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A Clinical Study on Optimization of Dose Distri-
bution in Co RALS for Carcinoma of the Uter-
ine Cervix Using X-ray CT Images.

Shigehiro Satoh"-?, Suoh Sakata®

From 1983 to 1992, 248 patients with carcinoma of the uter-
ine cervix were treated with intracavitary radiation therapy us-
ing the “Co remotely controlled high dose rate afterloading
system apace (RALS). Five-year survival rates were 92.8 + 7
% for Stage I, 72.4 + 5% for Stage I and 52.1 + 4% for Stage
M. The relations among the sequelae in surrounding organs,
local control rates and the calculated dose in the rectum, sig-
moid colon, bladder and small intestine were evaluated using
X-ray CT images. The patients were treated with intracavitary
radiation of 6 Gy/fraction at point A. A total of 5 fractions were
delivered once a week. The dose calculation was performed
by, and dose distribution shown on, a system developed in our
hospital with a personal computer. The average values of maxi-
mum dose at certain points of the walls of the rectum and sig-
moid colon were similar to point A dose. The incidence of late
sequelae increased significantly in the group receivings a maxi-
mum dose to the rectum and sigmoid colon higher than § space
Gy/fraction. This report describes the program for automatic
optimization of dose distribution by modifing the hot spot (higher

fraction).

Research Code No. : 609

Key words : “CO RALS, CT, Optimization, Cervical cancer

Received Oct. 4, 1995 ; revision accepted Jan. 23, 1996

1) Division of Radiation Therapy. Chiba Cancer Center Hospital

2) Department of Radiology, University of the Ryukyus School of
Medicine

3) Physics Laboratory, Chiba Cancer Center Hospital

NIPPON ACTA RADIOLOGICA 1996 ; 56 : 294-302

than 8 space Gyj/fraction)and the cold spot (lower than 6 space Gy/ .
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T E SRR BT I S AR R PR R s P BB
A 7 2 (Remote Afterloading System, RALS) AS—# [ & 72 -
T2, ZOHROFFIHE (B, GFHE) OkExE
bOTHenI &L, BEREEAYE 72 0@ bEih AT ik
RN, HEROVCsRHRAIF DM EREGT R D,
IR ZE I AR S REFEMBEZIHEA L TEET 2 0LE2%
{, BEOEROKBIIERHINL I LIZHD. ZDERE
#EH 1319644 Henschke & DFEF & 5TV 19654 45K,
AMLSIZEDOCok R L LTERINIERLENS, L
ML, ZOEBLEES S IEEEIEOME 22 EH 5
) ELTWE, ERBEREREREHOER LS T K
0T & 72 HRHE ORB L % 012, $FICXBICT X 1 iE
LSO MBRR D S EER SR FMICEEL, EiE
RS AR A RS T A HEEEEL.

HAETIR»>THE, TE, BILICL)ERSNL-FH
H Dafterloading applicator (TAOX) % il \» 7= i Ft = e py R
WAHER LY, ENHRBEEDE O TV 72HYRALS
ICX 2 EMUEERAN CZ FCHESHT L2 (A%D
B RTLOVMETH - 7. BER, B, Bbk
EHROIC LZBRRABREET, WESHICEVIZZSHD
RALSHRAUEIERE A AL S 1729, RSk B e iR st
ERALSDIEHREAR D B D 72 RALSOZE R ERB S+
2 H B RIFACHE (AL &3 ST O Manchester system® |ZF]
B, EHROBEFMOET2EIHTONEELSE
HO—D2THo72". #0RNIEFNETAHFTH &gk
PN TW5SH. LA L, Manchester system &4 A0 |24
EREANBSETHEEL ShFRTHY, 2R
ITHEEELEHDENRE SN T VWA D, FOHEEIC
& B BT OBEICHIK DD o7z 2 L IEwED R,

