)

I

Al
ol Bk,
2lof 7|0f

=
=

b

1
e

|
4

A7t lcks 2

b

SAMRIZA| HMatst X 2AE] A&
Yex-o0yE

try system

ime

dos

|| 2002:20(4):396 ~404
In Vvivo

i

o

Iridium-192

FE

M2
S

Al

12001 63-2002 27X 1

Ko

11

-
o

ol

=3
10

<Y

C

A

=}

A= Act 9HoM & 445

28~32 Gy Al

=l
xl_.._

s

KO

0l
mja

ELl

Tod

30 :

Mzn ZuxE Alojch @

Aol
o

o

70l

KH

ofn

ZH x| ZAlof

AL

o
AA

Ato[ 7t

= =l
Meke 50 HollM A Lksh 2AS o ICRU 38 &

J

oz HMikst dAolM AHLE gtk 2y

w

Iz
K

ol
Ka

<
B

7
Ki

(FH=3

JIX|

-

od
o
EL

ol

-

ste Aol A=

of
o}

E]

]
K
oF

s

KO

K

0l
ol

LT

uk

-

KIr

Ly
1o

5]

o]

=
=

7}st7]

=

o

o] 9loiAl

[$]

7Hiths Hal

RI=7}

Ro8

3

<]
=
°

|

Aol A
XO

=13
=

-
R

o
&

Z}

=)
H-

o WARARAAE 27
b Rae

oA THAEALE AlZ ol olF 7]l =

ko

°

)

Fo

=7

o

o)
A= 4

AR 2ol

SERET

)

oh ZNE A PAE thero s 2AA el ol

F(ICR, intracavitary radiation) ¥} o]

=1
o
[¢]

H,

W YAMMRIZ,| in vivo dosimetry

B

M

EEER

o

0} o.
j=anT

A}

s
T;]- 1~3)

A

]
AA

A

=0
I8

30

Njo

Folet. ol¥7h F2 ol

2
-

L=

R
FRshe

WS cheksiA AEe] AgE L AR AR Qg

3
A

[}

Ro8

3}

o
[IR=1

WAL A 28

1

<)

R wAgse 24

)

aejste] Fopol 2

%& TYPAAN T ARl N 5ol AF

71l o

H

v

=

_]

A
i

A5y
alL

A

_]

=
=

] #-X](intracavitary device)

$ohe

o|

[e)

1084 2oluhe

A
«

A

~o

7.

)

e
T

0w =AY

"
Xfo

XH

Z

]

9ol A sk

gl

W
%

= 7o)
%]¢l in vivo t}

)
o

7

=

ol d s

2|
g

E%

o}
A=

olgsto] AT

=

2

29 A9
olex &7
- 306 -

]

e
=

)

ste] 2002 12

45

9%

]

Py
e
=

2002 8
Tel : 031)900-0460, Fax :031)900-0474

E-mail : ejchung@ nhimc.or.kr

oo
=

o

T

o T R




2R - 014 @ U=l NMEE 28 YAKXIS Al A XIZHE AIAED in vivo dosimetry system2 01&6H0 &S A& A2 Hlw

WAAR EE AR w] Ao zAEE BAAEE 34 ol ol A3 3t delZeld delE k] 2ElE
slo] At X gAY Azwlel] o) AE AR AFgI & AR ek A A FZ7] 9 Xl wE AlellA
Aol & wlaz BAE7] Slel £ A5 Fegsdck g At 2719 4% AW A87TE Adsie 23
7 WR-EE tandems, A AFEE ovoidsE AFste] Ml

CHab 3 HHH F o5 IAAAE o|gsle] A3t QX|oll I E

gl QEI-S Asto] 2GA 7 ocF Yol HED A o

20010 64 20029 297kA] ESdolA A7 Wl o] 7 mm A7 HAE tholer A& E B AFE ¢k
tandemg AFIsRaL A Aol ovoidsE o &sto] 37 Aol & mFRHA| Yol FAe) sps3t Zo] ARlEih AFUT
Iridium-192 59199471 AHQislo]l addg Al BAIAE B9s FAAZoR slo] Ay} ZellA 27t ellx
S AR AARE A T in vivo dosimetry AX|Q] A HES Hofilr) Fel 9RO T HEY RIS el
tele= AEVIE FEl glo] AYE F AW FAES T owlxm A A7 3 mm 9 WS AZV|E s U2 7
o s, ool AJegst 44319 X oA AA o 9xjdf] 4Rlela, AAE AZV|E wlxn AR FHE £
Az EAo] 7hsslodeh. Ul AKX EE sl7loll $A B 3§ 50cce] 2dAIE Wa 7 FAZA A AZuky =
g AN Al BAAK B e AAE XBAAE weko] olxd ARG BedsithFg 1). o|YA sl A&
Algeilet. gh2ke] chelAoldl] WA 2438 cleldelE Hl & 7]xZ o] Nucleton AHe] A3} A2l A 2~EIQl BPS

