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Abstract: To fulfill the calibration requirements for absorbed dose to water in external beam radiotherapy, the summary offers
a streamlined calibration procedure and recommendations in accordance with TRS-398 (version 7) published by International
Atomic Energy Agency in 2024. It addresses various considerations for reference measurement conditions in external beam
radiotherapy and defines the appropriate scope for ionization chambers. In terms of ionization chamber measurements, it
elaborates on the methods for measuring various correction factors and provides a table of beam quality conversion factors.
The calibration uncertainty is examined by comparing the contributions of different factors before and after the update. The
results demonstrate that using IBA FC65-G ionization chamber to calibrate high-energy photon beams, high-energy electron
beams, proton beams and light ion beams results in relative deviations of -0.4%, 0.5%, -1.7% and -1.3% as compared with the
earlier versions, with relative standard uncertainties of 1.0%, 1.1%, 1.7% and 2.6%, respectively. The guideline which is
tailored to the national radiotherapy dose calibration standards and practices presents an optimized calibration approach for
TRS-398, allowing clinicians to conduct absolute dose calibration more efficiently and accurately.
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Table 1 Calibration uncertainty of absorbed dose to water

for *°Co y—ray beams (%)

T AR HEAS 1 5 2
TR R
AR 1 RS A AL
FEMESL I ARG N, 0.5 0.5
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AL A 0.5 0.3
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Table 2 Fitting coefficients for k, calculation using the double

voltage method

kR iSUE RN
Vv,
a, a, a, a, a, a,

2.0 2337 -3.636 2.299 4711 -8.242  4.533
2.5 1.474  -1.587 1.114 2719 -3.977  2.261
3.0 1.198  -0.857  0.677 2.001  -2.402  1.404
3.5 1.080  -0.542  0.463 1.665 -1.467  0.984
4.0 1.002  -0.363  0.341 1.468  -1.200 0.734
5.0 0975  -0.188  0.214 1279 -0.750  0.474
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Table 3 Fitting coefficients for k,

(AR CITIR FHIESHL

LB ZE 2R
THRAH SEBH a b

Capintec PR-06C Farmer 10 3 1.06833 -0.08262
Exradin A1SL Miniature 14 6 1.21633 -0.13351
Exradin A12 Farmer 35 6 1.09783 -0.09544
Exradin A12S Short Farmer 16 3 1.11499 -0.10057
Exradin A18 10 3 1.10487 -0.096 70
Exradin A19 Classic Farmer 29 6 1.12024 -0.10493
Exradin A26 10 3 1.09587 -0.093 83
Exradin A28 19 3 1.124 53 -0.10278
IBA CC13 42 6 1.11441 -0.102 60
IBA CC25 10 3 1.089 81 -0.092 54
IBA FC65-G Farmer 64 20 1.09752 -0.09642
NE 2571 Farmer 126 28 1.08918 -0.09222
PTW 30010 Farmer 25 3 1.12594 -0.10740
PTW 30012 Farmer 25 13 1.12442 -0.104 15
PTW 30013 Farmer 65 23 1.18273 -0.13256
PTW 31010 Semiflex 29 6 1.23755 -0.15295
PTW 31013 Semiflex 48 6 1.19297 -0.13366
PTW 31016 PinPoint 3D 15 - 1.116 50 -0.10841
PTW 31021 Semiflex 3D 37 13 1.29612 -0.165 14
PTW 31022 PinPoint 3Dc 25 6 1.14435 -0.11130
Sun Nuclear SNC125¢ 25 - 1.09700 -0.09749
Sun Nuclear SNC600c Farmer 25 5 1.068 00 -0.084 85
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Table 4 k,, values corresponding to different TPR,, ,, for various types of ionization chambers in high—-energy photon beams

