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Abstract
Introduction Intracranial teratomas are rare germ cell neo-
plasms that contain tissues derived from all three germ cell
layers and most commonly occurring during childhood. This
is the first report of pineal region mixed mature teratoma and
germinoma in two fraternal brothers of fraternal triplets.
Case presentation We report the case of a mixed mature ter-
atoma and germinoma of the pineal region in two brothers of
fraternal triplets. Older brother was initially diagnosed at the
age of 11 years with the pure teratoma of the pineal region but
the review of the pathology 3 years after initial surgery re-
vealed the mixed mature teratoma with 5% germinomatous
component. The younger brother was diagnosed at the age
of 13 years with the mixed mature teratoma with 10%
germinomatous component tumor of the pineal region.
Younger brother has been treated with adjuvant chemo-
radiotherapy and older brother was treated without adjuvant
therapy. Both brothers had no recurrence.
Conclusion Pineal mature teratomas have a good prognosis,
in contrast to their immature or mixed counterparts. A rigor-
ous histological examination of the tumor samples is manda-
tory, in order to not omit a mixed contingent within the tumor.
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Introduction

Germ cell tumors (GCTs) of the central nervous system (CNS)
are heterogeneous group of lesions that are divided into
germinomas, teratomas, embryonal carcinomas, yolk sac tu-
mors, and choriocarcinomas.

Teratomas are extremely rare intracranial neoplasms clas-
sified into mature, immature, and teratoma with malignant
transformation. Most commonly, central nervous teratoma oc-
curs in the pediatric patients and accounts for 2–4% of all
intracranial tumors in children with higher incidence in
Japanese, Korean, and Taiwanese children [14, 7].

CentralnervoussystemGCTsrarelydevelop in themembers
of the same family and only a handful of cases have been so far
published [2, 8, 12, 13, 16]. Even thoughmixed mature terato-
ma and germinoma of pineal region has been published, this is
the first report ofmixedmature teratoma and germinoma of the
pineal region in two brothers of fraternal triplets [17].

Case report

Patient 1

An 11-year-old patient presented in local emergency department
due to bilateral headache for 3 weeks, papilledema, dorsal mid-
brain syndrome (DMS), and sixth nerve palsy. Themagnetic res-
onance imaging (MRI) of the brain showed the acute hydroceph-
alus due tomass in the pineal region (Fig. 1). Serum and cerebro-
spinal fluid (CSF) markers for beta-human chorionic gonadotro-
pin (beta-hCG) and alpha-fetoprotein (AFP) were negative. The
external ventricular drainwas placed to treat the acute hydroceph-
alus.Thepatientunderwent leftoccipital craniotomyandoccipital
transtentorial approach for total resection of the pineal region tu-
mor.Due to persistent hydrocephalus after the surgery, the patient

* Gordan Grahovac
gordan.grahovac@gmail.com

1 Division of Neurosurgery, Ann and Robert H. Lurie Children’s
Hospital of Chicago, Northwestern University Feinberg School of
Medicine, Chicago, IL 60611, USA

2 Department of Pathology, Ann & Robert H. Lurie Children’s
Hospital of Chicago, Chicago, IL 60611, USA

Childs Nerv Syst (2017) 33:859–863
DOI 10.1007/s00381-017-3349-6

http://orcid.org/0000--0001--7255--8853
http://crossmark.crossref.org/dialog/?doi=10.1007/s00381-017-3349-6&domain=pdf


underwent ventriculoperitoneal shunt placement 10 days after tu-
mor resection. Postoperatively, his papilledema, DMS, and sixth
nerve palsy completely resolved. Pathological examination re-
vealeddense fibro-connective tissue, skinwithadnexal structures,
mature cartilage, adipose tissue, and intestinal- and respiratory-
type epithelium-lined glands/ducts. No immature or malignant
component was identified. Patient did not require any additional
treatment. Due to occurrence of the same disease in his fraternal
brother, we have revised the pathological examination. Revised
pathological examination revealed mature teratoma and
germinomawith 95%mature teratoma and 5%germinoma com-
ponent (Fig. 3a, b). Four years after, the surgery patient did not
show any sign of tumor recurrence.