Fig. 1. Radiographs of the inserted tandem, ovoids and diode
detectors. A) gold-shielded ovoids, B) non-shielded mini ovoids.
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9 Iridium-192 4199¢] vb7]= 742901 HA
o) AL s mmz slo] Aelm A ssisich ¥ 2
2A AR T AT B3 A e
2 ANE A3 ol olalo] th WAL ABAR A2
Wez A Aol it AR Assisime] o] g A
AN EAG 245 At viassdel el AEslE
27 57484 fivefold 71%7](PTWAL, type 9112) o W3 =
284 single fold HE7I(PTWAL, type 9113)% o]-&3}3ich
HEEA] HAE7]= dUA] Al e we] ot Ag-
o] Zhdsla e}t F7hEdlse] Hold AR duA 9
t}. 737]9] calibration & PTW A}2] afterloading calibration
phantom type 9193-& o]-&s}o] AJzds}ic).

i

ot o o o N

o

]

N oF ot o

©.

=

o ofN 2 rlo o

2o

2 1

W 34 ool BeXE AANG A AEAG A
A ol o= AEAE AYel A BEI ) WAL

% A3700] 249 A3 PARFE ol gele] st
Pasigdeh 94 B A371E 4ol bselgd 3%

i

oir o

R1 : 5mm behind the posterior vaginal

intrauterine wall on the lower end of tandem

sources

m | rectum

bladder
balloon 7cm3

R2: 5mm behind the posterior vaginal
wall on the line of middle of the

. intravaginal sources
bladder reference point 9

ovoids: intrvaginal sources

Fig. 2. Lateral diagram of the rectal reference points in in-
tracavitary application according to ICRU 38 report: rectal
point is defined on an anteroposterior line drawn from the
lower end of the intrauterine source (R1) or middle of intra-
vaginal sources (R2) on lateral radiographs, 5 mm behind the
posterior vaginal wall

283 7AARIL 9O FAtol|A] F 443]9] R FEellA] o
24 AE ZdH FAHo] Thesisich B Aol 23
AR gl A o] Akt Folo] EA4ol i3k Hagl ICRU
(International Commission on Radiation Units) 38 . 314]¢l|A]
Y Aasle ARNER F S wAEE 4 AT
tandem Wiol] FalEl WA F9NULE T 7P ol
A Aeato A3t Aol Y 3k 5 mmE F
A7NIERRSE Aolo] HAFS A} AR 2HloR A
AkslolchFig. 2). AAR X85 AA| Aol Al AE71E ¢
I AL g AA Hol] 2GAE W3 HL o
sl 2 AR o AEvle A Al W
ofzk WolAl Fzkell XeA Huw Ao sp A
Holl sfigsl= ICRU 389 7|53 3 Behs] Ax|slA+ A
o FX % vlazsfol s BAE HOY HE A Hole
AZE719 TARES ARog AXksla vlasigich B o
Toll A&t AL 7HE7]= 15 om Ao 559 A A
%S 2AY 4 goldl A4S whe RI~RS A7kA 244
em ICRU 38 9] AA7|FA F Rell 7P 233 257
9] A& HES Rs (simulation A rectal reference point)Z 7
3L ol FEoR A o AR Avi AENE 2L
Sl Y A Zuk ARE Bedela o F hA] WA}
Zeaue olgs] ANY 8 A4S ToNE A}
AA 8 X EA AE7A FAE Ak vl B4
EI5

Table 12 RO EA] #o3t 55 7IFo® 3 HA 7]
T3 Rs9} vl A A A HEo® 75719 9Xol ut
g} tRA] A AR AlsHler ARE AR 7153 Re gk
o] AolE HolF= AR 3 I~4dlelA= AdlE e
BHo] 9+ ovoid (gold shielded ovoids)E A&l x $hz}
5~98 ShAtellAl= Aol Fobr] AH7d Y= £ ovoids
(non-shielded mini ovoids)E A}-8-8}9t}t. Nucletron A2 A A
3} AE A|A4"lel BPS (version 13.7)2 o}&A71A] X+H|E
ovoids Well Q= X7} Asel] m|X]= oF3fE A
Blof] vhedalA] Jslar glvk. Re-Rs)Rs & MAE-E(100) % ]
3k ZlojBg Rs FhHErl Re AWEXZE o A9kd A5
() E A= ¥ g3 A5 (H) 2 FAEE 3
F oxo] HFL -03~+29.8% 7MAZ AP E L Xfo|r}
s FeiA A X g £ o AsE Ko7t F
AlE 2.6%0)3L 7P 2 A9 A EA AL dEoE AXRE
A ego] Bl AAAEY 192% W AR Uk
Table 2= RO 84 EF A 7IEAHRs) Z ZHX 84
AE7eA 4% ZRmyg WHEEE [100(Rm-Rs)/Rs]
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Table 1. Values of the Calculated Rectal Doses (Rs) Based on the Radiographs at Simulation and Calculated Rectal Doses (Rc)
Based on the Radiographs at Fractionated HDR ICR in 9 Patients with Cervical Carcinoma

calculated rectal doses at HDR ICR (Rc) / fraction

Rs (cG average

Pts (&) 1 2 3 4 5 6 7 8 5
1" 214.4 260.0 2872 268.9 272.0
(+21.3) (+34.0) (+25.4) - - - - - (+26.9)

