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ABSTRACT

Background: Primary intracranial germ cell tumors are rare (ICGCTs) and usually localized in the pineal and suprasellar
regions of the brain. They are divided into histologic types: Germinoma, teratoma choriocarcinoma, embryonal carcinoma,
yolk sac tumor, and malignant mixed germ cell tumors (MMGCTs). Neuroimaging evaluation is useful to distinguish between
the types of ICGCTs. Germinoma is highly sensitive to radiotherapy or/and chemotherapy, and is potentially curable without
surgery. MMGCTs are treated with the combination of chemotherapy and radiation, with a poorer prognosis. ICGCTs
warrant correct pre-operative diagnosis in order to decide on appropriate management.

Aim: To report the clinicopathological and immunohistochemical findings in three cases of primary intracranial germ-cell
tumor.

Materials and Methods: Three cases of intracranial germ cell tumors inclusive of both genders and all brain regions were
retrieved from the archives of the Anatomical Pathology Department at King Abdul Aziz University Hospital, Jeddah
between the years, 1995-2011, through a computerized search.

Results: Based on histological examination, they were respectively diagnosed as MMGCTs (two cases) and germinoma.
Clinical, radiological, pathological characteristics and immunohistochemical profile of the three ICGCTs are presented
along with the review of recent literature.

Conclusion: ICGCTs are rare tumors affecting males more than females, and at the end of three years follow-up in the present study,
treatment morbidity appears to be low with no recurrence observed among surviving patients, indicating that suprasellar and basal
ganglia ICGCTs may have a favorable prognosis regardless of histological type. Pineal MMGCTs may have an aggressive course.
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Introduction

Intracranial germ cell tumors (ICGCT) are rare, biologically
diversified, and diagnostically challenging tumors.!"?
Extragonadal germ cell tumors (GCTs) should always be
included in the differential diagnosis of pineal and suprasellar
intracranial tumors.”® GCTs constitute nearly 2** to 3% of
pediatric brain tumors, and germinomas’ alone account for
approximately two thirds of all GCTs.!
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Rarity of ICGCTs limits our knowledge about them, making
preoperative diagnosis difficult. To the knowledge of authors,
only one case of ICGCT has been reported so far from Saudi
Arabia.! As such, the present study was performed to
enhance our understanding regarding these tumors in our
population.

Objective

The purpose of this retrospective study was to present the
clinicopathological and immunohistochemical findings in
three cases of primary intracranial germ-cell tumor along with
the review of literature.

Materials and Methods

A computerized search through the archives of the Anatomical
Pathology Department at King Abdul Aziz University Hospital,
Jeddah between the years, 1995-2011, was performed to
identify all cases of intracranial germ cell tumors inclusive
of all regions of the brain. The data was filtered using
appropriate morphology Systematized Nomenclature
of Medicine (SNOMED) codes indicating the following
parameters: Date of receiving biopsy, personal identity
(medical record number, age, sex etc), clinical diagnosis,
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morphology, and topography. The data was rechecked
manually to delete duplications. Computerized search was
then exported to Microsoft Excel format and used for analysis.
Specific target group of intracranial germ cell tumors was
identified. Three cases of ICGCTs were retrieved and classified
using World Health Organization (WHO) classification
system. Clinical and radiological correlation was evaluated.
Sufficient blocks were submitted from the maximum tumor
diameter in order to ensure sampling adequacy. Microscopic
examination was done to determine the type of different
components of the tumor. Immunohistochemical staining
using an automated stainer with the avidin-biotin-peroxidase
complex method was performed using the antibodies alpha-
feto protein (AFP:dilution 1:100; Dako, Carpintena, CA, USA),
pan cytokeratin (CK-PAN:dilution 1:50; Dako, Carpintena, CA,
USA), placental alkaline phosphatase (PLAP:dilution 1:50;
Dako, Carpintena, CA, USA), CD117 (c-kit:dilution 1:50; Dako,
Carpintena, CA, USA). Antibodies such as neuron specific
enolase (NSE), and synaptophysin (SYN) were all available
as ready to use kits (Ventana, Rocklin, CA, USA). Antibodies
were used to highlight various histological components,
and as the case scenario necessitated. Results were scored
as follows: -, not seen; +/-, rare/focal positivity; and +/,
diffuse positivity. Positive and negative controls were
performed for the stains. Clinical data were obtained from
the patients’ hospital records and follow-up was obtained on
personal basis from the concerned neurosurgical and medical
teams. Clinical parameters at the time of initial diagnosis
were classified in terms of tumor, nodes and metastasis
classification.”

