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Fig. 1. (A) Tl-weighted gadolinium-enhanced axial and coronal MR images obtained in
a 33-year-old woman with cerebellopontine angle meningioma based on left petrous
apex. She underwent radiosurgery using 22 mm collimator to deliver 13 Gy on the 80%
isodose surface. (B} The 13-month follow-up MR images show the reduction of tumor.

Table 1. Details of Patients who Developed Complications after Stereotactic Radiosurgery

Patients Tumor Neurological Tumor Tumor Marginal Isodose Collimator Isocenter
No. Location Deficit Size (cm) Volume (c¢) Dose (Gy) Line (%)  Size (mm) No.
1 Parasagittal Seizure 32 143 14 80 32.5, 38 1
2 Falx hemiparesis 3.6 132 13 80 35, 42 1
3 Falx Seizure 2.5 6.4 18 53 20, 22 2
4 Cavernous sinus III, IV CNP 2.7 8.9 13 80 26 1
5 CPA V CNP 4.0 6.3 13 51 24, 12, 12 3
6 Falx hemiparesis 3.0 9.5 18 90 34 1

CNP: cranial nerve palsy, CPA : cerebellopontine angle

Transient complication: No. 1~5, Permanent complication: No. 6, Peritumoral edema:No. 1~3
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Fig. 2. (A) Tl-weighted gadolinium-enhanced coronal MR image obtained in a
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64-year-old woman with right posterior occipital falx meningioma. She under-
went radiosurgery using 34 mm collimator to deliver 18 Gy on the 90% isodose
surface. (B) The 9-month follow-up MR image shows radiation necrosis with

edema in right parietal lobe.
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Table 2. Results after Postoperative Radiation Therapy for
Subtotally Resected Meningiomas

Local control rate (%)

Authors (year) ;ﬁ?i;er?tfs 5 years 10 years
NoRT RT NoRT RT
Barbaro (1987)" 51 59 77 - -
Talyor (1988)™ 132 43 86 20 80
Glaholm (1989)" 186 - 84 - 77
Miralbell (1992) 115 59 88 - -
Goldsmith (1994 140 - 89 - -
Kim (2000)" 4 - 94 - 94

RT : radiation therapy

Table 3. Results after LINAC-based Radiosurgery for Benign
Meningiomas

Authors No. of Radiation LCR Complication (%)
(year) patients dose (Gy) (%) transient permanent

Engenhart 17 29.0 100 29 18
(1990)> (mean)

Valentino 72 37.0 94 4 -
(1993)® (mean)

Vallavicencio 56 15.0 95 - 9

Sh(alfz%)m (m§a7n) 1 4

on 70 12, 00 -

(1998 (mean)

Hakim 106 15.0 89 — 47
(1992?)26) (median)

Chang 24 17.7 100 21 4
(1998)™ (mean)

Present series 26 15.0 93 19 38
(2001) (median)

LCR : local control rate (% of tumor not enlarging),
‘cavernous sinus meningiomas

5ol 26~37%, 10vddl] 55~74%, 1540l 91%0l] o] &} >*7
w3 vlepHRl QA Azlge] wdols Bsla Foke|
AL FAE AIAR] Afole B dFo| RaFw
ek B AT AYRANGE Aol A AAlee
Al ok 9wlel B F 5H(S6%)ellA AEHel A7

o F9450] Uehgaieh
2. B8 HAMMRIZ

37 4 9 B FEel oY 2Y RAaREd o
Al ofEl F1A olel glof ek 27 ATeIAE WA
AARE bt o e XE AE Held gvkm B
2ogIeEt? AT AT BIelAE 294 AaE A9

% F AL At PAIAZI FAL AEEear

]

]

LA S LEISIX) 2001:19(2):87~94

rence-free survival)@} A YEES A7) olF F-&
3 e e Aoz RasigithTable 2). 79 amak
oigl s XgHr & T MAAXEE 18 A
Soll T4 A& S7ket A F AEV|Y AAE
ehlek O Xg & A 950t N8AF E 9
u]A]7] wiEel Taylor 5V 2944 AAE § Foko] A
g wi7tA ZdEA Ha g F FA AR EE A
do} ghrhar FAsllch WAL E 9 okt FR/9 ¢
o] wbldlh = QlEd| FH ol Hadl F ghelEe] vl
E—l\.:: 0~ 17%0] 2}\‘;]‘.10’ 11, 13)

QA AAEE Agst| oelg Aol ALK EE
A& = 9lon, ol AE AU ALFEd g4 EE
HAAXNEE F4AFoE ol ¥ H35L WA
RIZHE B9l AR ZRE, HAA, =17, AR ZH
Wo] 91X|3 99 ko) It Aoz Z AN
3 em) el Foke] AP BEHE AL, AKX EE
uhe o) APtE Lok HSol wekad X Eof it Al
A 55e 43 Yute EEALANAAX S
33 YA S T £ 5 gk

