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High-dose-rate (HDR) brachytherapy transports the
radioisotope source directly to a location within or near a
tumor using a remote after-loading system. Dose distri-
butions have become more complex with the introduction
of image-guided brachytherapy in HDR brachytherapy.
Dose calculation and source transportation errors can
lead to consequences in which the therapeutic effect
may be reduced because of an insufficient dose being
administered or complications arising as a result of a
high dose being delivered to normal tissues. Therefore, to
correctly execute HDR brachytherapy, a quality assurance
program for the treatment equipment and Comprehensive
dose distribution verification of the treatment process are
required. The usefulness of the three-dimensional gel
dosimeter in HDR brachytherapy is described. In addition,
this paper introduces the dose distribution measurement
of HDR brachytherapy using '°’Ir source using a polymer

gel dosimeter and a radio-fluorogenic gel dosimeter.

Keywords: high-dose-rate brachytherapy, polymer gel
dosimeter, radio-fluorogenic gel dosimeter, 1921 source,

quality assurance

1 [FUsIc

AT X, T, WL 2o 5, BARE
DEAHEDOVEDTH S, HABF RIS 2T —%
R—=2RB2OEMMGERTE T, BERRIGHE % Fi
LT A ENOD 846 figt (HEE) 1I2BWT, 2017 4D
IR BT B EHUZ 23 HATH b, @A K
T3 RRREOEIGRIE 23.5% TH B LY, FEHbT

Dose distribution measurement of high-dose-rate brachytherapy
with three-dimensional gel dosimetry

Yusuke WaTaNABE (Kitasato University),

T252-0373 #i%) [ AR T e XCIE R 1-15-1

TEL: 042-778-9647, E-mail: y-nabe @kitasato-u.ac.jp

W E R F FE 1135 (2022)

D 50 % DL EI2IES % b 00 B FEEREHE, &
btk B X OAETEDOHE (quality of life: QOL) D
e EoER» 6, IOk L 2l T 55+
Wz, (KRR BTG OKREN IR K E
W, RO HINIX, A DORIA T 7 IEER D%
MThh, ZNEERT 27O IR TH 2 MEEICH
HE2gh ¥, 36D IEFE DM E%Z "]HE
PR D HIHIL A2 04U 2 S 2,

R FRIAEE X, A0 & WS 2 SRS & N2
5T 2 NSRS ICKE K i s, T, JHTH
SO EAMIEE L C TR L, BENBHERO R TH
%, —J7, WEESTH 2/MikIGHE (brachytherapy)
&, BEEBEREFEMOTE (BUR) 2 BN 2 0l
BT —IRFIY F 72 13K AR L a3 5. 2
DI, ZERFREL S ICEN, EEHRCEGZ 5
ZTICHES IC KR 25 TE 5, IIEIRE
FE N2 F 280 % Table 1 (SR 7, FREIZ, (KRR
# (low-dose-rate: LDR, 0.4 Gy/h-2 Gy/h), s
(medium-dose-rate: MDR, 2 Gy/h—-12 Gy/h), £ X O
fE* (high-dose-rate: HDR, 12 Gy/h B 1) 1c &
N5, £, MANO7 7o —F 5L, HEIAT
2 AU NI, (RENICHi AT 2 NS, BCRE o Rh
I IS5 S & % & — )L RIS 23,

Table 1.
clides in brachytherapy.

Physical characteristics of radionu-

Radio- Half-life Photon energy  Dose rate
nuclide (MeV)
137Cs 300y 0.662 LDR
8Au 2.7d 0.412 LDR
1251 59.4d 0.028 avg LDR
1921y 73.8d 0.136-1.06  LDR, HDR
(0.38 avg)
0Co 526y 1.17,1.33 LDR, HDR
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ARG, & EEADNBRIE IR (high-dose-rate
brachytherapy: HDR brachytherapy) 12 &} % = X677
WIRREFFOHEHMEIC OV TBRZ L E bz, BLD
e 7V — 707> 7o R ) < — 7 OV EGH L 807
VT2 f L ot 2 KIS X 5 HDR
brachytherapy D#REIIAHIE IS DWW THIN T 5.