AT TPR,, o

LS ZE
0.56 0.59 0.62 0.65 0.68 0.70 0.72 0.74 0.76 0.78 0.80 0.82

IBA CC13 1.0005 0.9989 0.9969 0.9942 0.9906 09876 0.9839 0.9795 0.9742 0.9678 0.9601 0.9510
IBA CC25 1.0004 0.9991 0.9974 0.9950 0.9918 0.9890 0.9855 0.9812 0.9760 0.9695 0.9617 0.9521
IBAFC65-G  1.0004 0.9990 0.9972 0.9946 0.9912 0.9882 0.9846 0.9802 0.9748 0.9683 0.9603 0.9507
PTW 30010 1.0005 0.9989 0.9967 0.9938 0.9901 0.9869 0.9832 0.9787 0.9734 0.9671 0.9595 0.9506
PTW 30011 1.0005 0.9989 0.9969 0.9942 0.9906 0.9875 0.9838 0.9793 0.9739 0.9674 0.9595 0.9501
PTW 30012 1.0004 0.9990 0.9970 0.9944 09910 09881 09846 0.9804 0.9754 0.9694 0.9622 0.9536
PTW 30013 1.0007 0.9984 0.9956 0.9920 0.9876 0.9840 0.9800 0.9753 0.9699 0.9636 0.9565 0.9484
PTW 31010 1.0008 0.9982 0.9952 0.9914 0.9869 09835 09795 0.9750 0.9700 0.9643 0.9579 0.9507
PTW 31013 1.0007 0.9985 0.9958 0.9924 0.9882 0.9848 09810 0.9765 0.9714 0.9655 0.9588 0.9511
PTW 31021 1.0007 0.9984 0.9957 0.9925 0.9886 0.9856 0.9823 0.9786 0.9744 0.9697 0.9645 0.9587
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Table 5 Uncertainty in calibrating photon beam absorbed

dose to water using N, (%)

