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ABSTRACT

Background: Stereotactic radiosurgery has emerged as an established treatment modality of intracranial tumors. It is
used as an alternative to surgery or to supplement subtotal surgical resection of locally invasive tumors.

Aim of the Work: To demonstrate the efficacy and safety of stereotactic radiosurgery in treatment of benign
meningiomas.

Patients and Methods: twenty-six patients with 28 benign meningiomas were prospectively treated with 6-MV
modified linac (Photon Knife) in a non-randomize clinical study. Mean age was 54 years (£ 10.5, range: 25 to 75 years).
Dose was given in single or multiple fractions depending on tumor location. Winston-Lutz test for accuracy of isocentre
localization was performed in all cases. Regular clinical and radiological follow up was carried out.

Results: The mean tumor volume was 16.3 cc (£ 9.64, range: 1.85-32.56¢c). Mean tumor edge dose was 17 Gy (2.9,
range: (13 to 24Gy). All patients tolerated the treatment well. The follow up period ranged between 11 months and 42
months (mean: 28 + 8.15 months). Clinical improvement occurred in 10.5%, deterioration occurred in 10.5%, whereas
79% remained stable. Radiological tumor control was achieved in 89.5%, while 10.5% of tumors continued to grow.
Conclusion: Stereotactic radiosurgery provided high rates of tumor growth control, often with tumor regression,
and low morbidity rates in patients with benign intracranial meningiomas. It is a useful treatment modality which can
supplement subtotal surgical resection of sizable benign meningiomas or can be used as an alternative to surgery for
recurrent tumors, for patients who have severe systemic illness or those who refuse to have open surgery.
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INTRODUCTION
Meningiomas constitute about 15% to 20% of all brain Parasagittal meningiomas, especially when associated
tumors and are the most common benign intracranial with the middle or posterior third of the superior sagittal
tumor. They are usually diagnosed in middle age, and sinus, pose difficult management challenges. Initial
are significantly more frequent in females than in males. surgical excision is associated with high morbidity
Majority of them are benign tumors, some are locally and frequent tumor recurrence after subtotal resection.
invasive into nearby critical structure precluding its total Neurological deficits are cumulative when multiple
removal'2. resections are required. No consistent management
approach exists for patients with such tumors®. Despite
The treatment of choice for intracranial meningiomas advances in microsurgery, tentorial meningiomas
is complete surgical excision. However, meningiomas continue to challenge surgeons and patients®.
may recur, even after apparent gross total removal. In
addition, curative resection can be a morbid undertaking Conventional radiotherapy provides an alternative
because of tumor location, involvement of critical to surgery in patients with medical contraindication
structure, advanced patient age and/or comorbid to surgery, inaccessible tumors, subtotal resection, old
conditions**. age, recurrent tumors and patients refusing surgery. It
provides longer periods of progression free survival
Skull base tumors are relatively inaccessible tumors attainable with law morbidity. However, the role of
with complex neuro-vascular anatomy. Despite technical conventional radiotherapy is also limited by the presence
advances and growing experience in the past two decades, of radiosensitive normal structures close to these
microsurgery of skull base tumors is still associated tumors’#.
with significant postoperative complications and high
recurrence rate**. Stereotactic radiotherapy (SRS) is a single fraction
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technique that uses stereotactic principles for targeting
and treatment of intracranial lesions through the use
of multiple non-coplanar beams’. It has emerged as
an alternative to microsurgery to supplement subtotal
surgical resection of locally invasive tumors and/or
recurrence after surgical treatment® ' '!,

The aim of this study is to present the treatment
results of 26 intracranial benign meningioma patients
using Linac SRS to demonstrate the safety and efficacy
of SRS in treatment of these tumors.

PATIENTS AND METHODS

twenty-six patients with 28 intracranial benign
meningiomas were selected for treatment at Al-Hekmah
and El-Khair International Hospitals, Mansoura, Egypt
with 6-MV modified linac (Photon Knife) in a non-
randomize clinical study during the period March 1998 to
March 2000. Selection criteria for these patients included
patients with residual tumors after surgical resection,
recurrent tumors, old age <65 years, unstable medical
problems, and multiple lesions. Exclusion criteria
included large tumors (tumor diameter <40mm, volume
33cc.), marked neural compression, high intracranial
pressure and hydrocephalus, and Karnofsky Performance
Scale 60 or less. Before treatment, patients were assessed
by clinical examination, CT and/or MRI, and tissue
diagnosis in patients who had previous surgical resection.
The treatment procedures were explained to each patient
before starting treatment with the possible treatment
outcome and side effects. Written consent was signed by
the patient before stating treatment.