3. FlUAME

T A8l glolA BT Ee] 2 AHEL
the3 2ok A, A2 Z7]kE CTu MRIGA 42
Zro] & veht AT Z2A3} X EAY o] &ols
A, 9 22029 Hgel ZEA Fiote] AA} B
B A, FFol AAF] AEE Fgll AL T3
© 73l ddzAel fEY o] BAAE =AY By
FEE A {E Fol dRE Mk AXAAE S
oAU BHE TelAl e T WA A% T R
o &g FRATISL YA, 23 eaes Ju A
Ae ABHH T35 AddSs AT oA 2l
A A 3AE agelZv AZEE BT el

A% 5 Y Feold w2 U8 PAFS LT 9
19)

Futze] X A AL BExE Foke) Aat
< JAlsla sake] ARNA 15 FAAFH Az2e A
A EHES sl Zolth of2d At Tsle
249 FAAZH 3Rke] e AL Folidl 7)ot
gle} AZ=ck Chang 579 3ol x78kAte] 42%ol
A A=A TAL He: S0%eAE St wisls}
gdglen HAAANE B 3R] 9%l Z4e] 2
2, 4%ollA] Z4e] $AL Btk B AL oy 24

E o T

o ¢

B

I

_91_



Al 2] 1101 U0 TS S8OEDIE HAUANSE

& 343 1499 $AE F UHTIBNA FF &£Fo, 2
H(14%)elA F4 A57F vt & 13503%)llA 9434
o] 34¢ B, ol2dt S4] Hilk: oiRE 6714 o
oll whAysigicl. B3 HAAA NS F4E 59 3 4780
%)lA F4 o] Uehdtl oj2)dt Any) AAAs
Euhe] ZARIR] Ad|Rol= 5 HEZH X gele] Fukid)
P FUA 7HHo] oAt ALQutANSFEI FAY 26
olE HE9o] FukE Al Jt 4L TAAA Y4
gz wg EH7} shseiAl el Zlofitia Azt
tt. ol A 23 vl 2@ 77k Ay} Q)
L Q3 Zeolch Kondizioka 57 ANAAGFE 3 5ol
A 10 Aojoll AEZAE Al L AT FollA]
65%7} &% Sl Wil gy 8% &% 539 4
£, 271%c AsE HYvka 2Easlgidk

T4E SR BAAFAATES AP H$oll T
Aol g2 89~100%Eolck ™0 Agr&rE olg A
AUAAFEe] A= Table 33 ek B AFlAE 269
o] &l Foll 10| Algslglon, o] A WA AAES
At F Apdele] FAMAATE S Aslgn Hx 9
el HA o)A FurEo R =8 SARAATE B
k. Glaholm 576 wt2m £ $ARARASe] $57]
T Ao gl J3g vAdkn Bwslglw, weld 2§
ALAATERE Bl A FuEe] AS AuFHes wA
e a7 T3l XEske AU B8 AR
g9 Ag 13T § ok

AR7HE71E o] 83 AAAATE AoE FulZo] b
A & Jded 3~47% A PFe] Husz glon
YAIA FHZ2 3~29%, FTHYN PHEL 4~18% B=T}
¥315]531 glcKTable 3). Pan £ whAA e Hatgoll A
e AAE XA FUEE, $U% X 5& Has}
et olggt 2288 Foly] AdAE FgHel alE A
B4 JEg Aolo] FggAo] 15 em’E HE Aol
£ 12 Gy ©]3}, 5~10 em’®] AH$-oll= 13~15 Gy, 5 cm’ ]
gkl 9ol 15~16 GyE 2Ase AL AP, 17
Gy o]&9 XgA%e ¥ Ae Ik L3 Fe
AA7E FAFE FIARE ol9lel ol FAT AAEA A
Bl e g Fakgg Basigil, B3] e uka
o] A% vl $x1& Z$oll ¥ Asigict LAolA] 6
B23%)lA AFTH FhFol alsle] o E HuoA B
o B HEE Bk ol £ U7t 3 emE P A
$7F THelYA Fgol M} Aol X3 AU} 123e
2 ggkeon, X g 4o 18 Gy ol 797} 8ol 5

