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Abstract: Objective: Embryonal carcinoma (EC) is an uncommon subtype of intracranial germ cell tumors. The aim of
this study is to determine the clinical characteristics and prognosis of EC. Methods: A total of ten EC patients were
underwent surgical treatment. Three patients gained total resection (TR) and seven gained subtotal resection (STR).
Radiotherapy was provided in nine patients and chemotherapy was provided in eight patients. Their clinical data,
radiological, histopathological features and postoperative follow-up were analyzed retrospectively. Results: All ten
patients had follow-up with a median follow-up period of 23.5 months. The pineal gland was the most common site
(n=6) and headache was the most common symptom (n=6). Highly elevated alpha fetoprotein (AFP) and beta sub-
unit human chorionic gonadotropin (3-HCG) were recorded in seven and one patient, respectively. The tumor cells
have a relatively high MIB-1 labeling index ranging from 40% to 90% by immunohistochemical staining. The median
overall survival (OS) time for EC with TR compared to STR was 35 months to 20 months (P=0.028). The median 0OS
time for patients with normal AFP compared to elevated AFP was 28 months to 20 months (P=0.49). Conclusions:
EC is a rare subtype of intracranial germ cell tumors with a tendency to present in younger patients and has a male
bias. EC has a poor prognosis. The extent of resection is an important prognosis factor. More data should be col-
lected in order to evaluate the role of the AFP in diagnosing the EC and predicting the prognosis.
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Introduction include teratoma, embryonal carcinoma (EC),
yolk sac tumor, choriocarcinoma and mixed
GCTs. Germinoma accounts for approximately
50%-70% of cases and non-germinomatous
GCTs make up the remaining third [9]. EC is an
uncommon subtype of intracranial GCTs with an
incidence of only 1.8-5.0% of primary intracra-
nial GCTs [2, 3, 9]. Most of ECs are described as
isolated case reports and previous reports have
not systemically described the clinical features
and prognosis of ECs. Due to the rarity, EC
might be underdiagnosed and the clinical diag-
nosis, treatment protocol and prognosis are still
uncertain. Here, we present a clinicopathologic

Intracranial germ cell tumors (GCTs) are rela-
tively rare tumors. Their incidence has been
considered to be higher in East Asia than in the
United States. In far-east Asia, central nervous
system (CNS) GCTs account for 2-3% of primary
intracranial neoplasms, and for 8-15% of spe-
cifically pediatric examples, in series from
Japan, Taiwan and Korea [1-3]. In the West,
these neoplasms constitute only 0.3-0.6% of
primary intracranial neoplasms and approxi-
mately 3-4% of those affecting children [4-6].
They are classified into six different variants
according to the 2007 World Health Organi-

zation (WHO) classification for brain tumors [7].
European studies classify GCTs as germinoma
and non-germinomatous GCTs [8, 9], the latter

study of ten cases of intracranial ECs. To the
best of our knowledge, this is the largest case
series in the existing literature.
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Material and methods
Patients

All of the patients received surgical treatment
between January 1995 and December 2010 at
Xinhua Hospital, School of Medicine, Shanghai
Jiaotong University, China and Anhui Provincial
Hospital, Anhui Medical University, China.
Clinical data, including sex, age, clinical symp-
toms, duration of symptoms, tumor location,
laboratory reports, operative findings and adju-
vant therapy, were obtained from the medical
records and follow-up. The diagnosis of EC
required microscopic and immunohistochemi-
cal evidence, as identified by two experienced
neuropathologists (YL Wang and MJ Zhu), who
had no prior knowledge of the clinical status of
the patients and re-examined the tumor sam-
ples using the 2007 WHO classification [7].