FLMEOHEESARICBIIAEEEDLRTEY, T8
DREE, EHFE, AKR4 FEREOEVB L Ueritical organ
DIERBERN O FM 51 X Starget dose X treatment
doseDEALE A HALTLOIRERL T LizHLH
THbh. TOH, RALSIZFMIFEDoverriding system® 727§
BONE & B2 L3¢5 2 EATTRET, HEOE
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¥ 72 50E OXMHCTRMRI 2 £ OE{EEF ORI LY, F
EERRIR B FO R, B, AN, m L & O
R0 E BRI EIA S IR X h, BEEBORER
critical organDFRREIZ, X Y 84 DOFEFIE L 72 iEHD
gL hoTwb, LALEFOS { OEETHEERT
X, GERDY I 2L — ¥ IEEIXPOMIFET— % & Hll L7
BN 2 CTEHRIZADE D HEN L SN TWBH0, #HiF
ECTDORL (g7 — 7 VIRE T AAEMN B L ORI
TRRLUAWIEICME T 538505, MESAIHICHY LA
VaEWE AL SEATEERIIBETE 2. 72, CTHEIE
DEAT A ATORE O FIZ L7 & S O BRG]
FEBMICHETA LI R TOr T I o7, —EMICHE
FEREROBIEL DRV, 22 Thhvbhiibl e
DREEM ) 728, CTEIRZFIH LIME OMERH &R
SO BB RE LA R R O ST ADOREET o7, 2
2T, FORMERAMBEEL, TUST IV DRIk
W2 DWTHRA, B IE TS S0 & f s o A B v % 72
DIDOTHRET 5.

HERBLUHE

A. SFERAEESF

19834E~19924F 3 T, 5 SEDRALSKEAHEGHIFICCT
WA T LARET 21T o 72 48R A R L L7z,
4EHHIE62 + 3 i T Stage 1 14 18, Stage I198f, Stage Il 136
BITHBD. 19834~ 1985F(Z{HH S NAR2ERIL, CTZF]
L7, R, STIREEIG B X OBIROA BRI 55K
OIBERMEICBVT, BESTRINLEEGTY B
222 TICEMIE CRIMEG R AR T 5128072, 1986
4E~19924E 13 166EH | TR ALS BREHIE 2 ARk 2 CTHR A % i T
L, BEESTFHSN/Z5oBIHREOME LT, BRI
SENT2BIHBOMEZTo72. IO EBIEREE L
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THSIERE A A BEE L L2, GRS IS Stage T 7
B, Stage Il 8 B12 & F 820Gy, HYuERLBINL A7
50Gy, flit4E1830Gy, HhiuEREBINL &7156-60Gy i
5, RALSHEANMEGHIAR, # 1 [l6Gy a5 |l & hifT L 72
BEA B AT, B2 Eeritical organ OREMIEEHC X 2 HE R &
L OMER, B UNEHEEE L BROMRIT IS IER L
RUZITV, ZOFEFE 19864ELEDIEIED 725 D ZE5# #E
SO EEREIZHY, &5I1CF ORRE IS
[P

RELEOVICHE

1. FHEE, CTREZE
RALS |3 BiEHRALSTRON-20B (iif%°Co) ZfEFH L, CT
12232 L—#I58EE LmERTCT300S 2 L2, CT
XERI & U CRALSWIEEZJE4T L 72, applicator |2 (X%
BEOTAOR F AV, 1§ A% % LRALSHATRE & [ CAAL
TCTBIUY I 2 L= HEEMATL:. CTAT A A M
iXlem L, WEFAIBACESL D & 7 2% 03em L
T, BBILFISATA AN THA. CThOMEF—F %
BAIOEMA D Y b 2 Y H{EFF I Zapplicator (LR
BEEA L7z, F RS L OERS, 2%ICAm R
LA A Ty 574 2% FNFN 30cc, 100cckiEAL
7z, dpREETAL B X UH{#4ERIINECH BiPersonal Computer
PCI8 (LA FPC M) # vy, =¥ VEEMHOER S L U°
FHEEER oo I EREE R T v,
2. RBEABORE
TCT300S {1 B+ 58" 70 v E—F 4 AZIZIRFLTH
BLCTTF — % #PC~Fidihte. IU§FE L 7-CTME A PCOHERE L
16ERPEFRIC 5L, 5 DLevel, Windowfli CPCOCRTIZ
FRTAH, 1 HMEIC2 ATAADVERIERRSNL. HEE
F—F DRIFICIE L AHNA b 7a v ¥ 474 A2 1FLUS,
1925 4 ADRIFETRETH B, FEIICRTOAS Y FEa
v EEERIE T — 2 2132 0T, FERILRIFAER

