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Development and Clinical Application of MR
Simulation System for Radiotherapy Planning:
With reference to intracranial and

head and neck regions i

Yoshiaki Okamoto, Akihisa Kodama
and Michio Kono

To obtain the optimal radiation field, an MR simulation
| system (MRSS) has been developed. It basically depends upon
| the higher soft tissue contrast resolution of MRI than of CT.
| The system consists of an MR unit, an image processing work-
| station and a laser marking system. In brief, the procedures
! are as follows: [ 1] marking the reference point on the patient's

skin out of the MR gantry, and automatic table shift to set
I the reference point at the center of the magnetic field (CMF);
| 2] MR imaging (TIWI: SE, TR:500msec, TE: 20msec); [3]
| transfer of MR data to a work-station through floppy disc:
| [4] postprocessing of MR data using a work-station to per-
| form radiotherapy planning: delineation of ROI for irradia-
| tion, calculation of the contour of radiation field along with
| iso-center; [5] corresponding the reference point correspond
| with the base point of the laser marking system on the CT

table: |6] reproducing the calculated iso-center on the patient's |
skin using the laser marking system. |

A phantom study of geographic distortion and the total
accuracy of MRSS revealed that the former was less than
Imm within a 90mm distance between MR slices and CMF,
while the latter showed maximal errors of 2mm in field size
and 3mm in iso-center.

This system was applied to 15 patients with intracranial
or head and neck lesions, and all procedures were smoothly
performed. In order to evaluate the usefulness of MRSS, 6
experienced radiation oncologists compared the difference
between MRSS and a CT simulation system in setting the |
radiation field. The results were satisfactory in all cases, es-
pecially in cases in which the tumor extent was unclear on
CT images. In spite of some limitations of MRI such as dis-
tortion of image and impossibility of iso-dose curve calcu-

| lation, it was considered that this system could support ra-
| diotherapy planning for intracranial or head and neck regions.
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Fig.2 Acrylic phantom used for basic study of MRSS
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(2) 3 AT I D ERHERE DR
SAF LD — 7 ILOREEMEED
TOIEIl 77 b AERER L
(Fig.2). #4He & ARAEERIET 72 ) L
BT, MRIR(SIE I X N SR R #izs
wiaE A Lz, (RBENIE, 3emir
FR, Sem iR, 3 x4 x Semiti )y
ko 3 FHT, 77 FANOTE
DBATICRETEDL LI h > T
B, BIOFMEIGE-T, 77 » b
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-2 M AEMRAE FOEED 6 7‘;

Fig.3 Phantom study: 5mm-thickness sequential axial MR image showing 3cm-square of AT 2R L, BT18MOMRI%E v /-
the imagined target area of low intensity in each center, surrounded by high intensity area SRR 47 - 72, 31 S - TRn)
produced by CuSO4 solution. ROI setting includes each target area, and 4-portal irradia- R E AT o 72, & PR
tion is supposedly employed in this study. s iso—cemerc’)f\; TS

|
FI.I l. II C‘r)”){ *I!.[{-'IJ‘I I'l{JCD"f 1’ JC, i.‘&O--CCIﬂCI‘m{\I
LoD FEEEAOMmEAATIE, ImmBlITH - 7247,
120mm, 150mmTIlL, 4~T7mm®DO 3T NAHA S L7

EEDEEZTNENFHUT LI LIZLY AT LD
Fig.4 Phantom study: Beam's eye view reconstructed from axial MR im- (Table 1). [f7 'I’ZWI_"IN"’“ O RS S BN D 12T

GEAUREFE R L7z, iso-center{i & D A2 D FLMNE,
MR | 2 FE M Diso-center & 7§ &) (2T IRAG A BY
ages in Fig.3, showing the target area in the center. N )
T _L:{L?}‘) { 7 ﬂ-”'ﬂf)‘ti’)’) e
(2) ¥ AT LD LRI

W, 3>Ca—F¥TiESh, L—H—v—-5 Tk
a3 N ziso-centerE DENEFEN LI, 77 bA
B GHSRF R & CSIR & FNENFig.3, 4R
7.
ER
(1)MRIDTE A OFLE
B g o E oL, i & g