Results

All three cases in the present study were boys in pediatric age
group with a mean age of 10 years. The presenting features
were mainly visual abnormalities, seizures, headache, and
vomiting. The levels of serum markers, gradually, returned
to normal, except in the case of malignant mixed germ cell
tumors (MMGCTs) of the pineal body. The radiological features
are presented in Table 1. Clinicopathological characteristics
and immunohistochemical profile of the three ICGCTs are
summarized in Table 2.

Discussion

GCTs arise in the central nervous system as primary tumors.
Primary ICGCTs are rare and encompasses a wide pathological
spectrum and share histologic, genetic, and therapeutic
similarities to extracranial GCTs. Two theories could explain
the pathogenesis of ICGCTs. The germ cell theory hypothesizes
malignant transformation of mis-migrational primordial germ
cells.*1°1 The embryonic theory, in contrast, suggests that these
tumors arise from mis-migrational pluripotent germ cells.**?
GCT constitutes nearly 21*! to 3% of pediatric brain tumors, with
85% of them occurring before the second decade oflife.">'* The
reported incidence of primary ICGCTs in children is significantly
higher in Asian countries compared with Western countries. In
an epidemiological study from Japan, germ cell tumors were the
second-most common tumors (14.3%, annual incidence 5.0 per
million) affecting mainly 10-14 year-old boys."

The comparative incidences are 14.3% in Japan, 14.0% in
Taiwan, 11.2% in Korea, 2.3% in USA, and 2.5% in Germany,
in various reported series. There is still no explanation for this
extreme geographic and ethnic difference between the three
Asian series and the two Western series (P<0.0001).*%% In
Western countries, they account for 0.4%—-3.4% of all pediatric
CNS tumors, while series from Japan and other Asian countries
have reported that CNS GCTs account for up to 11% of all
pediatric brain tumors. Epidemiological study presenting
meta analysis data on ICGCT diagnosed between 2000 and
2004 from the Central Brain Tumor Registry of the United
States (CBTRUS) report an incidence rate of 0.051/100,000 for
nonpineal GCT and significantly lower incidence of pineal
GCT 0.028/100,000.2% The reported rate of pineal region
ICGCT is higher in Asia, where it exceeds 9% of all intracranial
masses.” Lee and Suh reported a frequency of 27.4% for
primary MMGCTs of the CNS from Korea.?" To the best of our
knowledge, only one case of midbrain germinoma has been
reported so far from Saudi Arabia.” Reasonably, then genomic
differences exist and need to be considered. Asian-Americans
have higher rates than other races.'? Also, these findings
suggest a robust, but poorly understood influence of sex, either
genetic or hormonal, and race on the occurrence of central
nervous system (CNS) GCTs.["*!

Table 1: Radiological features in each case of ICGCTs

Case Primary location Chest X-ray CT scan abdomen MRI brain Radiological diagnosis
and pelvis

Case1 Suprasellar Clear with no focal lesions Clear with no Suprasellar complex mass showing Craniopharyngioma

region focal lesions. intense heterogenous enhancement

Testis free

Case 2 Basal ganglia Clear with no focal lesions ~ Clear with no Hyperintense, multicystic mass lesion ~ Glioma: Basal ganglia
focal lesions. in the basal ganglia effacing the
Testis free frontal horn of left lateral ventricle

Case3 Pineal gland Clear with no focal lesions  Clear with no Heterogenous intense enhancing Pineal body tumor
focal lesions. pineal region mass with
Testis free leptomeningeal carcinomatosis

ICGCTs - Intracranial germ cell tumors; CT - Computerized tomography scan; MRI - Magnetic resonance imaging
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Table 2: Clinicopathological and immunohistochemical features of primary intracranial germ cell tumors

