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1. Introduction

Although most meningiomas are benign, they have a surprisingly wide spectrum of clinical
and histological characteristics. The WHO classification attempts to better predict the
spectrum of clinical characteristics with a histological grading system based on statistically
significant clinical-pathological correlations (1). There are three types of meningiomas in this
classification; benign (WHO grade I), atypical (WHO grade II) and anaplastic (malignant;
WHO grade III). Because the majority of meningiomas, 80%, fall under grade I (1), they are
the ones on which the most literature is available. For grade I lesions, complete surgical
removal results in a permanent cure in a high percentage of patients. However the anatomic
localization of meningiomas, such as at the skull base, can make complete surgery difficult,
and gross total resection only, results in control rates that vary from 44% to 90% and carry a
high risk of neurologic morbidity . When surgery is incomplete, the recurrence rate is high,
and patients suffer long-term morbidity, decreased survival, and the risk of histological
dedifferentiation (2-7).

Radiation is well established as a treatment modality to control meningiomas, and can be
used for: a) irresectable lesions, b) in patients to whom the risks of a resection are
unacceptable, c) inoperable patients, and d) for recurrence or incomplete resection (8-13).

1.1 Diagnosis

The diagnosis usually comes after investigations for neurological complaints, but is also
regularly made during imaging of the brain for other reasons. The diagnosis is finalized by
the obtaining of histology. Offering the patient surgery for the sole purpose of obtaining
histology can sometimes be debatable. This is particularly the case in skull base
meningiomas, where the chances of complete removal without additional morbidity are
slim and when no debulking is required. In such a scenario it is acceptable to go by the
classic clinical picture and the typical radiological characteristics of benign meningiomas, to
make the diagnosis (14). However good clinical judgement is required in order to suspect
the possibility of a more sinister type of lesion.

2. Radiation therapy

Irradiation is the deposition of energy (dose) in the target by various radiation modalities
using a variety of irradiation techniques. This dose is expressed in units of Gray (Gy), and
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the beam energy used to deliver the dose is expressed as Mega Volts (MV). It is the
absorption of this energy by the cell structures that causes the individual cell damage
resulting in control of the disease. The cell damage is on the DNA of the cells. This damage
is either direct or indirect, ionizing the atoms which make up the DNA chain. Indirect
ionization happens as a result of the ionization of water molecules, forming free radicals,
notably hydroxyl radicals. These are “chemically aggressive” compounds which when
formed in close proximity to the DNA molecules damage the DNA. Most of the radiation
effect is through these free radicals. They cause single and double strand breaks in the DNA.
Cells have mechanisms for repairing DNA damage, but double-stranded DNA breaks are
difficult to repair and are the most significant way by which cell death occurs. Cancer cells
generally are undifferentiated and stem cell-like, they reproduce more, and have a
diminished ability to repair sub-lethal damage compared to most healthy differentiated
cells. This DNA damage is then passed on through cell division, accumulating damage to
the cancer cell's DNA, and causing them to die or reproduce more slowly.

One of the major limitations of photon radiation therapy is that the cells of solid tumors
become deficient in oxygen. Solid tumors can outgrow their blood supply, causing a low-
oxygen state known as hypoxia. Oxygen is a potent radio sensitizer, increasing the
effectiveness of a given dose of radiation by forming DNA damaging free radicals. Tumor
cells in a hypoxic environment may be as much as 2 to 3 times more resistant to radiation
damage than those in a normal oxygen environment. In the case of meningiomas, seeing
that they are usually very vascular lesions this oxygen effect is not a major factor in their
treatment with ionizing radiation.

Direct damage to cancer cell DNA occurs through high-LET (linear energy transfer) charged
particles irradiation such as with proton, carbon or neon ions which have an antitumor
effect which is independent of tumor oxygen supply because these particles act mostly via
direct energy transfer usually causing double-stranded DNA breaks. Due to their relatively
large mass, protons and other charged particles have little lateral side scatter in the tissue;
the beam does not broaden much, hence stays focused on the tumor shape and delivers
small dose side-effects to surrounding tissue. These particles can be charged to different
levels of energy providing the required tissue penetration to reach the tumor. This reduces
damage to healthy tissue between the charged particle radiation source and the tumor and
sets a finite range for tissue damage after the tumor has been reached. No energy is
deposited beyond the point of the calculated depth penetration saving normal tissue from
the radiation effects.

