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Simple Method of Stereotactic Radiotherapy
without Stereotactic Body Frame
for Extracranial Tumors

Yoshihiro Takai, Masatosi Mituya, Kenji Nemoto,
Yoshihiro Ogawa, Yoshihisa Kakuto,
Haruo Matusita, Ken Takeda, Chiaki Takahashi,
and Shogo Yamada

Thirty-five patients with metastatic lung cancer (46 lesions)
and twenty patients with primary lung cancer (21 lesions)have
been treated with a simple method of stereotactic radiotherapy
(SRT) without stereotactic body frame. Tumor size ranged from
1-4 ¢cm in diameter. We used Vac-Lok cushion (Med-Tek)as a
immobilization system. To be sure to include the respiratory
movement of tumor to planning target volume (PTV), every
patients were examined by fluoroscopy and radio-opaque cath-
eters with the same length of tumor movement were attached
| on the anterior and lateral chest wall before CT simulation. A
| gold grain was implanted into a tumor that was invisible on
| fluoroscopy, as a radiomaker. Protocol of 60 Gy/ 8 fractions /
| 2 weeks and 45 Gy/3 fractions/ 3-6 days were mainly used. The
median follow-up period was 15 months for primary lung can-
cer and 19 months for metastatic lung cancer.

Local control rates were 91% for metastatic lung cancer, 89
% for primary lung cancer and 85% for T1, 2NOMO cases. All
patients developed mild pneumonitis or fibrosis about 4.5 months
after SRT just in the treatment volume. Only three patients was
symptomatic.
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Key words: Body frameless stereotactic radiotherapy,
Extracranial small tumor, Gold grain
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1. BEOREE

IR EMBEHAOR T4 7L — A ENTEFDA
JAMAE SR TWAY, 207 L—AZ3EEEEIC L -
THRERE 2 HLREMZ L ENFTE, BATENL
bHLBAD - TENT Lidhwds, HEY 2 BEOMgAEH)
ZEDHEWEHIZTERTE, FRIZEI DD D
(TP T 2w, Dhubitd, immobilization system & L
TRUNETAA T 10— VRLA D 5 IXEE /S 7 (REfh & Vac-
Lok ; Med-Tectt#), & AWVIIILRA 7+ — 205 [ HE 53
V(LY T2T) T AT AR EHWTEREREE
fToTw5(Fig. 1). COEEAEFFRLLS A TD, KE
Y= ERHAWIILEDEY VT v TTT—%, 4 ADOIEBMY
2V URFEEMEEZ B ETHE, X IaL—%4
A= & HUY A A 72 Ximavision (Varian Medical System#t:
Bl) ETHEMELR EOFHEEEEMERES L LTRRE T
%, Table 1D &) GHfExE/z. MR THPSOR
WEETIELY M7y 723 FRIZKEL B LI
%, Fi, BEDEICZ LR, BEOERE
BENF 2 -2y FEHVIEIDBECETHTLY
FAH L6 WwEDI L TH-72DT, WhoMLho
TEB L) LMELBMEE IS - -IEdI L wEBEbR
B, TONFa—LANy TERVELE X2, FESEO
BELXEDIINY T LICEMRD L, 7F7RAF v 78D
Ny FHEREMYEE LEET I Eobh, KELRIT—
ERBOT, Ny FREW I MHOKE 2 N—-—E2rWEBE

Fig. 1 Set up of patient using Vac-Lok cushion

Table 1 Set up error

H OEMEA % 2 AME T TEREBEI S, hbeT
bH) T ENFHL WHET, ZRIZEY SmmPlA DLy
MYy TTT—E SN, b B, AEERER R AT
1 7L —LEMEN)ZIFTERETDY, 2 NOBETEY M T
v TII— %Lz A, ZEALRBEOT— ¥ TH
=7z (Table 1).