BT T2 RET LT F v -.Flzli “L 77 b AOPEREER 2 H AMRSSIZ & A GRS
V2, R 02 e A 1 OO Wi GeER T (% 22 22 KW 1E) % #OFENMEF Table 21273, 7 F ¥ ¥ LETIE, BEEHETH
vy, ZALCEEEEY R R ET A AN Y ML T f]iEf_ 65) A ADEFEDN N 2mm, F1.3mm, iso-center{i O3 LD

L. BEFIRIZT ¥ v Wik L REETH 5. FENED K 2mm, FI0.6mm, AH 7 METIE, TG
£ ZDOEFEHNH 2mm, TFHJ0.3mm, iso-center{ i iE DD
FMME AT 3mm, 0 9ImmTéH - 7.

MRSSHEE DEFFRVIRES

1. BHi&
(1) MRIDEADFREE OFfEE
L2 10mm B OIS T b > 727 7 > b A

VG, BRGSO ACERHE 2 (e L, mij{g ok Table 1 Distortion of MRI in definite points (Phantom study)
: | E = T
VAR AR 1R SEIZL VWO EARTE _ ' | | 5
FUROTREHATHZZICL Y Wik i) Measuring poins |-150|-120| -90|-60| 30 0| 30 | 60|90 120|150
fifi L 7. $if% dslice thickness = Smm, slice gap =0 | | | |
Y L, SETIHH (TR = 500msec, TE =20msec) T ; Distortion 1-7 [0.5-4| 0-1 | 0-1|0-0.5/0/0-0.5/0-1/0-1/0-5 1—6‘
| | | | | |
y =g L (e BT AT R o, A i i ! ! L 1 | i
fro7e. ‘Tﬁif{'{ﬁ L) bﬁ; bl (2. ) }J iz Measuring points: Symmetrical distance between two centers of axial MRI and
E4, Omm, + 30mm, * 60mm, * 90mm, * magnetic field (mm)

TR 93 H25H !



206

Table 2 Total errors measured on axial and scout methods of MRSS (Phantom study)

axial method scout method
N=18 =
max. average max. average
The difference X 2.0 0.3 2.0 0.8
between calculated
iso-center and Y 2.0 0.6 2.0 0.8
virtual iso-center Z 20 08 3.0 11
Errors of W 2.0 0.5 2.0 0.5
radiation field —
size i L 2.0 1.8 0.0 0.0
X:R-L  Y:A-P Z:crniocaudal — W:width  L:length (mm)
Table 3 Patient characteristics
Case Age Sex Diagnosis Radiotherapy technique Dose (Gy)
1. 51 F  CCF RL-LR opposed portals 20
73 M NPC RL-LR opposed portals 10
3. b4 M NPC RL-LR opposed portals 10
4, 67 M NPC RL-LR opposed portals 10
5 74 M gingiva cancer rec. wedge pair 60
6. 67 M  metastatic tumor of skull base wedge pair 30
7. 62 M malignant lymphoma of orbit RL-LR opposed portals 40
8. 73 M gingiva cancer wedge pair 60
9. 72 F maxillary cancer rec. wedge pair 60
10. 44 M metastatic tumor of mandible wedge pair 50
11. 55 F pituitary adenoma AP, RL-LR 3 portals 50
12. 67 M submandibular gland cancer single lateral portals 50
18. 54 M maxillary cancer wedge pair 80
14. 73 M NPC rec. single lateral portal 30
15. 54 M parapharyngeal space tumor wedge pair 50

L

CCF = carotid-cavernous sinus fistula,

NPC = nasopharyngeal cancer,

ERPRIC FABIDiRES

. 4%

A4 Table 312773, UHYS, SHSAMHMUEERISHTH 5.

