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Diagnostic Imaging of Intracranial
Germ Cell Tumors: A Review
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Saitama Medical University, Moroyama,
Japan

1. Introduction

Intracranial germ cell tumors (CNS GCTs) are malignant neoplasms affecting mostly
children and young adults. About 95% of affected patients are less than 24 years of age
(Figure 1) [1], and males are affected more ofen than females, approximately three-quarters
to four-fifths of patients being male [1, 2].
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Fig. 1. Age and sex distribution of germ cell tumors (The Brain Tumor Registry of Japan (1)).
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CNS GCTs are histologically classified into several histological subtypes, i.e. germinoma,
teratoma (mature teratoma, immature teratoma, teratoma with malignant transformation),
embryonal carcinoma, yolk sac tumor and choriocarcinoma [3, 4], and some are composed
of a mixture of these subtypes. Germinomas are the most frequent histological subtype,
followed in order by teratomas, choriocarc inomas, embryonal carcinomas and yolk sac
tumors. Mixtures of these tumors are also common, and in fact one third of intracranial
germ cell tumors are of mixed types. Among these, germinomas show typical histolo gical
patterns, being similar to dysgerminoma of th e ovary or seminoma of the testis. They are
composed of large round cells and small lymphocytes, thus their histological feature is
known as the “two cell pattern”.

The most frequently affected site is the pineal gland, followed by the neurohyphophyseal
(or “suprasellar”) region (Figure 2). However, these tumors can also arise in the basal
ganglia or any other intracranial location.
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Fig. 2. Location and distribution of histological subtypes (according to Matsutani et al. (2)).

Although, biologically, all intracranial germ ce Il tumors, except for mature teratomas, are
malignant, their clinical characteristics differ. Germinomas respond well to chemo-

radiotherapy and their prognosis is relatively good. Mixed tumors composed of any type of
teratoma and germinoma are also responsive to appropriate forms of combined therapy

including surgery, radiation and/or chemothera py, and thus their prognosis is better than
that of other histological subtypes such as embryonal carcinoma, yolk sac tumor,
choriocarcinoma or their mixtures (the so-called “poor prognosis” group), which require

more intensive forms of chemo-radiotherapy [5, 6]. For this reason, accurate differential
diagnosis of these histological subtypes isvery important in a clinical setting.
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2. Modalities important fo r diagnosis of CNS GCTs

Although pathological diagnosi s by biopsy is essential for the planning of appropriate

treatment for CNS GCTs, tentative histological diagnosis also plays a significant role in

deciding the optimal surgical strategy. In this connection, both neuroimaging and

assessment of tumor markers are important. Some CNS GCTs produce tumor markers that
are helpful for indicating the histological su btype (Table 1). Typically, choriocarcinoma
produces the beta-subunit of human chorionic gonadotropin ( EhCG) whereas yolk sac
tumor produces alpha-fetoprotein ( DFP). If the serum level of EhCG alone is elevated to
more than 500 mIU/ml, or if that of DFP alone is elevated to more than 500 ng/mL, then
pure choriocarcinoma or yolk sac tumor is considered highly likely, respectively. The levels

of markers associated with mixed germ cell tumors may vary according to the histologic al
elements present. These tumor markers, togetler with the neuroimaging features discussed

later, allow the histological subtypes of CNS GCTs to be as®ssed before surgery. As is the
case for other CNS neoplasms, etiologic factos such as tumor location and patient age are
also helpful for accurate diagnosis. As mentioned previously, the pineal gland is one of the

most frequent sites for CNS GCTs. If a tumor is found in the pineal region in a teenage boy,
it is highly likely to be a CNS GCT. Other tumors can arise in this region, but at a lower

frequency in this age group. More detailed diagnosis should be made on the basis of
neuroimaging features, together with tumor markers.

B-hCG a-FP
Germinoma —~1 o
Mature teratoma — o
Immature teratoma — _
Teratoma with malignant transformation ~1
Embyronal carcinoma — —~1
Yolk sac tumor — 1
Choriocarcinoma T -

Table 1. Tumor markers and histological subtypes

2.1 MRI and CT features of CNS GCTs
2.1.1 Pineal tumors

For tumors in the pineal gland in children or young adults, differential diagnoses are
limited. Although many CNS tumors can occur in this location, those that apparently arise
within the pineal gland itself are limited. Many tumors, such as meningiomas, gliomas or
ependymomas, can occur in the pineal region, but they extend from neighboring structures
and do not arise in the pineal gland itself. Mo st pineal tumors in the true sense are CNS
GCTs or pineal parenchymal tumors, i.e. pineocytoma, pineal parenchymal tumor of

www.intechopen.com



50 Germ Cell Tumor

intermediate differentiation, or pineoblastoma. All of these tumors can cause obstructive
hydrocephalus due to compression to the aqueduct. Thus, the initial symptoms and
neuroimaging finding of pineal CNS GCTs ofte n reflect increased intracranial pressure due
to hydrocephalus (Figure 3).

Fig. 3. Computed tomography (CT) scans of a pineal germinoma on admission. Marked
hydrocephalus is evident togeth er with the pineal mass.

Among CNS GCTs, germinomas and teratomas each show a peculiar pattern. Germinomas
show slightly high to high density on plai n (non-enhanced) CT scans. The border is clear
where the tumor faces the cerebrospinal fluid space (cistern or ventricle), but somewhat
obscure where the tumor faces the brain parenchyma. These tumors show marked
homogeneous enhancement with contrast media [7-9]. Small intratumoral cysts may be
present [9], and calcifications within the tu mor are frequently evident [10, 11]. On T1-
weighted MRI (the most basic MRI scanning), they appear as a well demarcated mass with a
slightly low signal intensity. On T2-weighted images (which is another basic MRI scanning
and in which tissues containing more water molecules show high signal) the germinomas
show slightly high intensity (Figure 4) [9 , 12-14]. Teratomas appear as heterogeneous
masses, since they contain manyhistological elements [9, 12,14]. CT shows that they are
well demarcated, containing multiple small and large cysts and some calcifications. The
entire tumor, or some part of it, may be well enhanced [9]. Teratomas sometimes contain
fatty tissue, which is well detected by MRI, showing high signal intensity on both T1- and
T2-weighted images. If such fatty tissues are detected by MRI,the tumor is highly likely to
be a teratoma, or at least to contain a teratomatous component [9, 14]. On MRI, teratomas are
well enhanced with gadolinium, except for cystic components (Figure 5). As mentioned above,
teratomas may be benign or contain immature elements or malignant components. When the
tumor’s growth rate is high, perifocal edema may be detected on T2-weighted images [15].
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Fig. 4. Pineal germinoma in an 18-year-old boy. (A) CT scan shows a slightly high-density
mass in the pineal region, together with a cyst and some calcifications. A ventricular drainage
tube is inserted into the posterior horn of the right lateral ventricle. The tumor shows slightly
low signal intensity on the T1-w eighted image (B) and slightly high signal intensity on the T2-
weighted image (D). The tumor is homogeneously well enhanced by gadolinium (C).

Other malignant subtypes are difficult to diag nose on the basis of neuroimaging features
alone, but certain tendencies are evident for some tumors; yolk sac tumors tend to be
irregular in shape, and unlike germimonas, show isodensity or slightly low density by non-

enhanced CT [9]. Occasionally, the onsetof choriocarcinoma may be accompanied by
intracranial bleeding (Figure 6). In young adult or pediatri ¢ patients presenting with
intraventricular hemorrhage, the possible presence of occult choriocarcinoma other than
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