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Central Nervous System Germinomas

A Review

Michael Bruce Horowitz, MD, Walter A, Hall, MD

* The germinoma represents a less malig-
nant form of germ cell tumor. Depending on
the individual's age, this neoplasm consti-
tutes approximately 0.1% to 3.4% of all intra-
cranial tumors. The embryologic origin re-
mains a mystery; however, current theories
Implicate an aberration in primordial germ
cell migration. Clinical presentation depends
on tumor location and may involve endo-
crine, hypothalamic, visual, and cognitive
dysfunction. In evaluating midline intracere-
bral masses, it is imperative that one be
aware of the various radiologic appearances,
endocrinologic changes, and chemical
markers that help to distinguish germinomas
from other neoplasms that appear in the
pineal, suprasellar, and periventricular re-
gions. Only through the careful evaluation of
all available studies can the physician insti-
tute appropriate therapies such as blopsy,
radiation, and chemotherapy. This article fo-
cuses on the epidemiology, embryology,
clinical presentation, means of diagnosis,
treatment, and outcome of this rare
neoplasm.

(Arch Neurol. 1991;48:652-657)

The germ cell tumor, a rare finding in

the neuraxis, represents a neo-
plasm that, if properly diagnosed and
managed, can be eradicated or con-
trolled in the adult and pediatric popula-
tions."” Under this broad category, in
order of frequency of appearance in the
central nervous system in all age
groups, lie the subcategories of germi-
noma (40%); mixed tumor (30%); terato-
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ma, (20%); and yolk sac tumor, embryo-
nal carcinoma, and choriocarcinoma
(10%).? These neoplasms most often in-
volve the reproductive organs but may
also appear in extragonadal sites such as
the sacrococeygeal region, intracranial
region, abdomen, retroperitoneum,
thoracie cavity, pharynx, neck, thyroid,
spinal cord, meninges, bladder, pros-
tate, and soft tissues of the occipital
region. Germ cell tumors arising within
the ovary rarely occur before the fifth
year of life. In contrast, testicular germ
cell tumors are frequently found before
the fifth year of life and present as a
painless mass with an associated hydro-
cele. Pure germinomas are rare in chil-
dren younger than 5 years.'

Pure germ line tumors are called ger-
minomas. Differentiated germ cell tu-
mors may be divided into embryonic
(embryonal carcinoma and mature or
Immature teratoma) and extraem-
bryonic (choriocarcinoma and yolk sac
or endodermal sinus tumors) growths.
‘When organized according to increasing
malignant potential, these tumors are
germinoma, teratoma, embryonal carci-
noma, embryonal sinus tumor, and cho-
riocarcinoma.® Each tumor represents
the malignant correlate of a normal
stage of embryonic development.® Ger-
minomas arise from the primordial
germ cell; teratomas arise from the dif-
ferentiated embryonic cell layers; em-
bryonal carcinoma develops from a plur-
ipotential cell of the embryo proper;
endodermal sinus tumors represent tis-
sue from extraembryonie yolk sac endo-
derm; and choriocarcinoma arises from
extraembryonic trophoblastic tissue.?
This article focuses on the epidemiolo-
gy, embryology, clinical presentation,
means of diagnosis, treatment, and out-

come of a rare treatable neoplasm, the
germinoma.

EPIDEMIOLOGY

The incidence of germinomas varies
among Asia, Europe, and the Western
Hemisphere. Depending on an individ-
uals age, germinomas constitute 0.1%
£03.4% of all intraceranial tumors.** The
Armed Forces Institute of Pathology
reported that germ cell tumors repre-
sented 1.8% of primary intracranial tu-
mors in individuals younger than 20
years, and germinomas represented
16.7% of these tumors.® Other reports
indicate that germ cell tumors repre-
sent 6.56% of intracranial tumors seen
during the first two decades of life.
Studies evaluating individuals of all
ages, however, have shown germino-
mas to represent up to 65% of intracra-
nial germ cell tumors.® The incidence of
germ cell tumors in Japan far exceeds
that found in other nations. A review of
20192 brain tumors in Japan between
1969 and 1978 revealed 435 germinomas
(2.7%) in all age groups, 184 of which
were in children (7.8% of primary pedi-
atric brain tumors).” Other series report
that 0.3% to 9.4% of intracranial neo-
plasms in Japan are germinomas.*® Just
as it appears that there is a predilection
for race, there also seems to be a ten-
dency for these tumors to develop in
males. Germ cell tumors have a male-
female ratio of 2.24:1, while germino-
mas have a male-female distribution of
1.88:1.°