General features Pre-operative Histological Immunohistochemical Clinical follow-up
serum tumor type profile
markers
Case1 AFP: High MMGCT PLAP and CD 117 +ve Tumor resected followed by radiotherapy.
A g9-year-old boy presenting with (Germinoma in germinoma
severe headache, diplopia, and andYST) AFP and CK-PAN +ve No clinical and radiological evidence of
vomiting inYST local recurrence
Disease free on 5 years follow-up
Case 2 AFP: High Germinoma PLAP and CD 117 +ve Tumor resected followed by radiotherapy
A 13-year-old boy presenting with
headache, seizure, and vomiting No clinical and radiological evidence of
local recurrence
Disease free on past five years follow-up
Case 3 AFP: High MMGCT CD 117 and PLAP +ve Third ventriculostomy with biopsy
A 10-year-old boy presenting with (germinoma, in germinoma was performed but patient died
seizures, visual abnormalities, YST, and IT) postoperatively

personality changes, signs of raised
ICP and obstructive hydrocephalous

CK-PAN, and AFP+ve
inYST elements

SYN and NSE, +ve in
IT elements

MMGCT - Malignant mixed germ cell tumor; YST - Yolk sac tumor; IT - Immature teratoma; +ve - Positive; —ve - Negative; AFP - Alpha-fetoprotein; CK-PAN - Pan
cytokeratin; NSE - Neuron specific enolase; SYN - Synaptophysin; CD 117 - c-kit; PLAP - Placental alkaline phosphotase

The most peculiar feature of ICGCTs is that they arise in
specific loci in the brain: The suprasellar and pineal regions!*!
and should, therefore, always be included in the differential
diagnosis of a pineal and suprasellar intracranial tumors."
Some GCTs develop in unusual loci in the CNS, including the
basal ganglia, thalamus, fourth ventricle, and spinal cord."!
Few recent reports have described ICGCT in the corpus
callosum.*?? Among the 363 malignant and non-malignant
GCTs identified in the CBTRUS by Villano et al.® 129 (35.5%)
were located in the pineal region. Of the remaining nonpineal
GCTs, the most common site was the brain, NOS (not otherwise
specified) (31.6%), followed by the ventricles (17.1%), the
pituitary (14.1%), and the cerebrum (9.8%). Sites comprising the
suprasellar region accounted for 64.5% of the nonpineal GCT.*”

Males have higher incidence of CNS GCTs, primarily
germinomas’, than females, starting in the second decade.””
Ninety percent of ICGCTs occur in patients before the age of
20 years."! The peak incidence for ICGCTs is 10-12 years of
age.” This peak in incidence can be separated by histology,
with most non-germinomatous germ cell tumors (NGGCTSs)
occurring in younger children, whereas pure germinomas are
more commonly seen in older patients.” Incidences by location
also have specific trends based on gender. In males, 70% of
tumors occur in the pineal region, and in females, 75% of
tumors are suprasellar. There is an overall male predominance
in ICGCTs.5** Occasionally, MMGCT has been reported in older
adults around 59 years of age.?*!

Clinically, they present with ocular signs or signs of
obstructive hydrocephalus. Major symptoms are headache,
nausea, vomiting, lethargy, and visual disturbances. Ocular
signs predominate and include upward gaze, pupillary

abnormalities, and papilledema? Ataxia, hemiperesis, and
brain stem hemiatrophy may also be present.?*?*! Other
symptoms at diagnosis may include weight loss, diabetes
insipidus, amenorrhea, retardation, and precocious puberty.
The following post-therapeutic complications are reported in
literature; the requirement for ventriculo-peritoneal shunt,
cerebral hemorrhage, impaired vision, facial nerve paresis,
reduced hearing/tinnitus, hypothyroidism, low growth
hormone levels/impaired growth, adrenal insufficiency,
diabetes insipidus, and low testosterone levels were reported
by CE Hoei-Hansen et al.*®

