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Surgery for tumors within dominant parietal lobe

w=IWFIE, #H &, TR % BY H, KFEES

TR A R A SR A AR B

Takamasa Kayama, Kaoru Sakurada, Wataru Mouri, Makoto Saino, Shinya Sato
Department of Neurosurgery, Yamagata university school of medicine
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Wi, BREIZRRLODOEADHEEZBATS.

Abstract

When we remove the tumors locating dominant parietal lobe, we have to keep in mind to preserve eloquent areas such
as posteentral, angular and supramarginal gyri. In addition, a tumor arising from post central gyrus, somteimes compress
or invade pre central gyrus or pyramidal tract. So it is also important to preserve motor function during surgery for the
tumors locating even in the parietal lobe. Using appropriate monitoring, we could totally remove the tumors locating
within post central gyrus or just compressing the pyramidal tract. However, when the tumors are invading pyramidal
tracts, they were never totally removed without aggravation of motor function.

Functionl brain mapping by awake surgery could be very useful to remove the tumors surrounding angular or supra-
marginal gyri. We could successfully remove the tumor adjusting angular gyrus thorough transsylvian approach after

functional brain mapping.

Key words: parietal lobe, angular gyrus, monitoring, mapping
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o T 5 post central gyrus iCHET S

A: Preoperative gadolinium-enhanced axial T1-weighted MR imaging showing the lesion within left post central gyrus.
B: Preoperative magnetoencehalography (MEG) confirming the lesion within left post cenlral gyrus.
C: Postoperative gadolinium-enhanced axial T1-weighted MR imaging showing total removal of the lesion.
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A: Preoperative gadolinium-enhanced axial T1-weighted MR imaging showing the multi-cystic tumor within right parietal lobe.
B: Preoperative magnetoencehalography (MEG) confirming the tumor within left parietal lobe.

C: Preoperative diffusion tensor tractography showing the pyramidal tract shifted by the tumor.

D: Postoperative gadolinium-enhanced axial T1-weighted MR imaging showing total removal of the tumor.
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Fig. 3 Case 3

A: Preoperative gadolinium-enhanced axial T1-weighted MR imaging showing the tumor invading beyond the central sulcus.
B: Postoperative gadolinium-enhanced axial T1-weighted MR imaging showing partial removal of the tumor.
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Fig. 4 Case 4

A: Preoperative gadolinium-enhanced axial T1-weighted MR imaging showing the tumor adjusting angular gyrus.
B: The result of functional brain mapping created by awake surgery.
C: Postoperative gadolinium-enhanced axial T1-weighted MR imaging showing partial removal of the tumor by transsylvian

approach.
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CHAPTER g 6

GERM CELL TUMORS
IN CHILDREN

The histopathologic entity of primary intracranial germ cell
tumors includes a number of subtypes such as germinoma,
germinoma with syncytiotrophoblastic giant cells (STGCs),
mature teratoma, immature teratoma, yolk sac tumor, chorio-
carcinoma, and mixed germ cell tumors that include several
types of components of germ cell tumors." Even though the
symptoms and radiologic appearances are similar, the prog-
noses and outcome of primary intracranial germ cell tumors are
extremely different and depend on tumor type type 5?2

In this chapter, the characteristic findings of germ cell
tumor in children are described. In addition, the prognostic
factors for survival and quality of life are presented. Finally,
we summarize the most recent data from the literature on
primary intracranial germ cell tumors treated with surgery,
radiotherapy, and chemotherapy.

EPIDEMIOLOGY

Intracranial germ cell tumors consist of rare and varied histo-
logic types of brain tumors. A higher incidence of germ cell
tumors in Asian countries compared with Western countries has
been reported. The incidence of pineal region tumors in Asia is
higher (3.0%) than in Europe and the United States (0.4 to
1.0%). Of the germ cell tumors limited to the pineal region in
Japanese and Korean studies, pure germinoma was found in
70.3% and 80.2%, respectively. In European and U.S. studies,
pure germinomas comprise 53.6% and 58.3% of pineal region
germ cell tumors, respectively. Age and gender distributions of
pineal region germ cell tumors show a high incidence in males
and in children. The sex ratio of the occurrence of germ cell
tumor in the pineal region shows a marked male predominance,
with a male to female ratio of 51:5.5. Males predominate for
all the different subtypes of germ cell tumors. As for age dis-
tribution, germinoma, embryonal carcinoma, and malignant
teratoma have a peak age incidence at 10 to 14 years, whereas
choriocarcinoma and teratoma are widely distributed through
ages 10 to 20 years.