2 HDR brachytherapy ND=RXTT7 ILIRESTDE
A

HDR brachytherapy (&, Rt (remote
after loading system: RALS) % M\ CRUEZ ik T % .
AAECHH L 72 RALS (microSelectronHDR V3, Elekta
Brachy) &, it 921 #iR (BRI ASHURHY 370 GBq)
DO EOEMNIN TS, e fEIE, Ly MBI
TAT VLV AHA 7% (4% 0.9 mmg x 4.5 mm) I
BAIN, BROB7 A Yokimicii) fFiFsntns
(Fig. 1). BHEBMZEDFHHAT—T 0V - 77 7 —
% & RALS ZHEfi L T7 A YOBDY - X HILIC X
DIENZBEIT 2, LT EOREIE, BTG
G125 (treatment planning system: TPS) 12X b, #
BOBIFOLEZE L, TRHIR ORI G U 745
I ZHH L Tfibhi a9,

VTAE, TPS S IGHAE B 0 JE AR 0 R NI A A
(image-guided brachytherapy: IGBT) D& AIZ L b, ¥
Mz R T ENIC X 2 MER G TTbNS L) Itk
729, 2L, BEIRIEFR ORHERG IR E (¥
BWIND70, BEDE RSB & RSB
L3,

AW S APEDBNEE) 7 £V C o 76y, THE
RS 2 R AT K 2 IR RERD R DR T P 15 HL%
NP S K 2 B L EEIEBLT 2 G H

(a) (b)

Ir-192  Stainless steel capsule
(R T
3.5 mm

|
4.5mm | Stainless steel wire

Figure 1.
(microSelectron HDR V3, Elekta Brachy) and
(b) a high dose rate Ir-192 source.

(a) Remote after-loading system
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%, Z41% TIZ HDR brachytherapy 2B 4 % BEEE K
YRGS, HEHGI L EF1 59, HDR brachyther-
apy DL BICFEIEI N D 1 DIHE R TA R4 v
R, BEEEZ 1 mm, SEREZ 1% OFE
L AROVICERE L 72 VB PR (quality assurance: QA) %
FEha L, HRIHE O IR X 2 #EfR L T\w35 7™, HDR
brachytherapy ® QA 1213, TAWEELEOBIEMER, G
& IS T o0 R FERRGE & SRR OMIE, 8 X A7
7 v OEREN R GRRMGEES D 5, FHEICBIT S
HGEY — i3 Z2 O HINZIE U GERT 2 05 23H 5
(Fig.2). #l& L, "°Ir SR EIMNIE 738 HTH
D, 4F 34 RIOZHADSINETH %7, BIFLHER 2
ENCH TR FR VR R AR 1< X D S TR L E
ZEPL, TPSIC¥ET 2. £/, EHIW (6 » HZ
7 I3 RRIE A HalE) 127 4 VoD BE R R LT, RRE
(R ERSE 2 3§ 5. L2 L, HDR brachytherapy
TlE, WEQAICL EZ-TED, FiCEMEREIH
2L 7256, O D R E PR R O
I7—3, HESEEZHIBANSHY, BKT 7~
28T B CE Y 2 B T AT REE DB S 2B TH 5

HDR brachytherapy %, AR 28 RECEIC X %
M e BRI AR 2 IEWEICRAE T 2 72 D12 lE, #&5G-3
N =ZRIUARRTMZFEM L THRGEET 2 2 L
Lv, —RICHE S 02 BEERTMEZI S 7 4 L AT
F, AV M ELRBERILTOWEICRES NS, %
7o, SRS CHI S AR 7 7 v F AT, 20
WA T =T AR T 7V =Y ZRET 5 2 &b
W<Tdh 2. =7 VikEaHE, 7 WLETIRRIE T
HOMEGTEEKS7 7 PAELTHR) T ENTE
570, MEINOAT—F NPT 7Y r—% ORLE
DEGTHD, 200, ZRIL7 VEEEEHE, HDR
brachytherapy D 7% Z X Iuft &3 OWE Y — v &
L CHIRFTE %,