Based on the histologic components and the variable degree of
differentiation, the classification of GCTs has classically been
divided into germinomas’ and NGGCTs. Germinomas account
for approximately 50%—-70% of cases and NGGCTs make
up the remaining third. NGGCTs include choriocarcinomas,
endodermal sinus tumors (yolksac tumors), embryonal
carcinomas, and mixed tumors.”) Among all primary ICGCTs,
approximately 65% are germinomas’, 18% are teratomas’, 5%
are embryonal carcinomas’, 7% are yolk sac tumors’ and 5%
are choriocarcinomas’. The most common histological subtypes
reported by Lee and Suh®! were germinomas’ (48.4%), followed
by MMGCTs (27.4%), and teratomas’ (19.4%). In a series of 176
primary pediatric CNS GCTs studied by Wong et al., at Taiwan,
58.5% were germinomas’ and 41.5% were non-germinomas’.!'*
In the CBTRUS data analysis on ICGCT, Villano et al. reported that
germinoma (61.5%) was the most frequent diagnosis, followed
by teratoma (27.8%) and mixed GCT (8.5%).*° Histologically,
two tumors in the present study were MMGCTs, showing
variable proportions of germinoma, YST, and IT ([Table 2],
case 1 and 3). One was a pure germinoma ([Table 2], case 2).
Photomicrographs of Case 1 suprasellar MMGCT are presented
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as [Figure 1] (a, b, Hematoxylin and eosin staining) and [Figure 1]
(c, d, e Immunohistochemical stains). Photomicrographs of
Case 2 basal ganglia germinoma are presented as [Figure 2] (a,
b Hematoxylin and eosin staining). Photomicrographs of Case
3 pineal MMGCT are presented as [Figure 3] (a, b Hematoxylin
and eosin staining). Germinoma and teratoma components
are most frequently seen in the MMGCTs of the brain.”! In

the whole group of intracranial MMGCTs, Sano K° reported
that germinoma components were found in 79%, teratoma
components in 63%, yolk sac tumor components in 33.3%, and
embryonal carcinoma components in 15.8%." At the molecular
level, frequent imbalances of chromosomes have been described
in intracranial GCTs, including chromosomes 1, 8, 12,13, 18, and
X.Recently, p14 and c-kit gene alterations have been reported,

lymphocytes; (b) Suprasellar MMGCT, x40; showing germinoma component admixed with glandular structures of yolk sac origin; (c) Suprasellar
MMGCT, x40; showing CD-117 positivity in germinoma component; (d) Suprasellar MMGCT, x40; showing CK-PAN positivity in glandular structures
of yolk sac origin. Note the negative germinoma cells in between; (e) Suprasellar MMGCT, x40; showing AFP positivity in yolk sac component

\i{v , RN ‘...

«

Figure 3: (a) Pineal MMGCT, x40; showing reticular pattern of yolk sac elements (b) showing immature epithelial elements
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particularly in some intracranial germinomas; however, their
importance remains unclear."

Immunohistochemical markers such as AFP, PLAP, HCG,
and —c-kit/CD117 are known markers for GCTs, regardless
of location. However, recent advances in the use of
immunohistochemical markers are providing new depth
not only in diagnosis, but also in predicting the biological
behavior of these tumors. Intracranial germinomas express
OCT4 variably®?” and is even reported to be superior to
PLAP™ Variation in expression is likely to be predictive of
a five-year progression-free survival rate.?” In addition to
being a diagnostic marker, OCT4 may also probably be a
prognostic marker for intracranial germinoma. A recent study,
examining both the biology and the origin of ICGCTs, analyzed
the expression of a wide panel of stem cell-related proteins
(C-KIT, OCT-3/4, AP-2y [TFAP2C and NANOG a homeobox gene])
and developmentally regulated germ cell-specific proteins
(including MAGE-A4 melanoma antigen-encoding gene-A4), NY-
ESO-1 (cancer testis gene), and TSPY (testis-specific proteinY-
encoded gene).?” Markers of gonadal supportive cells (Sertoli
or granulosa cells) including AMH, MIC2, and NSE were also
used. Stem cell related proteins were highly expressed in
intracranial germ cell tumors, and many similarities were
detected with their gonadal equivalents, including a close
similarity with primordial germ cells. A notable difference
was the sex-specific expression of TSPY, a gene previously
implicated in the origin of gonadoblastoma. TSPY was only
detected in germ cell tumors in the CNS from males, suggesting
that it is not required for the initiation of malignant germ
cell transformation. The expression of genes associated
with embryonic stem cell pluripotency in CNS GCTs strongly
suggests that these tumors are derived from cells that retain,
at least partially, an embryonic stem cell-like phenotype, which
is a hallmark of primordial germ cell.*

