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Clinical Results of LINAC-Based Stereotactic
Radiosurgery for Pituitary Adenoma

Julia Muramatsu", Masanori Yoshida",
Hiroki ShiouraV, Yasutaka Kawamura'),
Harumi Ito", Hiroaki Takeuchi?,
Toshihiko Kubota?, and Ichiro Maruyama®

Purpose: We retrospectively evaluated our clinical results
of stereotactic radiosurgery (SRS) for pituitary adenoma.
Materials and Methods: Between 1995 and 2000, 13 patients
were treated with SRS for pituitary adenoma. In all cases,
the tumors had already been surgically resected. The adenomas
were functional in 5 and non-functional in 8 patients. The
median follow-up period was 30 months. SRS was performed
with the use of a dedicated stereotactic 10-MV linear accel-
erator (LINAC). The median dose to the tumor margin was
15 Gy. The dose to the optic apparatus was limited to less
than 8 Gy.

Results: MR images of 12 patients revealed tumor CR in one
case and PR in 9 cases; in the remaining two patients, tu-
mor size decreased by less than 50%. There was no recog-
nizable regrowth of any of the tumors. In two of four GH-
secreting adenomas, hormonal overproduction normalized,
while the other two showed reduced hormonal production.
One PRL-secreting adenoma did not respond. Reduction of
visual acuity and field was seen in one patient. This patient
also had a brain infarction. None of the patients developed
brain radionecrosis or radiation-induced hypopituitarism.
Conclusion: Although further studies based on greater num-
bers of cases and longer follow-up periods are needed, our
results suggest that SRS seems to be a safe, effective treat-
ment for pituitary adenoma.
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T EEARBUE |29 2 ERLEZE (LINAC) 12 X 5 5ENRL Fi4fF
B B4 (Stereotactic Radiosurgery: SRS) D EE 5 (3%
<, BICHEEIIERICLDSEETTHA, HBFIZBVWT
SRS % AT o 7o FEARMIE D IEHAE R & O L, et et
JEEA oW THRE L7z,

MR EFE

19954F 9 A %*520004F 6 H F TIZSRS %17 - 7= T K5
ME13BIE st & Uiz, RV IEmEER § B, FILVE VEE
AR S Bl (R A NE RN 4 5, 70T 75 gk
&5 1 B1) T o7z, ERIEZ25~T1R (R IME @ 505%), B
P76, Ltk eBlTHo7z. EBIMTEENTHY, Hitkik
FoB, MBER4GITH-72. Wi 6, 5 HgmE
it s, 2 ML EOFHEFTo72b D 4PITHo72. i
B IBET0.5~3.3cm (PO © 2.1cm) T - 72, Tl
5SRS F TOMIMIE3.1~91.9% A (Fhkfili : 14. 17 H) TH
o7z, BEHIMIZ9.4~77.7H H (ol 1 3030 H)THho
7z, F7z, 5 PITIESRSHEATATD & iR T RASEFENL T REAT
H bz,

19994F % T & 19994F LAf: T B AR 2 1, 1995~
19994E0 9 fHlIINECHLINAC NELAC 101812 L A 10MV X
WTHEELL. SRSV AT AlE< V1 ERIKMM-5 1 +
— A A1000% Hlviiz, @FITHEI) X —% FHWwiz
noncoplanar multiarc Bi§ AT S Nz, DY AF LTl
B L7 HEF Tl R 050 % % gt & L7,