2.1 Dose calculations

Before treatment, a CT scan is performed with the patients head immobilized by either a cast
made from a thermoplastic material or by a stereotactic frame directly fixated to the
patient’s skull. The ability to import other images such as MRI scans into the planning
system, a technique called image fusion , allows to identify the tumor and surrounding
normal structures with great accuracy.

The delivery parameters of a prescribed dose are determined during treatment planning
(part of dosimetry). Treatment planning is generally performed on dedicated computers
using specialized treatment planning software. Depending on the radiation delivery
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method, several beam angles may be used to sum the total necessary dose. The planner will
try to design a plan that delivers a uniform prescription dose to the tumor and minimizes
dose to surrounding healthy tissues.

2.2 Radiation equipment
2.2.1 Photon (gamma ray) therapy

A number of radiation therapy machines are available; the most commonly used are the one’s
using gamma rays (photons) to deliver the therapeutic dose. The Gamma Knife®,
Cyberknife®, and the linear accelerator (Linac) fall in this category. In addition a small linear
accelerator used in a rotational way around the patient (Tomotherapy) is also available.

With the gamma knife, multiple small static beams, each produced by individual Cobalt
sources are directed to a fixed single spot or isocenter. This area of convergence of all the
small beams can be placed in multiple locations within the target volume by moving the
patient’s head around with small movements of the head fixation mechanism.
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With the linear accelerator (Fig 2a) the beams are directed at an isocenter, which is in a
fixed position in the treatment room and which can be placed in the target volume and
shifted around if necessary by moving the couch onto which the patient is lying.
Rotation of the gantry, which produces the beam, around this isocenter, together with a
couch rotation, provides for a number of individually shaped beams coming from
different directions allowing full coverage of the target volume. For stereotactic
irradiation additional beam collimation is provided by either a set of cones or by a micro
multileaf collimator (Fig 2b). These devices are not part of the standard equipment and
have to be acquired separately.
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Fig. 2a.

Fig. 2b.

A large body of literature exists for both these techniques in the management of
meningiomas
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The Cyberknife® uses a small linear accelerator supported by a robot arm. This in conjunction
with the use of a robotic couch supporting the patient allows for numerous small beams to
come in from a large variety of angles. The “cross firing “of these multiple small beams
through the target results in the full dose been given to the whole target volume.

Fig. 3.

Tomotherapy® is very similar in its concept to the use of helical CT-scanning in diagnostic
imaging. A narrow beam is rotating through the target whilst the couch onto which the
patient is lying is moving perpendicular to the plane of rotation. This technique is mainly
used to deliver intensity modulated radiotherapy (IMRT) and limited literature is available
concerning its use for intracranial meningiomas (15).

anay

couch

Fig. 4.

All the above techniques use photons, also called gamma rays, to deliver the dose.
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The radiation equipment is housed in a treatment unit bunker, whose purpose is to
protect the staff and members of the public from the radiation. A typical bunker for a
linear accelerator is illustrated. Requirements for a bunker include walls and a roof both
of a thickness offering sufficient protection, high density concrete without joints or air
pockets and a ‘maze’ design to reduce the radiation dose reaching the door of the bunker
or vault.

2.2.2 Bunker

The wall and roof thickness is determined by the energy (the penetration power) of the
radiation. For cobalt sourced radiation the concrete thickness should be approximately 80
cm. For linear accelerators the thickness varies between 2 and 3 meters for covering the
range of low, medium and high-energy linear accelerators.
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2.2.3 Charged particle therapy

Delivering the required dose with charged particle beams, mainly proton beams, is also
possible. A proton beam is produced by a cyclotron (Fig 5b) or a synchrotron and has
particular physical characteristics (the Bragg peak) which make it theoretically a better
radiation modality in and around sensitive structures such as the brain as there is no dose
distal to the peak and a lower dose proximal to the target (Fig 5a).
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The primary narrow beam leaving the cyclotron or synchrotron is scattered to provide a
beam of sufficient size for clinical use. Because the peak is usually to narrow to cover the
length of the target volume along the beam axis, this peak needs to be spread out over the
full distance of the target in order to cover it with the full dose. This dose delivery
technique is referred to as a Spread Out Bragg Peak (SOBP) (16,17). In more and more
centres, the primary proton beam is not scattered, but used in a spot scanning mode,
whereby the target volume is covered by multiple scanned “spots”. This technique allows
for a better dose distribution, but is more complex to deliver and to verify. The availability
of proton therapy facilities worldwide is however still limited. The availability of other
charged particle beams, such as Carbon ions and Helium ions is even more limited. They
have the additional advantage over protons in that they cause more radiobiological damage
per unit of dose. In other words their Radiobiological Effect (RBE) is higher (18).

