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WHAT IS A TUMOR OR NEOPLASM?

A tumor or neoplasm is a mass of tissue that grows out of control of the normal forces that regulate growth.

WHAT IS CANCER?
Cancer occurs when a group of cells follow a course of growth, which can be fatal and is usually associated with the formation of more tumors.

Tumors are either benign or malignant.  Cancerous, or malignant, tumors may often grow (seed) to or from other parts of the body.  The growth of a cancer is dependent upon the type of malignancy.

Cancers and tumors are given names, which may relate to their growth pattern, place of origin, and malignancy.

HOW DO BRAIN TUMOR AFFECT US?
Brain tumors are the second most common cause of cancer death in children ranging in age up to 15 years old.

Accurate statistics as to the frequency and the eventual outcome of brain are not available because of the past difficulties encountered in diagnosing, classifying and recording such tumors.  It is probable, however, that the incidence of brain tumors is at least 1-2 per 100,000 population; in other words, at least 20, 000 new cases of brain tumors occur each year.  This is probably an underestimate of the true rates.  

The various types of brain tumors occur with different frequency in children and in adults.  The most common childhood tumors are:

(1) Astrocytoma

(2) Primitive Neuroectodermal (PNET), this includes medulloblastomas and others

(3) Ependymoma

(4) Craniopharyngioma

PARTS OF THE BRAIN
The brain, which is an extension of the spinal cord, is the part of the Central Nervous System (CNS), which is contained in the cranial cavity (skull).  The brain consists of four main structures (see Figure 1).

The CEREBRUM, which is the largest area of the brain, is arranged in two hemispheres or halves, called cerebral hemispheres.  The outer layer of the cerebrum (cortex) is called gray matter, and the inner portion, white matter.

The cerebrum is further organized into four lobes by cracks or fissures.  These four lobes are the Frontal Lobe, Parietal Lobe, Temporal Lobe and the Occipital Lobe, and each lobe deals with specialized activities.

The cerebrum is involved with all the mental processes, including movement, speech, and visual functions.

The CEREBELLUM, which is the second larges part of the brain, is arranged in two hemispheres or halves.  The cerebellum controls skilled muscular coordination, including gait and speech (articulation).

The PONS coordinates the activities of the cerebrum and cerebellum by receiving and sending impulses from them to the spinal cord.

The MEDULLA controls breathing (respiration), heartbeat and vomiting.

In addition to these four main structures, there are numerous other specialized nerve structures in the cranial cavity that may be considered part of the brain.  

The MENINGES are three thin tissue layers that completely cover the brain and the spinal cord.  The layers are called the dura mater, arachnoid and the pia mater.  Spinal fluid (CSF) flows in the space between two of the layers – the pia mater and arachnoid.  This space is called the subarachnoid space.

The VENTRICLES are four cavities or ventricles in the brain, within which are structures called CHOROID PLEXUS.  The choroids plexus forms spinal fluid that flows through the ventricles and the subarachnoid space surrounding the brain and spinal cord.  It is also thought that exchanges between blood and spinal fluid take place at the choroid plexus.

There are two lateral ventricles, one in each cerebral hemisphere.  The third ventricle is beneath the corpus callosum and is surrounded by the thalamus.  The fourth ventricle is between the hemisphere of the cerebellum and is an expansion of the central canal of the medulla.

The CRANIAL NERVES are two sets of 12 cranial nerves.  One set is involved with each side of the body.  The nerves control eyesight, facial involvements, sensations, balance, taste and other functions involving other organ systems.

The BRAIN STEM is an area that controls basic functions dealing with involuntary activities such as blood pressure, heart beat and respiration.  It is located in the bottom of the skull.  The brain stem is divided into the:


PONS – Connects the cerebrum, cerebellum, and medulla oblongata.



MEDULLA OBLONGATA – Connects the cerebrum to the spinal cord.



MIDBRAIN or MESENCEPHALON – Connects the cerebrum to the pons.

RETICULAR FORMATION – The part of the brain that controls sleep and wakefulness, 
and is in the brain stem.