19994E LI > 4 1L, SIEMENS TOSHIBABLINAC
MEVATRON KD2 PRIMUSIZ X A 10MV X#E CiaiE L 7.
SRS ¥ A 7 AIZLEIBINGERZLCBI Radiosurgery System %
w7zt 2oy A7 LiZidimage fusion® V7~ ASHLAIA
ThTHY, EFITMRIEEGEZGHEHEHCTIZEREGHhYE
THBWBMOREICH W, ABEIY X -4 2B\
noncoplanar multiarc J85] % 72 [disocenter T1.5mmiEd F
fijzmicromultileaf collimator (MMLC) & F\» 72 [ 52 2 9 HE
SHCTHBELY. SOV AT A THE LER Tl .08
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Table 1 Non-functioning pituitary adenoma
dose to tumor No. of arcs collirator local i : . §
CaseAge center (margin) (total arc degree) size control MSUERECU I BRd fiskciderat
No.1  50M 30Gy (15Gy) 8 (8007 ¢lem PR 4.3M bitemporal hemianopia; no changs
No.2  66M 30Gy (15Gy) 8 (800°) ¢lcm PR 54.9M  bitemporal hemianopia; no change
No.3  35M 30Gy (15Gy) 8 (800°) @1cm PR 20.8M bitemporal hemianopia; improve
No.4 60F  30Gy (15Gy) 8 (800°) $2cm PR 6.3M 20M after SRS; It. blindness,
rt. temporal field loss
No.5  64M 30Gy (15Gy) 8 (8007 P1em FR 9.3M bitemporal hemianopia; no change
No.6  48F 30Gy (15Gy) 8 (8007) 91em MR 22.5M normal; no change
No.7  71F 20Gy (16Gy) 6 (765°) 91 8cm MR 15.1M  biterporal hemianopia; no change
No. & 51F 156Gy (12Gy) MMLC* 0.8cm FR 13.9M normal; no change
*MMLC: noncoplanar multi-field technigue using micro-multileaf collimator
Table 2 Functioning Pituitary Adenoma
dose to tumor No. of arcs T
Case Age hormone center (total arc pre-treeatment  hormonal abnormality  local control
(margin) degree)
TS continuous excess Unkno
No.1 45M PRL  30Gy (15Gy) 8(800°)  ¢2cm 98 " hormone production U™
bromocriptine . Mg reject MR
reject medication
T-S Surgery  hormonal normalization
I 0
o< echHENGH SECHLibaY) e (6000) ¢lcm Sandostatine without medication CR (5M)
2 target 6 (600°) ¢1cm - '
bromocriptine: (12M)
) R T-S Surgery  hormonal normalization T
No.3 57F GH  30Gy(15Gy)  8(800°)  ¢fem o ritine  with medication (5D) T (28-5M)
T-S Surge reduction of the excess
No.4 32M GH 18Gy (15Gy) 6 (745°) ¢lecm gery hormone production PR (17.7M)
bromocriptine: . S
with medication
T-S Surgery continuous excess
No.5 49F GH 18Gy (15Gy)  MMI.C* 0.9cm Sandstatin hormone production PR (13.3M)
bromocriptine with medication
*MMLC: noncoplanar multi-field technique using micro-multileaf collimator
W D80% & ligiin & L7z,

a2 —% &Hwi-BEHSHifT S -0 16T,
) A= FFid$1.0~2.0cm (FYE : 1.0cm), T— 7 &
Bizo~12(hhfli .8 7—2), 87— 7 fAEEIL745°~
1200° (Hh 9 : 800°) TdH - 7. MMLCIZ & A% 6 P&
& 2 BNCHEAT L7z, Wil oW sk 5RAE L T
picid2 7 =7 v oD Tbh, Fhlitonslizl ¥
=7y b TR L7, AU 1315 ~32Gy (P9 © 30Gy)
WigH 1212~ 16Gy (P UM 1 15Gy) TH -7z, HAES &
U T AT 8GyLL TSR 5 L) IZREL .
R ATHEIEMRITCONEE O K E S 2 HWTEM L 7. @
SR b T b M NAI R ATAR S B S I B W Tli S
HEEITHE L2 D% CR, EHEOFRED TGN~
T50% L Efi/L72b D FPR, 50%KFHOH/NEMRE L
7z, MM E COMBIZI10% L OB A LN T
DM & L7z, BT v BEANES ClEsE g 2R i o
FIVEVREEZFHIL, SR OREE L.
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JRETHENIZ W T OFFEATTRETdH o 721260 1 T
CR, 9 #ITPR, 2 BITMROZNENFZDH SN, HihFT
DIAMI34.3~54.97  (th5fili 1 1490 A) TH - 7. ol
ZEP I NEIG O R 2 RO 72 REBN X 22 2 - 72 (Table 1, 2).

FIVE CREAENEEE 5 Blth 709 5 F L REEEEO 1T
IEFRVE AMEDIRT AR SN 7205, RV E BE
HBEE 4 PITIEEFITIHhFILEHOBET 2D 2
(Table 2). Fig. 1 [ZSRSTEDWEFIVE AMEOFHE %R,
FIVE KT F TOYIMIE 5~201HTH Y, 2 FITILrh
FNVEAMELEFELL, 1 FITETHIEELTVWS, b1
B TIESRS B — MR I ML R IV S EAS EFL L, F O
TAAZELNILOD, SRSHT & D I3E TERFEEE DRl A
feFE LTV B,

HERRIIOWTIZAMY, ESMW IO REE 2
PEY RO DDA TH o7z, WHIFERRE L TiX 1

R

HREERCRRE M 63% #5%
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Fig. 1 Evolution of individual serum GH level
before and after SRS in 4 patients with GH-
secreting tumor. Hormonal overproduction was
normalized in two patients and reduced in two.