JoRe W) L, 368 e R A A B e 8 P 14 O A A L
TR ISR o A VEAN B 2 BE T /)N
ST RN, FEARME LI A EIA T 25 A R

T AR e A B i) ¢t 55 Co y S ACAH ], PR3 8 15 9 0 il HL 45
o i TP R Ny BN 5 B0 250, 375 B T ARk TR
DR il S 5 W] A P A R I A AN B S S S L AR
SRR N T 0.6 0.6 WEANH E B, 5 HRTRTAE LG L D, o [8 AN B 22 5 9
SR 2. PR T B B 1.0% 2247, 5O T A —50, L R
PR KB 03 02 Ny B UE R HCHC A D, o {EL 09 A 52 2 0 0 06 T
B 5 A 04 03 SR, Ay LT RO B O P 4R 8 T 4 1 590 B 0 4 B R
A S Ao e B 0.6 03 Y
BRI R0t 04 0.3 2.4 BT RKRITFIER
BB o 10 06 7 Y o i PR TR SRR 3 AR R AT
SR ERATER 14 08 ESN LY o or AN N € R E B K R % N
Do M AN CL IR 1 12) 1.5 1.0 12 I $1 4 (Pencil Beam Scaning, PBS) ¥ iz & 4t .
R6 AR B EEAES R FRAE R, IRk, &
Table 6 k,, values corresponding to different Ry, for various types of ionization chambers in high—energy electron beams
BRI Ryy/g - om?
R B R
1.0 1.4 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 7.0 8.0 10.0
PTW34001  0.9743 0.9645 0.9518 0.9428 0.9349 0.9281 0.9222 09171 0.9127 0.9088 0.9055 0.9001 0.8960 0.8907
IBA FC65-G - - - - 0.9328 0.9279 0.9241 0.9210 09184 0.9163 0.9144 09114 0.9090 0.9055
PTW 30013 - - - - 0.9300 0.9247 0.9210 0.9180 09155 0.9135 0.9118 0.9090 0.9068 0.9037
PTW 30012 - - - - 0.9384 0.9331 0.9290 0.9257 0.9230 0.9207 0.9187 0.9156 0.9131 0.9094
ExradinA12 - - - - 0.9353 0.9304 0.9264 0.9232 0.9205 09182 09163 0.9130 0.9104 0.9066
ExradinA19 - - - - 0.9320 0.9273 0.9236 0.9205 09178 0.9156 0.9136 0.9103 0.9077 0.9036
xR SHABEEBEESHEETRARIR, MNE L, E
Table 7 k, , ; values corresponding to different Ry, for various types of ionization chambers in high—energy electron beams
PRI Ry /g om™?
LB T
1.0 1.4 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 7.0 8.0 10.0
PTW34001  1.0851 1.0742 1.0600 1.0500 1.0412 1.0337 1.0271 1.0214 1.0164 1.0122 1.0084 1.0024 0.9979 0.9919
PTW34045 1.0861 1.0747 1.0601 1.0498 1.0409 1.0332 1.0266 1.0209 1.0160 1.0118 1.0082 1.0023 0.9980 0.9924
IBAPPC40 1.0826 1.0721 1.0583 1.0485 1.0401 1.0327 1.0263 1.0208 1.0160 1.0118 1.0082 1.0024 0.9980 0.9922
IBAPPCO5S 1.0647 1.0572 1.0474 1.0401 1.0337 1.0279 1.0229 1.0183 1.0143 1.0107 1.0076 1.0022 0.9980 0.9921
ExradinA10 1.0714 1.0611 1.0482 1.0393 1.0317 1.0254 1.0200 1.0155 1.0117 1.0085 1.0058 1.0016 0.9986 0.9950
ExradinAll 1.0720 1.0615 1.0483 1.0393 1.0316 1.0252 1.0199 1.0154 1.0116 1.0084 1.0057 1.0016 0.9987 0.9952
IBAFC65G - - - - 1.0249 1.0195 1.0154 1.0120 1.0091 1.0068 1.0047 1.0014 0.9988 0.9949
PTW30013 - - - - 1.0240 1.0186 1.0145 1.0112 1.0085 1.0062 1.0043 1.0012 0.9989 0.9955
PTW30012 - - - - 1.0264 1.0207 1.0162 1.0126 1.0096 1.0071 1.0049 1.0014 0.9987 0.9947
RFET N, BME O E 7o, S AT (GRAE SR RE o7 PR Bl 8 538 o7 SR 7K AP B 2 i 1
W THRABORZESR . BRI TR MRS S KW IR IR PR 2 TR
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Table 8 Uncertainty in calibrating electron beam absorbed dose to water using N, ., (%)

AR BRI SR A A
AR IA RN E L

0.6 0.6 0.6

D, W A E B YR 1R12)

2.1 1.1 1.2

RO RN, Bt MR 28 E T SR I B AR B (%)

Table 9 Uncertainty in calibrating electron beam absorbed dose to water using N, . ;5 (%)

ST bR SR R
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S0 R R

D, o W& R E E CLBR 1 R12)

S AR I BE B ON AR R, IR HL B %
L HEFE FHAE R.20.5 gem™ (1 56 AT R >15 grem™ Y
PBS A%t V-Hu L B S MKARIE H T A 2R B T
A5 S5 5 O TR A PR PR A Ml AR R A TR
BEMEBERNARTSE I,

FH P AR 2 - FROK WA T R M, A3
kMl AUCE BTG , 7RI i 1o R 7 T AR AR
R B 28, R 5 W B9 = ik A 137 F G /IMACRR

FEIE H B S T B A AR B B % . FESE AR e
FaAPAIE( SOBP ), HL B % 143 24 it 2 i, SOBP
Ay o BFXT PBS R4GE, 74 ST 5 TR T A BE Y
FOTHEAR(E , 250 2 R FEARYE BT 1 SR R 25 g-em?
BN 2 goem? R <5 g-em?iERE N 1 g-om?®. FI4M, 0T
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Table 10 Comparison of k,, values at two R, for various types of ionization chambers in proton beams with earlier versions

R.=2 g*cm? R,.=30 g*cm?
B A AR 2E/% AEX i 25 /%
TRS-398 2024 TRS-398 2000 TRS-398 2024 TRS-398 2000