As for the germ cell umors in the suprasellar region, the
sex ratio between males and females is almost equal. Compared
with the pineal region, there is a tendency for suprasellar germ
cell tumors to be nongerminomatous germ cell tumors, espe-
cially immature teratoma,

Toshihiko Wakabayashi and Jun Yoshida'

LOCATION

As with other extragonadal germ cell tumors, intracranial germ
cell tumors tend to arise in the midline. More than 80% of
intracranial germ cell tumors arise in the region of the pineal
gland, followed by tumors in the suprasellar region. Other
sites of origin of intracranial germ cell tumors include intra-
ventricular, basal ganglia, thalamic, cerebral hemispheric,
bulbar, intramedullary, and intrasellar. Multifocal or germ cell
tumors usually involve the pineal region and suprasellar
compartment simultaneously (synchronously) or sequentially
(metachronously).

DIAGNOSIS

Clinical Features

The clinical manifestations of germ cell umors and their dura-
tion vary with histologic type and lbcation. Tumors of the
pineal region often compress and obstruct the cerebral aque-
duct, resulting in progressive hydrocephalus with intracranial
hypertension. Also, pineal region tumors may compress and
invade the tectal plate, producing a characteristic paralysis of
upward gaze and convergence known as Parinaud’s syndrome.
Suprasellar tumor typically compresses the optic chiasm,
causing visual field deficits, and often disrupts the hypothala-
mus as suggested by the occurrence of diabetes insipidus and
manifestations of pituitary failure, which include growth retar-
dation and delayed sexual maturation. Germ cell tumors may
also cause precocious puberty by pineal or hypothalamic
destruction or by the elaboration of human chorionic
gonadotropin (HCG), a stimulant of testosterone production
that is secreted by neoplastic syncytiotrophoblasts located in
the tumor.

Tumor Markers

Tumor marker levels in the serum or cerebrospinal fluid (CSF)
provide quite reliable data for the diagnosis of the germ cell
tumor type, even for primary infracranial mass lesions. HCG-
B is mostly elevated with the diagnosis of germinoma with
STGCs. In cases of choriocarcinoma, the levels of HCG-B
sometimes exceed 10,000 ng/mL in the serum, and they corre-
late well with a poor prognosis. o-fetoprotein (AFP) is another
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reliable marker for the diagnosis of yolk sac tumor, and levels
greater than 4000 milli-international units per milliliter are
indicative of a poor prognosis. Sometimes the serum levels of
carcinoembryonic antigen (CEA) are elevated in cases of
embryonal carcinoma. Finally, placental alkaline phosphatase
(PLAP) is positive at times in immunohistochemical studies of
germinoma.

Imaging

The diagnosis of germinoma may be suggested on plain com-
puted tomography (CT) when nodular clusters of calcification
in the pineal region are present. Usually, hydrocephalus can be
seen because of obstruction of the aqueduct by the mass. Germ
cell tumors usually appear as solid masses that are isodense or
slightly hyperdense relative to gray matter. Following contrast
administration, the germ cell wmors typically show prominent
enhancement on CT or magnetic resonance imaging (MRU).
Suprasellar germ cell tumors may initially cause only enhance-
ment of the pituitary stalk until a later stage, when the tumor
may infiltrate the optic chiasm. In cases of teratoma, cystic
regions may also be identified as part of the mass. An intratu-
moral hemorrhage seen on imaging studies strongly suggests
the diagnosis of choriocarcinoma.

Histology

Whereas germinoma and teratoma typically occur as pure
tumor subtypes, choriocarcinoma, yolk sac tumor, and embry-
onal carcinoma occur as mixed germ cell tumor types. Of all
the pineal region germ cell tumors in Japan, the most common
tumor subtype is germinoma, accounting for 70.3% of tumors,
followed by immature teratoma at 14.7%.

TREATMENT

Most malignant germ cell tumors other than germinoma are
associated with a poor prognosis; however, recent progress in
surgical techniques and effective chemoradiotherapy has
improved the prognosis.