The DIENCEPHALON is the area of the brain between the brain stem and the cerebral hemispheres.  It includes the following structures (see Figure 1):


Pineal Body


Thalamus


Optic Tract


Pituitary Gland


Third Ventricle

Hypothalamus


Limbic System

The POSTERIOR FOSSA is the area beneath the diencephalons and the cerebral hemispheres.  The structures contained in this area include:


Brain Stem


Cerebellum


Cranial Nerves #3-12

Fourth Ventricle

A partition of dura mater of the meninges, called the tentorium, roofs over this area separating it from the cerebral hemispheres.

HOW TUMORS PRESENT

Tumors or diseases of the nervous system present in different ways or show the physician signs that relate directly to the brain and/or surrounding neurologic structures.  Numerous signs may present such as: any weakness (one side stronger than the other), visual problems, seizures, changes in sensation on one side of the body or face, walking problems, or changes in mental awareness (thinking, memory).  Headaches and vomiting are common because of increased intracranial pressure (ICP).

There may be subtle or more obvious signs, which may be seen.  Because many symptoms will mimic other diseases, it is important that the physician perform a thorough neurological examination.  Other sophisticated tests may be indicated such as computerized tomography (CT), ultrasound, magnetic resonance imaging (MRI), or angiography.

TUMORS OF THE BRAIN STEM

These symptoms are quite variable.  The most common symptoms are in coordination and walking difficulty (ataxic gait).  Frequently occurring symptoms are muscle weakness of the face, difficulty in swallowing (dysphagia) and impaired speech, abnormalities in the functioning of the eye, head tilt, drowsiness, hearing loss, muscle weakness on one side of the body (hemiparesis), and personality changes.  Usually it is not until more symptoms appear or the symptoms worsens that this diagnosis is even considered.

As the tumor advances, inability to speak or swallow and paralysis of the extremities occurs; ultimately coma results with death by failure of respiration and infections.

MIDLINE TUMORS
Midline tumors are tumors above the pituitary gland and pineal body.  A common early symptom of these tumors is intracranial pressure (ICP) causing headaches and nausea; swelling in the optic nerve (papilledema), difficulty with eye movement and vision; alteration of personality or consciousness, and impairment of glandular functions such as delayed or accelerated growth, or difficulty with control of urine volume (diabetes insipidus).

POSTERIOR FOSSA TUMORS

Posterior fossa tumors are those of the fourth ventricle and cerebellum.  Early signs of intracranial pressure (ICP) causing headaches and nausea; swelling of the optic nerve (papilledema) are the most common onset symptoms.  Also lack of coordination may be a frequent symptom.  Seizures and convulsions are rare.

TUMORS OF THE CEREBRAL HEMISPHERES
Frontal Lobe Tumors: Common symptoms include weakness on one side of the body (hemiparesis), convulsions (seizures), personality or mental changes, headaches and vomiting.

Parietal Lobe Tumors:  Common symptoms include convulsions, speech disturbances, loss of ability to write (agraphia) and loss of perceptions (agnosia).  Headaches and vomiting are also seen.

Occipital Lobe Tumors:  Blindness in one direction (hemianopsia) is a common symptom.  This can present as the child is noted to bump “into things” or “corners.”  Headaches and vomiting are also seen.

Temporal Lobe Tumors:  These tumors are usually “silent” and cause no symptoms other than seizures, except when intracranial pressure (ICP) is present.

HOW ARE THE BRAIN TUMORS DIAGNOSED?

Diagnostic procedures range from a relatively simple eye examination in which the doctor 

(ophthalmologist) looks for abnormalities of the optic nerve; or a relatively simple ear examination in which the doctor (otologist) determines hearing distinctness (acuity) and accuracy; to the more complex brain scans, during which the doctor injects contrast materials that he or she follows on imaging procedures.

Common diagnostic testing for brain tumors may include:

Computerized tomography (CT) – A special scanning technique that takes a series of pictures of the brain in small slices.  A computer reads and arranges the slices into images viewed on a scope and regular x-ray film.