1200 1400

B (Table 1 case No.4) IZSRST114 A CTHREMI O IET

EXHOFRMMRE A Z, 120 ARICFARNOHRK LD S

M AREBORAEIE % Bed 7z, HEHE I IETE P SRS R 72

W5EHE L 7o THRARREK T A b e o 7z,
DU Bl 2 $27R 5.

fE Ll

fiEf5 1 (Table 1 case No.8)

SURK, 2otk HREG T 3 & LS TRIEDIERRAET] T Felk
JESE 6 L19994E11 B 9 HIZHRMSB T 1 X 5 &5
BEATHEAT S M7z, WIRTIE30%35%35mm T - 72 JE 13
20%25%30mm F T/ UIEIR IS L 22 A5E A SEBIIR &
\ZHEBHDEATE L7270, BeE 6 HISHICHREREI IS LT
SRSAMThN7z. MMLCIZ L B[E5%E 6 T, HulE15Gy
WiFA R 12Gy % Fast L7 (Fig. 2). #O##, SRSHNZAM
AR BRI O RO S N BB AT14 0 H R DOMRITiE

FH154E5 A 25 H

gy
| N

Fig. 2 Case presentation.
Case 1: Radiation dose dis-
tribution in the treatment plan-
ning for SRS to pituitary
| macroadenoma. The patient
was treated with SRS,
noncoplanar multi-field tech-
nique using micro-multileaf
collimator, 15 Gy to the tumor
center, and 12 Gy to the tu-
mor margin.

(51F Table 1 case No.8)

15%20x20mm & 927 0 #izh LT A (Fig. 3).

fEf 2(Table 2 case No.2)

255%, Bk FRORERICER SN EERVE VE
MBI L, 1994457 A 5 HICHEERAR FFMTIC X 5 %6
YD TEAT Sz, WFRTIC18.58 o 7-GHOED12.5F T
BT L7725, e bR NE AMEIZEFLET AV VEETO
E7)TF X BPIRGES T, NIREOBRIC
FEERA 7 b LA F FORE TEFPEH A7 H 72 HSGHA9.8
PHETET, 97 ARICHEFM b, Wk —Hidk
VB ED6.2F T L7225 H U RIVE AMEAf13.7F Tk
AL, ARTOa > a— LV llllEE 2> TER7D, B
FAGD1671 A% D19964 8 A 9 HIZSRS #HifT L7, B
TG 5 D P SEBH AR F5 B D A BRI L 7R A L Tz,
28 =5y FTOSRS A To72, 1 =7 v MZDo&6 T —
7, BH127 — 7 OB EET L7 BEiE lemDHEI ) —
y ZHV, HOE32Gy, AESRE 115Gy & IS L 72
(Fig. 4). SRS#:6 #1 A THRILVE X422 FHEILL, 15
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Fig. 3 Case presentation. Case 1: Axial (A)
and coronal (B) T1-weighted MRI showing pi-
tuitary adenoma invading into the cavernous
sinus. Fourteen months after SRS, the tumor
revealed PR.(C, D).

(51F Table 1 case No.3)
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! Fig. 4 Case presentation. Case 2: Post op-
b eration for GH-secreting adenoma invading into
cavernous sinus, the patient was treated with
SRS using two targets (A, B). Radiation dose
/ distribution in treatment planning: the tumor
dose of SRS was 32 Gy to the tumor center,

Ig 15 Gy to the tumor margin (C).

(25M Table 2 case No.2)
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Fig. 5 Case presentation. Case 2: Evolution of the serum
GH level before and after SRS. The serum GH level returned
to normal within 6 months after SRS, and never showed
increase without medication.

(25M Table 2 case No.2)

HABIIIAREF LTS ANVE AMEO LR %50
- 7z (Fig. 5).

% &

Z N E TIC T EARIRNE DM B FRAEIED |23 2 s
BNV OB KFEHICE D TH L LIS HESINT
WBHY Y, EEENEE B X U R SRAIE NS |l 5 Hl Ted ~
50Gy# MBS 52 £ 12k D, 104 T90% L _E D JZATHf A%
REBONEOREDL H B9,

TEAWIEICN T ASRSDEERIZE L, RIICHI-H#08
BT o -85 IB SN T W WAS, 3~5 EDELBEE
AT DN/ HIRE TIIRIFLRRENRD SN T BT,
Al b b OFEERT S MR TEHETiETH o 7212614
Bl CHRAFNER; OfE/N 2 728, FBBSEHIIHEEREALN
Twivy, L LiltE 558 Tl 105E RO B A5
HEINTBNY Y, SHRIMOBBBRESLELEZDL
na.

RV E  EEAREB AT B U EIR O A M URT X
DMEShTBD, EFHDT0%LLETOFRIVE AMEDIER
EDE SN TWAEY . L LBFE o siigs clds L€ il
DIETIZ14H AD 6 6 EEPDBHDIZHF L, SRS TIdHEIZ
Lo T 1ELNE L) BREICHEIGBNS S THFI L&
ZbNAH W  ASEbhibORERLEF T 1 £A
DEVEMEORET, BLXUEFELZRDTWVAS.

