to
monitor treatment response. Table 2 describes the results of serum and CSF evaluation of
AFP and hCG among the cases reviewed. Table 3 details the marker reactivities of the cases
reviewed.

Germinomas rarely demonstrate serum and CSF AFP elevations: serum and CSF AFP

were elevated in 2% and 0% of the germinoma cases, respectively. AFP and CEA
immunoreactivities were observed in 0% and 2% of the germinoma cases, respectively.

This suggests that non-elevated AFP and non-immunoreactivity for AFP and CEA may
characterize germinomas [11,16,59,68-70]. Immunoreactivities for c-kit, Oct-4, and PLAP
are strongly indicative of germinomas and were observed in Case 1 (germinoma) [9,71,72].
Immunoreactivities for c-kit, Oct-4, and PLAP were found in the germinoma cases reviewed
[69-71,73-75]. Cytokeratin immunoreactivity was less than expected with only 22% of
germinomas demonstrating immunoreactivity [9,70]. Germinomas with STGCs have been
associated with elevated serum hCG and immunoreactivities for hCG and HPL [9].

Serum hCG elevation was observed in 25%, hCG immunoreactivity in 35% and HPL
immunoreactivity in 11% of germinomas [11,16,59,68,69]. hCG levels were not available in
Case 2 and we acknowledge that if elevated, the diagnosis would have favored mixed GCT.

Teratomas express a characteristic marker profile [9]. Elevations in serum AFP and hCG
were reported in 17% and 22% of cases, respectively [59,69]. AFP immunoreactivity was
reported in 29%, CEA in 83%, Oct-4 in 25%, and c-kit in 50% [11,16,69-71,73,75]. None
of the cases reported elevations in CSF AFP and hCG, nor immunoreactivities for hCG,
PLAP, or HPL [11,16,69]. Unlike germinomas, cytokeratin was consistently expressed in all
teratomas reviewed [70].

Embryonal carcinomas display variable levels of serum and CSF AFP and hCG expression.
Elevated serum AFP was seen in 56%, serum hCG in 44%, CSF AFP in 80%, and CSF

hCG in 80% of embryonal carcinoma [59,68,69]. Embryonal carcinomas demonstrated
positive immunoreactivities for Oct-4 and PLAP, and negative immunoreactivity for c-kit

in a previous study [9]. In line with this report, 100% of embryonal carcinomas exhibited
Oct-4 immunoreactivity. Only 25% of cases reported PLAP immunoreactivity [69] and none
exhibited c-kit immunoreactivity [73,75]. AFP, hCG, CEA, and HPL immunoreactivities
were variable [11,16,69]. There was a paucity of data regarding cytokeratin expression

in intracranial embryonal carcinomas. Nevertheless, studies have linked gonadal and extra-
gonadal embryonal carcinomas with positive cytokeratin immunoreactivity [76,77].

Yolk sac tumors have been linked to elevated serum and CSF concentrations of AFP,

with concentrations correlated to tumor size [11,70,78,79]. Our analysis demonstrated that
all previously examined yolk sac tumor cases reported elevations in serum AFP without
elevations in serum hCG [59]. Elevated serum LDH concentrations have been associated
with gonadal yolk sac tumors and other gonadal GCTs, but there is limited data regarding
LDH concentrations in intracranial yolk sac tumors [80-87]. Elevated CSF LDH in Case
2 (yolk sac tumor) coincides with previous findings. The connection between yolk sac
tumors and elevated AFP levels was observed in Case 2 (yolk sac tumor). Positive AFP
and negative Oct-4 and c-kit immunoreactivities have also been associated with yolk

J Clin Neurosci. Author manuscript; available in PMC 2022 March 10.
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sac tumor histology [9]. Our analysis of markers by IHC support these observations
[11,16,70,71,73,75]. Furthermore, all cases were reactive to cytokeratin, while none were
reactive for HPL or hCG [11,59,70]. These results corroborated previous findings which
suggested that non-elevated serum hCG levels, positive cytokeratin immunoreactivity,
negative hCG and HPL immunoreactivities are typical of yolk sac tumors [9]. PLAP and
CEA immunoreactivities in yolk sac tumors were variable with 60% and 44% of cases
having demonstrated immunoreactivities, respectively [11,16,70].