3 RENMOLBFE

VAR, AT I A TR A% (intensity
modulated radiation therapy: IMRT) %43 & 3 % &ils
FERURBIGERANEH S 0, JREERTIC TPS TR I
TR % 7 7 v b A OFEHIE & T 2 R AR
BEE S EE S T2, I, 7 4 v LPHE
FEREEI W SN 5D, ZRou7 VEkEEF ORI D
BEtE N T3, Figure 3 1, LWHEAEASA IMRT 75
T XD B S NABETEIRD R Y < — 7 VikEET
H5.
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TR, BYO R DR 72 % Bl 9 % Dose-difference
(DD), SRR ERE (ZNZNDE L Wik

%Y R ORFIERE) % 3§ % Distance-to-agreement
(DTA), ¥ XU DD & DTA AL CaHii§ 2 4>
< ENTESH S0 10 DD I, BLAICE ) 25
L E D7) & HESRER Dn(7) DX ZEZ eq. (1) I
THET 5,

DD (%) =100 X [(Dw(77) = De(i)/De()] - (1)

DTA 13, FHHFRESAIDON R &, 2D R TORE &%

LWitmE s 2 2 WEMBEDMICH 5 M iy & DRI
Bt% eq. () ICTHET 3,
DTA (mm) = |#, — 7 (2)

v @M, DD & DTA AL, Zv =iy %

0A components Tools

A

3D dosimetry

Gel dosimeter
Clinical QA

) Geometrically regular phantom
1D-2D dosimetry Ton-chamber, Film, Array of detectors

Monte Carlo simulation
Ton-chamber, Film, Array of detectors

Planning system QA

Equipment QA Source strength calibration

Machine QA

. . N . Ton-chamber, Film, Array of detectors
(Dosimetric and geometric characteristics)

Figure 2. Hierarchy of dosimetric quality as-
surance for HDR brachytherapy.

Figure 3. Dose distribution measurement of

intensity-modulated radiation therapy for na-
sopharyngeal carcinoma by TomoTherapy (Ac-
curay) using head-shaped polymer gel dosime-
ter.
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eq. (3) THIT %,

N 2 N )\ 2

. \/(va—d fu) +(Dm<rm>A —DDc(ra) .
22T, AdEt ADIZ, ZNZFNDTA L DD D& R
HWTHbh, Wl E LT, AD/Ad TEIN, 3 %/3 mm
P3%2mm EnY, HE, HUelEB1UNTH
TAH, 1 2BATOIIEAEKE Y, FHEE
NOEELBELEDEETH D H v e R AR L
DIBAHICEH T 2. Ay RAERRKREIWIZL, b
LB ESMIEZ =L TR EARLRTIENTE
% . [RIERE O IMRT OFf R AIGEE T, e
HE3 %3 mm, B 2NAHEI0% e LTHEHLT
w%%éﬁ%m,tﬁt,%ﬁv&w,ﬁkv&wk

SICHIEL T EF v AR\ 0, HIEEEORNLZ

QA fERZEM L TR H O HMEL R ET 2 2 &Y
eI T3

4 INUN—T )UIREFT DERKISF

R Y 2 =)Lk EEHE, HDR brachytherapy 123 \»
THRFOL S WG 77 v O ZRouH RS A O I AE
V=Lt L COMMERE S Tw 21719 KfgT
I%, Papadakis & & Papoutsaki & 23H2% L 72 normoxic
N-vinylpyrrolidone-based polymer gel (VIPET) % {# /]
L7217® VIPET I¥, N-E=)bER Y F Y 4 wt%,
NN-AFLYERTZ7IUNLT I 4wth, £7F v
Twt%, 7% 2 (EFBXFT AF)L) KAAFZY
L70Y F 5Smm, ¥XOEMAK 85 wi% 1 THHE L
2. 50T, 04 M OERIE (MgCly) ZIRINL 7 &k