X-Ray focus Focus-detector distance : 1050mm
¥

r2 : center-cletector distance
=1050-600 = 450mm

cx, ¢z . obtained by CT data.

Xp, Zp : assuming a parallel beam

asn : arc sin, atn : arc tan

o=asn (cx/r2},d = r2cos o

0 =asn (cz/r2), w=r2cos 8

zp=(r1-xp)tan g

CT pixel matrix = 320 x 320
scout view 1Tmm/pixel

p : An assumed point to calculate —+270/320—+0.75mm/pixel
magnification factor by converting a

diverging X-ray into a parallel beam

Quter circle : Locus of X-ray focus

Inner circle : Locus of X-ray detector

r1 : focus-rotation center distance : 600mm

e=atn (cx/ (r1+d) ), xp=(r1-zp) tan «

B=atn (cz/ (r1+w)), zp = (r1-xp) tan B
xp=ritan ¢ (1-tan 8) / (1-tan o tan 8}

RALS CT axial view scale 270mm @

BOHOY I L— Y RFIILER., BIFET—4
ECRTHIZERLAEMOAA Y P EayhbT T A
TANT A, F3KHIES A H M TIIMER (e
HHEMOREZZET T LV, FORIEIICTEEBEOE
HE OB L 0T 5 7 7 —BEEAD SFig. 1 TR L
7R TROBZENTESL, V3 al—FHAIERMNXP
M ORET— ¥ 218554, 1M 2 HIONKHEIED
VBT, LA REEd.OB X U7 1 )b 4 HERE
* ZOKBEANTLLEND DN, REZEF—E
T, WAL 1 HHOARGZOT, Lhffgtshs.
3. FBAERS LIUBRESHTR

W REHEIEE Y AT AR EITNEE
LDO[RALSHERIEILIE | I2HE 72, TAOKIZER %
HH LW T 7)) r— % OIS ED 2V, #

Fig.1 Diagram showing reconstruction of 3-dimensional positions derived

from CT scout views
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HREE WL 2HTHS, BESAIICRTO R S
7 hEa T?_I:'C b RN RE (Fig.2) TRbiki, JoIRim o — i
HZT TR, FEOMEE G L @R 0 b ik
OT, SIS, FRICPILERE OB L b 2T
V., BRLARERIR D THE L O TREG Rt (Fig.3) b ko
Lib,
4. BORDEE

BREBIC G > BB ESH % B A 0121, 4%
THBEDEHES L L TE AR L OBBREHS T 208
Vb, FEOKRES(FLEIEER OENZLY, FLEA
HHETOEREHRE I RELEBEVEZAEL2BE50S
5. FEIWNS K BRI, #6488 H Ee,
TN BGCER, STFIRERCEKIIASL EoKE %
ZFBHI LB, FoFigd(A) EHO X S ICFEREIC
bSFIREBG R NBAEE L TWEHEE L2 AoN,
Manchester F3\, & ) Z OGO EZH E 2 rhidh s %
WZEbdHb. Figd(B) DX ICFEHIMEL L ERTIE
B B DAL E LR EHNH B, PC D CRT 12
FIRL7C CT Ml EC, BEEATH SN2 R4 &
CERREE, STIRERBECHBEMDME» %< ATh

