B 2ANE B 255 K] 2011;29(2):91 ~98 DOI: 10.3857/jkstro.2011.29.2.91
(o] A E S = Ol ¥l it AFOI o
HglMatol AEs HIAIMX|E A0 X EXIA Aelo] 24
Soltfetw o mjry 3t WA B kst Aly d| 7| alstmAlT ofatolstmalT Zolfstmui el X odel ArA| M E?
A0S . ObM S . O|F Al - FlYFr - RFBH - UEET - AT . 42T
= A Mgt ARE YA Ro|A BUHHE 7|FEC2 5 FH|ARM|(setup) 2t MRIMol| MU=l || EX| A}
(fiducial marker)E 0| &%t FH[XIME |5 CE,
CHAH 5! HHH: 200014 9 R E] 2010 SRIIA] ME Mo 2 2X|H AT SAIMX|ZE B2 4040] SIS CHA
S 2 oICh AR Z 13U Mol ZEEEZ=2Sal Z A Slofl 7H2] A EXAIE HES £510{ MMl A
SIACH LAMMRZAEE HAREHTHEEED} of SAMR|E Fof| ZF 2EHS SIgIiCt AEE WAMR|BE it
2|lA HA|E 0|235101, oY 3.5 Gy&l & 59.5 GyE AZSICH EatxAl Mol ME FEl9l F dbsko| ky X-M 2
Zgsto] P2 ool AR EX|XIR} HAMR ZA R | CIXHMFAAIRIOA BEEE AXFXXE 85104,
BHAe| RMIE =St FH|XIME 31%Ch QIR EX|RL 7|F FH|AIMO|A SAMMX| 2 H Bl O] C|X (&R A AL
oV X-M Pale| SHHHE JIAK oz Fsto], SHHY J|E FH|AIME FEICt
4 Ik 673]e| BEEALE EMBINCH AR FEXAL 7|FE FH|RMOIA SAM X E SAIETLe| 3RIAE 9 x| O]
o B2 0.9410.62 mm (9], 0.09~3.01 mm; 2UZL, 0.81 mm)F 1, =2, Alsl, ME dhstoz 2|x| xto|o|
o2 2424 0.3910.34 mm, 0.46+0.34 mm, 0.5740.59 mm%Ict. Zuh 7|= ZH| XA A] HAMRE EAIE
nfo| ZAFAA 2|x| Aol WHR 3.1542.03 mm (S, 0.25~8.23; ZAUZL. 2.95 mm)F 1, Alst wrake| (x| A
Ol(Hd, 2.29+1.95 mm)7t ME(H o, 1.73+1.31 mm), Z(HTF, 0.45+0.37 mm) YstECt Rol51H ZHCHp<
0.05). |IXIEXIX} 7|F ZH|XIMQf Sl 7|F ZH|XM SO SAM |2 SAEDIS] 3xHAA 2ix| X107} 3
mm O| AU AR Ma ESIEAMZAL Bl 1.5%2F 40.3%% 11, 5 mm O|A0|UH HRIF Z+zt 0%,
17.9%% T},
4 B /x| ZEX|AIE 0835101 HCl M5 ZH|XIME stoaM A 2EXMHHY ofE YU 4= A1, w2ty
RN FHO| YatzxZlof thEh LAIMEES ZAA|F 2Ot oOFMsIH| 428 BIAMR|ZE & 4= 22 Ao E of At
=t
HAZ0|: MEIMQ X FXIX}, AETH HIAMMR| R, ZFH|K}A|
AAAgolY ALK g e T4 XEE £ XF
N B ATNE J& F dornE, X g9 FALE Foi4 ghate]
el Ao AsE 7hedt WwAstof gt WAL
TG EAY Y Bl s, AgAderel 2007d = AP AAA Gl vl 24T 72 wligol o whay vl
WHAES 109G 21502 AA| FASE Sl 99, Bl dow R, T A5 AEE A8 F e A4
A<k, e, 2 vhgo g ol whAE g ARAA o] 9
ol A prostate specific antigen (PSA) H A7} W 3he|w A Agre] Aeshd Aubgol WAAX BT ZF7]
A, A Agkel Ad vzl Zyhat ohyg) =7 Aok g AR gAY Ak AR Fell 28 ukAl 7
HIEE A5 3 ok Aol Z8hs Agalete A ARALT Zrig ot agjug Bag uke =)
ool A Aol kA S Z7HA7]7] flaA =, LA e
o] =28 0010 118 290 Waahe] 2011 39 219 AL ko] A ol °L} A L,L . o
A A A, Folthatn o shh ek WpAMHE ek Al o] 24 A4z FIE FaA AL it
(é51)24|0~5380,oga@;<;j 051)243-0116 AYLEAAN 2 FulAAe o4, HE A7ES &%
~mail: cymin au.ac.kr R "
o] =R Zoltatu steol 7] Ao oate] o TE gL & agsle] AYAd AR5 Frisle] AAFHEE, 2

