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Abstract: Treatment outcomes were analyzed retrospectively for 135 patients with brain
metastases, who were treated with stereotactic radiosurgery (RS) or whole brain radiotherapy
(WBRT) at Osaka City General Hospital between January 1994 and September 1996. The major
primary site was the lung (74.8 %). RS only was administered to 52 patients, WBRT only to 49
patients, and both RS and WBRT to 34 patients. Of the last group, 15 patients received a
combination of WBRT and RS within a month of one another (sequential treatment), 19 patients
(previously WBRT was administered to 12 patients, RS to 7 patients) were treated with RS or
WBRT at the time of metastatic brain tumor recurrence (recurrence treatment).

RS was performed with the Leksell Gamma knife (maximum dose range: 17.5-57.5 Gy, median
40 Gy; peripheral dose range was 12.0-28.0 Gy, median 21 Gy). The dose range for WBRT was
30-50 Gy (generally, 1.5 Gy b.i.d. for a total dose of 39 Gy, which was used for WBRT only, and
1.5 Gy b.i.d. for a total dose of 30 Gy for sequential and recurrence treatment).

The median survival time for patients receiving RS only was 9 months, for WBRT only 7
months, for sequential treatment was 12 months and for recurrence treatment 19 months. There
was no significant difference in survival rate between treatment RS only and WBRT only, but
there was a significant difference (p<0.01) between sequential treatment and treatment with
WBRT only. The death of 10 of the 61 patients was attributed to CNS progression (16 % of all
deaths). Improvement of neurologic signs and symptoms was seen in 34 of the 62 patients (54.8
%). In the recurrence group, intracranial recurrence outside of the RS volume was seen in three
of the six patients who were treated with RS only as the initial treatment.

It is concluded that WBRT in conjunction with RS for brain metastases as the initial treatment may
be more effective for prolonging survival, especially for cases with no active extracranial disease.

Key words: Gamma knife radiosurgery, Stereotactic radiosurgery, Whole brain radiotherapy,
Brain metastases
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Table 1 Patient characteristics

Characteristics n=135
Sex
Male/Female 69/66
Age (years)
Median 61
Range 32-88
Primary site
Lung 101
Breast 8
Colon or rectum 8
Esophagus or stomach 5
Uterus 3
Kidney 3
Others 7
Histology
Adenocarcinoma 68
Small cell carcinoma 20
Squamous cell carcinoma 25
Large cell carcinoma 3
Clear cell carcinoma 3
Adenosquamous cell carcinoma
Others 13
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Fig. I Survival rate with whole brain radiotherapy (WBRT) versus stereotactic
radiosurgery (RS)
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Fig. 2 Survival rate with WBRT in conjunction RS (sequential) versus WBRT or RS
There was a significant difference (p<0.01) between sequential treatment and

treatment with WBRT only.
WBRT: whole brain radiotherapy
RS: stereotactic radiosurgery
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Table 2 Recurrence site