BB, WE|EE NNy FTENy SR LY, 25
T 720 LISBE IR HRET R & 0 0 B3 B4 L B
P, BEETOLIAF0 L) LHKITEZ > T,
B EHTREG L THLSEREEL DR, 7Ly
WEEHWAE DL H5HHS, FNHIIWE - LRI L A
ERISTY, FIATEREELLDIE )L vwed Lk
by,

2. PTV (FHE{ZRIFTE) ST
1 BB 2 LAGEIC 1 BHER % v 2 ERLIRET T
DOPTVIREIIIFICEE 2 ET 5. PTVIE, ICRUL K-
F62812 & 2 L CTV (BREERY AT % & DLk 8h X (19
W &)RKE S, WARDOEAL (BEREO T D7) % 258
| 7zinternal margin % {5 TRk E S AL AITV (internal tar-
get volume) IZH 4 DBREMREL GO TRESINDZDOT
HHD, WIHHR, FRFRE TR WeE, F0ik
FIZWAWALRTREET S, HFTEHCTOEE 2 T 4
ADAF ¥ Y ZR L, TXTOFRMAHIEA T A
AR SN D & 512 L CTHESS OGR4 Eh i % g4
HHEIR, bbb TRLEHL TSI THS
7, HEEOMWEHEBEOELXH I 2L -5 THEN
CoOMRL, TOBMEREFECESICY > TF—F)
Zradiomarker & LT, FEBYFEPA A $&58 L 707 O HifH &
TR K R 2 /S O AT 7= 5, helical CT# ;5 ik
hETHE, ZOFE, CTATA A LICEIBRENS T
Wi TS, BT —TNOREE BRI, B
DAT A ADNEREEEF I E—§ ABTITVERE LR
10mmlEED< =L Y 2WYPTVERET 4.
3. T AR=HYTIe&~v—HRIAs
X#yialb—% L CHERTELVEEICE LTI, #
OB & 2R T 5 72DV S O ETHRIELT 208D
HhH. FHEEITFig 208 ) T 1 AR—=FTNOE~—h
WA (NS A 2Ty 7B 2% - B LEH L TW
5, EX—WERHIALIEIZLST,
FTAT OSBRSS 23 LT, Efriggt

Patient | No frame Vac-Lok Stereotactic body frame OIGIEETH & BEE R REE e B
Lat lon  Ver Lat Lon  Ver Lat Lon Ver JEEN W UREEICHIA S s —
A 18 76 1.9 27 35 13 — - - OB FERIZ XY, 2 LRI L TPTV
B 0.8 1.7 0.6 12 27 1.8 = o o DESERITH . SOEv—HEHNBEZ
C 2.8 3.2 1.3 1.7 241 2.7 2.6 4.4 0.6 ElCkh, MBTIREIFOIED, ERE
D 2.4 1.5 3.3 - — = 1.8 3.0 0.1 Ve BB L lﬁﬁﬁfﬁﬂifﬂ!’, BB
¥y 20 35 18 19 27 19 2.2 H.7 0.4 #E, FRMEIE S E OB RPN MEE S

Lat: lateral direction, Lon: longitudinal direction, Ver: vertical direction (mm)
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Fig. 2 Schema of disposable gold grain radiomarker needle
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LA, EHERTI, GRS & [ RS RERR A AT 2 B
flie DEBHIFFEINTNE, &3 —HEEHENLZ VLI
BICRAL, ZOBELXE=FYY VT LAENLHTS o Tk
EL7-HAHMEIZE /L EICHET 2AeiERFED K
(real-time tracking radiotherapy: RTRT)?, BifBEEl KT
mobh, MR TEASR TSI M+ 7 ZEIICT
&gl LIRSHE AT - AR ICCT CHERRS % Jiii[fusion of CT
and linac (FOCAL)system]¥, B KFIZERBE IR TWDS
megavoltage CT'O R HRHUS b I I8 G187 % 72 & Vi {$:
ELTERTDHBVATATHHBTHRGTITFREGEE
(electronic portal imaging device: EPID) 7z & T 5. Zh
5D 9 B, RTRT, megavoltage CTH L UEPIDIZ i
HHEETOYRy 7 v TR L real-time beam monitoring 7
TfET, systematic positioning error g/ LIRS 22
ZHTFHANDLT — 2 RKRICHIETHDICERTH 5,

L2 LA SEPIDICEI LTk, BIfED & Z 5, WD
FHETGLIEVT, o EiEraEhs &) 4E
TR OKE LT OBE IR THERICEHTH S
H, B THV S X 9 %/ S R ClREE &~
—ANBEFHFRICEINTVERE) »EHET A LI
IZEAERTETH S,

CTTOWMERIXTAF v 7D — AHERIZHTV A L &
DHERTIZ RV, WHLERE LOWEL X2, &
{ T dvirtual verification& HIERREHLDTH LA, 5
BREIIRELRBEIIBEL R, ThAEHATHS.
L2L, ShODORMIIHETH Y, $XTOMRITEA
FTAHILIITER ., Lizd o T, il e o BT
I —fZE b 5 A S H (portal film) 12 & - TfTbiu
O THBH, HHEMEMBH THE) EEIZIZLAL
3emAT DS REHTH Y, LA TIEb EHADE