Surgery

The surgical procedures that are used for germ cell tumors
include a shunt operation or third ventriculostomy for hydro-
cephalus, tumor biopsy, or aggressive tumor resection. It
remains somewhat controversial as to whether surgery of germ
cell tumors should be the first line of therapy. For example, in
Western countries there is a tendency to select surgery, but in
Asian countries radiotherapy or chemotherapy is selected as the
first treatment, because radiochemosensitive germinoma is pre-
dominantly found for tumors in the pineal region. Certainly the
role of radical surgery for germinoma has never been proved.
However, for nongerminomatous germ cell tamors, total resec-
tion of the mass lesion may improve the prognosis.

Radiation Therapy

Radiation therapy has long been known to be effective for ger-
minoma. After the diagnosis is made, germinomas are treated
by radiation therapy that comprises treatment of the whole ven-

tricle or focal boost cranial irradiation. Whole-brain irradiation
was uscd in the past, but this practice has largely disappeared.
If spinal seeding has been demonstrated, the spine is incorpo-
rated into the radiation fields. Because of some of the deleteri-
ous effects of radiation therapy on the central nervous system
(CNS), current approaches have explored the possibility of
reducing or even eliminating radiation therapy.” Recently, it
has been recommended that the radiation dose and volume for
germinomas be reduced to 24 to 30 Gy in a localized field
(including the entire ventricular systems).>? The 5-year cumu-
lative survival rate in patients who received reduced radiother-
apy with chemotherapy has been almost ¢qual to that of those
who were treated with full-dose irradiation alone. Finally,
in cases of other malignant germ cell tumors, the prognosis
is still unsatisfactory, even after full-dose irradiation with
chemotherapy.

Chemotherapy

In efforts to reduce radiation dose and to improve prognosis,
combination chemothetapy with radiation therapy has been
generally acgepted.! Of the chemotherapeutic agents used
to treat germ cell tumors, cisplatin, carboplatin, vinblastine,
etoposide, bleomycin, or CCNU are generally effective.
Several drug combinations such as PVB (cisplatin, vinblastine,
bleomycin), PE (cisplatin, etoposide), and ICE (ifosfamide,
carboplatin, etoposide) have been shown to have particular
promise. Today, PE therapy may be the chemotherapy treat-
ment of choice for germ cell tumors. Interestingly, chemother-
apy alone without radiotherapy is currently not recommended
because many patient recurrences have been reported.

OUTCOME—SURVIVAL

Outcome for germ cell mmors varies widely among differing
histologies. Of the cumulative survival rates for various types
of germ cell tumors, germinoma shows the highest survival rate
at 89.2%. In the case of germinoma, it is known that diffuse
dissemination of disease at diagnosis is not a risk factor for poor
prognosis. On the other hand, embryonal carcinoma, yolk sac
tumor, and choriocarcinoma have worse survival rates than the
other types of germ cell tumors (Table 96-1).12

FUNCTIONAL OUTCOME

Functional outcome after treatment for germ cell tumors can be
assessed by examining performance status, neurologic deficits,
hormonal dysfunction, and brain injury after radiation therapy.

Performance Status

Yoshida et al analyzed performance status after radiochemo-
therapy for germ cell tumors. They showed a performance
status score of 75% for pure germinoma, 75% for germinoma
with STGCs, and 57% for nongerminomatous germ cell
tumors. In this report, the response rate for all germ cell tumors
was 67%.% In long-term survivors, if patients had received
radiation therapy with a total dose of more than 30 Gy, cogni-
tive dysfunction was found in some cases. In general, intel-
lectual decline correlates directly with total radiation dose.



Follow-up MRI studies in patients who have received cranial
irradiation will typically show cerebral atrophy. In one study
that examined patients treated for germ cell tamors with a mean
follow-up of 99 months, only 13% of patients maintained a per-
formance status of 100%.%

Though not included as an assessment item for perfor-
mance status, sterility caused by cisplatin therapy, which is an
indispensable chemotherapeutic agent for germ cell wmors,
should be seen as a major problem for long-term survivors. In
addition, etoposide, which is one of the major drugs used in the
treatment for germ cell tumors, is known to induce secondary
neoplasms, aibeit at a low rate.

Neurologic Deficits

After neurosurgical reatment for tumor excision or insertion of
a CSF shunt, hydrocephalus is usually well controlled. For
tumors originating around the optic pathway, there may be a
high frequency of visual impairments affecting acuity and
fields. Some patients will demonstrate limitations in upward
gaze palsy as a result of involvement of tumor with the
quadrigeminal plate. High-tone hearing loss has been observed
after cisplatin therapy, which can also cause peripheral
neuropathy.