Local Relapse (LR) LR+NL New Lesion (NL)
RS (N=6) 3 2 1
WBRT (N=6) 6 0 0

WBRT: whole brain radiotherapy
RS: stereotractic radiosurgery

zZ =

ENESEH B R ERIES O SR
1320~40 % TH N, FEERAITMRE S0 % &
mbE <, RWTIRE, BE, EipE, FEEDE
HEDETH A", BEEHETIEI35FF 1014
(74.8 %) HMBERATH o 7.
EEFRILMBE CHRMATIAMEI~84 A,
VEEAFEITI0~20 BEREFEIN TV B,
Breneman & '3 Radiosurgery TIREEA1E D 5
WiI2ETH Ty B, 3EETIEOr B
L TWh, YR TIPSR MRS
THIn B, Hr=F147THI»BTHY, &h
WEE F o ~F A7 L ORITHITEMICEEAEE
RSN ot HrvF A T THRERD R
HHLVIIEATH AHE X9 B, HEHEIIE
Pilix#ar Acahh, LEkicBirayr<F-
A 7 ORBHAFIIMMOmE L KL Th £ h Bif
TiE %V, FETHRA X ) ICHIEO LR
PC, MERTITELE ENTVS, &HIKE
ORRBREFICD BT L T b iznd B
bha, LaL, Fre+4 7 TCREHE;IED
PHEATFRZRy ATHY, ERBELILL T
MhbHE IR, 60 AROEE LA
BICL D AEFENFGET S L0 ME L7085 LL
FCREGEFET LI REDEZEZET S
&, AEOF— ¥ TH <+ 4 7BIZ60E L 1A
31/52080 (59.6 %) % &, ZT0H LIFEKIIME
L ETi37n3f (538 %) EEMEFEIo722
ELRAELTWwE2d Livkw, £HEHBOLE
RJPFEE IR DL E 2OV C MRS & FEEOR)
BEHREONTwA I L L), BRI TV AIRHA

U AOEZEOQOLEREET 5 &, WHER 5 IXH
EHEOEWT Y+ A TRENLVERTH S
EEZ LN (FEHEE T =+ A 7HHA,
EHBSHIITHETH 5.)

ERESoSBE, BHAEFETE L, By
GRS ENMEL 2 5. SRIOKEHT
1, DEHREAVNE L, BERKICANRA T
LHILIZEDE, INBELISGyEAELL, £
ZIA2BOZ5EEEaT L T 5 Z & THEHBOE
Erdied L, @ESTERSOIO#HES Gyl0
BIFRET & R TTHEE E OBICAETFRDOEIXA ST,
RHEEPSIFAEOMEIH Y, FR(LEELS
RIGHREEEORDFEFEENSL. LAL, &K
TS RERE E ORFMIE, MEICPE I BRI ER S 7
B, SROF— ¥ ORTIIFEMIELETDH - 7-

B ROHM D —2 & L THIEIR DL
BEME L7275, MEERPRVESG S/
PIEFER DA O N VIR BE NS WER & L
T, LRI CIIBEE RO LR , RalpigE
OCTRMRITHARFER IR T 5 §i 1 BEnE HME
RERSNDZENEn-DLELLNS.

AEOFERTIIEMESE <+ 4 7O0A
BROEFF;PEEFHE CER127 A, B%
197 HEBUTHo7, LaL, HFEEIIOVT
BEGIRECHRELZ ELE50OREOEENES
LTHY, b&d LERMORIRIEG A T A0
Do TSIz, EFEFRELEBEVD
72w, LA L, XTEEEICIZ SRR o A & R
SHIEM R A BRET % I 2 2ok & TILENLF
MRS & I A 7oA A NEB RGN, R Pl fE s
ARWVWEWVIRESH D, SRIOBKET T
HED ) LEBROBIER/ N ROEDYER D L 80



66 w47 it

%THY, BHMIGFEIHLTRVWER?H S L9
Wb SROMGBEEIZL Y, EiRGED
EFNIBVTE S 655 EEDBIMOLEEHT
Bah, 20 H oG (FREREY) 2ZEL
IR TVLETSHD.

RGP RAD D5 EIEHEIMIEE - T
CAD, Arbit 5 IR MERIER O FM R OFHR
DOEHIZ S CHitke » BN (E¥#s5% A) <

HY, RETEIRIHETH o EREL TV 5.

