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Introduction of Quality Indicators into Radiotherapy Departments in Japan

Norifumi MIZUNO™!, Shinji KAWAMURA?, Toshiyuki MINEMURA?, Hiroyuki OKAMOTO", Naoki TOHYAMA®,
Masahiko KUROOKA®, Ryu KAWAMORITA", Yoshinori ITO®, Yuko NAKAYAMA®

! Department of Radiation Oncology, St. Luke's International Hospital
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" Department of Radiation Oncology, Tane General Hospital

® Department of Radiation Oncology, Showa University School of Medicine

? Department of Radiation Oncology, National Cancer Center Hospital

(Received January 8, 2020; Accepted June 15, 2020)
This study investigates the quality indicators (QIs) of medical care that are expected to be introduced to radiotherapy depart-
ments in Japan and evaluates whether the QIs reflect the characteristics of the treatment facilities. For this purpose, a question-
naire survey was administered to radiotherapy treatment facilities in Japan. A consensus of early QI candidates was obtained from
the panel members. The characteristics identified in the candidate QIs were subdivided into 140 items covering 27 domains of med-
ical-care contents in radiotherapy departments. These 140 items were compiled into a questionnaire, which was administered to 15
treatment facilities in Japan. The primary results indicated that 36 items in five domains are useful QI contents. The secondary
findings indicated that the provision of advanced radiotherapy to several patients, the waiting time, and the radiotherapy initiated
depend on the manpower of the departmental staff.

Keywords: quality indicator, questionnaire survey, department of radiation oncology, quality control
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MU: monitor units, R&V: record and verify, RIS: radiology information system, IMRT: intensity-modulated radiation therapy.
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IMRT: intensity-modulated radiation therapy.
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IMRT: intensity-modulated radiation therapy.
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DEOBEOFMET TV E LT, MR (B HRkAR, %
i, EEZAY v 7)), Tatx () EEOSENE,
B2 & v 7OTH) BLOT 7 bA s (B EE, L
quality-of-life(QOL), HEMEE) O3 OOBr R L
3 % Donabedian € 7V 720 232 H L7z, 3 IR
BB TEA SN T %4 E o QLI H (Italian

Working Group on General Indicator'”, US consensus

group'""” B X O'CPQR'"™ %), K [ J 5F % I 55 2% &
(American Society for Radiation Oncology: ASTRO)Ac-
creditation Program for Excellence® 3 X VAL $E 19 45 =
HAMGZ 35 1) B SCHEIRARTE H 45 0 EIN AL O HUR G R
O FREEH, AABFEBER L B X OHA

{1

T G 5 1 95 2 2% (Japanese Society for Radiation Oncolo-
gy: JASTRO) i@ fik ™ Ok 2% L L, wM
FTHRNEEHOIIRERER T 2 & L.

ARWFZE TIT B RAERIC BT 2 B RAES X R #Z 4
74— A AL7-QIo%Ex HEL L, FiliHEICEL
TIEFICCPQROFEEZZE L L. MEBL T 0k
Al & L I QIIHB#E & L TRE X TV, AT S
FiZR (%) TR TE 2 WIHE UM 2N E2 17 2 & %
E L CREZOHAMZME L7z, WRELTVRDITSH N
AN R N— (8%, EER - BEFWEL B X O MU
% 2% b2 &) oRAEEHL, QUEELE L7

3. 7VU—hOBNEREAT

2EIT/RL7ZZEDIC, QUERONEDZL  d#sEO
QIUIEH % B Z MR L7z, RILOREHR BT B
BEE RS & OB LD EOFE 2179 5 2 TRIFN
7% QIIEH Ol 2 i3 2 2012, RHEEGZR T
Vo — NI EE L.
FTFIEAMHO QUERIRN OB E4T - 72, QUEZE D
5 R P OB ENEICET 590K &, Fh
FNORKFEHICE Y B T/27OWIHH, X5ICHIHH %
AL L 725 140 O/NEE 5 5 72 2 QLER RIS T %
&M (9B, [Yes)] 7213 [No) @ —R3AHY1181, M
& [Yes| 2947 QIIEH 2 3EH LTV AR 2R L 72,
FLIERMOME, #2THMAZRT

F 245N, Khiko 2018 4E K JASTRO #1412 e
U7zttt 3 & O dimt & [kt | Lo s L, 7—
Y ORMEMKIF L2, 2 LT, QUEHOMHEOMEICE
WA ORSHREROEBFIUZF OB 2N Ahb 7z
W, K7 v —FOEZEHII2TOREH OBEDEIC
x4 % EEOSBERGEEG (154 BWMOBICE 2 5E
ARNEW~5 0 BEROHICG 2 DB RE W) B
L7

4. PV — POWREBLUEINITE

g E, ENASAREY Y ¥ -SRI E GRHEE S
26-A-28) [E D&V UFMIER DL L TALD 72D
DXmWgE] (FALMEE  FHEIR) 128w, ASTRO
7 5 5F) L7z [Safety is no accident ] @ H ARGEIR % 1E
% L7 BlEE, AREIRIE O IE B B X OB )15 o s it
e L7z FAEIMESNA1HEHRICH LT, EX =i
TT7 v — b&EA L7z mEMHIZ20194 1 H 21 HA
5201942 H8H, MIZENED LM IZ20174F1H
1H2520174E12 A 31 HE L, TXRTONEED S &)
BoN WIHRICBWTIE, BB IS 5 H
BEOMREZ NIz RIS L O AT
TEBEREREERI L.
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#b  [HEReEE] LB R E O BRE (n=14)

. A 2 ) 5 I T
it e R -

% il s Yyt AN
BAFENE 0.426 0.509* 0.492* 0.543%*
WA Yy 710 DBEFENE 0.504* 0.361 0.377 0.400
BEREA (FEER LIRS 0.424 —0.152 0.353 0.076
LR Y W THleb DEBEERAE GEXLERS) 0.415 0.000 0.258 0.270
sEN ) FEAKK 0.369 0.561%* 0.443 0.538%*
MFHAL v THiz) DEMN () FEAEK 0.438 0.588%* 0.452 0.480*
EfI () EAF (FEER LERSY) 0.177 0.102 0.148 0.058
HEAY Y IHIbDFEA () EAE (5eE LRI 0.334 0.246 0.179 0.092
FEA (RERER) 92 AL —-0.163 0.108 0.055 0.375
MEBAY v TH7-) o (R FEAK 0.070 0.067 0.067 0.363
B 70 TR ARG SR 2K 0.402 —-0.402 0.198 -0.078
MR T v T BT ) O REFE R 0.474%* —-0.003 0.309 0.288
IMRT %2 A% 0.240 -0.095 -0.203 —-0.030
WMEGAF v 7H72 ) OIMRTH AL 0.306 0.087 0.136 0.161
WMt + IMRT 75K % 0.391 -0.439 0.132 -0.001
MEBA Y v T B ) OB+ IMRT &b K2 0.419 0.015 0.298 0.358
KT 2 — PO T 2M% [Yes] $ 0.237 0.109 0.538%* 0.534%*

*HIBEIA Y O R 0.10, WAESR), " HBMEIA Y (FEAKEE0.05, WHIHESR). Wi BEENENL VIEL % BRI L7

& (n=13, IR—JLK) dRL7Z%.
IMRT: intensity-modulated radiation therapy.

5. 7V — bhDERBLUER

T — bOFRDS, RN QUIEHE ORI & flA
7o. AWATIE, FRICEAEERERGEE S O BEAE
it 5 2 L 2HMEREE T 5061, wmEREB X O RH
REOBNIPOAMHZQUEM L2 L2 MELT. £
2¥Ys3's) A EE O SRR O R R b & L7 (iR
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O/NHH) OREOMEZFEN L. 2L T, £hELD
R R AR AT o TV A HiFRIT L% [Yes] a8
ZWIHH, 2% [HidEE] & IEOMBEINASH 5 QL
HHPRWTH L L Lz £ [HidsEl & LT
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LWVIETRTOMEKET [Nol) 1, 7 TIZE L D% T
Wk &, B 5HVIESTERD A ITITERNEEZ QIIHE “CZF)
LEZ, MUEDOPDCAY A 7 VIZBIT HBHLEDB
ML L7

HERTENT 1213 R(version 3.4.1, R Foundation for Statis-
tical Computing, Vienna, Austria)® ZfifL7:. €7V

\..,
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BLU>0497(n=12), a=0.05DHE1E [r] >0.514(n=
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Hls 0 768 3 8 75 I o 28 .

