
Glioblastoma

PH
OT

O 
De

ni
s F

ro
lo

v 

M




JEFFREY J CORTESE, CST 

aMultiforme

FROM BIOLOGY 

TO TREATMENT 

G
lioblastoma is the most Glioblastoma is believed to arise 

common primary brain from cells called astrocytes. Glio-

tumor in adults. Nearly blastomas usually progress at the 

12,000 cases are diagnosed site of original growth, but can 

annually in the United travel to other parts of the brain.


States.3 Glioblastoma multiforme The lesion spreads with pseudo pro-


(GBM) is a malignant, rapidly grow- jections. It is comprised of a mix
-

ing, pulpy or cystic tumor of the ture of monocytes, pyriform cells,


cerebrum or the spinal cord.1 It is immature and mature astrocytes,


also called anaplastic astrocy- and neural ectodermal cells with


toma, glioma multiforme.2 fibrous or protoplasmic processes.
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In addition, glioblastomas, like other forms of 
brain tumors, can infiltrate normal brain tissue. 
This infiltration makes complete removal of 
glioblastomas virtually impossible, thereby 
necessitating other forms of therapy. Despite 
aggressive therapy, less than 5% of these patients 
are expected to live more than five years. Tradi­
tionally, treatment has consisted of maximal 
surgery followed by radiation therapy and 
chemotherapy. However, new advances in treat­
ment have allowed for improvements in tumor 
control and in quality of life. 

Causes of the disease 
GBM, the extreme expression of anaplasia among 
the glial neoplasms, accounts for 40% of all prima­
ry intracranial tumors.5 Although no exact cause 
has been discovered for the disease, there are par­
ticular studies that have linked a cause with GBM. 
The charts of 100 patients with established diag­
noses of GBM provided the data for a descriptive 
study of the patients’ exposure to herbicides.9 The 
study focused on place of residence and occupa­
tion prior to GBM diagnosis. Although the sub­
jects reported residence in 33 of the 75 counties in 

FIGURE 1 Arkansas, more than one-third of the sample came 
from just three counties in which rice, cotton, or 

Micrograph demon- wood products are produced. 
These industries were reported as the occupa­

strating the border of	 tions of almost one-third the sample from which 
occupations involved a risk of herbicide expo-

the tumor, which con­

sists of a rapid transi­

tion (following the 

arrows) from a solid, 

cellular zone of pleo­

morphic infiltrate to a 

compressed and ede­

matous white matter. 
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sure. Radiation-induced gliomas are uncom­
mon, with only 73 cases on record to date. The 
disease that most frequently occasioned radia­
tion therapy has been lymphoblastic leukemia. A 
case of transmission of a GBM from the donor to 
a kidney transplant recipient in the absence of a 
previous ventriculosystemic shunt is described.3 

The recipient was a 48-year-old woman who 
developed a fever with no other associated 
symptoms 17 months post transplant. Physical 
examination revealed a large nonpulsatile mass 
on the upper pole of the donor kidney. 
Histopathological examination showed a highly 
cellular neoplasm with fusiform and globoid 
cells, a high grade of nuclear pleomorphism and 
mitosis, necrosis with pseudopalisading and vas­
cular proliferation. Therefore, the risk of tumor 
transmission from donors with primary central 
nervous system tumors to kidney transplant 
recipients is real and should be considered when 
evaluating a graft mass in such patients. 

Manifestations of the disease 
Glioblastoma multiforme, beginning more often 
in the white matter, appears to be well demar­
cated because the surrounding brain is com­
pressed, swollen, and edematous. The neoplasm 
is usually firmer that the adjacent tissue (Figure 
1a-c). Its surface has a variegated gray, white, yel­
low (necrotic), and reddish brown (hemorra­
hagic) appearance. These colors are imported 

A 
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FIGURE 1 

Intraoperative photo­

graph showing the 

cortical involvement 

of glioblastoma.The 

tumor produces 

irregular thickening 

and discoloration of 

the gyri. (See arrows.) 

Many glioblastomas 

are not apparent on 

gross external exami­

nation. 

