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[ Abstract | Background and purpose: In the design of intensity-modulated radiotherapy (IMRT) for nasopharyngeal carcinoma,
the traditional dose-volume (DV) physical optimization method is compared with the combined use of the DV physical optimization
method and the generalized equivalent uniform dose (gEUD) optimization. This study aimed to investigate dosimetry differences in
radiotherapy planning for nasopharyngeal carcinoma using gEUD method, to explore the effect of different optimization methods
on the protection of organ at risk (OAR) in IMRT planning. Methods: Fifty patients with nasopharyngeal carcinoma in Eye & ENT
Hospital of Fudan University from 2019 to 2021 were randomly selected, and two optimization plans were used for each case at the
same time for optimization calculation. Group A used the traditional DV physical optimization method, while group B combined
DV optimization and gEUD optimization methods adopted, in which gEUD was selected as a=1, 2, 5, 10 and 20. We evaluated the
results of OAR dose data obtained by using different optimization schemes and different a values. Results: The planned data of the
two plans were compared and analyzed, and there was no statistically significant difference in the dosimetry index of the target area
between groups (P>0.05). However, in terms of the protection of the parotid gland and oral cavity, the results of the optimization
plan of group B were significantly better compared with group A. The a value of gEUD had more obvious influence on the average
dose of the parotid gland and the oral cavity. Conclusion: In the radiotherapy plan for nasopharyngeal carcinoma, the combined use
of physical optimization and biological optimization can not only meet the target dose requirements but also better protect the parotid
gland, oral cavity and other endangered OAR.

[ Key words ] Generalized equivalent uniform dose; Nasopharyngeal carcinoma; Intensity-modulated radiotherapy
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T, MR T RROI AR 2 o SR,
X A BT AR A (generalized
equivalent uniform dose optimization, gEUD ) ¥
AT, TR L R A DVHIM & 1T ik
BRI, #H b TR ai i D VR AT A iRl
fiE v R B — DL AL T 2 r 1 B JR PR PR o A DG AT
g 1 B AT LAGE F gEUDSRZEAT R AL Y
AT, Bl FHEUDR AL 7 vk ki i A Ak 2
FANARE B I KRR, 7ER HIDVAILAR 7
wyFEal b, B A gEUDIAE ik, R EAl
ALY T DLk 31 Jr 55 1 2 AR50 i 25k, PR n]
DK gBUDAE S —AN A 80 T H R 704k, (H
kB S8 all, BRI 0 R 2
TG M 2% (organ at risk, OAR ) FIHE X 1Y
Bk TR, JRRA BRI T i 2=
B, WMEBES B R T AR, Kt
ARG SR T RaiDVIb ik, S5RH
DV45 & EUDIW 5 ok X B RARFR A I B OAR
( QSRR AN O e ) BEAT R B PR, LA RN
[R5 15 28000 5 B X IMRT 35 A 551 2 55040 19
e AR AL, FF o P EUD B a fE AR PEAL O AL 45
A, DR HE VI I PRS2 PR HT B9 TMRT -4
Bitss .

1 ORI %

1.1 EUDHIENX
Niemierko 7 7E19954F 32 H T EUDIHE 2,

INA T Y280 R Z X e 4 il MR 1
WAL KRR A — 2, (B2 A
EUDMITRBIRIAE R &2 2% . 7£19994F Niemierko
R H L TEUDMITRE AR, T F1A-2490-
W Sc E AR T gEUDMIHE &, AN
IURBR T IR 44y, ik — 4 8] T IE % 4

g/[j{ [6]

¢EUD = (XiViD.a)"

Hraff WAL RS E, ERJE-0%E40
(a#0) ; VAR ERIREE 430 DoMARR
H KRR FIHE . a= 11}, gEUD=YiVDa,
gBUDIER T3 E (D) » afHBK, X1 7]
o R UG of R T 1, XKD, . E il
UG ol R, TR XA S B AR =
HRHUR

& [# Varian/y ®] Eclipse 15.6 i A P23 1)
% T gEUDI I K H1gEUD=[ L3 Doy ]
HrhafHyEH h-40~40, VRl RFILE P E
WEEE, DRIMMNAENFIE . Varianf2 L1
Target gEUDMILower gEUDITM 5 #1H THE X,
i Upper gEUDI ] ] FAEf 5ty 1
1.2 3RIigit

BEHLIEE2019—20214F 58 B2 [ & R -
B MERR B BE IR 1 S0 491 SRR R A, SRAH2017
L EEIEEC S 4 ( American Joint Committee
on Cancer, AJCC) %8s, HHT WHH&13
B, T EA], THIEE226], TEE1L
o B SR AR RN, A5 PR Y Sk 251 1
EEA TR 5% o a5 >4 Philips/A 7 Brilliance
KA ENUAZ 1% ( computed tomography,
CT) B AR e L Hl o AR TR R Ja
FENLCTHIEF M LA R 13 em, HiT
RT3 em, HEZEHR0.25 ecm M

ffi FHEclipse 15.6 AT RGEdEATHLIX |
OARIP)/A) ] L IMRT R B3 11 S M s L X3
TG RSB 50 5 2%, G G T Y
OAR, T . HHE. MRS . MERME . D
& IRIRERIMARE B F M ZBIS Rk . N
ARG A AR PR A AR 45 T S 7 140 e g i PR R A -4t )



