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Lumiscan75 (Lumisys, v]3)¢} XVEE 9 ECLYE(KODAK,
OlE ol 4eIAT, FAld ofE] XN AUxA S 9
) SHABRE 24 QYA EAE ey detecton)d]
LA® (PTW, SDe A8sigich AV|zAAaxge o
4 Aee 9 Rl AW 7 B AERE R
& olae Zom, WAE ARe Fig. 1o Vehiic
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A=) I3 7122 Xjawd Al Yok

A7l zARAAX g8 AL, 1 emx]l cm AR 79
beamletol] oj3] AFEEI} A7) vl cheiEeiwilolE
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gt AR Fgo] AgPsjojof dch 53] shtel =AM
ol AV|H=ZE A3 AR BY 2AH7] B %
B33 wlg9] A AP Bgs] YA olok gt o)F

MLC QA for IMRT
-leaf transmission
-positional accuracy

RTP Commissioning
-output factors for fields as small as beamlet size
-penumbral fitting for small fields

100

Test Plan

-To verify Inverse Planning and Leaf sequencing

-To check MU accuracy of RTP system

-To check reasonable outcome from leaf sequencing method

I Patient-specific QA I

MU check
v --Point dose verification using a standard QA phantom

Verification of leaf sequences transferred to the Tx machine
: Intensity pattern comparison for verifying leaf sequences
-2D dose distribution measured with radiographic film
-Dose profiles measured with linear array detector

Fig. 1. Procedures for clinical implementation of IMRT.
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(b) Cenwral Axis

Fig. 2. Schematic diagram of the Siemens multileaf collimator
system composed of 27 leaf pairs which are replaced the
conventional X-jaws. The Siemens MLC is divergent in both
planes and hence called double focused (from Ref. 11).
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off oigt AA3EX|EAIZAA] commissioninge] 33X A=
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7N zAARAAAX 2 E YA beamlete] FZT|E HEfsle] 4
ZA el AFARe] HA] o]FoA=A] s,
A2} commissioning S A AI5gle}. Pinnacle’g A-g3lo] olo]
A% intensity pattern®] 24THlE 05%05 cm’o]u} Siemens
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3 4 9l beamlet?] 24 F9lE 05X1 em” o]} o] 9
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X9 ZWAFEEE 0015 cc v T} o] e =t
AE Adsle] FA3qA w3k 24w g3 E¥HAAE

o7 el WE, celes, naAetE Adstel 24, ul
2}t
3. Test Plan

A7 =2ARAAR 5] A Gl FA AR Z AR A
A®lol] w3k beam commissioning, inverse planning, static
IMRTE 918 leaf conversion®] 4244 o132 H7}kn, 2
23 QA AXE IR BA o aAEWRES Al 7}
4 A5AR 9 F38S AIgich Fg 10A9)48 ZEe] C
A gele] X 5 A1¥-84 (Planning Target Volume; PTV) & ¥}
A4 R AN ERR M ABALNES Aol 407
HAog FYH Aol wiXE o7 Wt ool WE £ =
AEE ATk olF WEES 30x30 em’d] A ZTUE W]
o) mARIL, AR A Aol YRS Bl
oh 2 isocener® Tl Yohwe) HYLEE ECLY

2g Agatel 24, AR ADT v Toiet

4 . Patient-specific QA

PIMRTE AZPZRA ASAY 23E #9, 238
F P AEEF £T2A M A5e AR Usk
e A RANDBTR e olssiol AaAUL
AAR F, 97 A4 AEEFE AQ WESE DA
BE N AL A AL + YTF e Aol ol
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TYE 9 301 ADIZHUAERZ BEES

AAZE 53, AR 33 B2 ckFg. 4A). o] XA
Holl= 6719 =ACGHERIZE 60°, 90°, 120°, 240°,
270°, 300°)3} 27 14, 9, 14, 14, 10, 137)9] H3hlog
Axlo] et

7 WA AERZE =F2E dgZibelElE =AEE
A7 BEN 53 ZololA Aldsied, A thiFe
mlojel 2 A= AFEE} vad ¢ e J)5olt o]
£ o3l ZUAFEEE sty Qa4 24 A
ol 3 JRAAA 10 cm ZolollAle] ] HALEEEZ A

-5 ~-10 -5 0 5 10

15cm

Cross Sections

Percent of dose

10 4

o T T T T T Y T T T T
~17 ~45 -13 -1 -9 -7 85 -3 -4 1 3 S 7 1F 13 1S 17

Horizontal position (c¢cm

Fg. 3. MLC leaf position check. (A) Film exposed to 5-cm
wide fields set by MLC leaves. The match line for any two
fields is placed at 5-cm intervals from the beam central axis.
(B) This profile was obtained for the central leaf from the
film (A).