Anatomic specimen 

showing the left mid­

dle temporal gyrus 

by multiple areas of recent and remote hemor­ C enlarged by the 
rhage and necrosis. The microscopic appearance 
of these lesions is characterized by profuse num­ tumor (at arrow).The 
bers of pleomorphic and frequently bizarre cells 
(Figure 2). Among these are many cells with left temporal lobe is 
enlarged and irregular nuclei (Figure 3). Some 
cells can be identified by their processes as being swollen. 
of astrocytic origin (Figure 4). Other cells may be 
small with oval, hyperchromatic nuclei resem­
bling the undifferentiated small cells of a bron­
chogenic carcinoma2 (Figure 5). In other areas, 
there may be large cells with irregular large, 
vesicular nuclei and with an abundant 
eosinophillic cytoplasm suggesting an origin 
from gemistocytic astrocytes.2 In many areas 
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FIGURE 2 within the neoplasm, one may find bizarre, 
multinucleated cells with abundant cytoplasm 

Micrograph showing resembling strap cells of rhabdomyosarcomas. 
Mitoses, often abnormal, are usually easily 

pleomorphism, increased found either in clusters or spread fairly regularly 
throughout the neoplasm. In many regions 

cellularity, vascular within the neoplasm are large and small areas of 
necrosis, often with a garland of small cell nuclei 

hypertrophy and at the periphery. Blood vessels are greatly 
increased in the number and usually show 

endothelial proliferation. endothelial adventitial hypertrophy and hyper­
plasia7 (Figure 6a-b). Occasionally, vessels with 
these changes are found well beyond the appar­
ent microscopic limits of the neoplasm. 

Signs and symptoms of the disease 
FIGURE 3 The patient who is diagnosed with glioblastoma 

multiforme has several signs and symptoms 
Micrograph of associated with the neoplasm.6 In a general 

aspect, there is an increased intracranial pres-
characteristic features of sure. The increase in ICP causes nausea, vomit­

ing, headache, and papilledema. There are men-
glioblastoma. Note the tal and behavioral changes associated with the 

disease. There are altered vital signs as follows: 
elongated nuclei and bi- increased systolic pressure, widened pulse pres­

sure, and respiratory changes. Speech and senso­
polar processes shown by ry disturbances are found with the disease. Chil­

dren with GBM present with the above 
the arrows. symptoms, plus the added symptoms of irri­

tability and projectile vomiting. 
On more of a locality aspect, a lesion on the 

midline of the brain would produce a headache, 
FIGURE 4 bifrontal or bioccipital, which is worse in the 

morning hours and manifests by coughing, 
Micrograph showing straining, or sudden head movements. A growth 

in the temporal lobe would produce psychomo­
bipolar cells tor seizures. Focal seizures are present in patients 

with a lesion in the central region of the brain. If 
characteristic of fibrillary the neoplasm is on the optic or oculomotor 

nerves, there are visual defects appreciated. 
astrocytes with Finally, a GBM lesion of the frontal lobe would 

cause abnormal reflexes and motor responses. 
prominent processes. 

Course of the disease 
Characteristically, GMB infiltrates extensively, 
frequently crossing the corpus collosum and 
producing a bilateral lesion likened to a butter­
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fly in its gross configuration (Figure 7a-b). FIGURE 5 
Although any glioma may “dedifferentiated” to 
the level of GMB, in practice, the majority of Micrograph showing the 
these lesions manifest some evidence of astro­
cytic differentiation.4 central zone of densely 

GMB may occur at any age but it is most com­
mon in the adult years, with a peak incidence cellular small-cell glio­
during the fifth and sixth decades. Glioblastoma 
may arise anywhere along the neuraxis, but it is blastoma with hyper-
most common in the cerebral hemispheres. In 
contrast, a predilection for the brain stem is chromatic nuclei and 
apparent in those arising in childhood. 

barely visible cytoplasm. 
Secondary diagnosis of the disease 
Diagnostic procedures for brain tumors include 
physical and neurological examinations, visual 
field and fundoscopic examination, CT scans and 
MRI, skull X-rays, technetium brain scans, elec­
troencephalography, and cerebral angiography. 

Physical examination is used to assess motor 
and sensory function. Since the visual pathways 
travel through many areas of the cerebral lobes, 
detection of visual field defects can provide 
information about the location of the tumor. A 
fundoscopic examination is done to determine 
the presence of papilledema. 