Magnetic Resonance Imaging (MRI) – Scanning that does not use x-rays, but measures the electrical charges and the magnetic field set-up, for example, around the head.  Images are arranged by the computer and depicted on a screen, which are then photographed.

Magnetic Resonance Spectroscope (MRS) – A scanning technique that uses electrical charges and the magnetic field setup, around the head.  As the images are taken, the computer not only can depict the anatomy on a screen but also can analyze the chemistry of the brain.  Some of the chemicals that are measured are seen in larger amounts in tumors.  As a consequence, MRS can sometimes identify the less aggressive tumors (more benign) from the more aggressive tumors (malignant).  

Functional Magnetic Resonance Imaging (fMRI) – A scanning method that is also performed with MRI, and at the time the anatomy is being delineated, functional activity can be seen.  Consequently, the motor area, the visual area, and the sensory motor cortex can be delineated in the imaging by functional MRI.  This will allow the physician to determine if “eloquent” area of the brain are involved in the tumor or not.  The motor cortex, if next to or into the tumor, can be identified.  This allows for better operative planning.

Angiogram or Arteriogram – A type of x-ray in which a contrast material is injected into a deep artery (usually in the groin or neck) under pressure, and then a succession of x-rays is taken as the material flows through the blood vessels of the brain.  The child is usually given general anesthesia for this procedure.

Spinal Tap (Lumbar Puncture) – A test made to analyze the spinal fluid by “tapping” the spinal canal with a special needle.

Electroencephalogram (EEG) – A method of recording electrical activity of the brain, particularly of the cerebral hemispheres, by means of electrodes attached to the scalp.  This is used to look for seizures.

All of these diagnostic procedures produce less than totally accurate data.  At present, the only completely accurate diagnosis possible is made during surgery when the neurosurgeon can take tissue samples by biopsy for the pathologist to study under the microscope with special techniques.  The fact that most brain tumors are ultimately diagnosed by surgery leads to the second set of problems.  If a person has a tumor in the leg, or the lung, or one kidney, or numerous other types of tumors, the entire area can be successfully removed and the patient can continue a more or less normal life.  However, in the case of brain tumors, many parts of the brain cannot be removed without causing serious damage.  Thus, even if the tumor is not cancerous (benign), it may be located in a vital area and may be impossible to remove completely. 

WHAT ARE THE NAMES OF THE DIFFERENT TYPES OF BRAIN TUMORS?
Astrocytoma

This is a tumor of the supportative (glial) tissue (Glioma Family of Tumors).  The “benign” or “juvenile” Astrocytoma is a slow growing tumor, but it may infiltrate large areas.  Sometimes it may be encapsulated in a cyst.  “Malignant” astrocytomas are more cancerous and the worst is the Glioblastoma Multiforme (see below).

This tumor may occur in cerebral hemispheres, the cerebellum, brain stem, or optic nerve.  The tumor is particularly benign if located in the cerebellum.  It is usually cystic. 

The usual treatment for this type of tumor is known as “radical,” or complete removal by surgery.  If the location of the tumor is favorable, such as the cerebellar location, it may be completely removed by surgery.  If it occurs in the brain stem, surgery may be totally impractical and the prognosis poor.

Craniopharyngioma

This is a benign, congenital tumor that is cystic in nature and commonly occurs in children.  The tumor usually appears in the midline, suprasellar region (above the pituitary gland), involving the third ventricle, optic nerve, and sometimes the pituitary gland.

Surgery is the treatment for this type of tumor, and when possible, it should be removed.  However, in some instances because of its attachment to surrounding vital structures, it may create significant handicaps for the child that could impair the quality of life.  Under these circumstances, other options are available for additional treatment such as radiation therapy and radiosurgery (gamma knife).

Dermoid Cyst

This is a congenital tumor, appearing commonly in the midline, in any region of the head or spine.  It is considered a benign tumor.  Surgical removal cures the tumor.

Teratoma

This is a benign or malignant tumor that develops from primitive cells of various parts of the developing fetus in the midline structures of the brain or spine.  The treatment is surgical removal.  If malignant, radiation to the cranium or cranium and spine is needed.

