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Application of Generalized Equivalent Uniform Dose Biological Optimization Method in
Intensity-Modulated Planning of Esophageal Cancer
GE Jia-lin', HE Rui-long’, LIAO Run-chao', XU Shi-qi""
(1. Department of Biomedical Engineering, Chengde Medical University, Chengde, Hebei, 067000, China;
2. The Affiliated Hospital of Chengde Medical University)

Abstract:  Objective To explore the application of generalized equivalent uniform dose biological optimization method in
intensity-modulated planning of esophageal cancer. Methods Eight patients with esophageal cancer were selected from the
Affiliated Hospital of Chengde Medical University. Each patient used three methods for calculation: single objective physical
optimization (planA), multi-objective physical optimization (PlanB) and generalized equivalent uniform dose biological
optimization (PlanC) for heart and lung. The constraints of spinal cord and its external radiation remained unchanged, and
the advantages and disadvantages of the three groups were compared. Results When there were no significant changes
in the target area, spinal cord and spinal cord external expansion dose, most of the mean values of the plan designed by
the generalized equivalent uniform dose biological optimization method decreased in the lung and heart. The comparison
between PlanA and PlanC showed that V5, V10, V20, V30 and dmean of the lung, there were significant differences in V5,
V10, V20 and dmean (P<0.05). The comparison between PlanB and PlanC showed that V5, V10, V20, V30, V40 and
dmean of Tung were statistically significant (P<<0.05), while V5, V20 and dmean of heart were statistically significant (P<<0.05).
In the display of dose volume histograms (DVH), when there is no significant change in the planning target volume (PTV)
curve and there is no significant change in the spinal cord and spinal cord expansion, the curves of lung and heart move to the
left in varying degrees. The normal tissue complication probability (NTCP) of lung decreased and was statistically significant
(P<0.05). Conclusion The radiation dose of lung and heart can be reduced by using the generalized equivalent uniform dose
biological optimization method. Generalized equivalent dose biological optimization method is better than multi-objective
optimization method and single objective optimization method, and can better protect endangered organs.
Key words: generalized equivalent uniform dose biological optimization method; thoracic tumor; single objective
optimization method; multi objective optimization method

TREHGIT R M M IR S5 B TR T A R AL A AT R R AR TR UL, A fE K2



kOB O BEO¥ B ¥

JOURNAL OF CHENGDE MEDICAL UNIVERSITY

Bl LA B A B DAAECRIESE DX A 7558 Y ] e 2
PRI IX =R E R A B o Ep 2 E, AR
B R BRI B: , b (4% 2 H AL )5
PR EH BT, % BARAL T AR LA T H bR
PeALT7 ik, AT iE et B ) 58 22 i 70 s 2 T RO S5 Y
5L IR MRIRAREAT R AR TIREE ) G
WA IRARTE , 5 T s R X DA A5 B 4 B AN )
WS B A 80 DA B B A R 3R s il AE— e FR FE 1R
T ERRACTE M RBREES B s A
WIPLALEE T A B — A PR TR R 85 8, M S8 47
HIRIE R A E .
1 MRS 7H*
1.1 gEUD#j#mA

H2 23415755 (e-quivalent uniform dose, EUD) RO &
JENiemierko™fE19974E4R H A —FhT RO 5 Ko
A T7 EEAERA RIS ] P, DU [R] R i T4 A7 AE
TR IR 5 S 8 5341 , DT 7 A A [ RS A 228000
MR R EE, fE19994F, Niemierko X B
EUDIIHBE YRR B EHE A, & L AgEUD, Kikh

DI AR e
gkUD = (Z ViDi j

Hrpr, Difg ST R vi Z 2R RS E
RFRG B, o g s E S AL SRR 2 8, TR )
BTN H 280 5LKB NTCPERI i) 3 £
Hoa=1/m,

12 Apleyggfedit

TERM20214F 1 H~202145 12 H AR Bl PR 2 B i T8 et
Fpinnacle 2GS B B B35 8P B H BT A
/) 1 I PR BB DX P B 2, A BRI RS IX i Bt I PR 741
ORI TSR TR T, XFHRIBEX (planning
target volume, PTV) ymin dose, max dose, min dvhflluniform
doseE{TRR & , %1 & #Emax doseitfTRR &, X &HEIM™
Hymax dose 1T BRI AE
1.3 #Hfbs ik
131 #B4FHEmAE  BEHARALER T RS E
R — AR E , A PR O il V20 3£ 17 7] &
FRE , X LR VI0REA TS MR E . HALRY &R S8
—