NEIZF. J58t - THHOA, A, SWERIEAH], B, SRRt
il (NB), B.MERIENE (EE) BLOC MmER
LN (HELVE2—) THhorz KLICHBEREAEE
DAL o7 TEM (REE) AR & A RERGE
RO BER, [IMRT# K= & E. Zade ksl (N
DRk, [HHE R BEEERE] L F. Gt - FIHO MmO
s X O T (MBS + IMRT) #Kk¥] & F. 5t - T
M #AiG DO BFR % RS, BEHEZR TGRS0 R R BE R A R
TR D 5 VIFEREEIFH R TIE, A SRR,
E. B ARl (NH) B X OF. Jidt - PO O %
st 2 % [Yes] B2s% WAavR Sz, [IMRT
AoRE] B LU [ (MR IS +IMRT) k] LIED
FHBIME N % 78 L 72 DX B, @itk (NH) oA TH
0, HEMEZ RS IMRT O F2 i3 A%\ ik (3 & % kA 23

MEEBHICENL T IREVEH I TR
7. $72 [IMRT#HR=] L C.MERITENE HEL
Vo) ZEOMBEBENEZR L. COMBICHL T
54 TELET 5.

5.2 BRFIRY v IHMB KUEEENFE

F4Z [ LKW R 5 v 7HOMBERE %
AT TRBEFEAN B X O (7 5T+ IMRT) &5k %5
ERBIEDO RS v 7RI TRTEDOMBMBEMZ R L
(M2). BEBB X OB BRI S O ik
38, TRTOBEICBNTA S v 7HDL W HEHEDR S
N FRILOHEE CEOHMBENZ R L0
[ F RO (DL, $ehib) 2] <Y, kT[4
%] THo7z.

FhIT [HERAEE] & KHRAE R & v 7 ol i % I s 2
ORI A RS, [BAFEANE] & B, Rt (D
T, W) B X OVE R OB E) IR SIE 0B
i zRm L, BEAEANZOHEMIONT, IhboBMEo
B HERFE DL R MR ENL (M3a). [ERE
bz OBEFEEN] BIO [HMERRBEFRE] & T
i oo FE B B %) D IE AR %2 /8 L7z (X 3b).
F2ART Vo — ol (ZIRKXo 118[/) 12x3 5 %
[Yes] $t& [W¥+B X OFEM OB HRE ] b
EOMBEBEmZ R L7z, ERIES & CE#EL 42O QLIC
B9 5 i M O EBORI AT Wl IE &, S S DRk
BAMEDPK Z VI EEEATRIE S N7

5.3 BEFHIER

K612 [Hiachert] & [BERRERE ] OMBIREZ R
T.ART = P CREERERH] 2, BEYIaL—
Yav GHECT) 25 WREHGE oMM L EwL /2
CHEEAFARIER ] & IEOMBIBm Z R L72HE X, [
fidr7- ) OBBEFENE], [Eiid7-) OIMRTEAE] B
KO TR ) IR 150 Td > 72 [IMRT FEBEIREH
EIEOMBEN E R LZHB X, TREENE], [Hiid
720 OBBEENE], WL oBEFENE], TIUH
V=7 v 7 &) OBBEENE] B [Billis X o
Lo BEN ] Thorz. BRAGHAEIEE & Eo
MIBEN 2 7R L7z H I, TRRid 720 0 BFFENE], [E
flidh7z ) OIMRT N, [H#fid 72 O IMRT % A
¥l BIU [WEtoBEEERNE] Thor Eiio
EHAHIKR E OHIRIEE TS W HERES X ORING%
ORI | 25E L, BB X Ot o EBEEHEATK S
W IE & IS [IMRT AR | 25 WEIAVR S e,
F 7z [HEMOBEE BRI & [l R R
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%6 [Hhacrrt] & BF R O MBI RS (n = 15)

AR PRI
it Ee e

T TG IMRT ARG
BEFENE 0.018 0.568%* 0.002
BERfidr 72 ) DEFEFENE 0.628™* 0.303 0.502
Hifid 72 0 o BEFEANH 0.099 0.608™* -0.360
W50 OBRFIENE 0.425 0.740™* —-0.063
FHi#idH72 ) DBEZEFENE 0.005 0.308 -0.095
IMRT % A% 0.214 0.264 0.426
PEFilid 72 ) o IMRT 32 A% 0.609** —-0.096 0.681%**
eliid 72 v © IMRT % A\ %% 0.176 -0.296 0.195
B+ 72 ) O IMRT 9 A5 0.106 0.249 -0.060
Hi¥fid 72 ) OIMRT #E AN 0.355 —-0.047 0.470*
NHY) =7 v 7658 0.226 0.406 0.292
WHY) =7 v 25720 DBEFENE —-0.008 0.600™* -0.150
B s IR R A (i) 0.479* 0.380 0.257
S S R R K (Behil) -0.121 0.515™* 0.163
I E B (R -0.239 0.523** 0.449
s R R R -0.556™* 0.137 0.013

*HIBMEAT ) O ke 0.10, IBIAES), **HIMMEINA Y (5 =AHE0.05, HIHESR) .

IMRT: intensity-modulated radiation therapy.

R THEAFE] & F v ¥ — K — FORfE - 2R OHBERE (n=12)

FxvH—F—F

S MRy sy O EIAEREIN s s e

S " LT K= K " S
AR A% 0.479 0.524* 0.350
BEFENE 0.438 0.363 0.115
ERL () FEAE 0.305 0.155 -0.014
EfI (B) EAE (FeER LERSY) 0.308 0.078 0.012
e (RERER) AL 0.160 -0.016 0.127
2 7 TR ARG SR $X 0.457 0.316 0.024
HBME 7 HRATRG SR 0.021 -0.184 —-0.234
IMRT AL 0.366 0.112 -0.056
IMRT ik % —-0.432 -0.544* 0.042
WMt + IMRT 75K 5 0.435 0.286 0.033
Bk + IMRT &K% -0.228 -0.475 -0.185
Ky v — OB T 0% [Yes| £ 0.591%* 0.441 0.152

FHBEINA Y CHRUKHE0.10, MMIRES), **MBIEIRA Y CH7EKHE0.05, WHIHES).

TV — PRFR 15 KA S B G FE R

o> 3 ikt L7e. Bl BEEANBD L IR L2 BRI L aa (=11, K=V F) dRL7

IMRT: intensity-modulated radiation therapy.

5 v 7 OB H THIS L TWLIRESEZ6NMS. K
(2, BEBEBOE % BN THE OB E B R N TS
NW—T &% AL, Mol (KM, Hfiis X oEL)
DLGED X ) ITHRFH OB L2 b E2 6N
5.

54 FyUU—HR—RK
FT el & [Fx vy —F— FopfE - =
R OMBREART. SEIE, FEHRRIGHE M T
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L7z, A7y —roEi (ZIRAo 1180) 1255
| [Yes) #t& [HMNICBIISF v % —FK—FOR
HEE ZIEOMBEIN Z R Lz, SR REES X TR 4
D QUIZEIY M D FERARIA H Vi E &, RN
Fx Y —R— FORBEIS IR SNz 72
[l & [THREHRIELRESEMBML T3 F v ¥
P—FR— ] S IEoMBEmEZRL, F¥ P —K-F
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K8 Ty — NAEFEN [BROHIEET 5] LEZ pEMEHH

15 s NEAL SR sI=1 HIEH Min Max SD
1 72 C.1.=5—F = v 7 fkifi] 4 5 0.4
2 71 E.1 {G#R B0 N B 4 5 0.4
3 69 C2.%4WMiAnr7 7L A (FBMMN) 3 5 0.6
4 68 B.2. AR 25 (RTPS) O iivEL 1Ak 3 5 0.6
5 67 B.4.Y 7 7 L v AKEE - BIE 3 5 0.7
5 67 B.1LEEEE ()=7Tv7) ONEREE 2 5 0.8
7 64 AT E R O SR PR 2 5 0.9
7 64 1.3, {0 % 0 BE Gl 1 5 1.1
9 63 C.3. ¥ ¥ % —7FK— F (multidisciplinary team) 2 5 1.0