EMBRYOLOGY

Germ cell tumors arise because of
neoplastic changes during embryonic
development. Intraeranial germ cell tu-
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mors occur in the pineal region, supra-
sellar-retrochiasmal area, pituitary
fossa, posterior third ventricle, interpe-
duncular and quadrigeminal plate re-
gion, cerebellar vermis, thalamus, and
walls of the lateral and third ventricles.®
How these neoplasms come to develop
in the various intracranial sites is not
known.

Mature male and female germ cells
are derived from primordial germ cells
that appear in the yolk sac wall at the
end of the third week of development.’
The development and migration of
these cells has been studied in a variety
of organisms. In ascarides and in in-
sects, at the point of the first egg divi-
sion, long V-shaped chromosomes are
found in blastomeres giving rise to germ
cells. Blastomeres destined to become
somatic cells contain fragmented ver-
sions of these chromosomes. In birds
and reptiles, primordial germ cells are
located in the extraembryonic blasto-
derm. These cells migrate into spaces
between endoderm and mesoderm, pen-
etrate blood vessels of the area vascu-
losa, and eventually reach the germinal
ridges. Cells that stray during migra-
tion later degenerate.®” In man, the
origin of primardial germ cells in the
embryo has not been studied. These
cells are located in the endodermal epi-
thelium of the yolk sac near the allantoic
stalk. From here, cells migrate into the
adjoining mesenchyme and eventually
settle in the germinal ridges.”

Primitive germ cells arise from endo-
derm, migrate into adjacent mesoderm,
stimulate blood vessel formation, and
disseminate throughout the embryo.®
Work performed in birds and reptiles
has led to the idea that intracranial ger-
minomas develop secondary to circula-
tory dispersion of cells in the embryo.
An alternative theory, proposing that
intracranial germinomas arise from
misplaced multipotential fragments of
the embryonic primitive streak, was
supported by the close proximity of the
most rostral portion of the primitive
streak to the pineal anlage.*®" Hypo-
thalamic and retrochiasmal tumors are
not explained by this theory. Jennings
et al’ stated that the appearance of the
ventral hypothalamus at 35 to 38 days
coincided with the major migration
phase of human germ cells. The pres-
ence of germ cell tumors in diencephalic
loci suggested that local ontogenie, syn-
aptic, and functional interrelationships
may exist between the developing dien-
cephalic sfructures, the pineal gland,
the suprasellar region, and germ cells.?

CLINICAL PRESENTATION

Signs and symptoms associated with
germinomas most commonty include di-
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abetes insipidus (41%), visual field de-
fects (33%), and hypothalamic/pituitary
dysfunction (33%). Pituitary/hypotha-
lamic abnormalities include delay or re-
gression of sexual development (16%);
hypopituitarism (16%); growth failure
(9%}, precocious puberty (56%); fluctua-
tions in blood pressure, heart rate, res-
piration, and temperature; gastric mo-
tility; and alterations in memory, mood,
appetite, and emotional behavior. Addi-
tional clinical features associated with
germinomas are hydrocephalus (21%),
obtundation (156%), Parinaud’s syn-
drome (14%), pyramidal tract signs
(14%), ataxia (9%), diplopia (10%), sei-
zures (3%), choreoathetosis (2%), de-
mentia (2%), and psychosis (1%).** Pine-
al region tumors generally present first
with Parinaud’s syndrome and hydro-
cephalus, while suprasellar tumors pre-
sent with endoerinopathy, visual loss,
and diabetes insipidus.”