E134ETH 250

i & % 405

&, MiREDLGETH LBREPHBIRIZEZ > TV AIESIT
\2RESS F R & portal film THEFE T E W I LA% . bhb
REFho28BLT 5720010, LROL ) e~ — hE
By g AR—FTN=— FVERELIZDITTHEH, 4
D204 — VEHIEEIR L 720.6 X 1.5mm® b DILFFIEP 2T
BB I L7234, portal film TIIFERT X 2 VWIA DS
ol £IT, BIETIRI8Y — Y DFHIRIR L 720.8 x
3mmOEV— A EHH LTV DA (Fig. 2), Themar
k< A »portal film > A 5 4 Td HEC-L (enhanced contrast
for portal localization system: = % v 7 #H8) & vy, I
IOz F T2 MRS LIKETAILIZLY, BEA LD
AL CHERETTRE & e o 72, FRRIDEERE % MA T & L\ ek
T D &) % LK Treal time TIEZWVIZLTH, verifica-
tion N[ HEL 2 5.
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1. MRBEE LBHIRE

19974E 9  ~20004F 1 F F TIZiEf g B:E35%46
i, JRSEMEME R E 12413 4 BT (T1, 2NOMOIE134) Lxf L
TEMIES %47 > 72, Table 21 BEEREZRT. EHBMEN
FROBFSEHEICE L T3, BN FPHRIREVETHREINS,
FUBR, W - RIGAS% QB sz, ES A X3kl
FET 1~4cmTdH o 7z, JEFEETENHE &6 OHMEE IBRAE 10
B, WI¥LREREoF, NMlaEIFITH o7z BEREY A Xid
1~-5emTdH o7z, FIEHENIETL, 2NOMODER 134412 B8 L
T O % Table 3 I2iRT.

84412 Clinac2300 (Varian Medical Systemsft#) T474
N, XETARLF—ZeMVTHE. BEHEIE, JEEH
BT 1 AR 15Gy % | JERT 3 MRS 5 5D
b% (32 TbN, B MEIERERICEE NS
Brerid 1 AT 5Gy & 2 T 8 [, F60Gy & BiS 9 %
FikEE16FIIHWT WS, M Ddose escalation 1213
7.5Gy x 6, 11Gy x 4[d], 12Gy x 3[al, 15Gy x 2[iH] % &%
vz, BETORESIE, 25%2.5~9.3%x10cmT 6% 6
ecmBL T A%53/67=719% T - 72, 5B, 9.3x10cmDOKE 7%
MRS IEMALT Y 238 20t 5 0T, MREHEEHT 4
Gy x8[HlDb DTH 5.

HFHEIZ VDY B d i R TTR RIS T d 2 H—BlE
| [AERES & =St RSN Tl 3~5 T—27 2l 7
— 7 fBEEIE 1 7 —2745~200° TAEF300~360° TH o7z,
i D =2 K JCHE TR DD VHIFHT T 7 — 7 $AY 3~5 Tid
30% AR L. ETEE RO, | T2 L5 E20~
60% B RIS B EATTEBW,

%5700 FE L kRS, HiikEBZ SRR A%
<, b&bERRSNDHERILRWERS T, =KL
THbH A1)y Mk, THEFICHE~D v, SFRFICE
ODT T RBRETHIEILE T, BEIFE AP
Hehwi i, BEICL-oTIFFEN L.
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F/, BOHLE LTET — 27 ?IEHIZ, non-coplanarfiiliE ALIEEEIC BT, B TR 2B LTY
EMENH L. ZOHEIMFRBOEMBITIXT -2 0 Hﬁ#ﬁ}v&‘CR& 2B LT H S, By Ak L,”w L
Yo £V Z B EHIRAT R W28, HHEDE {4 H ZNZHEIN LT B0Y, FOFPIHEA 05 C, HE
SN Twab. DVHLE 6~7 P39 Ths, & AigL m HEFS S (Fig. 3). LA L, 1HED RO EIC
LEHWTHIZIZAETHA. B L7 ﬁﬂ"ml_l“[’iuﬁ‘%o)ﬁ}‘%ltL FEVENGH D 1 Bl