Fig. 5b.
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2.3 Irradiation techniques
Technically the radiation can be administered in a variety of ways:

a. Conventional 3 dimensional (3-D) way. The patient’s head is immobilized by a cast and
images are acquired for planning. A number of beams coming from various angles are
directed at the target, but the overall geometric accuracy of the treatment set up is less
then for a stereotactic technique, and the dose gradient is also less steep. The 3-D
technique is however available in most radiotherapy departments.

b. Intensity-modulated radiation therapy (IMRT) is an advanced type of high-precision
radiation that is the next generation of 3DCRT. IMRT also improves the ability to
conform the treatment volume to concave tumor shapes, for example when the tumor is
wrapped around a vulnerable structure such as the spinal cord or a major organ or
blood vessel. The pattern of radiation delivery is determined using highly tailored
computing applications to perform optimization and treatment simulation. The
radiation dose is consistent with the 3-D shape of the tumor by controlling, or
modulating, the radiation beam’s intensity. The radiation dose intensity is elevated near
the gross tumor volume while radiation among the neighboring normal tissue is
decreased or avoided completely. The customized radiation dose is intended to
maximize tumor dose while simultaneously protecting the surrounding normal tissue.
This may result in better tumor targeting, lessened side effects, and improved treatment
outcomes than even 3DCRT. This technique is finding its way into stereotactic radiation

c.  Stereotactically; this is a technique for precisely directing the beams of radiation in three
planes using x-y-z coordinates in order to target a specific locus in the head, with a
geometric accuracy of <1 mm. This requires accurate immobilisation of the head with
either a stereotactic frame fixed to the patient’s skull or a well constructed cast, made of
some form of thermo plastic material, completely encasing patient’s head. With the
immobilization device in place, MRI and CT-scan images are acquired for delineating
the target and surrounding structures, and for the dose calculations, using specialized
dose calculation soft ware. The precise dose delivery along with the presence of very
steep dose gradients in all three dimensions facilitates the treatment of target volumes
to a high dose while maintaining the dose to the adjacent healthy tissue within the
accepted tolerance levels. Careful verification of the target position by advanced
imaging techniques is required prior to each radiation session. This technique requires
additional infrastructure on top of the normal Linac equipment and is not always
available in every radiotherapy department.

The technological progress in equipment is leading to an ever increasing overlap of these
techniques.

2.4 Radiobiology

The linear quadratic model is the mathematical model that best describes the biological effect
of radiation on cells (19). This biological effect can be expressed as a Biological Effective Dose
(BED), and is given by the formula: BED= total dose (1+ dose per fraction/ alpha-beta).Various
radiation schedules can be compared with each other by calculating their respective Bed’s. For
this, the a/f value which is a constant for a very specific radiation effect on a specific type of
tissue, needs to be known (20). Knowing the a/f value for a specific effect on a specific target
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tissue is useful for the following reasons: 1) It allows for more accurate calculations of
biological equivalent fractionation schedules; 2) The a/f8 value gives an indication of what
sort of a fractionation schedule would be beneficial in terms of therapeutic gain; 3) It allows
one to determine the minimum number of fractions required in order to keep a critical
structure within tolerance when this critical structure is in close proximity to the target

For histological benign radiosurgical targets information on a/f ratios is very limited , but
in general low a/f ratios have been assumed, based on the clinical and radiological
observation that these targets are slow growing.

For radiological control of histological benign meningiomas (Grade I) this value has been
estimated at 3.7 Gy (21). Normal tissue has an a/f in the range of 2-3 Gy (19). This small
difference between the a/f8 values of normal surrounding tissue versus the target tissue
theoretically allows for an increase in the differential radiation effect on both these tissues
by increasing the number of fractions, this is called therapeutic gain (21,22,23,27). Most of
this gain is achieved by going from 1 fraction to about 7-9 fractions and than flattens off
going to 25-30 fractions.

