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[ Abstract] Background and purpose: The precise radiotherapy of tumor site depends on the precise dose distribution of the
therapeutic target. The purpose of this study was to explore the influence of different computed tomography value to the relative
electron density (CT-RED) calibration curve on the dose distribution of tumor and the method of fitting one CT-RED curve. Methods:
Two CT scanners in Fudan University Shanghai Cancer Center were used to scan the CIRS-062 electronic density phantom, the CT-
RED calibration curves of different sites (head, chest and abdomen) were obtained, and an improved CT-RED curve was optimized
based on each curve. The original and modified CT-RED curves were used to calculate the dose distribution of planning target
volume (PTV) (nasopharyngeal cancer, lung cancer and cervical cancer, 16 cases of each) and organ at risk (OAR) in the treatment
planning system (TPS). Finally, 5 cases of each tumor were selected to verify the feasibility of optimized CT-RED. Results: The
dose calculated by different CT-RED curves showed minimal differences in cervical cancer and head and neck tumor (<1.00%
and <1.13%), but there was a large difference (2.50%) in low-density area of lung tumor. There was no significant difference (<1.00%)
between the optimized CT-RED curve and the original six CT-RED curves in the PTV and OAR. Conclusion: The corresponding CT-
RED calibration curve should be selected to calculate the dose distribution of different tumors. And the improved CT-RED calibration
curve scheme can also be used to reduce the potential risk of wrong calibration curve selection in the center with multiple positioning
CT.

[Key words] Relative electron density; Different computed tomography value to the relative electron density; Radiotherapy

EEWMB: FHZEARBAHES (11905035) .
WEfE#: & &  E-mail: zhaojunphy@gmail.com



(FPBBZEAERE L) 20214531455 930)

829

g AT b, RGP TR R SE (treatment
planning system, TPS ) 5 /Jffd #E DX ] L1 5
ZH A ) 1 O A A TR IR S AL 2 AR (B -
AHXTH T2 % ( computed tomography value to the
relative electron density, CT-RED ) R £eitsT
(), PR ST — 25 HER 1) CT-RED i Ze kA 7 240 21
AN EJPERGHEXS O JE W B K CTHE 5 AR
F, 5 JEE N7 OB 5 ) R B B 1 4 21
BRI TCTHII R 2 T
EIEHAL P R GHLWREDFH VI, CT
{5 REDAH A HER VE BCKG 33 B TPS T
BN 5 L PRIRYT I 22 R BOK, P E R4
SEUMIE R i AR BRI R ZUR BT A
TR

L, 78 37 CT-REDS i i 28 i 1o 7™ A
PETPSHTHRIUE, A[RIALA LS AR 1) CTRE
LAANZHR . EFREFREPLM (International
Atomic Energy Agency, IAEA ) ¥ B i 2|
HHA BB A CTA Z N 200 X T
AR, JeE B S T2y (Institute of
Physics and Engineering in Medicine, IPEM ) .
DR LSRR T 5 B =2 o B AR 5
B B s I CT R 2N + 505 X T4
41, IPEMAERZ £ 1002500 X FIlideal
21, HAFIRAYA LI, IPEMRHALE ) + 4
Izt L ST E CT-RED-IZE RO R i 1A
RUOARERIABITE, a3t e . BB
RENZE . FRBTA . FRIRNR . SR
ANE UGBS L A IETPS
SMER TR, H LS B CTHLANE HE BRSO
I CT-REDACHE 2 2 B R o BEE THT Bk
PR AR, ALY RO A E AR K CT
SEDIALI AL, 75 ZEAR R AN [F] 515 C TR AL e
AN AR AL G AR AT 4 PIp S e 57 22 25 CT-RED AL HfE it
2o XML T I 1 #ECT-RED
A RABRINYE, P8 ] RE 2 T Bl R
BT R R RS SRR

P, A7 0BRSS [ CT-REDAS HE il
200 TS DR 20 Al B2 0 A IFSE A
3L ] (S | R AE BT ) P REAL

AN[A]CT-REDA HE fH 26 115 g $E X 1 I 4%
‘B (organ at risk, OAR ) H5l| &7 FY 52 .
Ry AT 5 R A DG TC A 7 i e g U, A B 50
% 5% CT-REDIM& AL —2%, Ff il 207
Ali {5 FH A R CT-RED i 4 254 i 4y e o it 2 1 ]
17

1 PR
1.1 KIRiE & NCT-REDM ZiE T

A5 (8 FHCIR S-062 7 i 725 E AL Ak (55
EICIRSZAYH] ) , A (AR B i BE (4
oy 338127 em) , Wik EIAE (52
18 em ) , A3l AR AR T Fk 3R . BAA R
SLRAR A SR AR (B R1.00 g/em® ) |, Hk
AR 2 R HEAR Y 8% B 0 H - BE 1Y) R A3 T8
BAAE M ( EAR3 em) , W A ARG, 55
SIBUNARILA . il BT, BF. FLER . Bitas
BERE UK HBCTEMHLAE MG, 535
A af 2% PhilipsZs 7 i Brilliance TM Big Bore CTHI
1% [¥] Siemens 2\ 7 f)Somatom Definition AS CT,