Histological examination and immunohisto-
chemical staining

Among this group, six cases of EC were from
Xinhua Hospital and the other four cases were
from Anhui Provincial Hospital. All ten patients
were treated with surgical resection of the
tumor. All the specimens had been fixed in 10%
buffered formalin and submitted for routine
processing and paraffin embedding. Hemato-
xylin and eosin (H&E) was performed by routine
methods. For all cases, the following immuno-
histochemical stains with their respective anti-
body dilutions were performed on paraffin-
embedded tissue: CK (1:100), CD30 (1:100),
octamer binding factor 3/4 (OCT-3/4) (1:100),
placental alkaline phosphatase (PLAP) (1:100),
elevated alpha fetoprotein (AFP) (1:100), beta
subunit human chorionic gonadotropin (B-HCG)
(1:1200) and MIB-1 (1:100). All of the antibodies
were obtained from M/S Dako (Glostrup,
Denmark). Appropriate positive and negative
controls for each antibody were run in parallel.
All counts were performed at a magnification of
x 400 (field size, 0.16 mm?), and five viable
fields from the area of maximum labeling were
chosen for counting. Distinct nuclear MIB-1
staining of the tumor cell was recorded as posi-
tive. The MIB-1 labeling index (MIB-1 LI) was
calculated as the percentage of MIB-1-positive
tumor cells in the evaluated area. Vascular
components and hematogenous cells were
excluded, and evaluated areas also excluded
necrotic, degenerate and poorly preserved
areas.
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Follow-up and ethical committee approval

The patients’ prognoses were obtained from
clinical observation. The surgical procedures
and clinical follow-up were conducted under
the guidelines and terms of all relevant local
legislation and received approval from the eth-
ics committee of Shanghai Jiaotong University
and Anhui Medical University, China.

Statistical analysis

The potential prognostic factors of tumor mak-
ers and extent of resection were analyzed. The
overall survival (OS) was calculated for each
category among the ten patients with known liv-
ing status at the end of the study. Survival prob-
abilities were calculated according to the
Kaplan-Meier method and were measured from
the date of diagnosis to the date of death.
Bivariate associations between survival and
the selected prognostic factors were tested
using the log-rank test, and multivariate asso-
ciations were not assessed for the limitation of
little number of cases. A two-sided probability
level of 0.05 was chosen for statistical
significance. Statistical analysis was performed
with SPSS for Windows (version 18.0; SPSS,
Chicago, IL, USA).

Results
Clinical features

This series included nine males and one female,
with a median age of 12.5 years (range: 13
months to 26 years; five were <12 years) upon
initial diagnosis. The most common presenting
symptom was headache (n=6). Other symp-
toms included diplopia (n=2), dizziness (n=1),
and polyuria (n=1). The duration of the symp-
toms varied from two weeks to eighteen months
with a median period of three months.

Nine cases were solitary tumors, and one case
was multiple tumors on the initial diagnosis.
The tumor occurred in different locations, and
the pineal gland was the most common site
(n=6); other tumor locations included the supra-
sellar region (n=1), both the pineal and the
suprasellar region (n=1), the slope (n=1), and
the third ventricle (n=1) on the initial operation.
The tumors of the ten patients on the initial
diagnosis ranged in size from 15 to 40 mm
(median: 30 mm) in maximal diameter.
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Figure 1. (A) 13-month-old girl presenting with headache and vomiting. Non-enhanced CT image (A) shows isodense
lesion located in the pineal region, the third ventricle is compressed, and the obstructive hydrocephalus is also il-
lustrated. Unenhanced MR images show a round, well-defined mass in the pineal region; the mass is low-intensity
signal on T1-WI (B), and iso-intensity signal on T2-WI (C), with moderate edema and mass effect. Axial (D), coronal
(E) and sagittal (F) T1-weighted MR images show the mass enhances strongly and heterogeneously after the admin-
istration of Gd-based contrast agent.