10 62 HiAY7x—AFartrh 1 5 1.1
11 60 B.5. Wi y#iie o 55 = H5Hl 2 5 1.0
12 59 D.1. kA 2 5 1.0
13 58 G.6. BB DML - AT L7 VI 2 5 1.0
14 57 H.2. B R a1l o B # 2 5 1.0
14 57 L2. A Hr ) =y 7= a v 1 5 1.0
14 57 B3.WEBEY I 2L —% (GHECT) OWVEMGE 2 5 1.2
17 55 E.3. A% v 7 HE % 2 5 0.8
17 55 A2, AR RS (QARHS) 2 5 1.1
19 54 F.1. a7 a 79 o 1 5 1.0
19 54 G.1. BHEE (%) K 2 5 1.0
19 54 1.1, BB ORI 1 5 1.1
19 54 1.4. SR IRGS A 2 5 1.1
23 52 E.2. 5 M ozt 2 5 1.0
23 52 G.5. M EEFE A IR 2 5 1.0
25 51 G.4. KPEFEAE 2 5 1.0
26 50 G.3. [ & W 2 5 0.9
27 49 G.2. =R A=) — - WD AAR AN ER 2 2675 L 72 2 5 0.9

RTPS: radiation treatment planning system, QA: quality assurance.

ANDOBINE SN E D~ o 28T — \ARAET 5 B AASR
Bz

—7, [IMRTGERZE] & [HREHRIESE S L
TWb ¥y ¥ —F— P 3AOHBEENZR L. 5.1
BE3IZT, [IMRT#HR#E] & C. MBRIENE (HE L
Ya—) 2PAOMBMENEZR L0, KEHAC IZF v
YH—R— NI 2 EEE RS { (18128) & hiz7:
WEEEZLND. [BFMIESEENMSML TWw 5
Fx v —FR— N Sl [EEME] 2%
MTHol2h, b2EEADIHIZAY v 7H & BRI
WHRHER O [E5RE 3% < oMB2H 2 ), [k
T IEOMHBENIE o 72D L RO TH - 7.
[FER%E] onEozoi2id, 5.1%%312T [IMRT R
| L E i ks (NH) & oEoMBEN R S
NEH1, NEROATIE R KEMBMEI T — 75—
voa VEVESEATD T URER ICHAE T & B RH ORE A
MO LT ARSI EZ 5N s (B SR aks (A
B) o#Mo/NEEIX, BABETAEIBIPRIOIRS
nTwa). ZB45HEIE, E0k) BIEFMICH LTIMRT
DFEREAT 72T LTIE, AAENREICETh VL
V. [IMRT R3] (& &0 o mEBINE (7 IR O i
BIEIEH L VE) ICHREL TV LIRS ZZ 5N 5.

5.5 PV —hOEED [ZEROEICKETD] £EX
DR

F8IZT v — bENEHITL ZERMOFEDOAFE
MERY. Ao o hEEE, Cl1.25—
F v 7R, B1HERREBGO AR, C2. £ Wik
H 77 L yA GEMPN), B.2. iGHEGHE 2 E (RTPS) ©
CEAREE, B4V 77 Ly AMER - BB L OB.1
EHREE (V=T v ) ORERIETH 72 RKIITEFT
o b sfiohIHBOEMANEZRT (CLEBLDY
C2IZHL TIER2CRLTWES). FizCl. v —
F v 7B X OCEL EEREES o AR, T
TOEBEEIAEEI5E LGN L, GO IEH
HBZEAHE L CHELZHH TH L LB L TWD I LA
IRENTz

5.6 MRAFQIIEE DML

10 ERIES L CEHRZEDOE O 2179 ) 2
THRNZQLLE L TOWREMEIRIE I N725DKIEH,
36 O/NHH OBMNAE Z/RT. 5.18ITT [HishitE] &
DOMBAFED 5N T 5.5 TH G M T OHIEH A
ZFENLHKRHEHEH D,GHBLUID 2BALA X512
P EN7-KIHE (A, B,C,EBXUF) WTI15lta%H1Z
EAEDNEHED [Yes] & WM& ([Yes] 14 Jiti i UL E,
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K9 Ty — MEFEN [BROLEET S| LEZLTHHOKMANE (C1. 27 —F =y 7B L UC2 ZRMEAL 771 >~

A (BRI 1B L TIdFE 2R LTW5)

b Ednkiy

/N H

Bl iEE (V=7 v 7) OmERGE 11

N ¥ — L DT DBHRE I N TN 5.

Ry T = DOZ NRBOKEFREIN TS,

Iy Y aZ VIR IMPREESRTNS.

Iy a =y IRERD, QAZES (B LKIEMYTEIA YT 7 LY R) HT
WiHEINTnD.

QAT I ANHREINTEY, Kt FHILHELLIh TV

QA7 a7 F 21, JASTRO QA Y AT AHA KT 4 % AAPM TG-142 5|2 i
WLTW5B.

17 BHOQATT Y T LADEMIEVPHRIFINT NS,
18 HHOQATTY I ADEMLEVTALEINT VS,
19  BEDOQATU Y T ADEMGFVEE SN TN S
20  MEFAEEDS104EER R TV AW,

B.2. {GHERTI3EE (RTPS) O i B AL 21

N — L DT DBHREE N TN 5.

22 RUF=LoOZARBOMEIRAEIN TS,

23 T3IvyaZ Ul LE—FPRESRTVS.

24 AIvTaZUIRERD, QAZES (B LIEMYTEA YT 7 LY R) HT
WMEEN TV,

25  N—=FYIT7OMRERSTEEFZBL TRV,

26 A EBBETEOVI I T T v IF— b ThbhTwS Y,

B.4. V) 7 7 L v AT - BALGE 36 V77 Ly ABEBAREIHIIAEICLE, BAEHISAEIC 1O JCSSKRIEAE
BENTW5D.
E.1. GEREHE O N B 81 V=T v 7 1RICDE, B3 240 LB IR S 217> T b

82 V=7 v 27 1ABIKO&E1H0H4ULEOBEEZGBFRLTCVLYEA, L7440 ED
BT AR S LT v B 2,

83 WHWEY Il —va vy GIECT) KR, 26924 L1 oo isH B il A i i
EhTna .

QA: quality assurance, RTPS: radiation treatment planning system, JASTRO: Japanese Society for Radiation Oncology, AAPM:
American Association of Physicists in Medicine, JCSS: Japan Calibration Service System.

>93%) L723HH ($11) BIXUOLL OfEi% T [Yes] &
RIS NG ho72HH ([Yes] 5EiZLLT, <33%) %k
ML 72,

6. MEFRIADIVERZED QUEMICELT

TG RERBER M B 5 QIEZ IS 27 v r— 1+ @
KRS, BRSO B L ONFEHEFETE W
i3 CEBENEVQIHH 2R RN TH S LHEL
T RRARRE P O MV PRAE B & RO QL E LT 36
WHHZME L, SERICBWT, RK3emEHZH.LEL
72QUEHBOERFZFMT 22 L1280, X)L
TEHER R B U A 2 2 < O B THEIS T B B ORk
EBIXO 7O ZOUHEIHHTRTHLEEZD.