XFCIRS-062 B AR 4T H T, ASHIF 5% %) 5L 4 v
[ 15 CTHIL e R AL S0 WAL s P2 2E A T LA A BB 2 S
¥, LTS PRPRIE ; AR, 1] =400
FE AL ZR G0 X AR A R0 R TRER S i dn ks s F A
i, N SIER TARRERE 3, MPECTE
AL RS R A I R 9 H his (Sk. 1E
R ER L ) o MR FE CTHLRE P,
R I CTE I 57 6 55 CT-REDAL HE £k,
350 AL F P ( Philips head protocol,
PHP ) . G M # #3i ( Philips thorax
protocol, PTP) . KA E R ( Philips
abdomen protocol, PAP) . P[] LN
( Siemens head protocol, SHP) . V4[] g
MY ( Siemens thorax protocol, STP) FIP4[ ]+
JE &R ( Siemens abdomen protocol, SAP) .
B LA R HE I 2k 5 A Pinnacle3 TPS ( version
8.0, far ~=Philips/AH] ) AT RIE I,

B B #2414 CIR S-0624% {4 4 37 (1) CT-RED
A, AR — R LR e R HEM 4y
MR CT-REDACHERN 2L . CT{EAMRED{EHL R T



830 WEE, & RECT-REDREHL&XIPEIR XA REREFENTNHIAHAR

VIR, BRAE 1 XS5 W ot =[] K it i
SRF L OGSO AL R RO Y L, CT{H 3B
AR F I B B RS R, (EAN ¢
Z 1 fECT-REDKMEM At B, MR
WA BT AR, A SO H A 34 %
Fl: A<0.5 g/ecm’, 0.5 g/em’ <B<1.16 g/cm’,
C>1.16 g/lem’, FEWEL, ANEFFREEMLAEE
G A R DAL SR WA —, X[ — % B A
PRI A 20% I CTIE M 25, B 2452 5 1 AR
ST N, TEIRERE KR (A) iR
SRS BGRIFCTIE ; TEh SR EX
B (B) h, ANFEPMLECTHZE SRR/, X6k
MZBCEIME; fEmEE X (C) v, LBRI
HRFAH PRSI CTIE , AT /D = 2 14 A
A = % Y B C TR A 52

2.0 -
© SHP .‘3
© SAP !
o STP !
1.5 A i
£ |
2 1.0 A 1
. |
§ A
0.5 : Optimization line
4 pPHP
i A& PAP
0.0 4 A PTP
|
-1000  -500 0 500 1000 1500
HU
B 1 EFAREMUITCIRS-0628 F 3 EE R H#E I CT-
RED# £

Fig.1 The CT-RED curve of CIRS-062 electronic density

phantom scanning based on different protocols
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Tab.1 The statistical indicators and OAR of each plan

Index Organs at risk
Nasopharyngeal
carcinoma
Dosy, PTV
D Eyes
Vioay Parotid gland
Visay Oropharynx

Brain stem, optic nerve, optic chiasma,
D,ax spinal cord, lens, temporal lobe

Lung cancer

Dyss, PTV
D,ax Spinal cord
Vs Gy» Vs Gy Diyean Lung
D, Heart

mean

Cervical carcinoma

Dyso, PTV

Visay Bladder, rectum
Vis Gy» Diean Kindey

Dinax Spinal cord
Vioay Small intestine

Dysy, is the dose covering 95% of PTV volume; V, g, is the relative
volume of # Gy in the structure
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Tab.2 CT values of each plug-in unit of CIRS-062 electronic density module

Siemens HU Philips HU
Material RED Head protocol ~ Thorax protocol ?}Eg::::;n Head protocol ~ Thorax protocol ?}Eg::::;n
Lung inhale 0.200 -778.55 -776.50 -771.35 -839.50 -779.70 -778.90
Lung exhale 0.489 -484.65 -482.50 -480.70 -540.25 -500.25 -499.85
Adipose 0.949 -69.20 -72.25 -72.70 -74.50 -70.10 -68.75
Breast 0.976 -30.70 -34.60 -35.20 -26.65 -25.30 -25.40
Water 1.000 -1.20 -7.10 -11.50 0.50 -4.00 2.70
Muscle 1.043 33.00 30.75 28.65 59.00 49.45 50.20
Liver 1.052 48.20 47.00 43.20 67.70 59.05 58.40
Bone 200 1.117 168.80 204.20 201.50 253.45 232.75 234.80
Bone 800 1.456 813.60 852.90 844.20 918.70 849.10 848.65
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Fig. 2 The differences of CT values of each plug-in unit in Philips

and Siemens CT with the protocols of head, abdomen and chest
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Fig.3 The distribution of the difference between the relative or absolute dose and the reference dose of nasopharyngeal carcinoma
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Fig. 4 The mean dose of 16 nasopharyngeal carcinoma patients based on 6 CT-RED calibration curves

BS: Brain stem, ON: Optic nerve, SC: Spinal cord, TL: Temporal lobe, PG: Parotid gland. The data format was mean dose (dose interval). The red

region was Wilcoxon paired signed rank test (P<<0.05)




(Y dZER L) 202145315559

PTVD,,,

Heart: D

‘mean

SC:D

Lung left: V,, G
Lung left: V, G
Lungleft: D
Lung right: V, G
Lung right: V,

Lung right: D

‘mean

5 ETARA#MUMENESEENEEZRNSHE

Fig.5 The distribution of lung cancer dose based on different scanning protocols
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Fig. 6 The mean dose of 16 lung cancer patients based on 6 CT-RED calibration curves

The red region was Wilcoxon paired signed rank test (P<0.05)
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Fig. 7 The distribution of the difference between the doses of cervical cancer based on different scanning protocols
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Fig. 8 The mean dose of 16 patients with cervical cancer based on different CT-RED curves

The red region was Wilcoxon paired signed rank test (P<0.05)
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RED calibration curve of different cancer
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