Germinomas disseminate from the

suprasellar and pineal regions by direct
infiltration or spread along cerebrospi-
nal fluid pathways.” Distant sites of
spread include the eavernous sinus,”®
hypothalamus,*? thalamus,®** basal
ganglia,™ septum pellucidum,” ven-
tricular system near the foramen of
Monro and the trigone of the lateral ven-
tricle,” parietal region,"” cerebellar ver-
mis,” frontal lobe,” and paraventricular
region.” Cavernous sinus involvement®
presents with headache, decreased vi-
sual acuity, third nerve palsy, orbital
pain, complete ophthalmoplegia, and fa-
cial numbness. Coffey” described a 24-
year-old woman with a hypothalamic
germinoms who had anterograde and
retrograde amnesia, hyperphagia, visu-
al obscurations, headache, and normal
endocrine funetion. Damage to the for-
nix, mamillothalamic tracts, and ven-
tromedial thalamus was presumably re-
sponsible for the patient’s symptoms.
. Ono et al** described eight patients
with germinomas of the thalamus and
basal ganglia (third most common site of
occurrence). These patients presented
with hemiparesis (100%), mental distur-
bance (63%), increased intracranial
pressure (38%), and progressive dys-
tonia with involuntary movements
(25%). Tumor affecting the cerebellum
can cause dizziness, tinnitus, and gait
abnormality.”

The endocrinologic presentation and
evaluation of germinomas is an interest-
ing and important topic. With proper
diagnostic testing and institution of ap-
propriate treatment, the patient can be
returned to normal hormonal balance.
Multiple endocrine abnormalities may
develop as a consequence of tumor infil-
tration. Because of this infiltration, ger-
minomas have a greater incidence of

endocrinopathy than do  cranio-
pharyngiomas.” Diabetes insipidus
with polyuria and polydipsia occurs in
93% of suprasellar germinomas and in
41% of germinomas, regardless of loca-
tion.**® Growth hormone release is im-
paired earlier than gonadotropin re-
lease. Low levels of luteinizing hormone
and follicle-stimulating hormone and
poor response to luteinizing hormone-
releasing hormone have been seen.
Thyroid-stimulating hormone and adre-
nocortical hormone are less frequently
affected. Some studies have shown de-
layed and/or exaggerated plasma thy-
roid-stimulating hormone response to
thyroid-releasing hormone. Inthese pa-
tients, despite an elevated level of thy-
roid-stimulating hormone, a hypothy-
roid state often exists because the
thyroid-stimulating hormone is biologi-
cally less active.” For unknown rea-
sons, adrenocortical hormone response
to exogenous corticotropin-releasing
factor is often delayed in persons with
hypothalamic germinomas.”® Growth
hormone release in response to exoge-
nous gonadotropin-releasing factor is
another indicator of hypothalamic inva-
sion.” With hypothalamic destruction
or interruption of the hypothalamie-pi-
tuitary axis, prolactin secretion is in-
creased. Despite an increase in prolac-
tin, galactorrhea may not be seen with
hypothalamic destruction due to an ab-
sence of sex hormones crucial for milk
production.***

Germinomas may have their course
complicated by other extracranial mani-
festations such as genetic abnormalities
and metastases. Two genetic diseases
seen with germinoma are Klinefelter's
syndrome and de Lange’s syndrome.
Klinefelter’s syndrome, originally de-
seribed in 1942, affects 0.6% of live male
neonates and is characterized by gyne-
comastia, small atrophic testicles, ab-
sent spermatogenesis, high urinary ex-
cretion of gonadotropins, and eunuchoid
habitus.” This syndrome has a high as-
sociation with breast cancer, lympho-
ma, leukemia, transitional cell carcino-
ma of the bladder, and prostatic cancer
and was first associated with extrago-
nadal germ cell tumors in 1972, Germi-
noma and choriocarcinoma have both
been associated with Klinefelter’s syn-
drome. An alteration in gonadal ridge
differentiation leading to malinduction
and dyssynchronization of migration of
primordial germ cells may explain the
association between these maladies.™™
De Lange’s syndrome was first de-
seribed in 1933 in two infants with men-
tal retardation, delayed growth and de-
velopment, short stature, low body
weight, bushy eyebrows fused at the
midline, long upturned eyelashes, small