Z2I LT, AR ZDEOBEAKD 5N D (HIFig.s).
INLOREADPOEATA AT LDOEE, STEHREESL L
OB D b BRI AL B 7 — & & ik HT E BhAgic
iESh, FEfRCEZE, FRBHEEECTS, —5
MRIZZHRE L THDLEAT A AT L OB RO
BHEOHT, BAEHRE LR THEOME 7 — & LS A
§4z:kL1ﬁ¢0ﬁﬁéhL._ﬂﬁmﬁﬁﬁgﬁﬁ
, BEEEEEOMBRSITICHVON:, 2088212

L't' IRV BT 7 28 2 FEER L 2R, 54 i
ft7a s oL EE LTRBE SR,
5. BEEE(ETOTS LA

EEMESMERL120, ERBLEOBELIAN, E
EREITHABEL L VCBEREEZ RO L LENDH 2,
Z ZTREE TS 2 Feritical organ Offif I % tissue tolerance
dose (Dtt), MEH & % tumor control dose (Dtc), [/
SRR (critical organD#RHRE) % Dmax, B2 SRR
(WG R) #Dmin& L, HEEL707 9 AT
CERMIBRSM L L TRREMETIT - 7.
(1) BIBREMH D ETE

a)BAT A4 AT I Dmax kDt E Bz v,

~

-
A26ray(54.9877em3>
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W
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Fig.3 Dose-Volume Histogram
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Fig.4 The isodose curves indicate the lines of 6, 8, 10 and 20Gy, respectively.

(A)An example of the uterine corpus which is so small that the dose level at certain points of the walls of the sigmoid colon is higher

than 8-9Gy/fraction of RALS.

The isodose curves indicate the lines of 6, 8, 10, and 20 Gy.
(B)An example in which the uterine corpus is so enlarged by the tumor that the dose level at the margin of the tumor is lower than

6Gy/fraction.

The isodose curves indicate 6, 10 and 20Gy.

Fig.5 Calculation points and refer-
ence points.

The isodose curves indicate 6, 8, 10
and 20Gy. The values shown on the
right side indicate the calculation
dose (cGy).

The calculation points in the rectum
or sigmoid colon are shown as white
points. The calculation points in the
bladder are on the posterior mucosal
surface of the bladder and points in
the malignant lesion are on the
margin of the cervix. The location
deta of each point of the maximum
dose in the bladder and rectum or
sigmoid colon and that of the mini-
mum dose in the malignant lesion
at each CT slice are recorded as
reference points automatically and
used for the optimization program.

R, 84E4 258




208 RALSOCT % FIF L 7z i i i 0 Hilh e

b) [AFkIZDminidDtc Ll f & 4 5.
c)lbita) & b) AL L2 WAt a) 2 BE S A
(Z DRIZBRD FRRAE RO H SRALS A,ﬁ,c_ﬁcymac-
tionHEAHHE(Z Dit = 8Gy/fraction, Dtc = 6Gy/fraction & L7, )
(2)ETHD /- DEMARTE
a) & 50 LOAKIZ BB DM % BE$ 2 72 o BiE IR g4
HEFELTHB .
(E’iﬂ’]happlu atorAHFA SNHE O+ K1 FHWE, &>
LARIREL, WFEEROMEET LIS, ABICENORBES
%f‘f 720D ERIFEOIERERIATH S h LoFHE ST
wa)
b) A, Eﬂ%mz* DEEHRDKE VO TEE LA KA
Rl 5 i
) fIEDS JA% , FHIERE/C BT ISR b o0 R o BR S5
PR 5. i’m’?ﬁ 1.3emBPAMIZ 2 Ll 3 235413 8)
BICFE CRFTRILE 5. EBoOMBLE, HE T4
B R FOBE, 2 HFEKIZE LS €5,
(ARAF 1 OBIERE)D 2 I E%E S hF LR o

Fig.7 The dose distribution after optimization
The maximum dose to the rectum was decreased to about 8Gy.
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DE%AIERH AL ELR S 2 b TRV IR, BB
RS 1 LRI T 5. 1BIEH & BIFROM %
Fig.6. Fig, Tl2/R”°7.