Correlation with the serum tumor markers, beta- HCG (human
chorionic gonadotropin) and AFP (alpha feto protein), is an
essential consideration in the diagnosis of ICGCTs.** Elevated
levels of markers such as AFP, HCG, and PLAP warrant extensive
sampling and thorough search for different components.?°!
In the present study, all three cases showed expression of
serum AFP, regardless of the histological type and location,
and returned back to normal, in the two cases that survived.
Post surgical persistent raised serum AFP in case of pineal
body tumor correlated with the presence of a residual tumor.
Elevated serum levels of AFP are usually seen in tumors
containing yolk sac elements.?*% Teratomatous glands may
also cause a serum elevation of AFP*** Detection of raised
AFP and beta HCG in the cerebrospinal fluid also serves as an
accepted method for initial diagnosis of these tumors without
tissue biopsy.®! The soluble isoform of c-kit (s-kit) is reportedly
detectable in cerebral spinal fluid of patients with germinomas’
and germinomas’ with syncytiotrophoblastic giant cells. C-kit

D

and s-kit may be powerful tumor markers for germinomas’
with or without syncytiotrophoblastic giant cells.”? Some
studies indicate that patients with elevated serum and or
cerebrospinal fluid markers have a poorer overall survival.”’

The MRI features can facilitate correct diagnosis of primary
ICGCT. The solid components of germinomas’ may show
homogeneous and heterogeneously enhancement, while
all non-germinomatous GCTs showed heterogeneous
enhancement, including histological subtypes.*? However,
in general, the neuroimaging characteristics of germinomas’
and NGGCTs are similar enough to limit diagnostic certainty,
and either tissue confirmation or the measurement of specific
tumor markers are needed for the diagnosis.?**

Over 90% of localized primary intracranial germinomas’ can
be effectively treated with radiation therapy and exhibit a
relatively good prognosis. 34!

Chemotherapy is reserved for disseminated germinomas’.
Mature teratomas’ are treated with surgery. The rest of
germ cell tumors are managed with various combinations
of surgery, chemotherapy, and radiotherapy, depending on
the tumor type. If the tumors secrete beta-human chorionic
gonadotrophin (HCG) or AFP, these tumor markers can be
used to accurately monitor the response to treatment.? The
outcome for patients with NGGCTs is less favorable. Radiation
therapy alone will result in disease control in 40%-60% of
patients.P?

Wong et al.'! have identified global microRNA expression
patterns (the miRNome), mRNA signatures, and chromosome
copy number variation regions associated with the two
pediatric GCT histological entities (germinoma and non-
germinomatous GCTs) and two prognostic groups (GPG: Good
prognostic group including mainly germinomas and IPG/PPG:
Intermediate prognostic group including mainly MMGCTs
and immature teratomas’/poor prognostic group including
mainly pure yolk sac and MMGCTs with predominant yolk
sac). The clinical discrepancies between the two histological
entities (germinomas of GPG and non-germinomatous GCTs
of IPG/PPG) were mirrored by their differences in global
transcriptome patterns and their unique stem cell traits.!
The literature seems deficient on whether pediatric GCTs from
other ethnic background also express similar transcriptome
traits and chromosome copy number variation regions.

In conclusion, ICGCTs are rare tumors affecting males more
than females; and at the end of three years follow-up, no
recurrence was observed among the surviving patients
in the present study indicating that suprasellar and basal
ganglia ICGCTs may have a favorable prognosis, regardless
of histological type. Pineal MMGCTs may have an aggressive
course. Although much progress in the understanding of
ICGCTs has transpired in the last few years, only continued
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meticulous study of these neoplasms will reveal possible
differences in their biological behavior in both genders
and in different locations. This is important, since they are
potentially curable.
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