_91,



A WA wEH e F4zAe) Bef g Foly] 9
AAE ZuAAS 2AE Hadstol AYLEAATe
A4Z HaAAk 3k,

Tug Mol A AhAe) AXE Rz waa Al

ok Aol uwtel ZA s ), Habo] kgl AelollA] kA
A *liﬁl%‘& AARE RS A e $ABINE
F 2 (peripheral zone)ol] Al Xt AL vl
T ik o]E A HAo] A 3xLElA
2 s AEo] Busx ek weha 389

AR ZHAAE 232G Aol APAY 91 HE

S

o2 Qlsto] AN YRl AMge) wAde] =4
g 5 Jut a2 g AAzAds wAASZS Aslst
3 ARt ] dALE 2A] AL, F

ulAHA) BHgolA AR 942 el o] vl
sheh. APAY A4 S-S 285% in room AFEIHE
I il u%eaa—%—%

ﬂ‘.

) oﬁ, 08.
it
(o
L
o[:o =t
of
or
£
Y
o
R
o ©
o &
1o
=}
XN
ﬂl
X‘:ﬁ
3
ot
¥
o
i)
&

g o] &3
24 <= ol xl‘:} 2o
AP Aol F47 .u_X] Z}(gold fiducial marker)Z 4}
.]
o]

1.4

A9 925 galslit

WAAA ol A= 2AEd 4 (portal image)<)
o] §3lo] Re] AAME FulshRAIE, wutel A
SR oYl A E YR EARE
goto] A4S VFo2 EnAAE FAste QA&
} 4 %] E.(image guided radiotherapy)Z & 4+ 9t} =
AANE BANH PAARNEE e F3 Aoy 3
o g 3 oA Watchman S¥9& 3 2m =
g FHl Aol vl X FAAE ) FeR 3
FB| A Aol 1 AR EA1Z 9] 24 (isocenter) 2] 9]
Qb EJ_o]»°iB]- 22| Soete 5 A
Ak 9"4%‘% FH B itelx AAE o] f3lo] A9
T-ollA] w] §3hol] 2gt Fu)zlAl ol
45]' FH| 2 Aol A 7‘1]74];“ 25

2ol i oo X E
e oAt W o N o2
> fr ox
tlo
i of

fo alo [»

N
ht

A9 9 WE
SERARAEE 99
SHAAA 2] Fu)AA

B

A7, kel %}Xli
ok X EAAE o] 83 94
olA WAAXE FA-T 94X Ho]Z EAH WA
A g2 w g gl 93 FulRAL 942 o]} n
siste], AR FEAAS] F-84S H7tel Bzt skt

[}
-

hy 2wy

1. CHAL

rlok

At ¥ AR EX|KL A

2009 9¥HE] 20100 8¥7A AFAYGow ZLXH
B AL EE W 459 SRS e 2 B3l
WARAAE 159 AR BAAREI} AL st 379
FHXFEA A (Civeo Medical Solution, Orange City, IA,
USAE 7 B3to] Al Adstieh. X342
= AGAYe] F2 BAE = T2 (peripheral zone)ol] A
A=, FA B (apex), 71A F-$(base), L]z 1 Aol
ol shub4 Adetgiet. AR EAAE 7ﬂﬂo] 0.8 mm, 29|
7F 3 mmol3L, A Aol 449 F9 olF& AAls7] 9

- AXEAA 4FSlll
g BE, A% W ol 9]5‘_ e i I Ui i
ol Wy 7heAE s, A F o 59 o] Fell A
sl s 9 #HE 27 4 (sichial tuberos1ty)-4 S 3
emAEZA 2 mm Ao g AN EHAS 9. 2

A A o] Wb AP 9X7 Hehnz, B
AL PAANEANE ARBDEEY o B4 A
of wly FeldR wAoz AR W Hag AR,
Ao 23] wstel BE A4S 9% WES FHh