& ES

A. BB, J?ﬁ**ﬂi%ﬁ’ﬁtﬂﬁ GJF*EHTF
1. EEOHEE (Table 1)
F"'?f%%:@ﬁf':{Li](ottmciert?f)ﬁj\ﬂffi“"’% w7z
B, SFRIEBTFIGE & RESORIE
ff.'i'[/q DIEFIDECT AT A AT L O UJS’??I}G i
WO A N7 T L%Fig8(A)IIRT. HlhiIsEs, Hidhd
ey, FMIEL 1 KT -rfﬂJ%T—g‘ Ar {siua)'-w@
EIEBTAFHTINZ TH A, BERESEN TS5
Table 212789, FRDOFRITFENIRET 1 [1247- 1) DR,

SEIKNG TSR Tah 5. Kottmeier grade 1L b % B2 (+)

L7 B8, STHREBHEIS.S + 1.7Gy TIHIZA SHE

Fig.6 Doses and dose distribution before optimi-
zation

(A)The isodose curves indicate 6, 8, 10 and 20Gy.
The maximum dose to the rectum was higher than
| 10Gy delivered by RALS.

(B)The values shown on the right side indicate the
calculation doses (cGy). The white points in the
figure show the calculation points of the anterior
walls of the rectum.
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IV, BEE (<) BEOTPIIMELIES.S £ 1.4Gy THEE (+) BED
SERIE OB IZfEIRERS % THEDEN D A5, grade |
EDOMIZIIABDEI R, BEE (<) BE & grade 2LL EDTET
1% THEEDENHH, LiL, BELTHTLIZE, F
WiE L ) R ETORBO I L ) ERENTH 5.

3. EiE, SFREBRSFE CBEOREMR
s 4 IR s AR A4 % Table 312, FOLA NS T L

%Fig.8-BIZ/RY . BEE (-)#F & grade 2L EOTETILREH
BTOLRBREIBTEEROEND S, F/-5HH A Dpoint T
1210Gy PA b f 751 ~2 55 TREESHREE O A H iz,
4, BERERERTERH(Fig.9)

EREOTEIIEE (D) BETI.0Gy TH o7z, WERE
MR L RERROTIH L) EREEREE k0L L, BE
FEHEEERS0%ME139.6Gy TH = 72, BEEFEZA%LTFIZTZ
IR R 8GY A TIZT 5 Z EALETH ), Ml
W70 7T L ORTE R EL % 8Gy/fraction (7% L7z,

B. EERbtiRE & EE & DRIR
B 0P B P S AL T 02 T R e R Il % L 72 FE 1 14
B, i A B L 7oAERIAT 2 B, PREGASHE % % L 72fERA51 Bl

Table 1 Late complication of rectum and sigmoid

fiz 1 # 209

Btz FER () HEOFIMHIRILT.3 £2.5Gy T, FEK(+) D
#3831 6.3Gy CTh o7 EmEIE-EIL£19.8 £2.5Gy,
BLU14.3 + 6.6Gy TREED B L BEHNE\ B & 733 BHEN
BHOPIZHh 505, METMICEEOFRD D VT OIZHE
DEFFEO NG ol L LRSS ARl b ofRE s
L TR S & D RFAS 4 8Gy/fraction & L7z,
C. BFIEB3RIIOWVT

19834F~ 19924 Dt 248 BIH25 B\ RATASEHH 1),
TESHER 2200, FEAENC S Ble 7. CTERL h oD
BE AT Tl BIEUR S U 556Gy LL T 58l o 7.
2063 EAS IE TRGE A R, 29BIICE O E T o7z, B
IEIEREIZ 4 B, BIEREIZ 4 PIORITEESES ), WE DR
WCIEAEEOER Lhol. B LA2SHY, HEARLER
bibDIt 4 PIOHKT, MITHESA LREIRRO SN
Mofe, LA, MGHEMOEBECPEBREMEOFELR Y
JEEMOBERAHERN SN E, HEERTRS x5 i3Large
cell non-keratinizing type 2SI EFIRY 226\ 1A%, TESEOMHEL L
iR b L Cld A% v Adenocarcinoma, Adenosquamous cell
typeDHAE . FEEE, AEORBHEROARNLE Stage