Germinomas—Horowitz & Hall 653



nose with a low bridge, anteverted nos-
trils, crescent-shaped mouth, hirsut-
ism, hypoplastic nipples and umbilicus,
proximally implanted thumbs, bilateral
simian creases, flexion contractions of
the elbows, and decreased quantity of
pubic hair,”

Although intracranial germinomas
rarely spread outside the central ner-
vous system, there have been reported
cases of distal metastases, mostly from
pineal lesions.* Because pineal metasta-
ses predominate, extracranial metasta-
ses from a suprasellar germinoma
should suggest that the original tumor
contained foci of more malignant germ
cell elements.” Metastatic sites include
lung, kidney, bladder, mediastinum,
paratracheal lymph nodes, breast, peri-
toneum, bone, skin, stomach, small
bowel, mesentery, and diaphragm.®*
Although peritoneal, pulmonary, and
cardiac metastases have been reported
in patients without spinal fluid shunting
devices, they have been speculated to
oceur in patients with such systems as a
result of seeding from the central ner-
vous system cavity,***

DIAGNOSIS
Radiologic Evaluation

When the findings of the neurologic
examination are abnormal, computed
tomography or magnetic resonance im-
aging is usually the first diagnostic test
that is performed. Ganti et al® evaluat-
ed 16 pineal germinomas by computed
tomography and found that 94% percent
were denser than brain on unenhanced
computed tomographic scan, 88%
showed moderate to marked contrast
enhancement, 38% showed prominent
and slightly enlarged pineal caleifica-
tion, 63% showed parenchymal caleifi-
cation with a coarse nodular pattern,
and 32% showed meningeal and ependy-
mal seeding. Kageyama et al* describe
three types of pineal calecifications.
Type 1 involves tumor within and

~ around the calcified pineal body. There

is no capsule between the mass and the
surrounding brain. Type 2 represents
several calcified areas that, following
radiotherapy, form a single mass. This
lesion most likely represents encapsu-
lated tumor growing within the pineal
body. Type 3 calcifications appear after
radiotherapy. Their pathogenesis re-
mains uncertain; however, they most
likely represent intrapineal tumor.
Abu-Yousef and Hitchon,” in three pa-
tients with germinoma, found no evi-
dence of abnormal calcification. Other
studies have emphasized the occasional
presence of hemorrhage.”

While moderate inhomogeneous en-
hancement after administration of con-
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Fig 1.—A, Nonenhanced computed tomographic image of a pineal region germinoma (General
Electric Model 9800). Notice increased density in relation to surrounding brain tissue and the
presence of intratumoral cysts. B, Contrast-enhanced computed tomographic scan (Isovue 300,
Squibb Diagnostics, New Brunswick, NJ).

trast is possible, nonhomogeneous en-
hancement should suggest another type
of lesion.** An irregular border may
represent infiltration.” In contrast to
germinomas, teratomas are sharply de-
marcated from the surrounding brain,
contain fat, have no significant contrast
enhancement, may be cystic, and exhib-
it linear and nodular calcific deposits on
computed tomograms.” Cysts may also
be found with germinomas and are
thought to represent proteinaceous flu-
id or liquified necrosis (Fig 1).* Embry-
onal cell carcinoma and choriocarcinoma
are hyperdense before contrast admin-
istration, enhance markedly, and exhib-
it no abnormal pineal or parenchymal
calcification.”

Basal ganglia and thalamic germino-
mas may be associated with ipsilateral
cerebral hemiatrophy.®® Wallerian de-
generation secondary to the destruction
of subcortical structures may be respon-
sible for this wasting.® Chang et al®
state that germinomas in the basal gan-
glia and thalamus are irregular and
demonstrate intratumoral cysts and
calcification.