276 BEXRG, &

[ NFRIIFIEMN AL R IREERRET 0SS 1 R PHR B AR

T MR g S 5 A R L IX ( gross tumor volume,
GTV) , EfEIRKHEX (clinical target volume,
CTV ) M RS X 50 ) 20 i CTVIAICT V2,

A R Y A R BE B TE360°3E Rl N4 IR0 |
40°, 80°, 120°, 160°, 200°, 240°, 280°, 320°
AT U o e B O X, 6 MV X T
LHATIRTT . B B s Rl R FHA . B2
AT LA TIMRT IR0 . o A4LR FA%
SIDVILAL T L . BLAEALL IR T AR A
S EORAR X IR AN 11 23 51135 in g EUDAR
k., f# ) R %A Upper gEUD, #5430 Gy,
30, [FEXTSE T fald s sl e . 2.
5. 10F120, Z3ldEAritRldeit, WAL HR
( normal tissue objective, NTO ) &£ Hzh, 4
Har A NB, . By, Bs. B fiIB,y, JFWEEH:
TRAL IR LR 5 2
1.3 lfaKITXIFEX ( planning target volume,
PTV ) HIFIEFi1TM

PTVHYF 2 IPA AR EEAUSE: Dy, 2
X 2% AR TR SZ B R A A D, FEIX 50% AR
SZ A HESS A  A Dy, HEIX 98 % A TR 4232 1 HE S5
18 N Dy, AbTT R 107% 0 5555 m 4k L S pd
ARBLRV 07

E R4 ( conformal index, CI) Fl14%]
P840 (homogeneity index, HI) J&PFEALHEIX

HIRR TS 40 Eclipset il R b i
TG TR, CI9ARKCI | K

VRIS, Y TR K
£, COMEE T | 267 B0 R M AT . I 2

s HI=L2 = Do i T T 03 B X 24 P

Dsy
ST
OARMF B A PEAN S g i 51 v v 12 3]
OARKLH MZ, S75 I KAE 32 MR A TP
fili, HAXTFHEARIID, e 22K /N F26 Gy (Do <
26 Gy ) , S0%PABGRIEZIR/INT30 Gy (Dy<
30 Gy) o [BEHID, 0 ZRK/NF40 Gy (D, <
40Gy) M,

1.4 SitFabiE

K HISPSS 23.050 1Tk it A7 Bt oA, 4K
PELIx+son, W A 20 i BCE P PR O R T ok
59, P<0.05AERAZITFE L.

2 4 R

21 BRRMFIEFIER

X IR D e M 7, By. B,y Bs. B, HIB20
2l Ad H g EUDR AL I T Y48 F srali i DV
I E A TR . B2 R AH Lt A2 1T
R, WEBRAID e FBE (524.061+264.58 ) Gy,
JE BT AT FH g EUDAR AR 59 3151 o 50 4 7R 19 A B
By, 7EH AL JLZHER & gEUDML AL Y iR
B, ZHiT % R (473.80+£270.43) c¢Gy, B,4Hit
R R (479.36+£243.43) ¢Gy, B, AHit%F
[% (339.28+206.11) cGy, B, ZHit%l FF&aHx
B, HA (195.68+£186.69) c¢Gy. HHYaff
B20RT, S5 —DVITRIHH 2R LG22 L
(P=0.094) .

XTHERR DM 7, By, B,. Bs. B4l
i FHg EUDAR AL 19 11 X0 39 08 F s 4l ff DV
7 B AL R, T B, 4 3T R AR )RR
AT AT, PR ROR AT 2
T HAMb 44 . HAB A i RIAH LA K], B
BREYDs, FBE (631.07+347.56) cGy, =
A gEUDE AL 19 11 Jal b oel i e i B
0o e HAb JLH B A gEUD AL B9 3 & op
B, 4Hit % FFE (573.60+347.73) c¢Gy, B4
I FFE (519.944+305.09) ¢Gy, B, 4tk
TR (291.57+258.80) c¢Gy, B, ZHit%I FF
(77.14£243.51) cGy. HrMaff200}, S5
—DVitHIH b2 7 g it 2 L (P=0.569)

XHHEBRE D, H ., By By,. Bs. By, By
A FH gEUDAR AL A 113 348 F s st fif I D VA
or kALl . HhB AR AH L AL T
R, BEAREID,s FR% (574.77+£351.28) cGy,
JE T A 1l FH g EUDAR AL 59 313 o 5] R ok A W
WA, FEHAb LA B G e EUDE AL Ay & b
B,ZHit %I FF% (436.72+310.83 ) cGy, B, 4Hit



(e @EER L) 2023455335531

277

RIFF% (521.74%309.80 ) cGy, B, d1itHl R
(387.80276.99) cGy, B4 TR/,
HA (268.98+371.86) cGy.