Table 2 RALS 6 Gy/fraction at point A

colon in non-optimized group (1983-1985)
Average dose to rectum and colon
Mo.=number of calculation points
Total coson = Ds=dose, SD=standard deviation
No complication 53 (64.6%) No. Ds (Gy) | SD
Total cases 1151 5.9 1.7
Kottmeier Grade 1 17 (20.7%)
No complication 598 5.5 1.4
Kottmeier Grade 2 8 (9.8%)
Grade 1 323 5.9 1.4
Kottmeier Grade 3 4 (4.9%) Grade 1+2+3 553 6.3 15
Grade 2+3 230 7.2 1.2
(A) (B)
Gy/fracti .Lon g
ﬁaan— Mean=15. 4
Mean 5. 9Gy 8D=3. 2
~8D 1.

Fig.8 (A) Histogram of
dose to hte rectum and sig-
moid colon of each case.
The total number of cases is
82. The total calculation
points were 1151, The aver-
age dose to the tectum and
sigmoid colon in each was
almost the same as the dose
at point A. -
(B)Histogram of maxirnum
dose to hte rectum and sig-
moid colon. The higher the
maximum dose, the greater
the degree of complication.

distribution
of atl calculation
“points

ERE8E4H25H
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300 RALSOCT % FIH L 72l i 54 O BB
Table 3 RALS 6 Gy/fraction at point A Table 5 Comparison of late complications between non-optimized
and optimized groups
Maximum dose to rectum and colon
No.==number of patients . - .
Ds=dose, SD=standard deviation RALS & Gy Arection & polai. A
No. Ds (G sSD .
s (Gy) Maxirnum dose in rectum or colon ;
2 8 Gy/fraction
Total cases 82 10.3 6.4
No complication 53 8.0 1.1 non-opt.  non-optimizied group
opt. optimized group
Grade 1 17 11.9 3.2
nor-opt. opt.
Grade 1+2+3 29 14.0 3.7
Grade 2+3 12 15.4 3.2 2 Kottmeier 1 23/31 (74.2%) 30/59 (50.8%)

Table 4 Comparison of recurrence rates
A. Histological types

Kottmeier 2 13/31 (41.9%) 5/59 (8.5%)

Kottmeier 3 4/31 (12.9%) 4/59 (5.8%)

Lnk=Large cell non-keratinizing
|-k=Large cell keratinizing
Squ=Squamous cell. type unknown Table 3 Comparison of late complication and local recurrence
Ad.Ads=Adeno.Adenosquamous cell type rates between dose-unchanged and dose-increased
Sm=Small cell type groups in lower dose cases
Hatology No- of caees Lomlirectiencs 58 cases (Tumor dose <5.6 Gy/fraction)
Lnk 159 8 (5.0%)
Lk 52 10 (19.2%) A : 29 cases (dose-unchanged group)
Squ 13 3(23.1%) E : 29 cases (dose-increased group)
Ad.Ads 17 4 (23.5%)
A B
Sm 7 0 (0%)
Y 0,
e Cis 25 (10.036) Kottmeier 2 3/29 (10.3%) 4129 (13.8%)
B. Stages
Stage | 14 0 (0%) Kottmeier 3 2/29 (6.9%) © 5/29 (17.2%)
Stage Il 98 12 (13.4%)
recurrence 4/29 (13.8%) 4/29 (13.8%)
Stage Il 136 13 (9.6%)
Class mark 1 2 3 4 5 6 7 8 9 10 15 20 25 Gy
Total No. o0 1t 1 211 9 14 10 19 6 3 2
Compl. No. 00000 OO 3 512 5 2 2
Class mark : Maximum dose to the rectum or sigmoid colon '
Compl. : Complications
P (d) : Probability of complications
A=2.26296 El= .389572 D50=9.6114¢6
P (d) =1/ (1+Exp (- (log (d) -A) /B) )
101 O . . —
[ o
(p) dF o / 5
05F Fig.9 Logistic curve for the incidence of com-
L plication.
i 0O The average maximum dose to the rectum and
i sigmoid colon was 10Gy per fraction in the group
0 Qeéxm e . '21 : : . ' experiencing complications. At 8Gy the inci-
" 31 Gy dence of complication probably could be re-
duced to 5% or less.
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Il & Stage MITITAHEDEIT ARV, (Table 4)
D. SEEIEE L BIEBDLEE