Surgical tumor removal was performed in all
the ten patients. On the initial surgery, total
resection (TR) was attained in three surgeries,
and subtotal resection (STR) was attained in
seven surgeries. Salvage operation was per-
formed in two patients, and STR was attained.
Additional radiotherapy was provided in nine
patients and chemotherapy was performed in
eight patients. One case was less than thirty-
six months on the initial operation, and radio-
therapy was not performed in view of the side
effect on the cerebrum and spinal cord. In our
institution, involved-field radiotherapy was then
applied four weeks after completion of surgery
with the use of a dose of 60 Gy in 30 fractions,
at 2 Gy/fraction over six weeks. The patients
tolerated the entire treatment well in the series.

Radiological findings

Plain computed tomography (CT) data were
available in eight cases. CT scan showed
isodense (n=5) or slightly hyperdense (n=3)
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masses. Calcification was found in two cases.
Magnetic resonance imaging (MRI) data were
available in all the ten cases. The tumors were
isointense (n=5) or hypointense (n=5) on
T1-weighted imaging and isointense (n=5) or
hyperintense (n=5) on T2-weighted imaging. All
the cases showed strongly heterogeneous
(n=5) or homogeneous (n=5) enhancement
after administration of gadolinium. The masses
had oval or irregular shape. Distinct boundary
was found in seven lesions and cysts were
seen in three lesions. Five patients showed
expanded ventricular system. Two patients had
intracranial dissemination on recurrence. The
radiological pictures of case 10 were shown in
Figure 1.

Tumor makers

The pre-operative serum titers of AFP and
B-HCG were examined in all patients. Highly
elevated AFP was recorded in seven patients,
and highly elevated B-HCG was recorded in one
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Table 1. Summary of serum markers and immunohistochemistry

features of intracranial embryonal carcinoma

recurrence and died from the
ECs. The median overall sur-

Serum maker

Histological marker

vival was 23 months (stand-

Case

ard error =3.16 months, 95%

AFPE HCG® CK CD30 OCT-3/4 PLAP AFP HCG MIB-1 i i =
(ng/ml) (mIU/ml) confidence interval (Cl) =17-
1 4 _ + 40 29 months). The median 0S
5 + ) + + + o+ o+ 60 time for EC with TR compared
to STR was 35 months (95%
3 + - + 4 +/- 50
4 ) _ o N ] 70 Cl 21-49%) to 20 months
(95% Cl 15-25%) (P=0.028).
5 * * ) ) ) 50 TR was demonstrated to be
6 * * oot * * + 90 significantly associated with
7 + + - -+~ - 40 0S. The median OS time for
8 - + /- +/- - -+~ 70 patients with normal AFP
9 - + + /- /- - 40 compared to elevated AFP
10 + - - + + - + - 70 was 28 months (95% CI

Abbreviations: AFP: alpha fetoprotein; HCG: human chorionic gonadotropin; MIB-1:
Management Information Base-1; OCT-3/4: octamer binding factor 3/4; PLAP: pla-
cental alkaline phosphatase. AFP%: AFP (+): 212 ng/ml; AFP (-): <12 ng/ml; HCG2:

HCG (+): 25 mIU/ml; HCG (-): <5 mIU/ml.

patient. The number of patients with elevated
serum tumor markers and the ranges of tumor
markers by histology are summarized in Table
1.

Histology and immunohistochemistry

The embryonal carcinoma was composed of
large cells that proliferate in cohesive nests
and sheets, form abortive papillae or line irreg-
ular, gland-like spaces. Tumor cells might
exceptionally replicate the structure of the early
embryo, forming “embryoid bodies” replete
with germ discs and miniature amniotic cavi-
ties. Markedly enlarged nucleoli, abundant
clear to somewhat violet-hued cytoplasm, a
high mitotic rate and zones of coagulative
necrosis completed the histological picture.
The constituent cells uniformly showed dense
and diffuse cytoplasmic labeling for cytokera-
tins, attesting to their differentiation along epi-
thelial lines and distinguishing these neo-
plasms from most germinomas (with which
they shared PLAP and OCT-3/4 immunoreactiv-
ity). In addition, the tumor cells have a relatively
high MIB-1 labeling index ranging from 40% to
90%. All the immunohistochemical results
referred to Figures 2, 3 and Table 1.