2 182.7 24738 305.7 2346 268.2 162.6 129.7 2248
(+35.6) (+67.3) (+28.4) (+46.8) (-12.4) (-40.9) - - (+23.0)

3 299.0 369.7 326.6 329.0 309.0 3395 ) B B 334.8
(+23.6) (+9.2) (+10.0) (+3.3) (+13.5) (+12.0)

4 227.1 2165 267.0 B ) B ) B B 24138
(-4.9) (+17.6) (+6.5)

57 240.8 3009 256.0 B ) B ) B B 2785
(+25.0) (+6.3) (+15.7)

67 352.7 632.0 4579 4365 41822 3438 457.7
(+79.2) (429.8) (4+23.8) (+18.6) (-2.6) - - - (+29.8)

7t 2563 3427 286.4 276.6 2895 3111 351.6 2717 321.7 306.4
(+33.7) (+11.7) (+7.9) (+13.0)  (4+214) (4372  (+6.0)  (4+255)  (+195)

87 2783 409.6 370.1 289.2 2455 316.8 366.2 3329
(+47.2) (+33.0) (+3.9) (-13.4) (+13.8)  (+31.6) - - (+19.6)

97 1713 2053 164.8 191.0 164.7 1433 177.7 149.0 - 170.8
(+19.8) (-3.9) (+11.5) (-4.0) (-19.5) (+3.7) (-15.0) (-0.3)

“gold shielded ovoids, "non-shielded mini ovoids
( )=100 (Rc —Rs)/Rs

Table 2. Values of the Calculated Rectal Doses (Rs) Based on the Radiographs at Simulation and Measured Rectal Doses (Rm)
Based on the Radiographs at Fractionated HDR ICR in 9 Patients with Cervical Carcinoma

measured rectal doses at HDR ICR (Rm) / fraction

R ver
Pts > (&) 1 2 3 4 5 6 7 8 average
1" 2144 2843 317.6 299.2 B ) B ) 300.4
(+32.6) (+48.1) (+39.6) . (+40.1)
2 182.7 2832 352.1 2635 2736 196.4 1512 2533
(+55.0) (+92.7) (+44.2) (+49.8) (+7.5) (-20.8) - - (+38.6)
3 299.0 3343 3073 3183 310.7 3249 319.1
(+11.8) (+2.8) (+6.5) (+3.9) (+8.7) - - - (+6.7)
4 2271 199.5 201.0 2003
(-13.8) (-13.0) - h - h - h (-13.4)
5T 2408 340.2 293.1 316.7
(+413) (+21.7) - - - - - - (+31.5)
67 352.7 702.3 529.2 563.7 567.0 4731 567.1
(+99.1) (+50.0) (+59.8) (+60.8) (+34.1) - - - (+60.8)
7t 2563 4161 3504 3234 3269 3535 406.1 329.4 389.0 3561.9
(462.3) (+36.7) (+26.2) (+27.5) (+37.9) (+58.4) (+285)  (+51.8)  (+41.2)
87 2783 386.0 3775 2268 2156 2879 3255 303.2
(+38.7) (+35.6) (-22.7) (-29.1) (+3.4) (+17.0) - - (+8.9)
9t 1713 2314 201.7 2186 2031 168.8 216.6 163.0 - 2005
(+35.1) (+17.7) (+27.6) (+18.6) (-1.5) (+26.4) (-5.) (+17.0)

“gold shielded ovoids, "non-shielded mini ovoids
( )=100 (Rc —Rs)/Rs
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Table 3. Distribution of Average and Standard Deviation of the Differences between Calculated 5 Rectal Detector Points Based on
Radiographs at Simulation and Calculated 5 Rectal Detector Points Based on Radiographs at HDR ICR in 9 Patients with
Cervical Carcinoma

Averaget SD (%) of differences in 5 rectal points

No. of fraction

Pts R1 R2 R3 R4 R5

1° 3 104408 -06+22 74+65 -82+82 -125+59
b 6 135458 45+56 39470 36196 39+100
3 5 45+43 45433 51-+4.1 110424 138423
g 2 -163+84 1.6+20 63423 98+6.1 127457
57 2 13.8+07 87+02 35+0 11+02 47+89
6f 5 258106 164193 109475 10.6+62 121452
7t 8 181436 127431 91+40 60431 92+30
8 6 31488 -96+71 -128+73 127+67 51+42
9f 7 263449 207453 174450 93+36 82+40