A7l e A AT diREY S8 EAFHol
b L TRR VO L Ll e B s S I o o
Tl g A8 ARE A7 XE F PHFE
Ha3psly] i d4e] Al whE HAT X Edy
9 Ado] HyFo|i 735l webAe 3 AAles
g PAIAE 2 FAgRAdee 59 BEAER
HE F 9& Aoln. ARH oz FuFe st EAHR
AP S AASAY S HAlge) ks
AT B4R AAEE AT AY, 7E F ALY A
o BAAAdTES ANH FEE TRANTZ F¥
AL Ak ofF EAFHY Ao A47Ed.
£ ATelAE 3% Sl Q353 3% FF 4R
9 JAE HIAL 57%FANAE FF 719 74Tt Vet
U 27 7] G 8 3y AAE Byloy,
FFell g AAPAATES JPol dxe o 23 7]
7o FHEe] e g ok =¥ AMAdrER
3 ARNH FRFE Eol7] AAe F o A 3/
9 Ad, FEAATAAX 2 34 A=A 8
g, 2ela HAT A8 A A% 2A 5ol st

Mo

—

¢

-

Z2a1gd

1. Russel DS, Rubenstein LJ. Pathology of tumors of the
nervous system. 4th ed. London; Edward Arnold, 1977:66-91

2. Wara WM, Bauman GS, Sneed PK, Larson DA,
Karisson UL. Brain, Brain stem, and Cerebellum. In: Perez
CA, Brady LW, eds. Principles and Practice of Radiation
oncology. 3rd ed. Philadelphia, NW: Lippincott-Raven Co.
1998:818-820

3. Mirimanoff RO, Dosoretez DE, Longgood RM, Ojemann
RG, Martuza RL. Meningioma: Analysis of recurrece and
progression following neuro surgical resection. J Neurosurg
1985:62:18-24

4. Adegbite AB, Khan MI, Paine KWE, Tan LK. The
recurrence of intracranial meningiomas after surgical treat-
ment. J Neurosurg 1983;58:51-56

5. Simpson D. The recurrence of intracranial meningiomas after
surgical treatment. J Neurol Neurosurg Psychiatry 1957,20:
22-39

6. DeMonte F, Smith HK, Al-Mefty O. Outcome of aggres-
sive removal of cavernous sinus meningioma. J Neurosurg
1991,81:245-251

7. Carella RJ, Ransohoff J, Newall J. Role of radiation
therapy in the management of meningioma. Neurosurgery
1982,10:332-339

8. Duma CM, Lunsford LD, Kondziolka D, et al. Stereotactic
radiosurgery of cavernous sinus meningiomas as an addition

_92_



10.

1.

12.

13.

14.

15.

16.

17.

or alternative to microsurgery. Neurosurgery 1993,32:699-705

. King DL, Chang CH, Pool JL. Radiotherapy in the mana-

gement of meningiomas. Acta Radiol Ther Phys Biol 1966
5:26-33

Barbaro NM, Gutin PH, Wilson CB, Sheline GE, Boldrey
EB, Wara WM. Radiation therapy in the treatment of
partially resected meningiomas. Neurosurgery 1987,20:525-528
Taylor BW Jr, Marcus RB Jr, Friedman WA, Ballinger
WE, Million RR. The meningicma controversy : Postoperative
radiation therapy. Int J Radiat Oncol Boiol Phys 1988;15:299-
304

Glahoim J, Bloom HJG, Crow JH. The role of radio-
therapy in the management of intracranial meningiomas: The
Royal Marsden Hospital experience with 186 patients. int J
Radiat Oncol Boiol Phys 1990;18:755~761

Miralbell R, Linggood RM, de la Monte S, Convery K,
Munzenrinder JE, Mirimanoff BO. The role of radiotherapy
in the treatment of subtotally resected benign Meningiomas. J
Neurooncol 1992;13:157-164

Goldsmith BJ, Wara WM, Wilson CB, Larson DA.
Postoperative irradiation for subtotally resected meningiomas:
A retrospective analysis of 140 patients treatment from 1967
to 1990. J Neurosurg 1994,80:195-201

Kim TH, Yang DS, Kim CY, Choi MS. The role of
postoperative external irradiation for the incompletely resected
meningiomas. J Korean Soc Ther Radiol Oncol 2000;18:85-91
Wara WM, Sheline GE, Newman H, Townsend JJ,
Boldrey EB. Radiation therapy of meningiomas. Am J
Roentgenol Radium Ther Nucl Med 1975;123:453-458
Condra KS, Buatti JM, Mendehall WM, Friedman WA,
Marcus RB Jr, Rhoton AL. Benign meningiomas : Primary
treatment selection affects survival. Int J Radiat Oncol Boiol
Phys 1997,39:427-436

18.

19.

21.

24,

25.

27.