Survival analysis

All the patients had received follow-up with a
median follow-up period of 23.5 months (range
10 to 48 months). All the ten patients had
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20-36%) to 20 months (95%
Cl 15-25%) (P=0.49). Since
elevated B-HCG was found
only in one case, it was diffi-
cult to have a statistical com-
parison. Though patients with elevated AFP
seemed to have a poorer survival, these differ-
ences did not reach statistical significance.
Details of the survival analysis results are sum-
marized in Figure 4.

Discussion

EC is an uncommon subtype of intracranial
GCTs. Due to the rarity, most of ECs are
described as isolated case reports in the litera-
ture. The clinical aspects, neuroimaging fea-
tures, treatment protocol and prognosis of ECs
are still obscure. The clinical aspects and thera-
peutics choice also refer to the general intra-
cranial GCTs. It is necessary to seek the own
characteristics of the rare neoplasm. Intracran-
ial GCTs are more common in children and in
young adults [10-12], and show a male bias [9,
11, 13]. The majorities of GCTs arise in the
pineal or suprasellar regions [11, 14, 15], partly
develop at multiple sites [14]. The basal ganglia
and cerebellum are also common tumor loca-
tions [11]. However, male: female ratio varies
with tumor location and histology. Mature tera-
toma shows a female predominance (ratio
0.6:1), while immature teratoma has no sex
bias [11]. It is also reported GCTs in the pineal
region and basal ganglia affect predominantly
males, while neurohypophyseal GCTs have a
slight female preponderance [2, 12]. In our
series, EC has a median age of 12.5 years upon
initial diagnosis and has a male to female rate
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Figure 2. Photomicrographs of Case 2 under high maghnification (x 400). Microscopically, H&E stain shows that this
tumor is composed of large cells that proliferate in cohesive nests and sheets, form abortive papillae or line irregu-
lar, gland-like spaces. (A) Immunohistochemical stain shows that the tumor cells are positive for AFP (B), B-HCG (C),
PLAP (D), and CK (E). The tumor cells have a relatively high MIB-1 labeling index (60%) (F).

Figure 3. Photomicrographs of Case 6 under high magnification (x 400). Microscopically, H&E stain shows that this
tumor is composed of large cells that proliferate in cohesive nests, pile up together, and have undefined boundary;
the cells are large and have polygonal appearance; the nuclei are irregular and vesicular, the nuclear membranes
are clear, and the nucleoli are prominent (A). Immunohistochemical stain shows that the tumor cells are diffusely
positive for CK (B), the tumor cell membrane are strongly positive expression for CD30 (C), and the tumor cell
nucleus are strongly positive expression for OCT-3/4 (D).

of nine to one. The bias of hormone levels might The clinical signs and symptoms of the differ-
conduce to the sex difference in EC. ent histological subtypes are not specific [2].
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Figure 4. A: Kaplan-Meier overall survival (OS) estimates of EC patients who underwent total resection (solid line)
versus patients with subtotal resection (dotted line). The median OS time for patients with total resection compared
to subtotal resection was 35 months (95% confidence interval 21-49%) and 20 months (95% confidence interval
15-25%) (P=0.028). B: Kaplan-Meier OS estimate of EC patients who had normal AFP (solid line) versus patients
with elevated AFP (dotted line). The median OS time for patients with normal AFP compared to elevated AFP was 28
months (95% confidence interval 20-36%) and 20 months (95% confidence interval 15-25%) (P=0.49).