HTd Y, PR(progresion) 5 1 FELL#E# L NP (no
2. &R progression) T# A JEH (PR—NP) (Table 3) 1&, B 191212
1) i HE D A CR (clinical CR: ¢cCR) £ £ 2 Tb Lk EBbh b,
STHEHIR 1 ~2 BT 1 AR RV LI oo 2) Jey i) 2
BRI oL TR, RPN T E R ERS A A
Table 2 Characteristics of Patients ® :t_ tr19% ﬁﬁ?&)_é' . R
. FEPERIE2 1 77 BT T2NOMOD 2 BIASFESS, Mz,
fdmery Ling Sancer AR S0 R % AT 5 MUEBIC L 2 BIATRH, 1 B |

PailentNa; {Sites) el | EFICIECT 2 $TPR-NP, 1345 ARTEI-T 5 £ TIc

e I8 (medan) (5269 WSS S 72, L 7oA TR I (CR + cCR)

Hitology (24AE17/19=89%, T1,2NOMOMD 136 TIZ11/13=85% T

Adeno ca. 10 Hotz.
Sg.c.c. 10 SRAEENTR (2 B U CUEANIE) 3 61 % PRy 7243 7 i, PR
Small cell ca. 1 DIRFET 3 H HLAAIZFELE L7 3 6, NCOIKET 14 H
;zgmg 2 TR L7 1 % b, RFiE=EI239/43=91% T -
other TNM . 72 LL, BRI BI L CIEPA 2 B
THEPNEBAED & ZARBTwn iy,

otastptio Fung Gancer P58 % 000 72 SR VLN 2 )2 NEH I B¢ dom & K X

Patient No. (Sites) 35(46) DHOT, MHebMBICHE LT, ZoEMIgEicimEg

Age 57(mewfiian) (23-78) KX AMMEEDRDOLEI L DTH 7. GBI

gﬁr:]ai; Site Msrez £ IR S DfgIz = A 7 S S T i:l A Lo

Breast 6 A, O LD RREBNI R & OEN G & B, 40~

Rectum, Colon 6 SOGYFERE F Cailt iy B CIE & (2 R LR AENESS L LEfr

Lung 5 WEZAT ) <& Ltk

Uterus 4 3) WS 45

Sthed 2 LSS I 0038 B TSG04 0, BRI 6 A A kit

Table 3 Summary of primary lung carcinoma treated with stereotactic radiotherapy

No. Age Sex Histology  TNM Tumor size SRT Conventional Response Status
onCT Gy/Fridays  RT (Gy/Friwks) (mos)
1 74 M Adenoca T1NOMO 3 60/8/12 none PR—NP A&W (38)
2 79 M Adenoca  T2NOMO 4 61.6/8/12 rone PR—FRec  AwD(38)
3 76 M Sqce T1NOMO 1 30/2/2 40/20/4 CR A&W (33)
4 80 M Adenoca  T1NOMO 1 45/3/5 rone CR A&W (32)
5 79 M  Sgce T2NOMO 4 44/4/6 none PR—Rec D(13)
6 71 M  Sgec T1NOMO 25 45/3/4 rone CR A&W (30)
7 77 M Sqgee T1NOMO 3 45/3/9 none CR ICD(8)
8 81 M Adenoca T1NOMO 25 60/8/10 none PR—NP A&W (24)
9 70 F Adenoca T2NOMO 4.5 45/3/6 none PR—NP  A&W(19)
10 72 M Sqec T1NOMO 2 45/3/5 none CR A&W (19)
11 66 F  Sgee T2NOMO 2.5 60/8/12 none PR—NP  A&W(18)
12 79 M Adeno T1NOMO 3 60/8/12 none PR—MNP A&W (14)
13 69 M  Sqec T2NOMo 3.5 60/8/12 none CR A&W (14)

SRT: stereotactic radiotherapy, A&W: alive and well, Aw D: alive with dissease, D: Dead, ICD: intercurrent disease, NP: no progression
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T HEGHEL F 72AFEE T, MR E DS 7
DT T 5 A TRATIBVTWLHEHI A H

AR MO POHETIT)I ZETHAS
(T & Midreal time THH P | Zverification 24T 9 @
HEF LA, T FEEE SO &I
INB EiFE A DR CEBATEEE 2 5).

. B. ERLIR LIRS, &Y B2 TR
: 545 O

Fig. 3 Typical tumor response after stereotactic radiotherapy.
Metastatic lung cancer (hepatic cell carcinoma), 62-year-old male.

SRT: 50 Gy/5 Fr/10 days.
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