Stereotactic head frame fixation was applied to
the patient under local anesthesia followed by high-
resolution contrast-enhanced CT imaging. Stereotactic
head mask system was applied for patients who would
have more than one fraction. Data transfer to planning
computer, target volume determination and localization
and 3-Dimesional (3-D) planning were carried out in
El-Hikmah Hospital (using software of BrainScan v3.5,
BrainLAB GmbH, Germany).

Treatment planning was always performed by
a neurosurgeon, radiation oncologist, and radiation
physicist. The dose selection for each patient was
influenced by tumor volume, tumor location, presence
of radiosensitive structure nearby, previous history of
radiation therapy and patient’s age. Dose planning was
performed to keep optic nerve and chiasma dose below
9Gy. Treatment verification and delivery were carried
out in El-Khair International Hospital using modified
6MYV linear accelerator. Quality assurance measurements
were carried out according to the recommendations of
American Association of Physicists in Medicine (AAPM
report No. 54)'2. Verification of mechanical parameters
of the system is carried out before each treatment by
checking gantry and table alignment using optical beam,

and alignment of the isocentre with the wall mounted
laser beams. Winston-Lutz test for accuracy of isocentre
localization is carried out for each patient before each
treatment'.

Patients were discharged within 24 hours after
radiosurgery. Post treatment, patients were clinically
assessed every month, and radiologically by CT and/or
MRI every three months. Clinical criteria for assessment
of treatment response included: Clinical response if there
is more than 50% decrease of patient’s symptoms and
signs, stable disease if there is less than 50% decrease
of patient’s symptoms and signs, and no response if
there is progression of patient’s symptoms and signs or
appearance of new symptom(s) and sign(s) related to the
disease. Criteria for radiological tumor control are defined
as decreased or no change of tumor size, and/or loss of
tumor enhancement on CT or MRI. Statistical Analysis:
Statistical analysis was done using SPSS (Statistical
Package for Social Science) program 10" version, 1999.
Mean (+SD) and percentile ratio are used to describe our
data (simple descriptive statistics).

RESULTS

Of 26 patients with 28 intracranial benign meningiomas
included in this study, there were 10 males and 16
females with mean age of 54 years (= 10.5, range: 25
to 75 years). They included 14 patients (54%) with
residual tumors after surgical resection, recurrent tumors
in three patients (11.5%), old age <65 years in three
patients (11.5%), unstable medical problems in 4 patients
(15%), and multiple lesions in two patients (8%). Tumors
were located at skull base in 19 patients (73%), falcine/
parasagital in four patients (15%), tentorial in 2 patients
(8%), and convexity meningioma in one patient (4%).
The mean tumor volume was 16.3 cc (+ 9.64, range:
1.85-32.56 cc) (Table 1).

Table 1: Characteristics of 26 benign meningioma
patients.

No. %
Age:
Mean (= SD) 54 years (+ 10.5)
Range 25-75 years
Sex:
Male 10 38%
Female 16 62%
Indication for SRS:
Residual tumor 14 54%
Recurrent tumor 3 11.5%
Medical problems 4 15%
Old age <65 Years 3 8%
Multiple lesions 2
Location of lesion:
Skull base 19 73%
Tentorium 2 8%
Falcine/parasagital 4 15%

Convexity 1 4%
Tumor volume: Mean + SD (Range) 16.3 cc+ 9.64, (1.85-32.56 cc)
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The mean tumor dose at the tumor margin (prescribed
at the 80% isodose line) was 17 Gy (£ 2.9, range: 13 -
24Gy). Prescribed dose was given in a single or multiple
fractions. 23 patients (88.5%) received single fraction,
and three patients (11.5%) received two fractions. The
prescribed dose was achieved using single isocentre in 16
patients (62%), 2 isocentres in 6 patients (23%) and three
isocentres in four patients (15%). Collimator diameters
ranged from 5 to 35mm (Table 2). All patients tolerated
treatment well. The mean follow up period was 28 + 8.15
months (range: 11— 42 months).

Table 2: Stereotactic radiosurgery treatment of 26
benign meningioma patients.