The clinical features of intracranial GCTs are
related to the tumors’ locations and sizes.
Ocular signs and obstructive hydrocephalus are
usually the common initial signs. The majority
of patients of the pineal region present with
symptoms of intracranial hypertension, diplo-
pia and Parinaud’s syndrome as a result of
obstruction of the aquaduct, invasion of the
tectal plate, and hydrocephalus [15]. The
patients of suprasellar tumors present with dia-
betes insipidus, amenorrhea and visual distur-
bance because of the compression or invasion
of the optic chiasm [2]. Pineal GCTs usually
present with signs of increased intracranial
pressure resulting from obstructive hydroceph-
alus, often requiring shunt placement or ven-
triculostomy. In the present study, the patients
with pineal ECs underwent either ventriculo-
peritoneal shunt (n=2) or endoscopic third ven-
triculostomy (n=2) in order to relieve the
obstructive hydrocephalus.

The special features of GCTs in CT and MRI
scans are rare. On plain CT scan, GCTs are
slightly high- or high-density masses, and the
tumors are homogeneous in density and ho-
mogeneously well enhanced after contrast
enhancement. On MRI, most of the tumors
are isointense or hypointense on T1-weighted
imaging and isointense to hyperintense on
T2-weighted imaging, the tumors show strongly
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heterogeneous or homogeneous enhancement
after contrast enhancement [7]. In the present
study, all the tumors are isointense or hypoin-
tense on T1-weighted imaging and isointense
or hyperintense on T2-weighted imaging. The
tumors show strongly heterogeneous or homo-
geneous enhancement after administration of
gadolinium. The results were similar to the pre-
vious reports [16]. It is difficult for us to find an
affirmative neuroimaging marker to distinguish
EC from other subtypes of GCTs only by the CT
and MRI data. However, combining the MRI
results with the clinical data, such as age, gen-
der, initial symptom, location and serology
markers, EC might be diagnosed before the
operation. Liang et al. reported not only the
diagnosis of GCTs but also the prediction of the
subtype might be assessed by combining imag-
ing features with the age, sex, symptoms and
signs [16]. It is also supported that, to some
extent, MRI enable distinction among four com-
mon solid diseases in the pineal gland: germi-
noma, teratoma, pineoblastoma, and glioma
[17, 18].

Tumor markers play an important role in the
diagnosis of intracranial GCTs. The most com-
mon markers are AFP and B-HCG, although
PLAP and the soluble isoform of c-Kit may
become clinically relevant in the future [19, 20].
AFP and B-HCG can be observed in the serum
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and cerebrospinal fluid, which are not secreted
by other primary tumors in the brain. Any detect-
able elevation of AFP may be considered for the
diagnosis of non-germinomatous GCTs without
the histological confirmation [21]. The levels of
tumor markers are associated with prognosis,
and the patients with elevated AFP appear to
have poorer survival [11, 22]. Lee et al. found
that the intracranial GCT patients with elevated
AFP or 3-HCG had a poorer survival with border-
line significance (P=0.0568) [11]. In the study
of Kim et al., the GCT patients with elevated
AFP and B-HCG appeared to have a poorer sur-
vival (P=0.08), though these differences do not
reach statistical significance [22]. In our series,
the median OS time for patients with normal
markers compared to elevated AFP was 28
months to 20 months (P=0.49). Patients with
elevated AFP seem to have a poorer survival,
while these differences do not reach statistical
significance. More data should be collected in
order to evaluate the role of the AFP in diagnos-
ing the EC and predicting the prognosis.

Excellent results have been obtained for mature
teratoma with curative surgery, and for pure
germinoma with effective radiation therapy.
However, the remaining tumor types are refrac-
tory to conventional treatment with surgery and
irradiation. Matsutani et al. analyzed 153 cases
of GCTs and classified them into good, interme-
diate, and poor prognosis groups. The 10-year
survival rates of patients with pure germinoma,
mature teratoma and malignant teratoma were
92.7%, 92.9% and 70.7%, respectively. How-
ever, the patients with pure malignant GCTs
(EC, yolk sac tumor, and choriocarcinoma) had
a 3-year survival rate of 27.3% [2]. Most
patients with nongerminomatous tumors did
not survive beyond 3 years [9, 23]. In the pres-
ent study, the median survival time of intracra-
nial EC is 23.5 months, and shows a poor
prognosis.