KT 2 — NI B ERDS < Sk BB RiG i &
EELTWA Ikl onfAEThy, FLAED
W%t [Yes) &%\ id [Nol &% L7 HIZ, PDCA
A VMBI BEHOBLE»SBIN L. 20, 2
DT v — MERPOEEH L2ARI6HEH A, LD
D7  EREBERUHRE R 2 i L TV Wi E 5T
B QITH L, SHELIMAVPLETH S, I
RS E R REIR 2 T > TV A 15 iR DT & A & THE
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2, MR E L oBBE T2 8, F 72,
BHRS ORI EN, HoHvidF vy F—FK— FEOMHE
L ¥ o — P S Nz E O i, MRy v
TR NT = IRAE LTV RIREAERZT SNz &
%, EHRERIRINC B 2 NS, BRI T A A
WTEEDOREDPVLETHLEEZONS. RETHEN
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Establishment of an On-Site Dosimetric Audit Program with a Plastic Phantom
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The quality assurance (QA) of the output constancy of linear accelerators (linacs) is one of the most basic items for radiation ther-
apy. The necessity and demand of the dosimetric audit is on the rise. We aimed at establishing an on-site dosimetric audit program
with a plastic phantom in order to enrich the availability of dosimetric audit in Japan. By this, we developed and evaluated an on-
site audit program in multiple institutions in 120 cases for photon and electron standard dosimetry and intensity modulated radia-
tion therapy (IMRT) condition. For photon standard dosimetry, we evaluated the accuracies of institutional measured absorbed
dose in 50 cases by this on-site audit program. For the electron standard dosimetry, we evaluated the accuracies of institutional
measured absorbed dose in 25 cases. For IMRT condition, we evaluated the accuracies of the institutional calculated dose in radia-
tion treatment planning systems in 45 cases. The agreements of the measured absorbed dose between our audit and the institu-
tions were withint1.1% for photon standard dosimetry. The agreements of the measured absorbed dose between our audit and the
institutions were withint2.1% for electron standard dosimetry. The agreements between the measured absorbed dose of our audit
and the institutional calculated dose were within+2.1% for IMRT condition. We established an on-site dosimetric audit program

with a plastic phantom and this program is suitable with tight criteria similar to criteria required for clinical QA.
Keywords: on-site audit, plastic phantom, standard dosimetry, IMRT
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2. ERAESESLUAE

2.1 {ERRER

Table 1IZARFE ZZFHG 70 7T A0SR T L0
TR L7z FMK7 7 ~ b &I Plastic Water Diagnostic-
Therapy (PWDT; CIRS, Norfolk, VA, USA) # H\», £
TLHEM % Table 21278 L7z, PWDT X ARG S 720 @
T EFBHEDOAR L O, FERETFHS b K & FAli 2 [k
77V MNATHD, KEMEERT 7 ¥ b 2%k BIREOE
SEFHMICEHT AR E LTIE, K77 v bakbiRL
TRREENR L M CHBAMEIEm W &, IMRT M2 D
i 5 O L IR HETH B 2 L, S HITILEEE
FEMRE AT 2 M U 72 B 0 KRR R 3 0 72 D12 b B 70 Hi
EREPWHS P TH Y, HOFOMERKI1IENT
&, EPBTFOND. LTB X OETFROBEELMEC
B 5 E=FFIiO -0 OBERBERCE, 77—~
BEERIEFT (TM30013, PTW, Freiburg, Germany) % Jl
W, UGRR R AR R Y 0 JE ARV Qo L2 B W TR IR
KIE%#1T 572, IMRTS&MIC BT 2= i D720D12

Table 1 Materials used in this audit program

Materials Model name (manufacturer)

Plastic Water Diagnostic-Therapy (CIRS)
TM30013 (PTW)
Tonization chamber TM31010 (PTW)
TM31021 (PTW)

Plastic phantom

Electrometer UNIDOS webline (PTW)

Extended cable K-3 (PTW)

Thermometer SK-250WP II-N (SATO KEIRYOKI)
Barometer VR-16 (SANOH)

Table 2 Element composition, physical density (p), electron
density per unit mass (p.), electron density per unit
volume (p¥), and effective atomic number (Z) of water
and PWDT. Relative electron density ((pe)pl, water) s the
ratio of p. in PWDT with respect to water. Relative
electron density ((p¥)p, water) is the ratio of pi in PWDT
with respect to water

Components Water PWDT

H 0.1119 0.0740

B 0.0226

C 0.4670

N 0.0156

0 0.8881 0.3352

Mg 0.0688

Al 0.0140

Cl 0.0024
p [glem®] 0.998 1.039
pe [X10%/g] 3.343 3.220
(Pe)p. water 1.000 0.963
¥ [%10*/cm’] 3.336 3.345
()1, water 1.000 1.003

Z (m=3.5) 7.51 7.63

i, 3 = RUFE HE A B = BF (TM31010 F 72 13 TM31021,
PTW) % M7z, %I UNIDOS webline (PTW) %
Wiz IRERN, B X OSERHIRRERIC X 5 JCSSKIE
BWTHDH, TNOHRIED W 2 B2 OB IESEE I,
VFEIC1IETH . HEFiE Loyt 5
72, Tho DA T XCRE=ZFTE 72 7T A
IS L7250 TH Y, O OEMEHL T
. e BARMEIBU B AE = H AL R A R
Bt O E L 2 4 A E N ENEFE S B B X O
BHEAE L LTHEMG L.

2.2 HFROFERMGICHIFDE=HHM

BT 7 ¥ b AEZHCWHRICE 2B IHMEOHE =%
Sl 70 75 AR REET L2, BT HMoOEIESFICE
WT, 10fERk 4B O EHHEHRM®ER () =T v )
WZxF L CARE ZH 5l 2 17 - 7. E i O NERIE, True-
Beam (Varian Medical Systems, Palo Alto, CA, USA)
87, Clinac (Varian) 27, Synergy (Elekta, Stockholm,
Sweden) 17, ONCOR (Siemens, Munich, Germany)
175, Primus (Canon Medical Systems, Tochigi, Japan)
175, B &£ UF CyberKnife (Accuray, Sunnyvale, CA, USA)
1B THh o7z, HTHROEERMICBT 5 B =M FE N
Bix 501 THY, Table3IZF LD TRLT.

Sl L LT, EE7 7~ b ok X OB
wEhlE, AH A 0 S0 24 WE T 20 O B HE TRE
L7z RE=ZHFFMIEFERIL, HERITH0E L-EAE )
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FHC X D RIEZFHII L7z, BRT 7 ¥ b A~EHERRES
AL, BEEAEMREET ORMA RO S B ER
Ty haEMBLE o, BERBEFTO TR
S5em LA FEOEKT 7 P AR L LAY =7 v
ZIZBWVTIE, ARE S HFHM O ARG R FHI B X OHLRR
77 ¥ bk a#EL (Tissue-phantom ratio; TPR) &Hill o
72002, RREFEMEAIN IR (Source-to-chamber distance;
SCD) % 100cm (2, % #E # ¥ & 5t % B4 % (10em
10cm) HONMZ R L 72, CyberKnife @ /K W IR & 511
BT, BEHEFHNG 127 1266V SCD % 80cem (% L,
WGTE - 4 X3 6em & L7z, BT HROBESAFICE
VB RIEIDGREEHIE, 7 7 > b A KHD S BEEFE
DM FIHGE TORBEIZ10em TH L. BB 77~ b
L ONE A DT HANAG LR LT o 7ok D L —H —
R AANT % IHEIfT 5 72, Fig. 1) I FR0iE 4
PR BT B2 AREZFHFHTOFHN O/ 2R L7z,

A ZHFAMC B0 B AKWIPGR = EFl 7 + — < 1) X 4
&, BEEEEHIEE 127 CHELTHY, —IFFF U — 2 0Ot
BB VT, TAEA TRS-483” IC#LTWa. F72A
EEHOTIE, B 77 P22l LTW5720, ff
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Table 3 Number of cases of our audit program for photon standard dosimetry, electron standard dosimetry, and IMRT condition

Photon standard dosimetry Electron standard dosimetry IMRT condition
Energy Number of cases Energy Number of cases Energy Number of cases
4 MV 8 12 MeV 10 4 MV 6
6 MV 13 15 MeV 6 6 MV 9
8 MV 1 16 MeV 2 8 MV 3
10 MV 11 18 MeV 5 10 MV 9
15 MV 1 20 MeV 2 15 MV 0
6 MV FFF 8 6 MV FFF 9
10 MV FFF 8 10 MV FFF 9
Total 50 25 45

(a) Appearance of this audit for the
photon standard dosimetry. The
distance from the phantom
surface to the mechanical center

of the chamber is 10 cm.

(b) Appearance of this audit for the
electron standard dosimetry.
The distance from the phantom
surface to the mechanical center

of the chamber is 3 cm.

(c) Appearance of this audit for the
IMRT condition. The distance
from the phantom surface to the
mechanical center of the

chamber is 8 cm.