Vol.41 No.l1 2024

132 % BAREEMHALE % BRI e S 2
BRI Z AN SR E , AR DRSS V20, V10FIVS
PEATHIRIRE , A BRI V30FIVAOREF TR 2, Hop
i V20 5.LBERI V305 B AR BRI BUE —FF,
b2 B 355 s HARAERR E BUE ik =X — 5L
133 7 AFzH AR EHHME & el
& b AEpinnacle B 7R A% 2 B IEUDZEITHR
eI HARI )2 BRI M IgEUDEUE . A PRE T fiti
ffymax EUD#ATIR E , gEUDEEBUE A0.5, F 8 55— B
BRI 00EFTRR & , Lk 55 il AR IR {E g EU DI B g
1, HAbZS B350 A AR e B R X —5.
14 rE e

XHHEDX T BE 18U (conformity index, CT) FrFl i35
A% (heterogeneity, HI) #EATHLER . *HE K 23 B B HELA
BB HESM FIDmax A T4 T EL gk , % Ko 2% B At Fn Lol
V5. V10, V20, V30, VAOFIDmean, B4 FE AT B 75
(dose-volume histograms, DVH) Filfg K 2% B H- & SEME R #H
LPIEAT ISR
15 %it¥ 7k

RFISPSS 26.0" Mkt , T ek B b 22
T, R IR R AR S, 13 8 PIE . P<0.05FR < = A ST
2 #R
21 BRI R

P AT AR B O H, FEP TV I 22 TP 5 A 1
T, HoAdth 2 b S ek ik 72 L ) N RSB, W UL LA AL
FlE ) EE M AT 2 vT DR F R S 15 A, M SE 51
AR LRI, T B A P TV R AR St B A 1L
HABERFE LA TR &S, o] WARLRY LB fir
THOL AKIA PR T AR L i R P il

Dose Volume Histogram

Bl #BAWDVHA LR
SREI B E B AR IZMALE(PlanA); BEST A § B #rdp 32

<7



kOB ¥ B ¥ ik
JOURNAL OF CHENGDE MEDICAL UNIVERSITY

A (PlanB); 52 &3 B LF 23 A M+ 2 H AL (PlanC); 4=
ERATSCRANETHE EEXATHANTHE NELLT
AHOANEHR . RELAATPTVHRE WA
22 RERELOBBEL T

KR R EE X FCIRHL, Boxf ARSI 45 K,
=TGR 22 5 (P>0.05), v WL =Fp i RIFTHEX )
R IEA R,

Al REZBEXANZFILBE(TLS)
PTV PlanA PlanB PlanC Py Pyc

0 0714009  0.69£0.10  0.69+0.09 0.183 0.860
HI 0.124004  0.13£003  0.13+0.03 0.120 0235

TR R E A B RE NS M B LB
Br, ol WA A BES M R AR, A R Gt
(P>005), T WL=Ap-RIx SRS HES M A K
A2 RERBRBAMILT R FRE(7S)
PTV PlanA PlanB PlanC P Py
SpinalCord 4076.20171.04 4105.96+£187.12 4168.02157.10 0.062  0.167
Cordpro  4755.93+429.00 4830.08+411.93 4906.50+434.81 0.052  0.154
F3ROMERIIVS . V10, V20, V30, V40 &z Dmean
g, Wit PlanA 5PlanCXfLL B R, HilifI V5, V10, V20,
V30K Dmean¥s G 5 HBA G i %3 L (P<0.05),
DBERIVS V10, V20 & Dmeands) f % 5 H LA 5 i 2%
7 X (P<0.05) ;PlanB5PlanCxf kL 7R, B V5. V10,
V20.V30,V40 & Dmean, ¥ 25 HH A S i3 X
(P<0.05) , LIERIVS V20K Dmean¥) A 22 5 H HA St
RN (P<0.05), HE—BUEIH) U A7
AT DL G PR Rl R Lo
A3 RERVAABENZFILE(Z+S)
OAR PlanA PlanB PlanC Pyc Pyc
V5(%) 40471400 38.68+13.38 35.16+13.98 0.001  0.009