2. HAIMRIZ

T2-T3a SAE AHAE, T3b FAES AA TG F
(seminal vesicle)e U3F 4 A4 (clinical target volume). 2 &
atoict. JAEA Aol 5 mme JFE Frtsle] AL
F A A3 (planning target volume)s BAstFEul, AA3
A3 A4S IR E 4 mmé HF FUck =Y
35 Gy4 173] £&=A30], F 595 GyE AlYLEHAH
2] 97% o] ol ZAEEE AF sl cHiPlan 3.0, BrainLAB
A.G., Feldkirchen, Germany). v £&2A Aol X 54 vt
off wigE F Ml kv XA AR F o] gslo], HPAA
289 ZARE Ensto] w2 Azlo 7 ksl AR
T2 W XA& Zdslddh Fodd kv XA Gl
A &g -r]ﬂi/‘]?‘]’—c: X&) A 2B (ExacTrac 5.0,
BrainLAB A.G.)& ©o]g&3le] t]A
HATAAR A AR EAAS} AHs e 2§ 9
A ZAA G sHoZRE ALK 5 FA-H gt
AR Ao 99X Xo]E FH-$-(lateral), 3H(cranio-caudal),
71 ¥ (anterior-posterior) ¥WdFo 2 83, 3ALE o] FAA
A AR 5o FHlAAE BB o] 3t X EA

Novalis Body/ExacTrac®,

,92_



2718 EnARAlell A A X 8 FAH e 2 RE 9 9%
Aol 7y 25, sk, Aol 7t wako i |

oAl SAAAEE SAstgla, & Al A 2R01E
A g ol Thedt AL olEe FuAAE JEF

[

3. EHIXIMIS] IR xf0] 84

AAZEA2L Aol 9xE stz 49X ER2
715 Rl R A S VFoR sl FuaE
DHHOR Fotod, AA) AP S wAAx 2A2 9 A
Ao X R ol F A7) =u o3 F4 Ae}, A% 9%
ApolE Foloick 7z wieke] 92 Xolo Al Difference=
Via—aP+y—y P+ 2 A% olgsle] 3494 9
A Aol & et

N

Y 2 70k MPMeel FIXETA &g

1o

00
0x

<@
kas

ole|gt YAFAA 7IE FulAAlolA $x oA A
S ol gto], kv X419 Tubw] Az} WAL 2] 2 A
AR Evbw e AEoF Fiste]
dh] 715 FulAbAlE TRte AstgdchFig. 1. ol#
b 715 sHabe] Fu|apAlel A WA X B EAA7R
o A eAE #HS, A, AF Wgoz BARYa, 3
A4H 912 Apolx BAsleirk xel3 3494 91X z}
o}7F 3 mm, 5 mm ©]4¢ A} A EgukAdx]ge

Foll A A sk WEE 2A

wf ofo %

2
1. /I ZEXIX 7|E ZHIXHA

49 BAF FolA & 9L A4 B 8§

Fig. 1. Fiducial marker fusion (top)
and pelvic bone fusion (bottom). A
pair of orthogonal kV X-ray images
passing through an isocenter were
obtained from posterior to anterior
oblique directions. The generation
of corresponding digitally recon-
structed radiographs (DRRs) to the
kV X-ray images and the fusion of
fiducial markers between the ortho-
gonal kV X-rays and DRRs were
made by Novalis Body/ExacTrac. A
setup position based on the fiducial
marker fusion was approved when
coordinates of the setup position
were less than 1 mm, and a virtual
bony fusion was done with the
same images. M1, M2, and M3
represent central points of fiducial
markers in the DRRs, and the actual
fiducial markers in the orthogonal
kV X-ray images were shown as
white rods.
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Table 1. Setup Errors of Implanted Fiducial Marker Matching
in Prostate Cancer Patients

Table 2. Setup Errors of Pelvic Bony Matching” in Prostate
Cancer Patients

Direction
Overall
vector® Cranio- Antero-

Lateral )
AT caudal posterior

p-value

Direction

Overalg -

vector’  poiery  CTAMO- - Antero- p-value
caudal  posterior

Range (mm) 0.09~3.010.01~1.720.00~1.720.01 ~294

MeantSD  0.94+0.62 0.39£0.34 0461034 0.57+059 >0.05
(mm)

Median 0.81 0.34 043 0.38
(mm)

Range {(mm) 0.25~8.230.01~1.38 0.00~7.90 0.01~558

Mean+SD  3.15:2.03 045+0.37 2.29¢1.95 173131 <0.05
(mum)

Median 2.95 0.32 1.81 1.45

(mmy)

*Difference= vz — 2P +ly—y )V +G—2F.