Fig. 1 Appearance of the measurement in this audit
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A WARE kaswpi2 (23 U7z, FFFHVE O K AIEAREE K
D 57282 TPRy 10 & W9 % B, TPRs10 D WFF Y ZRON
DEWIIIT > T,

R (1) B L) & Y Kb 72 A= H O A E AT
BRI LT, SR R AN F 7213 8 H PIWNIZ R ® 72
FIEGRAKW I 2 e L 7z

2.3 BFROZERKICHITDHE=FFE

BEFMOBHRESEMHEIIB VT, S 100 =T v 7
(TrueBeam 673, Clinac 275, Synergy 113, B X U'Pri-
mus 178) (S L CTARBEZE 217 - 72, BT HOEE
S B BB =FRHIE KR 25 TH D, Table 312
FLOTURLE. BB, REZFTFMCTIIETHROBELES
P2 B T H 30013 BEERI MR 2 W7z, dRE %
HHEIZR0>4.0gcm P TH 5.

BEEF R ST OB =D LA S 17712 3em 43 0 R
77 v b AR L R A o KU EH
72D IHRRIE R B (Source-to-surface distance; SSD)
% 100cm \ZRkE L, HEEERHRERT % B (10cm X 10cm)
MR L7z, Fig. 1(b) ICFE T OBEIESLFIC BT B4
FEHFHTOFHIOSMBIZ R L 7.

AREZHFHMC BT 2 HA RO KB DyglE, Now
EkqEHWT, kAUTX D KRD7-.

Dw,Q (dmax) =
Ma (dm) Now kq (de) kn (LIp)wair)ama. /PDD (dm)  (3)

Z 2 CTlnax EHRARE, dnldPER, BILOFIRIEET
H5.

keB & W hp FFHINIZ X D RD 72, k2RO B7T2DD
BLEHEEE Roo IS W TIE, ik CHUS L7 —MEIC ks
AT LR REERAL, TH%2 DT
Table 4 12/~ L 7.

FTRTCOMEIIBNT, W OMEE A I & 7
LHMER—E (3.0cm) D b & TR EHN A 1T - 7272
O, LRt R 0 AW = & o i KR TIT - 72,
AT E IR T 2 56, Bl AT i 35 1 e & iR
% MR N T A =S LB L e b T L, S HIIIKIE
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0.959" Td % 72 %, 30013 7E M4 i & 7 0 A 22 1y th
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2.99gcem 2 & L7z, & 51230013 % MEF = 5o g5 h
D12 0.15em BIFEMTH Y, KREMWEZEIZ2.84g cm ™
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PDD (d.)) &, ZHiik CHAS LzM—MBEICBIT 57—
SHPOHIEERRAL, T o% F LD TTable 412K
L7-.

Eald, KEFMKZ7 72 F2DBFINVIY XA punB
J OVBEBEELA IE AR T (Pra)wm 2 B K 5. Araki H O
EVIZBWT, 2.8gem 2B S gupwor iE TRV F— |2
S5F 10020 F ERENTVAE728D, gupworlE, 1.000
R LTz (Poan)wpwor \E B TR 2 P A
BETDO P13 1.000 & 27282527 2L H 5 1.000 & A2
L, IRBIEOVWTAMENSTEET LI L E L KIE
RIS B RIS BT B 225U 2 K o il BV H il 22
FELIE BEHE (L) wair)amae 1, BEHERHIIEE 127 X 0 SR 72

K (3) & 1 RO 72 KT BT B A = 504 0 KR
MR LC,  BRERAM b R AT AT & 7213 3 H AR &
V) 3R 72 e KK i % PR L 72,

2.4 IMRTRHEICHIFDE=FFH

IMRT & 2B\ C, 3id% 3 H D TrueBeam 12X L T
FH 45 O AR = F 5l 2 47\, Table 31CF L THRL
7o SBEFEHIH OWRHET N, AL BGES] (151F),
SEBES 0k, BEHMEIES 57, B X UAAPM
TG-119° C-shape (15 fI) @ Volumetric modulated arc
therapy (VMAT) 75 ¥ # JHiw7:. IMRT &2 B 54
B H M O KGR R, 7 7 >~ b A KA 5 EHE
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Table 4 Median value, standard deviation (SD), and number of data (IN) of multi-institution Rs (cm) and PDD (d.) used in this

audit
Rso (Cm) PDD(dm)
Electron energy

Median SD N Median SD N
12 MeV 4.94 0.04 7 1.000 0.001 6
15 MeV 6.23 0.04 6 0.999 0.001 5
16 MeV 6.60 0.02 4 0.999 0.000 4
18 MeV 7.52 0.05 5 0.999 0.002 4
20 MeV 8.19 0.04 4 0.996 0.002 4
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AR OB NOTFHME L Lz, T4Vt y 5 —ITEY
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WEETH2EE FCRE L7,

2.5 EHEPKIRIGREDAREN S

REZFHFM 7 T 75 2 CTHH L 72 KRR O A 2>
LM% AT o 72, AHEP S OFMICH 2o TIX, Stk
TORHIRG RS L OCHk2) ~4),9) ~11) oRH L7,

3. I xR

3.1 HFROIZERE(ICBIS DE=EHmER

Fig. 212G OB B % 85 = H RT3 2 4
BT LD TR REZFEHMIC BT 5 KBIHR
AR5 B B EFAN AR O K IR D AT 213 3l = B
HFAET-01%*+0.5%, WKTLO3%THY, TORK
fifi % B\ 72T T OFFRS R, 1% DN T—3H L Tw
7z.

PFHEA L) =7 v 7 TOERBERIGRTO 1o
MEICB VT, REZFHAE R 1% 2B 272, KK
PR FN ST 2 — & DWW A AT - k5, Mz KK
W, BEER AR CREEEE IS L Cw b Ty b v — b
1D TPRyp 10 DBAE 5 T2 Z L Th o 72, Wil
FE D TPRap 10 \ 3 AR = HFHMI CTHAE L LT B TPRo10 12
B L CTHRKTT7.6% DHIEND 72, TPRa10 DEALITHK
T 5 kqDZALIZ/NS V720, MEEITRKT-1.7% D

3.0

20—

1.0— "
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Fig. 2 Box plots of the dose differences between our mea-
sured dose and institutional measured dose for
each X-ray energy in the photon standard dosime-
try. The median value for each X-ray energy is rep-
resented as a red line

Table 5 The difference of TPR210 between the institutional mistakenly quoted value and our reference value, and the dose differ-
ence in two instances of our audit. The dose difference (1st) represents the results before the correction of the institutional
TPRs0,10 for the photon standard dosimetry. The dose difference (2nd) represents the results after the correction

X-ray energy

4 MV 6 MV 10 MV 6 MV FFF 10 MV FFF
Difference of TPRso 10 5.8% 6.9% 7.4% 7.3% 7.6%
Dose difference (1st) -0.4% -0.8% - 1.9% -0.5% - 1.7%
Dose difference (2nd) -0.1% - 0.3% - 0.6% 0.0% - 0.6%
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Fig. 3 Box plots of the dose differences between our mea-
sured dose and institutional measured dose for
each electron energy in the electron standard do-
simetry. The median value for each electron energy
is represented as a red line

Table 6 The difference of Rso between the institutional mis-
takenly quoted value and our reference value, with
the dose difference in two instances of our audit. The
dose difference (1st) represents the results before the
correction of the institutional dosimetric parameters
for the electron standard dosimetry. The dose differ-
ence (2nd) represents the results after the correction

Electron energy

12 MeV 15 MeV 18 MeV
Difference of Rso (cm) -1.32 - 1.46 —1.43
Dose difference (1st) 2.5% 1.4% - 1.6%
Dose difference (2nd) 0.1% - 0.5% -1.1%

WTHo 7o REZFFHIREROME % 20T, Bkl
RN TPRyo10 % FEETFI L, K W U = 5P Al IS B 1T 5
TPRzo,loﬁl(ka%ﬂ%iEL, Eo I KRIER T 72, HIE,
AN A & FEHE L 7oA R, TRTOMET0.6% 2
WT—H L7 Table5I2ZN5DMERE T LD TRL.