Magnetic resonance imaging repre-
sents another method of evaluation. On
both long and short repetition time spin
echo series in four patients reviewed by
Kilgore et al,” the signal from germino-
mas was isodense in comparison with
normal brain. The tumor can displace
cerebrospinal fluid (CSF) and adjacent
structures such as the quadrigeminal
plate, sylvian aqueduct, and posterior
third ventricle.” Germ cell tumors with
embryonal cell elements had long T,-

and Ty-weighted signals.” Magnetic res-
onance imaging offers the advantage of
easily acquiring images in the coronal
and sagittal planes. The disadvantage is
the inability to image caleium.

Markers

Cerebrospinal fluid examination for
cytologic and marker studies is useful in
the evaluation of a patient with a sus-
pected germ cell tumor if samples can be
obtained without precipitating hernia-
tion. Elevated levels of human chorionic
gonadotropin (HCG) and a-fetoprotein
{AFP) are more closely correlated with
malignant germ cell tumors such as em-
bryonal carcinoma, endodermal sinus
tumors (yolk sac tumors), and chorio-
carcinoma,*®* with HCG and AFP ele-
vated in the former two and HCG alone
elevated in the latter. The level of HCG
is only occasionally elevated with ger-
minomas, while the level of AFP is rare-
ly elevated. a-Fetoprotein is usually
more specifie for highly malignant neo-
plasms, and HCG is associated with
more benign neoplasms, although it can
be produced by the most malignant
masses. Recently, it has been proposed
that absolute levels of AFP should not

* be used, but rather an AFP index calcu-

lated as (CSF/serum AFP)/(CSF/serum
albumin), with a value greater than 1.42
indicating local synthesis of AFP in the
central nervous system.” When pres-
ent, markers are a useful indicator of
tissue type; however, CSF marker lev-
els are not elevated in 10% to 20% of the
more malignant germ cell tumors.*®
Measurement of AFP is often unreliable
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(1) because there is cross-reactivity of
the assay with other CSF proteins, (2)
because there is evidence that three
types of human AFP exist (one of which
may be a normal CSF component), and
(3) because many normal individuals
and individuals with nonmalignant con-
ditions have elevated levels of AFP.* In
addition to helping the physician diag-
nostically, marker levels can be used to
evaluate the effectiveness of treatment.
Anecdotal reports state that a lack of
return of markers to normal levels after
treatment indicates a poor prognosis.®
Markers other than AFP and HCG
have recently been associated with ger-
minomas. The level of angiotensin
I-converting enzyme was elevated in
the plasma of one patient with a supra-
sellar germinoma who did not have sar-
coid, . granulomatous disease, hyper-
thyroidism, or diabetes, diseases com-
monly associated with elevated levels of
this enzyme. Angiotensin I-converting
enzyme was also found in tumor cells
obtained by biopsy.” Interestingly, an
isomerie form of kidney and lung angio-
tensin I-converting enzyme is present
in normal testes and sperm. Another
marker, placental alkaline phosphatase
was recently found to be associated with
germinoma.®” In the past, elevated lev-
els of this enzyme were associated with
pregnancy, testicular seminoma, and
ovarian, lung, breast, pancreatic, and
adrenal cancers.*® Shinoda et al® found
levels of serum placental alkaline phos-
phatase that were less than 0.2 TU/mlL
in patients with teratoma, metastatic
choriocarcinoma from the testis, glio-
ma, meningioma and acoustic neurile-
moma. Three patients with germinoma
had serum levels ranging from 0.52 to
3.78 1U/L, and two had elevated CSF
values of 0.83 and 9.83 IU/L (normal,
<0.20 IU/L in serum and <0.11 IU/L in
CSF). Melatonin has been studied in
patients with pineal region tumors.
Low melatonin levels are associated
with pineal destruction, and high levels
suggest the presence of a melatonin-
secreting neoplasm. An inerease in mel-
atonin has been seen with germinoma.
Some argue that such elevation is a con-
sequence of laboratory error.®

HISTOPATHOLOGIC EXAMINATION

Germinomas characteristically infil-
trate locally and spread by dissemina-
tion through the craniospinal and sub-
arachnoid spaces. Parenchymal metas-
tases and extradural spread are rare.”
Grossly, solid tumor tissue can be soft
and purplish-gray.