No. Y%

Tumor Margin Dose (80% isodose line):

Mean (+ SD) 17 Gy (£2.9)

Range 13 -24 Gy
Number of Fractions:

Single 23 88.5%

Two 3 11.5%
Number of Isocentres:

Single 16 62%

Two 6 23%

Three 4 15%

Tumor control was achieved in 23 patients (88.5 %)
with tumor shrinkage in three patients (11.5 %) and stable
tumor size in 20 patients (79%). Tumor progression
occurred in three patients (11.5%). Radiological tumor
control occurred in 23 patients (88.5%), who included
tumor shrinkage in three patients (11.5 %) (Figure.l),
and stable tumor size in 20 patients (79 %). Tumor
progression occurred in three patients (11.5 %).

Fig. 1: Female patient, 47 years with right cavernous sinus meningiomas.
A: Before stereotactic radiosurgery B: 16 months after stereotactic
radiosurgery: Tumor shrinkage with decrease of enhancement.

Treatment complications included trigeminal and
facial neuropathy in two patients (8%), and transient
perifocal edema in three patients (12%). The remainders
of the patients were clinically unchanged during the
follow-up interval (Table 3).

Table 3: Clinical outcome of 26 benign meningioma
patients.

No. %

Clinical Assessment: 26 100%

Overall clinical control 23 88.5%

Clinical response 3 11.5%

Stable disease 20 77%
Clinical deterioration

No response 3 11.5%
Radiological Assessment:

Tumor control 23 88.5%

Tumor shrinkage 3 11.5%

Stable tumor size 20 77%

Tumor progression 3 11.5%
Treatment Complications:

Neuropathy 2 8%

Perifocal Edema 3 11.5%

DISCUSSIONS
Meningiomas are the most common benign

intracranial tumors. They are usually diagnosed in middle
age, and are significantly more frequent in females than
in males'?. Occasionally, treatment of meningioma
represents a major challenge to both neurosurgeons and
radiation oncologists. Some are locally invasive in the
surrounding critical structure. The current treatment
of choice is complete surgical resection, which may
be difficult without significant morbidity*. The risk of
recurrence is substantially greater after subtotal resection
without adjuvant therapy. The five year survival rate after
complete excision was 88% compared with 46% after
subtotal excision'. Conventional postoperative radiation
therapy significantly decreases rate of recurrence and
prolong recurrence disease survival of meningioma
patients who underwent subtotal surgical resection (30%
and 125 months, respectively) compared to patients who
didn’t receive postoperative radiation therapy (60 % and
66 months, respectively, P<0.05)”. Similar results are
reported by Taylor et al.®* However its role is limited by
the presence of radiosensitive normal structure close to
these tumors®*7#,

SRS was originally introduced by Lars Leksell'.
It has developed quite rapidly over the last decade
mainly due to developments in 3-D imaging modalities,
developments in 3-D and conformal planning systems,
stringent quality assurance measures of target volume
localization and safe dose delivery to the target volume®.
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It has emerged as a promising tool for treatment of brain
tumor either to supplement subtotal surgical resection or
as an alternative to open surgery in high-risk patients.
It allows safe delivery of a high radiation dose to
stereotactically defined target volume using single (SRS)
or multiple fractions (stereotactic radiotherapy)® % ''.

Several reports have been published regarding the use
of SRS in the treatment of meningioma* '™ 11 Valentino
et al. reported the results of SRS treatment of 72 middle
fossa meningiomas with doses of 15 to 45Gy. Sixty nine
percent of patients showed tumor shrinkage, 25% had
no change and 6% had tumor progression. There were
no significant treatment related complications''. Similar
results were reported by Shafron etal.? in 76 meningiomas,
Kondziolka et al." in a large series of benign intracranial
tumors including 85 meningioma patients and Flickinger
etal.'” in 219 meningioma patients. SRS is also preferable
to re-operation, is indicated after incomplete surgical
excision and is an excellent alternative to surgery in high-
risk or elderly patients, and meningiomas infiltrating
critical structures? 21,

The optimal treatment dose required for meningiomas
is uncertain, however, doses of 12-20Gy to the tumor
margin are the most commonly employed since higher
dosages have been associated with higher rates of
morbidity'®. The selection criteria, treatment dose and
overall tumor control rate of the present series (89.5%) is
comparable to that reported in the literatures® !!- 16 17.19-22,