3.2 BEFRDIEERG(ICHITDE=ETHEER

Fig. 312 - OEHEZHINC 31T 5 45 = & 5TANRS 5 %
BT O URL. REBEZFFHMI BT 5 RRBK
WRISGRE R V53 2 5 Al it 5 D fie KR A W DR D A k) 7
M + B 75T 0.2% £ 1.0%, I K T2.08% TH 1,
ZOWRKMEE BN 72T R CTOFHERE G, £2% INT—
TL TV

FHUEA L7200 =7 v 7 TOHRBRGET O 11k 08K
FEIZBWT, 2% 28272, KEIDGREFHG S5 X —
7 OIER %47 - 7o AE 5, MO FINE, HEF b % CREiE
FHINCHEH LTV A7y — MO Ry DB A
TWeZ & Thotz, BEMIREEE D Rold, A =H 3l
THRAEL LTWDE R LT, ®AT1.46cm DAHEDS
ol REZFEHNE RO & 20T, B
Reo Z FFEHIN L, AKWIARE FEMI IS 3BT B Reo, ke, doy B &
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Fig. 4 Box plots of the dose differences between our mea-
sured dose and institutional calculated dose for
each X-ray energy in the IMRT dose verification.
The median value for each X-ray energy is repre-
sented as a red line
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Fig. 5 Box plots of the dose differences between our mea-
sured dose and institutional calculated dose for
each IMRT plan in the IMRT dose verification. The
median value for each IMRT plan is represented as
a red line
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3.4 SHRAKIRIVREDREEN &
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»E
Table 712 WFF Yt F#t O 51 K IR 2 O A HfE A S D
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Table 7 Uncertainty budgets for the measured absorbed dose
to water of WFF photon standard dosimetry

Table 9 Uncertainty budgets for the measured absorbed dose
to water of electron standard dosimetry

Component of uncertainty Value Component of uncertainty Value
Calibration coefficient Np. 0.52%2 Calibration coefficient Np . 0.52%”
Long time chamber stability 0.3%"” Long time chamber stability 0.3%"”
Measurement setting 0.4%” Measurement setting 0.4%”
Correction factor for measured value ki 0.4%” Correction factor for measured value ki 0.4%"”
Quality correction factor kq 1.0%? Quality correction factor kq 1.0%?
Determination of kq 0.1% Determination of kq 0.2%
Fluence scaling factor ky 0.7%" Fluence scaling factor &, 1.0%
Determination of &, 0.1% Measurement value M;aw 0.1%
Measurement value Maw 0.1% Stopping power ratio_of measurement depth to 0.9%
Combined relative standard uncertainty 1.5% calibration depth ((L/p)w.sir)im.a.

Expanded relative standard uncertainty (k= 2) 3.0% PDD at measurement depth PDD (dw) 0.5%
Combined relative standard uncertainty 1.7%
Expanded relative standard uncertainty (k= 2) 3.5%

Table 8 Uncertainty budgets for the measured absorbed dose
to water of FFF photon standard dosimetry

Component of uncertainty Value
Uncertainty for WEFF photon dosimetry 1.5%
Stopping power ratio (Sw.ai)Frrwrr 0.2%"”
Correction for volume averaging effect ko q 0.2%°
Combined relative standard uncertainty 1.5%
Expanded relative standard uncertainty (k= 2) 3.0%

SMEDBRE, BEEM G T B IERE R B X Uk
IZoWWT, EHEFHIE12Y X ) AL S 2 IRE L. ke
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BOBEETIEL S Z01% LML Chox /KL,
AR = HFEAM O WEF S8 7-#5 00 51 K W IDGRR B 0 A 1A
D E131.5% & L7z

Table 812 FFF GF#E O &K BRI & DA D & DN
Vv bEERL FFF G180 G K WU Sl
2B 5 FME, WFF & RO, (Swai)rrrwer B
L Pl L72DbDOTHS. ol LT, TRS-
483Y X ) ZNZFN0.2% DEREAHEAD S Z RED 72, &
NOHEARL, REZHFMO FFF 6 T-H 0 &1 K WX
PR OB HAREATE, ST 1.5% & L

3.4.2 ETHOEMESLMITBIT D FHK I R O A1
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Table 9 12 B T @ &1 A W DURE 1 O ASFilg A & D 2N
Vrv MEERLZ. Now, BEFHIO R e, S
BOBE, kB L Wholl oW CTREERME: 127 &) A
NEEAED 572, kgD UE OBIERTEN S 12OV T,
Reo % £ fitiik O —ME ORIl A H P LT 5720,
ZFDIE5D0EFX002%&E L7z kallDWTIE, Araki b
O TR R ROV TE A SR TW
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Table 10 Uncertainty budgets for the measured absorbed dose
to water of IMRT condition

Component of uncertainty Value
Reference dose for cross calibration 1.5%
Correction factor for measured value k; 0.4%”

Quality corre?tiogl factor for IMRT 1.0%8~
condition kd’;:rgf ’

Combined relative standard uncertainty 1.8%
Expanded relative standard uncertainty (k= 2) 3.7%

5500, REZFHFMTH% 30013 BHEEFEMRERHCD
WTIREZBRTVWRG. 7271, kyDEFETH 5 pun
BEZHLNTED, ThiaSE s L T30013 A=
T LT % 1.000, AR#EAREAD S & L T1.0% % [k
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A HEAE D S 13 1.7% & L7z,
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MEDNY v PEERLE. RE=ZFFMBVWTIE,
IMRT £ B i matilid 3 = RIE SRR 2
LThY, MEREICL) NiwgE 52 Twd. £07k0,
MHEAIENC B 2 MR OREHEARE» S & LT3.4.11H
XD 1.5%& L7 I =REHH Ok OBEERHED S % BE
HEHIEE 127 X0 0.4% & L7z, EN RO Il T
HHT LMD, TNITHT DR ELHRY~11) XD
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RENTHEY, HABEGESRSROHAAL F54 07 T
A OGN OFEMER 2% L RERTWD, /2
FE BT U B R 20 © LU AR W 4 7 BB 2 © Y g
DYATIT A 73 T AZ2% UHICT 5 2 & EH
WTHDHERINTWD Y, REZHFAMAERIE, BT
B L BT ROBRESIC B TR + 2R 2 %
fiE (2SD) T-0.1%*1.0% B £ 170.2%+2.0% T dH - 7-.
EHIZZD2SD % M & 7B EEA iR Tk, B &Y P
W&o THREF /ST 2 —F DR TV Z L0500,
RIFEE 2179 2 EDWEETH o 72720, KRE=FFHI
LIS B2 ) =7 v 2 ISR A IE O R
WCHE U7 E CHE =M TE 2NN D 5. S5
2, HAGHRIES 224 £ ) IMRT SR MGE o FFAl 35 4 12
BOTHEBREN 3% LRENTwWA, IMRT £ 2
B 5 ARG ZF 5 R FHHE £ 2SDT0.2% £1.6% T
HY, AREZHFEIE IMRT HEMGEC B % 5H L HE &
MO FLMETEZHTFMATX DRV H D, AE=H
AT D FHI A WU i D AR B HEA 2 S0k, bR
Sk, B RMEHELAT B X OIMRT &4H 12 BT, Th?
N1.5%, 1.7% B L F1.8% L&), KEZHFHFM 70 r 5
2 D FHA AW 2 LI AN 2> S o # PR C B 5 it 2% o B
KRR & —3 LTz, F 728053602 X 248 = H AR
LG9 L b BIC X B AH S H IR R IE S
DEMN/NE o572 Table 11T ITASE = ZA M CE3
fii £2SD), Imaging and Radiation Oncology Core QA
Center in Houston (IROC-H)'® @ thermoluminescent
dosimeter (TLD) % 72 B350 & 5 85 ZHFFlSE R (OF
¥ +2SD), Mizuno 5 ' OHIEH 7 AREF 2 H W72
BEIT & 26T A S h o 85 = B SR AN A SR (U fili
+2SD), B & U¥Okamoto 5 ¥ DHOGH T A Ml % H
W7z B3I & B IMRT & fF 0 5 = 3 5Pl 5 5 (P34l
£28D) ZFEOTRLE. INHORER L ) RKBE=FEF
flira s o aid, HEZFFMAA K4 00 TRERTY