LR T O &R E LTI EREIEN A 5ide #
AURICALGNRTHS, LaL, Arera 7%
T eMBEET A BT 2L T <F 1 7 %47
PHEHBERHAR R E BRI A SR, RICER
OIS LTTH B, HovF+474%4TLC
R L 2B CIIISTFA O R A~ O A0 5
NTw5b, SRBHCIIHBEHEROAT, HEY
BAOHFHEOLBIIFED T, Tl sk
0, Hr=d 4 7%0fMBHOBMILELR
b b, EBMERIERE 2R & Rt I244
MBS 2 B0 L 72356 ORBHRETIE, WHIZED
ipolzk v EDR, B FATRERET O H T
ERBHHIVELVE VI REO L H D, SHED
MERELEZEZONS.
EEERPBUEBERAB L ORER L ZEZ 0
BEBIIHT = 14 7252060, ShIE2/49%1,
#2166, BRI TH 7. EHIEFTE
TWAERES L CEREICF IR & 7 5 »
o7z, FRMET RV TEFOHRIETTETEY
MAEERE AV IEIRTE R I 2 D 18 RS LT, &
RKTHo>THEELENT 5 Z & TRAEENT
ZAHWEEEESH ), BERNEREHIVLETHD L
Ebhi, $7-2RBHEBEOEERTL, T~
T4 7 OB L) #HIEROLE L EMETD
BohTwa, 2FYHrvF A 7ixwhlaaEs
FTa L, FEEICH L THREITHITT AR
DR L EEFETH L LR IR

=)

Ar=F A7, ZHEBS, WEOERGELE
BT OFRENI T 2 GBS L
720 BIERTIIAHHEAT & TRV
B ICERL T h7-0, MoRE L by s

EH 7T TOEFRFLRETH-72. LaL,
RER O YCE R NEE /IR BV T 2R IR g &
RBLTAEEAILL, BEROES 2 £E T
5 L EAEHIB OB EE OQOLNDELE &\ ) Mz
BWITEREBDLN:,

EHCTIEA v 4 7 B 2R iR gt By b
LTHERE, BERIMREOUEIEON. L
ML, EHEAD N &, EROBERIZ N, T
Ao TWA I L L WEMEEARR, BiZ
REIVDLEEEZ SN

WA TIIWNNREET TR, SRR
BOBREEGNF L THEEIBITTE, EBME
WEZmORRAFEL LTARTHLLEZ L.

X W

1) Hedrickson E.R.: The optimum schedule for
radiotherapy for metastatic brain cancer. Int. J. Radiar.
Oncol. Biol. Phys. 2: 165-168, 1977.

Bogelt B., Gelber R., Kramer S., et ¢l.: The palliation

of brain metastases: final result of two studies by the

Radiation Therapy Oncology Group. Int. J. Radiat.

Oncol. Biol. Phys. 6: 1-9, 1980.

3) Kurtz J.M., Gelber R., Brady L.W., et al.: The
palliation of brain metastases in a favorable patient
population: a randomized clinical trial by the
Radiation Therapy Oncology Group. Inr. J. Radiat.
Oncol. Biol. Phys. 7: 891-895, 1981.

4) Bogelt B., Gelber R., Larsen M., er al.: Ultra-rapid
high dose irradiation schedules for the palliation of
brain metastases: Final result of the first two studies
by the Radiation Therapy Oncology Group. Int. J.
Radiat. Oncol. Biol. Phys. 7: 1633-1638, 1981.

) KMZA, MKGEL, MR, i wmBrERR
DN e F A T AR 21011): 991-
997, 1993.

6) /MW, RHIFA, BHPRHFFE, b Fovra

T & DINIER O iGH & A%8006) R —

BUREES: 42(3): 467-477, 1996.

Fukuoka S., Seo Y., Takanashi M., et al.: The early

effect of Gamma knife surgery for brain metastases.

AL E R ERF ZERTLERE 7(1): 12-18, 1994.

Kida Y., Kobayashi T., Tanaka T.: Radiosurgery for

the metastatic brain tumors with gamma-knife. Acta.

Neurochir. Suppl. 63: 89-94, 1995,

Bindal A K., Bindal R.K., Hess K.R., e al.: Surgery

versus Radiosurgery in the treatment of brain

metastasis. J. Neurosurgery 84: 748-754, 1996.

10) Sawaya R., Ligon B.L., Bindal R.K., er al.: Surgical
treatment of metastatic brain tumors. J. Neurooncol.
27(3): 269-277, 1996.