VI0(%0) 26991064 2550£10.18  22.534£9.85 0.000  0.000
Lung V20 (%) 15474650 15.07+628 12.83+548 0.000  0.000
V30(%)  906+459  8.68+432  768+3.78 0011  0.036
VA0(%0) 5098340 4938316 4378265 0055 0038

Dmean (cGy) ~ 926.11 895.10 80231 0.000  0.001
V5(%)  65.20£32.64 6440£31.90 61.72431.96 0.008  0.036

VI0(%) 593043289 574243170 542943136 0014 0058
Heart V20 (%) 491942975  4756+29.35 41.79+2559 0.007  0.014
V30(%)  2735t1589 28.84+17.12 29.28+1823 0203  0.730
V40(%)  1449+848 14704890 1654£11.07 0.186 0316

Dmean 1985.61 1967.75 188796 0.000  0.002

Vol.41 No.1 2024

2.3 Mifess R 69 EF 4 8250 K B E (normal tissue
complication probability , NTCP)

FAGEH T 8B Wi AR CoMIE ) T 5 2 2R % e ik
R, & Mpinnacle A 7Y T H, T3 H MiF0CIERY
NTCP, TR A A Ol i B i) 5% 2 b g%
PR AR AL T RIS T AL RIN T CPAE AR
A E#R0, H R B E AL 75 AR R T AL T TR
s, BT LR 5 SR TR, W AR 2 ) o
HRINZEE, HRARTD, P EEINTCPRE |, —2, 3
HEAG 2R (P<0.05) ,(HLIEFINTCPHMEREA |
B 2B, W] UL S R0 ) A AR AL P L) S &
{OIZS AT

A4 FiAeSBENTCPHIHLE (7+5)
PnA  PlnB  PlanC Py P
Lung NTCP 0274022 0244020  0.1240.13 0.012 0.012
Heart NTCP  0.66+041  0.66£042  0.66+043 0.556 0.678
FlHpinnacle AT TR, A5 TP+

(Thecomplication-free cure) 8 , PHIJ TR A :

P+=max(TCP — NTCP ;0 )

FERXA KB A, TCPFAINTCPHY I Z: & A HH—3X
[, R A X SR 3 R R0 T8O R 2 1697 B AS IR BE AL
AR BEALAS B Y FE20 1 94E Lu s P B e
B, P+ =TCH: R AE g 42 2R (uncomplicated tumor control
probability, UTCP) , UTCPFIP+R] LA /RAE MR il =5 A
HERIEREMEZEIRRZIFZHT DA HIEE
i, WIS RIS B PHER BB T LI S EA S
% 5T BHAHRYT AR AT RE

RS & R AR R A BT RIS RS )
FlE AL G T 2 B A BRI AL A H A58
BRORAL R , AE T DAPRIIESE DX 77 & B A7 W . 2% ALY [ Bif ]
UG HIR S S 23
3 ihg

H i — B ORI Y B R T Ak
A [R] BE PR AR B A 25 B R T T8 S e B0 BE AN [w] , 3
THEIRIT B3R BRI 25 B M b A A U, X T
HRIRGM & , AL R IR 12 X178, 3
B 2EKE , BN RIE LS TR BI AT E bR HE



kOB O BEO¥ B ¥

JOURNAL OF CHENGDE MEDICAL UNIVERSITY

I, A7 e TR B 536 , BAT EPRIERE DX Fry#2 ) 5
I} R ARAECR DS S 8 B AR DRI U 8 S 25 B WU [l
DORUEBEIX il 32, AT e & ML AR 52 £ 1)
HAREISEEIFIREIE R, Bt AN TR TR Z FhPLEE 55
DA B EOR T BB AP IR Y ROR . AR
BT AR RS 7 B R ) A e AL
VTR B NERG T, 4 T BRI — R
8, DME B AR TR E Ar,