Table 11 Comparison between this on-site audit and other postal audits results

BT AR o BRI CTH % 3%, BLUZ
MU DG THIR SN TS HEREEETH 5 5%
DOHFPATHHEHETRETH D, LB THRIRBIS
THHL R D MERE IS L 72, XD /NS ROk
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MichrbIeThb FEEZHFMOBRBEEZREL 25,
RPN & Al CRRERHMI 7 b a vz LTw 5
7o, AREE R FEAM O AW R & A A it 5 0D AK IR AR
BICHGEDE U2, B ICHEREM ST 2 — 7 D
RENRETDH Y, MEHEORNEZHET 5 &K
MESTH D, SOHITTEZHFMFREE B ICE=H
fili# & BEEEi A% CHAT B 2 e TH B, TR
BEMBIIBVTE1%, BFREELEFICBVTE2% 1
DR EAVE U 7255518 d U IR K & A7 BACHERR T REC
Hol-Z i, S BZAREZFEFET T T 2 DF
Thb FLRENEETHLEAL7 7 brEMH L7
729, FHUNOMEMIZHK 205, TR S R O M E T
2#9 3045 & ILHR G IE R CHEIMM RE 2 & & b ARE=FEF
fi7a s oMMETHL. FI6 T HIEELM k&
TR S O 55 = H R & 4T 9 H5 A D 30013 A
et & v CIER—ED T THE = HFM A 1T 720,
EAR7 7Y FNADHESIBIUOSSDEZEET L THE
TR AN F—OfEFHIABBETE 5. 2 HIZIMRT §
PO EALIE DRI, JEF RIS O FHI R T
HH720, TNOEMOEZEFMEZEFRNICITH) & T
WM R FE AT RETH - 7.

KREEZHFMG 70 77 2oHEE LT, BUE, BT
WL BT B A = H 30N 30013 BEEFHERT 2 #H
LCTWh720, NRERLMEIELRy>4.0gem *THAH S
EDVFTOND. EEOBKETHIBEENSVOIRL )
INF—PERNETH B Z EDE VD, 5%, PITF
WL MR G 2 REEZHFM 7 0 7T ATEAT B S
LT, BT HFETHD. FOBIFABEO T +—< 1 X
LEBEMT AL, E5ITIER0>4.0g cm ™ > DFE TR

16),18),19)

Average (or median) = 2SD

On-site or postal

Audit programs /Detector Photon Electron IMRT
standard dosimetry standard dosimetry condition
This audit On-site/IC - 0.1% £1.0% 0.2% +2.0% 0.2% *1.6%
IROC-H™ Postal/TLD - 0.1%*3.2% —0.2% *3.4% - 1.0%+10%
Mizuno et al."” Postal/RGD 0.3% % 2.6% — —
Okamoto et al."” Postal/RGD — 0.1% £2.5%

IC: ionization chamber, TLD: thermoluminescent dosimeter, RGD: radiophotoluminescent glass dosimeters
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Fig. 3 Comparison between a conventional ridge-filter beam (left) and a layer-stacking beam (right) in conformation of dose

(isodose lines) to a target (vellow contour)®
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Table 1 Major specifications of Carbon Therapy Facility at
Gunma University

Ton Species Carbon

Range in Water 25cm (400 MeV/u)

Field Size 15ecmx15cm

Dose Rate 5 GyE/min (1.2x10° pps)

Simple and spiral wobbling
Layer stacking
Respiration gated

Beam Delivery

Treatment Room 3 (Hor., Vert., Hor./Ver.)

Patient Positioning |6 Axes treatment couch
Horizontal & vertical digital X-ray TV
(CT-scanner can be added.)
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Fig. 7 Comparison of HIMAC and compact injectors
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Fig. 8 A spiral wobbling trajectory of Carbon Therapy
Facility at Gunma University
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INBE) 250l L7z, ZofiR, ISR GEIE LIER & 72
D OZBETERA 1.8 D & & FLIGMER2376.5% & 72 - 72,
F2AEHEMNPETHSR L ) lem L FO/N S A EHNO
LIRS, 28 PET/CT Wi{5A & (XRS5 O w5 4R
BB Eh, s 2MEOPETHEH R ZHMASDHLED
Z LIC & A RE O LA Sz,

SEZXM

1) FAliREH, SFAEA, @R, fi: PET/CT Mg % M
W 7= FURA RIS O Al & FUIREDE $5 & O R o H E)kk
H DA, Med Imaging Technol. 35(3): 158-166, 2017

BEEH - RMXA (bR W RS BHREAT)



PR Bl 45 40% 535

FRSAIT
GEHE : RPT6IR4E)
RPT IIIAL\:I:#E‘&L' :Ai
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74 MV IMRTOERZEQAIWLBIT 3D 7Y v & THEK
L 7B AR 7 7 >~ b A ORIl

FTH AR, BFERSER, AR L, EEEEN, KT
W, OHiERRE, TAE A, RHE OB MEE—

0 EE 28 TR ) R I 9 (Intensity modulated radiation
therapy; IMRT) % 1% U & 3 4 & ERATHIGEHE TIX,
SRR IR E | X o TR S M7 IR 2SE TN & 3
DICHETE 20 L) D2 RUNIHREES 2 LE¥H L (B
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Printing the phantom

Planning CT 3D modeling

B Y
Bl - &

Complicating the phantom by
combing its right and left
sides
M1 3D ¥y eflioBEME T 7 ¥ b AMEROT -2
Ja—

Pouring the liquid plaster into
the phantom

- phantom

Patient CT

1200

- patient

—— diff (phantom-patient
560 1 (p p )

400 +

CT value (HU)
o

-400

-800

-1200 -

Distance(mm)

M2 BEEVERLA7 7 ¥ b2AOCT GO

KD BH OBE S Tl CTEIX 1000HU 2B 2 %720
DEGIHT 7 ¥ I ATl ﬁﬁf%fw&w:kﬁﬁ@kt
THEIFONDE (77 ¥ b AOFIXHEMHE T CT ).
ST L723D 7 ) ¥ ¥ 12 X 2 BB B E R
¥ haid, —TEBEOCTHE ZREENH 5755, &
HOCTE % H HFEMBLIT 5 LT EL. S8R
ZIEHT 5 LT, BOBEHRZ B L T2 i By
TEREMP 7 7> b 22 RBEIMERT H 2 LATE, KD
BB QAZEMTE L I ENMFRFTE .
S E XM
1) Low DA, et al.: A technique for the quantitative evalua-
tion of dose distributions. Med. Phys. 25: 656-661, 1998
2) Zhen H, et al.: Moving from gamma passing rates to pa-

tient DVH-based QA metrics in pretreatment dose QA.
Med. Phys. 38: 5477-5489, 2011
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% 4 NV : Michel M. Ter-Pogossian (1925-1996): PET @
B, FRCEHEA A — Y v L POBERISHIZOWT
HH EW M SEENT, UARE

PETIZ ZABICEHICEIL> TVWBEDIZ, J —NILE
SZEHEIIZVEv. 2oL, ZEBEME AT TR
FLTLEF->T22060d Lk, SEMANL
Ter-Pogossian G4 1L, FEXL L/ —XVEHOMLFE &
nizhThot.

KiEMEZBROERNIR ZEEH S, Ter-Pogossian
Fe A DORBALFEREO KL R Z T 720725
7z. Ter-Pogossian GAE O YL, WHTFoHICE & F
LIPRFAFFIFICOIL BREZ & D, WHLERIZE
FZOWATIEINAR» L H L, BEFEMEDEFICH
WM 72 B, BRI C©P0-PET % KW IZF)
AL TELRBERDH L. LErLH-720, b EfD
HEACAYIZ Ter-Pogossian JGA4E L 3B BERP L0722 &
THb. TIT, EEHEAICD LFREL BV L.

B AE, ¥ X2 Ter-Pogossian J62E & [H U "O-PET
MFEEDOHARD /N, F+ =T THV, Ter-Pogossian oA &
it b EMD - 72. RPT ik Editorial T, Ter-Pogossian
THED N BERE B EEITIRE RSN TS vz
DWTORMIT LD 5.