11) Somaza S., Konziolka D., Lunsford L.D., er al.:
Stereotactic Radiosurgery for cerebral metastatic

2

~—

7

~

8

—

9

~



12)

SRREPERAIE S (20 3 & AL TRy RAS & Wi a4 67

melanoma. J. Neurosurgery 79: 661-666, 1993.

Coffey R.J., Flickinger J.C., Bissonette D.J., et al.:
Radiosurgery for Solitary Brain metastases Using the
Cobalt-60 Gamma Unit: Methods and Result in 24

17) John C. Breneman, Ronald E. Warnick, Robert E.

Albright, et al.: Stereotactic Radiosurgery for the
treatment of brain metastases. Cancer 79: 551-557,
1997.

Patients. Int. J. Radiat. Oncol. Biol. Phys. 20: 1287- 18) Arbit E., Wronski M., Burt M, er al.: The treatment of

1295, 1991 patients with recurrent brain metastases. Cancer 76:
13) Flicknger J.C., Kondziolka D., Lunsford L.D., et al.: 765-773, 1995.

A multi institutional Experience with Stereotactic 19) Ueki K., Matsutani M., Nakamura O., et al.:

Radiosurgery for Solitary Brain Metastasis. Int. J. Comparison of whole brain radiation therapy and

Radiat. Oncol. Biol. Phys. 28: 7197-802, 1996. locally limited radiation therapy in the solitary brain
14) Auchter R M., Lamond J.P., Alexander Ill. E., et al.: A metastases from non-small cell lung cancer. Neurol.

multi-institutional Qutcome and Prognostic Factor Med. Chir. 36(6): 364-369, 1996.

Analysis of Radiosurgery for Resectable Single Brain 20) Kihlstrom L., Karlsson B., Lindquist C.: Gamma knife

Metastasis. Int. J. Radiat. Oncol. Biol. Phys. 35: 27- surgery for cerebral metastases. Implication for

35, 1996. survival based on 16 years experience. Stereotact.

15) Eric S. Nussbaum, Hamid R. Djalilian, Kwan H.C., et
al.: Brain metastases Cancer 78: 1781-1788, 1996.

16) FFIBREE, 41 B AHERE o BiEEE. -
Mgt s os. NI EwmE. HIHAR. 1995,
pp 913-921.

Funct. Neurosurg. 61(suppl.1): 45-50,1993.

BE D 194EIA P 51996598 T TOMBIL, RRTIAEGEEY v ¥ — CEBENERICAS L, T
FIFST B VI3 REBY % FEIT & 172 13560 O AR IS % retrospective \AfET L 72, BZIINHELS R b £ 0o
7o (74.8 %). S TAT G BEME 5260, MG B0/, WEFHABBITH o 72, 34p0F 15511
M OBEEFE 1y AR GEE) Thh, 198IEBERICHT 2 EMEE (B%) & LTiTa7. T
WS o~ F A 7RER L (R AME17.5-57.5 Gy W 1MH40 Gy, DiFHi=12.0-28.0 Gy FUAfE21Gy).
LM R D 1230-50 Gy THh Y, EHIE LTS Gy, 102025505 CTEEH39 Gy Bt L7, #f
HO34i31181.5 Gyl B2l % 7551005 C&5130 Gy % IS L 7. PR EHRIE B FRE con H, &
MEREtCc72 B, Eklzr B, BEI19» ATho7o. EMEMOBG L 2MEFTEIAEEELLONE > D
o7, BN L BT BTN A RO R o720, EREH L EE T RO SR CAERICH
EaBoss, BEEHBREAR L OMNER)TEHEEN & E 2 O N D EMI10616] (16 %) THh 7. MEEE
KOAEDTE SN BI334/6205] (548 %) T -7z, B PHIRE RATH CT36i T4 0 M T 0
7o, EEREYLINIEIE IR T B E TR S & SHRIBE M REIE S HIREN L OER THITEETREOW
BICEMTHAH2D Lk,