The treatment of malignant non-germinoma-
tous GCTs follows a multi-model concept that
includes tumor resection for local tumor con-
trol, radiation to cover leptomeningeal tumor
spread, and chemotherapy to eliminate system-
ic tumor dissemination [24, 25]. The extent of
the resection is generally regarded as one of
the most important prognostic factors in many
tumors. For non-germinomatous GCTs, the sur-
vival rate was significantly associated with
extent of tumor resection [5, 26, 27]. In the
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present study, the median survival time for EC
with TR compared to STR was 35 months to
20 months. TR is significantly related to 0S
(P=0.028) and had a better prognosis, which
might be a vital index to evaluate the prognosis
of EC. However, several factors could prevent
TR, such as the location, size, blood loss, adhe-
sions, and the pathological subtypes (causing
severe adhesion). The relative roles of surgical
resection, radiotherapy, and chemotherapy in
the management of patients with such lesions
have remained controversial [28]. There is cur-
rently no consensus on the best treatment pro-
tocol for EC. In Europe and North America,
delayed surgery for persistent disease after
chemotherapy is preferred [29], while in Japan,
more aggressive resection is advocated for
therapeutic and prognostic implications [2, 30].
Postoperative radiotherapy and chemotherapy
might play a vital role in preventing recurrence
following subtotal resection. More data are
required to assess the role of radiotherapy and
chemotherapy in EC treatment in the future.

There are some limitations of this study. First,
the data for our study were collected retrospec-
tively; therefore, potential bias might exist.
Second, the initial operations for several cases
were performed in two hospitals, and some
patients’ subsequent radiation and chemother-
apy treatment were conducted at different hos-
pitals. The treatment dose and protocol might
have different choice. Third, the patients’ con-
ditions were obtained by clinical services and
telephone interviews, and some patients had
no neuroimaging data with which to assess the
recurrences time for evaluations. Moreover, the
small cohort in this study might not be well suit-
ed to an assessment of our treatment policy.
The gold standard for evaluating our treatment
policy would be a prospective randomized trial,
but this approach is not possible due to the rar-
ity of EC.

In conclusion, EC is a rare subtype of intracra-
nial germ cell tumors with a tendency to pres-
ent in younger patients and has a male bias. EC
has a poor prognosis. The extent of resection is
an important prognosis factor. More data
should be collected in order to evaluate the role
of the AFP in diagnosing the EC and predicting
the prognosis.

Acknowledgements

This work is supported by grants from Shanghai
Jiaotong University Medical Cooperation Fund

Int J Clin Exp Pathol 2017;10(4):4461-4469



A clinicopathologic study of intracranial embryonal carcinoma

(No. YG2014MS68), Shanghai Science and Te-
chnology Committee Fund (16411967100),
and Xinhua Hospital Clinical Foundation (No.
15LC19).

Disclosure of conflict of interest

None.

Address correspondence to: Xiao-Qiang Wang and
Bin Li, Department of Neurosurgery, Xinhua Hospital,
Shanghai Jiaotong University, School of Medicine,
Shanghai 200092, China. Tel: +86-21-2507-8005;
Fax: +86-21-6579-9191; E-mail: wangxql0@126.
com (XQW); Tel: +86-21-2507-8001; Fax: +86-21-
6579-9191; E-mail: libin@shsmu.edu.cn (BL)

References

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

Ho DM and Liu HC. Primary intracranial germ
cell tumor. Pathologic study of 51 patients.
Cancer 1992; 70: 1577-1584.

Matsutani M, Sano K, Takakura K, Fujimaki T,
Nakamura O, Funata N and Seto T. Primary in-
tracranial germ cell tumors: a clinical analysis
of 153 histologically verified cases. J Neurosurg
1997; 86: 446-455.