Ependymoma

This is a common childhood tumor appearing in the posterior fossa and in the cerebral hemispheres.  An attempt at surgical removal should always be made.  It can spread (seed) in the CSF.  Additional treatment usually consists of radiation therapy and chemotherapy.  A shunt procedure to relieve the hydrocephalus may be needed.

Glioblastoma Multiforme and Anaplastic Astrocytoma

These are highly malignant, invasive tumors of the Glioma family, which commonly occur in the cerebral hemispheres and are uncommon in children.  This type of tumor cannot be completely removed by surgery, and while sensitive to radiation to limited degree, the prognosis is poor.

Glioma

This is the term for the family of tumors of the supportive tissue of the brain.  See Astrocytoma, PNET, Glioma of the Optic Nerve, and Glioblastoma Multiforme.

Glioma of the Optic Nerve and Hypothalamus

This tumor common occurs in children, causing progressive blindness because of the involvement with the optic nerve, and then extends to the hypothalamus.

These tumors are very slow growing, and at present no therapy is performed.  The child will be followed closely by the ophthalmologist and neurosurgeon who will monitor the tumor to determine whether it is not growing too fast or causing obstruction of CSF flow and hydrocephalus.  If the tumor is very large, radiation therapy or chemotherapy to attempt to slow its growth is usually attempted.  If hydrocephalus develops, a shunt procedure is done.

Primitive Neuroectodermal Tumors (PNET)

These malignant tumors grow rapidly; it commonly occurs in children is the posterior fossa, but they may occur in other locations.  They are called in the older nomenclature medulloblastomas, pineoblastoma, ependymoblastoma, etc.

They are invasive tumors, and are metastatic to other parts of the central nervous system via the spinal fluid (seeding).  These tumors may infiltrate the floor of the fourth ventricle.  They may also infiltrate the meninges.

Treatment consists of surgical removal of as much of the tumor as possible, followed by cranial and spinal radiation therapy.  This tumor is radiosensitive, and because of that, radiation after surgery is most important.

In younger children, radiation therapy may cause significant handicaps in intellectual and motor development.  As a consequence, treatment with chemotherapy is preferred in this age group.  At times, chemotherapy and radiation therapy are combined according to existing treatment protocols.  

Pineal Region Tumors

In the child and the adolescent, many types of tumors can grow in this area and present with varying signs such as hydrocephalus, difficulty with eye movement, and inability to look upwards.

Because some of these tumors can be removed surgically, some may need local radiation therapy and others may need radiation to the cranium and spine.  Surgical biopsy and/or removal may be performed.

In younger children, radiation therapy of the brain and spine may create problems in body development in height and intellectual impairment.  In those children, chemotherapy with or without radiation therapy is an additional treatment modality.

TREATMENT MODALITIES

Unless the tumor is completely removed by surgery, there is no such thing as a “cure” for brain tumors.  This is because unless every single cell of the tumor is destroyed, it begins regrowth and soon equals or surpasses its original size.  The destroyed or dead cells can continue the damage of the original live cells because the brain does not have an efficient disposal system.  Those cells that are killed are not removed as quickly as desirable.  Dead cells take up more room than live ones, thus creating additional problems in the treatment of brain tumors.

Some tumors are very radiosensitive; that is, they are destroyed easily by radiation therapy and in those cases, the outlook for the patient is better.  However, many brain tumors do not respond well to radiation therapy and recur (see the Radiation Therapy Parent Handout).

Drug therapy (chemotherapy) is often needed in the treatment of some of the brain tumors and spine tumors.  Some of the chemicals used in this type of therapy are actually toxins (poisons); they are used on the theory that malignant cells are more susceptible to these toxins than are healthy cells.  The problems associated with chemotherapy involve determining the proper dosage so that healthy tissue is not destroyed along with the diseased tissue, and finding the combination of drugs that will totally eradicate all of the malignant cells.

One other treatment commonly used with brain tumors is steroid compounds.  These are hormones that are given in doses much higher than what the body makes from its own glands.  Steroids improve brain function by helping cells metabolize or “work better” more than actually doing anything for the tumor itself.
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