[ VIPET (iVIPET) ZHHIL 721920 %7, A7 AN
A 7V (40 mme x 120 mm) 1ZE AL, P2r BRE %

Y 7VWNICHRE S % 72 ISR OIERTIC K Y 72§ —
VLA T —F)V (2mmex200 mm) ZELEL 72, v
TOVHINC P2 B A 1 RS S, SR L D S
10 mm (2 5, 10, 20, 30, 40 60, 80, 100 Gy 7 HELgY
L CRREIE 2 51 L 72, RIS, HISZERDSAICH T 2
HDR brachytherapy %?‘.Eﬁf L WK 77 v DR
HWE D7 OMfEIEDO A 7 A%54 (120 mmg x 125 mm)
IZiVIPET ZH AL, 18 KD AT —7 )V ZEE L 72
(Fig. 4(a)). IXTHAT—7/)LC 5 mm T 9 s
KRR 2 5 S, BEREE OMlA 7 — T v) 12
10 Gy HREf L 72 (Figs. 4(b), 4(c)). FREIAHIE, RO
SRR D R DI IZ BT, TPS DFHEfE & 4~
<@ty 7 F 7 =7 (Simple IMRT Analysis, Triangle
Products) ZH\WTH v 2t L7, WE L7 VY
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Transfer tube

40 mm
Catheter
o Catheter position

Tempate | (©)

emplate Catheter 40 mm

Gel dosimeter it A\
3 ";ﬂ HRrE =+
Lk S5mm e Source position
Figure 4. (a) iVIPET simulating HDR
brachytherapy for prostate cancer. (b)

Schematic layout of the 18 flexible catheters
(red circles). (c) The sources (red points)
were placed at nine points across 40 mm,
separated by 5 mm intervals. Reprinted from
Ref. 15, Copyright (2019), with permission

from Elsevier.

100 (Gy)

60 80

Figure 5. Photograph of irradiated iVIPET
with a dose of 0 Gy—100 Gy at 10 mm from the
center of "?Ir source. Reprinted from Ref. 15,
Copyright (2019), with permission from Else-

vier.

v 7V % 24 KE[E# 12 1.5 T magnetic resonance imag-
ing (MRI) & (SIGNA HDxt, GE) 12T, HEkERIKE
(T2) DWHETH BHHAEAHE (R, = 1/T,) #HHL
CHEAM L 72, MR #%f%1Z Spin echo 7512 C, ## DR LI
] (Repetition Time: TR) 5000 ms, T I —IRff (echo
time: TE) % 10 ms & & U8 250 ms, FOV (field of view)
256 x 256 mm? (matrix size 256 x 256, 1 mm/pixel) T
BB L7, ©7RMAE G J) DRy L, eq (4) ICTH
HL 7,

Rij=——=—1 S‘(l:”:)) )
Th(i,j)) TE,—-TE; \S20,))

22T, SiG )k SH )&, FNFNTE, & TE, T
DS FTHETH 5.
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Figure 6. Dose-relaxation rate (R,) response
curves for the iVIPET and VIPET. Reprinted
from Ref. 15, Copyright (2019), with permis-
sion from Elsevier.

05 10

00
Gamma value 0 4

Figure 7. Comparison of the dose distributions
between iVIPET and the TPS calculations. (a)
Percentages of the isodose curve for the NC-
RFG (dotted lines) and TPS calculations (solid
lines). (b) Results of gamma analysis. Reprinted
from Ref. 15, Copyright (2019), with permis-
sion from Elsevier.