Microscopically, these tumors consist
of large polygonal cells surrounded by
fibrous connective tissue. Lymphocytic
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Fig 2.—Microscopic image of a
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germinoma demonstrating two cell populations. The first consists of

large cells with well-defined cell borders, large nuclei, and prominent nucleoli. The second consists
of small, round tumor-infiltrating lymphocytes. Occasional mitoses can be seen (hematoxylin-eosin,

X 250).

infiltration is most prominent around
blood vessels. Cells tend to organize in
sheets and lobules and are character-
ized by large round or oval vesicular
nuclei, prominent irregular nucleoli,
pale ill-defined cytoplasm, rich stores of
glycogen, and coarse or fine granular
chromatin.***** Mitotic figures can
be present (Fig 2).%*

Ultrastructurally, germinomas dis-
play scanty cytoplasm, few organelles,
and abundant glycogen. The cytoplasm
contains poorly developed Golgi com-
plexes, distorted and aggregated mito-
chondria, and moderately developed
rough and smooth endoplasmie reticu-
lum. Cell membranes are occasionally
fused by desmosomes or tight june-
tions.™* An additional interesting find-
ing is that of intranuclear membranes,
structures adjacent to electron-lucent
spaces measuring 20 to 100 nm in width
and 3 pmin length. Thick layers of chro-
matin surround these membranes,
which are arranged parallel, perpendic-
ular, or oblique to the nuclear envelope.
Such structures are sometimes inter-
rupted at regular intervals and occa-
sionally are contiguous with the nuclear
envelope over a 20- to 100-nm distance.
The significance of these intranuclear
membranes is unknown, yet a role in
nucleocytoplasmic material exchange
has been suggested. They may also be
involved with accelerated protein syn-
thesis or abnormal DNA metabolism, *

Lymphocytic infiltration of germino-

mas has been demonstrated by light and
electron microscopy. Tumor-infiltrat-
ing lymphoeytes have been character-
ized using monoclonal antibodies. In in-
tracranial germinomas, 70% to 80% of
tumor-infiltrating lymphocytes were
T lymphocytes, and the remainder were
B lymphocytes. Cytotoxie/suppressor
and helper/inducer T-cell types were in-
termingled.” Cravioto and Dart® and
Hassoun et al* have speculated on the
significance of lymphocytes within a tu-
mor. They believe that the activity of
tumor-infiltrating lymphocytes may
represent a host immunologic response
to tumor antigens.

TREATMENT

Past surgical treatment of germino-
mas by open biopsy or resection was
fraught with danger, especially prior to
the advent of microsurgical technique.
The 30% to 70% morbidity associated
with biopsy prompted Torkildsen in
1948 to propose empiric shunting and
irradiation for suspicious lesions.® More
recently, neurosurgeons have relied on
other modes of therapy to diagnose and
manage this type of germ cell tumor.

Computed tomographic-guided ster-
eotaxis is now an accepted method for
obtaining diagnostic tissue. This proce-
dure can provide a sample within 1 to
3 mm of a desired target. However, be-
cause the average sample size is 2 to
4 mm in greatest diameter, sampling
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error can occur when a heterogeneous
tumor is encountered.” N evertheless,
stereotactic surgery, with a 0% to 0.5%
morbidity, provides a safe method of
sampling deep intracranial tissues.®
Linstadt et al” followed up 33 patients
with germinoma for a2 median of
5.8 years (range, 0.1 to 27.5 years). At
5 years, all patients with stereotactic
biopsy-proved germinomas were alive,
while only 73% of the patients who did
not undergo biopsy were alive after the
same period. An initial incorrect diag-
nosis was believed to be responsible for
this difference, since 66% of those with
recurrent disease were found to harbor
an ependymoma or a pinealoblastoma.
Biopsy, therefore, may increase surviv-
al by increasing diagnostic accuracy and
as a result allow for the institution of
proper therapy.®