!

A4 HEoE FA4Y APEES} n2RckFg 4B) Kt
RAYs AF A5 3 AYulgFSHEIE S
thdZelulolele] $Eukes FA leafol]l i3 ZubA
TEE 7 24 dis ZAs90d AudaEdErie
0.4X04 cm’e] iso-octan A3 7277} 8 mm ZHHoZ 47
A wd® AE7lolch. AguidAEI e 7 2459 A
FHe el W 2L =9 3A AFA FoA AFH
IZTE Agslddon, 234 Aadde vz FHE F
sto] AFuldzE7)e] AFXE Ad AIhoz Bslg

o

b

Of

olid water phantom

PTW PinPoint chamber

olid water phantom

¥ Radiographic film

Fig. 4. Schematic setup diagram for patient-specific QA mea-
surement with standard QA tool. (A) point dose
measurement with the same beam arrangements to patient to
verify MU. (B) film measurements to verify intensity pattern
of each field.
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shedl £e3E A7E BF 2502 lez o] APEa
o) HelA leakagel: ZHsA Sl Ao 19 w2
o2 Bigck

E a}
1. OS2 HolEe H=RE

Fig. 3BE Fig. 3Acll Yehdl =E Aholja] Zolof] 9jx|at
leafel] tHall 2703 231908 ehi Zolch X1, X2 leafo)
3 AX AREE 05 mm g Q Aoz HrlEglon,

olge]l FAHHAL FEoNA % 1 mmoll AFEE ooy
underdose = 21 W533]ch

Table 12 Fig. 59} 22 ZA A uv|AAe3e ALsto]
%49 6 MV, 10 MV A0l gt dhdZelulolele] S}
A4 (leaf transmission factor)E %733+ Ao, Fig. 62 XV
§3te] 2 interlieafs} midleafo] Fa}AIGl vl
TE24, o|Ho) WEH SiemensAe] chedZalmo)e]o)] ©l
3 BaAze} v 9 AL Felsigich”

Table 1. Interleaf and Midleaf Transmissions for 6 and 10 MV
X-ray. They were measured in air with a PinPoint micro-ion
chamber at a extended ssd=130 cm to make sure the
chamber with a buildup cap fitted inside a leaf width. The
points of measurements are displayed on Fig. 5. The trans-
misésion is the ratio of the MLC blocked field to the 10x10
cm” open field

Interleaf Midleaf Interleaf

transmission  transmission +Y-jaw
6 MV 13% 0.6% 0.4%
10 MV 19% 0.9% 0.6%

H

Fig. 5. Schematic diagram of detector and collimator posi-
tions for measuring interleaf and midleaf transmissions. The
midleaf transmission was measured at the beam central axis
while the junction between the opposed leaves was placed
5cm off axis to avoid leakage between the leaf ends (B), the
interleaf leakage was measured at the junction between the
central leaf and the next leaf (C).
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2. HUSIX|ZAEEX

Fig. 72 ZA3XAEA FA a7 v E 7 2eisd =
ol Hol7] s TAHLE 34U ERE Holld W 29
Al AL 0125 cc o] H23H5.5 mm Wé)ﬂr B

12] commissioning

2.0 mm W), thol e EAANA 25 mm), T2l LE
2 A5 6 MV 49 4x4 on® ZAulo] gt S
SUREE FYY Asjolnh. ATl A 34 4

gk
ZAANE J)1Fo8 £ ul, 0125 cc o] &AW AL,

[---- s Mv_ —10MV]

1.6
1.4

“CTRR LU\ A /\J\/\
N IVAZAVANZWACRAM

Relative transmission (%)

PPN AN A S
0.6 AN 7 ‘ » “ W M “-a ." x‘./’ ) N
NN \tad Moot A \, ! M g .
04 :
0.2
0 L X i L
-5 -3 -1 1 3 5

Distance from central axis (cm)

Fig. 6. Interleaf and midleaf transmissions measured at dpmx
in solid water phantom with radiographic film for 6 and 10
MV Xerays. The transmission is the ratio of the MLC
blocked field to the 10x10 cm” open field.

100 T
L —e—1C(0.125 cc)
90 3 —a—C(0.015 cc)
—a— Diode (
80 ——————{ ~e—Film H
—~ 70—
S Y
o 60 \
3
T 50
[0]
=
® 40
&
30
20 H %
10 )
0
1.5 1.7 1.9 2.1 2.3 2.5

Off-axis distance (cm)

Fig. 7. Penumbra of 4X4 cm field for a 6 MV xray
measured with four different kind of detectors which are
ionization chamber (IC) of 55 mm (0125 cc) and 2.0 mm
(0.015 cc) inner diameter, diode detector of 25 mm inner
diameter, and a film.