2. Bk

(D &1sflzxt UCRisco T L7
PoTT F 3 v ik ChrbHs iasat
% f7\y, case 2, 3, 4 OfEfIZD
WTIEA A Y MET b IEHRENE % 17
o7z, IHHETEIIE LT, a) BrER
fl, b)HZEOMEREFHOIEEIZBIT
LAY, c)portal film& DHEE 2
VWWTMRSS & CTSS TH MR L 7:.
(2)case 9~15D 7 FEFNIZDNWT, 6
N O SR G S Diretrospective |2
MRSS & CTSS TZ -2 itk %
1, T o 5T &G RamER
TOBRFOFTh LRI L. [[—
AE B0 LT & B8 G R A8
MRSS % I\ TIERE L 72 BR44%5 (i
FE) ZFumra(n = 1~6), &ElWiEDS
NTOFMRAE % BB (D15 f) %
Fuvro& L (Fig.5), % Furo/Fvro% B
15, COMMEIEEHETEED
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rec = recurrence

MR imaging & JH\ 72 BUMBEGRET TN & A 7 4 0 56 & BRI H

VERC L 72 BBEHF A5 R T—8 L Tw
o6, “1TIRY, HiEREHE ER
THREHFFERELRBIZERE AL
& B s, AR L TFem/Fetok &
L7z, F72, Fora/Pura & EHI L,
MRSS & CTSS TR L 72 BEg85 H 1
4 ABAR

3. &R

(D &SP LTT F 3 v Lk,
A 9177 b EE SITHRC P < st
BUGHESTH 2 4T 2. 72, Casel0ROI
e R, HIFMEEFR, CS1g R
Fig.6-8127R7F.

a) {EIREHE TR IS L 220
MRSS 7 % ¥ X VLA 8057, 2
777 MEF605 T, CTSSAST
* T X VFEA55, AH 7 MiE30GT
HBHOIN LTEIHEE L7,

b) 35 > A I 04812, MR
ACTL D EI T2 EF AT 1041
(Case3, 4, 5, 6, 7, 8, 9, 12,
13, 15), |ZIEFHTH < 7hEFDS5
fl(Casel, 2, 10, 11, 14), CT#®
MR & ) N T dEFIE %5 P o
7z. Casel 5D JE 5 NHGEEREIEE B
MRIH{{%, CTili{%% Fig.9\Z/R$ s,

T—=F 7727 FOMOCTE{SIZHA, MRITIZIEEOMERE
TEFHAE T B .

c)beam'’s eye view COEMDEGES, FREIES 2734 CS(% &

portal film & O£, MRSSOCSIEAEMR KW {E % i

ex:

—=FMRn

ALMBMMIDIMIBMMNMNN

MO
N\

L—"7 7
=

H_""\_
FnRro

Fig.5 Schemaiic representation of Furn and Fmro. FMan(n = 1-6): Radiation fields (area)
independently planned by 6 experienced radiation oncologists using MRSS. Fmro: Com-
mon area of Fuan, formulated as FMR1 ~ FMR2 A+~ FMRs. FcTn and FeTo have the same

meaning when CTSS was used
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Fig.6 MRSS(Case 10: metastatic tumor of man-
dible): ROI setting with track ball technique in the left
image. The image shown in the right was completed
to set ROI.

Fig.7 MRSS(Case 10: meta-
static tumor of mandible):
After setting RO, radiation
planning with A-P and L-R
paired portals was prelimi-
narily employed.

(A)
Fig.8 MRSS(Case: 10: metastatic tumor of mandible): Contour of target and radiation field from beam's eye view (reconstruction image
of axial MR images)and portal films. [a: L-R portal, b: A-P portal]

HELZ-DDOTCHEHFEOXFHELIZF - B a0,
CTSSDér & ik L THEETa - 72,

EHDENALNER25EZBZLEEDALNIH,
Furo/Furol TEEFINZ & B 1E65 2 &H0 % {, TXTL6fELA

(2) case 9~ 15D THEH] 12 BE 4 ¥F OO Fmra/Fmro, Feta/Fero,
Fera/FMra % Table 4, Fig. 1012789, Fero/FerolJEFIZ X 1)

FHOEIH25H

Toh-o7z. Casel2, 13, 151233 TIEFMre/Fyro Fom/Fero
EH L THEIZ/E { (Casel2 I P<0.05, Casel3 (P<

43
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them by metallic artifacts.