CT scans have become the screening proce­
dure of choice for diagnosing and localizing 
brain tumors as well as other intracranial mass­
es. MRI scans may be diagnostic when a CT scan 
does not detect a clinically suspected tumor (Fig­
ure 8). Skull X-rays are used to detect calcified 
areas within a neoplasm or erosion of skull 
structures due to tumors. 

Brain tumors tend to disrupt the blood-brain 
barrier; as a result, the uptake of a radioactive iso­
tope used in brain scans is increased within a 
tumor. About 70% of persons with a brain tumor 
have abnormal electroencephalograms; in some 
cases, the results of the test can be used to localize 
the tumor.4 Cerebral angiography can be used to 
locate a tumor and visualize its vascular supply. 

Scintigraphy using Indium-111-labeled anti-
EGRf-425 has become useful in diagnosing 
GBM. In a study, 28 patients with intracranial 
neoplasms were injected with an average dose of 
2.2 mCi of EGRf-425.9 The immunoscintigra-

A 

B 

FIGURE 6 

Micrograph showing 

bipolar cells charac­

teristic of fibrillary 

astrocytes with 

prominent processes. 

An unusual histologic 

pattern in glioblas­

toma is this gland-

like configuration of 

the tumor cells in 

which there are large 

intercellular spaces. 
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FIGURE 7 

Gross photograph of a 

typical untreated case 

of glioblastoma.The 

classic “butterfly” con­

figuration, is necrotic 

hemorrhagic mass. 

Coronal section of a 

pathology specimen 

showing massive 

involvement of the 

splenium of the cor­

pus callosum by a 

glioblastoma with 

bilateral white mat­

ter extension. 

B 

phy findings were generally in agreement with 
the CT findings. The definite diagnosis was 
established by biopsy findings. 

Prognosis, survival rates, and treatments 
The prognosis of patients with GBM is very poor. 
Although with recent advances in treatment of this 
neoplasm, the life expectancy of a patient with 
this disease without treatment is approximately 18 
weeks. Radical surgery in conjunction with radical 
chemo and radiation therapy has increased the 
medial survival rate to 62 to 72 weeks. 

Surgery is part of the initial management of 
virtually all brain tumors. The development of 
microsurgical neuroanatomy, the operating 

A 

microscope, the fusion of imaging systems with 
resection techniques, advanced stereotactic and 
ultrasound technology, and intraoperative moni­
toring of evoked potentials have all served to 
improve the effectiveness of surgical resection. 
However, removal may be limited by the localiza­
tion of the tumor and its invasiveness. Stereotactic 
surgery uses three-dimensional coordinates and 
CT and MRI to localize a brain lesion precisely. 

Ultrasound technology has been used for local­
izing and removing tumors. The ultrasonic aspira­
tor, which combines a vibrating head with suction, 
permits atraumatic removal of tumors from cra­
nial nerves and important cortical structures. 
Intraoperative monitoring of evoked potentials is 
a prudent adjunct to some types of surgery. 

Most malignant brain tumors respond to 
external radiation. Radiation can increase 
longevity and, at times, can allay symptoms 
when tumors recur. The treatment dose depends 
on the tumor’s histologic type, radioresponsive­
ness and the anatomic site and level of tolerance 
of the surrounding tissue. Stereotactic radio­
surgery, such as the Gamma Knife®, allows 
specific irradiation of the glioma. Narrow beams 
of radiation specifically target only the glioma. 
The normal brain is spared and does not receive 
significant exposure. 

The use of chemotherapy for brain tumors is 
somewhat limited by the blood-brain barrier. 
Chemotherapeutic agents can be administered 
intravenously, intra-arterially, intrathecally, or 
intraventricularly. Improved delivery of 
chemotherapeutic agents through the use of a 
biodegradable anhydrous wafer impregnated 
with the drug polifeprosan 20 with carmustine 
implanted into the tumor bed at the time of 
surgery shows promise. However, new classes of 
antitumor drugs targeting cell motility and 
angiogenesis (most notably thalidomide) are 
either in development or in clinical trials.10 
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FIGURE 8 

MRI appearance of 

glioblastoma as seen in 

the coronal, sagittal, and 

axial planes. 
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