__93_.

]

ror

LAHSEERX] 2001;19(2):87~94

Kim DY, Ahn YC, Huh SJ, et al. Fractionated stereotatic
radiation therapy for intracranial benign tumor : Preliminary
results of clinical application. J Korean Soc Ther Radiol
Oncol 1998;16:185~194

Kondziolka D, Lunsford LD. Radiosurgery of meningiomas.
Neurosurg Clin North Am 1992;3:219-230

. Chang SD, Adler JR Jr, Martin DP. Linac radotherapy for

carvernous sinus meningiomas. Stereotact Funct Neurosurg
1998; 71:43-50
Kondziolka D, Levy EIl, Niranjan A Flickinger JC,
Lunsford LD. Long-term outcomes after meningioma radio-
surgery : Physician and patient perspectives. J Neurosurg
1999;91:44~-50

. Engenhart R, Kimmig BN, Hover KH, et al. Stereotactic

single high dose radiation therapy of benign intracranial
meningiomas. Int J Radiat Oncol Boiol Phys 1990;19:1021-
1026

. Valentino V, Schinaia G, Raimondi AJ. The rasults of

radiosurgical management of 72 middle fossa meningiomas.
Acta Neurochir(Wien) 1993;122:60-70

Villavicencio A, Black PM, Alexander E Ili, Loeffler JS.
Radiosurgery for skull base meningiomas(Poster), Minneapolis,
MN: 64th Annual Meeting of the American Association of
Neurological Surgeon; April 27-May 2, 1996

Shafron DH, Friedman WA, Buatti JM, Bova FJ,
Mendenhall WM. Linac radiosurgery for benign meningio-
mas. Int J Radiat Oncol Boiol Phys 1999;43:321-327

. Hakim R, Alexander E I\, Loeffler JS, et al. Results of

linear accelerator-based radiosurgery for intracranial menin-
giomas. Neurosurgery 1998,42:446-454

Pan DHC, Guo WY, Chang TC, et al. The effectiveness
and factors related to treatment results of gamma knife
radiosurgery for meningiomas. Stereotact Funct Neurosurg
1998,70(suppl):19-32



AldS 2 1100 2UE0 gt QEIIS018 F/AYALSE

— Abstract

LINAC-based Stereotactic Radiosurgery for Meningiomas

Seong Soo Shin, M.D.", Dae Yong Kim, M.D.", Yong Chan Ahn, M.D.”,
Jung Il Lee, M.D.T, Do-Hyun Nam, M.D.", Do Hoon Lim, M.D.",
Seung Jae Huh, M.D.", Inhwan J Yeu, Ph.D.", Hyung Jin Shin, M.D.T,
Kwan Park, M.D.T, BoKyoung Kim, M.D.", and Jong Hyun Kim, Mm.D."

*Departments of Radiation Oncology, and TNeurosurgery
Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea

Pumose : To evaluate the role of LINAC-based stereotactic radiosurgery (SRS) in the management of
meningiomas, we reviewed clinical response, image response, neurological deficits for patients treated at
our institution.

Methods and Materials : Between February 1995 and December 1999, twenty-six patients were treated
with SRS. Seven patients had undergone prior resection. Nineteen patients received SRS as the initial
treatment. There were 7 male and 19 female patients. The median age was 51 years (range, 14~67
years). At least one clinical symptom presented at the time of SRS in 17 patients and cranial neuropathy
was seen in 7 patients. The median tumor volume was 4.7 cm® (range, 0.7~16.5 cm?). The mean margi-
nal dose was 15 Gy (range, 10~20 Gy), delivered to the 80% isodose surface (range, 46~90%). The
median clinical and imaging follow-up periods were 27 months {range, 1-71 months) and 25 months
(range, 1~52 months), respectively.

Results : Of 14 patients who had clinical follow-up of one year or longer, thirteen patients (93%) were
improved clinically at follow-up examination. Clinical symptom worsened in one patient at 4 months after
SRS as a result of intratumoral edema, who underwent surgical resection at 7 months. Of 14 patients
who had radiologic follow-up of one year or longer, tumor volume decreased in 7 patients (50%) at a
median of 11 months (range, 6~25 months), remained stable in 6 patients {43%), and increased in one
patient (7%), who underwent surgical resection at 44 months. New radiation-induced neurological deficits
developed in six patients (23%). Five patients (19%) had transient neurological deficits, completely resolved
by conservative treatment including steroid therapy. Radiation-induced brain necrosis developed in one
patient (3.8%) at 9 months after SRS who followed by surgical resection of tumor and necrotic tissue.
Conclusions : LINAC-based SRS proves to be an effective and safe management strategy for small o
moderate sized meningiomas, inoperable, residual, and recurrent, but long-term follow-up will be nec
essary to fully evaluate its efficacy. To reduce the radiation-induced neurological deficit for large size
meningioma and/or in the proximity of critical and neural structure, more delicate treatment planning and
optimal decision of radiation dose will be necessary.

Key Words : Meningioma, Radiosurgery, Linear accelerator, Neurological deficit