Immediate side effects of SRS are usually mild
to moderate and are mostly self-limited. Kalapurakal
et al.® studied factors influencing cerebral edema
after stereotactic radiosurgery or radiation therapy in
intracranial meningiomas. The statistically significant
factors for the development of edema were parasagittal
location, presence of pretreatment edema, sagittal sinus
occlusion, and the use of more than 6Gy per fraction. A
smaller dose per fraction and aggressive use of steroids
may prevent life-threatening complications due to
worsening edema. Similar findings were reported by
Gelblum et al.* and Singh et al.>® However, the presence
of pretreatment edema was not a predictor of post SRS
complication rates in their series. The occurrence of
edema did not correlate with tumor volume, margin or
maximum dose, or with radiation received by adjacent
brain®* %,

Complications of SRS include facial and trigeminal
neuropathy, and perifocal edema. Two patients (8%) of
this study developed facial and trigeminal neuropathy,
which is lower than that reported by Friedman et al.
(21%)* and higher than that reported by Steiner et al.
(6%)*". Both patients were responded to medical treatment.
Development of cranial nerve neuropathy is mainly
determined by length of the nerve irradiated, degree of
stretch of the nerve over the tumor and radiation dose®.

Patients receiving a minimal tumor dose of <16Gy are
at lower risk for permanent facial neuropathy after SRS.
Perifocal edema developed in three patients (11.5%) of
our series. Noren®® reported it in 5% that involve the
cerebellum and brain stem.

CONCLUSIONS

Despite technical advanced and growing experience in
the past two decades, surgery of intracranial meningioma
is not applicable all the times for all patients. SRS has
emerged as an established treatment modality, which can
supplement subtotal surgical resection of sizable or locally
invasive tumors. It can be used as an alternative to surgery
for recurrent tumors, inaccessible tumor sites especially
skull base, for patients who have severe systemic illness
or those who refuse to have open surgery. This treatment
modality is well tolerated, has few complications, and
induces good tumor control. More clinical trials and data
analysis are needed to maximize its efficacy, to identify
prognostic factors for better patient’s selection, and to
optimize dose of SRS for meningiomas.

REFERENCES

1. Altinors N, Caner H, Bavbek M, Erdogan B, Atalay B, Calisaneller
T, et al. Problems in the management of intracranial meningiomas.
J Invest Surg 2004 Sep-Oct;17(5):283-89.

2. Shafron DH, Friedman WA, Buatti JM, Bova FJ, Mendenhall
WM. Linac radiosurgery for benign meningiomas. Int J Radiat
Oncol Biol Phys 1999 Jan 15;43(2):321-27.

3. Adegbite AB, Khan MI, Paine KW, Tan LK. The recurrence of
intracranial meningiomas after surgical treatment. J Neurosurg
1983 Jan;58(1):51-56.

4. Chan RC, Thompson GB. Morbidity, mortality, and quality of life
following surgery for intracranial meningiomas. A retrospective
study in 257 cases. J Neurosurg 1984 Jan;60(1):52-60.

5. Kondziolka D, Flickinger JC, Perez B. Judicious resection and/
or radiosurgery for parasagittal meningiomas: Outcomes from
a multicenter review. Gamma Knife Meningioma Study Group.
Neurosurgery 1998 Sep;43(3):405-13; discussion 413-14.

6. Noren G, Arndt J, Hindmarsh T, Hirsch A. Stereotactic.
radiosurgical treatment of acoustic neurinomas. In: Lunsford
LD, editor. Modern Stereotactic neurosurgery.Boston: Kluwer
academic publishers; 1988. p. 481-89.

7. Barbaro NM, Gutin PH, Wilson CB, Sheline GE, Boldrey EB,
Wara WM. Radiation therapy in the treatment of partially resected
meningiomas. Neurosurgery 1987 Apr;20(4):525-28.

8. Taylor BW,Jr, Marcus RB,Jr, Friedman WA, Ballinger WE,Jr,
Million RR. The meningioma controversy: postoperative radiation
therapy. Int J Radiat Oncol Biol Phys 1988 Aug;15(2):299-304.

40



Mohamed Elawadi et al.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Bova FJ, Meeks SL, Friedman WA. Linac radiosurgery: System
requirements, procedures and testing. In: Khan FM, Potish RA,
editors. Treatment Planning in radiation oncology.Baltimore:
Williams & Wilkins; 1998. p. 215-41.