PO-PET I B 2S%E . ®0-CO: % °0-0z, PO-CO D ¥
TEZNENPETENT 5 2 LIS X > T, o ATA I 5 %
MR, MEEICREZHM T3 TEL. 2Rl
0, o EDOEHICBWT, MR T I3 2 FbE
MEDRERT L TWL000bh 5. Thbb, ik
DIVRA7 % FMTELOTHS. i, FidhReHy o4
RGN LR 2 R 2 72012, BRI ORI
PHAEINTVS., BESAHFIIMERTH>TH, W
AR T AIMMEAME T35 L&, MRIZ ETEHM S
WX v (WENNATE) 2SF8ELZY, mE
IPLOT R iR NE OB AR L AR 5720,
WA F272DDFTAF Iy 7 RUEHRONE. 29 L7
BHER A FIALZZ, EaF PO Twsb0
THY, "OLPETICE> TELOTRENHL EZ AL
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DTH 722 b % REMIRIC R o 72, 1975413,
Ter-Pogossian 564 A3t S T A DR PET %18 % il %8
L7ZETH 225, Ehnb 44BN T, HpR—EA»H
AAOPETHE %I L TWwWb. HAGAD i % K
HHBL L7 [BEFDHOEVEL |V L0 T\
72w, BEOBKIMED S,

Ter-Pogossian 5G4 584 F =7 O Y b &, /=&
ZEMREORETMEESIEZ I I T 5 P VIrb
AhErr/uy—3MECHELRL TS DD, PET
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Introduction of Medical Physics Course

in Ibaraki Prefectural University of Health Sciences
Hiraku FUSE*, Tatsuya FUJISAKI, Masahiko MONMA, Shinji ABE

Department of Radiological Sciences, Ibaraki Prefectural University of Health Sciences

1. MERHME

1.1 AEBSKUHER

AL, IRIRIR O BRFRHAN I BT B Lyl &
19 figk & LT 74E (19954F) 4 A 1358458 (B
FEERL, BERREERE, MR R B K OB R
FR) L LTS, RIET26HET AR 72 BEE MK
DOEEHBE LT, ChITIC3THZHADLAME, B
PR LT AHEOS T EE L FEICERL, Mk
EHROFBICKECHBMLTWA., T2, PH84E12H
WCEAV.OEFZRFEE LTREEIOI LY F— 3
YHEMOMN BB A, PR 13 4 L3 R R o
BN E B L Lo KRR R 2, PR 22 4E 12
KRB LRI R T A2 &, EERSTICE
VT B BN O F R PL O MR IIE T E B RmWEE D
B E P DI %D T B SRR E AR R 13 HE
THH14% (RRBAER) PEELTBY, ZHAHE,
oeEZ2 A3 2HETHRL SN TV,

1 REEF¥I38A

1.2 fEE% - 5%

SFIFEH T T AR B R v V%A, 12 m®
DODRENBHDLILETHY, BN THMW 2L, KE
L7F Y N ATA4 752 %50 RELEEREETH S
(K1), MYBKEHEICIE, — BB S EHREROE
MEE T TR 12 Mo E, JHEREE & 1,600 H¥EH O
FWHFER T Ao THEY, BEEROUMELERS BT
T, EANOBRF T OHEMMBSBATCE L. Mk HRE
FIEBR IR FIER 24T ) B - ERELZ R LD, HR
TOMHEHWE LT - W5EH & L CORGHREERE
B & i 2 7o Migk e &, IR O RIREAN 2 15159 5 729
DEMEAEL TS, BF2 5 204 EDL LASHGE L iR
DEFAIZ &Y B 2 ATV, KM XM 2 8 2 MRI %
B (M2), BEERAEE, BOHRIGEREE & RO HG
WEETIEEE (3) FA L EE SN 72, B
Bt b BE - IED DI L TH Y, Thbz R
TC—EE LTF LDz BMEIRTIE, N E IR
DEFER AL THE - IiErfrbhTtwsd. —JF
TBUS k36 P RIS O R %< i (ELEKTA Synergy,
IV %) A, HREHERRTEZE (Pinnacle®, 7 4
Vo TR) EZOEHEE KD 20 0EFRM RIS (MOSAIQ,
IV 7 %) BFENOHE - IR HERERE L TEASR
TWa., RREFABOBREZBMTZ 128D, X%
BN ET 2 XIREESNTWAS, E518, HOEsE
X, BRIERCTHH SN TS b DITIA THEIBNEIC
BoBMAZINTWD, KB RER LB
(K4), 3RILAKT 7 v P 2ELEHINTVL., KFFE
TOMEHMICLEL ZOMOBHAESLIEMINTE
D, ZHEMEMEDNERTRETH L. KRFARIIBITHHE
BHoT2K5I12RY

*IRIE ST IR AR R T 2E R [T 3000394 AT SR BT ST K TR B 4669 F ik 2]
Department of Radiological Sciences, Ibaraki Prefectural University of Health Sciences, 4669—2 Ami-Machi, Inashiki-gun,

Ibaraki 300-0394, Japan
E-mail: fuseh@ipu.ac.jp
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B{RFFNT T — 2 A5 — 3 a3 ~ (AZE virtual place)

< NVF AT A XX CT % (ECLOS)
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BORRRGHERDE BTG EEE (ELEKTA Synergy)
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B RIS(MOSAIQ)
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2. LEREDH

2.1 KER¥E

BN E R Ty, B a— R L EEYH T — 2
(MPa—R) ®23a—R%i#FCTw5. #HMa—ZTlg,
PR P IR AN 2 GE, AR 2R BN 2 508, RO a e Al
RO BT, TNENRLImOEKTE, MEETV,
BB O W THEHMGIL W 285325 2 &
HIEL TS, S5ICHMOMEZ B2 TR 2 i
WoOFRH & ERL, HMARLTELNDDIZT 2 L) EE
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Wb ir->TBY, F 485k Tl & XM E,
MRI, AR 22600 55 2 Al S, &8 L RO o n
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M5 FREERHIE O IEE Ok
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2.2 MPI—XDIHPE

B OB AGE, L) bIFESROZE L VRGEL,
BRI IR D A Ze 63, BHRRAT G, PR R 2
EDLWHEMRDT — ARFEARD LN TV L. KED
RIS & LT, ROBI TR LTE
D, ZLTEOHIZIE, TTICEEYH OB 2B L
B L COSABEICERL TV A EEE LD
535, KEOGHRBAF F R O R EAZ, BEIH
B S LTSS 5 L 2 b1, BENICESRYHE L 2
DIDBAMTHLEEZEZOLND. 2T, R¥TIE, 2007
FEEED BB TR AR &G (AT 72y
YaFVERTI V], [HFATET Y a FIVERIEER
7T 2] BIO [SHeH=—XITHIET 5 [25ATM

EHAM (BSATa 7y vaFh)] ICBEL, E¥Y
b LCHABIRICHIRCTE 2L DI TAZEEL T
&7,

BWERTHEMETIEIMP I — 2 2% EL, PATTTH 5
e R - B SR D I - ARREERIT, EERTHEK
VOA)F 2T AR E LTWA. OJT (on the job train-
ing) ZFMAITHUYD AN, X 0w BE 20 I H OSSR fT o
HUBAERT DL DI, BEFWELE 20 9 RN
BEN % 35> T\ b, RIKEARA AT A O RAE AR C b JE
ENTWVD X HIZ, KRR H I bE & U 7w ok
FYMAEFEE 2 FER L, B ARIERR TR S PR R 52
BEFERLTW5, REYHLREHME CRET 5 REY
MYHE I — ANCREMBYRREENTBY, ThETE
OB THEEEAYRLRERBREHEELEL L T2,

¥/, MPa—2AH 6 —H L EEWHEE > TiEE §
L7280, WLBERERICXEEREREYE 2 e L Tw
L. REEWPAFRERNE OO DR IHEFEI—A  H
VXT3 aHA K4 VICRMEN TV S 24 D RS
BEEFLVELTHEIRTYS (£2). fiiHICERL
7205, HAEIEEEMZBISE T V%R &, RO SNT:
ARSI 2 53 5 72O IZETHICER] 2 ThbhTw
5. BRI S P YRR I B VT, PRERBRIC AR L
7B LA O 22 A TR B & 34T L CERIR R & F
LI EZRATYS., INOHDOWEIC L - T, Bl
OS2 H T 2 EEMHLOREREASMBETE,
VLN BB O ARG TEE T B L E X T 5.
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