3. Total dose/fractionation schedules

For a standard radiation course, the total dose is fractionated (spread out over time) for
several important reasons. Fractionation allows normal cells time to recover, while tumor
cells are generally less efficient in repair between fractions. Fractionation also allows
tumor cells that were in a relatively radio-resistant phase of the cell cycle during one
treatment to cycle into a sensitive phase of the cycle before the next fraction is given.
Similarly, tumor cells that were chronically or acutely hypoxic (and therefore more
radioresistant) may reoxygenate between fractions, improving the tumor cell kill. A
typical fractionation schedule for adults is 1.8 to 2 Gy per day, five days a week, for 6 - 7
weeks, i.e. doses in the order of 60 - 70 Gy. For meningiomas, the radiation
dose/fractionation schedules used vary. When the total dose is delivered in 1 single
session (fraction), this is defined as stereotactic radiosurgery (SRS). Using a small number
of fractions (3-7) is called hypofractionated radiotherapy which is commonly applied
under stereotactic conditions and hence is called Hypo Fractionated Stereotactic
Radiotherapy (HSRT). A conventional fractionation schedule of 25-30 fractions can be
used based on 3-D conformal techniques, but is called Fractionated Stereotactic
Radiotherapy (FSRT) if all the fractions are delivered under stereotactic conditions. The
majority of lesions have historically been treated with SRS, or 3-D RT, and the literature
on results with HSRT is still limited.

4. Intracranial meningiomas
1. Grade I meningiomas

Radiation therapy can be used very successfully as the sole modality for unresectable or
inoperable lesions. After partial removal serious consideration should be given to offer the
patient post operative radiotherapy and radiation should definitely be considered in the
management of post surgical recurrences.

www.intechopen.com



54 Meningiomas — Management and Surgery

There are no major differences in overall results when comparing SRS < HSRT < FSRT
(table I). For SRS, minimum target doses, covering the surface of the lesion, fall in the range
of 13 - 16 Gy (10,11,12,13,14,16, 24 ).

Author Total dose/Gy | Fractionation Raf;(:g %ilcal Complications
Flickinger, et al. 14) 14 SRS 93% -10 years 8.8%
Lo, et al. 33 14 SRS 93% - 3 years 6%

54 FSRT 93.3% - 3 years 5.5%
Roche, et al. 3) 13 SRS 100% - 4 years 6%
Pollock, et al. 64 16 SRS 94% - 3 years 8%
Selch, et al. 9 50.4 FSRT 97% - 3 years 0%
Villavincencio, et al. (56) 15 SRS 95% - 5 years 9%

Vernimmen, et al. (%7) 248 * HSRT 88% - 3 years 5.5%

Debus, et al. ©8) 56.8 FSRT 97% - 5 years 1.6%
Mahadevan, et al. 9 25-30 HSRT 100% - 2 years 0%
Torres, et al. 60 15.7 SRS 90% - 3.5 years 5%

484 FSRT 97.2% - 2 years 5.2%

Spiegelmann, et al. 61 13.5 SRS 98% - 5.5years 4.9%
Zada, et al. 62 16 SRS 94% - 6 years 8%

* proton beam therapy

Table 1.

For HSRT, total doses in the region of 24 - 40 Gy, given in 3- 5 fractions have been used
(18,51). FSRT doses fall in the range of 50 -56 Gy at 1.8 to 2 Gy per fraction.

The question therefore is what is the most appropriate dose/fractionation schedule? Factors
that influence the decision are:

a. Volume and shape of the lesion:

Although no absolute guidelines exist in general one can state that as the volume of the
lesion increases it becomes more and more difficult to safely offer the patient SRS (25,26,28).
As a general rule lesions with a diameter < then 2.5 - 3.0 cm are suitable for SRS. A complex
shape of the lesion, which can happen with lesions of the skull base, can also, apart from
volume restrictions, give sometimes limitations for the use of SRS (28). Here the different
irradiation techniques have slight advantages and disadvantages (29).