Flickinger JC, Kondziolka D, Lunsford LD. Radiosurgery of
benign lesions. Semin Radiat Oncol 1995;5(3):220-24.

Valentino V, Schinaia G, Raimondi AJ. The results of radiosurgical
management of 72 middle fossa meningiomas. Acta Neurochir
(Wien) 1993;122(1-2):60-70.

Schell MC, Bova FJ, Larson DA, Leavitt DD, Lutz WR,
Podgorsak EB, et al. Stereotactic radiosurgery. Report of task
group 42. Radiation therapy committee. 1995.

Winston KR, Lutz W. Linear accelerator as a neurosurgical tool
for stereotactic radiosurgery. Neurosurgery 1988 Mar;22(3):454-
64.

Luk KH, Caderao JB, Leavens ME. Radiotherapy for treatment of

meningioma and meningosarcoma. Cancer Bull 1979;31:220-25.

Leksell L. The stereotaxic method and radiosurgery of the brain.
Acta Chir Scand 1951 Dec 13;102(4):316-319.

Engenhart R, Kimmig BN, Hover KH, Wowra B, Sturm V, van
Kaick G, et al. Stereotactic single high dose radiation therapy of
benign intracranial meningiomas. Int J Radiat Oncol Biol Phys
1990 Oct;19(4):1021-26.

Flickinger JC, Kondziolka D, Maitz AH, Lunsford LD. Gamma
knife radiosurgery of imaging-diagnosed intracranial meningioma.
Int J Radiat Oncol Biol Phys 2003 Jul 1;56(3):801-6.

Kondziolka D, Lunsford LD, Coffey RIJ, Flickinger JC.
Stereotactic radiosurgery of meningiomas. J Neurosurg 1991
Apr;74(4):552-559.

Kondziolka D, Nathoo N, Flickinger JC, Niranjan A, Maitz AH,
Lunsford LD. Long-term results after radiosurgery for benign
intracranial tumors. Neurosurgery 2003 Oct;53(4):815-821;
discussion 821-22.

Pollock BE, Link MIJ, Foote RL, Stafford SL, Brown PD,

Schomberg PJ. Radiosurgery as primary management for

21.

22.

23.

24.

25.

26.

217.

28.

meningiomas extending into the internal auditory canal. Stereotact
Funct Neurosurg 2004;82(2-3):98-103.

Subach BR, Lunsford LD, Kondziolka D, Maitz AH, Flickinger
JC. Management of petroclival meningiomas by stereotactic
radiosurgery. Neurosurgery 1998 Mar;42(3):437-443; Discussion
443-45.

Muthukumar N, Kondziolka D, Lunsford LD, Flickinger JC.
Stereotactic radiosurgery for tentorial meningiomas. Acta

Neurochir (Wien) 1998;140(4):315-320; discussion 320-21.

Kalapurakal JA, Silverman CL, Akhtar N, Laske DW, Braitman LE,
Boyko OB, et al. Intracranial meningiomas: Factors that influence
the development of cerebral edema after stereotactic radiosurgery
and radiation therapy. Radiology 1997 Aug;204(2):461-65.

Gelblum DY, Lee H, Bilsky M, Pinola C, Longford S, Wallner
K. Radiographic findings and morbidity in patients treated with
stereotactic radiosurgery. Int J Radiat Oncol Biol Phys 1998 Sep
1;42(2):391-95.

Singh VP, Kansai S, Vaishya S, Julka PK, Mehta VS. Early
complications following gamma knife radiosurgery for intracranial

meningiomas. J Neurosurg 2000 Dec;93(Suppl 3):57-61.

Friedman WA, Bova FJ, Buatti JM. Stereotactic radiosurgery:
Clinical experience at the University of Florida. In: Gildenberg
PL, Tasker RR, editors. Textbook of stereotactic and functional
neurosurgery.New York: McGraw-Hill; 1998. p. 733-44.

Steiner L, Prasad D, Lindquist C, Steiner M. Clinical aspects of
gamma knife stereotactic radiosurgery. In: Gildenberg PL, Tasker
RR, editors. Textbook of stereotactic and functional neurosurgery.
New York: McGraw-Hill; 1998. p. 763-3.

Noren G. Gamma knife radiosurgery for acoustic neurinomas. In:
Gildenberg PL, Tasker RR, editors. Textbook of stereotactic and
functional neurosurgery.New York: McGraw-Hill; 1998. p. 835.

41