- 279 -



THDIZZEZMERZS AEEE

80~20% ¥4 e =717t BEoll Ml 2 mm Ao 2
Al Vekgted, ulaAeiis tol LEARAE 0125 oo A
i Wge) FAEA AN JdE A ¢ F Ak
AAZARALA 2 Yol Bhte zANE AAHzE 9
A ez B 245 o 24wEue el @
Mol W= Aol YRS Hud 2 o9 ol
FlojabA Rk waa whesdsl Ak mae] AuAl
ol 28 ke vAA ek ol2R Hold B BE 3
Hol AY B B Bolse 2AW, W4 B}
acke Wo] Yol AAEY Az toleE F& ula
Aeidto] 240 MY Aoz Adw.

ot WAL 29 ZAGIE e vlXEd] Pinboint
l&AElE, doleE %A, ES A8 ouput Sk
& Fig. 8ol VEhRIch WEe 4, e optical donsi
NIRE AFRE 7] 9o 4x4 on® 2ARGA B4
Ag A FAZA ke 2Aue] 7} Aolel wal,
FAAY axs o’ ZAWA Flodeigie Aweel Zat
Aol FolSuA A AA Bt A Brlsle
Ao olEHh Pinboint mlAAGS A, WAL 2
mmolA|g Fgko 29 ol 5 mm olth. ZAo] Ho}
AW SWAFRLI} AFRE YoiE A Heg, WS
Ao Qe H Frleke Aew 2. wadeit
A% TS FEAFZ 99, vzl Syl =24
sloll U2hhES Axeled, S8 2 AT 04x1 am® 24
RellA] o] 5% Z7}eo] Thol 2= 2RAet 5% ol
A Bk RS 29 ARE ANAE ol ol

. =
/4

Field Size:0.4x1 cm

100
0 F\ —calc ||
?5 r \\-\ % meas
2 &I
8 \
2 40
R \
¢ 2
0 1 1 ] i
0 10 15 20 25 0
Depth (cm)
Field Size:1x 1 cm
100
—calc
80 = _meas H
® ;
@ 60
8 \.\
@
= 4
o
&) \.\.\.\'\.\
20
0 1 L 1 L
0 5 10 15 20 25 <
Depth {cm)
Field Size:2x 2 cm
100
E ; —calc
® & = meas []
2 o \'\
8 \\
®
L2 40
© ‘\‘\-\‘_\.\
]
C 2
O i i 1 1
0 10 15 20 25 30
Depth (cm)
e 0.4x1cm (meas) - ---0.4x1cm {calc) 4 1x1cm (meas)

1x1cm (calc)

o 2x2cm (meas)  ——2x2cm (cak)

100

o)
8 os
E / /
Q
5 05
(o]
2
E 04 7
6‘? ‘// -+ Pinpoint(perpend)
- Diode
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Fig. 8. Output factor for 6 MV x-rays measured with various
detectors, PinPoint ionization chamber, diode detector, and
film. The ionization chamber and the film underestimate the
outputs for small fields (see text for details).
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Fig. 9. Calculated and measured small field depth dose
profiles for a 6 MV x-ray. depth dose profiles of (A) 04x1
cm field size, (B) 1x1 can field size, (C) 2X2 cm field size,
and (D) off-axis profiles.
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Fig. 10. Test plan of Cshaped
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3. Test Plan

Fig. 10& PinPoint w]&Aeldhg o] &3] IAERE W
A5 FAAANA X gAFE 23] A FA Adolct. 7+
zA4%] W2 Ao 10% 22Xt dEseu), o= HEd
vl 3] S0l A5FAe A dAHA k2
g 7]9kd o2 AgiEn, AA 2] tigE Aol 2%
ol ZR=ISe

Fig. 109] X A3 AL5 ol =Ae] AEe] e
Z+zF 07, 40°, 80°, 120°, 160 °, 200 °, 240 °, 280 °, ~18]3L
320 "o]w, o]F FollA 6 TH =AY AER AEe
160 ° 9} 200 “olck. o] 5 Aol vt LALGEAABEA
AAzhAR AR, 7 Hd 10% 71 SAREPE, 2
A o2& Fg. 10Ad4] £ 5 glRel FA3EY XNasid
(HES Fodoll X T_«l FA) A FHe AsE 9
3 o] FH4% AFRIE JARXF]=d), FHEY u)jiAE
] FAHo] XE8F4 J%‘i°ﬂ s YA=A g2l g
X2 #erEch = ohE X} QA0 RE leaf 4]