Patient 2

A 13-year-old patient was the younger fraternal twin brother
of the above previously described patient who had history of
acute hydrocephalus due to a third ventricular arachnoid cyst.
The endoscopic fenestration of the third ventricle arachnoid
cyst was done in 2008 in outside institution. He was followed
with serial MRI of the brain that did not show any cyst recur-
rence. In December 2014, the patient passed out while
attempting to stand up quickly. Computed tomography (CT)
and MR scan of the brain revealed well-circumscribed lesion
in the left side of the pineal cistern approximately 12 mm in
width (Fig. 2). Serum and CSF markers for beta-hCG and
AFP were negative. The tumor was gross totally removed
through left occipital transtentorial approach. Postoperative
patient developed Parinaud syndrome, which completely re-
solved in early postoperative period.

Pathological examination revealed components of all three
germ cell layers. Immunostains showed large cells with clear
cytoplasm that were positive for OCT 4 and CD117.
Pathology was consistent with a mixed mature teratoma and
germinoma with 90% mature teratoma and 10% germinoma
component (Fig. 3c–f).

Due to mixed tumor pathology, patient was subjected for
the additional chemotherapy and external radiation therapy.
No genetic testing was performed on the resected tissue.

Discussion

According to theWorld Health Organization classification and
the germ cell theory, intracranial GCTs are divided into five
histological subtypes: germinomas, teratomas, embryonal car-
cinomas, yolk sac tumors, and choriocarcinomas. Therapy is
dependent on histology subtypes; germinomas are treated
with chemoradiation therapy, mature teratomas are treated
with gross total resection, and immature and malignant tera-
tomas are treated with gross total resection with adjuvant che-
moradiation therapy, while choriocarcinomas, embryonal car-
cinomas, and yolk sac tumors are treated with chemotherapy
and radiation therapy with surgical resection of residual tumor.
In cases of mixed germ cell tumor, the treatment of choice is
dependent on the most malignant component [10].

Intracranial teratomas are very rare CNS neoplasm and
account for approximately 0.5–1% of primary adult intracra-
nial tumors with higher incidence in children where they ac-
count for 2–4% of intracranial tumors and with 2 to 10 [6, 14].
The incidence of the intracranial teratoma in Japan in pineal

Fig. 1 a, b Axial T2WI (a) and sagittal contrast-enhanced T1WI (b) revealed a large pineal tumor measuring 3.3 × 3.2 × 3.9 cm with associate mass
effect on the midbrain and cerebral peduncles, and bilateral thalami
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region is 2 to 10 [3]. They are extremely rare intracranial
neoplasms most commonly occurring in males, children, and
Asian population, and only a few clinical case series have
been published so far [11, 14, 17, 6].

These tumors are derived from all three primitive germ layers
(endoderm, mesoderm, and ectoderm) and are classified into
mature, immature, and teratoma with malignant transformation
[6, 14]. Intracranial teratomas tend to involve the midline

Fig. 2 a, b Axial contrast-enhanced T1WI (a) and axial fat-suppressed T2WI (b) showed a well-circumscribed tumor measuring 12 mm in width
adjacent to the left side of pineal gland

Fig. 3 a–e Hematoxylin-eosin
staining (×100) (a), hematoxylin-
eosin staining (×400) (b),
hematoxylin-eosin staining
(×200) (c), hematoxylin-eosin
staining (×400) (d), CD117
staining (e), and OCT4 staining
(f) of the pineal tumor tissue
showed squamous-lined cyst with
adnexal structures (ectoderm),
columnar-lined tissue with goblet
cells (endoderm), fibromuscular
stroma (mesoderm), and cellular
proliferation of large cells with
ample clear to esosinophilic
cytoplasm (a). Germ cell tumor
component was seen (b, d).
Positive CD117 staining (e) and
OCT4 staining (f) were positive
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structuresof theCNSandmost commonly involve theareaof the
pineal gland as they have presented in our case but they can
involve the wall of the third ventricle, quadrigeminal plate,
suprasellar region, and cerebellar vermis [11, 17].