The extreme radiosensitivity of ger-
minomas has led some to initiate radia-
tion therapy of suspected lesions with-
out a tissue diagnosis. Biopsy studies,
however, have shown that only 61% of
lesions suspected to be of germ cell ori-
gin on the basis of imaging studies will
actually be germ cell tumors.” Fifteen
percent will be of pineal parenchymal
origin (pineocytoma or pinealoblas-
toma), 17% will be gliomas, and 7% will
represent other lesions.® Tumor re-
gression after a maximum dose of
2000 ¢Gy supports the presence of a ger-
minoma.* Tumors that do not respond
to such doses may represent mixed
tumors, choriocarcinomas, embryonal
carcinomas, endodermal sinus tumors,
pinealomas, teratomas, and glial tu-
mors. Pinealoblastoma and histio-
cytosis may vrespond to radiation
treatment.®

Radiation regimens for germinoma
therapy vary. Most studies recommend
4000 to 6000 cGy to the primary intra-
cranial site™™* and approximately
3000 cGy to the remainder of the unin-
volved brain.*® Recurrence-free rates
arereported to be 85% to 100% at 5to 10
years posttreatment.™ Local control ap-
pears to improve from about 50% with
40 Gy or less to 90% with 50 Gy or
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more.” Some investigators believe that
spinal irradiation should be reserved €]
for lesions that demonstrate clear CSF
invasion by myelography, cytology,
magnetic resonance imaging, or com-
puted tomography; (2) for extensive in-
tracranial disease; (3) for multiple foci of
tumor; (4) for ventricular or meningeat
seeding; and (5) after tumor spillage at
surgery.” Cerebrospinal fluid invasion
can be expected in 6% to 85% of patients
with histologically proved germino-
mas.®*" In such situations, dosages
vary between 3600 and 4500 cGy.*#
Controlled prospective studies have not
been performed to determine the value
of adjuvant spinal irradiation.® Lin-
stadt et al® claimed that 8% of their
study patients who underwent radia-
tion therapy to the cord developed spi-
nal metastases, while 23% of those who
did not undergo radiation therapy de-
veloped metastases. In their minds, the
15% benefit provided by radiation ther-
apy did not justify the attendant risks,
such as growth retardation and myeli-
tis.” Shibamoto et al® further compli-
cated the decision-making process by
citing their findings in which six pa-
tients had positive CSF cultures, did
not receive spinal irradiation, and had
no spinal involvement over a 6- to
12-year follow-up period. These favor-
able outcomes may be secondary to de-
creased viability of free-floating cells or
irradiation of cells as they circulate
within the CSF and enter an irradiated
field.” Nevertheless, despite their ob-
servations, Shibamoto and colleagues
recommend radiation therapy for all in-
dividuals with evidence of spinal com-
partment invelvement.

Despite the efficacy of radiation ther-
apy in the treatment of germinomas,
chemotherapy has recently been advo-
cated as an adjuvant therapy to de-
crease the total dose of radiation neces-
sary to induce tumor resolution. This
would be especially useful for germino-
mas in areas where radiation therapy
could cause endocrinopathies, cognitive
deficits, or other untoward side ef-
fects.®® Allen et al® described the use of
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two courses of cyclophosphamide ad-
ministered as 900 mg/m’ over 2 days
(1800 mg/m® total). A complete response
to chemotherapy was reinforeed by
3000 cGy over 4 weeks, while less than
complete resolution was coupled with
5000 cGy over 5 to 6 weeks in 160- to
180-Gy fractions.* If the neoplasm was
disseminated, spinal irradiation was
added. Ninety-one percent of patients
had complete resolution and 9% had to-
tal regression of the intracranial mass
with subsequent positive CSF cytologic
studies. Disease-free survival ranged
from 23 to 89 months. Complications
included neutropenia secondary to mar-
row toxicity. As a consequence of their
findings, Allen and colleagues recom-
mended that the following protocol be
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ing; (3) chemotherapy; and (4) radiation
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deficit.
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