WTEST #
WTEST #2

Relative Error {%)

Beam Number

target with 9-field intensity modulated beams arranged by 40 degrees

equi-angular steps, ie. 0, 40, 80, 120, 160, 200, 240, 280 and 320 degrees (A). (B) Isocenter dose verification
with PinPoint micro ionization chamber in 30x30 cm’ solid-water phantom. The beam number 6 and 7 are
corresponding to the gantry angles of 160, 200 degrees respectively. These two beam produced very steep
dose gradient across the isocenter and relatively large discrepancies for these two beams came from chamber
positioning uncertainty. The relative error is the ratio of a planed dose to measured dose. (C) Comparison of
dose distribution on plane of isocenter between calculation and EC-L film measurement
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Fig. 11. Patient-specific QA tool of RTP for IMRT with exporting the plan to
a standard QA phantom which was a solid water phantom in this case.
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Fig. 13. (A) Leaf sequence verification with film. This example is for the beam of gantry angle 60 degrees. (B)Comparison of
intensity map for the beam of gantry angle 60 degrees between calculated and measured.
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Off-axis distance (cm)

Fig. 14. Comparison of off-axis dose profiles for the beam of
gantry angle 60 degrees at the.position of the central leaf.
The calculated dose underestimate out of field about 2%
(A). It is notable the narrow valley across the center (B) and
(QO), which caused by leaf positioning error.
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—— Abstract

Quality Assurance for Intensity Modulated Radiation Therapy

Byung Chul Cho, Ph.D.*, Suk Won Park, M.D.T, Do Hoon Oh, M.D." and Hoonsik Bae, M.D.*

*Department of Radiation Oncology, Hallym University Sacred Heart Hospital,
"Department of Radiation Oncology, Kangdong Sacred Heart Hospital,
Hallym University, Seoul, Korea

Pumpose : To setup procedures of quality assurance (QA) for implementing intensity modulated radiation
therapy (IMRT) clinically, report QA procedures performed for one patient with prostate cancer.
Materials_and methods : PMRT (ADAC) and linear accelerator (Siemens) with multileaf collimator are
used to implement IMRT. At first, the positional accuracy, reproducibility of MLC, and leaf transmission
factor were evaluated. RTP commissioning was performed again to consider small field effect. After RTP
recommissioning, a test plan of a C-shaped PTV was made using 9 intensity modulated beams, and the
calculated isocenter dose was compared with the measured one in solid water phantom. As a patient—
specific IMRT QA, one patient with prostate cancer was planned using 6 beams of total 74 segmented
fields. The same beams were used to recalculate dose in a solid water phantom. Dose of these beams
were measured with a 0.015 cc micro-ionization chamber, a diode detector, films, and an array detector
and compared with calculated one.

Results : The positioning accuracy of MLC was about 1 mm, and the reproducibility was around 0.5 mm.
For leaf transmission factor for 10 MV photon beams, interleaf leakage was measured 1.9% and midleaf
leakage 09% relative to 10X10 cm? open filed. Penumbra measured with film, diode detector, micro—
jonization chamber, and conventional 0.125 cc chamber showed that 80~20% penumbra width measured
with a 0.125 cc chamber was 2 mm larger than that of film, which means a 0.125 cc ionization chamber
was unacceptable for measuring small field such like 0.5 cm beamlet. After RTP recommissioning, the
discrepancy between the measured and calculated dose profile for a small field of 1x1 cm? size was
less than 2%. The isocenter dose of the test plan of C-shaped PTV was measured two times with
micro-ionization chamber in solid phantom showed that the errors upto 12% for individual beam, but total
dose delivered were agreed with the calculated within 2%. The transverse dose distribution measured with
EC-L film was agreed with the calculated one in general. The isocenter dose for the patient measured in
solid phantom was agreed within 1.5%. Off-axis dose profiles of each individual beam at the position of
the central leaf measured with film and array detector were found that at out-of-the-field region, the
calculated dose underestimates about 2%, at inside-the~field the measured one was agreed within 3%,
except some position.

Conclusion - It is necessary more tight quality control of MLC for IMRT relative to conventional large field
treatment and to develop QA procedures to check intensity pattern more efficiently. At the conclusion, we
did setup an appropriate QA procedures for IMRT by a series of verifications including the measurement
of absolute dose at the isocenter with a micro-ionization chamber, fim dosimetry for verifying intensity
pattern, and another measurement with an array detector for comparing off-axis dose profile.

Key Words : Intensity modulated radiation therapy, Quality assurance
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