SRSIZ & 2l & WAMMOFERRIIEHEL DO
I TH 02, SEObNbIORETHEEICHES B/
HTHol:.

TEAREOSRS TR LBELFEFRZIIHNIEETDH
D, BEHREOBE R IEHMRES X O3 A4
BETHA.

Tishler & 12 & % {EAH SR I T 25 D REHE |2 xF L TSRS % fife
17 L 7-6200 (BllERE42/621) 12 331 5 B O i 253 5t DR
T, AR, R OBRFEINSGyL VL kdo
72350 1 Bl b SRSTEDHEE L FED Lo foD 23

FR1S4ES5H25H

L, 8 Gy% X 7RI Tid176159 4 1 (24%) TH D BEE A
BOLNILWE LTS, IOFEEDHHMEE, LT
NETZE AW TH o THRIHED B Gy TBA RV L)
T LUEND Y, FHEIEMAEE, R AH S Smmbll L
N TV AGAICSRSIIIIT SN ARETH B & EaatHT
TWwaM,

A D IGHETE THARE, A 8 Gyl LIt s sz
FEFNE Ao 72H%, 1 BILCSRSTE11H H CEE 2 DEEEH
MO b, FEFOEREIZRAE2.2cmTHRZEEL L
TmmiEN T W7z, A1) A —#¢2cm, HOHE30Gy,
TAFHEISGy I TIHES N THB ), B, BT~
WIZRKTD 6 Gy L MHOFEH & @ ld oo, JES
Kb ROPREFTH Y, RELBFOBEI LI o72L
FErohh.

T.Czech 512 & B4t T HARIRIE I BT BRSO MR EE
DOHFE T, BTG 21T o Tk W01 B O ERE R
4 PITHTHR 3~37 0 ARIZIEHOBE Kb Wi EE
BEE L T A2, Allbivh LA iR L 7= E O RES]
TY 2 {7 o TRERFRERITHHT VAT E»
5, BHEEOFMIZLY, HEEOMBENE 2oTwn
Db Lhiwv, A%BI0L ) REFIZOWTIIEE 2
FBELEZ BN,

M.Brada 5 (2 & V) 47 & BUFH#RGHER 217 o 72 T EAIRIED
FEF MM E B ERAEFORKIHE SN TE DY, 40
b 1 BITSRSTRI124 HICHEEA R /2. FEFITIXMNS
BIR O —#IZ12~ 114Gy P BE STz HMiEE ¥,
MRA 7% & CHEBIRIEA 3D SN e b o7z, iEZEON
B > & v AN Bh AR 572 3886 O BASEAS S D L 72 S8R B 43 IS D
W3AGY LT L BES S T o Fz, BEEHE OB %
WET DI EITTELR AT, BHERERAL DA U HgE
THOVHEFI L 2EEBRTHLMENNTEVEZEZ LN
A, IhETICRMEREE L TREHREICST 2 BEHE
B E BLEA T 2SI . 1998, T REFERER
ThhHEEILNS.

TEAEMRE ST 5 RSHRERICBIT SMAAEEER L
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LTid, ZDMICHRETHRERIEIE S T EARREE T
SNTNAEAS, 4 [EHEHR P RNIETE 2 MU A A 721
BE L - TERABRETERZED o7, LA L,
104ELER O TEARSHIETEBEDHE S TEBYY, 44
bRUMOBRELTET 5.

SRSIZL ZHERERL P EEL-0, SHBHIZL S
TEN UG (Stereotactic Radiotherapy: SRT) 2554 &
NTBY, bbhOlEE T IEE & 82 & 0Bl
VEEBIB L U, BEBHATRAOSK & WEERI TSRT A IR L Tw
5.

FEFR O IR AR I E R 3 5 T EBARRAE T 210~
15Gy DSRS T3 FHZE D TR R IRE O ] BB A R v &
WMELTBY, 45Gy 257 FIDSRTEAED T 58,

72, Tishler5 2 & V) —MlfRE & HEEORHRIHE S
nTBY, BRXEEHOEREA SmmEL T OFEHFTIASRT
WED LN TWAY, Lo LMilker-Zabel 5 12 &k A& T

(&, 1[H1.8~2Gy, total 50~52GyDSRT % 1T - /260D TF
EARIRIEGED T 4 Bl CEBEEOREEI LD SN TEB N9,
SRTICBVWTHHEEFLB I NEFEERTH LS E2
bhs.

f& B

TEARIE ST 2SRSIZEHLREERETHLLEEZZ S
N2 D45 S RETHE, FEERIIOVWTRIICO: 5
BERZEEITVWHHE*ERLIRETH S, I/, HEESD
HREEDEVIEFN S L TIX 3t 2 &z ), ek
¥ EOLBENVPETHAI.

FEm L OEFILH561 0] HAREFBHE S EM 5K 4 (2002
fF, REE)IZBWTEERLL.
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