Larger volume or complex shaped lesions can be treated with FSRT or HSRT. HSRT has the
advantage of an overall shorter treatment time.
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b. Proximity of critical normal structures:

Peripheral nerves have a fairly good resistance to radiation induced damage (30); hence the
cranial nerves III - XII are usually not a major dose limiting factor. However the optic
apparatus and especially the optic chiasma are vulnerable to radiation induced damage due
to the late side effects of radiation therapy (31). So even for small lesions in very close
proximity to the optic chiasma, FSRT or HSRT might be indicated as fractionation helps in
improving the tolerance of the chiasma and other normal surrounding structures. The brain
or brainstem are normally not directly invaded by Grade I and II meningiomas, hence there
is no need to include them in the target volume. However when close contact exists they can
receive a significant dose. Therefore “debulking” surgery with the aim of not only reducing
the overall volume, but more importantly to increase the space between the meningioma
and the normal tissues can be very valuable. In view of the very rapid dose fall off outside
the target volume possible with stereotactic techniques, even a small gain in distance can
reduce the dose to the normal structure considerable and hence reduce the chance of late
damaging effects.

When a critical structure is totally or partially encased by the meningioma a strong point
can be made for FSRT on radiobiological grounds. Full fractionation offers the best
compromise between disease control and late normal tissue damage.

In a situation of close proximity, and when SRS is deemed not feasible, a hypofractionated
schedule (HSRT) should be considered. When there is still concern for late reactions with HSRT
or when the disease encases a sensitive structure fully fractionated therapy is required (32,33).

2. Grade II meningiomas

The best treatment protocol for this group is still not clear. In terms of dose/fractionation
schedule most centres use the same as for grade I meningiomas. The same
dose/fractionation selection factors as for grade I meningiomas apply. It is only their
increased propensity to recur that would indicate a more aggressive use of radiation therapy
in the post operative situation (34,35,36,37).

3. Grade III meningiomas

Considered malignant in terms of their histology and clinical behaviour they have a high
mitotic index. Hence they should be treated as malignancies, with post operative radiation
indicated even for completely excised lesions (38). As they can invade surrounding
structures, inclusion of some surrounding normal tissue in the target volume is often
necessary. This, plus the fact that they are likely to have a high a/f ratio in the order of 10
Gy (23) requires the use of fully fractionated therapy in the order of 56 - 60 Gy in 28- 30
fractions to obtain the best possible results.

5. Results
5.1 Disease control

In evaluating the results of different treatment modalities for meningiomas, it is important
to clearly define the end point. For histological benign lesions one expects the lesion to have
disappeared radiologically after complete surgical resection. On the other hand, after
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primary radiation therapy the lesion rarely disappears completely. However, if after
radiation therapy, a lesion remains radiologically stable for many years, and there is no
progression of the clinical picture, the patient can be considered cured. Radiological follow
up post radiotherapy usually reveals a small to moderate shrinkage of the lesion and a
decrease in contrast enhancement. Often patients obtain some improvement of clinical
neurological symptoms (39). This clinical improvement can happen without obvious
radiological improvement. When used as a primary modality alone, several studies have
shown a radiological control in the order of 88 - 100% and a clinical improvement or stable
clinical picture in the order of 87-100% (Table I).

Fewer studies are available for the less benign histology’s. This is because meningiomas
need long term follow up to assess their response to therapy and most study’s with long
term follow up were based on the old classification. Of note is that whereas in the old
classification about 5% of cases were classified as atypical meningiomas, in the current 2007
WHO classification, about 20-35% are classified grade II (40). Atypical meningiomas have a
higher propensity to recur (1). Although the role of post operative radiotherapy for
completely removed lesions is not well defined, in cases were there is residual disease post
operatively, radiotherapy is advisable (41,42,43).

5.2 Side effects

Radiation therapy is in itself painless. Radiation side effects are classified as acute (during
treatment) or late, with the late effects presenting themselves many months or years after
the radiation was delivered. The nature, severity, and longevity of side effects depends on
the organs that receive the radiation, the treatment itself (type of radiation, dose,
fractionation), and the patient. Most side effects are predictable and expected. Side effects
from radiation are usually limited to the area of the patient's body that is under treatment.
One of the aims of modern radiation therapy is to reduce side effects to a minimum, and to
help the patient to understand and to deal with those side effects which are unavoidable.