Hormonal Disorder

For patients with suprasellar lesions, hormone replacement
therapy is a common requirement after treatment, affecting
almost 80% of patients. Diabetes insipidus or anterior pituitary
dysfunction is common. Treatment of the former with DDAVP
is usually long term. Saki et al emphasized that pituitary dys-
function present before treatment persisted or even worsened
after patients went into remission, except for patients with
small and localized masses on admission."

Cerebral Injury after Radiation Therapy

Cerebral injury from radiation therapy is usually seen follow-
ing whole-brain irradiation of 30 Gy or more. On MRI, gener-
alized brain atrophy, multiple cerebral lacunae infarction, and
high signal intensity areas in the white matter representing
demyelination are generally observed. Associated with cerebral
atrophy are mental and physical deterioration, hypothalamic or
endocrinologic dysfunction, and impaired quality of life. A
feared complication of radiation therapy is a radiation-induced
secondary neoplasms. Sawamura et al also described 4 patients
from a total of 84 intracranial germ cell tumor patients (4.7%)
who developed radiation-induced neoplasms, including two
glioblastomas and two meningiomas.® Moreover, there is
another report describing a 12% occurrence of secondary neo-
plasms over a 20-year period."”

As an illustrative case, we describe a 14-year-old boy with
a solid mass in the suprasellar area who underwent biopsy and
proved to have an immature teratoma. Chemoradiation therapy
was given, and a total radiation dose of 60 Gy was adminis-
tered. After these wreatments, MRI showed complete remission
of tumor. The patient did well in school until 6 years after the
initial treatment when he complained of headache and depres-
sion. A follow-up MRI study revealed a low-intensity lesion in
the right basal ganglia with mild brain atrophy. After 6 months,
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a repeat MRI scan showed progressive brain atrophy (Figure
96-1). This case is typical for delayed brain injury induced by
radiotherapy.

SUBCLASSIFICATION OF INTRACRANIAL
GERM CELL TUMORS

According to the World Health Organization (WHQ) classifi-
cation of intracranial germ cell tumors, germinoma, embryonal
carcinoma, yolk sac tumor (endodermal sinus tumor), chorio-
carcinoma, mature teratoma, immature teratoma, teratoma with
malignant transformation, and mixed germ cell tumors are the
main types."

Germinomas

Pure Germinoma

Pure germinoma may be cured with a better than 90% S-year
survival rate using radiotherapy alone. In the report of Japan’s
Brain Tumor Registry in 2000, a remarkable improvement in
cumulative survival for germinoma by radiation therapy was
shown.* Several issues concerning quality of life, however, are
known to be induced by radiotherapy. Therefore combined
chemoradiotherapy has been used to reduce the total radiation
dose to the brain. Nowadays, it is generally accepted that
patients with germinoma can be cured by preirradiation
chemotherapy followed by reduced doses of irradiation.

According to the analyses by the Brain Tumor Registry in
2000, relative survival rates for germinoma at 1-year, 2-year,
and 5-year intervals were 96.6%, 94.3%, and 91.2%, respec-
tively.* Brandes et al showed a 5-year survival rate of 96%.>
Recently, Sano also showed 5- and 10-year survival rates of
96% and 93%, respectively."”

Germinoma with Syncytiotrophoblastic
Giant Cells

Approximately 13% of germinomas contain syncytiotro-
phoblastic giant cells (STGC) positive for HCG-B.?""*? This type
of tumor bas been shown to have a different response to
chemoradiotherapy. Although the response rate is high, the
tumor mass tends to regress much more slowly, and a complete
response rate is generally lower than for pure germinoma. Also,
germinomas with elevated HCG-$ levels in serum or CSF are
considered to have a higher risk of recurrence.” One report of
patients with germinoma with elevated CSF HCG-§ levels
showed a 40% recurrence rate even after complete conventional
radiotherapy.

To illustrate this point, a 15-year-old male who complained
of headache received a MR1 scan with gadolinium that showed
an enhanced solid mass in the pineal lesion. CSF and serum
HCG-B levels were elevated. After treatment with chemother-
apy and focal radiotherapy, the MRI revealed complete remis-
sion. Four years after treatment, this patient had cerebellar
ataxia. Repeat MRI showed complete remission of the original
pineal lesion but diffuse dissemination of disease in the brain
and spinal cord (Figure 96-2).