0.05, Casel5 :P<0.01 ; TH7E), MRSSD A5G M0
A X RGO =R DL wE#Z 57z, FCTn/
FMRnl& 34 % & 2 & —EOMNILA S Nhh o 1.

z =

T REREZ AT (I2H 72> T, wﬂ&@*thmM
M ST 20T s b e ), N e R
HW’”HMLHMw%%L??&” m; 7 OG0 %
ETHIENEYETHD., ) o ilid HIEXHCT
& 72 3 ROCHUSEHERTE > A 7 L A% &9, H
WKL 6N TWE, bbholiidTh, (3T
B O SGIFET I % CTSSY # W TiT»> TWA %S, CT
{52 0D 7 C 1E 0 7 W 985 0 o B i ) r}&;d“ ZEDVHEHT
LI e, 20k LEAIZIE, MRIZEE
2L, e+ 5 CTmﬂékRCH%M“'LTL~f MRIIZCTIj
fg L LT X kO 3 >~ b9 2 M REEICEER
TWwALESNTE YT, FMRIZ G HGEREET I L IEH
TAMEDENN TR SBYS, LaLIinbsidvndh
LMRIZ GRS EZIZ LY, fho ik Tile L7
HTEF 2 MRIZ & & IHERR, BIETAEZ DL OL L,
MRIZ A2 DTH L, 2k L, 4hbh
?ﬁtdﬂﬂﬁétfhdRSMiuHrMRLﬂéJuhROI%H“'ﬁlﬁ%
DTHIVMAY EER B,

ifwmr@iCTP” HERUFRAEIE AT . bl
MW%@LB%&wz&h%&ﬁ%@ﬂwémgigh;
DI HMRSSOF i & b 2,

MRI% UG HEETINZ B 12 7 - T, WiE0E
ADHELEHITHNL N T 7 v b LEBFOMER, EMIH
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(B)

Fig.9 Case 15: It. parapharyngeal space tumor a: MRI showing clear depiction of tumor site and feature. I:| C,T \mages failing to show

Bt H590mmBLN, TR b BIEAO L E B B
ALl CUZREE LIR(E 3 u sl 5 a1 2 180mm LA T U,
R ImmDEATH Y, BT H Omodality & L THEH
WL EZ bz, $723 AT LOEEIZDOWTIE, iso-
centerON ENERET, X, YHIIZHAZHAITREA K E »
2720, THIIMREEDOBEIGIZE L 285D EE R
HAvrz, WG f XOEIL 7 F 2 v Wi TZ Ttz
BREDP 7D, TIUEY =4 v ORI~ HERE
FEDRATA AT TEHEOLDPTELIBEDDEELD
w7z, L L F—%NTIld, B L X O8EIRK
2.0mm, iso-centerfi & @ AL OLERH A K3.0mmTH
0, bithbhOliiik TOCTSS Diso-center( i 4 ML DI
flEATRKISMmTH LY Z L LT 2 LR 505, +—
TT A==V YRCRT L TROIZFEET AMOHAEL & F
NBHZEwEEL, TaBmRICH b TEE & HIW L 7.

FEARICH T, SREFTHRIZHIEZ 2 L — 22T T
&72H%, MRSSTIZCTSSDH 2 5D GMERHibER 2 2 L
7o THIEBIBRSCUHBIED T — 7 A5 — i 3 » D%
W70y E—=F 1 A7 FHWALENSD, LM E
L7zZ e EHTHE, FLMREAIZIZL - —<—F
T AT LANREBEENTVWEREW:®, BE~~O~v-—F 7
AIMREALIF D IEHE 13 & BRI Diso-center® 2 [HLFETH 1),
BAEBREOEHAL, WEHLO—HE %> TWwb, CTSSE
FIREICMRESE L T~V AT —2a v+ 54 2 T2o4$
&, MRESIIL—H—<—F 0 VI AFLERETE
P EEZ L,

MRSSDCS{£IEROI % i 5E L 72 EMRIK WS O FRE (S
THholzol, BYEESIC, ERESICHEsns
L EEEOXEGEE T B AL LA, T

HARE N RE 9575 Ha5
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BHCS{% Eportal film & DIEFHEFOREDMEETH - 72, i
W LT, RASERIC RO fRE 3 2 IR L2 B2 HE A Akt & 2
B () 21X, HMHEJ?‘F-IT-W; ENZIEBFRAE & L CROI
FHELTBUISHBAFED IR B L BbiI:.