Germ cell tumors may secrete detectable levels of beta-
hCG and AFP proteins into the blood and/or CSF, and these
proteins can be reliably used in diagnosis and monitor the
response to a given therapy. Mature teratomas do not secrete
AFP and beta-hCG, but germinomas may occasionally secrete
low levels of beta-hCG that can be detected in serum or CSF
[1]. In our case, serum and CSF markers for beta-hCG and
AFP were negative.

In the current literature, there are only several cases of
familiar GCTs occurring in the siblings. Aoyama et al. and
Nitta et al. published cases of siblings with germinoma [2,
13]. Kido et al. published a case of three brothers with pineal
region tumors that included two brothers with germinomas
and the third brother developed embryonal carcinoma [8].
Nakasu et al. published a case of two sisters with yolk sac
tumor [12] and Wakai et al. published a case of two brothers
with teratoma in pineal region [16].

As far as we know, the present case is the first report of
mixed pineal mature teratoma and germinoma in two brothers
of the fraternal triplets without hereditary syndromes. Their
twin sister’s brain MRI did not reveal any abnormalities.

Limited information is available in current literature on the
underlying genomic, epigenetic, and biological alterations of
intracranial GCTs. Most recent research revealed that
germinomas coexpressed Oct4 and Kit and showed extensive
global demethylation suggesting that these tumors display a
demethylated nuclear DNA similar to primordial germ cells in
early development [15]. In addition, these tumors show muta-
tional activation of Kit, Ras/Raf/Erk, and Akt pathways indi-
cating these pathways might be potential targets for chemo-
therapy [15]. The genetic aspect of familial intracranial germ
cell tumor in twins/triplets is unknown and it has not been
further investigated in our case.

All familiar GCT cases including the current one had the
same common findings, occurring most commonly in young
boys in the pineal region. Since the tumors occur most com-
monly in pineal region, the first symptom of the tumor is
clinical signs of increased intracranial pressure due to
hydrocephalus.

Surgical removal with gross total resection is the main
treatment for mature teratomas with 5-year survival rate rang-
ing from 87 to 100% while teratomas with malignant compo-
nent after chemo-radiotherapy and surgery have survival rate
from 33 to 71% [4, 14].

Based on the literature recommendations, patients with
mixed GCTs are treated based on the most malignant compo-
nent of the tumor. In general, germinoma shows high radio-
sensitivity and has excellent prognosis. However, the superi-
ority of combined modality therapy over treatment with

radiation alone in non-germinomatous GCTs has been pro-
posed by several landmark studies such as the SIOP-CNS-
GCT 96 trial and the Japanese cooperative study [5, 9].
Chemotherapy is one of the pillars in the treatment of intra-
cranial GCT and mixed GCTs but there is no standardized
chemotherapeutic protocol which includes the fine details
about pathologic subtype, dosage, treatment duration, and
temporal sequence with radiation therapy in the literature
and varies from institution to institution. Younger brother
underwent chemo and radiation therapy after surgical resec-
tion due to 10% germinoma component of the mixed GCS
tumor and he is now disease free 2 years after completion of
the treatment. Older brother has been disease free for the last
4 years after surgical resection even though he has not re-
ceived any additional treatment except surgical resection for
his mixed GCSs with 5% germinoma component. Diagnosis
of the 5% of the germinoma component in the older brother
has been made after additional pathology review 4 years after
initial diagnosis of mature teratoma, and since the 4-year fol-
low up did not reveal the tumor recurrence, neuro-oncology
panel decision was not to treat the patient with additional
adjuvant therapy.

The cause of familiar central nervous germ cell tumor is
unknown due to the extreme rarity of these lesions and maybe
the genetic testing might give inside of the natural history of
these rare intracranial lesions.

It is interesting that the lesion developed in the later course
of the life in the younger brother gives us the clue that the
tumor cells were most likely in dormant state for many years
and started growing in the later course of life. This raises the
question should their twin sister be followed by serial imaging
or not?
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