IBAFC65-G 1.023 1 1.041 -1.72 1.0207 1.039 -1.76
PTW 30010 1.0237 1.030 -0.61 1.0213 1.029 -0.75
PTW 30011 1.0185 1.034 -1.50 1.0161 1.032 -1.54
PTW30012 1.0304 1.041 -1.02 1.028 1 1.039 -1.05
PTW30013 1.0256 1.031 -0.52 1.0232 1.029 -0.56
PTW31010 1.023 1 1.0208

PTW31013 1.0198 1.0175

PTW31016 1.004 6 1.0027

PTW 31021 1.0314 1.0292

ExradinA10 1.0270 1.0255

IBA PPCO5 0.9924 0.9910

IBA PPC40 0.995 4 0.9940

PTW 34045 1.0050 1.003 0.20 1.0035 1.001 0.25
PTW 34001 0.9970 1.002 -0.50 0.9956 1.000 -0.44
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1.4%, {C % /Iy T 530 09 13 4 B (1.7%) #1F #ig B
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93 S IR R EUR T A (Z=10) i )7 2K
B F A EEF, B FFR<I0MEF RS T,
PR AR B TR B T R TR, 8
JFH G M5S0 Bt R AE 2~30 g-em? JL T 5 2 (He)
Z 18 (Ar) I B A 2l Ry S R 7E 2~30 g-em” 1Y 5 B8
T

1522 ) I 7 T, % F SOBP AL, 548 /&
4l SOBP T 22 g-om Wef [ A A2 FI-F- A it 75 =2
SOBP %<2 g-em™ H BB B %, LB = Y
A B 5 E 2 7E SOBP By Ly o I T B AR B
T AR A, S T IR PBS RGEHAMUS
R O TR JEE SR A it 48 (PDD) Y B X, [ AT 2
IV L g 2 a2 ] DA A 28 s o T 5
BOKEEHN 1 grem? 82 g-em?Ab | HoK I 5 2 L) A
A= (6) T

BB T Ok (55 B RRAS BEAT LU B 2 11 oy
N5 BT R AR B B = AR AT TR
1AL, 25 P SR BRI i i S A i 2 5
SR FHT SR I 1) ke (LK WM B {EL T D/ 1% ZE 47
SR P F 1 2 A A /)

RS T A ko Bt R B TR 5 R4 A
W BE T TP 0 2.4% , AL L LT 3.0% 2247 i
AN HERR T D, A AR EANT E JE I E TR &,
A1 AR 0 i 5 0l 1 R — i, SR AR AP
B R R 5 58 22 5 AT ) AN R 01 2.6% Al
2.7%:

5 BT RO A 0, 4 2R % 2R F RBE A A



— 1334 -

N e

415

R SMHABBEERERETFROL,ESFHRARELR
Table 11 Comparison of k, values for various types of ionization