H#£ D IVIPET % Fig. 5 12/R§, FRERNE &b
IR & DS DS 5 T B 2 & SR IS B
C&7, %7, VIPET & iVIPET 1%, 0Gy-30Gy T
friE & Ry IR \WEYEAHE % 589, VIPET & iVIPET @
RS X, ZZF4(0.076+0.001)s™' Gy™!, (0.258+
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0.002)s™! Gy ! TH o7 (Fig.6). iVIPET DFREIKNE
\Z VIPET @ 34 {5 CTH > 7. WIIEZBA 7 IV ICH

\} 2 BRS04 O iVIPET & TPS Dl & o M %
Fig. 71289, HEEE2 %2 mm Ik B0 v /%A
ik, 979% ThHbhH, X —HLk 2L, hT—
7 VR T TPS D itH A & O REEH 4 U 7. HDR
brachytherapy T, #IEILHS TIlE 100 Gy M L ofiE
BOYEET 5720, ESHICAVEELYSORY v—
TR RO 65N D,

HDR brachytherapy O #f & 53 4 Hl & (2 &V THE Y
v — /7 VRGO RIS, BRI S O FEEEIC )R
U 7 2 7 SRR AR &2 Z RTINS CE %5, %
7o, BRIK 77 V2B BB MGEE T, BN EIE

WO E % FM T 2 0823 b, WiF D&M
fiEEZE LTI o\, 74 VA TIE, iE
METOFINIC E X555, R >—7 LfEdc &

2 ZROUKRERIARIE, MR RRIBTIE AL E 2 5 fcEiR
TE, HMERZEOHIRA 2, L L, 1920 SFT 6
DAMEFEEPFETH 52P, XV =7 ILRETTHND
AT—TIVEEICLD, BERAICLS 7V AVES
RIGDHES N, HREEMET T2, 561, MR
WX pET — YA LTI, AT —T V2%
W D2EE LT NAR & DL ERDI- DIz, ZD
BRECEADEL, WE7—F7 77 b3 L
7, AIEREARE ST, b0 ZL

THRERADAEL 2 REIROMELE 2570

(@ (b)

Top view
100 mm catheter
Side view
catheter
7mm T L3 mm - O NC-RFG
100 mm ‘
Figure 8. (a) Schematic of the NC-RFG

dosimeter enclosed in an acrylic container. (b)
Photograph of the PMMA square layer con-
tainer with the catheter. Reprinted from Ref. 25,
Copyright (2020), with permission from IOP
publishing.
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iy fEne (< 1 mm®) RGBS SRR TH
5. UL, mBIRHIERT 2720, G50
(signal-to-noise ratio: SNR) % & &7z, /87 X —%
DI LN TH 5.

5 WHTIIRE OERRIGA

BILSIC k> TR I N F /7 7 L A RINEYET L
#EFE (nanoclay-based radio-fluorogenic gel: NC-RFG)
Z o 72 1920 BRIR S RT3 2 FERERRE &R o A
EIZDWTHEANT 523, NCRFG 1%, 7/ 714
25wt%, 0.lmm ¥t Fru—4"3 123 (DHRI123),
B L OHEHIK 97.5 wt% I THH#L L 7. NC-RFG % %
VO FOLTHEELL 727 7 VOV (100x 100X 7 mm?3)
DEZ 3 mm DZEFICE AL, MIREED =D H T —
TOERRLEL 72 (Fig. 8). Y r iz ¥~ 7 Lok
I 1 EEE s, BEPO2 S 10 mm i 5, 10, 20,
30, 40, 60, 80, 100 Gy %4 L C, MELE % T

Figure 9. 2D flatbed-type color scanner for
fluorescence image acquisition (GELSCAN-3,
iMeasure).

Figure 10. Fluorescence images of NC-RFG
irradiated from 5 to 100 Gy at 10 mm from
the center of the '°’Ir source. Reprinted from
Ref. 25, Copyright (2020), with permission
from IOP publishing.
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Figure 11. Dose-fluorescence intensity re-

sponse curve for the NC-RFG (a) determined
from the dose at 10 mm from the center of
the single source for each sample and (b) de-
termined from the dose at a specific distance.
Reprinted from Ref. 25, Copyright (2020), with
permission from IOP publishing.

fliL 7z, 512, 10 mm BT 5 SR % 58 &
&, MEDM%E TPS ORIFAE & 7 v < T CHlE I
#E2 %/l mm) 12X DL 72, o> 7 i,
iMeasure % GELSCAN-3 % F{\>C, 465 nm D i
JEIC & b st (600 dpi, 48 bit RGB) % Hif$ L 7:
(Fig. 9).
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L
10 mm