g 58 Folol4 1694(560 Gy)d BE¥d=AE uigty
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H(1.5%) et
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2). THhw 71E FulAAlel A AR 8 SA-He] 34
4 A Aolrt 3 mm o]l A F B whAMzA
% 493%%3L, 5 mm o] A+ 179%%h A &%
7} b4 A BB Y gt ke o E sApEe 2
At AollA], BE BAEA AXEAA 7152 SR}
Alel A exyb ke 7)< FupAEe 2 9l ckFig,
2). 2HA) gAbe] ke 7| FE FulAAl A s AR B
Aol gt el whake] $1x] 227} A4 1.46 mm, 3
] 4.3 mm (xolgk, 2.66 mm)E & 173} B =4 #A

oflAl A=A 3 ko g whAlslo}, %] exvt FAA
o] 4t oF Wko 2 WY thE P Sl vla) ul
T8 =24 3HA GFEA AR = 29 AR o

u]z},q]oﬂ/q WA x g EA-F 32}

~823 mm® HHZ % %_Fo] 3.15+2.03

*Virtual pelvic bony matching was conducted with same
images at the agproved setup position according to implanted
marker fusion, 'Difference=viz—z)V+{y—¢+(E—2)*.
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Fig. 2. Temporal variations of craniocaudal directional setup errors in each patient. The vertical axis represents a distance that is
required to setup a patient to the isocenter of a radiotherapy plan at an approved setup position. (A~D) show the first, second,

third, and fourth patient’s variations. Systematic errors are prominent in the pelvic bony matching of the second patient compared
to others.
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—— Abstract

Clinical Usefulness of Implanted Fiducial Markers for
Hypofractionated Radiotherapy of Prostate Cancer

Youngmin Choi, M.D.*$, Sung-Hwan Ahn, Ph.D.*, Hyung-Sik Lee, M.D.*, Won-Joo Hur, M.D.*,
Jin-Han Yoon, M.D.", Tae-Hyo Kim, M.D.T, Soo-Dong Kim, M.D.T, and Seong-Guk Yun, m.D.*

Departments of *Radiation Oncology, TUrology and, TRadioIogy, Dong—A University School of Medicine,
§Dong—A University Hospital Regional Clinical Trial Center, Busan, Korea

Purpose: To assess the usefulness of implanted fiducial markers in the setup of hypofractionated radiotherapy for
prostate cancer patients by comparing a fiducial marker matched setup with a pelvic bone match.

Materials and Methods: Four prostate cancer patients treated with definitive hypofractionated radiotherapy
between September 2009 and August 2010 were enrolled in this study. Three gold fiducial markers were
implanted into the prostate and through the rectum under ultrasound guidance around a week before
radiotherapy. Glycerin enemas were given prior to each radiotherapy planning CT and every radiotherapy session.
Hypofractionated radiotherapy was planned for a total dose of 59.5 Gy in daily 3.5 Gy with using the Novalis
system. Orthogonal kV X-rays were taken before radiotherapy. Treatment positions were adjusted according to
the results from the fusion of the fiducial markers on digitally reconstructed radiographs of a radiotherapy plan
with those on orthogonal kV X-rays. When the difference in the coordinates from the fiducial marker fusion was
less than 1 mm, the patient position was approved for radiotherapy. A virtual bone matching was carried out at
the fiducial marker matched position, and then a setup difference between the fiducial marker matching and
bone matching was evaluated.

Results: Three patients received a planned 17—fractionated radiotherapy and the rest underwent 16 fractionations.
The setup error of the fiducial marker matching was 0.94+0.62 mm (range, 0.09 to 3.01 mm; median, 0.81
mm), and the means of the lateral, craniocaudal, and anteroposterior errors were 0.39+0.34 mm, 0.46+0.34
mm, and 0.57+0.59 mm, respectively. The setup error of the pelvic bony matching was 3.15+£2.03 mm ({range,
0.25 to 8.23 mm; median, 2.95 mm), and the error of craniocaudal direction (2.29+1.95 mm) was significantly
larger than those of anteroposterior (1.73+£1.31 mm) and lateral directions (0.45+0.37 mm), respectively (p<
0.05). Incidences of over 3 mm and 5 mm in setup difference among the fractionations were 1.5% and 0% in
the fiducial marker matching, respectively, and 49.3% and 17.9% in the pelvic bone matching, respectively.
Conclusion: The more precise setup of hypofractionated radiotherapy for prostate cancer patients is feasible with
the implanted fiducial marker matching compared with the pelvic bony matching. Therefore, a less marginal
expansion of planning target volume produces less radiation exposure to adjacent normal tissues, which could
ultimately make hypofractionated radiotherapy safer.

Key Words: Prostate cancer, Fiducial marker, Hypofractionated radiotherapy, Setup

,98_