201445, B R % NP9 T 2 B AR5 AR R
S PR S 2 5T, AT EE T 8 H AR LA Fn 2 H b
PAL 225, WER T 2 H AR LALIEAE IR IEP T VIA Sl
PREER R , Af DR AR ARAE S 25 B A 75, DA 5
GFORPE AR B IF HIRAR T B AN O S L2 BREL,
PATH DA RTE 20184, 2% NPIF S T 1 L%
By AT T B T RIE ] B A A B e
SHUBCTY LB, 5 SCRR R A AR A 1 B AR L
a6 IT Z . AE20214F AP NP S
YRR AT A AE 2 M0 LB 88 (0 R 93 AT v, A5 )
SRR SRR T AR G BB i nT R S S 4 E D
FE FFBIE T HEIX FF0 5 201 54F SOk B 2 N
SCEERE SR AR T AR S S0 1D R 580 b, th
R T SRR AR R B

I FIARTRSE, AT AAEIRTT & A, i
I SCRERUE S5 R HE LA B TR AT DA SE G R R i)
P& B 23 B R FEPRIESE X 50 & A A IR B i AZ ALY
] iep R i el T 10 288, ETCPAVEREILT,
ENTCPHI Zln A 75 8)) , PHE I A B, 45 TR —
PGB 7708 AR BT R B w] DUASE T S 038 )
FPROLAE:, AT AR RISEOL B AR PR E S 2%
SH
(1] ALK, SRR, SR ET BT ECLEBR R 7S HERELT]. BRAR

FhRIPE 2%, 2021,29(22) :4055-4059.
2] walEsE, B0, Bk, % 2 H AL AL SR I

PRep SR 2R 5T ]. T E BB R, 2014,31(2)

47444747,

Vol.41 No.l1 2024

(B Zeeih, M, ISR , 5. 28T U S5 AL
L RIAE R BF AN A BB U 3 e T R B D] o
| PR 2 B ks, 2018, 35(2) : 171-175.

[4] Niemierko A. Reporting and analyzing dose distribution: a
conceptof equivalent uniform dose[J]. Med Phys, 1997, 24(1):
103-110.

[5] Niemierko A. A generalized concept of equivalent uniform dose
(EUD) [J]. Med Phys, 1999, 26: 1100.

[6] Wu Q, Mohan R, Niemierko A, et al. Optimization of intensity
modulated radiotherapy plans based on the equivalent uniform
dose[J]. Int J Radiat Oncol Biol Phys, 2002, 52(1): 224-235.

[7]1 Choi B, Deasy JO. The generalized concept of equivalent
uniform dose function as a basis for intensity modulated treatment
planning[J]. Phys Med Biol, 2002, 47: 3579-3589.

[8] ZhuJ, Simon A, Haigron P, et al. The benefit of using bladder sub-
volume equivalent uniform dose constraints in prostate intensity-
modulated radiotherapy planning [J]. Oncotargets Ther, 2016, 9:
7537-7544.

(9] #AEE, 28/ Nes 05 308, . LKB NTCPRBI 8 i A 5
T T BUSCH PR 5 R T ELT]. PR e 2
2020,25(5) :446-450.

[10] Az PIBAL BARTHE SR FISPSSILB[T]. SiitS5ueik, 2021,
37(20) :44-47.

[11] Frometa-Castillo T, Pyakuryal A, Wals-Zurita A, et al. Proposals
of models for new formulations of the current complication-free
cure (P+) and uncomplicated tumor control probability (UTCP)
concepts, and total normal tissue complication probability of late
complications[J]. Int J Radiat Biol, 2020, 96(7): 847-850.

[12] Lu JY, Lin PX, Huang BT. Calculating the individualized fraction
regime in stereotactic body radiotherapy for non-small cell
lung cancer based on uncomplicated tumor control probability
function[J]. Radiation Oncology, 2019, 14(1): 1-9.

(13] A, #B0E, EMEA, 5. ) SCEF RS S AL EEAE /e )
FLPRAE R 5i BT R SRR AT T]. BRARUMRIE 5%, 2021,
29(21) :3825-3829.

(14] HH B, ¥ F 0, AL, 4. SR80S 25 B AR AL IR AL & 2
AR TR R L] v E R A G, 2015,32(2) -
290-293.

(s H 191:2023-01-07)