Figure 12. Comparison of the dose distribu-
tions between NC-RFG and the TPS calcula-
tions. (a) Photograph and (b) fluorescence im-
age of the NC-RFG irradiated. (c) Percentages
of the isodose curve for the NC-RFG (dotted
lines) and TPS calculations (solid lines). (d)
Results of gamma analysis. Reprinted from
Ref. 25, Copyright (2020), with permission
from IOP publishing.

Figure 10 (2 1 sU{E¥ O HOLIHIE % 78 9. NC-RFG
W, 2T BRI R L AR ICHOE L, SE o e &
HICHOEIREEDY B L 72, 20 BRI 0 2 MR
ME1x, 0Gy-100 Gy THtE & BOGHR LI TR\ S AHEY
(R? = 0.996) %7, 400 Gy B ETHIAIL 72 (Fig. 11).
AT =T 5 10 mm T 20 Gy HE L 72 5 sifs L
7o W85 #% D NC-RFG & "{Gi{5 % Figs. 12(a), 12(b)
WY, BROEFEMNEZ PO TrICRERBL
7o, Fio, BERICSU THOMMEE B L, 5 HofE
AL IE DSBHAE 1 X T ¥ 72, Figures 12(c), 12(d) i,
SRR & v 2 T TPS & HHESS R TH B, A
VeRAKIZR1% THY, HT—TIVEFHED AR
7 KR ABLES S T TPS DFHHAE & DAL U 7223,
XL 7=,

NC-RFG %, IEWBERETINOHKS 2 LN TE,
o ARE (0.04 mm/pixel, J£& 3 mm) OHOGHIER % F
R (70s) THUB T3 Z ERHEETH S, R ~—
TNKRERRIOMETH 2EHRAICE D 7P AVESE
FOBDOHE, MRIIC X 28T — & aeaH LI T
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Three-dimensional dose distribu-

Figure 13.
tion around the '?Ir source acquired by the light
sheet fluorescent tomographic imaging system
(prototype).

2 22RO fREE & RGO IER, B X ORREEE O K
MRS OMEL v P Ol % fFikd 2 2 L HIfET
5,

AT, 799 PRy PAF ¥ FITk b RIG
F— & TOFZ KN L 7203, MG VB =
RICT — BB ICHE R ZRICGA A =P v T AT
LFTTIREINTED, ZoFHENRINT
W52 & DOWFYE 2 L — 7% NC-RFG @ HDR
brachytherapy IZFf{b L, v > — bR o Jih il o' e S
75 CCD 7 A J THAR L 7- 8 BT 1 o HOG IR % F
L, “RLT =9 2HET 28774 b —
b REOEWI E IR S A T L DBFEEED T W5,
Figure 13 1B > R 7 4 TR 6 117z 21 SUR R P O
SRICBD RIS, AT —TIVDFEICL S T —
5 DRBERT 3D 253, 192 D> & 5 R fi
INDH VOB DHERTE S,

6 F&oH

ARETIE, EFREER 2 HUFIC X 5 HDR brachyther-
apy IR LT, RV v —7 UEEGHES0OE7 L E D
MR ERE &E MBI MAUE IOV THNL, ZDFH
FHYE & % 78 L 72, HDR brachytherapy T, {4k
1) 72 R IR G I 1 X 2 #E 75 S o0 AT % I RfE (2 WRE
571213, =Rk E A 2 TS YA TR T H
D, ZROUTIVERERGHIE R RME Y — v & L CHRE
TZ5,
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E & B B

BB RN ¢ ARBURS AR A T B, TR (R
2%), 1997 4 4 H-2010 4 3 H £ TSR &
L CARER R ZHRBEIC TEIRS. 2010 4 4 H X b JbH
KPR AR I, B HUR AR I BT 2 BHE
% fHY,

ma R AL F