MRSS?D A 71 77 LI LIRS (AP-PARRGHER) 729K 1%
(RL-LRIBHFIE) % JH s B 7z, 5 o0 B R ) 5 [f)~ o0 5t Jé
DIBIZHEHTH LY. TOHTTHF T ¥ ViEORE % Hi-
TWABY, BUEO T, wIRBrE» ke 1 25 A
ADWED A EHEEGE AR L ST 5 X Th b7
W, BN L7z — Ko mifg LAyt ot Eoa B I LA s i
T, TH D v Vi & AR A ERO O WI{ZIZRO1 & % E T &
HENIKRORWH BB EEZ SN,

6 N D RUEHEADY 7 BERFIZ 4 L CMRSS £ CTSS %
eGP R O )L TIE L 784, 7 B 3 9 CFEMro/Fyre?)s
Fer/Fero & LRl L THIEIZ/NE <, MRSSO )7 Asiadstim s
fEALC X DG OEESLLEVEEZ BN wihY
HESE AN e L T W B, T—F 77 2 FMETCTT

VIS O D DA 2 4E B T o 72, FHli4 A Rl X
O BEGP AR & C BB B OEMMTH Y, ok A
TIIMRSSAA I & A du o, BEGFEF I fi LG (Foro/Favgn) 1
AR LB E—EOMnIE A S N h - 7, ZHIEROIE
AEE Y A W (N0 5 00 ASBHIGE A S % )0 < RE S 5 A,
INSCREET B0, SRFMERICA D B 2 2 &% 2
5 :h.f*
, MOV W % ELPEREEE 2 B B R 45 7 & DA
7 r &i 9 B i R HE ORI C d B o (IR B e
MEMIZERT B 2 REeTw5. ZOME i dmsE
ORGFGEHE L D S PGP i & ek L ClEg 2
P20z, X0 IEMERIREOEN) OBKLEL LY, [E
I OFERIZ BT AMRIOAH I T 2850 R o h
Z DR CTA L8 R B R R o i s Ty <
AT L t L T’%MRS‘E@“J (AN LIRS S Y (I
LAl DETTIIMRIO TE A LR e 6 B S AL 72 i
NTHIIHTETHETHL Z EMHP L, 2D, 1
FRIG FLOE AL, GRS SR
CRELTir-72. L

-
yay 1al-1%

Table 4 Results of comparison between MRSS and CTSS: The ratios of Fct/FcTo, FMR/

Fmro and FCT/FMR were calculated in 12 radiation fields of 7 patients

L, MO E PRI

(Case 9~15) ' FTHifFENTBY, B
FCT/FCTo FMR/FMRo ! FCT/FMR OMRIME (8 & &l L <
9. 1.25+0.13 1.24 +0.08 NS . 1.19+0.16 W3 EAHL. ThbbE

1.52 + 0.29 1.31+0.12 NS ' 1.38+0.29 }, R F
10. 1.17£0.08 1.18+0.11 NS L 1474007 £ LRI CHikf& L
1.21+0.08 1.15 +0.06 NS ¢ 1.18+0.04 TV B (KA OMRIT LR
11. 1.19+0.15 1.15+0.06 NS . 0.97+0.12 OBERPOEHRD & A

1.16 + 0.08 1.18 £ 0.06 NS . 0.94+0.09 g b .
12. 1.71£0.36 1.34 +0.20 P<005 | 099+0.22 s ij L; il et
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Fig.10 Results of comparison between MRSS and CTSS: The ratios of Fc1/FcTo and FmRro were

calculated in 12 radiation fields of 7 patients (Case 9~15)
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