5.2.1 Acute effects

Side effects during therapy are minimal and are usually related to the patients head
immobilisation system, and area of brain involved. Even a low dose on the brainstem can
cause nausea, and localized headache can occur at the site of the meningeal involvement.
The normal brain, connective tissues and the meningioma are late responding tissues (low
a/f3 values) and hence very little acute effects tend to occur during the course of the
radiotherapy. Other side effects are fatigue and skin irritation, like a mild to moderate sun
burn. During a fully fractionated radiation course, the fatigue often sets in during the
middle of the course and can last for weeks after treatment ends. The irradiated skin will
heal, but may not be as elastic as it was before. However as the field sizes used in
stereotactic irradiation are usually very small compared to conventional radiation for
malignancies the areas of skin affected are minimal.

5.2.2 Late side effects

More important are the late side effects which when they occur can either be transient and
improve or become permanent. Late side effects occur months to years after treatment
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and are generally limited to the area that has been treated. They are often due to damage
of blood vessels and connective tissue cells. The seriousness of many late effects are
reduced by fractionation.

Most commonly oedema of the surrounding brain is noted on radiological imaging which
might or might not be symptomatic (44). Para falx meningiomas have a higher propensity to
develop surrounding brain oedema. This might be related to the fact that they tend to have a
large contact zone with the surrounding brain in comparison with skull base meningiomas
(44,45 ). The incidence of late effects on cranial nerves is low. Overall the incidence of side
effects varies around 3- 6% (28,30,46,47).

Fibrosis: Tissues which have been irradiated tend to become less elastic over time due to a
diffuse scarring process.

Epilation may occur on any hair bearing skin. It only occurs within the radiation field. Hair
loss may be permanent with a single dose of 10 Gy, but if the dose is fractionated permanent
hair loss may not occur until dose exceeds 45 Gy.

Cognitive decline is definitely a side effect that occurs when the whole brain or large parts
of the brain are irradiated, such as in the case of whole brain irradiation for multiple brain
metastasis or large brain tumors. For large meningiomas this is a factor to take into
consideration in the decision on the use of radiation therapy. For small volume stereotactic
irradiation the effect on cognition is not well established, but presumed to be minimal, and
will primarily depend on the area of brain involved. In middle aged or elderly people it is
difficult to distinguish between normal aging processes versus a radiation induced effect.
Prospective studies are required to address this issue.

Carcinogenesis; Radiation is a potential cause of cancer, and secondary malignancies are
seen in a very small minority of patients - usually less than 1/1000. It usually occurs 20 - 30
years following treatment. In the vast majority of cases, this risk is greatly outweighed by
the benefit of the proposed radiation therapy. In elderly patients carcinogenesis is of less a
concern in view of the long latent time. However the use of radiation for benign lesions like
meningiomas in young people causes more concern and should definitely be addressed in
the discussion on treatment options with the patient.

6. Spinal canal meningiomas

Adult primary spinal cord tumours represent 2% to 4% of all central nervous system
neoplasms and of these meningiomas constitute about 25% (48, 49). Hence very few centres
can report on the results exclusively for spinal meningiomas. Surgery is the main stay for
managing these lesions as the spinal cord and the meningioma have an intricate anatomical
relation, with spinal cord compression always a possibility if not already present at time of
presentation. Spinal meningiomas are separated from the spinal cord by a discrete
anatomical barrier, the arachnoid or pia membrane. This allows for removal with a
conventional laminectomy in most cases (50). The role of radiotherapy for spinal
meningiomas is the same as for intracranial meningiomas. The only difference lies in the
tolerance of the spinal cord to radiation which is in the order of 44 - 48 Gy at 1.8 - 2
Gy/fraction. This favours the use of stereotactic irradiation and the same techniques can be
used as for intracranial lesions except for the use of the Gammaknife® which by the very
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nature of its construction cannot treat spinal lesions. Also the same total dose/fractionation
choices and decision parameters apply as for intracranial lesions (51).

7. Conclusion

Although surgery is still regarded as the treatment of choice, radiation therapy is an
effective alternative treatment, especially in the case of skull base meningiomas. In this
anatomical location surgery carries a high risk of neurological morbidity, with a high chance
of incomplete removal. Radiotherapy carries less morbidity than surgery. SRS, HSRT and
FSRT all give equally good results. The choice of the radiation schedule is influenced by
technical and radiobiological parameters.
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