‘gold shielded ovoids, "non-shielded mini ovoids
SD : standard deviation

j | _I_ L] L | 4 " 4 R5
@ jzu - E] E = i . - 5 R4 "
S =
c =
'8 i & & H . L] 8-
B G e - " R3
3 8]
8 ]
x

j} - B " * & - ¥ = R2

a B
St Tt RL

I o =] 4 = 5] i 5] 1~ ]

Faticnt

Fig. 3. Distribution of percent in differences between the calculated doses
and measured doses [100 (Rm-Rc)/Rc] of each rectal points on rectal diode
detector in 9 patients (n=216 rectal points)

vk ghEolth g exbe] HFS +67~1608% 7t AYW ALEL (E FAEL WIH ALE (HE FA
AZ vFeb F 443]9] ARAE £ FoR AHE s @5 wel 2 Xelr) wilg- dhfele] -0.6+22%
1.5%14] ﬁﬂlb— ALA Aeke] 2ufoll 7k 9.1% 7R Gl ARE] +263+49% 71A 2 Vel

o] =A% Ha% 9lgirt Table 3 7 3A}e] RoxE omo] A X EAnk) tolet AXIE Ym M
Al AE71E 93 A2 EE VIR AN AY Ax odad ARE BEolz AA3 AYE Alxslew ARy
dloll A AR 579 AATIEA AEES ol 4 XE A e Agke Adetm, Az 84 AR 73] S
Al AL FE 4 AR A7 715 he ARES vl A AHollA FAY ARte] o] EEZ WEEEA 7 3
sfo] 1 Xpol]E WEEE *‘6& e s AR 71Ed APEE EASICHFg. 3). F 443]ll A FAolw A7t 5
olA] RAXBA] AEA AR hECh X 8A AR ghel  AellA] FAslglonz —ﬂ—7é e ¥ 22070 ZIEACAA Al
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Fig. 4. Histogram showing the results as a number distribution of the
ratio of measured and calculated doses [100 (Rm-Rc)/Rc] in all rectal
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—— Abstract

Comparison between the Calculated and Measured Doses
in the Rectum during High Dose Rate Brachytherapy for
Uterine Cervical Carcinomas

Eun Ji Chung, M.D. and Sang Hoon Lee, M.Sc

Department of Radiation Oncology, National Health Insurance Corporation llsan Hospital, Koyang, Korea

Purpose : Many papers support a correlation between rectal complications and rectal doses in uterine
cervical cancer patients treated with radical radiotherapy. In vivo dosimetry in the rectum following the
ICRU report 38 contributes to the quality assurance in HDR brachytherapy, especially in minimizing side
effects. This study compares the rectal doses calculated in the radiation treatment planning system to that
measured with a silicon diode the in vivo dosimetry system.

Methods : Nine patients, with a uterine cervical carcinoma, treated with Iridium-192 high dose rate
brachytherapy between June 2001 and Feb. 2002, were retrospectively analysed. Six to eight-fractions of
high dose rate (HDR)-intracavitary radiotherapy (ICR) were delivered two times per week, with a total
dose of 28~32 Gy to point A. In 44 applications, to the 9 patients, the measured rectal doses were an-
alyzed and compared with the calculated rectal doses using the radiation treatment planning system. Using
graphic approximation methods, in conjunction with localization radiographs, the expected dose values at
the detector points of an intrarectal semiconductor dosimeter, were calculated.

Results : There were significant differences between the calculated rectal doses, based on the simulation
radiographs, and the calculated rectal doses, based on the radiographs in each fraction of the HDR ICR.
Also, there were significant differences between the calculated and measured rectal doses based on the
in-vivo diode dosimetry system. The rectal reference point on the anteroposterior line drawn through the
lower end of the uterine sources, according to ICRU 38 report, received the maximum rectal doses in
only 2 out of the nine patients (22.2%).

Conclusion : In HDR ICR planning for cervical cancer, optimization of the dose to the rectum by the
computer—assisted planning system, using radiographs in simulation, is improper. This study showed that in
vivo rectal dosimetry, using a diode detector during the HDR ICR, could have a useful role in quality
control for HDR brachytherapy in cervical carcinomas. The importance of individual dosimeters for each
HDR ICR is clear. In some departments that do not have the in vivo dosimetry system, the radiation
oncologist has to find, from lateral fluoroscopic findings, the location of the rectal marker before each
fractionated HDR brachytherapy, which is a necessary and important step of HDR brachytherapy for
cervical cancer.

Key Words : Cervical cancer, Radiotherapy, Brachytherapy, In vivo dosimetry
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