Suh YL, Koo H, Kim TS, Chi JG, Park SH, Khang
SK, Choe G, Lee MC, Hong EK and Sohn YK.
Tumors of the Central Nervous System in
Korea A Multicenter Study of 3221 Cases. J
Neurooncol 2002; 56: 251-259.
Rueda-Pedraza ME, Heifetz SA, Sesterhenn |A
and Clark GB. Primary intracranial germ cell
tumors in the first two decades of life. A clini-
cal, light-microscopic, and immunohistochemi-
cal analysis of 54 cases. Perspect Pediatr
Pathol 1986; 10: 160-207.

Schild SE, Scheithauer BW, Haddock MG,
Wong WW, Lyons MK, Marks LB, Norman MG
and Burger PC. Histologically confirmed pineal
tumors and other germ cell tumors of the
brain. Cancer 1996; 78: 2564-2571.
Bjornsson J, Scheithauer BW, Okazaki H and
Leech RW. Intracranial germ cell tumors:
pathobiological and immunohistochemical as-
pects of 70 cases. J Neuropathol Exp Neurol
1985; 44: 32-46.

Louis DN, Ohgaki H, Wiestler OD, Cavenee WK,
Burger PC, Jouvet A, Scheithauer BW and
Kleihues P. The 2007 WHO classification of tu-
mours of the central nervous system. Acta
Neuropathol 2007; 114: 97-109.

Calaminus G, Andreussi L, Garre ML, Kortmann
RD, Schober R and Gobel U. Secreting germ
cell tumors of the central nervous system
(CNS). First results of the cooperative German/
Italian pilot study (CNS sGCT). Klin Padiatr
1997; 209: 222-227.

4468

[9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Jennings MT, Gelman R and Hochberg F.
Intracranial germ-cell tumors: natural history
and pathogenesis. J Neurosurg 1985; 63:
155-167.

McCarthy BJ, Shibui S, Kayama T, Miyaoka E,
Narita Y, Murakami M, Matsuda A, Matsuda T,
Sobue T, Palis BE, Dolecek TA, Kruchko C,
Engelhard HH and Villano JL. Primary CNS
germ cell tumors in Japan and the United
States: an analysis of 4 tumor registries. Neuro
Oncol 2012; 14: 1194-1200.

Lee D and Suh YL. Histologically confirmed in-
tracranial germ cell tumors; an analysis of 62
patients in a single institute. Virchows Arch
2010; 457: 347-357.

Kuratsu JI and Ushio Y. Epidemiological study
of primary intracranial tumors: a regional sur-
vey in Kumamoto Prefecture in the southern
part of Japan. J Neurosurg 1996; 84: 946-
950.

Villano JL, Propp JM, Porter KR, Stewart AK,
Valyi-Nagy T, Li X, Engelhard HH and McCarthy
BJ. Malignant pineal germ-cell tumors: an
analysis of cases from three tumor registries.
Neuro Oncol 2008; 10: 121-130.

Matsutani M, Sano K, Takakura K, Fujimaki T
and Nakamura O. Combined treatment with
chemotherapy and radiation therapy for intra-
cranial germ cell tumors. Childs Nerv Syst
1998; 14: 59-62.

Crawford JR, Santi MR, Vezina G, Myseros JS,
Keating RF, LaFond DA, Rood BR, MacDonald
TJ and Packer RJ. CNS germ cell tumor
(CNSGCT) of childhood: presentation and de-
layed diagnosis. Neurology 2007; 68: 1668-
1673.

Liang L, Korogi Y, Sugahara T, Ikushima I,
Shigematsu Y, Okuda T, Takahashi M, Kochi M
and Ushio Y. MRI of intracranial germ-cell tu-
mours. Neuroradiology 2002; 44: 382-388.
Dumrongpisutikul N, Intrapiromkul J and
Yousem DM. Distinguishing between germino-
mas and pineal cell tumors on MR imaging.
AJNR Am J Neuroradiol 2012; 33: 550-555.
Tong T, Zhenwei Y and Xiaoyuan F. MRI and
1H-MRS on diagnosis of pineal region tumors.
Clin Imaging 2012; 36: 702-709.