VEHR L) S i 8 (A TN M, )
DVHILEI, HrpAats e (Gy) , Hhik
FrAROIAATR (%) , TiREB DV
b 28 DV BRAR AL 45 & A= 9 g EUD I A 1k
ik, BXMIEEILTESA R, THE
Ak, AT IR F i, 454 ¢EUDMB
YA 7 1 FL R i 2 A 22 T RS, B
UL R B D gy 01 105 791 0 DX S AAC L) ) S0 ARG . XoF
PRART S, gEUDMaff /NG B miRilf
gk R, BafdBO AR b R i B A,

Pl B2, MERLaiDVIILA, BEARID,
M (4 062.56+513.77) cGy F[£5| (3 574.56 +
585.48 ) cGy, MEAREIDM (3 776.77+£609.39 )

cGy FI%%] (3 208.18+655.54) cGy, M
HREID,s M (4 863.18+522.51) c¢Gy F [# %
(4364.384+597.18 ) cGy, L& BETH
MBUESS R . Mafi RS, 1081208, PLfbasi iz
A, Jf HBEE affZ s R, BB EID e

Do FID, 55 B BROR B, X IR ) 10 A 25 SR el
Kbk . Mafd 10, 205X SR RBUERT, IR
IR P e R S RSB T RREAIG (B T R A 5
o DCEUATR BT RN, IR o0 a2 AR A £
(E2)

Relative dose/%

1000 14.814 29.629 44.444 59.259 74.074 88.888 103.700

'-\R\-\ﬁs ‘ ’\
® g0 i -\. ]
N\ '%
2 )
z NN Ly i
% 60 \\\L\\
: N\
T 40 \\\\\\ |
Z \‘\ \
= \,\\-'\
& 20 \\&\ L]

PRI
0 1000 2000 3000 4000 5000 6 000 7000
Dose/cGy
— %+ A —m—B —a—B —a—B B, v B

B [E16) 80EE S B XFARR6 A ML 5 ERIDVH

Fig. 1 DVH of 6 groups of optimization methods in the target volume and parotid gland of the same patient with nasopharyngeal carcinoma
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Fig.2 Comparison of parotid dosimetry among 6 plans
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Fig.3 DVH of 6 groups of optimization methods in the target volume and oral cavity of the same patient with nasopharyngeal carcinoma
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Fig.4 Comparison of oral dosimetry among 6 plans
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Tab.1 Comparison of dosimetric parameters for six groups of PTV and OAR
(x£s)
Structure  Parameter A group B, group B, group B; group B,, group B,, group
PTV D, ean 7121.46+167.04 7115.02+£157.41 7 106.04+149.05 7109.2+146.43 7106.7+151.03 7 113.284+147.98
Dyg 6866.871+135.06 6859.84+133.6  6857.01=139.66 6862.561131.89 6864.231+134.58 6 864.411+133.87
D, 7292.99+157.81 7287.76+152.43 7287.71+£155.64 7288.89+t156.37  7289.1+161.87 7291.89+157.13
Vier 0.98+3.23 0.84+2.63 692.23 £4888.96 0.87+2.89 2.1+838 0.87+2.58
CI 1.53+0.44 1.52+0.45 1.51+0.43 1.52+0.44 1.524£0.45 1.53+0.44
HI 0.06£0.01 0.061+0.01 0.06£0.01 0.061+0.01 0.06£0.01 0.06+0.01
Parotid D,ean 4305.02+584.88 3831.22+504 3780.97+543.13 3 825.661+582.64 3965.74+578.42 4109.34+571.65
Dy, 4092.29+£720.91 3518.68+627.2  3461.211666.58 357234167093 3800.71£638.01 4015.14+£627.37
D, 5107.841£590.56 4838.85+£628.94 4671.12+£661.18 4533.07+717.54 4586.361690.39 4 720.04+655.62
Oral Do 3790.13+466.4  3498.631+339.79 3425.17+£328.67 3395.11%£386.07 3483.29+451.14 3590.58+459.17
Dy, 3713.92+456.64 3400.71+323.27 3338.72+£327.46 3324.02+£375.62 3452.371431.52 3581.941438.62
P value
Structure  Parameter
B, group vs A group B, group vs A group B; group vs A group By, group vs A group B, group vs A group
PTV D, ean 0.843 0.627 0.697 0.644 0.796
Dyg 0.794 0.720 0.872 0.922 0.927
D, 0.867 0.867 0.896 0.904 0.972
Vier 0.761 0.320 0.856 0.400 0.846
CI 0.860 0.757 0.872 0.894 0.938
HI 0.822 0.613 0.966 0.921 0.890
Parotid D, ean 0.000 0.000 0.000 0.004 0.09
Dy, 0.000 0.000 0.000 0.035 0.569
D, 0.030 0.001 0.000 0.000 0.003
Oral D, ean 0.001 0.000 0.000 0.001 0.034
Dy, 0.000 0.000 0.000 0.004 0.144
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HAG7E G RN, affl K/ HORE 08 28 5 ik
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