B, ST O Hik @A RALS 1 [147: 1) 8Gy
A BIEBIAS, HEMSIERES2AERIH316112, EIERE1664EH]
FSOBIICRRD b7z, EOREFRER L Table SIRT. f2
PR#10% Tgrade 2L LEECTHEED S 1, BIEHICHL D
ICEERERDOFAEMDSR SN D, SOBIFIRIE 1 FlOFH
Rehidh o 7255, BIEDERE & IWE LEE. Fig. 10157 &
I, BIER L EISIERO 5 FAEFRIEIRD L V. [E
EAEBOUSEIZIIMRIREDLE R L b b, AWfZEiiE
CHEECTHE %, —#ICMRIZZE L7z, FEAKEDZE
¥, FaE oMK RCTIES RGO IBHER L L5R
DD, 5.6Gy/fractionLh T DEEFIA58GIEH 1), 295143
6Gy L EIABIE S Nz, SASIERE29609 4 6, I5IERF294)
W4 B RITRAERERD D), SEAEOBIESAER) L O
i onsdor, L LAEEDHINMSR SN, (Table
6) RfE A N L ERNCIE, S SICEBFEOZELIIE L
BRHAGORELIALETHL. LirL, BEFDL X
critical organ |G O D O EREAEE L7270, AKiE
IEEIIEEOERIZIIARTH 7.

% =

FE SR O MSHRGEEAT L SN bDE LTE A
bATE, L LAETARBEZPLIGHEONSZ L

ftb 1 % 301

ML, ZOEE, BMELXELGTAHEFE LCHK, &
B, STARAERS, MEIBHE L SRAN R ERD S5 L 723k
HILhVv, KR TXHCTE b L I2Z b OHEHRE*
BEMICHS L, I a—FIlLABESWEIE IZ X
b, MEpD BB ERER OHIFEREFISEST 5 &
) RHEBEH AT AR L. FESRENEE 06
BoffoE b L, EROBIFEE COMERE S A
% ARME R ML L /=Manchester system DR 534 |23
LB 2 HETHIET 5D TH L0, EDHGE,

Kb LB MM EICRE LS ot e 81, &
AN 2FEEY, REEEY 2 REFEREY, @ERELR EMH Y, &
A& DEFEINBH D, LA L, ASSEILIGERAOEE,

SEEIREERS, JElPtarget volume DR % 405 L LT L
TWBHIF TR, I EEETS LT, CTSD
I DOMEFALE % 25 IR R A eritical organ DFFIFITHL
HEfiim L LiGiaE, [ER 28R E MR E &
LTHREifb 2 ROZOPROEZUTHDH. EHmiE D EH
L BEMROBE'D "HH Y, BEERSHFO—DLL
THHTR® 5D, RaltoREe LTHERT L ICIZER
WRERFTOBREDOARE SR, SFREB OB OHIE 5 H
#tle 2 & REN, STERHEGORER RO EAVI 2% DA
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Fig.10 Five-year surival rates of the groups of non-optimized and optimized dose distribution.
Statistically, the difference of survival rates of two groups was not significant.
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