Jorsal T and Rorth M. Intracranial germ cell tu-
mours. A review with special reference to en-
docrine manifestations. Acta Oncol 2012; 51:
3-9.

Echevarria ME, Fangusaro J and Goldman S.
Pediatric central nervous system germ cell tu-
mors: a review. Oncologist 2008; 13: 690-699.
Kim JW, Kim WC, Cho JH, Kim DS, Shim KW,
Lyu CJ, Won SC and Suh CO. A multimodal ap-
proach including craniospinal irradiation im-
proves the treatment outcome of high-risk in-
tracranial nongerminomatous germ cell tu-

Int J Clin Exp Pathol 2017;10(4):4461-4469


mailto:wangxq10@126.com
mailto:wangxq10@126.com
mailto:libin@shsmu.edu.cn

[22]

[23]

[24]

[25]

A clinicopathologic study of intracranial embryonal carcinoma

mors. Int J Radiat Oncol Biol Phys 2012; 84:
625-631.

Kim A, Ji L, Balmaceda C, Diez B, Kellie SJ,
Dunkel IJ, Gardner SL, Sposto R and Finlay JL.
The prognostic value of tumor markers in new-
ly diagnosed patients with primary central ner-
vous system germ cell tumors. Pediatr Blood
Cancer 2008; 51: 768-773.

Ogawa K, Toita T, Nakamura K, Uno T, Onishi H,
Iltami J, Shikama N, Saeki N, Yoshii Y and
Murayama S. Treatment and prognosis of pa-
tients with intracranial nongerminomatous
malignant germ cell tumors: a multiinstitution-
al retrospective analysis of 41 patients. Cancer
2003; 98: 369-376.

Calaminus G, Bamberg M, Jurgens H,
Kortmann RD, Sorensen N, Wiestler OD and
Gobel U. Impact of surgery, chemotherapy and
irradiation on long term outcome of intracrani-
al malignant non-germinomatous germ cell tu-
mors: results of the German Cooperative Trial
MAKEI 89. Klin Padiatr 2004; 216: 141-149.
Odagiri K, Omura M, Hata M, Aida N, Niwa T,
Ogino |, Kigasawa H, Ito S, Adachi M and Inoue
T. Treatment outcomes, growth height, and
neuroendocrine functions in patients with in-
tracranial germ cell tumors treated with
chemoradiation therapy. Int J Radiat Oncol Biol
Phys 2012; 84: 632-638.

4469

[26]

(27]

(28]

[29]

[30]

Kamoshima Y and Sawamura Y. Update on cur-
rent standard treatments in central nervous
system germ cell tumors. Curr Opin Neurol
2010; 23: 571-575.

Nam DH, Cho BK, Shin HJ, Ahn HS, Kim IH and
Wang KC. Treatment of intracranial nongermi-
nomatous malignant germ cell tumor in chil-
dren: the role of each treatment modality.
Child’s Nervous System 1999; 15: 185-191.
Packer RJ, Cohen BH and Cooney K. Intracranial
germ cell tumors. Oncologist 2000; 5: 312-
320.

Calaminus G, Bamberg M, Harms D, Jurgens
H, Kortmann RD, Sorensen N, Wiestler OD and
Gobel U. AFP/beta-HCG secreting CNS germ
cell tumors: long-term outcome with respect to
initial symptoms and primary tumor resection.
Results of the cooperative trial MAKEI 89.
Neuropediatrics 2005; 36: 71-77.

Sawamura Y, lkeda J, Shirato H, Tada M and
Abe H. Germ cell tumours of the central ner-
vous system: treatment consideration based
on 111 cases and their long-term clinical out-
comes. Eur J Cancer 1998; 34: 104-110.

Int J Clin Exp Pathol 2017;10(4):4461-4469