chambers in light ion beams with earlier versions

SOBP &4t 172: 2% Fm il i , b 75 248 0 RBE AL
TEEI AR E B, 18 5 7] DIAR 1% 5 4F T SOBP [X.
Il SR ) ) B A R T AE

ky L s
TRS-398 2024  TRS-398 2000
IBA CC13 1.027 1040 1.25 FECFHRTI, F12 25 T B AL el e £
IBA CC25 1.030 1.040 -0.96 1 IBA FC65-G .PTW 30012 #1 PTW 30013 Hi % 7F
IBA FC65-G 1.028 1.042 134 6 MV (TPR,, , fH £} 0.68) F110 MV (TPR,, ,, {H 2N
PTW 30010 1.030 1.031 -0.10 0.74) Y6 F AL B 35 k (I LA . RS k fH A
PTW 30011 1.027 1035 0.77 ROBUF R — A, AR RGN T R 01E , B g = 3 i AH
PTW 30012 1.037 1.042 -0.48 X 22 A R Bk
PTW 30013 1.028 1032 -0.39 LSR5 T, 3R 13 FIER 14 28 FH B AL TR AF-Ai
PTW 31010 1.039 - : Y HL B 3 A WA R SR BT A ke, B & 5 1 BB G
PTW 31013 1036 FE’J o BIRIE koo s (EAZAE A XS /N, HANIM B
PTW 34001 0.997 1.003 -0.60 2 LA HIEGA N, SERBUNEE T X TR
PTW 34045 1.006 1.004 -0.20 ulJ MR TR A SR 0 TP a] DA IR 55
Exradin A10 1.033 - - MR 4 2% 10~3 14 AT, >R 9238 5 19 TRS-398
IBA PPCOS 0.993 A, IBA FC65-G Hi, £ %5 I HE & BB G+ 3R L = g L 1
IBA PPC40 0.993 - - W SRR 125 3R D, o B0 5 RRAR 9 ARG v 22
R12 KFRE,EEHAIEHELR
Table 12 Comparison of photon beam k, values before and after update
TPR, ,,=0.68 TPR, ,=0.74
AL 5 3 28 A : AR IR 22/ % : AHXT I 22/ %
TRS-398 2024  TRS-398 2000 TRS-398 2024  TRS-398 2000
IBA FC65-G 0.9912 0.995 -0.38 0.9802 0.985 -0.49
PTW 30012 0.9910 0.994 -0.30 0.9804 0.986 -0.57
PTW 30013 0.9876 0.990 -0.24 0.9753 0.980 -0.48
R13 BFRE,EEHRIFLLER
Table 13 Comparison of electron beam k, values before and after update
Ryy=4.00 g-cm Ryy=7.00 g-cm?
P 5 2 2 ARXH R 22/% AR 22/%
TRS-398 2024  TRS-398 2000 TRS-398 2024  TRS-398 2000
PTW 34001 0.9222 0.920 0.24 0.900 1 0.898 0.23
IBA FC65-G 0.9241 0.920 0.45 09114 0.910 0.15
PTW 30012 0.9290 0.920 0.98 0.9156 0.910 0.62
PTW 30013 0.9210 0911 1.10 0.9090 0.901 0.89

IR H-0.4% . 0.5% - 1.7% F1-1.3% , HAH X br A1
FEEMIR K 1.0% . 1.1% .1 7%%[12 6%, BEWERNZ
B HER D, (67 AT IR . R R P
R FH B3 W R 22 %%ﬁ;‘ﬁ?%jz HL o A2 A
R Ane

TRS-398TEE¥$\A¥%$ﬂﬁz%‘¥%7ﬁ[ﬁ4&
FR R RS T I ATY SR R [RIAT I Fi 5 4 A8 A A0 N
R AEZ 25 EWE&JZ{E&%E%E@EEH%%
B A AR B SR 7 () AR B A B0, . 2P 1ok
WA A b o ST 56 2 2 M e, S SR 4 Pl L
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Table 14 Comparison of electron beam k, ; ; values before and after update

R4,=4.00 g-cm™

R4,=7.00 g-cm™

B 2 AR 2/ Yo AR 22/%
TRS-3982024  TRS-3982000 TRS-3982024  TRS-3982000

PTW34001 1.0271 1.028 -0.09 1.0024 1.003 -0.06

IBA FC65-G 1.0154 1.012 0.34 1.001 4 1.002 -0.06

PTW30012 1.0162 1.013 0.32 1.0014 1.002 -0.06

PTW30013 1.0145 1.013 0.15 1.0012 1.002 -0.08

16T B B ARV Ty [ B B . O R R AR I
R4 B 2 R AR B A2 30 7E 3 mm PN, X TR
T AR B R B O ] ARG I A 7E
2 mm W, FLIX R 514 225 I a5 A )59 e
W H /N 1.0%/mm , 5 A 8000 5 S B R B2
P AFEAS T e 20 Bk T O (8 P AR
T m EE LR P Ak SR FH B AP H 25 5 1 R AR AR
Oy HEAT R AL, AR A 157 U 5 B 2 25 000t o551 7] et
JEE A S A B IE QN BT RN B R S R
JE 72 P X 5% SOBP Hrty , H A 46 B /N T 0.5%/mm,
6 F A (LE K 10 em Ab 557 586 B 24 0.7%/mm )
/N, PR P O AS T B 2 R 0 )
[
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