Choriocarcinomas often display serum and CSF hCG elevations: serum and CSF hCG
levels were elevated in 85% and 100% of cases, respectively [59,68,69,88]. Serum and
CSF AFP elevations were reported in 17% and 33%, respectively [59,68,69]. Positive hCG
and HPL immunoreactivities are typical of choriocarcinomas [9]. All choriocarcinoma
cases were reactive for hCG, but only half were reactive for HPL [11,16,70]. We
attribute this discrepancy to the small sample size. Cytokeratin immunoreactivity was
demonstrated in all cases, without immunoreactivities for AFP or c-kit [11,16,70,71].
These results were consistent with prior statements that immunoreactivity for cytokeratin
and nonimmunoreactivities for AFP and c-kit were typical of choriocarcinomas [9].
PLAP and CEA immunolabeling were inconsistent with 50% and 60% demonstrating
immunoreactivity, respectively [11,16,70]. Insufficient data regarding Oct-4 expression
limited quantitative synthesis. However, studies investigating gonadal and other extra-
gonadal choriocarcinomas report negative Oct-4 expression to be characteristic [89,90].

4. Conclusion

GCTs are rare tumors and more common in Asians and males. These tumors display an
affinity to develop along the pineal-suprasellar axis. We herein presented two cases of pineal
GCTs (germinoma and yolk sac tumor), which inspired a review of the literature on IGCTs
with an emphasis on histopathologies and biomarkers. Germinomas are most common and
appear as a mix of lymphocytes and undifferentiated large cells with clear cytoplasm, round
nuclei, and prominent nucleoli. Germinomas rarely demonstrate serum CSF AFP elevation.
Immunoreactivity for c-kit, Oct-4, and PLAP is strongly indicative of germinomas. Yolk sac
tumors classically display the Schiller-Duval bodies. Yolk sac tumors have been linked to
elevated serum and CSF concentrations of AFP, with concentrations correlated to tumor size.
Positive AFP and negative Oct-4 and c-kit immunoreactivity have also been associated with
yolk sac tumor histology. Diagnostic sensitivity of traditional biomarkers (AFP and hCG)
remains high and may provide a way to monitor treatment response.
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nuclei, interspersed with lymphocytes. (b) Immunohistochemical stain positive for PLAP.
This figure was reproduced with the kind permission of Elsevier. J Clin Neurosci 2009

(a) Histopathology of a germinoma exhibiting large cells with clear cytoplasm and round
Feb;16(2):321-5.

Fig. 1.
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Fig. 2.

Histopathology of a mature teratoma composed of (a) mature glial cells, (b) mucous gland
cells, and (c and d) squamous epithelium at different magnifications. This figure was
reproduced with the kind permission of Elsevier. Urology 2011 Sep;78(3):689-91.
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Fig. 3.

(a?Histopathology of an immature teratoma composed of brain tissue (solid arrow), bone
(#), and cartilage (*). (b) Separate section of the tumor exhibiting elements of immature
neuroepithelium (open arrowhead), enteric-type epithelium (open arrow), and liver tissue
(solid arrowhead). This figure was reproduced with the kind permission of Wiley. J Obstet
Gynaecol Res 2010 Dec;36(6):1252-5.
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Fig. 4.

(a?Histopathology of an embryonal carcinoma exhibiting cells with large nuclei and
irregular chromatin arrangement. (b) Immunohistochemical stain positive for cytokeratins.
This figure was reproduced with the kind permission of Elsevier. Am J Ophthalmol 2005
Feb;139(2):380-1.
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Fig. 5.
(a) Histopathology of a yolk sac tumor demonstrating tubular and polyvesicular vitelline

arrangement of cells. (b) Characteristic Schiller-Duval body composed of a vascular space
inside a cystic area and lined with tumor cells. (c) Appearance of hyaline globules. This
figure was reproduced with the kind permission of Elsevier. J AAPOS 2008 Dec;12(6):623—
5.
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Fig. 6.

(a?Histopathology of a choriocarcinoma showing the presence of both

cytotrophoblastic and syncytiotrophoblastic elements. (b) Increased magnification showing
mononucleate cytotrophoblastic cells. (c) Increased magnification showing multinucleate
syncytiotrophoblastic giant cells. (d) Cytotrophoblastic cells lining a villous-like structure.
(e) Immunohistochemical stain of syncytiotrophoblastic cells positive for hCG. This figure
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was reproduced with the kind permission of Elsevier. Ann Diagn Pathol 2009 Apr;13(2):96—
100.
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